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PREFACE.

The study on Toxaemias of Pregnancy, of which this thesis 
forms a part was commenced in India in 1939. During the 
years of war the investigation was temporarily suspended, 
but in 1947 the writer received a grant from the Government 
of India for the purpose of continuing the research at the 
research department of the Royal Maternity Hospital, Glasgow.
The data on which this thesis is based were obtained wholly 
from the cases studied in this hospital. These results hove 
not been combined with others obtained from a similar study 
in India injorder to maintain the uniformity of the series, 
although there has been a close agreement between the findings 
obtained here and those on a larger series of Indian patients 
living under different climatic, dietetic and environmental 
conditions.

There is hardly another subject in medicine in which so 
much literature has accumulated during the last seven decades. 
Every attempt has been made to compare the present findings with 
those of other observers, and any omissions in this respect is 
not due to negligence.
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1.

CHAPTER 1 

PBEPOSB OF INVESTIGATION

In  no other branch o f medicine there existfs) as many 

c o n tro v e rs ia l th e o rie s  and fin d in g s  as in  toxaemias o f 

pregnancy. Even the ve ry  name fo r the c o n d it io n  has not 

been accepted unanimously. P re-eclam psia, eclam psia, 

non-convuls ive  eclampsia, a lbum inuria  o f pregnancy, 

hypertens ive t  ox aem ia o f nr egnancv , and gestoses o f  the 

German authors a l l  apparently  re fe r  to  the same disease 

and merely express the u n c e rta in ty  w ith  which the co n d itio n  

is  looked upon. As re c e n tly  as 1941 He Lee (1) r e fe r r in g ,  

to the name ’’ toxaemias o f  pregnancy’* s ta te s  th a t we have 

’’become reco nc ile d  to i t s  use as merely a name fo r  a con

d it io n  we do no t understand” .

However, the term "toxaem ias o f pregnancy" is  

g e n e ra lly  used to designate a symptom complex, characterised  

by hyper tens ion, a lbum inuria , oedema, and occas io na lly  

vom iting , headache and e p ig a s tr ic  pa in , a f fe c t in g  women 

during  g e s ta tio n . The c o n d itio n  sometimes undergoes 

spontaneous recovery a fte r  the te rm in a tio n  of pregnancy, 

but not in fre q u e n tly  term inates in  coma, convulsions or 

u te r in e  haemorrhage* The c l in ic a l  fe a tu res  o fte n  va ry , 

but the p r in c ip a l c h a ra c te r is t ic  is  th a t the co n d itio n  has 

never been known to occur a t any time o the r than du ring  

pregnancy and in  e a r ly  puerperium. The obvious drawback 

o f the nomenclature employed fo r  th is  co n d itio n  l ie s  in  the 
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2.

fa c t th a t i t  not on ly pre-supposes the  e x is t an ce' o f a

to x in  as the cause o f the d isease, but a lso  co n d itio n s  l ik e

e sse n tia l hypertens ion  and n e p h r it is ,  which are but 

associated a ilm ents in  pregnancy have u n t i l  re c e n tly  been 

included in  the same category. In  1937 the American 

Committee on m aternal h ea lth  appointed a commission to

determine an acceptable c la s s i f ic a t io n  fo r pregnancy to x 

aemias. The c la s s i f ic a t io n  proposed by the  Committee in  

1939 (Mussey e t a l , 2, 1940) is  e laborate  but u n fo rtu n a te ly  

s t i l l  re ta in s  hypertensive  and re n a l disease under 

n toxaemias" and yet f a i l s  to  consider acute ye llow  a trophy 

as a separate e n t i ty .  I t  is  evident th a t even the present 

c la s s if ic a t io n  a n d  conception o f toxaemias is  no t e n t ir e lv  

fre e  from confusion. N everthe less, i t  is  d i f f i c u l t  to  see 

how th is  can be avoided u n t i l  the nature o f true  toxaemias -  

pre-eclam psia and eclampsia -  is  p ro p - r ly  understood.

Indeed an author as re c e n tly  as 1940 s ta tes  th a t the term 

toxaemia of pregnancy has on ly  served and s t i l l  serves as 

a "d ia g n o s tic  wadt e-basket" to c loak ignorance.

The disease was known in  ancient/ tim es, he fe re  nee 

to a group o f  symptoms which would be known in  the present 

days as m an ifes ta tions  o f pregnancy toxaemias is  found in  

the w r it in g s  o f H ippocrates and Galen. The very name 

eclampsia ( GREEK"Xĉ utltos f la s h )  bears p roo f o f i t .  But 

w h ile  the symptoms were w e ll known and f a i r l y  w e ll described, 

the cause fo r  the  c o n d itio n , believed to  be a re te n t ion 

o f /
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o f va rious ’’humours”  in  the body has long been abandoned.

A. proper d e s c r ip tio n  of pregnancy toxaemias does no t 

appear t i l l  the end o f the seventeenth cen tu ry , when 

Mauriceau (3 , 1694) f i r s t  provided an e labora te  p ic tu re  

o f the disease, to  which on ly l i t t l e  can be added even to  

th is  day. But even in  Mauriceauf s time th e  b e l ie f  o f 

’’ co rrup t humours”  s t i l l  p e rs is te d . The m iddle o f  the 

eighteenth centu ry  revea ls  an in te re s t in g  observa tion  on 

the a e tio lo g y  o f the c o n d itio n  in  3 u rto n f s "hew System of' 

M idw ife ry ’* (London, 1751). This author claimed th a t the 

und e rlv ing  causes were the stoppage o f ’’menstrual f lu x ”9/ O A. iL v.-/
and the ’’ bu lk  o f the fo e tu s , secondines and water” ; the 

former caused ’’ too g rea t a d is te n s io n  o f blood vessels”  

and the la t t e r  exerted an undue pressure on the  abdominal 

v isce ra . I t  is  in te re s t in g  to note the s im i la r i ty  whichO
e x is ts  between the com para tive ly modern Taramoref s (4 , 1932) 

theory of increased in tra -abdom ina l pressure and the  idea 

suggested by Burton n e a rly  two ce n tu rie s  ago. I t  is  even 

more in te re s t in g  to compare Smith and Sm ith1 s (5, 1946) 

very recen t theory of ’’m enstrua l”  to x ic  e u -g lo b u lin  being 

the cause of hypertension in  toxaemias and the b e lie f  held 

by th is  ancient author.
f •
The f i r s t  suggestion of a s ta te  o f a lte re d  com position 

o f blood in  toxaemias o f pregnancy was made by Ham ilton 

in  h is  ’’T re a tise  of M idw ife ry”  (Edinburgh, 1371) who 

believed th a t a s ta te  o f hvdraemic p le th o ra  was respons ib le  

f o r /



fo r  the c l in ic a l  symptoms. T h is  au thor was the f i r s t  to  

observe th a t a s ta te  o f d is tu rbe d  fu n c tio n  o f the " abdominal 

v isce ra ’*, caused bv - in te r ru p t io n  o f c irc u la t io n * ,  was the 

determ in ing  fa c to r  in  e xc itin g ' "nervous energy”  respons ib le  

fo r  convu ls ions. I t  is  not d i f f i c u l t  to  see the resemblance 

o f th is  idea to  the theory of water re te n t io n  suggested 

by Zangemiester (6, 1915) and th a t o f the d is tu rbe d  h ep a tic  

and renal fu n c tio n s  which have been shown to  e x is t  in  

toxaemias by in v e s tig a to rs  of modern tim es.

The f i r s t  suggestion of a toxaemic process be ing  at 

work in  th is  co n d itio n  comes from John Burns o f Glasgow 

(P r in c ip le  o f M id w ife ry , London, 1311) in  the e a r ly  p a rt 

o f the n ine teen th  century. He describes the disease as 

a . " fe b r i le  s ta te "  and the f i t s  o f eclampsia as "a  re g u la r 

paroxysm o f ague” , and suggests th a t the o r ig in  is  from 

"an  in c o rre c t s ta te  o f the bowels". I t  is  o f  great 

in te re s t to  see a century and a quarter a f te r  Burns, how 

th is  author went at leng th  to  devise means in order to  

prevent " f a t a l  oppression o f the b ra in  or ex travassa tion  

o f blood w ith in  the s k u l l" ,  so th a t the "co n vu ls io n  is . 

m itig a te d ". Throughout the n ineteenth  century there was 

l i t t l e  change in  the idea as to the cause of ore grume v■} JL w v
toxaemias. , Over 50 years ago Jaggard is  s ta ted  (de Lee* 

la .  1940) to have d escr ibed toxaemia as a co nd ition  in  

 ̂which "the , blood poisoned w ith  excrement i t  ous m atte rs  ' -

I r r i ta te d  the vascu lar centres and caused a sudden spasm



of the blood vessels of the kidney and b ra in " . During 

the la s t  h a lf-a -c e n tu ry  l i t t l e  has been added to  our 

knowledge about the nature  o f pregnancy toxaemias, fo r  only 

re c e n tly  at the Oiba Foundation Symposium of toxaemia 

an eminent a u th o r ity  declared th a t pre-eclam psia and 

eclampsia are m an ifes ta tio ns  o f a to x in  in  the c ir c u la t io n  

the nature o f which is  ye t u n id e n t if ie d .

The s to ry  o f the search fo r  the cause of toxaemias 

o f oregnnncv is  on lv  one o f c o n tra d ic tio n s  and inconc lus ive  

evidences. ■ ■ i  study o f the physio logy of pregnancy in d ic a te s
** f/ J. t C'V W V

th a t normal g e s ta tio n  is  attended w ith  considerab le  

a lte ra t io n  of the normal m etabolic fu n c tio n s  o f the body. 

From e a rly  days o f in v e s tig a tio n  workers have looked fo r  

an exp lana tion  o f c l in ic a l  m an ifes ta tions  o f the disease 

in  the d is tu rbed  m etabolic a c t iv i t ie s .  This has been 

studied from every poss ib le  aspect during  the la s t  h a lf  a 

centu ry. In  fa c t ,  there is  h a rd ly  a sub ject connected 

with, toxaemias oJ^regnancv which has not a lready been 

in v e s tig a te d .and there  is  sca rce ly  a theory which has not 

been suggested in  the past. But when the l i t e r a tu r e  is  

c a re fu lly  s c ru tin is e d  an in v e s tig a to r  in v a r ia b ly  faces 

bewilderment at the c o n tra d ic tio n s  in  both the fin d in g s  

and th e ir  in te rp re ta t io n s . Most o f the e a r l ie r  in v e s t i

gations were based on the study o f a com parative ly sm a ll,, 

number o f cases. M orRecent observations are com paratively 

free  from th is  c r it ic is m ., but the d iscrepancies s t i l l  

fX 'is t in  every d ire c t io n .



6#
Bunker and Mundell (10, 1924) observed th a t ,  i f  there  

is  a re te n t io n  of n itro g e n  in  the blood in  a case o f 

toxaemia i t  suggests th a t n e p h r it is  is  the  predominant 

fa c to r . G re e n h ill (11, 1943) in  d iscussing  th is  paper 

endorsed the  statement from  h is  experience in  50 cases 

o f p re -ec lanps ia . Stander and co-workers (12, 1925} a lso  

found th a t the  non-pro ted n n itro g e n  le v e l in  toxaemia is  1 

w ith in  normal l im i t s .  On the o the r hand, Bahr and 

W illiam s (13, 1914) found evidence o f n itrogenous re te n tio n  

in  the blood o f p a tie n ts  s u ffe r in g  from pregnancy toxaemia, 

and e s p e c ia lly  eclampsia. Be-Tesselov and Wyatt (3 , 1924), 

Bokelman (14, 1925), Hellmuth (15, 1923) ana Gowe (16, 

1930-31) a rrived  at s im ila r  conclusions- Obviously most 

o f these observers fa i le d  to  take the fu n c t io n a l s ta te  o f 

the kidneys and o lig u r ia  in to  co ns id e ra tio n  in  e va lu a tin g  

the re s u lts ,  ^he l i te r a tu r e  on toxaemias o f pregnancy is  

re p le te  w ith  terms l ik e  ’’ rena l in s u ff ic ie n c y "  and ” re n a l 

derangement”  apparently w ithou t s u f f ic ie n t  s ig n if ic a n c e .

Yet, to  understand th e  mechanism o f true  pregnancy 

toxaemias the fu n c t io n a l s ta tus  o f the kidneys must be 

p rope rly  known.

Plasma p ro te in  co nce n tra tion  has been known to f a l l  

in  pregnancy, toxaemia being associated w ith  an ever fu rth er  

decrease o f th is  component o f the blood, ip  to th is  point 

•there is  genera l agreement in  the f in d in g s  o f d if fe re n t
' '•f Vk "

observers on the s u b je c t, but when one analyses the values 

o f/



7.
o f the in d iv id u a l f ra c t io n s  one is  faced with' another f ie ld  

o f controversy. Thus, the albumin: g lo b u lin  r a t io  has 

been g iven v a r io u s ly  as between 1 .3  (Harden, 9, 1936) 

and 1 .0  (Dieckmann, 7, 1934) bv d if fe re n t  in v e s tig a to rs . 

Most observers agree th a t the g lo b u lin  content remains 

una lte red  or a c tu a llv  shows a compensatory increase, v e t ,• * X *> 7 «/ 7

Mo 11-er-Chris ten sen (17, 1946) concludes from a recent 

e labora te  study tha t serum g lo b u lin  is  a c tu a lly  

dim inished instead o f increased as reported  by other 

authors ''. F ib rinogen  has been reported by Hieckmann (7a t 

1929) to be increased in  pregnancy toxaemias up to  as 

much as 1 .0  gms. in  some cases, w h ile  Ooetzee and. M arrackf s 

(13, 1924) re p o rt to the ?:oyal Society of M edicine in d ica te  

th a t in  most cases o f toxaemia f ib r in o g e n  content of the 

plasma f a l ls  below normal.

The same s ta te  o f confusion e x is ts  w ith  regard to  

carbohydrate metabolism, mo g ive  on ly an ins tance , T itu s  

(19, 1928), S iedentopf (20, 1933), and some o the r 

in v e s tig a to rs  observed th a t hypoglycaemia was the  cause o f 

eclam ptic convuls ions; Benthin (21, 19?,2), and Stander, 

-uncan and Sisson (18, 1985) on the  o the r hand found th a t 

eclampsia was associated w ith  hyperglvcaemia. Again,

Mays and McCord (88, 1935) a fte r  a d e ta ile d  in v e s tig a tio n  

stated th a t the blood sugar le v e l and ec lam ptic  convuls ions 

were e n t ir e  y unre la ted .

Studies in  fa t  m etabolism, m ine ra l e q u ilib r iu m  a t f



acid-base balance are s im i la r ly  beset w ith  co n tra d ic to ry  

and inco n c lu s ive  statements.

There is  a general agreement in  the b e l ie f  th a t 

toxaemia o f pregnancy is  associa ted w ith  a d is tu rbe d  sta te  

c f  met a hoi ism, hut very l i t t l e  is  k ro ^ r  so fa r  ss to  how 

the d is tu rbance  in  metabolism is  brought about. The 

metabolism in  normal pregnancy is  d iffe re n t, from th a t in  

non-pregnant, persons. Pre-eclampsia and eclampsia are 

diseases c h a ra c te r is t ic  o f the pregnant s ta te . T^e 

m e ta b o lic  s ta tus in  toxaemia can be understood on ly  i f  they 

are s tud ied  in  c o r re la t io n  w ith  th a t o f normal pregnancy. 

Is o la te d  b iochem ical data obtained from a mixed group c f 

p a tie n ts , inc luded$ u n t i l  recent years,under the common name 

o f pregnancy toxaemia, are o f considerable value in  

o b ta in in g  a panora- ic  view o f the changes which occur in  

th is  c on d i t  ion . The d i f  f  i  c u l t  v in  in  t  er nr e t  in r  t  h e se 6 at a*' t/ 4- ’vj

however l ie s  in  the fa c t th a t (1 ) Most se ries  o f cases make 

only a meagre d is t in c t io n  between true  pre-eclam psia , and 

n e p h r it is  and e sse n tia l hypertension  c -o ip lico f i  .n pregnancy 

and (2 )  Hard ly any attempt has been made to make a fo llo w  

up study o f the  m etabolic  and the biochem ical changes in  

r e la t io n  to the nature and the course of the toxaemic 

co n d itio n . As a re s u lt  of th is  i t  becomes very d i f f i c u l t  

fo r  a student desirous o f understanding the sub jec t to  

determine, the exact re la t io n s h ip  e x is t in g  between the 

c l in ic a l  s ta te  o f toxaemia and the d isordered metabolism



which accompanies i t *  I t  was th e re fo re  f e l t  th a t in  

in v e s tig a t io n  d esigned to overcome these d i f f i c u l i t e s  may 

provide u se fu l in fo rm a tion  and h e lp  in  a b e t te r  understanding 

o f the nature o f the toxaemia o f  pregnancy.

The present in v e s tig a ' io n  has the fo llo w in g  ob jec ts  

in  view.

1. To study the genera l changes in  the  metabolism and the 

a lte ra t io n  o f func tions  of p a r t ic u la r  organs w ith  the 

hone of re s o lv in g  some o f the c o n tra d ic to r^  statementsO v
found in  the  l i t e r a tu r e  on these s u b je c ts , and w ith  a 

view to  a sce rta in  to  what extent these changes are 

brought about by the toxaemic process per se.

T* To study the  fu n c t io n a l s ta tu s  o f the  l iv e r  in  re la t io n  

to the m etabo lic  changes observed in  toxaemia of pregnancy. 

3. To determ ine the extent to which the vascu la r spasm in  

toxaem ia-is re la te d  to these changes.



10.
P.EPI3R5NCES

.
. CO 

!-f 1-1 De Lee, J.B . Year Book o f  O b s te tr ic s , 1941. 
Yeaf Book o f O b s te tr ic s , 1940.

a* Mussey, R .B ., B e l l fR .T ., 
K e l lo g g  1. .H e rr ic k , 
W.W. ,& Stanaer ,H.J.

Amer.J. S u rg ., 1940, 68, 112.

3. Mauriceau, F. T ra ite  des Maladies des femmes 
grosses, P a r is , 1694.

4. ^aramore, R.H. J .0 b s t.&  Gyn.Br it.Smp. , J932 
39, 777.'

5. Smith, G. van S. , & 
Smith, 0. W.

In  Meigs and S tu rg is ' Progress 
in  Gynaecology, London, 1946

6. Zangemeister, W. Z e itsch . f .  Geburtsch. u. Gynak. , 
1915, 78, 325.

7.
7a.

Pieckmann, W.J. Arch. Int.M ed. . 1934, 53. 
Ib id ,  1929, 1fl ,  454.

3. de Wesselow O.L.V. ,& , 
Wyatt, J.M.

Modern Views on Toxaemias o f 
Pregnancy, London, 1924.

9. Harden, B. A Study of pre-eclam psia and 
Eclampsia. Univ. o f 
P itts b u rg h , 1936.

10. Bunker, C.W.O., & 
M inde 'll, J .T .

J .A .M .A ., 1924, 83, 836.

11. G re e n h ill, J. P. Year Book o f  O b s te tr ic s , 1948.

12. Stander, H .J. , Duncan, 
B.E. , & Sisson, W.E.

B u ll.Joh n s  Hopkins Rosp.. 
1925, 36, 411.

13. Pahr O .B ., & W illia m s , 
? .* .

Am. J.M. Sc. , 1914, 147f 556.

14. Bokelmann, 0 *, Bock, A ., 
& B o th e r, J.

Z tsch r. f .  Geburtsch. u. Gyank. , 
1925, 89, 1. J

15. H ellm uth, K. Arch. f.  Gynak. , 1928, 118, 18.

16.

V1
Gowe, Tr. Edin. Obs t .  Soc. , 1930-31, 0 - 

11, 24.

1% Io lle r -O h r is te n s e n ,B ., 
Sc Thygessen, J.E .

J. Obst.& Gyn. Br i t , Bmp. ,1 9 4 6 . 
53, 323.

18. / . " '.’1 V- ;■



11.
13. loetzee, L. J . , & Matrack T'roc.P,oy. Soc. Med. , 1924, 13,

j .  v i ’ ' 93 ( ° * & G* )*
19. T itu s . ? , ,  Podds, P ., ija. J.O'ost.& Gyn., 1923, 15,

f i l l e t s ,  E .f .  303.

20. Sie'dentopf, H. Arch. f.Gynak. , 1933, 166,
497., .

21. Be nth in , f .  Ztschr . f . ,  Geburtsch. u. *lyuak. ,
1923, 71, 544.

22. :Mayi, 0. ?, , & Mc3ord,f.M. Am. J.Obst.ii G^n., 1935, 29,
405. , ,  ' ,

. rf"•'



\ 2 .
CHAPTER 2. 

MATERIALS FOR INVESTIGATION
Most of the investigations on toxaemias of

$
pregnancy appeari to have been done on a heterogenous 

group of cases consisting of true pr e-eclsmpsia 

essential hypertension and even some cases of nephritis* 

We f e l t  that in  order to be able to understand the 

nature of true pregnancy toxaemias cases must be 

selected in such a manner that a l l  conditions which 

simulate pre-eclampsia but are caused by associated or 

intercurrent ailments must be eliminated from the series. 

This entailed a carefu l prelim inary examination and a 

thorough search into past and personal h is to ry  in every 

patient selected for th is  study. As a re s u lt, we had , 

to abandon every patien t where any doubt existed about / 

the c l in ic a l  condition.

No patient with a previous h istory  of hypertension 

or where hypertension persisted a fte r child  b irth  has 

been included in  our study. A case of essential hyper

tension developing symptoms which simulate pre-eelanpsia  

is by no means infrequent. Not knowing to what extent 

essential hypertension per se, superimposed on pregnancy 

would bring about changes in  the functions of the organs, 

we cons idereAjit best to keep these cases separate fo r  a 

comparative study. Results obtained in  a small number
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of these cases are presented where relevant or

in teresting  findings were observed.

Every e ffo r t  was made to elim inate from th is  study

cases o f nephritis  complicating pregnancy. Urea con- ^

centration , urea clearance and microscopic examination

of the urine supplemented a carefu l inquiry into the

h is to ry  of every case, besides a post-natal examination

in any patient where there has been’ reasons for doubt.

N ephritis is by no means a common disease and our rather

rigorous scrutiny le f t  us with a small number of cases

of true n ep h ritis  and pregnancy which w i l l  be presented

in appropriate sections where comparison of values

proved in teresting .

On the same princ ip le  cases of accidental haemorrhage

were elim inated from th is  series. Indeed, in most cases

of accidental haemorrhage there is  an associated toxaemia,

but the onset of haemorrhage often adds the additional

feature of shock. In  course of our study however we

came across a few cases of accidental haemorrhage iriio
a

were considered in teresting  from ^clin ical point of view.

We shall describe the findings in  these cases where 

comparison w ith true toxaemias showed in te res tin g  

deviat ions.

Our p rin c ip a l series consists only o f cases of 

pre-eclampsia and eclampsia. No oase of eclanpsia which 

we/ 1
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we have not been able to follow up has been included 

for this study. This explains a comparatively small 

series of eclampsia which we have presented in this 

communication. Eclamptic patients were examined in the 

convulsive stage as often as feasible and on the f i r s t ,  

second, f i f t h ,  twelfth and twenty-second day of con

valescence.

Every case of pre-eclampsia was subjected to an 

investigation on the day of admission. Subsequent 

results showed that some of these cases were nephritis  

or essential hypertension. These were discarded. Oases 

of true pre-eclampsia were followed up every week un til 

they were su ffic ien tly  improved to ju s tify  abandoning 

further investigations, or induced because of the 

severity of toxaemia or went into spontaneous labour.

No patient who gave a doubtful previous history, or 

showed a maximum urea concentration of less than 2.5 per 

cent, or a urea clearance value of less than 90 per cent, 

was accepted for study. This explains why our series is 

not any larger.

The cases presented for this study were distributed  

as follows:-

1. Pre-eclaapsia fa) 100 cases were studied and 

followed up for routine biochemical study.

(b) 15 studies were made on the 

effects of cholesterol finding.
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(c )  28 s tud ies  were done on the 

glycogen reserve capac ity  o f the l i v e n

(d ) 38 p a tie n ts  were tes ted  fo r  

galactose to le rence  capacity*

(e ) 30 p a tie n ts  were examined in  order 

to  study the a lk a l i  reserve o f the  plasma and 

the s ta te  o f compensation o f the ac idos is  which 

has been reported  to  e x is t  in  toxaemias o f 

pregnancy.

( f )  H epatic fu n c tio n  as determined

by b i l i r u b in  e xc re tio n  te s t ,  e s tim a tion  o f plasma 

a lk a lin e  x^osphatase, thymol tu r b id i t y  and pro

thrombin response to  V itam in K was determined in  

100 cases.

(g ) In  27 p a tie n ts  an attempt was 

made to  s tudy the nature o f hypertension  in  

toxaemias o f pregnancy.

2* Eolampsia -  The se rie s  consisted o± 13 cases. In

general the system adopted was the same as fo r  

pre-eelam psia. The number o f cases employed 

fo r  in d iv id u a l items oi in v e s tig a tio n  fo r obvious 

reasons va ried  in  d if fe re n t  instances. These 

w i l l  be d e ta ile d  in  th e ir  re sp e c tive  sections.

3. Oomparative study o f 5 cases o f n e x ih r it is  com p lica ting  

pregnancy and 15 each o f e sse n tia l hypertension 

and accidental- haemorrhage are presented 4 ie re  

re levan t fin d in g s  have been observed.
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4. Normal Pregnancy -  Adequate c o n tro l is  necessary fo r  

a l l  in v e s tig a tio n s . E laborate  s tud ies in  normal 

pregnancy have a lready been done by severa l 

in v e s tig a to rs . But in  order to  avoid any change 

in  metabolism, e tc . , which may occur due to  

d if fe re n t  c l im a t ic ,  d ie te t ic  and environm ental 

co n d itio n s , a c o n tro l study in  normal pregnancy was 

considered e s s e n tia l. Our normal cases consisted 

o f 78 cases obtained from the an tenata l c l in ic  

o f the Glasgow Royal M a te rn ity  and w0menfs H ospita l.. 

These belonged to  d if fe r e n t  periods o f  gesta tion . 

T h irty fn o n e  cases, however, were in  the la s t  

tr im e s te r of pregnancy. The second se rie s  o f 

noxmal cases consisted o f 15 p a t ia i ts -  These were 

se lected in  the e a r ly  months o f g e s ta tio n  and 

fo llow ed  through pregnancy up to  term. Examinations 

were done once a month. "Month" in  a l l  our 

subsequent d e sc rip tio n s  re fe rs  to a lunar month 

or 4 weeks. The data obtained from our normal 

cases have at each stage been compared w ith  most 

o f the a va ilab le  data in  the l i te ra tu re , and have 

been adhered to fo r the purpose o f comparison w ith  

the re s u lts  obtained in  pregnancy toxaemias. The 

reason fo r  th is  ha's a lready been described.

*  In  a ll^ o u r  subsequent d e s c r ip t ions the terms "pregnancy 
toxaemia™ and "toxaem ia c f pregnancy" re fe r  only to  
true  pre-eclam psia and eclampsia, other toxaemias w i l l  
be mentioned s p e c if ic a l ly  when so ind ica ted .
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CHAPTER 3

HPOBDQBB OF.INYBSIIGfATIQN
The d e ta ils  of the methods employed in  th is  

investigation are given in  the appendix- The princip les  

only w i l l  be discussed here.

Our investigation  s ta rts  w ith a study of metabolism 

in toxaemias of pregnancy. Basal metabolic studies in  

terms of ca lo ric  output or resp iratory  quotient were 

not undertaken. We confined ourselves to a study of the 

methods whereby the essential elements, v iz . p ro te in , 

fa t  and carbohydrates are dealt w ith by the body in  

pregnancy toxaemias and in  what respects they show 

deviation from normality.

1. Protein metabolism was studied in regard to -

1. Nitrogen balance in a small lim ited  number of 

cases and the manner in  which i t  is affected  

by d iets  of varying protein content and the 

severity  of the disease.

2. Plasma protein concentration and maintenance.

3. Urea synthesis and i t s  re la tio n  to the amino 

acid content o f  the plasma in d iffe re n t stages 

of the disease.

2. Carbohydrate metabolism was studied with regard to -

1. Blood sugar le v e l and the course of toxaemias.

2. The capacity for glucose m obilisation of the 

body/



body under the in flu e nce  of a d re n a lin , w ith  the 

o b je c t of t r y in g  to assess how much and in  what 

way toxaemia m ight in te r fe re  w ith  glocogen storage 

and m o b ilis a tio n .

3. The canac itv  fo r  glvcogen storage under the

in flu e n ce  o f in s u lin  a f te r  tenroorar* in d u c tio n  ofjl •*

hyperglycaemia w ith  in travenous in je c t io n s  of 

glucose*

3. r at metabolism was s tud ied  w ith  respect to -

1* Leve ls o f plasma c h o le s te ro l in  re la t io n  to the 

c l in ic a l  course o f toxaemia.

2. The r a t io  between to ta l  and es te r ch o le s te ro l 

w ith  a view  to a sce rta in  i f  the process o f 

e s te r i f ic a t io n  was in te r fe re d  w ith  in  any way.

3. The e ffe c t o f in g e s tio n  of a moderate amount ox 

ch o le s te ro l in  order to observe i f  e s te r i f ic a t io n  

at high le v e ls  o f plasma ch o le s te ro l was o f the 

same nature  in  toxaemias as in  normal pregnancy.

4. Leve ls o f phospho lip ids o f the  plasma in  

r e la t io n  to the c l in ic a l  course o f the disease.

The next p a rt o f our in v e s tig a tio n  deals w ith  some * 

heua tic  fu n c tio n  te s ts . *he te s ts  are emrloved fo r  th isx *"
purpose consisted o f -

1. B i l i r u b in  e xc re tio n  te s t.

2. E stim a tion  o f plasma a lk a lin e  phosphatase.

3. Thymol tu rb id i ty  te s t.
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4* Galactose to le rence  te s t ,  

and 5* Plasma prothrom bin concen tra tion  and i t s  

response to  y ita m in  K.

Brom sulphalein te s t was not employed as i t  was con

s idered  th a t the excre to ry  fu n c tio n  o f the l i v e r  could be 

estimated to  an almost equal degree by the b i l i r u b in  

e xc re tio n  te s t. Moreover, i t  has the advantage o f employing 

a substance which is  a product o f normal metabolism in  the 

l i v e r .  The re s u lts  o f these h e p a tic  fu nc tio n s  were 

f in a l ly  co rre la te d  w ith  the re s u lts  obtained from m etabolic 

s tud ies  described above. As the l i v e r  c o n s titu te s  the hub 

o f the m etabolic processes in  the body i t  was considered 

th a t a comparison o f re s u lts  o f  both m etabo lic  and 

fu n c tio n a l e f f ic ie n c y  te s ts  m ight prove in te re s t in g .

The next p a rt o f the th e s is  co n s is ts  o f a c l in ic a l  

study of the nature of hyper tens ion  in  toxaemia of pregnancy. 

The studv is  based on an ana lvs is  o f  the s y s to lic  and 

d ia s to l ic  blood pressure readings in  430 cases of normal 

pregnancy and 34-6 cases o f hypertens ive  toxaemia o f 

pregnancy. The study is  aimed a t a c l in ic a l  eva lua tion  

o f the re la t io n s h ip  o f s y s to l ic  and d ia s to l ic  blood pressures 

and de te rm ina tion  o f the nature o f compensation o f the 

vascular spasm which is  believed to e x is t  in  toxaemia of 

pregnancy. In  an attem pt to  understand the mechanism 

invo lved  in  th is  vascular spasm te tra e th v le n e  ammonium 

bromine was in je c te d  in tra ven o us ly  in  3? cases of toxaemia 

in /



in  order to remove the sympathetic influence. The re 

of these prelim inary investigations of hypertension 

provided certa in  useful data, which are recorded.
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Prior, to 1930 the d iet in  toxaemias of pregnancy 

contained the minimal amount of proteins, especia lly  

those of animal origin* In  recent years-the attitude  

seems to have a ltered  somewhat and i t  is now customary 

with many obstetric ians to provide a d ie t ric h  in  

protein and especially  proteins of f i r s t  quality . This 

change in opinion has been caused by several in teres ting  

observations.

1. Continual loss o f protein  in  the urine* The 

immediate e ffe c t o f albuminuria is  a f a l l  in the protein  

concentration o f the plasma, p a rtic u la r ly  that of 

albumin* Investigations (1 , 2 , 3 , 4 , 5) have shown 

that with an adequate protein  intake regeneration of 

the proteins takes place fa ir ly  ra p id ly  unless drainage 

on the plasma is constantly maintained over a period

of time*

2. Several observers (6 ,-7 ,  8 , 9, 10, 11) have demon

strated that protein starvation causes depletion of 

plasma pro te in , again mostly a ffe c tin g  plasma albumin, 

which ;Can be restored only when the protein  intake is  

increased (7 , 11, 12, 13), e ither in the d ie t or by 

in je c tio n /
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in jec tio n  of protein hydrol^pates (14)#

3. I t  lias been shorn by numerous investigators (15, 16, 

17, 18) that there is  a f a l l  of plasma proteins, 

especially  of albumin in  pregnancy toxaemia. I t  has 

also been suggested (19, 20) that the decrease in  the 

plasma protein concentration is  the cause of oedema, 

which is  an important m anifestation of toxaemia of 

pregnancy. Moreover, Harden (21 , 21a) (1936, 1938) 

and Strauss (19, 1938) demonstrated^the manifestations 

of toxaemia of pregnancy could be a lle v ia ted  i f  not 

cured with a d ie t adequately r ic h  in  protein .

4. The reports of investigations carried out by the 

Peoples League of Health (22, 1942) and the Toronto 

Experiment conducted by Ebbst T is d a ll and Scott (23, 

1941) indicated that the incidence of toxaemia in  

expectant mothers can be reduced by about 4 .6  per cent, 

on the o ve r-a ll figures by in s titu tin g  a regime of 

well-balanced d ie t adequately r ic h  in  pro te in , minerals 

and vitamins.

Thus, in recent years a good case has been con

structed for advocating a high protein intake in  

toxaemias of pregnancy, i f  necessary by parenteral 

routes of adm inistration. In  fa c t , some investigators  

make, an im p lic it suggestion that the cause of toxaemia 

may be linked with a d ie te tic  protein deficiency. The 

basis of these conclusions however, is  slender. 

S u ffic ie n t/
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S uffic ien t number of observations are on record to show 

that a state  o f positive  nitrogen balance exists  in  

normal pregnancy in  order to provide fo r the growth of 

the foetus* placenta and uterus, the development of 

breasts, and the build ing of the reserve requi red fo r  

the purpose of la c ta tio n  (24, 35, 36, 27). Unfortunately 

however equivalent data on toxaemia of pregnancy are 

comparatively meagre. The studies of Dodge and Frost 

(17, 1933) and Harden (2L) show that patients with 

toxaemias o f pregnancy suffer a negative nitrogen balance. 

But the d if f ic u lty  in  in terp re tin g  the values obtained 

by these authors lie s  in  the fac t that cases selected  

fo r study do not seem to have been selected with 

s u ffic ie n t care in  order to elim inate those which 

simulate pre-eclampsia. Further, correction for e x tra -  

metabolic nitrogen due to loss of oedema f lu id  does not 

appear to have been made before f in a l results were 

calculated. As a resu lt the exact state of nitrogen  

catabolism in true pregnancy toxaemias can be obtained 

only with d if f ic u lty  from the data provided by these 

authors. Before toxaemias of pregnancy can be linked  

with a state of protein deficiency the nature of nitrogoo. 

equilibrium  and the degree of negative balance should 

be known.

With th is  object in  view we studied the nitrogen  

balance of three cases of true pregnancy toxaemia of 

almost/
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almost equal severity  in  re la tio n  to the e ffec ts  

produced at d iffe re n t levels of protein  consumption.

In  each case the investigation spread over a period of 

14 days. The basal condition was studied during the 

f i r s t  week by providing a l l  of them with a uniform 

d ie t containing only a moderate amount of protein.

During the second week the protein intake was raised in  

one p a tie n t, lowered in another, and maintained at the 

o rig in a l le v e l in  the th ird  case. The metabolic studies 

extended over a period of one week fo r each investigation , 

for i t  has been shown by Sontag and Potgieter (33, 1933) 

that unless a constant le ve l of nitrogen intake is  

maintained for a minimum period of 3 days the variab le  

factor of nitrogen excretion in  the urine (especia lly  

i f  the d iet consumed previously is of a d iffe re n t  

nitrogen content) in te rfe res  with the r e l ia b i l i t y  of 

nitrogen balance studies. The d ie t employed fo r the 

purpose of th is  investigation was selected w ith the 

help o f the d ie tic ia n  a t the Glasgow Royal Maternity and 

Women*s Hospital and the nitrogen intake was calculated  

from the protein values supplied by McOance and 

Widdowson (39, 1947).

Urine was collected in  the wards as 24-hour specimens 

with toluene as preservative. A ll measurements and 

estimations were done in the laboratory. Faeces were 

s im ila rly  collected in weighed sealed pans containing

a/
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a small quantity of strong sulphuric acid. From the

time of co llection  up to the moment o f estimation these

specimens were kept in  a re fr ig e ra to r . The weight of

the patients were taken every day at the same hour.

In  each instance the weight given for a certa in  day ia

that recorded in  the next morning so that i t  indicated

the change which took place during the preceding day 
ife

of/balance study.

The methods o f estim ation have been described in  

the appendix. The to ta l urinary nitrogen was estimated 

by Folin-Farmer m icro-Kjeldahl method, a blank and a 

standard being put through at the same time with each 

tes t. The non-protein nitrogen in  the urine was estimated 

by p re c ip ita tin g  the protein with 10 per cent, 

tr ic h lo ra c e tic  acid and estimating the nitrogen in  an 

aliquot part of the f i l t r a t e .  The protein nitrogen in  

the urine was estimated from the d ifference. Faecal 

nitrogen was estimated by digestion with sulphuric acid 

aided by potassium persulphate, as suggested by Wong 

(30, 1923) and subsequent aeration and t it r a t io n . During 

the period of investigation  none of the patients received 

drugs containing nitrogen.
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Mrs. Campbell, prim igravida; age 30; duration of 

gestation 30 weeks; previous h istory  revealed nothing  

of importance; health during pregnancy satis factory  u n til  

1 week before admission, when she noticed some oedema of 

ankles. Two days la te r  she developed fro n ta l headache 

which was persistent. There was some o lig u ria  for 

12 days before she was admitted into the hospital on 

3 .6.43.

On admission: General nourishment satis factory .

There was appreciable oedema of the fee t and legs.

Colour, pulse and resp ira tio n  were normal. General 

examination fa ile d  to detect any abnormality, except the 

blood pressure,which was raised to 160/110 m.m.Hg. Urine 

contained++ albumin. The uterus was of the size of 30 

weeks gestation; there was no obstetric  abnormality.

Urea clearance, 102.4 per cent. Plasma proteins, 5.90 gms. 

Blood urea, 23.8 mgms. , Uric acid 4.1 mgms. Creatinine  

1 .2 1  mgms. and to ta l blood N.P.N. 36.3 mgms. per 100 ml. 

Urine, sp.gr.1013, Albumin - 8 . 5  parts (Esbach), hyaline  

casts. No other abnormality was detected.

On 4 .6 .43  the patient was put on a d ie t consisting  

of 88*85 gms* of protein (o f which 60.85 gms.were of 

animal o r ig in ), 295.4 gms. of carbohydrate and 73.7 gms.
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T h e  a b o v e  t a b l e  i n d i c a t e s  t h a t  d u r i n g  t h e  p e r i o d  o f  

s t u d y  t h e  n e t  n i t r o g e n - i r i . t a k e  v a a  36.  6 6  g m s .  T h e  t o t a l  

n i t r o g e n - o u t p u t  d u r i n g  t h e  same p e r  i o  6 T’*as 9 7 . 7 3  g r i s .  , and 

t h u s  o v e r  a p e r i o d  o f  one  w e e h  t h e r e  w a s  a n i t r o g e n  

d e f i c i t  o f  4 . 6 6  g m s .  e q u i v a l e n t  t o  3 9 . 1 3 5  g m s. o f  p r o t e i n .  

H o w e v e r ,  t h e  p r o t e i n  c a t a b o l i s m  o f  t h e  b o d y ,  i s  e x p r e s s e d  

o n l y  b y  t h e  o u t p u t  o f  m e t a b o l i c  n o n - p r o t e i n  n i t r o g e n .

I n  t h i s  c a s e ,  t h i s  a m o u n t e d  t o  3 3 . 3 9  g m s .  nr o m  t h i s  

m u s t  be  d e d u c t e d  t h e  e x t r a  m e t a b o l i c  n i t r o g e n  w h i c h  h a s

b e e n /



been lo s t from the body dUe to loss o f oedema f lu id  

and consequent loss of weight (31)* Non-protein nitrogen  

is  equally d istributed  between blood and tissues, the 

aqueous medium in e ither case being the solvent* This 

was assumed by Peters and Bulger (31 , 1926) and con

f ir m e d  by B utt, Snell and Keys (32, 1939) and by our 

own observations. The former authors state that under 

normal circumstances 70 per cent, of the body weight 

is  composed o f water, the concentration of water in  the 

oedema f lu id  is  at le as t 90 per cent* The loss in  

weight in  a case of toxaemia of pregnancy in  basal 

conditions is  obviously due to the loss of the oedema 

flu id * In  the present case the reduction in  weight was

4.2  KGtos. But th is  does not represent the net loss in  

weight for during a week between 28 and 32 weeks of 

gestation the foetus puts on 5 ounces (0*14 KG) (33 ).

The actual loss in  w e i g h t t h e r e f o r e ,  was (4 .2 +  0 .14 ) 

or 4.34 KGas. Ihen this is  taken into consideration along 

with the change in  the plasma non-protein nitrogen level 

during the corresponding period, the amount of extra 

metabolic nitrogen can be calculated from-the formula -  

^fetram etabolic loss of nitrogen •  70 per cent, of the 

f in a l weight X the change in  non-protein nitrogen, 

p in t, 90 per oent. o f the change in  weight X the i n i t i a l  

non-protein nitrogen*1,

; • ►fhe actual calcu lation  has been elaborately explained
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by Peters and Bulger (31, 1926) and is  therefore  

omitted. ,

Applying th is  formula to our case the e x tra -  

metabolic loss of non-protein nitrogen amounts to 

(0*7 X 68.3 X 0.073) +  (0 .9  X 4 .34 X 0.363)

« 3 *4 9 + 1 .4 2  -  4.91 gms.

In  other words, of the to ta l non-protein nitrogen  

excretion of 82.29 gms. 4.91 gms. were due to the loss 

of nitrogen of extra  metabolic o rig in  (loss of oedema 

f lu id ) .  Therefore, the amount o f nitrogen "catabolised" 

in the body equals 83.29 -  4 .91 , or, 78.38 gms. during  

the period o f study. I f  to th is  is  added the amount 

of nitrogen excreted in  the urine as protein* we 

obtain the value which represents the net amount of 

nitrogen lo s t from the body during the period of 

observation. This equals 87.31 gms. of nitrogen. 

Compared w ith the net intake 86.06 gas. a negative 

balance of 1.25 gms. of nitrogen over a period of 7 

days or 0.18 gas. o f nitrogen, da ily  is  obtained. This 

represents the combined e ffec t o f protein catabolism and 

loss of protein in  the urine on the assimated protein.

I t  has been pointed out already that the, to ta l protein  

catabolism for the period o f study is 78.38 gms. 

Therefore, i f  p ro te inuria  did not exist the balance of. 

nitrogen [(net nitrogen intake ) -  78.38 (metabolic 

nitrogen /
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nitrogen output| -  7.68 gms. o f storage fo r whole period, 

or a positive  balance of 1 .1 0  gms. of nitrogen daily.

This represents the actual s tate  of equilibrium  which 

exists  between the net nitrogen consumption and to ta l  

nitrogen catabolism in the case of pregnanoy toxaemia 

studied above. I f  the s ta te  of nitrogen metabolism 

in pre-eclampsia is  to be compared w ith normal pregnancy 

th is  constitutes an important point of comparison. For 

the study of only the to ta l nitrogen output is  l ik e ly  

to give an erroneous impression of the actual state  of 

metabolism ^ lich  exists  in  the body.

2. Period of I ncreased Protein Intake.

During the subsequent period of study the protein  

intake was increased to 108.5 gms. da ily  of which

93.2 gms. were f i r s t  class proteins, with 179.25 gms. 

of carbohydrate and 90.6 gms. o f fa t. The to ta l  ca loric  

yie ld  of the d ie t was 1,971. The patient was put on 

th is  d ie t on 14.6.43 but in  order to avoid the lag  of 

nitrogen excretion the metabolic study did not 

oommence t i l l  three days la te r . The follow ing table  

provides the data (Table 2 ).

As a resu lt o f increasing the d a ily  nitrogen  

intake by 3 .16  gms. the gross d a ily  balance changed 

from -0 .65  t o + 0.49. In  other words an active  nitrogen
4k ,

retention o f 1.14 gas. daily  was obtained. The loss 

o f/



of weight during th is  period was 2 .7  K.Gto. Taking
«

the increase in  weight of the baby during the period of 

investigation  into account, the net loss of weight of 

the mother was 2 .7 + 0 .1 4  « 2.84KS. The loss of

Table 2

Bate
It .  Gal- 
KG> I odea

N-intake

Ibtal
Fae
ces Wet

N-output 
?r7T

Ibtal
K- I Pis 
Bal- f -i

H. iK E H l anoe I.ILPJU B.P.

1441; 097; 12L44j 

1410| G94|iai6|

I& 48j090jl458i| } ■ ?1 .i 4

1465:090 I&75
i  j I

15071085; 14221
i ? I

1539jQ?0; 1469j

17.6.48

18.6.48

19.6.48

675 1,971 

8Z0 "

17.36

664 « n

20.6.4816601 "

21.6.48

22.6.48

23.6.48
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653
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204 
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"  j 209

" 1213
f

" 191
1

"  1210

1524

1532

1549

1527

1518

3545

1526

♦083 294 155/98 

+122| 234 155/90 

+001 j 3011155/90 

jl55/90  

155/90 

150/92

+0621233 

+Qilj 27.6 

+006 27.0
1477 j 07211405! +049 263 flS0/90

4-

Loss in Weight « U2U52 ]£3L
3 .7  KG.

m i M77! 598■ SR79-IAverage d a ily
jbalance»0.4SgnsK

extrametabolic nitrogen during the same period amounted 

to (0 .7  I  64.8 X 0* 031)4 -(0 .9  X 2.34 X 0.394) or 3.16 gms< 

Therefore, the to ta l quantity of nitrogen catabolised  

in the body during the days o f investigation was 

(97.79 -  2 .16 ) or 95.63 gms., but the to ta l nitrogen  

lo s t from the body, including that due to pro te inuria  

(103.77 -  2 .16 ) •  101.61 gms. This, compared with  

net assimilated nitrogen shows a balance of
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(107.31 -  101.61) or *5 .6 0  gms., for a period of seven 

days or a d a ily  positive balance of +0.80 gms. In  

other words, compared with the control period, ah increase 

of da ily  nitrogen intake by 3.10 gms. improved the 

nitrogen balance by only (0 .80  -  ( -0 .1 8 ) or 0.98 gns.

I f  however, albuminuria were absent, the da ily  

nitrogen balance during the period of increased protein  

intake would have been (107.31 -  95.63 f  7) or 1.65 gms. 

This compared with the control period shows gain of 

only 0.55 gms. I t  is o f in te re s t to note that the 

increase of assimilated nitrogen by 31.15 gms. during 

the period of study caused an increase in nitrogen  

catabolism by 17.25 gms. In  the f i r s t  week of study

91.1 per cent, o f the assimilated nitrogen was catabolised 

in the body, during the second period of study when the 

protein intake was increased by 3.16 gms. d a ily  the 

catabolic nitrogen amounted to 89.1 per cent. This 

indicates that only 18.5 per cent, of the net ris e  in  

assimilated nitrogen during the period of increased 

protein intake was used fo r the purpose o f anabolism 

and storage. Moreover, a high protein d iet did not in  

any way a ffe c t the rate o f protein catabolism in  the 

body.

The plasma proteins during the period of study 

were -
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1. At the beginning of the f i r s t  period 5.90 gms.per 100 ml.

S. At the end o f the f i r s t  period 5.93 gms. per 100 ml.

3. At the beginning o f the second period 5.94 gas. per 100 ml.

4. At the end o f the, second period 5.95 gms. per 100 ml.

PASS 2

Mrs. Donaldson, prim igravida; age 30; duration of 

gestation 30 weeks. Admitted to hosp ita l on 22.11.48  

with oedema and headache. Previous and personal h is tory  

revealed nothing o f importance. For 8 days before 

admission the patient had swelling of the ankles which 

increased considerably during the 72 hours before admisa on. 

There was also a h istory o f o lig u ria  fo r 5 days before 

the oedema was noticed.

On examination general health was found satis factory  

with no evidence of organic disease. Blood pressure on " 

admission was 170/110, urine contained 8 parts of albumin, 

and oedema was present at the ankles and lower part of 

the legs. The uterus was o f the size of a 30 weeks 

pregnancy and examination revealed no obstetric  abnormality. 

Haemoglobin was 78 per cent. Urine sp.gr. 1012. Albumin** 

no other abnormality was detected. Microscopically i t  

showed a few hyaline casts and white blood corpuscles.

Urea clearance 109.6 per cent, plasma proteins -  5.56 gms* 

Blood urea 17.5 mgms. per cent. N.P.N. 29mgms*per cent.

BESHLTS/
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: m m m
1. Control Period 

The patient was put on the d iet already described 

fcese 1, control period). The to ta l nitrogen y e ild  of 

the d ie t was 14.20 gas* d a ily . The nitrogen balance 

study commenced on 24.11 ,48 . The resu lts  obtained are 

given in Table 3.

Table 3

Wt. I Gal- 
Date .KGf..oriea

N-intake

Totall cea

’2 4 ,11.4S | ^ 6 ]  3 #8

S 5 .ii .  48! easi «
I f26.11.48! 635 "

27.11.48 j 6351 " 

2 3 .1 1 .4 8 j & l j  "

29.11.48 W j  "

30.11.48 eao I «

14201131 

179

I s i

tt

tt

rt

tt

tt

178

193 

210 
222

194

1239

1241

H-output
T5T

1441217s
ia37| 147 

12.42J 12421 U 0  

ia27| 12.67! 136i
12.10’ 12.09' 130

11.93! 12.35! 123
■

1226 1238 128

11*73

1190

1102
1131

10.79

1107

1110

H-
Bal-
ance

-a78

-096

0

+001
-037

-012

Has
-3B&

297

295

290

301

310

314

3L8

J t l i

166/100

16^)00

165/98

16^00

160/100

160/96

Loss in  Weight 
0. 6  KG.

9940 1357 8583? 88451953 78L92 Aver. daily_bal- 
ance »

During th is  period of study there was ,  output of 

33.45 gms. of nitrogen against a net intake of 85.83, 

giving a negative balance o f 3. 62 gms. of nitrogen for a 

per iod of 7 days'or 0,517 gms. d a ily .

The loss in body weight for the same period was'"' 

0.6K3m. But taking the increase of the weight of the *"



baby into consideration the net loss in  weight was

0.6+  0.14 •  0. 74 gms. The extra  metabolic loss of 

nitrogen during th is period was (0 .7  X 69.0 X 0.021)-+

(0 .9  X 0.74 X 0.297) or 1*17 gms. The amount of nitrogen  

catabolised in the body during the whole period, was 

therefore 78.92 -  1.17 « 77,75 gms. Thus, the amount 

of nitrogen available fo r storage was 85*83 -  77.75 or

8.08 gms. for the week, or 1.15 gms. d a ily . The 

corresponding figure in  our f i r s t  case was 1 .1 0  gms. 

However, during the period o f study 9.53 gms. of n itrogm  

was lo s t from the body as protein  in  the urine. The net 

loss o f nitrogen thus amounted to  77 .75+9 .53  « 87.28 gma. 

This, against the net assimilated nitrogen leaves a 

negative balance of 1 .45 gms. or 0.21 gas. d a ily . The 

protein loss in  the present case was more than that in 

the f i r s t  one, and consequently in sp ite  o f a s lig h tly  

lower leve l of n itrogen catabolism the balance of nitrogen  

in  the body was affected more adversely in  the second 

patien t.

2. Period of Diminished Protein Intake.

On 30.11.48 the patient was put on a d ie t consisting  

of 75.05 gms. of protein (43.2  gms. f i r s t  class p ro te in ), 

$82*65 gms. of carbohydrate, and 68 .1  gms. of fa t  and 

heyijag a to ta l ca lo ric  y ie ld  of 2,444. The mineral aad 

vitamin contents were as fa r  as possible kept id en tica l.
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The metabolic study commenced on 3.12.48* The results  

are given in  Table 4.

Table 4

N- intake 
Wt* f Gal- ? Tot] Fae-J
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1 * 0  KG. ; i i

7<36|72A7 Aver, d a ily  b a l-  
! ance* -0.945gios.lt

During the second period of study the amount of 

nitrogen assimilated was 73.12 gms. The to ta l nitrogen  

output for the same period was 79.83 gms. Consequently 

there was a nitrogen d e f ic i t /  of 6.71 gms. in  7 days,or

0.945 gms. d a ily . Thus as a re su lt of decreasing the 

daily  nitrogen intake by 2 .2 0  gms., the nitrogen loss 

from the body increased by 0.43 gms. This however 

includes nitrogen lo s t as protein in  the u rine , as w ell 

as the extr^faetabolic nitrogen excreted during the period 

of study. ,

The loss in weight during the period of investigation

was/
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was 1. 0 KC. Taking the increase in  the weight of 

the foetus into consideration the to ta l loss of weight 

equals 1*14 KC. 'The plasma non-protein nitrogen during 

the same time diminished from 31.5 to 29.1 mgms. So, 

the extrametabolic non-protein nitrogen excreted in  the 

urine during this period was (0 .7  X 68.1 X 0 .024)**

(0 .9  X 1.14 X 0.315) or 1.47 gms. Thus, the net amount 

of nitrogen catabolised in  the body was (72 .47-1 .47 ) *  

71.0 gms. Consequently the re s u lt of reduction of the 

daily  protein intake by 2 .2 0  gms., caused the d a ily  

nitrogen catabolism to be reduced by (77.75 -  7.1U x 7) 

or 0.96 gms. This obviously represents the nitrogen 

economy which th is  patient with pregnancy toxaemia was 

capable of marking under conditions of defic ient protein  

intake. I f  there was no loss of protein  in the urine 

th is  economy in nitrogen break-down would have been able 

to provide a storage.of only (73.12 -  71 .0 ) *  1.12 gmst 

for the whole period of study or 0.16 gms. a day. The 

protein loss in the urine during th is  period was only 

7.36 gms. of nitrogen, which was appreciably less than 

that in the preceding week. But when this is taken into  

account,as one must,' in  order to ascertain the net 

balance, i t  follows that in spite o f a net intake of 

7^3t2 gms. o f n itrogen, (71 .0  + 7 .36) or 78.36 gms. were 

los t from the body. Thus, as a resu lt o f a reduction 

of the protein consumption a negative balance was
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established a t (78*36 -  73.12 f  7) or 0.75 gms. d a ily ,

i . e . ,  the nitrogen d e fic it  had increased by 0.54 gms. 

per day.ftt f t *  I t  should be noted, however

that th is  was not associated w ith a great deterioration  

of the c lin ic a l condition. The plasma-protein values 

during this investigation  were as follows -

1. At the beginning of the f i r s t  period -  5.58 gms.per 100 ml.

2. At the end o f the f i r s t  period -  5.58 gms.per 100 ml.

3. At the beginning of the second period -  5.56gas. per 100 ml.

4. At the end o f the second period -  5.57 gms. per 100 ml.

* ‘
PASS 3

Mrs. Lawson, age 32, second gravida, duration of 

gestation 32 weeks., was admitted on 23.9.48 with oedema 

of ankles and feet and marked diminution in  the quantity 

of urine* Past h istory revealed nothing of importance.

The previous pregnancy and labour were normal, 3 years 

ago.

General examination showed no evidence of organic

disease. The patient was w e ll-b u ilt  and there was

marked swelling of the fee t and legs. The size o f the

uterus indicated a gestation of 32-33 weeks, B.P. 170/110,

urine contained 11 parts albumin (Bsbach), haemoglobin -

72 per cent. Plasma proteins 5.60 gms. Urea 20.5 mgms.

N.P.N. 30. Omgms. Urea clearance 99.8 per cent. Urea

concentration 3.14 per cent, maximum. Urine sp.gr.1*0713;

pus: cells  were present, no casts. No other abnormality 
was/
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was detected*

This p atien t was kept on the control d ie t ( *1 4 *2 0  

gms.N. ) for a period of two weeks, metabolic studies 

being undertaken at the end o f each period* The object 

of this was to determine how the balance of nitrogen  

adjusted i t s e l f  with the a lte ra tio n  of the c lin ic a l  

condition. The resu lts  of the f i r s t  period ad: study are 

given in Table 5*

Table 5
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During the f i r s t  week the to ta l nitrogen assimilated  

by the patient was 87.73 gms. ^ i l e  the to ta l loss from 

the body was 92.10 gms. Thus, an apparent negative 

nitrogen balance of 0.63 gms. a day was present. The 

loss o f weight during this period was 2 .9  K3* ^Between 

th i r ty /
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thirty-second and th ir ty -s ix th  weeks the foetus gains

A+ l'S N
702.(33) or 0.20 KGr.* » 2* 0 KGp During the same period 

the non-protein nitrogen of the plasma dropped from

30.2 to 29.3 mgms. Thus the extrametabolic nitrogen 

amounted to  (0 .7  X 69.0 X 0 .0 0 4 )*  (0 .9  X 2 X 0 .3 (E ) or 

0.74 gms., and by subtraction the nitrogen catabolised 

in the body was 31.37 gms. The assimilated nitrogen thus 

exceeded the catabolic nitrogen by 6.36 gms. for the whole 

period o f study or 0.91 gms. d a ily . Including the loss of 

nitrogen as protein in  the urine the to ta l nitrogen loss

however exceeded the net nitrogen intake by 3.62 gms. , ....

thus giving a d a ily  negative balance of 0.52 gms. of 

nitrogen. During th is  period there was only s lig h t  

improvement in  the c lin ic a l symptoms.

The second period of study was conducted during 

the following week. The resu lts  are submitted in  Table 6 .

Table 6/
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Table 6
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I t  w il l  appear from the above table that during- the 

second period there was an improvement in  the apparent 

nitrogen balance which was now -0*016 gms. nitrogen per 

day. In  other words, without any change in  the nitrogen  

intake the d e f ic it  was compensated by 0.5014 gms. of 

nitrogen d a ily . The only notable change which did occur 

during this period was an improvement in the c lin ic a l  

condition. The albuminuria became less, the blood pressure 

came down and the oedema improved. The extra-metabolic 

nitrogen lo s t during this period amounted to (0 .7  X67.0 X0.036) 

(0 .9  X 2 .20 * X 0.298) or 1*34 gms. The amount of 

nitrogen catabolised was, therefore 81.72 -  1.34 * 80*38 gms.

*  The gain in  weight of the baby was added to the recorded 

loss m
T
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Thus, i f  albuminuria had been absent 88.62 -  80.38 or 

3.24 gms. of nitrogen for the whole period or 1.18 gms. 

of nitrogen d a ily  would have been availab le  fo r anabolism 

and storage. But the loss of 8.01 gms. of nitrogen as 

protein  in  the urine le f t  only a meagre positive balance 

of 0.23 gms. for the whole period, or 0.03 gms. da ily .

On sup erfic ia l examination this s lig h t but notable 

improvement in nitrogen balance may be ascribed to the 

improvement in the c l in ic a l condition. Careful study 

however reveals that the factor vdiich has been responsible 

for the change in  the nitrogen balance is not so much the 

catabolic nitrogen, as that excreted in the urine as 

protein.

Plasma protein levels during the period o f study 

were -

1* At the beginning of the f i r s t  period 5.60 gms.per 100 ml.

2. At the end o f the f i r s t  period 5.60 gms.per 100 ml.

3. At the beginning o f the second period 5.57 gras.per 100 ml.

4. At the end of the second period 5.56 gms.per 100 ml.

NITROGEN BALANCE IN NORMAL PREGNANCY AT 
J E E E B E SlJiBYBLa OF PROTEIN INTAKE?

There is a general agreement that a high le v e l of

positive nitrogen balance exists in normal pregnancy.

A comparative study of pregnancy toxaemias necessarly

requires a knowledge of the le ve l of nitrogen catabolism

in the la t t e r ,  fo r , i f  toxaemias of pregnancy are 
m anifestations/
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manifestations of disordered metabolism a ffec tin g  the 

nitrogenous constituents of the body a comparative 

study of the nature and rate o f nitrogen destruction in  

the body in  pre-eclampsia is essentia l. I t  is with th is  

object in view that one patient a t 30 weeks of pregnancy 

was studied over a period of three weeks with levels of 

protein intake id e n tic a l with those used fo r the study 

in toxaemia. The resu lts  are b r ie f ly  discussed in th is  

section.

Mrs. Harkins, prim igravida, age 23 years, admitted 

for observation for contracted pelvis . There was no 

evidence of organic disease and general health was s a tis 

factory. Haemoglobin 79 per cent. Plasma proteins 6 .41gms. 

Blood urea 24. Ĉ igms. Non-protein nitrogen 24.3 mgrus.

B.P. 113/72 mm.Hg. Urine clear.. Urea clearance was 

103.4 per cent. Maximum urea concentration 2.97 per cent. 

Weight 62.3 KOm.

In  the f i r s t  period of study the patient received 

the same d ie t as that given to toxaemias in the control 

period. The to ta l d a ily  nitrogen intake was 14.20 gras.

The metabolic study was commenced on 3.7.43 and 
covered a period of five days. The results are given 
in Table 7.

Table 7 /
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D ate.
Cal
ories

Food-
i t

Faecal
N

Net
N

intake

Urine
N

Total

Urine 
• N 
Pro
te in Balance

3.7.48 2,202 14.20 1.43 12.77 8.94 - +3 .83

4 .7 .48 n ff j 1.52 12.68 9.12 - 4-3. 56

5.7.48 n n 1.64
‘

12.56 9.06 4*3.50

6.7.48 n Tt 1.54 12.66 8.85 4*3.81

7 .7 .48 Tf Tt | 1 , 5 0

12.70 i 8.77\

&
+3. 93

71.00 7.63 63.37

1
44.74 j -

r
[ f

iI ... i ....... ......

Aver, da ily  
balance *  
+3 .73gms. N.

During tlie subsequent period of 9 days the nitrogen  

intake of the d ie t was increased to 17.36 gms. d a ily  and 

the patient was put on a d ie t iden tica l with that used 

in case 1. In  order to avoid the lag  in  nitrogen  

excretion study of the balance, which covered a sim ilar 

period of f iv e  days,did not s ta rt t i l l  four days a fte r  

the commencement o f the new d ie tary  regime. The 

resu lts  are submitted in Table 8* •

The increase of d a ily  nitrogen intake by 3.16 gms. 

caused an increase of 2.51 gms. of nitrogen storage. 

Thus, 79*4 per cent, of the nitrogen added to the d ie t  

was being used fo r storage. Nitrogen catabolism  

increased only s lig h tly  to the,extent of 0*2 gms. a 

day (6 .2  per cent, of the basic le v e l) .

Table 8 /
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Table_8

Date
Cal
ories

Food-
J  ' .

Faecal 
N .

Net
N

intake

Urine
N

Total

w in e  
N; 

Pro** 
te in  v

‘

Balance

11.7.48 1,971 17.36 1.79 15.57 9.19 - +• 6.38

IS . 7.48 ft Tf 1.81
..

15.55 9.24 - *6 .31

13.7.48 ft ft | 1.94 15.42 9.08 - *6 .34

14,7.48 ft ft 2.06 15.30 9.28 - *6 . 08

15.7 .48 ft ft 1.99 15.37 9.33j - +5.97 ii

86.80 j 9.49 77.31 146.12
1

-
..............................  ...........................................

Aver, d a ily  
balance -  
+6. S4gms.N.

During the subsequent period of 9 days the patient 

was put on a d iet of which the nitrogen yield  was only 

IE . 0 gms. d a ily , and id e n tic a l with that used for 

metabolic study for case 2. As in the previous case 

study o f the nitrogen balance did not s ta rt u n til 4 days 

a fte r the d ie t was commenced. The resu lts  are submitted 

in Table 9.

Reduction of the d a ily  nitrogen intake by 2.20 gms. 

(from that o f the control period) was followed by a 

decline in the amount of nitrogen stored by 1.16 gms.

The protein catabolism was also lowered by 0.57 gms. of 

nitrogen par day (15 per cent. o f the basic le v e l) .

Table 9 /
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IABUL2

Date
Cal
ories

Food- 
....N

Faecal
L i

Net
. .H
intake

Urine
N

To ta l

ju rin e  
N

{Pro*
| te in Balance

19.7.48 2,444 1 12.0 1.26 10.74 8.14 { - + 2.60

20.7.48 r*
"

11.40 ' 10.60 3.06
5

4*2.54

21.7.48 tf 1 * 11.31 10.69 8.11
f 1
 ̂ -  ! ? \ +2.53

22.7.43 tt 1 ^ 1.19 10.81 3.29
j
i ♦ a  52 '

23.7.43 t? \ ^ 1.22 10.78 8.17 j +2.61

60.0 6.38 53.62 40.77
!\
\

Aver, d a ily  
balance -  
4 2 .57gms. N.

• MALYSIS.QF DATA FROM NORMAL PREGNANCY 

Comparison of these results obtained in normal 

pregnancy provides an in teres tin g  study. With medium 

leve ls  of protein intake the stored nitrogen amounted 

to 29,4 per cent, of the nitrogen assim ilated. When the 

protein of the d ie t was increased the nitrogen storage 

increased to 40.4 per cent, of the assimilated nitrogen. 

With reduction of the protein in the d iet nitrogen  

storage dropped to 24.0 per cent, of the protein absorbed. 

Further analysis shows that by increasing the assimilated  

nitrogen by 22,2 per cent. , the nitrogen storage was 

■increased by 37.4 per cent, of the basic le v e l. But 

decrease of the assimilated nitrogen by 15.3 per cent, 

caused/



caused/L8.4 per cent, drop in the stored nitrogen.

These data indicate that protein storage during pregnancy

is an active  and v i ta l  process, which suffers when protein

consumption is  low but increases out of proportion at

high levels of protein intake. I t  appears that high
as

protein d ie t acts/an added stimulus for protein storage, 

and a loŵ  protein d ie t hinders the mechanism s lig h tly  

more than the le ve l of protein in  the d ie t would ind icate. 

This has a far reaching significance in  antenatal 

obstetricsf but a discussion of th is  out o f the scope of 

the present investigation .

•gaBBHTS
In  1874 Bosenste^n (34) declared that eclampsia 

was caused by cerebral oedema, which was due to a 

^too watery state ’* of the'blood. This was agreed upon 

by Hamilton (3§, 1881) and other subsequent authors 

belonging to the la s t and the e a r lie r  part of the present 

century. In  recent years Strauss (19, 1933) pointed out 

the importance of low leve ls  o f plasma proteins in  

re la tio n  to oedema in pregnancy toxaemias and Boyd Harden 

(31, 1936). claimed to be able to reduce considerably the 

incidence o f eclampsia by establishing what he named 

‘protein s ta b ilis a tio n ! The protein intake for a case of 

-is calculated by Harden in  order to provide ^  

small surplus over the to ta l loss o f protein and norfc-
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pro tain  nitrogen in  the urine. In  th is  connection, he 

takes into consideration the starvation le v e l of protein  

catabolism and the nitrogen requirements of the foetus.

I t  is however in teres ting  to note that Harden is able 

to obtain "protein  s ta b ilis a tio n "  with as l i t t l e  as 

69 gms.of protein (11.1 gm.nitrogen) a day.

Nitrogen catabolism in  normal pregnancy has been a 

subject of considerable study. In  a normal ind ividual 

the to ta l nitrogen excretion is a fa ir  measure of the 

amount of nitrogen catabolised in  the body. Obviously 

the change in  weight and the le v e l of tissue and blood 

non-protein nitrogen have to be taken in to  consideration, 

but for short periods of metabolic study these seldom 

show any recognisable varia tio n . The le ve l of nitrogen  

elim ination in  the urine, representing that, nitrogen  

metabolism,has been variously estimated from 10.08 

(Long and Gephart,36, 1938) to 16.0 gms. (F o lin , 27, 1905) 

of nitrogen in  non-pregnant individuals. In  pregnancy 

the le v e l of excretion of the catabolic nitrogen has 

been found to be uniformly low. Howe, Gull iv an and 

Matthews (38, 1930) give# the average to ta l nitrogen n

excretion as 8.03 gms. d a ily  with a range o f v aria tio n  

from 6.73 to 9.64 gms. The resu lts  obtained by us in  

our case of normal pregnancy are in  close agreement 

with th is  finding as well as with those reported by o»ther 

observers. Indeed., the leve l of nitrogen catabolism
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in normal pregnancy is  so low as to almost approach

that seen in Benedict's (39, 1915) fasting  man.

Nevertheless th is  diminished catabolism is  not due to

starvation, but is caused by active protein storage,

which creates a positive nitrogen balance in  nregnant
tfcat

women. HoffstrBm (24, 1909) noted^the average daily  

retention was 1 .3  gms. of nitrogen. Wilson (26, 1916) 

found that with a d a ily  intake of 9 to 19 gms. of 

nitrogen a positive balance, sometimes amounting to 

6 gms. a day could be observed. Hunscher et a l (40,1933) 

from a collected review of the l ite ra tu re  observed that 

80 per cent, of the intakes extended from 10-18 gms. of 

nitrogen per day, while the retention  came to the range 

of 1 .5  to 2.7 gms. d a ily . That the actual amount of 

storage is dependent upon the b io log ica l value o f the 

protein has been shown in a subsequent communication by 

Hunscher and co-workers (41, 1935). This is also amply 

supported in the case studied by us.. During the period 

of low protein consumption 6.9 gras.of nitrogen were 

supplied as proteins o f high b io lo g ica l value. The 

nitrogen storage during th is  period was 2.57 gms. per day. 

But when the consumption of f i r s t  class proteins in 

creased to 14.9 gras, of nitrogen per day, the nitrogen 

storage was raised to 6.24 gms.daily. Thus, w ith an 

increase in  the f i r s t  class protein consumption by 116 

per c e n t., the nitrogen storage was raised by 143 per’ 

c e n t./
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cent. The importance of th is is enhanced.when the 

higher carbohydrate and ca lo ric  value of the low protein  

d ie t are taken into consideration. The marked nitrogen  

re tention  which is  seen during pregnancy is  merely an 

expression of natures economy of the personal expenditure 

of the mother in  order to provide fo r the foetus in  

utero and to ensure adequate la c ta tio n  during puerperium. 

Both Coons and Bhent (43, 1930) and Rowe et a l (33 , 1930) 

showed that near term the le ve l of nitrogen storage 

declines to some extent, although an appreciably large  

positive balance is  s t i l l  maintained.

Our study of nitrogen metabolism in  toxaemias of 

pregnancy show a remarkable deviation from normal. There 

are three outstanding features in the metabolic study. 

F irs t ly ,  the position of gross nitrogen balance, secondly 

the le ve l of nitrogen catabolism and th ird ly , the protein  

which is  lost in the urine without being of any use to 

either the mother or foetus.

For obvious reasons very severe cases of toxaemia 

are not su itab le  subjects fo r metabolic study. Our 

cases were selected from a group where the toxaemia,was 

moderate. In  order to obtain a correct idea of the 

le v e l of nitrogen catabolism and balance the amount of 

extrametabolic nitrogen excreted must be taken into  

account. The fluctuations of plasma non-protein nitrogen  

could not obviously be due to impairment o f renal function



for the urea clearance in a l l  erases were normal or 

above normal value.

A superficial examination of the balance sheets 

ofthe_thr a&jsases of toxaemia presented here a ll  reveal 

a negative nitrogen balance varying- from 0.53 to 0.65 gms. 

per day, with a dietary nitrogen content of 14.30 gas. 

of which 9.7 gms. were f irs t  class proteins.

With a correction for extra metabolic nitrogen the 

balance s t i l l  remains negative at -0.18, -0.21 and -0.52 

gms. of nitrogen per day respectively. The highest 

negative balance was observed in case 3, which also 

showed the most marked manifestations of toxaemia. On 

the face of these findings, the conclusion that a 

negative nitrogen balance exists in toxaemias of pre

gnancy appears to be reasonable. So far, our findings 

confirm those of Harden and other workers, but the state 

of nitrogen balance is not equivalent to what is shorn on 

the balance chart but is  considerablv less than this
V

value. I t  has been pointed out that normally, the 

amount of nitrogen storage which occurs in pregnancy is 

about 2 gms. per day with a protein intake of 10 to 18 

gms. (40). Therefore, compared with normal pregnancy 

our cases of toxaemia had actually a deficit balance of 

about 2 + (0 .1 8 , 0,21 and 0.52) gms. respectively per day. 

The state of gross nitrogen balance in pregnancy toxaemias
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is thus of an extremely poor quality.

In  the f ir s t  case in our series this deficiency was

made up by increasing the nitrogen intake by 3.16 gms.

per day. As a result, the nitrogen equilibrium was

established in this patient with a positive balance of

0.80 gms. In other words a net positive balance of

0.98 gms. was obtained following an increase of dietary

nitrogen by 3.16 gms. per day. That is to say 31 per

cent, of the added nitrogen was used for building up

reserves for the body. Even with this improvemsit the

state of nitrogen equilibrium was far below that found

in normal pregnancy.

%en the dietary protein intake was lowered (case 3 ),

by 3.3 gms. equilibrium was established at -0.75 gms.of

nitrogen per day. Thus, due to a loss of 3.2 gms. of

nitrogen from die t the loss of nitrogen from the body

increased by o.54 gms. only. This was possibly due to

further economy on the part of nature in sparing proteins

from destruction, and this was evidently helped by the

raised carbohydrate and caloric value of the diet consumed

The third case presents an interesting study. In

the in i t ia l  period of observation there was a negative

nitrogen balance of 0,52 gms.per day. During the second
period of observation inspite of the maintenance of the

same dietary regime nitrogen equilibrium was established

at a barely positive level of 0.03 gms. of nitrogen per 
day/



day* This was mostly brought about by a diminution of 

urinary loss of protein, for the change in nitrogen 

catabolism in the two periods of study showed but l i t t l e  

change.

The amount of nitrogen catabolised in the body in 

our cases during the "control" period was 11.2, 11.1 

and 11.6 gms. per day respectively. These values bear 

a fa ir ly  close relationship with the degree of severity 

of toxaemia at the time of investigation, although the 

margin of difference can hardly be regarded as striking* 

Compared with the level of protein catabolism in normal 

pregnancy these values show considerable augmentation.

In fact they very nearly approach the level seen in the 

non-pregnant state. Such a circumstance may develop 

because of either ( i )  an increased active destruction 

of the proteins in the body in order to maintain the 

metabolic needs, or ( i i )  an in ab ility  on the part of the 

body to u tilise  the available nitrogen for storage 

purposes. As has already been mentioned, diminished 

protein catabolism in pregnancy is actually an active 

process. This is shown by a decline in the non-protein 

nitrogen level of the blood and urine during pregnancy. 

Increased protein catabolism has been observed in de

hydration and infection. The * toxin" of pregnancy 

"toxaemias" has not yet been isolated, and i t  is
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"water-logging" not dehydration which characterises pre- 

eclampsia, in  active protein destruction should be 

amenable to increase of the carbohydrate, fa t and caloric 

value of the d ie t, but in toxaemias of pregnancy these 

act as only poor protein sparers as judged by the level 

of nitrogen excretion. In  fact, evidences available 

provide only a feeble support for the existence of a 

state of active protein destruction in the body in  the 

pre-eclamptic states. On the contrary judging from the 

level of plasma proteins i t  appears that nitrogen 

synthesis is in some way affected in toxaemias of pre- 

gnaucy.

The three cases presented here, as well as the 

discussion in the following chapter w ill show how l i t t l e  

the plasma protein level in toxaemia is influenced by 

a high protein diet inspite of the presence a gross 

deficiency in the concentration of proteins in the plasma 

in th is condition. Studies of Arnell and Coworkers 

(43, 1945) and of Dodge and Frost (17, 1933) also sub- 

stantiate this. In  this respect, a condition simulating 

toxaemia has been observed by Post and Patek (44, 194S) 

in cirrhosis of the liv e r . These authors found that 

with high levels of protein intake a positive nitrogen 

balance may be obtained but this was not associated 

with a rise in serum proteins. Reference to the 

chapter/
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chapter on plasma proteins w ill show that we fa iled  to 1

-

observe an increase of the protein level of the plasma 

with diet containing as much as 131 gms. of protein J 

reinforced with 5 gms. of cystine daily# We therefore 

consider that the high level of nitrogen catabolism in 

toxaemia of pregnancy is  due to a defect on the part 

of the body to anabolise proteins from the available 

nitrogen of the diet.

further evidence of the existence of a state of 

augmented protein catabolism in pre-eclampsia is found 

when the effect of the change in the nitrogen content of 

the diet is studied. In the f ir s t  patient when the 

dietary nitrogen was increased by 3.16 gms. per day, the 

daily rate of nitrogen catabolism also increased by

2.5 gms. Thus, an increase of dietary nitrogen intake 

by 22.2 per cent, was followed by an identical increase 

in the level of protein destruction in the body. In 

case 3, where, throughout both periods of study the 

nitrogen intake was maintained at the same level the rate 

of protein catabolism showed no appreciable change, being 

11#6 gms. of nitrogen per day in the firs t week and

11.5 gras, during the second period of study. In the 

second case when the nitrogen intake was lowered by 

6.45 per cent, during the second week the protein cata
bolism fe l l  by 9.1 per cent. Undoubtedly this bigger 

drop in catabolism with low levels of protein intake 

was/
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was of a protective nature, aided probably by the 

higher carbohydrate content and caloric value of the 

diet# Such a condition has been known to develop even 

in normal non-pregnant subjects owing to the protein 

sparing effects of these agents. In  the consideration 

of toxaemias of pregnancy however th is  is of l i t t l e  

consequence. A diet low in protein, even when rich in 

carbohydrate value, has not been known to establish a 

positive balance in pregnancy. Foetal requirements of 

protein must be satisfied by the mother, otherwise there 

is naturally a drain on maternal protein reserve. More

over, i t  has never yet been proved that the products of 

nitrogenous catabolism are harmful in pregnancy toxaemias 

The excretory capacity of the nitrogenous waste products 

suffer but s ligh tly , i f  at a l l ,  in true pre-eclampsia.

I f  a positive nitrogen balance is to be desired in 

toxaemias of pregnancy i t  has to be established above the 

augmented level of nitrogen catabolism. That being so, 

the minimum nitrogen requirement for the mere maintenance 

of equilibrium, as appears from these three cases, should 

be from 11 to 12 gns. of nitrogen per day. I f  a positive

balance of at least 2 gms.per day is  to be provided for

the foetus, the lowest safe level of nitrogen intake 

appears to be about 14 gms. daily. This however does not

include or make any provision for the protein lost in the
urine.
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The amount of nitrogen lost as protein in the 

urine is a variable quantity not only in different 

patients, but also in the same patient in different stages 

of the disease. The protein lost in the urine is a 

complete waste for i t  fu lf i ls  no metabolic purpose.*

I f  proteinuria could be prevented a diet of a slightly  

low nitrogen value would not have a dangerous effect on 

the nitrogen balance, provided adequate caloric intake 

was ensured with additional carbohydrate and fat. This 

is shown in our second case, where inspite of the level 

of nitrogen intake being only 12 gms. per day, a nitrogen 

storage of 0.16 hms.. daily would have been possible in 

absence of albuminuria. When the dietary nitrogen 

intake was 14 gms. , the aciount of surplus nitrogen over 

and above the level of catabolism was 1.10, 1.15 and

0.91 gms. daily in the f i r s t ,  second and third cases 

respectively,during the firs t week of study, inspite of 

toxaemia being of miderate severity. Turing the second 

period of study the excess nitrogen available for 

storage (but lost in the urine as protein) was 1.65,

1.13 and 1..13 gms.. in the corresponding cases with an 

intake of 17.36, 12.0 and 14.20 gms, respectively.

■Reference has already been made to the collective 

review made by Hunscher et a l (40, 1933) who found that 

the average nitrogen retention in 90 per cent, of cases 

of normal pregnancy was 1.5 to 2.7 gms. per day. I f  in 

the/
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the cases presented here the loss of protein in the 

urine was absent the state of nitrogen balance in spite 

of toxaemia would not have been considerably less than 

that in normal pregnancy. But the continual loss of 

protein in the urine in pre-eclampsia becomes a factor 

of immense significance in nitrogen metabolism.

I t  has been pointed out in the previous paragraph

that in order to ensure a nitrogen retention of 2 gms.

per day the minimum daily nitrogen intake should be no

less than 14 gms. The average loss of protein in the

urine in a moderately severe case of toxaemia is about

1.5 gms.per day. This however may show a considerable

variation in individual cases. In order to replenish

this nitrogen wastage the level of intake must be increased

at least by a corresponding amount. Thus, the minimum

nitrogen intake of a case of toxaemia of moderate severity

losing not more than 1.5 gms. of protein nitrogen per
be

day in the urine should/at least 15.5 gms. in order to 

ensure a storage of about 2 gms. of nitrogen daily.

I f  the basic weight is regarded as 60 KGr. (132 pounds) 

this offers 1.6 gms. of protein per Kilogram per day.

This value is very near to that recommended by the 

League of Nations1 Health Commission. Many authors 

(26) however have observed a nitrogen retention of about 

6 gms. per day during pregnancy. Our observation in ? 

normal/



normal preghancfshowthat with a nitrogen intake of 12 

to 18 gms.per day, a daily nitrogen retention of 3-6 gms. 

may be ensured.. In  order to obtain the same nitrogen 

retention in toxaemia the intake should be raised to 

13-19 gms. of nitrogen (112 to 118 gms.protein 

approximately), i.e . about 2 gms.of protein per kilogram 

of the body-weight per day. This may appear to be 

slightly  higher than the League of Nations recommendations 

in normal pregnancy, but when one considers the slightly  

higher rate of protein catabolism and the loss of 

protein in the urine, th is  seems reasonable.

The results of our own investigation, as well as 

those of others referred to above, however clearly 

demonstrate that this high level of protein consumption 

can hardly be expected to bring about a gross alteration  

of the plasma protein level. I f  the aetiology of 

eclamipgai is centred round hypoproteinaemia, mere 

establishment of a satisfactory nitrogen balance can 

not be expected to provide the remedy. Nevertheless, 

a high protein diet, with adequate positive protein 

balance corrects one of the important deficiencies in 

the metabolic chain and certainly deserves more con

sideration than i t  has hitherto received.

From the study of nitrogen balance in 3 cases of
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pre-eclampsia M i , i t  was observed that in

assessing the level of nitrogen catabolism, allowance 

should be made for the loss of. extrametabolic nitrogen 

in the urine caused by loss of weight and diminution 

of oedema. The level of nitrogen catabolism in toxaemias 

of pregnancy appears to be higher than that in normal 

pregnancy. This is not due to an active increase in 

protein destruction but to the in a b ility  on the part of 

the body to u tilis e  a l l  the available nitrogen for 

protein synthesis.

In calculating the basic protein intake of a case 

of toxaemia, amount of nitrogen lost in the urine as 

protein should be tak© into account, for the apparent 

negative balance in toxaemia is caused by proteinuria.

In order to maintain a positive nitrogen balance 

equivalent to that found in normal pregnancyt a toxaemia 

patient requires a higher level of protein intake, in 

order to cover not only the protein loss in the urine 

but also the increased rate of catabolism. The minimum 

satisfactory level is  suggested at 15 to 16 gms. of nitrogen 

daily, equivalent to 95 to 100 gms. of protein per day.

The optimum level is , however between 112 to 120 gms. of 

protein daily. I t  is also observed that , in order to 

obtain a satisfactory positive balance the level at' 
proteins of high biological value plays an important 

part. . For the purpose of maintaining an adequate positive 

balance/
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balance, the rate of protein catabolism must be kept 

at a low level. In this connection the value of adding 

sufficient carbohydrate in order to spare the proteins 

is indisputable.
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CHAPTER 2

PLASMA. PROTRIFS AND THEIR BKFIAVIOUR

Asl. N°PMAL ^ E -jNATTCY

Towards the end of the n ine teen th  century a tte n t io n  

was drawn to " th e  watery s ta te * o f the  blood in  toxaemias 

o f pregnancy (Ham ilton, 1 , 1372). Probably some o f th e ir  

cases of th is  apparent h yd r  genie p le th o ra , were examples 

of what has re c e n tly  been described by S cott and Govan 

(2 , 1949) as " anaemia s im u la ting  toxaemia’*. But th a t 

the so ca lle d  "w atery s ta te "  o f blood does e x is t in  

tru e  toxaemia of pregnancy, apart from the co n d itio n  ju s t  

mentioned, has been demonstrated by many modern in v e s t i

gators and th is  led gangemeister (3, 1917) to fo rm u la te  

the theory of cerebra l oedema fo r  eclampsia.

Study of plasma p ro te in s  in  pregnancy and toxaemias 

have proved im p o rta n t, not on ly because i t s  concen tra tion  

in  the blood o ffe rs  an in d ire c t  evidence o f the n u t r i t io n a l  

s ta te  of the mother, but a lso  because the c o llo id  osmotic 

pressure exerted by the p ro te in s  o f the plasma has been 

be lieved by som e.investiga to rs  to  be re la ted  to one o f 

the im portant m an ifes ta tions  of toxaemia, v iz . oedema.

One, of the most e laborate  in v e s tig a tio n s  on th is  sub iect 

is  th a t o f Pieckmann and Wegner (4, 1?34). This author 

pointed o u t- th a t serum p ro te in s  at terra are from 0.3 

to  15. 0 per cent. (Average 7.0  per c e n t.)  below those 

o f / , ,



.65.
of the f i r s t  th ree months o f pregnancy. In  an attempt 

to  c o rre la te  the serum p ro te in  content w ith  the blood 

volume th is  author came to  the conclusion th a t the f a l l  

in  the p ro te in  co nce n tra tion  is  not w ho lly  due to  

haem odilu tion  o f pregnancy, fo r the  amount o f serum p ro te in  

per k ilog ram  remains constant. Most in v e s tig a to rs  agree 

th a t in  p re -ee l amps ia there is  a fu r th e r  f a l l  in  the 

plasma p ro te in  concen tra tion . However, in s p ite  of th is  

general agreement in  f in d in g s , there has been no attempt 

to asce rta in  the n a tu r a l  the u nd e rly ing  process. I t  

was th e re fo re  considered th a t a study o f  plasma p ro te in s  

in  pregnancy and toxaemias was e s s e n tia l.

Our in v e s tig a tio n s  in c lu d e , apart from a genera l 

s tudy, the re la t io n  plasma p ro te in s  have w ith  the 

d if fe re n t  c l in ic a l  m an ifes ta tions  o f toxaemias o f pregnancy 

the course and progress o f  the d isease, i t s  behaviour 

under d if fe re n t  d ie ta ry  co nd ition s .

I*  Plasma Pro te in s  in  Normal pregnancy.

P ro te in  co nce n tra tion  o f  the plasma has been known 

t.o> vary a t d if fe re n t  le v e ls  o f n u t r i t io n .  Although 

s u f f ic ie n t  number o f in v e s tig a tio n s  have been done on 

plasma p ro te in  le g e ls  in  normal pregnancy i t  was 

considered f i t  th a t the average p ro te in  concen tra tion  o f 

the plasma in  normal pregnant persons belonging to 

those d is t r ic t s  from which our cases o f  toxaemia are 

derived should be known. I t  is  w ith  th is  ob jec t in
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view th a tJ ^ c a s e s -o f  normal

These p a tie n ts  were obtained from the an tenata l c l in ic  o f 

^he Glasgow Royal M a te rn ity  and Women's H osp ita l* For 

d e s c r ip tiv e  purposes the cases are d iv id e d  in to  two 

se rie s . The f i r s t  se rie s  co n s is ts  o f 73 cases at va ry ing  

periods of g e s ta tio n . The second se rie s  o f 15 cases were 

selected in  the e a r ly  p a rt o f g e s ta tio n  and fo llow ed 

throughout pregnancy in  order to study the v a r ia t io n s  in  

the le v e l o f plasma p ro te in  in  in d iv id u a l cases as 

g e s ta tio n  proceeds.. Any p a tie n t who showed any evidence 

o f c o n s t itu t io n a l or fu n c tio n a l disease e ith e r  before or 

d u rin g  the course o f in v e s tig a tio n  was excluded from 

th is  se ries . No d ie ta ry  r e s t r ic t io n s  were imposed on 

these p a tie n ts . No p a tie n t w ith  a haemoglobin concentra tion  

o f le s s  than 70 per cent, is  included in  th is  series.- 

FIRST SERIFS

RESULTS

Tota l Plasma P ro te in  -  The average t o ta l  plasma p ro te in  

le v e l in  the 73 cases belonging to  the f i r s t  se rie s  was 

6.63 gms. per 100 m l. ;  3.15. 0*4&. This however does not 

dep ic t the true  s ta te  of a f fa ir s ,  fo r  cases in  advanced 

pregnancy showed appreciab ly  lower values than those in  

e a r ly  pregnancy.

As our in v e s tig a tio n  concerns toxaemia of pregnancy 

and as pre-eclam psia is  a disease o f the la s t  tr im este r^

50 per cent, o f our p a tie n ts  were se lected from 23 to 40 

weeks/
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weeks o f gesta tion . The e a r l ie s t  pregnancy stud ied in  

our se ries  was one o f nine weeks,. Twenty cases from  

th is  se rie s  were re-examined s ix  or more months a f te r  

confinement and th e .va lu es  obtained a t th is  exam ination 

were regarded as th e ir  basic p la s m a  p ro te in  le v e l.  The 

frequency d is t r ib u t io n  o f the to ta l  p ro te in  concen tra tion  

o f the plasma observed in  these p a tie n ts  are given in  

Table 10.

In  th is  se rie s  o f cases the average plasma p ro te in  

concen tra tion  was 6,63 gms.per c e n t. , S.I). 0.42. This 

however does not in d ic a te  the mean vaiue a t any p a r t ic u la r  

s ta te  o f pregnancy. In  genera l, there  is  a progressive 

dec line  o f the p ro td  n content o f the plasma as g e s ta tio n  

proceeds. The lowest value was obtained in  the n in th  

month (32-36 weeks) of g e s ta tio n  w h ile  during  the la s t  

four weeks of pregnancy there was a s l ig h t  increase. The 

d iffe re n c e  between the in d iv id u a l values obtained at 

d if fe re n t  months o f pregnancy is  not always s ta t is t ic a l ly  

s ig n if ic a n t .  Between the basic value and th a t obtained 

in  the th ird  months of pregnancy (3-12 weeks) the 

d iffe re n c e  is  not s ig n if ic a n t.  During the subsequent 

four months the d ec line  is  co n s is te n t and s ig n if ic a n t  at 

each stage. The beginning o f the la s t  tr im e s te r of 

g e s ta tio n  causes a fu r th e r  drop in  plasma p ro te in  but 

i t  is  o f  l i t t l e  s ig n ific a n c e  at th is  stage. The maximum 

f a l l  occurs du ring  the fo llo w in g  month but s ta t is t ic a l  

s ig n if ic a n c e /
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Table 10

Lunar months of Gestation.
Gms. /  
100 ml. Basic 3 4 5 6 7 3 9 10

Tot
-a l

5. 60-5. 30 - - - - - — 1 - 1

■5. 30-6. 0 - - - - - 1 2 1 4

6 .0 -6 .20 - - - — - 1 1 2 2 6

6.20-6.40 - - 1 2 1 3 3 2 12

6.40-6. 60 - - 1 2 2 2 5 4 3 19

6. 60-6.80 - - 1 2 2 9 2 2 2 13

6 .80 -7 .0 . 2
1 1 2 1 1 1 1 2 10

7 .0 -7 .20 1 3 1 2 1 1 - - - - 5

7.80-7 .40 s 5 2 2 — - - - - 4

7.40 -7 .60 ! b 2 1 - - - - - 3

7. 60-7.30 j 2
{......

1 - - - - - - 1

T o ta l iso?, 7 8 8 8 7 13 15 12 73

Aver age 7.39| 7.34 7. 01 6.72 6.63 6.54 o. 45 6.39 6.50 663

Max. j 7.73 7.67 7.59 7.16 7.15 7.0 6. 32 6. 32 695 7.6?

Min. | 6.82 6. 31 6.44 6.24 6.21 6. 06 5.33 5. 62 a a 5,62

3.L. j 0.24 0.27 0.35 0.23 0.30 0.27 0. 2 2  io.35{ t a s Q42

P.E. i 0.16 0.13 0.23 0.19 0.20 0.18 jo. 15 S o .  23 
i ...J

a  39 0,23

significance disappears. Luring the last month of 
gestation the terminal rise is again just significant on 
statistical analysis. A critical examination of the table 
will indicate that the change in the average values is 
brought/
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brought about bv a d e v ia tio n  of the minimum values towards.o ♦
the l e f t  du ring  the d e c lin e , w hile  both the maximum

&
values as w e ll as th e ir  frequency show only^ s l ig h t  change. 

As a re s u lt  from the second tr im e s te r onwards the sca tte r 

o f in d iv id u a l values becomes g re a te r. In  the whole se ries  

o f 73 cases, 69.8 per cen t, o f the values occupied a 

range between 6.20 to  7 .0  gms. per c e n t. ,  w h ile  the mean 

value l ie s  in  the range o f 6.60 to 6.30. Compared w ith  

th is  mean range, 100 per cent, of the values in  the 

th ird  month o f pregnancy were placed above the general 

mean. L u rin g  the succeeding months o f g es ta tio n  the 

corresponding values were 75. 0, 37.5, 25 .0 , 14 .3 , 7 .7 ,

6.6 and 16.7 per cen t, re s p e c tiv e ly . The lowest plasma 

p ro te in  le v e l in  th is  se rie s  was 5.62 gms.per 100 ml. in  

the n in th  month o f pregnancy. The maximum fa L ’l  in  the 

to ta l  p ro te in  concen tra tion  o f the plasma amounted to  

12.9 per cent, of the va lue in  the th ird  month of pregnancy 

and 13.5 per cen t, of the basic le v e l.

SECOND SERIES

T h is  consis ted  o f  15 cases examined f i r s t  in  the 

e a rly  months o f pregnancy and then fo llow ed to  term , 

exam ination being repeated once every month. Eleven 

p a tie n ts  in  th is  series were f i r s t  examined when they 

were 3 months (3 to 12 weeks) pregnant. The r  emaining 

4 were f i r s t  examined in  the fo u r th  month o f pregnancy# ,

The re s u lts  obtained in  these cases are presented in  

Table 11, _
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Table 11

T ota l Plasma P ro te in ,g n s ./1 00 ml 

Lunar months o f gesta t ion
i . -....

*
Aver 
-age > 
du r
ing 
Preg
nancy

Aver 
- age 
la s t  
Tkia- 
ester

S L ih
Pro-
tednf#
in i t -
- i a l
value

t?0., 3
4

5 5 7 y 9 , ±0

1 7.40 7.03j 6. 74 6.57 6.41 6.39 6.23 6.53 6. 37 6.43 15.1

2 7.29 7.01 6.70 6.45 6.40 6.75 6.47 6.65 6.37 14.3

3 7. 69 7.47 7.24 6.96 6.75 6.70 6.45 6. 33 7. 01 6.63 16.1

4 - 6. 34 6.51 6.30 6.17 6. 05 6. 03 6. 00 6.27 6. 03 12.3

5 7.14 j 6. 31 6.63 6.49 6.73 6.10 6.0 6.10 ; 6.44 6. 06 14.6

6 6.93 6. 54 6.29 6. 05 6.0 5.36 5. 32 5.97 | 6.19 5. 3 3 14.5

7 7.41 7.19 7.05 6.90 6. 63 6. 60 6.41 6. 74 6.37 6. 53 13. 5

3 7.32 7. 07 6.35 6. 69 6.50 6.77 6.39 6.33 6. 68 6.34 12.3

9 7.17 6.33 ■6.51 6.35 6.22 6. 01 5. 90 6.36 1 6.42i 6. 09 17.7

10 7.58 7 .3S 7.20 7.10 7.0 6. 91 6.70 6.83 1 7.10 6.33 11.6

11 - 7.49 7.20 6.92 6.70 7.0 6.46 7.0 \ 6.96 6.32 13.3

12 7.34 7.24 7.14 7 .0 6.75 6.50 6.42 6.651 6.33 6.52 12.5

13 - 7 .0 6.31 6. 66 6. 62 6.44 6.26 6. 66 | 6.63 » 6.45 10.5

14 6.94 6.92 6.39 6.54 6. 50 6.47 6. 50 6.50 | 6.63 6. 49 6.3

15 7.59 7.32 7.20 7.08 7 .0 7.06 7.0 7.0 7.15 7.02
1 .. 1 ....

7.8

AV& 7.32 7.10 6.37 6.67 6.53 6. 45 6.33 6. 54
1
| 6.71 |6.44i 12.9

0.26 0.26 0.33 0.32 0.30 0.37 0.26 0. 33 ] 0.31 |0 .37 3.12
PJS 0.17 0.17 0.22 0.21 0.70 0.25 0.17 0. 72 0.71 ! 0.75

L....'
2.09

In  both se rie s  there  is  an obvious general agreement

in  the values obtained a t d if fe re n t  periods o f gesta tion . 
I n /
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In  every instance in  the present se ries  there has been a - 

f a l l  in  the concen tra tion  of plasma p ro te in s  as pregnancy 

advanced. Except in  one case (No.4) the lowest level. was 

reached in  the n in th  month o^jregnancy (32-36 weeks), so 

th a t the average value obtained a t th is  period o f 

g e s ta tio n  was also the lowest in  the se rie s . The ra te  o f 

d e c lin e  is  however n e ith e r constant nor uniform. In  most 

of the cases the maximum ra te  o f  f a l l  is  no ticed  up to  the 

end of the second tr im e s te r, whereas during  the two 

succeeding months the d im in u tio n  in  the p ro te in  concen

t r a t io n  becomes le s s , and at term there is  a c tu a lly  a 

re la t iv e  increase. The amount o f th is  te rm ina l r is e  

varied  in  in d iv id u a l cases from 0.1 to  0.54 gms.per cent. 

In  4 cases in  th is  s e r ie s , however th is  increase of plasma 

p ro te in  concen tra tion  before labour was absent. The 

maximum drop in  the p ro te in  le v e l o f the  plasma, compared 

w ith  the e a rly  pregnancy le v e l was on an average 12.9 per 

c e n t. ;  S.7). 3 .12, w ith  a sca tte r between 6.8 to 17.7 per 

cent. The general average o f  the second se rie s  iB in  

close agreement w ith  that of the f i r s t .  However, in  order 

to compare normal pregnancy w ith  toxaemia the average of 

the la s t  tr im e s te r is  im portant. I t  is  o f in te re s t to 

note th a t th is  was id e n t ic a l (6.44 gms.per 100 ml. ) in  

both se rie s . In  view  o f th is ,th e a »  two groups o f cases, 

in  a l l  subsequent d e sc rip tio n s  w i l l  be considered toge ther. 

B. g jb rinogen  -  Our r e s u lts ,  based on 194 estim ations on 

93/
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93 p a tie n ts  were obtained by the es tim a tion  of the n itro g e n  

content o f the c lo t  obtained from re c o n s titu te d  oxalated 

plasma# These are presented in  Table 12.

Table 12

"ms. /  
100 ml. ,Basic

Lunar months of gesta t ion
i

Tbt

ro t i 
~aL j 
jast 
BrirK 
asta:, 3 , 4 . 5

■
6

i
7 . 8 9 10

0.3-025 3 2 3 - — - - - — 5 -  F

026-030 8 5 6 6 3 1 - — - 21 -

031-035 7 9 10 7 5 4 5 1 - 41 6 j

036-040 2 2 4 8 IB 14 11 7 2 60 20 |i-
041-045 — - - 2 3 3 9 15 2 34 26

046-050 - - - — - - 3 5 16 24 24 j

oa-o.55 - — - - - - 2 7 9 9 jj

To ta l 20 18 23 23 23 22 28 30 27 194 85 -\

Average 0.30 0 .31 0.32 0.34 0.37 0.39 0.40 0.43 0.47 039 043;;

S. T. 0015 a m a047 a 049 a045 a036 ao # 0015 ao40 aoa u®
Max. 0.39 0.40 0.40 0.43 0.45 0.45 0.49 0.52 0. 55 a55 os;
Min. 0.24 0.24 0.25 0.27 0«;29 0.30 0.33 0.35 

—
0.40 am 033

Compared w ith  the basic value o f  our se ries  the

fib rin o g e n  concen tra tion  du ring  pregnancy is  ra ised  by 

0.09 gm. per 100 ml. and th is  increase is  s t a t is t i c a l ly  

s ig n if ic a n t .  I t  is  gradual and progressive throughout 

g es ta tio n . Up to the s ix te en th  week the increase is  s l ig h t  

and/
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and ha rd ly  n o tice a b le . D uring the fo llo w in g  three months |

i t  is  more marked and steady, w hile  d u rin g  the la s t

tr im e s te r i t  is  most evident and exceeds the accepted ]

l im i t  o f n o rm a lity  (0 .30  to 0.40 gms.per 100 ml. ). The j

change in  values between the seventh arid e igh th  months

in  our se ries  does not appear to be s t a t i s t i c a l l y  s ig n if ic a n t 
so

although i t  is /a t  a l l  other stages. I t  is  however, 

in te re s t in g  to  note th a t comparison o f Tables 10 and 12 

do not show any close p a re lle lis m  between decline  o f the 

to ta l  p ro te in  and increase in  the fib r in o g e n  content o f 

the  plasma, except th a t the p re -p a rtu r ie n t r is e  in  to ta l  j

p ro te in  is  associated w ith  a maximum plasma fib rin o g e n  

le v e l.  The net ga in  in  fib r in o g e n  in  the la s t  month of 

pregnancy exceeds th a t o f any o f the proceeding periods o f 

g es ta tio n . While the t o ta l  plasma p ro te in  drops by 13.5 

per cen t, o f i t s  basic va lue , the ga in  in  fib r in o g e n  

amounts to  56.6 per cent. The mean fo r  the whole se rie s  

occupies the range o f C.36 to 0.40 gras.per cent. The 

d is t r ib u t io n  shows almost an egual frequency (35.1 per 

cen t.-‘below, and 34.5 per cent, above) both above and 

below th is  range. But when on ly  the re s u lts  o f the la s t  

tr im e s te r are considered i t  is  seen th a t 69.4 per cent, 

o f the values are above the mean fo r  the whole se rie s  

while on ly  7.1 per cent, are b e lo w .it .  This in d ica te s  a, 

d is t in c t  d e v ia tio n  o f the values to  the r ig h t  du ring  the 

la s t  three months of g e s ta tio n , although a c a re fu l a na lys is
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o f the ta b le  reveals th is  tendency/even in  e a r l ie r  |

months. To sura up, the fib rogen  shows a steady increase i
throughout pregnancv and at term the average va lue in

O  4 . O  O

our se ries  was 0,43 gras, per ICO ml; S.D. 0,055, In  

our subsequent d iscussion  o f pregnancy toxaemias the 

va lues obtained w i l l  be compared w ith  th is  f ig u re ,

0. Albumin: G lobu lin  R atio  -  There is  a general agreement 

among a l l  in v e s tig a to rs  th a t the f a l l  in  the olasma
U w  +•

p ro te in  concen tra tion  in  pregnancy is  confined p r in c ip a lly  

to  serum albumin thus causing a drop in  the albumin: 

g lo b u lin  r a t io .  The p ro te in  fra c t io n s  were estimated in  

a l l  our cases. The frequency d is t r ib u t io n  of the albumin: 

g lo b u lin  r a t io  is  subm itted in  Table 13.

In  a l l  our estim ations plasma albumin was estim ated 

d ir e c t ly  a fte r p re c ip ita t in g  the g lo b u lin  w ith  40 per 

cent, sodium s u lp h ite  (method described in  appendix), and 

the value fo r  g lo b u lin  was obtained bv su b tra c tio n .

The average value fo r  plasma albumin in  194 es tim ations 

in  our se ries was 3.86 gms. per c e n t. ;  S.P. 0.30. The 

basic value in  the 20 cases already re fe rre d  to  was 

4.47 gms. per cent. ; S.D. 0.10, There is  thus a f a l l  in  

the albumin content o f the plasma o f 0,61 gms. or 13.6 

per cent, of the basic value. The average plasma 

g lo b u lin  in  these cases was 2.47 gms. per c e n t. ;  S. D. 0.05, 

a f a l l  o f 0.15 gms. per 100 ml. plasma or 5.7 per cent, o f 

the basic va lue.

The/
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M O N T H S .

Pigure 1* Plasma Proteins in  Normal Pregnancy* The 
graph shows the variations in  the concentration of the 
to ta l protein, albumin, globulin and fibrinogen, and 
tha t of the albumin ■* globulin ra tio  in  d iffe re n t months 
of pregnancy* The data are obtained from the cases in  
series 1*
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The re s u lts  obtained at the  various stages o f 

g e s ta tio n  in d ic a te  th a t there  is  a steady and p rogress ive  

decline  <£ the plasma albumin concen tra tion  as pregnancy 

advances. T^is  becomes evident as e a r ly  as the th ir d  

month of ges ta tion  and continues s te a d ily  up to the 

middle o f second tr im e s te r. A fte r tha t the  f a l l  becomes 

s l ig h t Iv  le ss  marked but continues u n t i l  the low estO *'

p o in t is  reached between 32 and 36 weeks o f pregnancy.

As g e s ta tio n  advances to term there appears to  be a 

s l ig h t  but s t a t i s t i c a l l y  in s ig n if ic a n t  r is e  in  the pre

p a r tu r ie n t period . At th is  stage the net f a l l  in  plasma 

albumin amounts to 21.7 per cent, o f the b a s ic , and 

2G.1 per cen t, o f the early  pr egnancy le v e l.

The maximum f a l l  in  the g lo b u lin  concen tra tion  o f 

the plasma occurs in  the e a r l ie r  p a rt o f pregnancy.

A fte r the middle of the second tr im e s te r th is  decline  

in  g lo b u lin  concen tra tion  is  a rre s te d , and in fa c t  du ring  

the la s t  three months of pregnancy there is  a tendency 

fo r the plasma g lo b u lin  to  r is e  above the  minimum le v e l.  

The maximum concentra tion  o f g lo b u lin  d u ring  pregnancy 

in  our se rie s  was observed during  the la s t  fo u r weeks o f 

g es ta tio n  and th is  amounted to  an increase o f 4.1 per 

cent, o f  the minimum va lu e . At i t s  lowest p o in t the 

concen tra tion  plasma g lo b u lin  was le ss  by 7.6 per cent, 

of the bas ic , and 6.9 per cent, o f the e a r ly  pregnancy'

le v e l.
The/



The ra te  of d e c lin e  o f the plasma albumin a t a l l  

stages exceeds th a t o f the g lo b u lin . As a re s u lt  the 

albumin: g lo b u lin  r a t io  is  always less  than normal. Even 

at the j stage o f p re -p a rtu r ie n t r is e  the downward trend 

o f the r a t io  is  not a rres ted . Consequently, u n lik e  the 

concen tra tion  o f to ta l p ro te in  and p ro te in  f ra c t io n s ,  

the albumin: g lo b u lin  r a t io  was lo w e s t/d t t e r m .

The average r a t io  o f the albumin and g lo b u lin  

concen tra tion  of the plasma fo r  the whole period o f 

g e s ta tio n  was 1 .55; S.D. 0.14, w h ile  th a t fo r  the la s t  

tr im e s te r was 1 .44; S.Ih 0.10.

The dec line  in  the albumin: g lo b u lin  r a t io  is  due 

p r in c ip a lly  to a f a l l  in  the concen tra tion  o f the plasma 

albumin. The in d iv id u a l values fo r  g lo b u lin  a lso show a 

■slight decrease from the basic le v e l.  This may produce 

an erroneous impression i f  the re la t iv e  concentra tions 

o f the fra c t io n s  are not considered. In  the  basic s ta te  

the plasma p ro te in s  consisted o f 60.5 per cent, albumin, 

35.4 per cent, g lo b u lin , and 4.1 per cent, fib rin o g e n .

At term they were made up of 54.1 per cent, albumin,

33.7 per cent, g lo b u lin  and 7.2 per cent, f ib r in o g e n .

Thus, the com position o f the p ro te in  a t term is  such th a t 

(compared w ith  the basic s ta te )  i t  loses 10.5 per cent, 

o f i t s  quota o f albumin, w h ile  those o f g lo b u lin  and 

fib r in o g e n  increase by 9.3 and 75.6 per cent, re s p e c tiv e ly , 

pregnancy th e re fo re  b rings on not on ly a q u a n tita tiv e  

d im in u tio n , but a lso  a q u a lita t iv e  changve.
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Most a u th o r it ie s  (4 ,5 ,6 ,7 ,3 ,9 ,1 0 )  agree th a t there  

is  a decrease in  the concen tra tion  of plasma p ro te in s  

during  pregnancy. In  a fo llo w  up study Plass and Mathews 

(7a, 1926) found th a t the plasma p ro te in s  commence to  f a l l  

du ring  the th ird  luna r month, and sometimes e a r lie r ,  and 

decrease/
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decrease g ra d u a lly  to a minimum at the ninth, month of 

pregnancy. Thereafter there is  a r is e  but the value a t 

terra is  s t i l l  below normal. Our fin d in g s  confirm  the above 

observation.

However, values fo r  plasma p ro te in s  g iven by in d iv id u a l 

authors appear to vary considerab ly . P art o f th is  may be 

due to environmental and d ie te t ic  co n d itio n s . Most o f  the 

a va ila b le  data have a range o f values from 6 to 8.3 gms.per 

100 m l.o f plasma. Dieckmann and Wegner (4 , 1934) observed 

th a t the average‘ serum p ro te in * co nce n tra tion  in  pregnancy, 

based on 17 published re p o rts  was 6.5  gms.per 100 ml. The 

average value fo r  "se run f p ro te in  in  our s e rie s , v iz .  6.24 

gms.may appear to be s l ig h t ly  le s s , but i t  cannot be regarded 

as abnormal fo r  in  2 o f the rep o rts  reviewed by Dieckmann 

and Wegner the serum p ro te in  concen tra tion  was a c tu a lly  

less than 6.20 gms.per 100 ml.

V ery 'few  fo llo w  up s tu d ie s  in  which plasma p ro te in  

concen tra tion  has been studied throughout the period  of 

g e s ta tio n , are found in  the l i t e r a tu r e .  The c o n tr ib u tio n  

made by Plass and Matthew has a lready been re fe rre d  to . 

Dieckmann and Wegner found th a t the f a l l  in  th e ‘ serum 

p ro te in ’ concen tra tion  commences e a rly  in  pregnancy and reaches 

a maximum at about t h i r t y  weeks. These authors stated th a t 

the decrease in  the p ro te in  concentra tion  o f the plasma is  

only r e la t iv e ,  fo r they found th a t the amount o f to ta l p ro te in  

in  the plasma at term was a c tu a lly  13 per cent, more than * 

th a t in  e a r ly  pregnancy.
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Our study demonstrates th a t the decrease in  the

concen tra tion  o f p ro te in s  per 100 ml. of plasma in  the f i r s t

tr im e s te r o f g e s ta tio n  is  on ly  s l ig h t ,  although s ig n i f ic a n t ,

and amounted to  le ss  than 1 per cent, of what we accepted

as the basic va lue , during  the second tr im e s te r the f a l l

became appreciable and was equiva lent to  about 10 per cent.

The th ird  tr im e s te r brought on fu rth e r  change and plasma

p ro te in s  were now a l i t t l e  over 12 per cent, less  than th a t

observed in  the e a r ly  months of pregnancy. The lowest

le v e l a tta ined  by the plasma p ro te in s  in  our s e r ie s , which

was 12.9 per cent, below th a t in  e a r ly  pregnancy, appears
tfvat of

to  be less  than/some o f  the published re p o rts . The average 

observed by Plass and Matthew (7a ), Dieckmann and Wegner 

(4 ) and B e inhart (11, 1945) is  l i t t l e  over 7 per cent, o f 

the e a r ly  pregnancy le v e l.  The g re a te r f a l l  no ticed  in  our 

p a tie n ts  is  apparently  connected w ith  th e  basic n u t r i t io n a l  

s ta te  of these p a tie n ts , and the amount o f p ro te in  reserve 

o f the body at the commencement o f ges ta tion . I t  is  

obvious tha t in s p ite  o f a r e la t iv e  f a l l  in  plasma p ro te ins, 

during  pregnancy there is  a c tu a lly  more pro te i n in  the 

c irc u la t io n  than in  the non-pregnant s ta te . The in v e s tig a tio n s  

of Dieckmann and Wegner demonstrate th is . | | f f l l | |  Further 

evidence is  found from the fa c t th a t in s p ite  o f an increase 

in  the plasma volume d u rin g  pregnancy by 25 per, cent* the 

maximum f a l l  in  the p ro te in  concen tra tion  o f the plasma }'*% 

during pregnancy has not been found by in v e s tig a to rs  U; 

(D ieckmann)/.
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(Bieckmann) to exceed 15 per cen t. The d iffe re n c e  must 

n e ce ssa rily  have been made up by m o b ilis in g  stored p ro te in s . 

When the reserve  o f . th is  s to re  is  low , the amount m obilised 

is  also low , and consequently the f a l l  in  the re la t iv e  

concen tra tion  is  g rea ter. Scott and Grovan (2a, 1949) 

working on anaemias in  p a tie n ts  a tte nd ing  the same ante

n a ta l c l in ic  found th a t the incidence of anaemia d u rin g  

pregnancy was h igher than th a t reported  by in v e s tig a to rs  

from Edinburgh, Aberdeen and London. S co tt (12) in  an 

anaemia survey on pa tie n ts /a tte nd ing  the same c l in ic  in  

1946 and 1947 fu r th e r  observed th a t almost 50 per cent, o f  j
j

them had haemoglobin values which were e ith e r  low normal j

or bdow normal le v e ls . These in v e s tig a tio n s  also suggest j

the existence o f a s ta te  o f low  p ro te in  reserve in  most of 

the p a tie n ts  seen in  th is  h o s p ita l. Thus, a com paratively 

la rg e  drop in  the concen tra tion  o f plasma p ro te in s  in  our 

se ries o f cases is  n o t an a ltoge the r unexpected f in d in g .

The cause o f th is  "p h y s io lo g ic a l*  drop in  the con

ce n tra tio n  o f plasma p ro te in s  has been ra th e r inadequate ly 

expla ined. Plass and Bogert (7 , 1924) suggested th a t the 

f a l l  was caused by haem odilu tion and increase in  plasma 

volume* I t  has a lready been pointed out th a t th is  exp lana tion  

is  u n sa tis fa c to ry  since the d e c lin e  in  the p ro te in  le v e l’ is  

much le ss  than the increase in  the volume o f  c ir c u la t in g  

plasma. Bieckmann and Wegner (4 , 1934) p o in t out th a t the 

le v e l o f p lasm g^rote in  observed is  the expression o f the 

balance/
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balance between haem odilu tion  and N aturef s e f fo r t  to  

compensate fo r  the e ffe c ts  o f increase in  the volume o f 

plasma, the compensation being o f an inadequate nature. 

Comparison o f haem atocrit and plasma r;ro te ins  undoubtedly 

support th is  assumption, but f a i l s  to  in d ica te  why the 

compensatory mechanism fa l ls  short o f i t s  requirements 

in  every p a tie n t, ir re s p e c tiv e  of her n u t r i t io n a l s ta tus , 

ip a r t  from the hydraemia re fe rre d  to above, one outstanding 

fe a tu re  o f  pregnancy is  an increase in  the n itro g e n  balance 

which o fte n  amounts to w e ll over 12.5 gms.of p ro te in  

(2 gm. n itro g e n ) per day. The mechanism responsib le  fo r  th is ,  

is  probably connected w ith  the a c t iv i t y  o f the a n te r io r 

p i t u i ta r y ,  fo r Gfaebler (13, 1933) succeeded in  producing 

hydraemia and g re a t ly  increased n itro g e n  balance in  

experimental animals w ith  in je c tio n s  o f  a n te r io r  p i t u i t a r y  

extracts.

M ichel (q u o te d  by ^/len and Holland (14, 1943) found 

th a t the d a i ly  p ro te in  requirement o f  the foetus is  6 gms.

The growth o f  the u terus, p lacen ta , and breasts re q u ire  

about 1.4 gm. o f p ro te in  per day. The net d a ily  storage thus 

appears to be about 5 gms. of p ro te in  or about 1400 gms. o f 

p ro te in  fo r  the whole period  o f  g es ta tio n . For the plasma 

p ro te in s  to be maintained in  the same concent ra t  i.:-n as 

before pregnancy the le v e l re q u ire s  to  be ra ised  by 25 per 

c e n t . , which is  the exten t o f haem odilu tion. On the basis 

o f /
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o f average d a ta , th is  requ ires  an a d d it io n a l 35 to 40 gms* o f 

p ro te in  in  the c ir c u la t io n .  Considering the  amount o f p ro 

te in  stored as reserve, th is  is  indeed a sm all amount, and 

is  le s s  than 3 per cent, o f the t o ta l  storage. The amount 

o f p ro te in  supp lied  to  the plasma fa l ls  short o f th a t 

requ ired  fo r  m a in ta in ing  the normal concen tra tion  by only 

about 10 gm s.for the whole period of g e s ta tio n , or 0.3 gms. 

o f p ro te in  per day. Rven i f  allowances are made fo r  the 

e a rly  la c ta t io n  p e riod  i f  is  d i f f i c u l t  to  e xp la in  why Nature 

should be so re lu c ta n t to  provide the plasma w ith  an amount 

o f p ro te in  which is  almost n e g lig ib le  compared to  the huge 

storage b u i l t  up by the body.

Two important p ro v is io n s  must be made by the body on. 

the advent o f pregnancy. These are to  provide fo r  (1) an 

added area o f s inuso ida l c ir c u la t io n  o f a h ig h ly  spec ia lised  

type , and (2 ) a demand fo r increased p ro v is io n  of p ro te in  

fo r  the foe tus and organs associated w ith  pregnancy. As 

has been pointed out these c a l l  fo r an increase volume of 

c irc u la to ry  f lu id  and a h igher le v e l o f n itro g e n  sto rage, 

both o f which demand an extreme economy in  p ro te in  metabolism 

and storage. The p o s it io n  can be explained by g iv in g  an 

example.* A woman having a plasma volume o f 2000 ml. becomes

*  The fig u re s  used in  th is , c a lc u la t io n  are based on the aver
age s t obtained in  our se rie s  o f case's a lready described. Bata 
provided by P lass and Mathew, Bieckmann and R einhart (A&earica) 
andOoetzee and la r ra c k  (LonaonJ were also subjected to 
s im ila r  ana lys is  and produced almost id e n t ic a l re s u lts .

p regnant/ 1 ' ~
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pregnant. At the commencemait o f  pregnancy her plasma is  

found to con ta in  4 .45 , 2 .60 and 0.31 gms.per cent, respect

iv e ly  o f albumin, g lo b u lin  and fib r in o g e n . The to ta l  

amount o f plasma p ro te in  in  c irc u la t io n  thus amounts to

33.4 gms. o f albumin, -52.0 gms. o f g lo b u lin  and 6.2 gms. o f 

fib r in o g e n . the end o f the ges ta tion  the plasma volumevj ' «/ W i.

has increased by 25 per cent. (Dieckmann), and her plasma 

now is  found to con ta in  3 .54, 2.46 and 0.43 gms.per cent, o f 

albumin, g lo b u lin  and fib r in o g e n  re sp e c tive ly . T’he com-
7 O  VJ A.

p o s it io n  of the. to ta l  c ir c u la ta t in g  p ro te in  at th is  stage 

is ,  th e re fo re , 33.5 gms.of albumin, 61.5 gms.of g lo b u lin  

and 10.75 gms. o f fib rin o g e n . Thus consequent upon p re 

gnancy the to t a l  amount o f p ro te in  of the plasma increases 

from 146.6 to 160.75 gms., a l i t t l e  under 10 per cent, o f 

the early  pregnancy le v e l. T7hen th is  is  compared w ith  an 

increase in  plasma volume o f 25 per c e n t. ,  the natural, con

c lu s io n  is  th a t p ro te in  regene ra tion  during  pregnancy is* w u  j» u  t

inadequate.

The pos i t  ion however requ ires  fu r th e r  s c ru tin y . mhe 

immediate re s u lts  of haem odilu tion are (1 ) a lte ra t io n  o f 

the onco tic  pressure o f the plasma and (2 ) change in  the 

physica l character o f the f lu id  in  c irc u la t io n  in v o lv in g  

v is c o s ity  and res is tance  to  the flow  o f blood. Tbrom the 

phys ica l p o in t o f view the p ro te in s  behave d if fe r e n t ly  from 

the c a y s ta llo id s  present in  the plasma , in  as much as they 

cause a displacement o f the water in  which thev are maintains! 

as/
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as a c o llo id a l/s c l.  The amount o f water d isplaced depends 

upon the p ro te in , and consequently va rie s  w ith  the  s ize  

of the molecules o f the d if fe re n t  p ro te ins.

The re la t iv e  siee o f the molecules o f  p i a sma^-albumin, 

g l o b u l i n  and f i b r i n o g e n  i s  a p p r o x i m a t e l y  1 : 1 . 5 : 4 . 3 .  In  

terms o f  water displacement th e re fo re , a t  the beginning 

o f pregnancy the plasma contained an equivalent of

^ ^ T T T J 7 5 +  S 72~X m J) or 186.3 gms. o f  albumin. 

Towards the end o f pregnancy the p ro te in  content of the 

plasma was equ iva lent to  (3 5 T 5 T T T i-6175”I  1 .5  +-101'7 3 T  573) 

or 333.15 gms. o f  albumun. In  other words during  pregnancy 

the plasma has been donated ? /ith  an amount o f p ro te in  whose 

mass is  q u a n t ita t iv e ly  e q u iva le n t to (232.15 -  186.2) o r 

45.95 gms.of albumin. On these da ta  the **protein-mass** o f 

the plasma increases by 24.9 per cent, o f the e a r ly  pre

gnancy le v e l,  which is  id e n tic a l w ith  the increase in  

plasma volume.

I t  is  thus evident th a t from the p o in t o f view o f the 

p h ys ica l character o f  the plasma Nature has in fa c t 

estab lished e q u ilib r iu m  in  a most e f f ic ie n t  manner.

However, the chemical character -of the plasma is  an 

e n t ire ly  d if fe re n t  m atter. We s h a ll again take the same 

example. In  absence of regenera tion  o f plasma p ro te in s , the 

immediate e ffe c t o f haem odilution would have teen a low ering  

o f the concen tra tion  o f the plasma p ro te in s  to a le v e l 

25 per cent, below that o f e a r ly  pregnancy. In  order to 

coun te rac t/
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counteract th is ,  an increase in  the to ta l  p ro te in  content 

of the plasma to 183.25 gms.would be necessary. In  o ther 

words, there would be a demand fo r  (183.3 -  146.6) or 

36.7 gms.of p ro te in  to  meet the d e f ic i t  in  the plasma.

I f  the re la t iv e  concen tra tion  o f  the p ro te in  fra c t io n s  were 

to  be m aintained as before , th is  excess p ro te in  would have 

to  co ns is t o f 22.1 gms. o f albumin, 13.0 gms.of g lo b u lin  and 

1.55 gms. o f fib r in o g e n . Instead o f meeting th is  demand , 

Nature provides the  plasma w ith  on ly  (160.75 -  146.6)

14.15 gms.of p ro te in , which co n s is ts  o f 9 .5  gms. of g lo b u lin  

4. 55 gms.of fib rin o g e n  and a nominal amount o f albumin. The 

in e v ita b le  re s u lt  is  a f a l l  in  the concen tra tion  o f the 

to ta l  p ro te in  and albumin and a marked r is e  in  f ib r in o g e n , 

g lo b u lin  va ry in g  only to a s l ig h t  ex ten t.

This p e c u lia r  behaviour o f  Nature w ith  regard to  plasma 

p ro te in s  ra ise s  two questions. One is  connected w ith  

N a tu re 's  economy and the other w ith  the manner in  which 

albumin is  u t i l is e d ,  stored and made in  the body.

From the p o in t o f v iew  o f economy the immediate e f fe c t  

o f the measure employed by nature  i s  a net saving- o f 27.5 gms. 

o f p ro te in , which is  not in s ig n if ic a n t  when the great needs 

o f p ro te in  storage are taken in to  cons ide ra tion . I t  is  

of fu rth a r  in te re s t here to  observe th a t o f th is  amount 

n e a rly  99 per cen t, is  albumin which is  v i t a l l y  necessary, 

during  the  stage o f ac tive  growth of tissu es  ( fo e tu s , uterus, 

placenta and b re as ts ). Yet th is  saving is  associated w ith  

n o / ■
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no d isturbance o f the p hys ica l character of the plasma.

In  th is  respect the economy appears to be on a sound basis. 

However, .the p h ys ica l character o f the plasma does s u ffe r  

w ith  regard to the c o llo id a l osmotic p ro p e rtie s . The 

p ro te in  mass (by volume) does not su ffe r but the replacement 

of the sm aller molecufes o f albumin by la rges ones of 

g lo b u lin  and fib r in o g e n  tends to lessen the osmotic pro

p e r t ie s  o f th is  f lu id .

The increase in  plasma fib rin o g e n  has u su a lly  been 

explained on the  basis of ch o rion ic  v i l l i  from the p lacenta 

g a in ing  entrance in to  m aternal c irc u la t io n  (Fieckmann 4 ,

1934) and producing a fo re ig n  p jro te in  re a c tio n . Fragments 

o f ch o rio n ic  v i l l i  have indeed been demonstrated in  the 

maternal c ir c u la t io n ,  and such a fo re ig n  p ro te in  re a c tio n  is  

p o ss ib le , yet the Abderhalden te s t fo r  pregnancy which is  

based on th is  theory has never been known to  g ive dependable 

re s u lts . I t  is  a lso  in te re s t in g  to note th a t Ooetzee and 

Marrack (9 , 1924) observed th a t the change in  plasma p ro te in s  

during  pregnancy does n o t s im ulate th a t seen in  fo re ig n  

p ro te in  re a c tio n . I t  appears to  us, th a t a s im p le r 

exp lanation  fo r  the increase in  fib r in o g e n  is  poss ib le  on • 

the p hys ica l basis mentioned abova, I t  is  d i f f i c u l t  to 

d isregard the fa c t th a t in  presence of g re a t demands fo r  

p ro te3n-saving in  the body, Nature, by/the measure adopted, 

can spare about 4 .3 gms. o f albumin fo r  each gram o f 

fib rin o g e n  added to  the  plasma w ithou t a lte r in g  the physica l 

n a tu re /
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nature o f the c o llo id a l s o lu tio n . At the same tim e , 

because o f sm aller m olecular s ize a g iven  bu lk  o f t is s u e  

or c e lls ,  can be used to  store about 4.8 times as much 

albumin as fib rin o g e n .

This economy o f Nature is  conserving albumin and

m aintain ing the plasma p ro te in  "mass" w ith  fib r in o g e n  has

another fa r  reaching s ig n if ic a n c e . I f  the loss  o f •’ p ro te in

mass" was not re co n s titu te d  i t  would have caused a re la t iv e

increase in  the amount o f water in  which th is  p>roteln is

kept as a c o llo id a l s o lu tio n . But p ro te in s  are not the  on ly

constituen ts  o f the plasma. The c ry s ta llo id s  and e le c tro ly te

have an im portant part to  p lay. In fa c t ,  oecause of th e ir

c o llo id a l na tu re , the plasma p ro te in s  exert even less  than

1 per cent, o f the t o ta l  osmotic pressure o f the plasma

(osmotic pressure o f plasma « 6.94 X 760 X 13.4 mm.water

(S t ir l in g )  osmotic pressure of plasma p ro te in  = 357 mm.

water, F rin ke r and F ie ld ) .  Thus, i f  there had been fa i lu r e

o f r e s t i tu t io n  o f the p ro te in  "mass" a marked increase o f

c ry s ta llo id s  and e le c tro ly te s  would have been necessary

in  order to m ain ta in  the normal is o to n ic ity  o f the plasma

which Nature can i l l  a ffo rd  to surrender. Most o f these

substances present in  the plasma are as u rg e n tly  needed fcr

storage as p ro te in  i t s e l f .  Thus, from the p o in t o f view 
an

o f / a l l  out e f fo r t  fo r economy the arrangement described 

appears to be the most s a tis fa c to ry  under the circumstances. 

I t /
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I t  is  needless to  po in  1/out, tha t t h is  system o f economy is  

an example o f an extreme measure and meets the requirements 

as long  as no abnormal demands are made. The balance is. 

ju s t s u f f ic ie n t  but very d e l ic a te ly  placed. The economy is  

ba lanced.ju s t to meet the physica l needs, but f a l ls  fa r 

behind the requirements necessary fo r  m a in ta in ing  the 

chemical id e n t ity  o f the plasma.. X
An answer to  the  second question is  more d i f f i c u l t  to  

obta in . I t  has 'been suggested by severa l a u th o rs ,in c lu d in g  

He inh a rt (11, 1945) in  recent ye a rs ,th a t the f  a l l  in  the 

concen tra tion  o f plasma albumin is  due to  a s ta te  o f 

hepa tic  dys function  present in  "norm al" pregnancy. Apart 

from the fa c t  th a t conclusive p roo f in  th is  d ire c t io n  is  

absent, i t  is  d i f f i c u l t  to  see how a d is tu rbed  fu n c tio n  o f 

the l iv e r  could cause hypo-albuminaemia and at the same tim e 

increase the fib rin o g e n  le v e l.  As far as is  known the l iv e r  

is  the only s ite  of fib rin o g e n  p roduction . Experim ental 

study on the e ffe c ts  of hepatectomy on the plasma p ro te in s  

reported by barren and "Rhoads (15, 1939) in d ica te  th a t 

the f a l l  in  the plasma p ro te in  concen tra tion  a fte r  the 

removal o f the l iv e r  is  accompanied by an almost p a ra l le l 

drop in  the f ib r in o g e n  le v e l. I t  is  however, possib le  tha t 

m ilde r degrees o f dys function  could cause albumin to 

decrease before  fib r in o g e n  commences to  f a i l .  Experimental 

work of Foster and Whipple (47, 1921) demonstrates th is .

There is  however, another p o s s ib i l i t y  which deserves 

some/



some a tte n tio n . Ide'n th e  plasma is  depleted o f p ro te in s , 

e .g . ,  in -a cu te  haemorrhage and plasmapheresis, • or when 

plasma p ro te in  concen tra tion  is  reduced by la rg e  in fus io ns  

of sa lin e  (Foster a n ^ lh ip p le , 47, 1921) re s to ra t io n  o f 

f ib r in o g e n , g lo b u lin  and albumin occur in  th a t order. The 

re la t iv e  increase of f ib r in o g e n  and g lo b u lin , w h ile  the 

albumin concen tra tion  is  s t i l l  low is  understandable, i f  

the nece ss ity  on the p a rt of the body to  res to re  the p ro te in  

mass of the c o llo id a l plasma s o lu tio n  is  taken in to  account. 

H ydra tion  and haem odilu tion is  a p h y s io lo g ic a l e ffe c t' o f 

pregnancy and M elnick and Oowgill (24, 1937) be lieve  th a t 

pregnancy is  to a g rea t extent comparable to  a s ta te  o f 

in te rn a l plasmapheresis. This would a lso  p a r t ly  exp la in  

the behaviour of plasma p ro te in s  du ring  g e s ta tio n .
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CHAPTER 3.

Bi.- PLASMA IRQ T3INS I NJPRBIMHC I. TOXAEMIAS

The re s u lts  presented in  th is  se c tio n  are based on 

a study o f 100 cases o f pre-eclam psia and 18 cases of 

eel ampsia.

1. 33rS2LAESIl-
! •  Plasma P ro te in  Concentration in  Toxaemias o f pregnancy.

The average to ta l  plasma p ro te in  content in  p re 

eclampsia was 5.63 gms.per 100 ml. ; 3. P. 0.25. The s e rie s , 

however, consis ted  o f cases o f va ry ing  s e v e r ity , and an 

ana lys is  o f the in d iv id u a l f ig u re s  in d ica te  th a t w ith  in 

creasing se v e r ity  in  toxaemia the concen tra tion  of plasma 

p ro te in s  tends to  f a l l .  We s h a ll the re fo re  discuss the 

m ild and severe cases separa te ly . Our c r i t e r ia  fo r  the 

grouping o f cases has already been ind ica ted  (pp. 34 ).

A* M ild  Pre-eclampsia -  Oh admission, 50 cases of m ild  

pre-eclam psia in  our se ries  had an average to ta l p ro te in  

concentra tion  o f 5.77 gms.per 100 ml. o f plasma; S.D. 0.16. 

In d iv id u a l values occupied a range from  5.46 and 6.45 gms. 

In  two th ird s  o f the cases plasma p ro te in  concentra tion  

varied  from 5.61 to 5.90 gras. Compared w ith  normal 

pregnancy the dec line  in  the t o ta l  p ro te in  concen tra tion  

o f the plasma is  s ig n if ic a n t ,  the f a l l  amounting to  10.5 

per cent, o f the normal pregnancy le v e l.  In  on ly  one case 

in  the present se ries  the value ju s t exceeded the average 

f o r /
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fo r  normal g e s ta tio n . In  the la s t  tr im e s te r of normal 

pregnancy 52.5 pgr cent, o f the values were placed between 

the minimum (5. 63 gms. per c e n t.)  and the average (6.44 gms. 

p e r c e n t . )  fo r th is  s e rie s . In  m ild toxaemias 32 per cent, 

o f the values occupied the  same range. Sixteen per cent, 

o f the values in  toxaemia were lower than the minimum in  

the normal se ries . The frequency d is t r ib u t io n  is  g iven 

in  fa b le  14.

F ibrinogen content o f the  plasma in  our se ries  of 

m ild  toxaemias was 0.49 gms.per 100 m l. ;  S.B. 0.043, 

which is  60 mgms.per 100 ml. h igher than th a t du ring  the 

la s t  tr im e s te r o f normal pregnancy, and 20 mgms.per 100 

ml. h igher than the maximum average observed at any 

period of normal g es ta tio n . This increase o f plasma 

fib r in o g e n  in  mild toxaenias is  s t a t is t i c a l lv  s ig n if ic a n t .  

The r  ange extends between 0.41 and 0.60 gms. Compared 

w ith  the range observed during  the la s t  tr im e s te r  o f 

normal pregnancy (Table 12) both minimum and maximum 

values show a d is t in c t  s h if t  to  the r ig h t .  In  normal cases, 

30 .6  per cen t, o f the values were below the minimum observed 

in  m ild toxaemias, w h ile  14 per cent, o f toxaemias had 

h igher f ib r in o g e n  le v e l than the maximum obtained in  

normal pregnancy The increase in  fib r in o g e n  in  pre

eclampsia, even when i t  is  m ild , is  fu r th e r  shown by the 

fa c t tha t in  the present se ries  30 per cent, of the values 

were/
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were placed between 0.45 and 0.54 gms. per 100 m l., 

whereas, in  normal pregnancy only 44 per cent, o f the 

values had the same d is tr ib u tio n . The amount o f th is  

increase is  found to  be 63.1 per cent, o f the ba s ic  and 

16.2 per cent, o f the normal pregnancy leveL in  our series. 

The frequency d is tr ib u t io n  of plasma fibrinogen in  toxaemia 

is  given in  Table 16.

The albumin: g lo b u lin  ra t io  in  th is  series averaged 

1.28; S.D. 0. 06, w ith  a range o f v a ria tio n  from 1.46 to 

1.13. Oomoared w ith  values obtained in  normal pregnanesx x O «/

those found in  m ild pre-eelampsia show some amount of

overlapping at the lower ranges c f the values*. Thus, in

the group of toxaemias 84 per cent, of the ra tio s  were

between 1.21 and 1,40. In  normal pregnancy 37.7 per cen 
had a Similar distribution, this

of the values^ ind icates tha t the albumin: g lobu lin  ra tio  

tends to occupy the lower range o f normal pregnancy values, 

without any marked tendency to f a l l  below the minimum 

l im i t  of tha t range. But the s tr ik in g  feature of the 

analysis is  th a t, 49.5 per cent, of the values obtained 

during the la s t tr im e s te r.o f normal pregnancy w ere above 

the maximum observed in m ild pre-eclampsias. The scatte r 

of the values is  small compared w ith  that in  normal 

pregnancy and 60 per cent, o f i t  l ie s  between 1.20 and

1.3 0. Eight per cent, of the values are placed below th is  

le v e l, which is. also the lowest level seen in  normal 

pregnancy,/



pregnancy, w hile  in  only 4 per cent, of cases the r a t io  

exceeds 1.44, which represents  the average fo r  normal 

ureynancv in  the la s t  th ree  months o f g e s ta tio n . The 

frequence d is t r ib u t io n  o f the albumin; g lo b u lin  r a t io  in  

m ild toxaemias are presented in  Table 17.

The f a l l  in  the a lb u m in :g lo b u lin  r a t io  is  caused 

p r in c ip a lly  by the d e c lin e  in  the concen tra tion  of plasma 

albumin. I t  has a lready been seen th a t the fib r in o g e n  le v e l 

a c tu a lly  r is e s  by 60 m.gms.per 100 ml. In s p ite  of th is  

there is  a decrease in  the to ta l p ro te in  of the  plasma,

34.5 per cent, of th is  f a l l  is  due to a drop in  the con

c e n tra tio n  of plasma albumin. The average va lue fo r  

albumin in  our series is  2.95 gms.per 100 m l.; S.7>. 0.15. 

Compared w ith  normal pregnancy, th is  in d ica te s  a d im inu tion  

by 16.6 per cent. The average g lo b u lin  content in  the 

present se rie s  was 2.30 gms. per 100 m l.; S. D. 0.05. This 

represents a drop of 0.16 gms., or 7 per cent, o f the  normal 

pregnancy le v e l . Compared w ith  normal va lues, the ra te  o f 

dec line  of plasma albumin in  even m ild toxaemias is  more 

than tw ice th a t o f g lo b u lin , mhe maximum values fo r  plasma 

albumin and g lo b u lin  in  the present group o f  cases were 

3.47 and 2.39 gms. per J.00 ml. re s p e c tiv e ly . Botii these are 

s l ig h t ly  lower than the lowest averages at any period o f 

g e s ta tio n  (Table 13), The minimum values in  th is  se ries ', 

v iz .  2.70 and 2.21 gms. per 100 ml. re s p e c t iv e ly  are a lso

appreciab ly lower than the minimum values observed in  our 
s e r ie s /
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series o f normal pregnancy (3 .20  and 2.29 gms. fo r  albumin 

and g lo b u lin  re s p e c tiv e ly ) . Only 10 per cent, o f cases 

of th is  group o f toxaemias had a plasma albumin le v e l o f 

3 .20 gms. (minimum normal pregnancy le v e l)  o r more, w h ile  

in  72 per cent, the g lo b u lin  le v e l was a t or above the  low 

values observed in  normal oregnancv. The change in  the 

albumin: g lo b u lin  r a t io  described above is ,  th u s , m ainly 

due to a f a l l  in  the concentra tion  o f plasma albumin.

3* Severe Pre-eclampsia -  F i f t y  cases o f severe pre-eclamps 

in  our s e rie s , on adm ission, had a.plasma p ro te in  con

c e n tra tio n  o f 5.49 gms. per c e n t.; S.D. 0.21. The co

e f f ic ie n t  o f v a r ia t io n  is  4 .0 , which compared w ith  2.3 in  

m ild toxaemias in d ica te s  a wider s c a tte r o f the in d iv id u a l 

va lues. The maximum in  th is  series was 5 .90 , which i s '  

the same as in  m ilder group of toxaemias. The minimum 

va lues, however are much lower than those in  the  m ild pre

eclampsia se rie s , ^he lowest value fo r  plasma p ro te in  in  

the present se ries  was 4.82 gns.per J.CC ml. (1 case), which 

is  17.2 per cent, less than the minimum in  normal pregnancy 

Comparison o f the values in  m ild  and severe pre-eclampsia 

revea ls  th a t ju s t about 50 per cent, of severe p re - 

4clam ptics had a plasma p ro te in  concen tra tion  o f less  than 

the minimum in  m ild pre-eclam psia while in  13 per cent, ( f 

m ild  p re -ee l amp t ic  p a tie n ts  the plasma p ro te in  was h igher 

than the  maximum among severe toxaemias. The h ighest 

frequency/



Tablel4

Frequency 
eras. flO Q  ml.

M ild Toxaemia 
(50 cases)

Severe Toxaemia 
f 50 cases V

T o ta l 
(100 cases '

4.81 ~4.90 - 1 1

4.91-5. 00 -■ -

5.01-5 .10 3 3

5.11-5.20 - : 2 2

5.21-5.30 — ; ■: , „ ; .. • 3 3

5.31-5.40 1C 10

5,41-5 .50  - 1 12 13

5*51-5,60 .. 7 8 15

5.61-5.70 14— +■ \ 4 ■ 18

5.71-5.30 ...  13 , 3 16

5.31-5.90
■ 6 i ; 4 10

5.91-6.00 5 | . 5

6 .01-6 .10
I

1 - 1

6,11-6*20 : ■ 2 j - 2

6 .21-6.30 | 1
r

6 .31-6.40 | ( -

6.41-6,50 i  S
I

- 1

Average j - ■ ( 
5.77 5.49 5.63

.'.J* « !
1

0.16 | 0.21 0.25

Max mum | 6.45 | 5.90 6.45

Minimum , 1
' ' -i

5*46 j 4.82 
.. .........

4 .82
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frequency in  m ild toxaemias was between 5.61 to 5.80 gms. , 

and th a t  fo r severe toxaemias was between 5.31 ,to 5.50 

gms* sgef 100 m l. in  22. per cent, o f the cases w ith  severe 

totfa&nia values encroached upon those o f the  lower range o f 

normal pregnancy; in  33 per cent, s im ila r overlapp ing  w ith  

m ild  toxaemias was observed. Thus, i t  is evident th a t the 

plasma pro te rn  concen tra tion  g ra d u a lly  s h if ts  to  the l e f t  

as toxaemia develops and increases in  s e v e r ity . T h is  

however does not show whether the dim inished p ro te in  con

c e n tra tio n  is  the cause or the e f fe c t  o f toxaemia o r a mere 

coincidence. However, 4 o f our cases o f normal pregnancy 

who were fo llow ed through the to ta l  d u ra tio n  o f ges ta tion  

and developed pre-eclam psia in  the course o f in v e s tig a tio n  

throw some l ig h t  on the sub jec t. The plasma p ro te in s , blood 

pressure and oedema o f these 4 p a tie n ts  are presented 

g ra p h ic a lly  in  f ig u re  3, Three out of these 4 p a tie n ts^ io w  

th a t ,  the f i r s t  abnormal f a l l  in  plasma p ro te in s  does not. 

become evident u n t i l  a fte r  the blood pressure is  ra ise d , but 

subsequent to  th is ,  i t  bears no d e f in ite  re la t io n  to  the 

degree o f  hypertension p resen t. A lbum inuria and oedema 

had even less c e rta in  re la t io n s h ip  to  the decrease in  the 

p ro te in  concentra tion . I f  hypertension is  regarded as the 

f i r s t  c l in ic a l  evidence o f toxaemia of oregnancy i t  isU «/

obvious th a t abnormal hvpoproteinaemia does no t commence

u n t i l  a fte r  the process o f  toxaemia has s ta rte d . This

provides a n a tu ra l conclusion th a t the f a l l  in  the plasma 
p ro te in /
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Figure 2. Total protein, 
albumin : globulin ratio 
and fibrinogen in normal 
pregnancy, pre-eclampsia 
and eclampsia. The 
values represent the 
averages in these condi
tions.

Fig. 3. Plasma proteins, 
albuminuria and blood - 
pressure in four patients, 
who during a follow-up 
developed signs of toxaemia.
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p ro te in  is  the e f fe c t  o f and brought about by pregnancy 

toxaemia. I f  th is  hypothesis is  co rre c t i t  would be 

reasonable to expect a spontaneous increase in  the con

c e n tra tio n  of p ro te in s  w ith  an improvement in  the c l in ic a l

s ta te , and conversely a progressive  f a l l  as the c o n d itio n
la te r

d e te rio ra te d . I t  w i l l  be seen/that a fo llo w -u p  study 

shows tha t such is  the case, mhe frequency d is t r ib u t io n  

o f values fo r  the to ta l  p ro te in  concen tra tion  in  severe 

toxaemias is  given in  Table 14.

The average fib rin o g e n  content o f the plasma in  

severe toxaemia was 0.47 gms.per ICC m l. ; S.D.0.13. This 

is  h igher than th a t in  normal pregnancy and the d iffe re n c e  

is  s ig n if ic a n t .  Compared w ith  m ild pre-eclam psia however, 

the d iffe re n c e  is  le s s  s tr ik in g ' and does no t s a t is fy  

s t a t is t ic a l  s c ru tin y . The average va lue  is  indeed, le s s  

than th a t in  the m ilder forms o f toxaem ia, but the 

sca tte r is  extrem ely wide. This is  shown by the co

e f f ic ie n t  o f v a r ia t io n  r is in g  from 3.8 (m ild pre-eclam psia) 

to  27.7 (severe pre-eelem psia). Both the maximum and 

minimum values fo r  fib r in o g e n  observed in  the whole se ries  

of toxaemias were confined to  the  severe cases, the range 

being f r  om 0.21 to 0.70. Thus, the maximum in  th is  group 

was 150 m. gms. per 100 ml. h ighe r and the minimum 120 in. gms. 

per 100 ml. lower than those seen in  normal pregnancy. On 

c loser ana lys is  i t  is  seen th a t e xa c tly  50 per cent, o f

values in  severe pre-eclam psia occupy the normal range,
30/



Table 15

Gms. per 
100 ml.

M ild Toxaania 
(50 cases)

Severe Toxaan ia  
(50 cases)

!
j Total 
j (100 cases)

0 .91-0.30 - 8 i 8

0.31-0.40 - 10 10

0.41-0 .50 30 11 41

0. 51--0.60 20 13 33

0.61-0.70 - 8 8E

Average 0.49 0.47
f " ' '■... ‘ ■
| 0.48

O* 7 # 0.043 0.13 0.10

Maximum 0.60 0.70 0.70

Minimum 0.41 0.21 0.21

30 per cen t, are placed above the maximum and 20 per cent* 

below the minimum normal va lues. I t  thus in d ic a te s , th a t 

w h ile  in  m ilder degrees o f toxaemias i t  is  reasonable to  

expect a com parative ly h igher plasma fib r in o g e n  le v e l,  

as the toxaemia becomes severe the fib r in o g e n  content becomes 

unpred ictab le . This is  obviously  the reason why some 

observers (11) m ain ta in  tha t f ib r in o g e n  increases in  

toxaonia while others f in d  l i t t l e  change, or an actual 

d im inu tion  in  i t s  concen tra tion  (9 ). This po in t w i l l  

rece ive  fu r th e r  a tte n tio n .

The albumin: g lo b u lin  r a t io  in  severe toxaemias in  

our se rie s  was, average 1.16; 3 .2 .0 .09 . The values 

occupied a range of 1 .0  to  1.32. The decrease in  the 
albumin • /
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Table 16

A . :1?.
H a tio

M ild Toxaemia 
(50 cases)

Severe Toxaemia 
(50 cases)

T o ta l 
(100 cases)

0.91-1.00 - 2 2

1 .01 -1 .10 - 14 ' 14

1 .11-1 .30 4 17 21

1 .31 -1 .30 31 16 47

1.31-1.40 11 1 12

1. 41-1. 50 4 - 4

Average 1.28 1.16 1.22

q T : o .  o s 0.09 0.10

Max imum j 1.46 1.32 1.46

Minimum 1.19 1.00 1. 00

Albumin x 3.95 *- 0.10 •2. 69 -  0.15 2.82 -  0.16

G lobu lin  x 3.30 t  0.03 2.32 1 0. 01 2. 3 1 1 0.036

x Gms. per 100 ml. plasma : average probable e rro r.

albumin': g lo b u lin  r a t io  in  these cases is  s t a t is t ic a l ly  

s ig n if ic a n t*  In  66 per cent, o f severe p re -ec lam ptic  

p a tie n ts  the  values were le ss  than th e  normal minimum and 

in  50 per cent, they were le s s  than the minimum values in  

m ild pre-eclam psia. When both series of toxaemias are taken 

together and compared w ith  normal pregnancy i t  appears 

th a t the a lb u m in :g lo b u lin  r a t io  f a l ls  w ith  the onset o f 

toxaemia and becomes s t i l l  less  as the  se ve rity  increases* 

The/
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The decreasing1 r a t io  seems to fo llo w  d ir e c t ly  the course 

o f the plasma albumin concentra tion . Between m ild  and 

severe cases o f toxaemia the albumin le v e l f a l ls  by 260 m. 

gms. per 100 ml. o f plasma which is  equ iva lent to  3.3 jjer 

cent, o f  the value obtained in  m ild re -e c l anrosia. %en 

compared w ith  normal pregnancy the  f a l l  in  the plasma 

albumin concen tra tion  amounts to  350 mgms.per 100 ml. or 

34 per cent, o f the normal pregnancy le ve l during  the la s t  

tr im e s te r.

The average va lue fo r  g lo b u lin  du ring  severe p re - 

e c l amp s i  a appears to  be s 1 igh 11 v h igh e r  t  h an t  h at in  th  e 

m ilder form o f the disease, but th is  d iffe re n ce  is  not 

s ig n if ic a n t .  I t  w i l l  be f a i r  to  conclude th a t plasma g lob 

u l in  le v e l does no t show an appreciab le  a lte ra t io n  when 

toxaemia assumes moderate s e v e rity  (compared w ith  m ild e r 

form s). The f a l l  in  the a lbum in ‘.g lo b u lin  r a t io  which occurs 

in  severe toxaemias is  th e re fo re  e n t ir e ly  due to a decrease 

in  the concen tra tion  of the plasma albumin. That the  

f lu c tu a t io n  o f the olasiria albumin ulave the im portant wart
t  u Ji J.

in  the a lte ra t io n  o f the r a t io  is  fu r th e r  shown by the fa c t 

th a t as toxaemia becomes severe the range o f values fo r  

plasma albumin increases. The c o -e f f ic ie n t  of v a r ia t io n  

changes from 5.1 in  mild toxaemias to  3.5 in  the  severe cases 

w h ile  the in d iv id u a l values in  the la t te r  co n d itio n  were 

scatte red between 3.45 and 2.39 gms.per ICC ml. Compared 

w ith  th is  the c o -e f f ic ie n t  of v a r ia t io n  for Pi asma g lo b u lin
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show a remarkable decrease (1.3 in mild and 0.4 in severe 
toxaemias), which indicates a condensation of the values 
around the mean. It follows, therefore, that the factor, or 
factors which normally maintain the albumin level of the 
plasma is in some way affected by the process of toxaemia, 
while compensation, if there is any, is of a very poor 
nature. The labile state of albumin and fibrinogen deserves 
adequate consideration.
11. Plasma Proteins and the Clinical state of Toxaemia.

If the concentration-of plasma proteins in toxaemia 
of pregnancy is directly related to the underlying cause, 
it would, be natural to expect an improvement or deterioration 
in the protein content of the plasma with a corresponding 
variation in the clinical course of the disease. \n attempt 
was made to study this problem by weekly follow-up of all 
cases in our series and comparing the plasma protein level 
with other clinical features of the ailment. Pur ing our 
investigation 49 patients showed clinical improvement. In 
51 patients the condition deteriorated to such an extent 
that in 36 labour had to be induced. Our findings with 
regard to the total protein and albumin-.globulin ratio in 
these cases are given below.

Oases showing- improvement (43 cases) - The total plasma 
protein concentration in these cases on admission was 5.66 
gms.per 100 ml. ; S.P. 0.19. In the following week, inspite 
of the improvement in the clinical condition, the total 
pro te in/
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T ab le  17

T o ta l •' | Average 
T ro te in  I 
(49
cases) f

i :-:an,;e

1

•5. 66
I q T'«I 3. - • C .l a

5. 54 

0.25

4 weeks

5. 67 

0.30

5.75 

0.32

A.:l. ■
P a tio
(49
cases)

Average

| hange

5.90-5.07 | 5. 31-4.94 : 6 .20-5.26! 6 .16 -5 .40  
_________i __________ 4:__________ I___________

1.22
0.10

1 .43-1 .05

1.26 j 1.29

0.10 | 0.09

1.47-1 .05  I 1 .49-1.13

1.32

0. 08

1.43-1 .20

Haema-
to c r i t
(30

\ Average

• 3. P.

38.1

2.2

34.4

3 .5

34.0 j
j

2 7 i

cases; ; range 36. 0-41.11 30.1-39 .1  I 31.0-37.0

35.1 

2.1 
32.0-37. 5

p ro te in  concen tra tion  decreased to 5.54 gms. per 100 m l. ;

3 .P.O.25. T lir in g  the two subsequent weeks the hvpo- 

proteinaen ia  was corrected  spontaneously, and the concen

t r a t io n  o f  p ro te in  increased, to  5.67 gms. ; S .P .0.30 «v«ri in  

the th ird  -week,and then to 5.75 gras.per cent. ;3 .h .0.32 in  

the fo u rth  week o f inves t iga t ion (Table 17). This 

v a r ia t io n  in  the  leve l of plasma p ro te in s  does not show 

uniform  s ta t is t ic a l  s ig n ifica n ce * The dec line  in  the con

ce n tra tio n  d u ring  the f i r s t  week is  s t r ik in g  but is  of 

bare s t a t is t ic a l  s ig n if ic a n c e . The in te re s t however l ie s  

in  the fa c t tha t th is  drop in  the plasma p ro te in  level 

a ffec ted  not only the average value but also the  minimum 

and maximum values o f the se ries . On ana lys is  o f in d iv id u a l 

cases/
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Fig. 4. Plasma proteins in relation to the clinical 
course of toxaemia. The graph shows the behaviour of the 
total protein and the A : G ratio where the clinical 
condition improved during the investigation

TP

5 PARTSALB. 10 p e r i,goq. 14

Pig. 5. Plasma proteins and the A.G. ratio in relation to 
the albuminuria of pre-eclampsia.



cases i t  was found tha t the p ro te in  co nce n tra tion , during  

the second week was less  than th a t at the time o f admission 

in  61 per cent, o f cases, The extent o f th is  f a l l  va rie d  

from 0. 0*2 to 0.26 gms. per 100 m l. ,  the average oeing 0.12 

gms.; 2 .0 .0 .03 . This is  equ iva lent to  a 2.1 per cent, 

d ep re c ia tio n  below the admission le v e l.  Ouring th is  period  

however the c l in ic a l  improvement was o f an appreciab le  

nature . The f a l l  in  the plasma p ro te in  leve l in s p ite  o f 

improvement in  toxaemia required in v e s tig a tio n . One o f the 

p o s s ib i l i t ie s  was tha t th is  decrease was merely apparent, 

being caused bv haemod i lu t io n .  Th is  po in t was in ve s tig a te d  

in  the  la s t  30 cases in  the  present s e rie s . It-w as  found 

from h a o n a to c rit study th a t simultaneous w ith  the c l in ic a l  

improvement the haem atocrit reading became le s s , in d ic a t in g  

a r e la t iv e  increase in  plasma volume, ^u rin g  the period 

under cons idera tion  the  re la t iv e  haemod i lu t  ion amounted to  

6.0 per cent, o f the admission le v e l.  T h is , compared w ith  

the f a l l  in  the plasma p ro te in  co nce n tra tion , re fe rre d  to  

above, suggests an ac tua l increase in  the protei n content 

o f the plasma in s p ite  of the apparent d im inu tion  o f the 

concen tra tion  per* 100 ml. That, such is  re a l ly  the case 

is  shown by the subsequent behaviour o f the prote i n le v e l.  

The r is e  during  the th ir d  and fo u r th  weeks o f in v e s tig a tio n  

is  steady and considerab le , and s a t is f ie s  s t a t is t ic a l  

ana lys is. The haem atocrit d u ring  th is  period  shows no 

appreciable change. I t  thus apjoears th a t ah improvement
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d f toxaemia is  a tte n d e d w ith  aefclv* regffltf

p ro te in s  o f the .plasma, although normal 

pregnancy le v e l was not regained even when considerable 

c l in ic a l  improvement occurred.

Another evidence o f the regeneration o f plasma p ro te in s  

is  found in  the increase of th e  a lb u m in :g lo b u lin  ra t io .  

In s p ite  o f the  f a l l  in  the  plasma pro te iin  concen tra tion  

d u ring  the f i r s t  week the ra t io  increased from 1.22 to  1 .26, 

and du ring  the subsequent pe riod  t h is  improvement was 

s te a d ily  maintained. The increase in  the r a t io  was brought 

about at a l l  stages bv an ac tive  increase in  the albumin 

content o f th e  plasma fo r  the  plasma g lo b u lin  (apart from 

a s l ig h t  f a l l  due to  haemodilut ion. in  the f i r s t  week) 

showed no recognisable change (F igure 4®)# 

b* Oases where, Toxaemia p e rs is te d and d e te r io ra te d  (51 cases 

The to ta l  p ro te in  concen tra tion  o f the rfLasma in  th is  group 

o f cases on admission was 5.57 gms. per 100 m l. ;  S. U. 0.24. 

This is  s l ig h t ly  lower than the corresponding value in  

the cases showing improvement. U n like  the  cases where 

improvement occurred,a f a i r  number, in  the  d e te r io ra te d  

group,could not be fo llow ed-up  fo r  the  intended period  o f 

fo u r weeks, as in  the m a jo r ity  o f them, pregnancy had to  be 

a r t i f i c i a l l y  term inated. However, tak ing  the whole s e r ie s ^

' toge ther as the toxaemia became worse both the to ta l  

p ro te in  concen tra tion  and the  a lb u m in :g lo b u lin  r a t io  showed 

'a. p rogressive and marked d e te r io ra tio n .



Out of the 51 cases, in  th is  s e r ie s , on ly  26 

p a tie n ts  could be fo llo w e l-u p  fo r  the  whole period. T he ir 

p lasm a-pro te in  concen tra tion  and a lb u m in :g lo b u lin  r a t io  

are presented in  ^able 13.

Table 13

1 2 3 4 weeks

T o ta l 
PI asma

iv e r  age 5.60 5.52 5.39 5.15

P ro te in q t> 0.23 0.26 .029 0.31

Range 6.16-5 .2 9 6.14-5 .22 5. 33-4.32 5.73-4.60

.

A. : S.-
Average 1.26 1.23 | 1.21 1.17

P a tio Q T>O* O'® 0.10 0.09 I 0.03 0.09

Range 1.46-1. 06 1.43-1. 06 |
.. ............... ...........|

1. 32-1.05 1.29-1 .04
i

*Haema- 
to c r i t

Average 33. 6
i

39.4 j
h

40.9 42.2 1
(14
cases)

S. P. 1.9 2.3  I
H

2.4
i

2.3

Range 41.5-35 .0 42.3-35.4 44
!_i___

. 0-35. 5 ; 45 .7 -37 .0

Both the o v e ra ll values shown in  fig u re  and those 

obtained from a complete fo llo w -u p  study (Table 13) in d ic a te  

th a t w ith  inc re a s in g  s e v e r ity  o r pers is tence of the 

toxaemic s ta te  the concentra tion  o f the plasma p ro te in s  

and albumin‘.g lo b u lin  ra t io  are both adversely a ffec ted . This 

is  manifested as a f a l l  in  the albumin content of th e  plasma; 

the g lo b u lin  le v e l remains p ra c t ic a l ly  u na lte red , which- 

accounts fo r  a progressive  cl irn inu tion  o f the a 1 burning 

g lo b u lin /
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g lo b u lin  r a t io .  I t  w i l l  be seen la te r  however th a t although 

the dec line  in  the le v e l o f plasma albumin is  the p r in c ip a l 

cause, o f  the drop in  the concen tra tion  of the to ta l  p ro te ii, 

i t  is  no t the on ly fa c to r concerned in  the process, fo r  in  

very severe toxaemia plasma fib r in o g e n  also d im in ishes.

In  understanding the extent of the f a l l  in  the to ta l 

p ro te in  and albumin concentra tion  haem atocrit s tud ies are 

ind isoe n s ib le . The. importance o f th is  was re a lis e d  on lyX  xJ

when the in v e s tig a tio n  was a lreadv in  nr ogres s. and the
O  k* X  W  7

re s u lts  obtained in  on ly  14 cases in  th is  series have been 

presented he re , but thev nrovide s u f f ic ie n t ly  conclusive*  “ *- J- V

evidence fo r  the purpose.

I t  w i l l  be seen th a t during  the whole period o f study 

there was a steady increase in  the packed-ce ll volume, 

which suggests a progressive haemoconcentration. In  most 

of these cases, w ith  increas ing  s e v e r ity  o f toxaemia oedema 

also became worse, mhe haemoconcentration was anparentlvXX v

due to  a lo ss  o f f lu id  from the plasma to  the extravascu la r 

spaces. C a p illa ry  endothelium, however acts as a serai permeable 

membrane. Consequently uncomplicated haemoconcentration 

would be expected to  cause a re la t iv e  increase in  the 

p ro te in  concentra tion  of the plasma, and thereby mask the 

e ffe c ts  o f hvpoproteinaemia. The. fa c t th a t, in s p ite  o f 

haemoconcentration the plasm a-proteins decreased as toxaemia 

p e rs is te d , imparts considerable importance to  th is  f in d in g . 

D uring /
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During the whole period o f study the plasma volume 

dim inished by 3 .6  per cent.. In  absence o f  an a c tiv e  hypo- 

proteftnaemia th is  should have ra ised  the prote i 11 concen

t r a t io n  from 5.60 to 5.94 gms.per 100 ml. The estimated 

p ro te in  content in  the fo u r th  week o f study was 5.15 gms. 

per 100 ml. which in d ica te s  a net f a l l  of 14.1 per ce n t.o f 

the o r ig in a l value obtained at the tim e of admission.

I t  is  thus e v id e n t that the c l in ic a l  course o f toxaemia 

has a profound e f fe c t  on the  p ro te in  concen tra tion  o f the 

plasma, e sp e c ia lly  on th a t o f the albumin fra c t io n . The 

p ro te in  content increases when toxaemia improves and 

decreases when i t  becomes worse.. Acute in fe c tio u s  diseases 

have long  been known to  cause a s ta te  o f hypoproteinaeraia, 

but in  the major i t y  o f these co nd ition s  (e. g. pneumonia, 

e n te r ic  fe ve r) there  is  an a c tiv e  lo ss  o f p ro te in  from the 

plasma. In  toxaemia o f pregnancy also a somewhat s im ila r  

co n d itio n  e x is ts  in  the form o f a lbum inuria . I t  is  

the re fo re  necessary to  in v e s tig a te  how the lo ss  o f albumin * 

in  the u rine  a ffe c ts  the plasma p ro te in  le v e l in  pre

eclam ptic toxaemia.

111. p lasma P ro te ins  and A lbum inuria.

For the purposes o f th is  in v e s tig a tio n  we have stud ied  f 

th e ie s u lts  obtained from 304 estim ations done on 100 cases, j
1   - - 1 ■ in ■ «-

of pre-eclampsia of va ry ing  s e v e r ity  at d if fe re n t  stages

o f the i l ln e s s .  I f  the le v e l of p ro te in  in  the plasma is  j

dependent upon i t s  loss in  the  u r in e , i t  would be rea lo iiab le ! 
t o /  J
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t o ' expect' plasma p ro te in  concentra tion  to  fo llo w  c lo s e ly  

the degree o f a lbum inuria present, The re s u lts  obtained 

in  our cases are presented in  Table 19 and in  fig u re  61 

Tn order to provide comparison the plasma p ro te in  -concen

t r a t io n  in  15 cases of e s s e n tia l hypertension com p lica ting  

pr e gn a nc v ( 3 -4 0  weehs g e s ta tio n ) but w ith  o u t  an v a lb urn in  ur ia 

are also presented.

Table 19

A v e r .
( E s b a c h )

P l a s m a
p r o t e i n

A l b u m i n :
G l o o u l i n A v e r .

( E s b a e h )

P l a s m a  5 

p r o t e  i n
A l  b u m m : 
G l o b u l i n

A V e r . S.T>, A v e r . :J» i- • A v e r . :  * A v e r . O #  j -* •

0  3f 5 .  6 0 0 . 2 1 1 . 2 9 0 .  03 7 . 1 ;  -  3 5 . 3 9 0 . 3 0 1 . 1 4 0 .  0 5

i—
i

i•

r—

5 . 4 4 0 . 24 1.  27 0 .  0 8 8 . 1 - 9 5 . 3  3 0 . 3 2 1 . 1 1 0 .  09

1, 1 -  2 5 . 6 5 0 . 1 9 1 . 3 5 0 .  09 9 . 1  - 1 0 5 . 1 9 0 . 2 7 1 . 0 9 0 . 1 0

3 . 1  -  3 5 .  6 0 ' 0 . 2 3 1 . 3 3 0 .  07 1 0 . 1 - 1 1 5 . 0 8 0 . 3 1 1 .  0 5 1 . 1 0

3 . 1  -  4 5 .  5 0 0 . P 0 1 . 1 9 G. 1 0 l l . l - l 9 4 .  3 5 0 . 3 4 1 . 0 3 0 .0 6 *

4 . 1 - 5 •j . 0 . 7 2 1 . 1 8 0 .  CO 1 3 . 1 - 1 3 4 .  3 5 0 . 2 9 0 .  99 0 .  05!

5 . 1 - 6 5 . 2 3 0 . 3 0 1 . 1 7 0 .  0 6 1 3 . 1 - 1 4 4 .  9 0 0 . 3 3  J 0 .  9 6 0 . 0 6 !

6 . 1  -  7 5 .  6 5 0 . 3 1 1 . 1 6 0 .  07
1_____ ___

i
‘  i

- -

x Values obtained in  hypertension w ithout
album inuria.

The f i r s t  po in t of in te re s t in  th is . ta b le  is  tha t both 

the to ta l  p ro te in  concentra tion  and a lbum in:g lo b u lin  r a t io  

in  hypertension complicated w ith  pregnancy bears close „ . 

resemblance to the average values observed in  our se rie s  of 

pr e-eelamps ia /
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pre-eclam psia, s u p e r f ic ia l ly  th is  suggests some s im i la r i ty  

between true pregnancy toxaemia and e s s e n tia l hypertension 

com p lica ting  g e s ta tio n .

The to ta l  p ro te in  concen tra tion  of the plasma in  

pre-eclam psia shows a general t endency to -d e te r ic r at ion as 

a lbum inuria  increases. However, th is  downward slope o f the 

curve is  in te r fe re d  w ith  by occasional ascents when 

album inuria  is  m ild or moderate, ty ith  more marked albumin

u r ia  (0.3 gms.per ce n t.o r more) the f a l l  in  the to ta l  

p ro te in  concen tra tion  is  more ev ident. Apart from th is  

general behaviour n e ith e r the ex ten t nor the g ra d ie n t ofw O

f a l l  s a t is f ie s  s ta t is t ic a l  a na lys is .

The behaviour of the a lb u m in :g lo b u lin  r a t io  is  s t i l l  

more m is lead ing , fo r a t each stage the values show a down

ward trend , but the d iffe re n ce  between the consecutive 

values is  no t s t a t is t ic a l ly  s ig n if ic a n t .  I f  however the 

values in  the above ta b le  are telescoped together in to  4 

groups the d iffe re n ce s  become s t a t i s t i c a l l y  s ig n if ic a n t .  

This is  apparently due to  the fa c t th a t w h ile  a lbum inuria  

per se is  not d ir e c t ly  respons ib le  obviously  the d e te r io r 

a tio n  o f the plasma p ro te in  and albumin concen tra tion  is  

not so much re la te d  to album inuria as to  the se ve rity  of 

the toxaemic process i t s e l f .  I t  w i l l  be evident th a t the 

descending slope o f the a lbum in*.g lobulin  r a t io  is  not 

present in  the graph d e p ic tin g  the to ta l  p ro te in  concen

tra t io n .  This is  to some extent because th e  fib rin o g e n  

co n te n t/
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PHOT. G m s . #  

6-1 •
i

1

5-9.

55 .

Av.53 .

4-7.

• .________,________■  ,________, Gm s .

O -tO  M-2-0 21-3-0 31-4-0 4-1-50 51-&0 61-7-0 24Hrc 
ALBUMINURIA.

4-5i
i
\|

Fig. 6. A scatter diagram showing the relation of the 
concentration of plasma proteins to varying degrees of 
albuminuria.

j

n

5-3

3+
OEDEMA

Fig. 7. Diagram showing the concentration of plasma proteins 
and the albumin s globulin ratio in relation to oedema.
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Considerable l i te r a tu r e  has accumulated in  recen t 

years on the re la t io n  between hypoproteinaemia and oedema 

o f pregnancy toxaemia. Some in v e s tig a to rs  (3 , 8) have 

stated th a t the f a l l  in  the p ro te in  concen tra tion  of the 

plasma is  respons ib le  fo r  oedema. Others in c lu d in g  Harden 

(16, 1936) c la im  that they have been able to  reduce the 

incidence of eclampsia by ra is in g  the p ro te in  content o f 

the plasma w ith  the he lp  o f h igh  p ro te in  d ie t and 

e s ta b lis h in g  a p o s it iv e  n itro g e n  balance. However , D ieck- 

mann (4a, 1941), T illm an  (17, 1939) and several other authors 

p o in t out th a t plasma n ro te in  le v e l has no s ig n if ic a n t  e ffe c t*  j. • SJ

on oedema. I t  thus appears, th a t the sub jec t is  not fre e  

from c o n tra d ic to ry  fin d in g s  and deserves in v e s tig a tio n .

^Qr th is  ana lys is , we have arranged our values fo r  

plasma p ro te in  in to  2 groups and s h a ll present them 

separa te ly.

Iro u p . 1. Th is  co n s is ts  o f the re s u lts  o f 100 estim ations 

on our cases o f  p re -ee l ampsia, observed at the time o f
'i

admission, and before compulsory bed-rest was imposed upon 

them. The re s u lts  are presented in  mable 20.

These fig u re s  suggest tha t w ith  increase in  the degree , 

o f oedema the plasma p ro te in  concen tra tion  tends to  d e c lin e . 

The-average values s a t is fy  s t a t is t ic a l  a n a lys is , the 

minimum and the, maximum values also s h if t  to  the l e f t  as(g ^v : 

oedema increases. The s ca tte r o f values in-each, group* TO' 

however/ *
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however increases cons iderab ly  and s te a d ily  as oedema 

becomes worse. The d i f f i c u l t y  o f e va lu a tio n ’ o f these 

re s u lts  l i e s j i n  the fa c t tha t when the p a tie n t is  ambulant, 

oedema, e s p e c ia lly  of the e x tre m itie s  is  always more marked 

because o f associated a lte ra t io n s  in venous pressure caused 

bv g ra v ity ;  the e ffe c t which hvpoproteinaenTia alone has onit w X* A*

oedema thereby becomes to  some exten t masked.

Table 20

Oedema Average S.D. Max imum Minimum
+ 6.2 3 0.15 6.45 6.10

I f 5.71 0.13 6.19 5.43

2+ • 5.59 0.19 6.0 5.07

3+* 5.37 0.27 5. 76 4.32

Group 2. Th is  cons is ts  o f 304 estim ations in  our se rie s  

o f 100 cases o f pre-eclam psia. The period  of study covered 

from one to fo u r weeks during which period  a l l  p a tie n ts  

were kept a t re s t in  bed. TIo d is c r im in a tio n  was made between 

c l in ic a l ly  improved and d e te rio ra te d  cases. The most 

s a tis fa c to ry  method of eva lua ting  oedema is  to  watch the 

change in  body-weight under basal cond itions* T ^ is  however* 

was not p ra c tic a b le , so we s h a ll present our re s u lts  in  

re la t io n ' to  the t r a d i t io n a l,  though somewhat crude form of 

c la s s if ic a t io n .  These are presented in  Table 21 and f ig u re  

5J. In  th is  connection, values fo r  plasma p ro te in  from 36 

p a tie n ts /



p a tie n ts  having some degree o f hypertension and a lbum inuria  

but no evident oedema and diagnosed in  the a n tena ta l c l in ic  

as toxaemia have been used as c o n tro l ( in d ic a te d  by "0". in  

the tab le  and f ig u re ) .

Table 21

f Tota l plasma P ro te in  , 
Oms. /1 00 Ml. A. :3. R a tio

Oedema Aver. | S.D. J Max. -M in . ' Aver. S.D. 1 Max. -M in.

0 5.71 0,22 1 6.20-5.41f * 1.31 ! 0.04 1.40-1.24

± 5.63 j 0,24 I 6 .16-5.20( 1 1.23 : 0. OS 1.34-1 .14 ■
1+ 5.37 1 0.27 j 6 .0 -5 .10{ ! 1.19 0.09 1.32-1.10,

2 + 5.51 j 0.33 ! 6,14-4.95
i i

1.20 0. 07 1 .29 -1 .10

3 + 5.17 0.30 I 5 .76-4.82
i

t

1.06 0.11 1.26-0.94

r r g l T T n  O

Both the to ta l  p ro te in  concen tra tion  and the r a t io  

o f albumin to g lo b u lin  are lower in  the oedematous than in  

the non-oedematous hypertensive cases, and the d iffe re n c e  

in  values at th is  stage is  apparently  s ig n if ic a n t .  But 

when the oedematous p a tie n ts  are c la s s if ie d  according to  

the s e v e r ity  o f oedema s ta t is t ic a l  s ig n ific a n c e  becomes 

le ss  evident. The lowest values were obtained in  p a tie n ts  

w ith  genera lised oedema, but apart iron  oedema these j

p a tie n ts  also su ffe red  from very severe toxaemia fo r  which !

pregnancy had to be a r t i f i c i a l l y  term inated in  most instances*
* * x, '

In  p a tie n ts  w ith  lesser degrees o f oedema the downward
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trend o f the curve described above d isappears, and is  even 

reversed. The toxaemia process in  these cases was not o f an 

f  hyperacute nature. I f  hypoproteinaemia was a e t io lo g ic a lly  

responsib le  fo r  oederag, i t  is  evident tha t the tendency to
X  *  *j

dec line  would have been evenly maintained in  th is  zone o f j

the curve. I t  is  probably more reasonable to  be lieve  th a t, 

both hypoproteinaemia and oedema are c o n tro lle d  by the
i

common fa c to r  o f underly ing  toxaemia than to accept that j

oedema in  pre-eclam psia is  caused on ly by a f a l l in g  j

concen tra tion  of the p ro te in  ( p r in c ip a l ly  albumin) o f the  IX  V X  X  t /  /

plasma.

V* P lasma P ro te ins and Blood pressure.

I t  has been pointed out th a t a va ilab le  evidence 

in d ica te s  th a t the f a l l  o f plasma p ro te in  in  pre-eclam psia 

is  caused by the underly ing  process o f toxaemia. The nature 

o f th is  toxaemia is  ye t unknown, but in  recent years i t  

has-been more or le s s  accepted th a t hypertension is  i t s  

most im portant m an ifes ta tion . That being so i t  would 

be expected th a t the behaviour of the plasma p ro te in s  should 

in  some respects fo llo w  the course o f blood pressure. The 

ana lys is  which is  presented here is  ba^ed on 304 es tim a tions , 

done on 100 cases o f pre-eclam psia.

I t  has a lready  be en seen th a t the concentra tion  o f the 

"serum" p ro te ins  in  toxaemia fo llo w s  c lo s e ly  th a t o f 

albumin, fo r the  g lo b u lin  content va ires  to  no appreciable 

degree ./
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degree, ^he alburain:g lo u u lin  r a t io  f a i r l y  in d ica te s  the  

nature o f th is  change. Plasma fib rin o g e n  however has been 

found to show an e r r a t ic  response.. This o fte n  obscures 

the re a l s ta te  o f concentra tion  of albumin, when to ta l  

” piasma”  p ro te in  concentra tion  is  examined. I t  is  fo r  th is  

reason th a t the present ana lys is  w i l l  be based on the 

a lb u m in tg lo bu lin  r a t io  and the f ib r in o g e n  content o f  the 

plasma in  re la t io n  to d if fe re n t  le v e ls  o f  blood pressure* 

Because o f c a re fu l superv is ion  at the antenata l c l in ic s  most 

of the h o s p ita l admissions come w ith in  the range of 150
im O

to 160 mm.Iig. sva t o l ic  and 1GG to  110 mm. Hg. a la s t  o lio . 

Comparatively fewer cases have been no ticed  at very high 

le v e ls  o f blood pressure* The re s u lts  obtained are pre

sented in  Tables 22 and '23 and in  fig u re s  8 and 9 .^

Taole 22

B. T.
mm.

- ^-3 "- B, T) t

F ib rin  
-ogen 
gms. /
IU U  m l.

!ttn T> 1,O1* 1 a-

B . ? .
mm.

j
I\t

r ib riu  j 
-ogep. | 
O1;-3- / n 1I a .i , m lJ B

146-150 1.64 0. 05 0. 46 0. 04 I
i >

176-130 1.10 10. 06
1

0. 36 j 0.13

151-155 1.33 0. 06 0.40 0. 09 j 131-135 l . 92 !o #10
i

!
0.24 i 0. 05

156-160 1.17 0. 03 0.47 0.14 | 136-190 1 . 03 ; 0. 05 0.17 Jo. 03
161-165 1.15 0. 09 0.47 0.1.3 | 190-195 1. 0510. 05) 0.20 0.04
166-170 1.07 0. 03 0.49 0. 07 | 196-200 1. 0110, 02 0.29 JO. 05
111-175 1.13 0. 06 0.35 G. 101 201-210 1.22 ■ 0. 03

L _ .....
0.44 0.10

Table 22 shows the re la t io n  of the a lb u m in :g lo bu lin  

r a t io  and plasma fib rin o g e n  values to  various le v e ls  of 

s y s to lic ^
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Fig. 8. Fibrinogen and albumin : globulin ratio in 
relation to the systolic blood pressure in pre-eclampsia.

Gms./ioo ml.
a:c.

I'3
05

FIB
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a : g .

o-i   i-o
120 M.M. Ho.90 100 105 110 115

F i g .  9*. F i b r i n o g e n  a n d  a lb u m in  : g l o b u l i n  r a t i o  i n

r e l a t i o n  t o  t h e  d i a s t o l i c  b l o o d  p r e s s u r e  i n  p r e - e c l a m p s i a .
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s y s to lic  blood pressure. I t  is  in te re s t in g  to note th a t 

apart from a very general tendency to  decline  (which 

however is  not s ig n if ic a n t at a l l  stages) there  e x is ts  no-
■ •   t—r.i—r  •wmmnwm* .

re la t io n s h ip  between the s y s to lic  blood pressure and the

behaviour o f the a lbum in-.g lobulin  r a t io ,  or th a t of f ib rin o g e n .
    ‘ lVfd 'v ,v * ,rr̂ -''

N either the albumin nor the fib r in o g e n  content o f the plasma

seems to be a ffe c te d  037 the he igh t o f  blood pressure alone

in  nregnancy toxaemia. The lowest' a lbum in .:g lobu lin  r a t ioi. o  ■' u

( 0.90) was found -with equal frequency w ith  blood pressures o f 

130, 190 and 200 mm. o f Eg. ( s y s to l ic ) . .  S im ila r ly  the r a t io7 ■ - (j \ v / */

o f 1.03 was found in  one p a tie n t w ith  a blood pressure o f 

160, and another w ith  a pressure o f 200 mm.Eg. Yet one 

p a t ie n t-w ith 'a -s y s t o lic  blood pressure o f 210 mm. Eg* had 

an a lb u m in :g lo b u lin  r a t io  o f 1 .27, which was a frequent 

f in d in g  in  the blood-pressure group o f 150 to 160 mm.Eg.
1

neverthe less, some o f the high values fo r  the r a t io  ranging '

between 1.32 to 1.42 were found, only at the lower ranges o f

s y s to lic  blood pressure.v _ A-

The behaviour o f f ib r in o g e n  is  even more a typ ica l th a n " 

th a t o f the a lb u m in :g lo b u lin  r a t io .  At no stage is  any; * y. 

c o rre la t io n  found to  e x is t  between the s y s to lic  b lood- 

pressure and the cone e n tr at ion o f plasma fib rin o g e n . ^

h ighest value fo r th is  c o n s titu e n t of the plasma in  our

se rie s , v iz . 0.74 gms. per 100 ml. was found in  a p a t i e n t . •

with, a s y s to lic  blood pressure of only 160 mm.Hg* Y e t, 

le s s /-  ' Ij
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l e s s  t h a n  0.  EC gms.  o f  f i b r i n o g e n  p e r  10C m l .  was  s e e n  w i t h  

a b l o o r l  p r e s s u r e  as  h i g h  as 3 1 0  and a s  l o w  as 15C m u  I I 6 .

I s y  t h e  s t a n d a r d  d e v i a t i o n s  ^ o u l d  i n d i c a t e ,  t h e  s c a t t e r  o f  

v a l u e s  a t  d i f f e r e n t  l e v e l s  o f  b l o o d  p r e s s u r e  v a r i e d  o n l y  

s l i g h t l y .  I n  v i e w  o f  t h e s e  f i n d i n g s  i t  i s  i m p o s s i b l e  t o  

b e l i e v e  t h a t  t h e  l e v e l  o f  s y s t o l i c  b l o o d  p r e s s u r e  i n  p r e 

e c l a m p s i a  c a n  h a v e  a n y  e f f e c t ,  h a r m f u l  o r  o t h e r w i s e ,  on  

t h e  c o n c e n t r a t i o n  o f  t h e  p l a s m a  p r o t e i  n s  o r  on  t h a t  o f  

i t s  i n d i v i d u a l  f r a c t i o n s . -  M o r e o v e r  i t  f o l l o w s  t h a t ,  i f  

t o x a e m i a  a f f e c t s  t h e  p l a s m a  p r o t e i n  l e v e l ,  a s  i t  i s  l i k e l y  

t o  d o ,  t h e  m e a s u r e  o f  t h e  i n t e n s i t y  o f  t o x a e m i a  a p p a r e n t l y  

d o e s  n o t  l i e  i n  t h e  l e v e L  a t t a i n e d  b y  t h e  s y s t o l i c  b l o o d  

p r e s s u r e  a l o n e .

T a b l e  23

ID T>
_J* . *

mm. H g .

Aver.
q r\

9 0

1 . 2 9

0.10

100

u. uy

1 0 5 110 1 *9 -L;C U
1.10 1 . 1 6  i 1 . 0 i JL. C O

0 . 1 0  j 0.  OS I 0 . 1 0  i 0 . 1 3  

t * 4 ! iv lU S - L 1 2  |U 5 - L 0 9  il4 5 -3 .C 3 iU 6 -L O 2 il3 0 - l.O u  1 2 3 -L O u ! 127-CC

m>-
r h -
cgea

:i v cj

c*
; *

0 . 4 3  j 0 . 4 4

0.  0 4  S  Q. 05

Mas41fo> JQ5D-Q39 a S -0 3 6

f. r*±o U  51

0 . 06  ! 0 . 03

0 . 4 9 u. 3̂

0 . 13 j 0 . 1 1 'c i#  - L e i

0 6 3 -0 2 3 ! 0,55-0139 0 .3 4 -0 .2 4 ! 043-019 C 3 -O E
I

- 4-

"T ie  d i a s t o l i c  b l o o d  p r e s s u r e  h o w e v e r  g i v e s  a s l i g h t l y  

d i f f e r e n t  i m p r e s s i o n  f r o m  w h a t  h a s  j u s t  b e e n  d e s c r i b e d  

( T a b l e  33  ) .  T h e  a l b u m i n :  p i o b u l i n  r a t i o  show s  an e v e n  d o w n -

■ a rc■ a /
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downward tendency w ith  increase o f pressur e, apart from a 

sudden depression at the le v e l of 105 mm.Eg. There were • 

however on ly 3 cases in  th is  group, and the maximum value 

obtained here was the lowest in  the whole series* The 

maximum values at lower ranges o f pressure s h o w  h a rd ly  any 

s ig n if ic a n t  a lte ra t io n ,  and c lo se ly  approach the normal 

f ig u re s . I t  h igher le v e ls  o/ores sure these drop consider

ably below normal but s t i l l  remain w ith in  a narrow range.

The minimum values throughout the, se rie s  however show a 

progressive d e te r io ra tio n . The d iffe re n c e  a t each stage 

appears to  be s t a t is t i c a l ly  s ig n if ic a n t.  The grad ien t o f 

f a l l  is  sm all a t lower le v e ls  o f d ia s to l ic  pressure but 

above 110 mm.Eg. the decline  is  ra p id  and marked.

The manner in  which fib r in o g e n  reacts  revea ls  severa l 

in te re s t in g  fe a tu res . As the d ia s to l ic  pressure r is e s  above 

normal the fib r in o g e n  content o f the plasma tends to  

increase. I t  w i l l  appear (c. f .  Table 12) tha t a t 90 rnn.Eg. 

pressure the average plasma fib r in o g e n  le v e l equals th a t in  

the la s t  tr im e s te r of normal g e s ta tio n , and shows almost 

s im ila r  d is t r ib u t io n  o f values. As the blood pressure • 

increases the concentra tion  of fib r in o g e n  a lso  r is e s  u n t i l  

the maximum is  a tta ined  between at 105-110 nmuHg. This 

change is  brought about by a la rg e r  number of h igher values 

in  each group. The minimum values obtained- show considerab le  

la ck  of u n ifo rm ity . Above 110 mm.Eg. d ia s to l ic  p re s s u r^ 'h '* .  

the fib r in o g e n  le v e l declines ra p id ly . The g ra d ie n t of 

descent/
/
f
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descent is  much g rea te r than th a t o f the r is e .  H ighest 

values for fib rin o g e n  -(C. 70 -  0. 74 gras. ICO ml. ) in  our

se ries were obtained when the d ia s to l ic  blood pressure was

110 mra.Hg* The lowest value fo r  plasma fib r in o g e n  was 

observed in  a p a tie n t w ith  a d ia s to l ic  pressure o f 120 ram.

Hgt However, the c o -e f f ic ie n t  of v a r ia t io n  of the values 

increases w ith  increase in  pressure and the f lu c tu a t io n  of 

the average are not u n ifo rm lv  s ig n if ic a n t  at a l l  stages.CJ u o  o

T O iliS H T S

The re la t io n  between ra ised d ia s to l ic  blood pressure 

and the behaviour of plasma p ro te in  is  in te re s t in g .

However, these fin d in g s  alone do not j u s t i f y  the conclusion 

th a t the le v e l of o ro te in s  in  the plasma is  d ir e c t lvX. JL v

re la ted  to the d ia s to lic  pressure. I t  is  possib le  th a t

vascular spasm a ffe c t in g  the organs (no tab ly  the l i v e r )

entrusted w ith  form ation of plasma p ro te in s  is  the cause 

o f changes described above, ^ ia s to l ic  blood pressure is  

merely an expression o f the degree o f vascular spasm present, 

and i t  is  on lv in  th is  respect th a t the s ig n ific a n c e  o f
v  X . o

d ia s to l ic  pressure can be evaluated in  i t s  re la t io n  to the 

le v e ls  plasma p ro te in s .

VI* P lasma P rote ins and P ro te in  In take.

In  recent years considerab le  a tte n tio n  has been drawn 

to  the e ffe c ts  of high p ro te in  d ie t  on toxaemia of pregnancy. 

The in ve s tig a tio n s  o f the Peoples League o f Health (13?1942) 

and/



1 2 0 .

and the Toronto experiment conducted'by Ebbs, T is d a ll and 

Scott (19, 1941) poin t out that the incidence o f pre- 

eclampsia could be appreciably reduced i f  expectant mothers 

are provided w ith  an adequate dhtary w ith optimum intake 

of prote ins. Strauss (3a, 1937) helieves that most o f the 

m anifestations o f toxaemia are caused by lowered plasma 

p ro te in  concentration, which again is  re la ted to the leve l 

of d ie ta ry  p ro te ins. Harden, UcEllroy and Huggins (16a,

1935) observed that a negative n itrogen balance in  toxaemia 

o f nregnancv could be corrected bv an increased p ro te in
JL O  «/  ̂ +•

intake. Harden (16, 1937) in  a subsequent communication states 

tha t he had been able to  considerably reduce the incidence 

o f eclampsia by es tab lish ing  p ro te in  s ta b ilis a t io n . However, 

A rn e ll, Goldman and Bertucci (2u, 1945) in  a discussion on 

p ro te in  de fic iency  in  pregnancy state that the re la tio n  

between p ro te in 'in ta k e  and plasma protei n concentration is  

only of a general nature. Toey found tha t the average 

values fo r  plasma pro te ins were lower in  the low pro te in  

group, but the highest plasma p ro te in  value obtained by them 

was also in  th is  group, ..?•?• Williams (21, 1945) in  

discussing th is  paper also stated that he was ftunable to 

make any p o s itiv e  co rre la tio n  between the intake of pro te in  

and the severity of toxaemia” . In  view o f the contrad ic to ry 

nature o f these observations a studv o f the problem wasc/ JL

considered usefu l.
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A ll  our cases of pre-eclampsia were derived from the 

three u n its  o f the  Glasgow Royal M a te rn ity  and Women*s 

H o sp ita l. The composition o f the d ie t  varied in  each u n it  

but the to ta l  c a lo r ic  consumption was about the  same. The 

re s u lt  are analysed below ( Figure 1(D).

U n it A.

D ie t -  Carbohydrate 236 gins.

Fat

P ro te ins  102 gras.
(71 gms. f i r s t  c lass p ro te in ) .

C alo ries 2,254.

There were 42 p a tie n ts  in  th is  u n it ,  24 were cases o f 

m ild pre-eclam psia and 10 had severe toxaemia m an ifes ta tions. 

The values obtained are presented in  Table 24. ^  ' 7

Table 24 v

73 gms.

Severe l| 
Pre-eclampsia ii ?re

"ild  | f 
-eclamxsia is Total

Aver.
i

Min-Ma&i
| 1 jf | r

Aver. is. r« Mjb.—Har llver.ls. D. IIIii.-Kax/
Total 
-rotein 5.49 0.17

*
i

517-5.32! ■5.72

1

0.14 553-6.16? 5. 62 jC. 21,
• .. . .. . : 

517-6.J6
Fibrin
ogen 0.46 0.13

j

Q23-Q.70: 0.49 0. 03
5 I

Q4L-Q.alo.43 jo. 09
ii

;
;

023-0,70
i

A. : G. 1.18 0.03 L06-1.23 11.23 0.06 1,20-L46|l.23 p. 10 1.06-L46
Albumin 2.72 0.14 24L-aao 2.93 0.17 are-a4o|a.34 jo. 19 241-0401'
OlobuLin :2. 31 0.02 2.27-2,33;

„  .J
2.30 0. 04 7.a-2J5|2.30 p. 03

------------:...........  -I--------------- :i------— —

2£L-235

Of the 42 cases in  th is  se ries  14 or 33.3 per cent, 

showed c l in ic a l  improvement. In  17 or 40.5 per cent, 

c o n d it io n /



co n d itio n  d e te r io ra te d , and in  26.2 per cent. (11 cases) 

the toxaemia pe rs is ted  w ithou t appreciable aggravation.

U nit 3.

D ie t -  "Carbohydrate 130 gms. -

Fat 116 gms.

P ro te in  131 gms.
(115 gras, f i r s t  c lass p ro te in )

C alories 3,238.

T h ir ty - th re e  cases of pre-eclampsia were studied from

th is  u n it ,  18 of whom were cases o f severe toxaemia and 15

had m ild p re-ec lam ptic  symptoms. The re s u lts  o f in v e s t i-  '

gat ion are presented in  Table 25.O j.

Table 25.

1
Severe

Pre-eclampsia
~  ' Mild-............. ...

Pre-eclampsia ,■ Tota l

Aver. Q Tl MjnHsSax Aver. S,D, Aver. 3. P. Min.-Max.;

T o ta l
^ ro te in 0. 52 0.22 507-5,90 5.36 0.24 556-545 5. 63 0.23

•f

507-Q.45;

P ib r in -  
o gen 0.53 0.13 0.27-Q67 0.53 0.03 047-a s 0.53 0.06 027-0.67
a  . n•:i. . J'm 1.16 0. 09 1C8-L32 1.30 0.07 113- L45 1.22 0. Qi 102-1.45

Albumin 2. 68 0.24 236-a£ 3.01 0.21 2.71-547 2.33 0.19 £36-3.48

Ulob iiin 2.31 0.24 229-234 3.32 0. 03 2.27-2^5 2.32 0.02 2,27-2.35

Under th is  d ie ta ry  regime 11 or 33.3 per cent, o f .[

p a tie n ts  showed c l in ic a l  improvement. In  16 p a tie n ts  or

48.5 per cent, the co n d itio n  d e te r io ra te d  and in  the
' - ; : ,■ *

rem aining 7 cases (21.2 per cent. ) the  s ta te  o f : toxaeirfSteat j ! 

pers is ted  almost unchanged. 1
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•On i t  "j*

D ie t -  Q&rbohydrate 332.65 gms.

.■•’•Pat 68.1 gms.

'■Jprotein 75.05 gms.
• (43.3 gms. f i r s t  c lass p ro te in )

C a lo ries H#444.

There were ”85 cases in  th is  se ries . Of these 14 had

severe p re -ee l a&psi^ and 11 were s u ffe r in g  from m ild

toxaemia. The re s u lts  are presented in  Table 26.

Table 26

■?re
Severe
--eclampsia '

"  -  T i n  ' .1
Pre-eclampsia 1 To-;a l

■Aver. r *  tn Kin.-Max. Aver. C T> 1Miv^od Aver. r i  *p  0* Mm.- Max. i
T o ta l 
Prote in 5.33 0.13 4,92-5.53 5.63 0.09 546-5.74!

r ■ ■ ”

5.49 0.22 4.9B-5.'»j
F ib r  in -  
ogen

0^39 0.11 aa-O60 0.46 0.07 a4*a6o|o.42 0.05 G.2L-Q60 ;

A.lGr. 1.16 0.10 1.0-125 1.26 0. 07 139-L3L j1.21 0. 03 l . o - i .  a

Albumin 2.63 0.20 229-2.2L ■2.83 0.10 2.77 0.-24 2.29-3.17
Globulin 7.31 0.03 223-2.34 2.29 0. 05 239-33512.30 0. 04 239-2.35

With the low p ro te in  d ie t  described above 3 p a tie n ts  

or 33.0 per cent, showed c l in ic a l  improvement. In  7 p a tie n ts  

or 23.0 per cent, the toxaemia was aggravated and in  the 

remaining 10 cases or 40 per cent, the c o n d itio n  pers is ted  

w ith o u t any .appreciable change.

■OQuLtoi

:-;:;- - - I t  'w i l l  be evident from the cases presented here f  

th e '.p ro te in  content o f the d ie t per se, has very l i t t l e  

e f fe c t /
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Fig. 10. Total plasma protein, fibrinogen and albumin : 
globulin ratio in pre-eclampsia at different levels of 
diatery protein intalce.
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Fig. 11., Total protein, fibrinogen, alb. : glob, ratio and the 
cystine content of plasma proteins in pre-eclamptic patients 
whose diet was reinforced with 5 6m. of cystine daily.
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e ffe c t on the immediate course and prognosis o f the disease* 

I t  w i l l  a lso  appear from th is  ana lys is  th a t ir re s p e c tiv e  

o f the amount o f p ro te in  consumed in  the d ie t (which varied 

from 77 to 131 gms* ta ta l  p ro te in lan d  43 to 115 gms.of 

p ro te in  of high b io lo g ic a l va lu e ) in  approxim ately two- 

th ird s  o f the p a tie n ts  the toxaemia e ith e r pers is ted  or 

a c t iv e ly  d e te r io ra te d . In  13 per cent, o f p a tie n ts  re 

ce iv in g  h ig h -p ro te in  d ie t ,  20 per cent, of those having low  

p ro te in  d ie t and 71 per cent, o f cases w ith  medium p ro te in  

consumption the toxaemia assumed such severity  as to  need 

a r t i f i c i a l  te rm in a tio n  of pregnancy.

^he re la t io n  between the le v e l of d ie ta rv  p ro te in  in take 

and th a t o f the p ro te in  concentra tion  of .the plasma appears 

to be as in d e f in ite  as-the gross c l in ic a l  re s u lts  obtained 

in  our se rie s . The t o t a l  p ro te in  content o f the plasma 

appears to be s l ig h t ly  h igher in  the high p ro te in  group than 

in  those who rece ive  a d ie t com parative ly poorer in  p ro te in . 

I t  has a lready been pointed out th a t fib r in o g e n  hehaves in  

a ra th e r e r ra t ic  fashion in toxaemias o f pregnancy, beingi  O o " U

unusually h igh  ih  some cases and abnormally low in  o thers. 

Moreover, i t  is  the serum albumin which not on ly  c o n s titu te s  

the most important f r a c t io n ,  but a lso is  the f i r s t  to su ffe r

in  pregnancy toxaemia. The e ffe c t o f h igh -p ro  t-ein d ie t is ,

th e re fo re , to  be judged by the le v e l o f serum albumin and 

a lb u m in :g lo bu lin  r a t io .  do not show any s ig n if ic a n t

v a r ia t io n  among the group o f cases presented above. I t  is  

tru e /
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true th a t both the minimum and maximum values in  the ” h ig h - 

p ro te in ”  group are to some extent h igher than the 

corresponding values fo r albumin and a lb u m in :g lo bu lin  

r a t io  in  the " lo w -p ro te in ”  cases, but when one considers 

th a t the le v e l of p ro te in  in take  in  the former group o f 

p a tie n ts  was 1.7-5 times h igher than tha t in  the la t t e r ,  the 

s l ig h t  d iffe re n ce  in  values no ticed  loses i t s  importance.

In  th is  respect comparison^ o f va lues obtained in  U n its  

A and B are extremely s t r ik in g ,  fo r in s p ite  o f a d iffe re n ce  

of in take  of 44 gms. o f f i r s t  c lass p ro te in s  d a i ly  the values 

fo r  both plasma albumin and a lb u m in :g lo bu lin  ra t io  were 

almost id e n t ic a l.

%en the m ild and severe .pre-eclampsias are examined 

separa te ly  fu r th e r  evidence is  obtained to  show th a t the - 

le v e l o f p ro te in  consumption is not the only fa c to r  which 

a ffe c ts  the plasma p ro te in  concentra tion . Indeed, in  m ild  

toxaemias the average values fo r  plasma albumin and th a t of 

the ra t io  are h ighest in  the "h ig h -p ro te  in**, lowest in  the 

” lo w -p ro te in ”  and in term ediate  in  the ” medium-protein” . 

in take group. U n fo rtuna te ly  however, the d iffe re n ce  in  the 

values are not o f s u f f ic ie n t  s ta t is t ic a l  s ign ificance .. In  

severe toxaemias both plasma albumin and a lb u m in :g lo bu lin  

r a t io  were id e n t ic a l in  both U n its  B (131 gms. p ro te in )  and 

O f 75.5 gms. p ro te in ) . This suggests th a t  when toxaemia , 

a tta in s  a c e rta in  degree of se v e rity  in s p ite  of ■■high le v e ls  

of p rq te in  consumption the plasma p ro te in  concentration, 

f a l l s t /



f a l l s ,  apparently due to  in te rfe re n ce  w ith  the mechanisms 

involved in  the process o f regenera tion  o f p ro te in s  in  

the c irc u la t io n . This has also been noticed in  connection 

w ith  the n itro ge n  balance s tud ies  described in  the pre

ceding c h a p te r., These fa c ts  however do not p rov ide  

arguments against the employment o f  a h igh p ro te in  d ie t in  

pre-eclam psia. R esto ra tion  of a p o s it iv e  balance o f 

n itro g e n  and b u ild in g  up the p ro te in  reserves o f the body, 

which play an e sse n tia l ro le  in  pregnancy, are two very 

important func tio n s  o f a d ie t  r ic h  in  protein.. Such a d ie t 

however need not be expected to immediately re b u ild  the 

plasma p ro te in  le v e l u n t i l  these e sse n tia l demands have 

been f u l f i l l e d  and the process o f toxaemia is  under c o n tro l.

One in te re s t in g  fa c ts  deserves mention in  connection 

w ith  h ig h -p ro te in  d ie t .  An a na lys is  o f the fig u re s  pre

sented above w i l l  show th a t a d is t in c t  e f fe c t o f increased 

p ro te in  consumption is  an e le va tio n  o f the plasma fib r in o g e n  

This is  to some extent responsib le fo r  a ra ised le v e l o f 

to ta l p ro te in  concentra tion  o f the plasma, but from the 

p h y s io lo g ica l p o in t o f v iew  th is  is  o f  l i t t l e  b e n i f i t ,  

fo r fib rin o g e n  plays an in s ig n if ic a n t  ro le  in  the oncotic  

p ro p e rtie s  o f plasma p ro te in s . The e ffe c t o f h igh p ro te in  

d ie t in  ra is in g  the fib rin og en  content o f the plasma i s -*' ; 

in te re s t in g  in  re la t io n  to  !)ieckmannf s (46, 1929) e xp e ri

ments on the e ffe c ts  o f tissu e  fib rin o g e n  in  the production  

o f hepatic  le s io n s  of eclampsia in  experim ental animals.
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s h a ll have occasion to discuss th is  sub ject in  a 

subsequent section .

The cause fo r  th is  lack  o f response o f serum albumin 

to high, p ro te in  d ie t  in  pregnancy toxaemia, is  as ye t 

im p e rfe c tly  understood. There may be two possib le  explan

a tions  fo r i t .  (1 ) Conditions which are associated w ith  

recognised toxaemia, b a c te r ia l or otherwise have been knownO *
to be associated w ith  increased tissue  d e s tru c tio n , one o f 

the evidences fo r  which is  a high le v e l o f e xc re tio n  o f 

products of nuc leop ro te in  metabolism. The plasma p ro te in s  

are ca lle d  upon to meet the lo ss  su ffe red  by the tissu es . 

Experiments o f F ink e t a l (32, 1944) and several other 

in v e s tig a to rs  have demonstrated th a t there is  a free  

exchange o f p ro te in s  between plasma and tissu e s . In  

toxaemias o f pregnancy,- e s p e c ia lly  eclampsia the le ve l o f 

u r ic  acid in  the pinsma r is e s , is  has be en suggested by 

Stander (17a, 1932) to be.due to haemorrhage ta k in g  place 

in  the  l i v e r ,  and by i t s e l f  is  not s u f f ic ie n t  evidence fo r  

assuming the existence o f a c tive  tissu e  d e s tru c tio n  in  p re -i 

eclampsia# "TLasma u r ic  acid shows h a rd ly  any change from  i 

n o rm a lity  in  the e a r ly  stages of the disease and in  m ild  

p re -ec lanps ia . At th is  stage the  n itrogen  e xc re tio n  in  the 

u rine  also does not show any increase above normal le ve l's , 

i f  p ro te in u r ia  can be excluded. I n fa c t , the a va ila b le  

data o f almost a i l  in v e s tig a to rs  on the sub ject show t&at 

th e /
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the b iochem istry o f blood and u rin e  show l i t t l e  d e v ia tio n  

from n o rm a lity  at an e a r ly  stage o f toxaemia when plasma 

p ro te in s  commence to  f a l l  below the normal pregnancy le v e l.

I t  is  however worthy of note tha t ?oo, Lew and Addis 

(23, 1939) demonstrated tha t d u rin g  pregnancy the ra te  of 

p ro te in  anabolism is  cons iderab ly  augmented. In  pregnant 

ra ts  th is  accounts fo r  a 23 per cent, increase in  the 

p ro te in  assigned to  the l iv e r ,  much o f which c o n s titu te s  

the reserve p ro te in  o f the body. M eln ick and lo v g i l l  (24, 

1937) found b'v means of. p lasm apheresis in  pregnant doys./ v  X  V  >1 X t-J CJ ,

th a t when the reserve p ro te in s  are exhausted there  is -a  

marked impairment o f regenera tion  of plasma p ro te in s . I f  

toxaemia o f pregnancy is  associated w ith  a d ep le tio n  o f the 

reserve p ro te in s  o f  the body and a consequent secondary 

f a l l  in  the plasma p ro te in  concen tra tion , high in take of 

d ie ta ry  p ro te in  would be expected to  b u ild  up the p ro te in  

reserve before the plasma p ro te in s  show an appreciab le 

increase. The n itro g e n  balance stud ies described in  the  ̂

previous chapter show th a t in s p ite  o f h igh  le v e ls  o f p ro te in  

consumption, a s u f f ic ie n t lv  h igh  s ta te  of p o s it iv e  n itro g e n  

balance is  d i f f i c u l t  to  obta in  in  pre-eclam psia. These 

fa c ts  m^kes the second exp lanation  fo r  the decrease in  the 

plasma p ro te in  concentra tion  more p la u s ib le , v iz ,  (2 ) The  ̂

capac ity  o f the body to anabolise la rg e  amounts o f p ro te in  

su ffe rs  in  toxaemias o f pregnancy. liormal pregnancy rsh' 

associa ted/ twre.
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associated w ith  a p o s it iv e  n itro g e n  balance, which sometimes 

amounts to as much as ?. 7 gms. of n itrogen  (® 16.9 gms. 

p ro te in )  per day. (Hunscher e t a l , 35, 1933). In  toxaemias 

o f pregnancy such h igh  le v e ls  o f p o s it iv e  balance are 

seldom obtained, 4 d e ta ile d  study of the mechanism o f 

p ro te in  synthesis in  pre-eelampsia is  expected to  provide 

an answer to th is  problem. I t  was not possib le  fo r  u s ,to  

use d ie ta ry  or in je c ta b le  p ro te ins  w ith  an attached tra ce r 

n itro g e n , so we undertook to in ve s tig a te  the sub ject in  

an in d ire c t  manner.

S u lp h yd ril compounds in  the p ro te in s  are com paratively 

e a s ily  detected, and the sulphur contained in  the amino- 

acid s having such s u lp h y d r il ra d ic a ls  can be puantit a t iv e ly  

measured. I-c y s t in e  is  an e s se n tia l amino ac id , which to -  

gether w ith  choline exerts  a l ip o t ro p ic  e ffe c t on the l i v e r ,  

and i t  has been claimed by Krohn and B o rw o lff (26,  1937) 

and Maksimova (27,  1937) th a t cystine  possesses a p ro te in  

sparing e ffe c t when the d ie t is  low in  p ro te in . I t  is  on 

these grounds th a t 14 p a tie n ts  in  our series were g iven 

5 gms.of cys tin e  d a ily  fo r  three weeks in  a d d itio n  to the 

d ie t  th e y co ns ume d.

Sulphur was estimated in  the fjlasraa p ro te in s  before 

cystine  was administered and then at weekly in te rv a ls  fo r  

3 weeks. The method of e s tim a tion  employed is  descrioed 

in  the appendix. Bor the  sake o f s im p l ic i ty ,  the sulphur 

content o f the p ro te ins  is  expressed as "combined1* cys tin e  

p e r/
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per 100 'ml. of plasma. The re s u lts  are presented in

Table 27 and fig u re  IE.

Table 27

Before 1 2 3 weeks

T o ta l 5. 53 -  0 .03* 5.60 ± 0. 08 5.57 ± 0 .0 9 5., 60 ± 0.11
P ro te in •5.36 -  5.86 5.23 -  5.75 5.03 -  5.99 4.90 -  6.16

f ib r in o  0.46 ± 0. 03 0.45 *  0.07 0.46 -  0,06 0.46 ± 0.09
gen 0.41 -  0.51 0.76 -  0.59 0.24 -  0.56 0.13 -  0. -54

A .: G. 1.23 ± 0.02 1.22 *  C. 02 1.22 ± 0.02 1.23. *  0.03
P a tio 1.18 -  1.29 1.11 -  1.32 1. 03 -  1.37 1 .05 ’ -  1.33

Cystine 0.77 t  c. 03 0.78 ± 0 .0 3 0.3? ~ 0.05 0.79 ± 0.03
% 0.69 -  0.31 0.73 -  0.32 0.75 -  0. 39 0.71 -  0.90

*  Mean *  standard devi
- ■ 1 -

jation.

The data presented above show th a t ,  cystine  is  a poor \  

basis fo r  regenera tion  o f p lasm ^proteins. I t  is in te re s t in g  

in  th is  connection, to  note th a t Horse and Schmidt (28,1944 

fa i le d  to m ainta in a p o s it iv e  n itro ge n  balance in  pregnant 

ra ts  by adding even d-1-m ethionine to  a 33 per ce n t.n itro g e n  

d ie t*

QOHvTj)HTS

In  the se ries  of cases presented above, a d d itio n a l 

cystine  not only fa ile d  to  increase the  concen tra tion  Of 

plasma p ro te in s , but a lso proved in e ffe c t iv e  in  inc re as in g  

the content o f sulphur co n ta in in g  amino-acids in th e ‘pro te ins 

o f the plasma. Three cases of normal pregnancy were given 

5 gms. o f cys tine  d a i ly  fo r  one week ( in  a d d itio n  to  the 

o rd inary  d ie t ) .  A l l  showed a s l ig h t  increase in 'th e  content 

o
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of plasma albumir/at the end o f the per iod o f  in v e s tig a t ion. 

This amounted to  0.14, 0. BO and 0.39 * gms. per 100 ml. 

re s p e c tiv e ly . ..Simultaneously., there was an increase in  the 

sulphur content o f the plasma p ro te in s  in  each case, the 

average being 0.04 gms. per 100 ml. plasma. The sulphur 

content o f the plasma p ro te in s  appears to be f a i r l y  constant 

in  normal pregnancy. This constancy is  a ffe c te d  to  a 

great extent in  toxaemias and could not be resto red  in  our 

cases w ith  a d d itio n a l cys tin e . I t  is  d i f f i c u l t  to  be lieve  

th a t a l l  o f the cystine  given to these p a tie n ts  was put 

aside fo r  storage, fo r  the e xc re tion  of sulphur in  the 

u rine  during the per iod o f study increased from 3. 6 -  0.2 

to 3.98 - 0 . 3  gms. per day. These fin d in g s  together w ith  j 

the re s u lts  o f the n itrogen  balance already describedw W

suggest th a t the process o f p ro te in  syn thesis  is  not as.L J* i /

e f f ic ie n t  in  toxaemias as in  normal pregnancy.

In  th is  connection i t  is  in te re s t in g  to  r e c a l l  the

experiments done by % ip p le  and h is  co-workers (29, 1934).

These-authors found th a t regenera tion  o f plasma p ro te in s

in  .a-norm ally, nourished dog occurs w ith  great r a p id i ty  when

these are removed from the c irc u la t io n .  But i f  the animals

are depleted o f p ro te in s  by the removal o f p lasm ^jro te ins

and/or haemoglobin over a prolonged pe riod , regenera tion

is  g re a tly  re ta rded. Normal pregnancy is  associated w ith

a.deerease of about 17 per cent, in  the concentra tion  ofr

plasma p ro te in s  and about 15 per cent, in  haemoglobin.

M iln ick .and  lo w g il l  (24, 193?) observed th a t pregnancy 
is /
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is  ak in  to a s ta te  of in te rn a l plasmapheresis. Under 

these circumstances when toxaemia develops and-gives r is e  

to fu rth e r d e p le tio n  o f plasma p ro te in s  a co n d itio n  is  

created which can to some extent be compared w ith  the 

experiments described by % ip p le . As a consequence.' the 

regenera tion  o f the p ro te in s  o f the plasma is  retarded and 

f a l ls  below the mark i t  is  expected to a t ta in  in  presence 

o f  h igh d i  e t  ar y nr o t  e in  c on sump t i  o n.O  V  JL X.

V I1. E ffe c ts  o f R ais ing  the plasma P ro te in  Leve l JHL 

by in fu s io n s  of Concent r ated human Plasma P ro te in . ‘

Elman (30, 193?) pointed out tha t intravenous in 

fusions o f p ro te in  hydrolysates-caused an increase in  

n itrogen  s to rage, and regenera tion  o f plasma p ro te in s  in  

wasted subjects. This observation has been confirmed by 

other subsequent workers (31, 32). Recently Seeley (33, 

1944) demonstrated tha t in  cases o f  acute p ro te in  d ep le tion  

intravenous in je c tio n s  o f concentrated plasma restored 

normal cond itions* A rne ll and co-workers (20, 1945 ) c la im  

th a t massive " n u t r i t io n a l”  oedema in  pregnancy, s im u la tin g  

toxaemia .can be su cce ss fu lly  treated by th is  method o f 

therapy. O ccasionally one comes across a sporadic ease- 

re p o rt where toxaemia has been success fu lly  trea ted  by

in fus ions  o f plasma. These rep o rts  are e s s e n tia lly  of a
i n

c l in ic a l  nature and la c k /th e  data necessary to  understand-,-; 

the manner in  which such improvement is  brought about. I t  

was there fo re  considered necessary to in ve s tig a te  the 

p h y s io lo g ic a l/
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p h y s io lo g ic a l basis o f th is  treatment.

Nine cases o f genuine pre-eclam psia were studied .fo r 

th is  purpose* Each of them received a h igh m o ts in  d ie t .JL X • ' ■ X

(v ide  supra, Unit B). The. f lu id  in take was l im ite d  to

1 .5  l i t r e s  a dav, and none o f them rece ived anv treatm entV 9 t/

apart from ro u tin e  sedation w ith -phenobarbitone g r . ^ t . i . d .  

u n t i l  the te s t was over.

The q u a n tity  o f plasma p ro te in  in je c te d  in  each case 

varied from 24 to 32 gms. The concentra tion  was adjusted 

in  order to  make the  s o lu tio n  2 |  to 4 times more concen

tra te d  than normal plasma, The ac tua l q ua n tity  of p ro te in  

adm inistered was determined bv e s tim a tion  of the to ta l  

p ro te in  content o f the f in a l  s o lu tio n . The method employed 

fo r th is  purpose was essen tiaL lv  s im ila r to  th a t used fo rX X  t/

the determ ination  of plasma p ro te in s .

The in v e s tig a tio n  covered a period of 7 days s ta r t in g  

from the day when the in fu s io n  was g iven. The basic values 

were obtained from samples of blood co lle c te d  immediately 

before the in fu s io n .. T^e in v e s tig a tio n s  ca rrie d  out con-, 

s is ted  o f  the study o f changes in  plasma p ro te in  concentra t

ion , a lbum in :g lobu lin  r a t io ,  fib r in o g e n , urea, amino acid 

n itro g e n , plasma volume, u rina ry  ou tp u t, oedema, blood 

pressure, and a lbum inuria , Nor obvious reasons blood volume 

measurements'with Evans blue (T 1324) could not be repeated 

every day. ^he plasma volume was estimated by in je c t io n  

o f the dye before the  te s t s ta rte d  and at the conclus ion 

o f /
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of the experiment. In  the in te rve n in g  period the volume 

o f plasma was ca lcu la ted  from the i n i t i a l  re s u lts  obtained 

and the data derived from haem atocrit es tim a tion . I t  was 

assumed th a t during  the short p e r io d /in v e s tig a tio n  the 

to ta l  red -ce ll-m ass would not change to such an exten t as 

to in troduce a la rge  e rro r  on the values fo r  plasma volume.

The in te re s t in g  fea tu re  o f th is  studv ~ss the  u n i-  

fo rm ity  w ith  which every p a tie n t reached to the treatm ent. 

"The d e ta ils  of re s u lts  obtained in  each case are given in  

the appendix. Only one ty p ic a l case w i l l  be described here. 

The average values obtained from a l l  cases are presented 

in  fig u re  IE.

Mrs. D, p rim ig rav ida ,- a o e  ^9. Past h is to ry  revealed 

n o t h ing o f  imp or t  a nc e. in  te -n a ta l h i  s t  o r  y norm ai un t i l  

9 weeks before adm ission, whan she noticed some s w e llin g  o f 

the ankles. .Examination on 9 .7 ,43 fo r  the f i r s t  time 

showed s l ig h t  hypertension , 3 .P. 1 4 4 / 9 2  mm.Eg. There was 

s lig h t oedema o f ankles but no a lbum inuria . One week la te r ,  

the blood pressure increased to 1 6 0 / 1 0 3 ,  oedema was marked, 

and the u rin e  contained a lbum in+ 4*. The p a tie n t was 

admitted on 16.7.48.

On 17. 7.48 the general cond11ion wSc gg0 t he same. 

P.P. 155/105 mm.Hg. U rine contained 10 pa rts  (3sbach) 

alburain, oedema vas gross (3 x). 31 ood urea 21 mgms. per

cent. Urea clearance 114 per cent, o f maximum normal. . 

Maximum u rin a ry  ures concentra tion  3.9 per cent. Weight

69.5 k ilogram s.
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c m j — I  I  OEDEMA
110

URINE ALBUMIN

before 1 I  3 4 5 6 7 DAYS 
AFTER

Fig* 12. Effects of injection of concentrated human plasma 
protein in toxaemia.



135.

The in fu s io n
f

o f plasma p ro te in was given on 19. 7.43.

The re s u lts o f in v e s tig a tio n obtained during  the  period o f

study are presented in Table 9 3.. i

Table 23

i Be
fo re Af te r  In fu s io n  fDaysi
In -
fu s io r 1 2 3 4 C 1 r rro \ o 7

^lasma ?rp-^
te in  gras.%

5.27 6.12 5. 74 5. 60 5.43
i.... ;

5.39 | 5.30 j 5.25
1 !
| | .

Fibrinogen
o

0.49
'

0.46 0.34 0.39 0.44 0.46 1 0.43 ! 0.47
i !
| j

4. :0 .U a tio 1.04 1.39 1.29 1.25 1.16 1.13 ! 1.09' ! 1.05! !
Urea mgms% 19.0 19.3 17.0 24.7 20.3 13.6 ! 17.9 1 17.0j !
A A TJ,1. a.
mgms#

3.1 3.6 3.7 10.7 13.5 15. 0 ! 13.0 I 13.3
! i 
| |

^lasma v o l. 
ml. /K. J .

36.0 36.2 : 51.4
1
1

52. 0 | 49.7. 42.3 | 33.0 j 36.3
I s
I 1

B iu re s is  
m l./2 4  hr s.

674 720 733 969 j 333 1 300 I 706 1 636 
i i

i 1 !  •
Albuminur ia  
(Bsbach)

11 10.5 9 7 ! 7.5
j

3 i 10 | 11
1 i 

' 1 *
Oedema - -

i !4- 1 ;i I
Bo1'5* 160/ 

10 o
160/
103

160/
100

1.... - .

160/
100

. -

158/
100.

162/ ! 163/ 1170/ 
luC i 103 i  n o

____„ 1_____ L:. 0  '

The f i r s t  specimen o f blood was examined 3 hours a f te r

the in fu s io n  conta in ing  23.7 gms.of p ro te in  d isso lved in

TOO ml. of d is t i l le d  water.

i o m ; ENTS

The immediate e ffe c t o f the in je c t io n  was an increase

in  the concentra tion  of plasma p ro te in s  by 0.85 gms.per

100/
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100 ml. The le ve l.which the plasma p ro te in s  were expected 

to a tta in  as a re s u lt  o f the in fu s io n  is  (5.37X36. 0X60*5.
  [-------- run----------+23.v|

t (36.0 X 69.5 + 200) or 5.94 sms. The estimated le v e l o f
( ruu ' )

plasma p ro te in s  is  s l ig h t ly  h igher than the ca lcu la ted  value 

and exceeds the  margin o f e rro r o f the method o f  estim ation  

employed fo r the purpose. This increase W fa* is  d i f f i c u l t  

to e xp la in  unless i t  is  assumed th a t the in je c te d  p ro te in  

provided some stim ulus to the re lease of reserve p ro te in s  

in  the c irc u la t io n .  Confirmatory evidence in  th is  d ire c t io n  

is  not a va ila b le  at present. But in  a l l  of the 9 cases 

studied bv us, i t  was observed tha t the r is e  in  plasma 

p ro te in s  concentra tion  a fte r  in fu s io n  was higher than the 

ca lcu la ted  increase.

However, th is  increase was not maintained fo r  more 

than a very short period , fo r only P  hours a fte r the 

in fu s io n  the plasma p ro te in  le v e l had dropped below th a t <f 

the previous day and was a c tu a lly  less  than the ca lcu la ted  

value by 0.30 gms. per 100 ml. Thereafter the d e c line  was 

s te a d ily  maintained u n t i l  the p re - in f  usion le v e l ’ms 

reached between the s ix th  and seventh day a f te r  the in je c t io n  

However, th is  response o f plasma p ro te in s  is  only apparent, 

and does not represent the rea c tion s  o f the body to  the 

added amount o f plasma infused.

On the second day the  concen tra tion  o f plasma p ro te in s  

was 5.74 gms.per 100 ml. mge plasma volume on th a t day 

increased to  -51,4 ml. per k^ilogram . The to ta l  amount of 

plasma/
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plasma p ro te in  in  the c irc u la t io n  was therefore 

(5I75”*X~’59. 5 X h i74 f  100) 199. 0 gins.* By a s im ila r c a l

cu la tion  i t  is found tha t the to ta l p ro te in  of the plasma 

on the previous day amounted to 160.5 gms. In  other words 

during the previous 24 hours 33.5 gms.of p ro te in  must have 

been added to the c irc u la t in g  blood. During th is  period 

of study the plasma volume increased by 35 per cent, w hile  

the to ta l plasma p ro te in  content was raised by 74 per cent 

This explains the apparent drop in  the re la tiv e  concen

t r a t io n  and simultaneously ind icates tha t plasma transfusion 

has a s tim u la ting  e ffe c t (a t le a s t temporary) on the regen

e ra tion  o f plasma p ro te ins.

A study of the a lbum in:g lobu lin  ra t io  throws fu rth e r 

l ig h t  on the sub ject. Before the commencement o f the experi

ment the to ta l albumin and g lo b u lin  content o f the plasma 

were 61.1 and -53.6 gras, respective ly . The ra tio  was 1.04.
i

The infused plasma was estin ted  to contain 16.5 gms. of 

albumin and 10*7 gms. of g lo b u lin . Thus, as a re su lt of the 

in fus ion  the plasma should have contained a to ta l o f 77.2 

gms. o f albumin and 69.3 gms. of g lo b u lin , g iv in g  a to ta l 

o f 146.5 gms. E ight hours a fte r the in fus ion  however the 

•plasma contained 80.1 gras.' o f aLbumin and 6213 gms. of 

g lo b u lin , (Tota l 142.4 gms.). The a lbum in:g lobu lin  ra t io  

changed to  1.29. ' b .



This ana lys is  in d ica te s  th a t w ith in  a sho rt time a f te r  

the extra  p ro te in  was added to the c irc u la t io n  and re 

adjustment occurred which e n ta ile d  a storage o f 4.1 gms.of 

p ro te in . This was however no t a simple q u a n tita tiv e  

removal o f the p ro te in  fra c tio n s  from the c irc u la t io n  but 

consisted o f  a s e le c tiv e  process which apparently invo lved 

a ’’g ive and take”  between the plasma and tissues o f the 

body, ^or , in  the process of w ithdrawal o f 4.1 gms. o f 

p ro te in  from the  c ir c u la t io n ,  the plasma e v id e n tly  donated 

7 gms. o f g lo b u lin  to  the tis su e s  and rece ived  in  re tu rn

2.9 gms. o f albumin* This process of readjustment is  attended 

w ith  an increase in  the plasma albumin concentra tion  of 

0*75 gmsT^per 100 ml. w ith  i t s  osmotic advantages. More

over, by th is  measure, an overloading of the c ir c u la t io n  

w ith  large-molecubed g lo b u lin s  is  prevented, while  these 

are u t i l is e d  for, b u ild in g  up the depleted store o f reserve - 

p ro te in s . Thus the advantage o f  the mechanism becomes 

obvious.

. .Further in te re s t in g  events are noticed  during  the 

fo llo w in g  34 hours. I t  has a lreadv been oointed out th a t 

due to the haem odilu tion and consequent increase in  plasma 

volume, the actual content o f p ro te ins  in  the plasma is  

masked, so th a t in s p ite  o f a tru e  increase o f these elements 

th e ir  re la t iv e  concen tra tion  f a l ls .  The to ta l  amount o f 

p ro te in  c irc u la t in g  in  the plasma on the second day o f study 

was 199*0 gms., o f which 108.1 gms. were albumin and 84.lgms. 

cons is ted /
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consisted o f g lo b u lin . The ra t io  was s t i l l  m aintained at 

1.29. Thus, during  the preceding 24 hours the plasma was 

donated w ith  49.3 gms. o f p ro te in  of which albumin and 

g lo b u lin  consisted o f 23.0 and 21.3 gms. re s p e c tiv e ly  

( ra t io  a 1 .23 ). I t  may be mentioned here th a t in  th is  

process 4.7 gms. of fib rin o g e n  was removed f  rom the c i r 

c u la tio n . T^ is  shows the g rea t r a p id i ty  w ith  which regen

e ra tio n  o f plasma p ro te in s  may occur i f  s u ita b le  co n d itio n s  

p re v a il.

S cru tiny  of the re s u lts  o f the subsequent days however 

show th a t the stim ulus provided bv the in fu s io n  is  o f a

verv tran h to ry  nature. On the th ird  d av not on lv thei/ F  w v' «/

r e la t iv e  concentra tion  o f plasma p ro te in s  shows a fu r th e r  

f a l l ,  but a lso  the actua l content o f p ro te in s  in  the plasma 

shows/so me d e t  er i  or at ion,

Plasma was found to  conta in  193.6 gms. of p ro te in .

(Weight = 63.2 k ilog ram ) o f which albumin and g lo b u lin  were 

1C2.7 and 32,1 gm s.respective ly , ^he r a t io  declined to  1.25.

Thus, compared w ith  the preceding day the plasma albumin

dim inished by 6.0 gms. This was accompanied by a loss  of

2 .0  gms. o f g lo b u lin  and a ga in  of 7,0 gms. of fib rin o g e n .

The la b i le  nature of the plasma fib r in o g e n  is  c le a r ly  

demonstrated in  these experiments. However, even at th is  

stage the plasma contained 73.9 gras,of "n o n -fib r in o g e n ”  

p ro te in  more than th a t in  the p re - in fu s io n  period and 

56.2 gms. more than tha t causea by the in fu s io n  i t s e l f .

The/
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The corresponding increase fo r plasma, albumin was 41. 6 aid 

22.6 gms. re sp e c tive ly . This shows th a t the f a l l  in  the 

to ta l p ro te in  content of the plasma was confined p r in c ip a lly  

to  the albumin fra c t io n ,  and to  a much less  extent to  

plasma g lo b u lin s , w h ile  the fib rin o g e n  content was a c tu a lly  

increased.

On the  fo llo w in g  day fu rth e r d e te r io ra tio n  o f the con- 

d i t  ion was observed. The p ro te in  concen tra tion  o f the plasma 

had droprjed by 0*12 gms. per 100 ml. , and the to ta l  p ro te in  

content had declined to  185.7 gms. (= loss  of 12.9 gms.% 

Simultaneously the fib r in o g e n  content had increased to

14.9 gms. ( * 4. 1*1 gms. ) 'w h ile  the le v e l o f albumin had 

fa l le n  to 91.2 gms. ( *  loss  of 11*5 gms. ) and th a t o f . 

g lo b u lin  to 79.6 gms. (= loss  o f 2*5 gms.). Thus, the  

decrease in  plasma p ro te ins  was no longer re la t iv e  but 

absolute. Nevertheless four days a f te r  the in fu s io n  the  

sta tus o f plasma p ro te ins  *was s t i l l  b e tte r than th a t before 

the in  j e ct ion 0 f  p i a sma pr 01 e ins ♦

The f i f t h ,  s ix th  and seventh days o f the study showed 

l i t t l e  d iffe re n ce  in  the  nature of the change which com- -■ 

menced on the th ird  and was estab lished on the fo u r th  day 

a fte r  the in fu s io n  o f concentrated human plasma.. The pro

gressive drop in  the re la t iv e  concentra tion  is  obvious from 

the ta b le  presented above. The absolute content o f the 

plasma p ro te in s  a lso shows a s im ila r behaviour. Thus the::-f 

to ta l-p ro te in  content o f the plasma on these three days 

were/
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were 156.3, 133.3 and, 131.4 gms. re s p e c tiv e ly . I t  w i l l  be 

ev ident tha t on the  la s t  day o f the in v e s tig a tio n , in s p ite  

of the  concen tra tion  per ICO ml. being less  than tha t in  

the p rq - in fu s io n  s ta te , the a c tu a l p ro te in  content o f the 

plasma was s i ig h t ly  h igher. This progressive loss  of the 

p ro te in  from the plasma a ffected  c h ie f ly  the albumin 

fra c t io n , the  estimated content of which was 75.9, 65. 6 and

62.0 gms. re s p e c tiv e ly . The decrease in  the absolute con

ce n tra tio n  of the. g lo b u lin  was s l ig h t  and fo llow ed the change 

in  plasma volume, as a re s u lt  o f which the re la t iv e  con

c e n tra tio n  remained f a i r l ] 7 constant.

The behaviour o f urea and amino acic n itro g e n  w i l l  be 

described in  the appropria te  section.

The a lte ra t io n  in  oedema was the most s t r ik in g  change y  

in  the c l in ic a l  co n d itio n  of the p a tie n t. Before concen- J  

t ra td d 5 plasma was adm inistered the oedema was marked and 

almost genera lised. Between 24 and 32 hours of the plasma 

in fus  ion i t  s ta rte d  d irnin i  sh ing and. t h is  was acconpanied 

by an appreciable d iu re s is . By the th ird  day, there was 

only a trace  o f oedema and th is  co n d itio n  p e rs is ted  d u r in g  

the fo llo w in g  two days. On the s ix th  day p i t t in g  oedema 

had reappeared and continued to  increase. The cause of 

th is  improvement in  oedema appears to be d ir e c t ly  connected 

w ith  the increase in  the p ro te in  concentra tion  o f the plasma. 

This is  evident from the a lte ra t io n  observed in  the  plasma- 

volume almost concurrent w ith  the subsidence o f oedema. I t  

i s /  ,;
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is  in te re s t in g  to  note th a t d iu re s is  was n o t much in  evidence 

u n t i l  the w ithdrawal of the oedema f lu id  in  the c irc u la t io n  

had -progressed considerab ly . These fa c to rs  w i l l  rece ive  

fu r th e r  a tte n t io n  in  connection w ith  the in v e s tig a tio n  of 

oedema* I t  is  in te re s t in g  to  note th a t apart from improve

ment in  oedema and some accompanying d iu re s is  in fu s io n  of 

concentrated plasma showed no demonstrable e f fe c t  on blood 

pressure or a lbum inuria . Concentrated in fus ions  o f human 

nlasma seem to  have a temporary e f fe c t  on the  plasma p ro te in1 i. «/ A . JL

le v e l,  but appears to  have no in flu e nce  on the fa c to rs
4

which in i t ia t e  or m ain ta in  the  s ta te  of toxaemia*

2* g i h i m i

The values fo r  plasma p ro te in  obtained in  13 cases o f

eclampsia in  our se rie s  are given below -

Tota l plasma p ro te in  5*44 gms.per ICO m l.; 5 .3. 0.28 
Maximum -  6.20 gms.; Minimum -  4.97 gms.

F ibrinogen 0.34 gms. per 100 m l. ; S .D*0.20
Maximum -  0.76 gms. ; Minimum .0.16 gms.

Serum Albumin 2.75 gms.per 100 m l. ;  3 * !!  0.39 
Maximum -  3 .16 "gms. ; Minimum - 2 .1 3  gins.

Serum g lo b u lin  2.35 gms. per 100 ml. ; 5 .3 .0 .06
Maximum -  2.56 gms. ; Minimum -  2.30 gms.

A lbum in :g lobu lin  r a t io  1 .17; 3. M. 0.12 
Maximum ---1.40; Minimum 0.94.

These average values show onlv s l ig h t  v a r ia t io n  from 

those in  severe pre-eclam psia. Fowever, the sca tte r o f 

values in  eclampsia is  cons iderab ly  wider than tha t in ' .non- 

convulsive toxaemia, as a re s u lt  both the minimum and 

max imum/' ;
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maximum values tend to  exceed the l im i t s  seen in  the la t t e r  

co nd ition , For the same reason the c o -e f f ic ie n t  o f v a r ia t io n  

is  also greater than tha t in  pre-eclam psia. The d iffe re n c e  

in  values between eclampsia and pre-eclampsia is  no t 

s t a t is t i c a l ly  s ig n if ic a n t .

Nevertheless, th is  does n o t represent the actua l 

nature o f the changes tak ing  place in  the  plasma p ro te in s  : 

in  eclampsia. This was repealed d u rin g  haem atocrit s tud ies  

which were undertaken in  order to  asce rta in  the cause o f  ' 

th is  unusual v a r ia t io n  of values.

Tn 15 cases o f eclampsia belonging to th is  se ries the 

average packed c e l l  volume was 41.96; 5 .3 . 2 .43 , w ith  a 

range o f 40.1 to 49.0. This shows, an increase o f 4 .9  pet 

cent, of the average haem atocrit in  severe pre-eclam psia, 

and a l i t t l e  over 10 per cent, over tha t in  normal pregnancy. 

Against .th is  increased haemoconcentration, the r is e  in  

plasma g lo b u lin  by 0.03 gms.per 100 ml. (c. f .  severe p re - 

eclampsia) shows th a t the g lo b u lin  concentra tion  has in 

creased by only 1 ,3  per cent. Thus, in s p ite  of a r e la t iv e ly  

h igher value of g lo b u lin  per 100 ml. plasma, there has been 

an actua l decrease in  the to ta l g lo b u lin  content o f the 

plasma. The albumin :g lobu l in . r a t  io in  e c l amps ia remains ^  

p ra c t ic a l ly  the same as that in  severe pre-eclam psia, which

means th a t there has been a p ro p o rtio n a te ly  bigger f a l l  j
■■■■■■ |

( ^ 1 ,1 6  to  1 .17) of the albumin content. Again, i f  the; 

haemoconcentration is  taken in to  account th is  assumes 1

c ons id  er able s ign i f  ic  an ce.



F ibrinogen , however shows an im portant d e v ia tio n  from 

th a t observed in  pre-eclam psia. The average value is  con

s ide rab ly  le s s , but because the  s c a tte r  o f va lues is  much 

w ide r, the d iffe re n ce  between pre-eclam psia and eclampsia 

does not appear to  be s t a t i s t i c a l l y  s ig n if ic a n t .  The 

h ighest value (.0. 76 gms. per 100 ml. ) was h igher than any 

we found in  non-co nvu ls ive  toxaemia, and the lowest value was 

nea rly  as low*; In  22.7 per cent, o f cases the le v e l of 

plasma fib rin o g e n  was le ss  than th a t regarded as the normal 

minimum in  the non-pregnant s ta te . In  27.3 per cent, i t  

was higher than the average fo r  pre-eclam psia. The change 

in  the plasma concentra tion  of f ib r in o g e n  the re fo re  is  to  

some extent unpred ic tab le  in  eclampsia. I t  is  o f in te re s t 

to  note th a t Ooetzee and Marrack (9 , 1924) also observed 

a s im ila r  behaviour o f plasma fib rin o g e n  in  eclampsia, 

^ieckmannfs average (4a, 1941) is  however higher than 

normal, although he mentions 2 cases where the plasma f ib r in 

ogen dropped to zero d u ring  the course of the disease.

^u rth e r estim ations, o f fib rin o g e n  done in  our la b o ra to ry  

(a fte r  th is  series was compiled) confirm s our b e lie f  th a t 

in  a s u f f ic ie n t ly  la rge  series of cases the  average j

fib r in o g e n  in  edanpsia  w i l l  appear to  be less  than normal-.

In  th is  respect we have the support of the cases presented

by Coetzee to the Royal Society o f Medicine. f

DISCUSSTOII -  '  ̂ 1

, A l l  in v e s tig a to rs  agree th a t the plasma p ro te in  

coiiQentrat io n / .
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concentra tion  in  toxaemia is  lower than th a t in  normal 

pregnancy. One o f the e a r lie s t communications on th is  

s u b je c t- in  th is  country is  tha t o f Ooetzee and la r ra c k  

(9 , 1924), who observer] tha t in  toxaemia o f pregnancy the 

change consisted of a un i fo r n f a l l  o f plasma albumin,

"’ ra the r low'* concen tra tion  o f g lo b u lin  and a va ria b le  

behaviour o f fib rin o g e n . They a lso  noticed th a t in  

eclampsia the changes were more s tr ik in g ,  in v e s tig a tio n sX O w w

o f r lass  and Bogert (7 , 1924), Bufinger (34, 1923),

Bastman(6, 1930 ) f S trauss, (8a, 1937], Re inh a rt .(11, 1945) .
S'and M oller-O hristensen (35, 1946) also confirm  th a t in  t 

toxaemia of pregnancy the p ro te in  concentra tion  of the-plasma 

su ffe rs  an appreciable d e te r io ra t io n  mostlv. w ith  regard to  IJ_ x. o \\
the fra c t io n  o f albumin, ^he fin d in g s  described by us in  | 

the nreceding pages, agree w ith  these observat ions. !i  ... A o  j .
i

Two po in ts  which re q u ire  in v e s tig a tio n  are the nature  

and the cause of the f a l l  in  the p ro te in  concentra tion  in

the p la  sma. I t  has been pointed out in  connection w ith

normal pregnancy that the, lo ss  o f the p ro te in  concentra tion  

of the plasma in  normal cases a ffe c ts  the chemical com

p o s itio n  o f the p ro te in s , w h ile  the p hys ica l e ffe c ts  o f 

haernodilut ion are compensated by m o b ilis in g  la rg e r molecules 

o f fib r in o g e n .1 I t  may be o f in te re s t to  see how th is  

phys ica l compensation is  a ffec ted  in  toxaemia.

• In  order to study t h is ,  i t  is  necessary to take in to ’.” ™  

account the haemoconeent ra t ion whioti is  always present in  

toxaemia/
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toxaemia of pregnancy* This va rie s  considerab ly w ith  the 

decree of oedema present, but in  a mixed group o f p re -J. 9 O *  X

eclampsias we observed th a t compared w ith  normal pregnancy 

the plasma volume,on an a ve ra g e ,fa lls  by 3-4 per cent, in  

m ild  pre-eclam psia, 6.0 per cent, in  severe pre-eclam psia 

and about 10 per cent, in  eclampsia. On th is  basis we 

s h a ll analyse our data in  the same manner as we have done 

in  normal pregnancy.

The plasma volume in  pregnancy in  the example givena!» X w i/ *#■ O

before was regarded as 2,500 ml. With m ild toxaemia the 

plasma volume drops to 2425 ml. , which gives the n ro te in
*■ A  7 O  X

composition o f the phLasma as, to ta l 133.5 gms., albumin

71,5 gms., g lo b u lin  55.1 gms., and fib r in o g e n  11.9 gms.

In  terms o f the p ro te in  mass expressed as albumin th is  

is  equ iva lent to  212.5 gms. Had the f a l l  in  plasma volume 

in  th is  case been of a p h y s io lo g ic a l nature and not due to  

toxaemia, loss  o f water from the plasma would c a l l  fo r  a 

readjustment of the le v e l o f the p ro te in s  in  order to 

m ain ta in  the same phase o f d ispe rs ion  of the c o llo id * ."

» This assumption i s #not based on a th e o re tic ^
foundation . .E xpe rim en ta l work o f Lyons, Jacobson 

■ and Meerkin (36, 1945) has shorn th a t norm ally b "
the p ro te in  concentration, o f the plasma is  not 
allowed to  a lte r  w ith a change in  the plasma volume, 
fo r p ro te in  is  added to  the plasma when the  volume 
increase's and withdrawn from i t ,  when i t  f a l ls ,  .

" "  ' '  ”■ . I . I .    .............................  , ■ ■ ; - ---------------------------------------------------------------------------------------------------------------------------------------------------- ----

With a 3 per cent, loss  o f f lu id  th is  would caus^e the p ro te in  

con ten t/



content to change from 232,15 to 225,15 gms, (v ide  supra) 

equ iva lent o f albumin. Thus, the -’ p ro te in  mass”  in  toxaemia 

is  d e fic ie n t by an amount which is  equivalent to  that o f 

(225,15 -  212*5) or 12, 65 gms. of albumin. This represents 

a decrease of 5 .6  per c e n t, o f the normal pregnancy le v e l.

%en toxaemia is  severe, the p ro te in  mass (based on. 

average f ig u re s  a lready described) cons is ts  o f  63.1 gms. 

albumin, 54.1 gms. g lo b u lin  and 11.1 gms. o f fib rin o g e n7 O O W w

( to ta l  *  123.3 gms, ). Expressed as albumin th is  is  

equ iva lent t o :197.4 gms. The p ro te in  mass o f the plasma 

i s  thus d e fic ie n t f r o m  n o r m a l  c a s e s  by (232. I D - (332.15XU. Ub )*

197..4) or 20,85 gms. equ iva lent o f albumin, which represents 

a decrease of the c o llo id a l mass by 9*55 per; cent, o f  the 

normal pregnancy le v e l.

The change in  eclampsia is  even more s t r ik in g .  A fte r 

making correction fo r  the blood volume, the p ro te in s  o f tie. 

plasma are found t o  co ns is t o f  61.3 gms. o f  albumin, 53.0 -ms.
•»  w  7 i j f

o f  g lo b u lin  and 7,65 g m s .  o f  f i b r i n o g e n ,  t o t a l  172,45 gms, 

which is ,  equ iva lent to  the mass o f 1 ^ .9  gms. o f  albumin. 

Therefore compared w ith  n o r m a l  pregnancy the p r o t e i n  m a s s  

decreases by TTTJ7; 15” -  (232THTY U  1) -  177.9) o r 31.0 gma. t 

i .  e, 14,85 per cent, o f the normal pregnancy le v e l.

These fig u re s  show c le a r ly  tha t the d e lica te  e q u il

ib rium  of the p hys ica l mass o f the p ro te in s  o f  the  plasma 

which is  maintained in  normal preanancv is  lo s t  w ith  the1 U v ,

o n s e t'o f toxaenia, The fa i lu r e  o f compensation appears to
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be a g r a d u a l  e v e n t ,  and  b ec o m e s  m o re  m a r k e d  a s  t o x a e m i a  i

b ec o m e s  s e v e r e ,  a nd  a t t a i n s  c o n s i d e r a b l e  m a g n i t u d e  i n  ’ *

e c l a m p s i a .

T he  c h e m i c a l  c o m p o s i t i o n  o f  t h e  p r o t e i n  a l s o  s h o w s

- a l t e r a t i o n  f r o m  t h e  s t a t e  o b s e r v e d  i n  n o r m a l  p r e g n a n c y .

T h e n  t h e  n o r m a l  v a l u e s  f o r  t h e  p r o t e i n  f r a c t i o n s ,  c o r r e c t e d

f o r  t h e  d e c r e a s e  o f  t h e  p l a s m a  w a t e r ,  i s  c o m p a r e d  w i t h  t h o s e

i n  t o x a e m i a  i t  i s  seen  t h a t  t h e  r e l a t i v e  p r o p o r t i o n s  o f  t h e

d i f f e r e n t  f r a c t i o n s  a r e  a f f e c t e d  as f o l l o w s : -

A l b u m i n  d e c r e a s e s  b y  1 6 . 3 $ i n  m i l d  o r e - e c l a m p s i a ,  3 4 . Z  p e r  I 
c e n t ,  i n  s e v e r e  p r e - e c l a m p s i a  a na  3 9 . 0  p e r  c e n t ,  i n  
e c l a m p s i a .

G l o b u l i n  d e c r e a s e s  by 7 , 7  p e r  c e n t ,  i n  m i l l  p r e - e c l a m p s i a ,
5 . 7  p e r  c e n t .  i n  s e v e r e  p r e - e c l a m p s i a  and 3 . 3  p e r  c e n t .
i n  e c l a m p s i a .

F i b r i n o g e n  i n c r e a s e s  b y  1 0 . 1  p e r  c e n t ,  i n  m i l d  p r e - e c l a m p s i a ,
1 0 . 0  p e r  c e n t ,  m  s e v e r e  p r e - e c l a m p s i a  and d e c r e a s e s  b y  ;
3 0 . 9  p e r  c e n t ,  i n  e c l a m p s i a .

The  a l b u m i n  c o n t e n t  o f  t h e  p l a s m a  i s  t h e  f i r s t  t o

s u f f e r ,  a n d  t h e  m a g n i t u d e  o f  i t s  f a l l  i s  a l s o  t h e  h i g h e s t .

In  t h i s  r e s p e c t  o u r  f i n d i n g s  a r e  i n  c l o s e  a g r e e m e n t  w i t h

t h o s e  o f  o t h e r  i n v e s t i g a t o r s .  T h e s e  a u t h o r s ,  h o w e v e r ,  h a v e

d e s c r i b e d  t h e . r e s u l t s  b a s e d  o n  c o m p a r i s o n  o f  t h e  a l b u m i n

c o n c e n t r a t i o n  p e r  100- m l .  o f  p l a s m a ,  a n d  h a v e  o b s e r v e d  a

d e c l i n e  i n  t h e  a l b u m i n  c o n t e n t  o f  a b o u t  3 0  ( E a s t m a n )  t o  33

( . H e i n h e r t )  -per  c e n t .  I t  i s  o b v i o u s  t h a t  t h e  n e t  a l b u m i n

c o n t e n t ' o f  a c o l l o i d a l  s o l u t i o n  l i k e  p l a s m a  c a n  n o t  ,be

s t r i c t l y  c o m p a r a b l e  u n l e s s  c o r r e c t i o n s  a r e  made f o r  t h e

v o lu m e  ;o f  w a t e r  i n  w h ic h  t h e y  a r e  m a i n t a i n e d  as a s o l u t i o n .

T h e /
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/fThe data presented above in d ica te s  tha t there is  an \

absolute decrease in  the albumin fra c t io n  o f the plasma 

p ro te in s , which becomes more marked as the toxaemia increase 

i n  s e v e r ity , and in  th is  respect the change i n  the re la t iv e  

c :n c a n tra tio n  in d ica te s  the nature of the change i n  the 

to ta l  albumin content*

Several in te re s t in g  hypotheses have been made regard ingO xJ l. _ o  o

the cause of t h i s - f a l l  in  plasma albumin, none of which

are s u f f ic ie n t ly  convincing. I t  has been pointed out in

connection w ith  normal pregnancy, tha t one of c h ie f causes

of the d ec line  in  the albumin concent ra t io n  is  demand fo r

p ro te in  storage. I t  is  poss ib le  th a t the exaggerated f a l l

in  toxaemias is  due to  some in te rfe re n ce  w ith  th is  storage

mechanism. Studies in  n i t r o g e n  balance presen ted in  the

previous chapter in d ica te  th a t even i f  the p ro te in  lo s t  in
o i

.the urine is  not taken in fo  consider at ion the amount/stored

p ro te in  . is  fa r  le s s  than th a t in  normal pregnancy. I t  has

also been seen th a t by considerab ly augmenting 'toe le v e l o f

p ro fe in  intake, the amount o f p o s itiv e  balance in  toxaemia,

can not be- ra ised  to the expected le v e l.  These fa c ts  tend

to -suggest th a t the mechanism of o ro te in  storage is
*  ^:his "  ,

d e fe c tive  in  wegnancy toxaemia. T h a t/is  not raerelv due to s
(

increased p ro te in  catabolism  is  shown by the fa c t th a t h igh 1 

p ro te in  d ie t res to res n e ith e r the n o rm a l'p o s itive  n itro g e n  I 

balance of pregnancy nor ra ise s  the p ro te in  le v e l of. the 

plasma/
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plasma. This has been seen not only- in  the cases studied 

by us but also by A rne ll and co-workers (30,1945) and 

W illiams (21, 1945). Som e'light is  thrown on the subject 

by the re su lts  obtained w ith in fus ion  of concentrated 

plasma p ro te ins . I t  has been noticed tha t a r t i f i c ia l l y  

ra is in g  the p ro te in  concentration of the plasma acts as a 

stimulus to increased formation o f plasma pro te ins. This 

is  best manifested on the second, and th ird  days a fte r the 

in fu s ion. But the e ffe c t is  o f a shor t  dur at ion. 11 i  s 

possible that by co n tin u a lly  m aintain ing a high plasma 

p ro te in  le v e l w ith  repeated in je c tio n s  of concentrated 

plasma (we be lieve , on the above find ings that in je c tio n s  

should be repeated every th ird  day), the v ic ious c irc le  

which in te r fe re  w ith  o ro te in  svnthesis and storage ma  ̂ bei. * ■ O e/

corrected. In  th is  connection, i t  is of in te re s t to point

out an experimental observation made by Elman and H e ife tz  

(30a, 1941). These authors f  ound that i f  hypoprot e inaon ia 

pe rs is ts  fo r any length o f tim e, i t  causes impairment o f 

l iv e r  functions. loe ttsch  et al (37, 1942) confirmed th is  

fin d in g  and stated that th is  hepatic dysfunction is  a 

revers ib le  process and can be corrected by improving the 

le v e l o f plasma p ro te ins . I t  is  possib le  tha t prolonged 

phys io log ica l hvpoalburainaemia, in  presence o f a low 

n u tr i t io n a l status during pregnancy, makes the l iv e r  more

susceptible to  the s tra in , imposed upon i t  by the onset of

toxaemia, as a re s u lt of which fu rthe r f a l l  in  p ro te in  

concentra tion/
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concentra tion  occurs.

Hepatic fu n c tio n a l derangement lias long been held 

responsib le  fo r  many of the m an ifes ta tions  o f toxaemia o f 

pregnancy, in c lu d in g  a f a l l  in  the plasma p ro te in  concen

t r a t io n ,  and e s p e c ia lly  tha t of the albumin, This fin d s  

support in  the behaviour o f plasma p ro te ins  in  organic 

diseases o f the l i v e r ,  e.g. c ir rh o s is ,  h e p a t it is  or m alig 

nant growths. In  these cond itions  also the plasma p ro te in  

concentra tion  decreases below normal le v e l,  c h ie f ly  due to  

a lo ss  o f serum album in, while fib r in o g e n  and g lo b u lin  o fte n  

show a re la t iv e  increase. In  th is  respect the s im i la r i ty  

between these cond itions and oreqnancv toxaemia is oovious. 

Hepatic fu n c tio n  te s ts  in  pre-eclam psia have been reported 

by’ severa l in v e s tig a to rs  (33 ,39,40,41) to g ive  sub-normal 

re s u lts . Our cm. observations (to  be described la te r )  

confirm  th is .  I t  is  possib le  th a t the d isturbance o f hepatic  

fu n c tio n  in  pregnancy toxaemia b rings about the change in  

plasma p ro te in s , p a r t ic u la r ly  th a t of albumin. Nevertheless, 

i t  must be adm itted th a t such a hypothesis merely begs a 

number of questions, the answers to  which are not fre e  from 

c o n tra d ic tio n s .

The marked decrease in  the plasma albumin concen tra tion  

which oncurs in  toxaemia is  not associated w ith  a complete 

breakdown of the compensatory mechanism* This is  p a r t ic u l

a r ly  observed w ith  regard to  fib rinogen .. A tte n tio n  haso 

a lready/
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a lready been drawn to the process where a decrease o f the 

albumin content o f the plasma is  made up by an increase 

in  the fib r in o g e n , the mass of which is  p ra c t ic a l ly  

equivalent to th a t o f the albumin lo s t ,  prom the data p re 

sented above i t  w i l l  be evident that while  the re d u c tio n  

in  albumin is  considerable there is  in ta c t  o r is e  in  f ib r in o 

gen. An ana lys is  o f  the behaviour o f fib rin o g e n  is  in te r 

es ting . In  the example given above the net amount of 

fib rin og en  in  the plasma is  11.9 gms., in  m ild pre-eclam psia 

the plasma contains an a d d itio n a l (11.9 -(10."7b-Io fT ’oxU. 0 3 ))

1 .5  gms. of fib rin o g e n . This in d ica te s  a 10.1 ^er cent, 

increase over the  normal nregnancv le v e l,  however, the 

d e f ic i t  o f (58. 5  -  05. o% C.CJJ -  71.5) 14.4 gms. o f albumin  ̂

requ ired (14.4 f  4. 8 ) ,  3 gras, o f f ib r in o g e n  fo r the re s to r 

a tion  o f the p ro te in  mass. Thus, in s p ite  o f a 10.1 per cent, 

increase, the amount o f fib rin o g e n  added to  the c irc u la t io n
\

supp lies  only -50 per cent, o f the amount needed. I t  fo llo w s  J 

th e re fo re , th a t in  toxaemias o f pregnancy there is  a defective 

p roduction  of f ib r in o g e n  as w e ll. The c a lc u la t io n  presented 

above does not take in to  account the readjustment necessary 

fo r  the decrease o f g lo b u lin . I f  th is  is  considered the' 

comparatory increase in  fib rin o g e n  appears to  be ex trem e ly ' 

inadequate.

I n  severe pre-eclampsia the increase in  f ib r in o g e n  ’

■ s t i l l  10.0 per cent, o f the pregnancy level, but when th e " i/"  

d e fic ie n c y /
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d e fic ie n cy  o f albumin is  taken in to  account i t  appears tk a t  

the plasma has been supplied w ith  only 19.9 per cent, o f the 

fib rin o g e n  requ ired  to re s to re  the balance upset up a 

fu rth e r decrease of albumin. Thus in  severe toxaemia the 

regenera tion  of fib r in o g e n  is  even less  than that in  mild 

pre-eclam psia. '

Eclampsia is  found to cause a complete breakdown o f a l l  

comnensat orv e f fo r ts .  I t  w i l l  a up ear from the  data o re -
£  ' *•* — Jkr <4#

sented above tha t compared w ith  normal pregnancy there is  

a c tu a lly  a d e fic ie ncy  of f ib r in o g e n  in  the plasma amounting 

to  f f l u l 7o~F’U7I7 -  7 .65 ] 2.03 gms. The-loss of 

albumin in  e c la ^ 's ia  -requires- ( Si.To "^3 3 . 0 X u. I )' - S l. ry f  4. 3) 

3.74 gras, o f fib rin o g e n . In  other words the net d e f ic i t  is  

(3.74 - ( -3 .  (B ) , 5.7? gras. This shows th a t the  plasma con

ta in s  an a mount o f  f  ib r i  no gen which is  155.0 per cent, less 

than the  amount required fo r  p hys ica l compensation.

The behaviour o f f ib r in o g e n  seems to  o ffe r  support to / !
u  4 1 j\

the b e l ie f  th a t the cause o f the decrease in  the plasma /
j ;

p ro te in  concentra tion  in  pre-eclam psia and eclampsia is  

connected w ith  hepa tic  dys func tion . We have observed (v ide  1, 

in f ra )  tha t the e f f ic ie n c y  o f the l iv e r  s u ffe rs  p rog ress ive ly■ y
as-toxaemia a tta in s  s e v e r ity . 4s fa r  as is  known the l iv e r  

is  the on ly  s ite  o f fo rm ation  o f f ib r in o g e n , and i t  w i l l 'be ; 

evident from: the  ana lys is  th a t the p roduction  of f ib r in o g e n  

in ''pregnancy' toxaemia becomes less  at each successive stage :

as/-, •



as the cond ition ; d e te rio ra te s . ■ In  th is  connection i t  is  

in te re s t in g - to  re c a ll the a lte ra t io n s  o f plasma fib rin o g e n , 

in  re la t io n  to  blood pressure. I t  has been observed th a t 

the concentra tion  per 100 ml. increases up to a d ia s to l ic  

pressure le v e l oft 105-110 mm.Hg. , a f te r  which there is  a 

sudden and rapid f a l l .  High d ia s to l ic  pressure in  pregnancy 

toxaemia is  in d ic a t iv e  o f  vascular spasm, w ith  the a ttendent 

r is k s  o f  a d e f ic ie n t . supply o f oxygen. I t  has been shown 

experim enta lly  by Engel, H arrison and Long (42, 1944) th a t 

the l iv e r  c e lls  can no t r e s is t  prolonged anoxaemia. I t  seems 

reasonable to  conclude th a t p e rs is te n t vasospasm, associated 

w ith  toxaemia imposes a s t r a in  on the normal a c t iv i t ie s  o f 

the l i v e r ,  one o f  the fu nc tio n s  o f  which is  the  manufacture 

o f plasma 'p ro te in , e s p e c ia lly  tha t o f albumin and fib rin o g e n . 

This would e xp la in  the changes in  plasma albumin and 

fib r in o g e n  ju s t described.

G lobu lin  also reacts  in  a very in te re s t in g  manner, but 

i t s  behaviour is  le s s  ty p ic a l.  I t s  re la t iv e  concentra tion  

remains almost the same in  m ild  and severe pre-eclam psia , 

and a c tu a lly  shows a very s l ig h t  increase in  eclampsia, yp r , 

S im ila r fin d in g s  have been recorded by o the r in v e s tig a to rs ' 

also. In  view o f the progressive  haemoconcentration th is , 

le d  the previous in ve s tig a to rs  to be lieve  tha t there  is  an s | 

actua l increase in  the  g lo b u lin  content o f the plasma in^-; j

pregnancy toxaemia. H o lle r-O hris tensen  and Thygesen %

(35, 1946) are the on ly authors to suggest a tru e  decrease
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of plasma g lo b u lin  in  severe toxaemia. I f  the  data 

presented above are applied to  the example used fo r  i l l u s 

t ra t in g  our agument i t  appears th a t the to ta l  g lo b u lin  

present in  the plasma amounts to 55.1, 54.5 and 53 gms. in  

m ild p re -ec lam psia , severe pre-eclam psia and eclampsia 

re sp e c tive ly^  I f  the  g lo b u lin  content o f normal pregnancy, 

v iz . 61.5 gms. is  adjusted to  the decrease in  the  plasma 

water the expected g lo b u lin  le v e l should in  the co nd ition s  

mentioned above, be 59.7, 57.3 and 55.4 gms. respective ly /.7 7 J im

Therefore, there is  an actua l decrease in  the plasma 

g lo b u lin  in  pregnancy toxaemia, a fin d in g  which agrees w ith :;  

th a t o f the last-named authors. The extent o f th is  decrease 

amounts to 7 .7 , 5.7 and 3.3  per cent, re s p e c t iv e ly , of the 

q u a n tity  expected to be present. Tn o ther words, toxaemia 

brings about a f a l l  in  the g lo b u lin  content of the plasma,, 

which tends to get le ss  as the disease increases in  s e v e r ity . 

Such a co nd ition  is  possib le on ly  i f  there are s ite s  o f 

g lo b u lin  form ation  other than the l i v e r .  The in v e s tig a tio n s  

o f Madden, Whipple and co-workers (39a, 1940) suggest the 

existence o f such e x tra h ep a tic  sources o f g lo b u lin  formation# 

Hawk, Oser and/Summerson (43, 1947) a lso state/that ’’ indeed'' 

there is  considerable evidence tha t parts of the body *other 

than the l iv e r  are concerned w ith  plasma g lo b u lin  format ion", * 

In  v iew  of the fa c ts  ju s t .mentioned i t  seems reasonable 

to conclude th a t the i n i t i a l  f a l l  of plasma g lo b u lin  i t :  ; 

associa ted /
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associated w ith  a d e fe c tive  fu n c tio n  of the l i v e r ,  which j 

also brings about a decrease of plasma albumin and only an 

inadequate supply of fib rin o g e n . As toxaemia increases th(| 

hepatic  e ff ic ie n c y  fu r th e r  s u ffe rs . As a re s u lt ,  other j 

extra  hepatic  compensatory mechanisms o f the  body are c a l i id  

upon to act in  order to  m ainta in  the le v e l of the c o llo id s ; 

of the plasma* This exp la ins the s lig h t apparent improve

ment in  the sta tus of plasma g lo b u lin  w hile  th a t of 

fib rin o g e n  and albumin continues to d e te rio ra te .

The balance o f the chemical composition of plasma 

p ro te ins  is  s a c r if ic e d  even in  normal pregnancy. In  toxaemia 

i t  is  worsev  The phys ica l e q u ilib r iu m  which is  ju s t 

d e lic a te ly  maintained in  normal g e s ta tio n  is  completely 

upset in  toxaemia. As a re s u lt  in  pre-eclam psia, and 

eclampsia the plasma p ro te ins  are a ffe c te d  both q u a l i t a t i / e ly  

and q u a n t ita t iv e ly  w ith  no evidence of compensation in  e ith e r 

d ire c tio n .

In  th is  connection, an. observation made by Smith and 

Smith (44, 1947 )■. appears in te re s t in g . These authors stated 

th a t in  toxaemias o f pregnancy there  is  an increase in  the 

plasma o f the eug lobu lin  which possesses to x ic  f ib r in o ly t ic  

property* Tgese authors suggested tha t th is  e ug lobu lin  is  

l i k e ly  to  be the cause; o f the c l in ic a l  m an ifesta tions o f 

toxaemia. . Considering, th a t ex trahepa tic  s ite s  o f form ation 

of g lo b u lin  are ca lled  upon to  supply the needs in  severe 

pre-eclampsia and eclampsia an abnormal q u a lity  o f these 

p ro te in s /
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pro te ins  may not be an unexpected phenomenon. Ne. 

estimated the eug lobu lin  content o f the plasma in  11 cases 

of severe pre-eclampsia and 3 cases o f eclampsia, by p re - 

c ip a tin g  i t  w ith  13.5 per cent, sod iurn sulphate a t 3?°9.

'[’he value- s obtained ranged between 4.3 to 11.0 per cent, o f 

the to ta l  p ro te in  w ith  an average of 7 .1 ; S.3 .2 . I ,  Normally 

eug lobu lin  c o n s titu te s  about 3 her cent. (TTavk; of the 

to ta l n ro te in . In  6 cases o f normal pregnancy the average 

eug lobu lin  content of the  to ta l n ro te in  was 4.4  per cent.C-> J i

(range, 2 .9  to 7 .1 ). Eufinger (34a, 1928) observed th a t 

eug lobu lin  is  norm ally ra ised  d u ring  pregnancy. The se rie s  

studied bv us is  small and does not p rovide a s a tis fa c to ry-- -L 4/

conclusion. I f  fu r th e r  in v e s tig a tio n  confirms these fin d in g s  

the assumption made above would be reasonable. However an 

increase of eug lobu lin  does not n ece ssa rily  provide an 

evidence fo r the to x ic  q u a lity  ascribed to  i t .  Te have not 

observed any f ib r in o ly t ic  p roperty  o f th is  supposed by to x ic  

eun lobu lin  obtained from cases of severe ure-eclam-'sia and 

eclsmnsia. Nevertheless, p ro te ins  P a r t ic u la r ly  G lobu lins**• J 1. JL t

have im portant phys ica l functions to  perform. There is  a 

s ta te  of lipaem ia o f the blood d ur inp* nre-manev. which.j _ O • • 9

in c r eases in  t ox ae raia. Sever al inve st i  gat or s , in c l ud ingO 7 . O

E ufinger (34a) have observed th a t part of th is  increased 

l ip o id  (e s p e c ia lly  c h o le s te ro l)  is  bound to  the p ro te ins  in  

the plasma, and eug lobu lin  plays a major part in  th is  

respect. A re la t iv e  increase in  e ug lobu lin  would be an 

e s s e n tia l/
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e sse n tia l compensatory phenomenon in  view of ra p id ly  

dim inishing- concen tra tion  of a l l  fra c tio n s  of plasma p ro te in  

because o f i t s  hydrophobic p ro p e rtie s , c h o le s te ro l, in  

increased concentra tion  has been known to a ffe c t (Overton, 

45, 1901) the p e rm e a b ility  of c e l l  membranes. In v e s tig a tio n s1 i  L. **

o f Hermann (45, 1923) and other workers have shown th a t 

w ith  the o h y s ic lo r ic a l hvnercholesteraeinia in  nreynancv ■
JL *J  •—> v  a. JL O  O ?

the percentage of c h o le s te ro l bound to  p ro te ins  increases 

from 20 per cent, (normal, non-pregnant) to  40 per cent, 

tyhen fu rth e r increase of l ip o id s  occurs in  toxaemia, 

associated w ith  a decrease in  plasma p ro te in s  a compensatory 

increase of eug lobu lin  derived from e x tra  hepa tic  sources 

appears to be a n a tu ra l event. The increase in  e ug lob u lin  

in  toxaemia observed by Smith and Smith, and by us in  the 

small se rie s  o f cases described above may be expla ined on 

a physico-chem ical basis w itho u t imparting- a h yp o th e tica l 

to x ic  p roperty  to these p ro te in s .

. TIHLUHT 9!!

The study of plasma p ro te ins  in  pregnancy show th a t 

there is  a pregressive decline in  th e ir  concentra tion  in  

the plasma, which reaches a maximum in  the n in th  month 

(32-36 weeks) of gesta tion . This a ff*-c ts  p r in c ip a lly  the  

plasma albumin. r e la t iv e  concentra tion  of g lo b u lin

shows only l i t t l e  change, while th a t of fib rin o g e n  is  

a c tu a lly  ra ised .

%en the increase in  blood volume which occurs in  

pregnancy/



pregnancy is  taken in t  o account i t  is  f  ound that there is  

a net increase o f about 10 per cent, in  the to ta l  p ro te in - 

content of the plasma. This increase is  confined to  I

fib rin o g e n  and g lo b u lin ' and is  h a rd ly  at a l l  shared by I

albumin* I t  appears th a t in  the compensatory mechanism -: J

adopted, consequent upon the haem odilu tion , the chemical |
t

in te o r i tv  and composition of proteins. are s a c r if ic e d . In  1
W  t /  -A. A. *  ;

th e ir  place readjustment o f on ly the "p ro te in  mass" occurs, I

in  which' the la rge  molecules o f f ib r in o g e n  are made to  f i l l

up the d e fic ie n c y  created by the la ck  o f  plasma albumin.
/

This only f u l f i l l s  the purpose o f m ain ta in ing  the  "w ater o f 

displacem ent" in. tM  plasma at the  same le v e l,  besides 

p rov id ing  an increased quan tity  of la rg e r c o llo id a l p a r t ic le s  

which have some im portant adsorp tive  func tions  to  nerform.

The cause of the decrease o f plasma albumin appears to be 

connected w ith  (1 ) the mechanism o f p ro te in  storage during  

pregnancy and (2.) the status o f the p ro te in  reserve o f the 

body before conception,

Toxaemia causes a fu r th e r  f  a l l  in  p ro te in  concentra tion  

of the  plasma. I n i t i a l l y  the change is  of a s im ila r  nature* 

as in  normal preghahcy but more marked, v iz . a g reater f a l l  

in  albumin and a mor e no t  a b le  in  cr ease in  f ib r  ino gen, ' The 

changes progress w ith  the toxaemia process, and becomes most 

evident T/dier e the toxaemia is  mos t  s ever e and in  eel ampsia*

At th is  stage, the decrease in  albumin co n tin u e s ,’ and t ’he*' 

compensatory process which consisted o f an increase in  

fib r in o g e n /
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fib r in o g e n  s ta r ts  to fa i l#  In  very severe cases and 

e sp e c ia lly  in  eclampsia the compensation to ta l ly  breaks down.
$

?la,sma g lo b u lin  also shares the i n i t i a l  lo s s , but in  . } 

a compensatory mechanism, in  which, probably the e x tra -  

hepa tic  sources are ca lle d  upon, th is  defic iency. is ,  to  a 

small e x te n t, made up. However, th is  a d d it io n a l supply j

o f g lo b u lin  does not prove to  be w ho lly  adequate. j

T'he change in  plasma o ro te in s  in  toxaemia map be re la te d ; 

to  the sta te  o f increased vascular spasm which e x is ts  in  

th is  co n d itio n . I t  seems l ik e ly  tha t the spasm a ffe c ts  the . 

hepatic  vessels and thereby undermines the capacity  of th is  

organ to  make good the  de fic iencv  in  the blood. The decreaseO . w

in  plasma p ro te in s  was not found to  be d ir e c t ly  re la te d  to 

e ith e r a lbum inuria or oedema. However, in  severe toxaemia 

these c l in ic a l  m an ifesta tions are marked, and the plasma 

p ro te ins  are a lso low. Apart from th is  no d ire c t c o rre la t io n  

was observed in  our in v e s tig a tio n .

High p ro te in  d ie t ,  and/or additional d ie ta ry  amino 

acids was not found to  s tim u la te  regenera tion  of plasma 

p ro te in s . This shows th a t once the toxaemia is  estab lished* 

the cause of the reduced plasma p ro te in  concentra tion  is   ̂

lin ke d  not so much w ith  d ie ta ry  p ro te in  in ta ke , as w ith  

the mechanism of regenera tion  of p ro te in s  in  the body.

However, a high p ro te in  d ie t mar have a b e n i f ic ia l  e ffe c t
, , * KJ L v

in  the npr event ion”  o f toxaemia by im proving the  s ta tus  of 

plasma/



plasma p ro te in s  before the  onset o f the disease. At the 

same time in fu s io n s  of concentrated plasma were found to  

have a s t imula t in g  e ffe c t on the regenera tion  of p ro te ins* 

rnhe e ffe c t was however temporary and was most-marked up 

to  the th ird  day a fte r  the in fu s io n . I t  is  poss ib le  th a t 

repeated in fu s io n s  may b rin g  on a la s t in g  improvement o f 

the process in vo lv in g  p ro te in  regeneration and storage.
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Since Lever f s (1 , 1843) d iscovery of, a lbum inuria  

in  eclam ptic p a tie n ts  there has been a persistent idea 

that eclampsia is  due to an underlying renal defect. As 

a resu lt 9a voluminous lite ra tu re  has accumulated around 

the subject of the behaviour of the various nitrogeneous 

constituents of the blood and urine. Becent work has 

demonstrated however, tha t pregnancy toxaemia is not always 

associated with an organic renal defect. As a resu lt of 

th is  change in  the outlook i t  became possible to separate 

nephritis  from pre-eclampsia and i t  was soon demonstrated 

that there was no retention of urea in  the blood of a patient 

suffering/the la t te r  condition. In  an excellent discussion 

on the subject Bunker and Mundel (2 , 1924) stated "If in  a 
case of toxaemia the blood showed decided nitrogen retention  

i t  is strongly suggestive that nephritis  is the pre

dominating fac to r in  the toxaemia". However, high urea and 

non-protein nitrogen values are sometimes seen in  pre

eclampsia and eclampsia, apart from any evidence of nephritis . 

In  recent years the generally accepted view is that such 

nitrogenous retention in  pregnancy toxaemia is  dependent 

upon o lig u ria  of functional orig in .

Thus, so fa r  as being indicators of renal effie ieijlg r, ^ 

blood urea and non-protein nitrogen in toxaemia have l$ s t
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much of th e ir significance. L i t t le  investigation however 

has been made of the precursors of these constituents, the 

amino acids. A few ind irect observations have been main.

Thus le^Wisselow and Wyatt (3 , 1924) s ta te  "Bvan in  patients  

in whom this la t te r  function (excretion of water and 

chlorides) is d e fin ite ly  impaired, and in whom the response/  

to the urea concentration test is on the low side, urea 

does not appear, however, to accumulate read ily  in  the 

blood". The authors explain th is  by mentioning the 

"p o s s ib ility "  of a diminished production of urea. I t  has 

already been seen that protein  synthesis is somewhat 

adversely affected in  pregnancy toxaemia. I f  the c ircu lating  

amino acids are not u tilis e d  fo r p ro te in  synthesis in  the- 

body one would expect increased urea production and ex- ■ « 

cretion , provided the process of deamination followed a 

normal course. M clllroy  (4* 1936) states that in severe 

toxaemia and eclampsia urea excretion is  s lig h tly  diminished, 

lost authorities  ( Cruickshank et a l ,  5, 1927) observe that 

in  absence of gross o lig u ria  urea excretion remains unaltered 

in  pregnancy toxaemia. In  view of these findings i t  is  

possible that the le v e l of urea production in the body and 

consequently deamination is reduced in  toxaemia. I t  was 

therefore considered that th is  point required further 

investigation. *?,i

Urea nitrogen normally constitutes about §Q per cd iltte f 

the mon^protein nitrogen in the plasma f L  .

Mosenth&Ll/ ‘



lie Ve^Brbcentiy ^  >y employing
chromatographic method for the estimation of 
urinary aminbua<̂ ft$-''has observed that its pre- 
eclampsia amino acid excretion may be inreased 
in some cases and decreased in others, fhe 
author however, was unable to' follow-up his 
cases and provide a satisfactory explanation 
for his findings.
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Mosentball and H i l la r ,  6, 1917), but urea is  formed in  the 

body as the end-result of deamination of amino acids. 

Consequently for our present investigation we shall confine 

ourselves to the urea and amino acid nitrogen content of the 

blood* ' - "

Sormally, amino acids are u tilis e d  for protein synthesis 

the s urplus feeing <K>nyer ted into area. The r a t io  '-of; |

converted amino acids and urea was therefore considered i

important in  order to assess the rap id ity  with : which-urea 

synthesis occurs in  the body* This ra tio  w il l  n a t u r a l l y ^  

depend on the ra te  of excretion of both these substances in  

the urine* M ^Illrby  (4* 1936) observed that in  severer - 

toxaemia amino acid excretion is increased* Under the c ir 

cumstances the ra t io  of Urea I :  Amino acid nitrogen may be 

expected to provide information about the state of 

deamination u n til active urea retention  occurs. *

In  view of the fac t that numerous investigators have 

reported th e ir findings on the changes of the non-protein  

nitrogenous fractions of the blood during normal pregnancy, 

we shall present here only a b r ie f  summary o f the values 

observed by us in our series of normal cases* ”

1» NOMAL PfEGNMCY *

Urea

The results  presented here are baaed on 194 estimations 

done on 93 cases of normal pregnancy. As described before, 

they consisted of two series of cases, but, as there whs no 

essentia l/
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essential d ifference in the nature of resu lts  obtained 

these have been presented together in Table 29 aid figure  

14.
Table 39

1 ast
Lunar
Months

t ,Tm r
10 -Trial jester

Urea | Aver.3Q35 2B45 186.0 i2£L4 85 .0  859612640 SB 19 (2WL0 
mgm&%iS.B. 1.2312.10 j l . 86 | l . 92 |2.31 §107 | l . 74 (1.60 il .  56 1.50

‘ ! i I I I i i
90 6, 38

1W.WU fW.Utf iV .T I  iW.TC' /U .V U  >V. 54 0. 46
J I i t * /

U.K. [Aver. 3013.30 S .29 2.21 2 .12  fe. 00 il.9 5  Si.99 2 .15  1.98
A.AJS. a u .  p. 15 <0.15 p. 14 0.13 0.15 p. 16 10.18 10.13 ',0.16 0.14
—  j________ ___u — j___ I I J____
No. of Tests! 18 ! 23 I 23 23 | 22 j 28 ['30 j 27 j 194 85

SQBSgffiS
Ind ividual values fo r blood urea during pregnancy given  

by d iffe re n t investigators vary considerably. A co llec tive  

review o f some o f the values given by d iffe re n t authors is  4 

submitted below for a comparative analysis.

1. Fahr & Williams (7,1914) , 10 casss 16 .Qmgms.U.N,/LQQn
2. Slemons & Morris (8 , 1916) 35 ** 10.4 " " .
3. Fo lin  (9,1917) , 100 " 4-9 " "
4. K il l ia n  & Sherwin(l0.1921) 5 n 10,4  B *
5. Caldwell & Lyle (11,1921) 150 " 11.5 " "  -
6. de Wisselow *  Wvatt(3,1922) -  < 9 .3  *  *
7. Hellmuth (12,1923) 8 "  7.7 *  *
8. Bunker & Mnnaell (2,1924) 52 " 12.5 " "
9. Stander, Buncan & Sisson -  13.26 " n

(13,1925)
1 0 .Cruickshank, Hewitt and 42 n 1 L 0  » . *

Couper,(5! 1937) ' J
11.Williams & k l l s  (14.1929 ) 30 *  9.1 *  » 1
13.Hurwits & ghler (15,1932) 4 " 6 .8  *  *  '1
13. Bieckmann (16,1935) 23 " 13.8 *  ■ n
1 4 .Cadden & Ferris  (17,1936) -  7.1 " *
15 .Gibberd (18,1943) -  <11.7 *  "



168a.

! <oz o
210.

<

Fig. 13. Plasma urea, -amino acid nitrogen and the U.K. : A.AN. 
.ratio in normal pregnancy. The diagram shows the change in 
different months of gestation.
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Ihsp ite  of a wide varia tio n  of the values obtained by 

individual authors, a decrease in  the urea content of tM#  

plasma during pregnancy is evident from the data presented | 

above. MacKay and lacKay (19, 1937) from an elaborate £ 

comj^irttoh observe that in  a great m ajority of normal 

individuals the values fo r blood urea f a l l  between 18 to 38
i,

Mgms.per cent, of urea or 8 to 18 mgms.per cent, of urea 

nitrogen. The average during pregnancy from the data pre- J 

sented above together w ith those from our series is  23.7 i
mgms.per cent, of urea or 11.3 mgrns.per cent, of urea 'r 

nitrogen. This is s lig h tly  less than that observed in  nob- 

pregnant individuals. The d if f ic u lty  of corre lating  a l l  * t l i  

data found in  the lite ra tu re  l ie s  in  the fac t that the 

provided do not take into  consideration (1 ) the amount of 

d ie tary  prote in , (2 ) varia tion  in  technique, (3 ) inadequate 1 

data as to the use of whole blood or plasma. Urea diffuses  

fre e ly  through the water o f the body and consequently i ts  

concentration per unit o f water is  the same in the blood^ 

c e lls  and plasma. But the volume o f packed red c e lls  

decreases during pregnancy by about 15 per cent. (Uieckmann) 

consequently iuspite o f the fa ir ly  constant ra t io  of 1 :0 .8  

of urea between plasma and red blood c e lls , the eoncantri&lonj 

of urha in  the plasma in  a pregnant women is l ik e l j '
• ■ ... . , ,  ̂ " , I

s l l p t l y  d iffe re n t from th a t in the whole blood.- ' ' •“ si

A close analysis o f the data (making alldwtobe f  

th is  fac to r, vfoere indicated) shows that the urea concentrat

ion/
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concentration of the plasma actually decreases during pre

gnancy* We found that this decrease is progressive up to 

the end of the second trimester of gestation, a fte r which 

a slight increase in the leve l of plasma urea occurs. A 

similar observation was made by Oadden and Ferris (17,1936) 

Pillman Williams (14, 1929) and by several other investi

gators. The cause of th is  decrease in the leve l of the 

plasma urea is not quite c learly  understood. Cadden and 

Ferris suggested that i t  is  due to haemodilution. The 

extent of the f a l l  in urea is however more than the degree 

of haemodilution. In  the series presented by Williams and 

Wills (14) blood urea decreased 35.8 per cent, of the basic 

leve l. The values supplied by Oadden and Ferris themselves 

show a decrease of 57 per cent. In  the 15 cases where a 

follow-up study was undertaken by us plasma urea diminished 

by 30 per cent, o f the value observed in early pregnancy.

I t  is  thus obvious, that some active factor apart from ; 

haemodilution is responsible fo r the change in blood urea 

which ocburs during pregnancy.

I t  is generally assumed that the decrease in blood 

urea is related to ah increase in protein storage and a 

consequent f a l l  in protein catabolism during gestation. But 

the f a l l  in  blood urea, is  usually greater than the reduct

ion of metabolism of proteins in the body. Both lacJCay 

and lacKay (19,1927} andPriestley and Hindmarsh (21,1025)
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found that in  normal subjects, the ra tio  of gms. o f nitrogen 

metabolised per day: mgms. o f urea nitrogen per 100 m l.of 

blood is  approximately 1:1. The reduction of the average 

d aily  nitrogen metabolism amounts to 2 to 3 gms., which 

could account for a corresponding decrease of urea nitrogen  

in the blood. Available data however indicate that the 

f a l l  is  actually  greater than th is  and is of a progressive 

character.

There is yet another factor which requires considerat

ion. Nice (22, 1935) and Hmrwitz and Ohler (11, 1932) 

observed that extremely low blood urea values were found 

when the le v e l of renal clearance was unusually high, v iz . 

between 120 and 300 per cent, o f the average normal. Un

fortunately there is no universal agreement about the le v e l 

of urea clearance observed in normal pregnancy. Some of 

the values found in  the lite ra tu re  are given below.

1. Stander, Ashton & Oadden, Urea clearance 100 per cent.
( l£ a , 19321 -

2. Hurwitz and (fcler (15,1932) n 127 w
3. Oantarow^A R icchuiti w 73

n

(23 19331
4. 0add4 & IM an^ 424,1934) 123
5. Nibe '*(S2jl955) *  153
6. Blden & G o o n e y n 85 tv
7. Mecktemn f20a, 1935} *  102 w
8. Ohesley et a l (26, 1939) *  107 *

WA|h, •« c e ^ tifon..vOf two  ̂a l l  authors quoted above found

that thf; upea clearance in  pregn 100 per cent.or i'm

more. This, .increased clearance of urea by the M inays ■*£ 

dur ing pregnancy would pr obably explain p a rtly  ihW compar

a tiv e ly /
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comparatively low value of plasma urea during gestation*

I t  is seedless to  emphasise^ however, that of the three  

factors discussed above, increase renal clearance is by fa r  

the least important*

I t  is  in teres tin g  to note in  th is  connection that 

Fraenkel-Conrat and go- workers (27,1943) demonstrated that 

purified  gonadotrophic and growth promoting, extracts of 

anterior p itu ita ry  diminish the arginase a c tiv ity  of the 

l iv e r  in  both bypophysectamised and normal rats* Increased 

concentration of gonadotrophins in  the blood and urine of 

pregnant women forms the basis of tests employed for the 

diagnosis of pregnancy* In  view of these facts i t  seems 

reasonable to believe tha t the a lte ra tio n  in blood urea in  

pregnancy is  brought about by an..active process ..which 

involves diminished production and also by the passive 

factor of haemoditutipn* I f  the renal clearance is  more 

than noVmal th is  would cause fu rther reduction of the le ve l 

of urea in  the plasma. In  absence of increased clearance, 

blood urea would s t i l l  be expected to  remain below the 

normal l im it  for the non-pregnant s ta te , an abnormal ris e  

being possible only when the renal clearance is unusually

-Acid Nitrogan
urea, the status of amino-acid nitrogen o f the 

blood during prtgaancy is  less certain* lost methods of ■ 

estimation measures the a lip h atic  ,monp-imiin^_v|0 :id.s excluding!
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the dfeminQacids {©♦g*. ly s in , arg in in ) and t ie  aromatic and 

le te ro cyc lie  amines (e.g . l is t id in  and p ro lin ). Since 
pre-eclampsia and eclampsia lave been regarded as mani

festations o f "toxaemia" an d lap e lle r-A d le r* © (28,1949 J fM T  

repeated observations on increased concentration of , 

histamine in eclampsia estimation of amino-nitrogen assumes 

some importance. One o f t ie  e a r lie s t reports on t ie  sub-; 

jects is  tha t of Morse (29, 1917), yho found "no marked 

difference in  amino acid leve ls  between normal non-pregnant 

and normal pregnant women", However t l i s  author recorded • 

values as high as 14 mgms.per cent, during pregnancy. Sub

sequent investigators f a l l  into two groups. Loose and 

Van Slyke (30,1917), Hellmuth (12,1923), Scllossman (31, 9 

1925), Plass and Matthew (32,1925) and Pommerenke (33,1936) 

are o f t ie  opinion t la t  there is no change in the amino- ! 

acid content o f the blood during pregnancy. Fo lin  and 

Bergland (34,1922), Wu (35,1922 ) ,  Prey (36,1924), Rung© 

and Juhl (37,1927), Herold (38,1935) and B ote lla -L lus ia  

(39,1936) maintain that the le v e l o f amino acid in  the 

blood is  higher during pregnancy than in  the non-pregnant 

state*- In  a very recent study on a small series o f casesL 

Bonsness (40,1947) revives the controversy and states tK tt' r 

the amino acid le v e l of the plasma actually  fa lls  during 

pregnancy.'' '
' • 7 ' V ' i  7 ' 7 '  ' ^ • . v A  ‘f  * ;■  ’ 7  .:*• ■, ' .  ■ • ’ '  ■ , v  : ' ! \ * ' { ' }  * ' i  J V  V

In  view o f such d ivers ity  of findings we propose t© 

p re s e t our figures for plasma amino-acid nitrogen in some 

d e t a i l . /
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d eta il* The results obtained by us in 194 estimations 

(largest series so fa r reported) are submitted in  f able $ i .

Amino Acid 
Level

mo. o f oases per 
mesial

lunar month of 
tion

Last
3■aooH 3 4 5 i e 7 ■ 8 1 9 10 1PotS. aorfiis

4.61 -  4 .80 - i  it 2 1
i -

' -  ! 4 -  1

4.81 -  5 .0 - 1 ' 8 iI 3 I 2 i: n 1 1 :* f
■-.J.- , _• 9 1

.

5.01 -  5.20 1 2 3 |
3 1

4
i . J
{ ~ i 
| ( - J 13

5.21 -  5.40 4 ’ 5 iI 5 | 4
1 I
1 3 |t j 4 l ;| 1 j 27 u;8 ;

5.41 -  5.60 i 3
I

5 !I

j

6 j 4 ;h  1 i  ! | 22

5.61 -  5.80 3 6 :■$ i : 2 ' i 4 I 4 j 6 ;1 | 29 11 ;

5.81 -  6 .0 2 3 - ■' 3 j 2 i 2 1 3 1i i 1 -
■ i 16 4

6.01 -  6.20 5 a 1 i( -  I 1 [ 4 1 4 | IB ■a#

6.21 -  6.40 5 : 8
\ i'i

“ 1
- 1 

—
I 4j i

2 5 1 8 11

6.41 -  6.60 - - 1 1 ( JS 1

.

- ! 5 1 9 j : .8' 22 22

6.61 -  6.80 1 1 -  - ! ■ ■ U 6
8

) -
! 16 16

Maximum 6.40
1 : 'i "■ ! 
8.40 {6.20 ; 6.0

■ ; 
6,19

F  
16.61 6.72

V.
16.79! 6.79 6.79

Minimum 5.07 4.91 -4.69
■ ) ''' : ■■ 4,61 4.70 |4,83

}
5.35 15.19? 4.61 4.83

Average .. 6.20 5.70 5.45 5.40 5.60 i6.19 6.45 |6.50 5.90. 6.38

Probable
Brror 0.23fti— —̂

0,24

Ji.
|0;22 
i.-------

0.22 0.19
1
jo, 31
i

0.33 0.24 036 0. 31 i

I t  w i l l  be evident from the tab le  that individual j
‘ u ' ■■ - 'v '  : -  ’ '■ • ; . . U«T

values vary to some extent during pregnancy w ithin a range j

of 5 .Q to 6 .7 , although by repeated examination on the same 

p atien t/
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patient i t  was found that the amino acid content of the 

plasma showed l i t t l e  v a ria tio n  from day to day. I t  is  : 

therefore obvious that the change noticed in  the series pre

sented above is caused by the state o f pregnancy.

Like urea the amino acid concentration also drops 

during the f i r s t  h a lf  of gestation. The maximum f a l l  

amounts to 12.9 per cent, of the early  pregnancy le v e l.

Prom the middle o f the second trim ester the.values increase 

gradually u n til the maximum is attained at term. At th is  

stage i t  shows only a 4 .8  increase over the average* of early  

pregnancy. I t  is  therefore evident that the value of amino 

acid nitrogen observed during pregnancy may appear to be 

unaltered, increased or diminished depending upon the stage 

of pregnancy when the test is  performed.

I t  is however c lear, that the general tendency is  for 

the amino acid nitrogen to increase as gestation advances. 

The in i t i a l  f a l l  is apparently due to haemodilution, which, 

to some extent masks the e ffec t of the increased content of 

amino acids in  the plasma. This explains why the decrease 

of the amino acid le ve l seen in  the f i r s t  h a lf  of gestation  

amounts to only 12.9 per cent, inspite of an increase in  

the plasma volume by 25 per cent. But th is  h aem o d ilu tiflo :: 

continues up to the th ir ty -s ix th  week, while the amino, i%c|d 

nitrogen actu a lly  increases in the plasma during th f la |t« ^  

h a lf  of gestation* felt
This increase of plasma amino acids during pregnancy

i s /



is  not easy to explain* Neither the state of positive  

nitrogen balance which exists in pregnancy^ nor a supposfllky 

increased demand made by the foetus o ffe r an adequate t

explanation. Urinary excretion of amino acids is  not 

a lte r e d /fo r ,  there is  no change in the percentage of 

"undetermined" nitrogen excreted in the urine during pre

gnancy.

in jection  of amino acids deamination is accelerated. Yan 

Slyke, Gullea and McLean (41 , 1915) demonstrated that the 

l iv e r  increased the production of urea even before the • 

tissues have received th e ir supply of amino acids. Bolton 

and Wright (42, 1937) observed a s im ilar condition in  cats 

even a fte r  43 hours of starvation. Yet the production of 

urea during pregnancy is diminished while the amino acid 

le v e l O f plasms is re la t iv e ly  high. The amino acid content 

of the cord-blood (foetus) is  only s lig h tly  higher than 

that of the mother, the d i f  f  erence observed by us being ,

1.65 -mgSsi. per 100 ml. ; S. B* 0 .30, in  a series of 20 cases. 

Plass and Matthew (43, 1925) in  a sim ilar study found that 

the amino acid nitrogen content of fo e ta l and maternal blood 

tas 8 .2  and i .  1 mgms. per 100 ml. respectively. This might 

provide an explanation for the behaviour o f the plasma amino 

acid during pregnancy, but further facts must be  availab le  

before a satisfactory explanation can be offefbd. “

the; amino acid le ve l o f the blood is  raised  

by ingestion of proteins or amino acids or by intravenous
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The' resu lt of the progressive decrease of urea and a 

re la tiv e  though small increase of amino acid nitrogen causes 

the U .H .: A.A.N. ra tio  to f a l l  as pregnancy advances- At 

i ts  lowest le v e l, which is  between the second and th ird  

trim ester of gestation the ra tio  indicates that the urea 

nitrogen is  about twice the amino acid nitrogen in the blood. 

During the following three months of pregnancy the change 

in the ra t io  is  only s lig h t. This suggests that in the 

la t te r  part of pregnancy a state of equilibrium  is estab

lished between the free  amino acids in  the maternal blood 

and the process of urea synthesis. According to Michel 

(quoted by Eden and Holland, 44, 1948) the protein content 

of the foetus increases from 10 per cent, in  the seventh 

month to 14 per cent, a t term. I f  fo e ta l requirements 

were the only cause o f the raised amino acid leve l in the 

maternal blood , such a state of equilibrium  would have been 

unattainable during the la s t trim ester of gestation. The 

steadily  increasing foe ta l demand would c a ll fo r a pro

gressively increasing le v e l of amino acids in the maternal 

blood, and this would cause a gradual f a l l  of the ra tio . 

However the state of equilirbium  which exists between urea 

and amino acids during the la s t three months of pregnancy 

provide useful data for comparison with these in toxaemia.

2- ,

The average values *  for a l l  cases of pre-eclampsia

: » At the time o f admission
studied/

j
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studied by us were as follows -  s .

Urea SB* 55 mgms. per 100 ml. ; S. D .2 .  72.
Amino Acid Nitrogen 7*46 mgms.per 100 ml. ; S.D. 0.91.

Compared with normal pregnancy urea is  lowered, aid

amino acids raised to a small extent in  pregnancy toxaemia.

The difference of the values is  however barely s ig n ific a n t.

In  course of investigation i t  was observed that both urea t ;

and amino acids showed some re la tionship  w ith the severity

of the disease. The results w i l l  therefore be analysed.. j
accordingly (fig u re  lf l) .

1. l i l d ,Toxaemia |

The average urea in  50 cases of mild pre-eclampsia was j
26.0 mgms.per 100 ml. (« 12.15 mgms. Urea n itrogen)| S,P.il * 6 i |

This shows no s ig n ifican t difference when compared with the

values obtained during the la s t trim ester of normal preg

nancy. The scatter of values between 23 and 30.6 mgms. per 

100 m l. , also is almost id e n tic a l with that observed in  

normal pregnancy.

The plasma amino acid leve l in  this series was 6.29 f 
mgms. per 100 m l.; S.D. 0.38* Here also the d i f  far epee can

I
not be regarded as s ign ifican t. The range of var ia t ion, jr  iz . j 

5.5 to 7 .5  |mgms.per 100 ml. however show a s lig h t .shift-, ; 

to the r ig h t compared with the values observed in  normal | 

pregpancy. But th is  loses significance owing.to,J^e s lig h tly  j 

lower value o f the average found in  th is  series.
- ‘ \

The ra t io  of the urea N ,: Afflino acid H, ,{^ 9 4 ;  S,D,Q.28)r

thus/



thus shows no s ig iif ic a n t  deviation from normal pregnancy*, 

and i t  seams reasonable to conclude that mild pre«-eclampsia 

is not attended with any noteworthy change in  urea and amin<| 

aoid nitrogen content of the blood- 

11, Severe Pre-eclampsia.

The average plaaaa urea in 50 cases of severe pre

e d  anpsia (on admission) was 19.1 (•* 8.93 mgms.urea nitrogen) 

mgms. per 100 m l*; S.B.S. 03. This is s ig n ifica n tly  lower 

than that in normal pregnancy aid mild pre-eclampsia. The 

values occupied a range o f 15-2 to 23.7 mgms. per 100 ml.

Thus the decrease in urea in  severe pre-eclampsia affected  

the whole range o f values in th is  series. The average f a l l  

amounted to 23 per cent, of the value in  normal pregnancy.

This decrease in blood urea is associated with an 

increase in  the amino acid nitrogen content of the plasma*, 

the average value of which was 8.63 mgms.per 100 ml. ; S.D. j 

0*94, with- a range o f 7*0 to 11.4 mgms.per 100 ml..-: I t  is

evident that th is  represents a true increase in the amino [
f

acid nitrogen of the plasma. The extent of this increase is  I

variable. The minimum value obtained in severe toxaemia , 1

was 45 per cent* higher than the minimum in  normal pregnancy,: 

and the mgsimum* 62 per cent, more thanthat in  the control j 

series*; However, 60 per cent, of cases of severe pre^  

eclampsia showed a 30 t o 33 per cent, increase above the 

average: normal* . rue no-:

This: increase in  amino acids is not confined,,only to
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the plasma. The red blood cells also have a proportionately  

higher content of amino acid nitrogen. Hamilton and Yan 

Slyke (45, 1943) found that in  normal human subjects the red 

corpuscles contain 1 .7  to 2.2  times as much amino acids as 

the plasma. In  a series of 14 cases of normal pregnancy we 

observed that the amino acid content o f the R.B#Ofs. was 

61.3 per cent. (S .B *6 .2 ), more than that of the plasma. In  

an equal number of cases of severe toxaemia the ,R.B.Cfs. 

were found to have a 64*7 per cent. (3 .B *9 .1 ) higher value 

than that of plasma amino acid nitrogen.

Thus, the high le v e l of amino acids in  the plasma, 

described above does not appear to be due to an unequal 

p a rtitio n  of this substance between plasma and red blood 

cells . The resu lt of the decrease in urea along with an 

increase of amino acids is a f a l l  in the U.N. : A. A .N .ratio* 

The average ra tio  in  our series was 1.07; S.B. 0.17. The 

co -e ffic ien t o f v a ria tio n , 15.9 is  higher than that in  mild 

pre-eclanpsia (14 .4 ) and considerably more than that in  

normal pregnancy (7 .1 ) . The widening of the range is due 

to the comparatively wide scatter o f values of both urea and 

amino acid nitrogen. The maximum ra tio  in  our series was 

1.55 and the minimum 0.75. In  34 per cent, of cases the 

value o f the ra tio  was less than un ity , and in  none did i t  

reach even the minimum ra t io  (1 .81 ) of normal pregnancy.

The average f a l l  amounted to 46 per cent, of the normallevel.

The d if f ic u lty  of in terpreting  values obtained at the 

tim e/
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Fig. 14. Average plasma, urea 
amino acid nitrogen and U.N. : 
A.A.N. ratio in normal preg
nancy, pre-eclampsia and 
eclampsia.
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Fig. 15. Plasma urea amino acid nitrogen and U.N. : A.A.N. 
ratio in relation to the duration of pre-eclamptic toxaemia.



time of admission lie s  in  the fact that the illn ess  is  not | 

equally severe in  a l l  patien ts , nor is  the duration the 

same in  fttery case* I f  toxaemia per se a ffec ts  the synthesis; 

of urea i t  should be studied in re la tio n  to the d u r a t i o n o f , 

the disease, with due consideration to the state  of re h a ll 

clearance o f urea; In  our-subsequent discussion no p a t ie i i  i 

with a subhorfei urea clearance has been included*

111. Ifaration of toxaemia and Urea. A.JLN. and Ratio ? ’/

I  In  this and subsequent discussions only cases of sever#; 
pre-eel anpsia have been considered. I t  has already been
Sainted out that mild pre-eclampsia shows no appreciable* v 

aviation from normality*
r-— - — r  : — ' 1 —  “ :
In  determining the duration of toxaemia reliance was

•, ■ id  ■

placed on the history of the f i r s t  onset o f oedema for

patients who did not attend the ante-natal c lin ic  regu larly ...

In  a l l  other cases the f i r s t  appearance of abnormal blood

pressure fabove 130/90 mm.Hg*) was regarded as the e a r lie s t

manifestation of toxaemia* Patients were followed up fo r

varying in tervals up to  5 weeks a fte r the onset of toxaemiav

and the resu lts  of th is  study are presented below* fh i

number of patients who had toxaemia of longer duration w eii, ~

too small for s ta t is t ic a l analysis. (Table 31; Figure l5 ) r

■'■■:!';-:i;‘The:;4ur'ati6h- o f toxaemia was found to have l i t t l e  *

Sighifibant e ffec t on blood urea* There is however a s lig h t
- '  gS’- ^ S

but indfeflnite'tendency fo r the blood urea to fliS i when^"!^:; 

toxaemia is of long duration. This change affects^b n ly
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average values w ithout any e ffe c t on the minimum and 

maximum leve ls .
Table 31

Dura hi on 
(we ek s )

i Aver.

. 116.5-37.7

aver.
A.A.E

22. 9 | S i .5 j S3.9 j S5.1 I

3.7 | 3.1 : 5.3 5.0

16.5-30. 0 |17.5-30.4 17. 0-36. 0 20.0-31. 0

7.9 | 8.5 | 9.1 j 10.6 | 12.4

S.D. ! 0.84 I 0.96 ! 0.99 I 1.12 1.61

MkH/te j 7. 0-9.8 | 7.1-10. S I 7 .2-16.0  18.1-18.6 8.5-23.0;

U.K.
A.A.&I

Aver.

S. D.

1.41 1.25 1.18 1.06 0.95

pm-Max.

0.11 0.12 0.14 | 0.171 0.19

1. 0-1. 55 0 .93-1 .40| 
.......... ... 1

0.34-1. 60j 0.80-1.25
. i  _

0. 75-116

The amino acid n itrogen however shows a d is t in c t  in 

crease as the toxaemia p e rs is ts . I t  is  however in te re s tin g  

to  note tha t the lower end o f the range is  only s l ig h t ly  

a ffec ted , while the increase in  the average is  brought about 

mainly by a s h if t  o f the higher values in  each series to 

the r ig h t.  As a re s u lt the sca tte r in  each group increases, 

but the simultaneous increase in  the average keeps the co

e f f ic ie n t  o f  v a r ia t io n  w ith in  a narrow l im i t  and the in 

crease is  the re fo re  s ta t is t ic a l ly  s ig n if ic a n t.

L i t t le  a lte ra t io n  in  blood urea together w ith  a f a i r ly  

marked increase in  the amino acid n itrogen  causes the ra t io  

to /
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•to decline progressively. This drop in  the urea H: aftino i.

acid H. ra t io  is  s ig n ifican t at a l l  stages. Tfeeh toxahHiih §

has been of long duration (4 weeks or more) amino acids J

are found to contribute as much as or even more than urea j

to the to ta l non-protein nitrogen content o f the plasma. j

This explains p a rtly  why the U .N .: N.P.N. ra tio  has been

found by several investigatprs ( l i | ,  46} to be less than 4 K
   .......

normal* . j , '  'i'v-  :

However in teresting  th is  observation may be i t  does —  

not explain the manner in  which the change in  amino acid 

nitrogen is brought about in  pregnancy toxaemia. In  order., 

to find an answer to th is  we analysed our data in  re la tion^  

to the most important c lin ic a l manifestation of the d isea|>, 

v iz . hypertension. r>j~

IV. Hypertension and A.A.K. and Ratio P.N./A .A.H. v1’

M an y^su th o riti#^  that toxaemia of pregnancy fs

a dise¥f6'''pimariLy' of the vascular system, the p rinc ipal —  ̂

manifestation of which is  vascular spasm. I t  is  d if f ic u lt  

to see how vascular spasm,per se,can a lte r  the amino acid 

content o f the plasma* I t  is  however possible th a t changed 

in  the parenchymatous organs induced by vascular spasm may 

affect the process of deamination, transamination and 

u tilis a t io n  of amino acids. Up t i l l  now there is  no ' :  ̂ ^

d e fin ite  proof that such a thing can occur in the human b^#y^; 

but before such a p o s s ib ility  is explored i t  y ^ W e ls b h a b l^ ^ 1 

to analyse the data obtained in the course of

investigation .
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A.A.N.

Fig, 16, Plasma amino acid nitrogen and U.N. ; A.A.N. ratio 
in relation to the systolic blood pressure in pre-eclpmpsia.

M M

Fig. 17. Plasma amino acid nitrogen and U.N. : A.A.N. ratio 
in relation to the diastolic blood pressure in pre-eclampsia.



Tab le  33

mm.
. He. JLA.N.

B.P.
mm. 
Bg. _ _

86-90 7.6*0.30  
7.0^8.5

1.38*0.08  
1,13-1.60

106-110 9.1*0.46
7 .0-13.2

1 .22*0iQ4 i 
0.86-1.33 1

91-95 7.4*0.30  
7 .0 -7 .7

1.41*0. 09 
1.21ml. 50

111-115
1

1 0 .9±Q5D 
7.8-11.4

0.95*0.05
0.75-1.10

96-100 7.9*0 .48  
7 .0 -9 .0

1.36*0.08  
1.05-1 .55

j 116-120 12.9*2 .3
8 .7 -23 .0

0.77*0 .05 '
0 .66 -1 .0

101-105 8.4*0 .52  
7.7-10.9

1.30*0.06
1 .0 -1 .40

,’j
-

increase of amino acid nitrogen content o f the plasma is 

slow and gradual u n til the d ia s to lic  pressure reaches 105 

mm.Hg*, but up to th is  stage the differences are not 

s ta t is t ic a lly  s ig n ifican t. Above 105 nrnuHg. the gradient | 

of r is e  increases stead ily  up to ISO mm. Hg., which was the 

highest d iasto lic  pressure in our series. I t  is  in teres ting  

to note howeyer, that at its  peak the increase loses its  

s ta tis t ic a l significance because of the very wide scatter o f • 

values in th is  g ro u p .T h u s , the values obtained merely t | 

express the general trend far an increase in  amino acid i& th  

increasing d ia s to lic  hypertension.

The ra tio  of the U.N. :A.A.N. shows the change in  a ,j 

more satisfactory manner. Between 90 and 95 mm. He. diasteiSa: 

pressure the apparent improvement in the ra tio  is without  ̂

significance. At.each of the subsequent stages o f blood 

pressure the decrease continues s te ad ily , u n til the minimum . 

le v e l/ '
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le v e l is  reached in those cases where the diasteliiebpressure 

is h ip e s t .  The gradient o f f a l l  increases a t each stage 

and the differenee% are s ta t is t ic a lly  s ign ificant* Thia^ 

decline in  the average figures is  accompanied by a Simula? 

taneous decrease o f the minimum and maximum values in  eacdi 

successive group# D iasto lic  hypertension indicates a state  

of increased vascular spasm, The findings j ust described 

suggest that with increasing a r te r ia l spasm there is  a loss 

of equilibrium  which normally exists between the amino acid 

leve l of the blood and the rate  of production of urea# I t  

had already been noted th a t change in  blood urea is  

n eg lig ib le ; i f  anything,ttere is  a tendency to rise# In  

presence o f a progressive and s ig n ifican t f a l l  in  the 

TT*H- :JLA#N* ra tio  the increase in  amino acids described 

above, insp ite  of the wide scatter of individual values at 

high levels  of blood pressure, assumes a considerable sign-

I t  has been demonstrated by several investigators that 

in absence of an abnormal renal function the non-protein  

nitrogem of theblood varies with the nature and amount of 

protein present in  the d ie t#  The present outlook on d ie t 

in the aetiology o f toxaemia of pregnancy has fflj^adjt been 

re f^ re d  to . It/ri.s. hut:.proper that .'the effects  o f varyin||^f^  

contents of protein in the d ie t on metabolism in  pregnancy 

toxaemia should be known before an a ttitud e  is  f in a lly  adoptee 

i t /
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I t  is  but proper that the e ffec ts  of varying contents of 

protein in the d ie t on metabolism in pregnancy toxaemia 

should be known before an a ttitu d e  is  f in a lly  adopted. I t  

is  with th is  object that we trie d  to  analyse the e ffec ts  of 

high and low protein d iets  (already described in  the previous 

chapter) on the, urea and amino acid content of blood in  pre

eclampsia* Th4 Results ar% summarised below (Figure 19)#

Unit A 
Medium Protein intake 

(Protein 1GB gms.)

a* Mild Toxaemia -  24 cases*

Urea Average 25.9 mgms.per 1QQ ml. ;S.D.1.58.
Maximum B9.5; minimum 24*0.

A. A. I .  Average 6*31 mgms.per 100 m l.; S. B* 0*49*
Maximum 7*5: minimum 5.8*

U. N .: A. A. N. Av or age 1.91; S.D. 0,10.
Maximum 2*30; minimum 1.76*

b. Severe Toxaemia -  18 oases.

Urea Average 13.3 mgms, per 100 ml. ;S.B.1*86.
Maximum 22.5; minimum 16.2.

A.A.N. Average 8.50 mgms. per 100 ml. ;S.B.0.70.
Maximum 9 .0 : minimum 7 .0 . .. .

TLN.: A. A. I .  Aver age 1 .07; S.D. 0.18.
Maximum 1.30; minimum 0.87.

&. Mild Tdxaemia -  15 oases.

Urea Average 26.0 mgms.per 100 ml. ;S.B.1*7*
Maximum 30.6; minimum 24.6.

A.A.N. Average 6. 30 mgsts.per 100 ml. ;S.B.0*26.
Maximum 7 .0 ; minimum 5.7 . - c* *,

U .I. : A* A. Average 1.97; S.D.0.15.
Maximum 2.36; minimum 1*72. " -

b - /

Unit B
High Protein Intake • »*#.

(protein  131 gms.)
9*kk

& i s<A.
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b* Severe Toxaemia -  18 oases

Urea* Average 20.4 mgms. pe~ 100 m l.;S.D.2.07*
Maximum 23.8; minimum 16.5.

A.A.N. Average 9.24 mgms. per 100 m l.;S .H I * 07.
Maximum 11.4; minimum 7.5.

. U .N .:A.A.N.Average 1.05; S.B.0.2G.
Maximum 1.55; minimum 0.75.

Un i t  0 
Low Protein Intake  
(Protein 75 gms. )

a* Mild Toxaemia -  11 cases

Urea Average 25.7 mgms. per 100 ml. ;S.B.1*9.
Maximum 30.0; minimum 23.0.

A.A.N. Average 6.25 mgms.per 100 m l.;S .H 0*51.
Maximum 6*9; minimum 5.5.

U .I* : A. A. U. Average 1,96; S.U.0.12*
Maximum 2.34; minimum 1.78..

b. Severe Toxaemia -  14 cases

Urea Average 18.5 mgms.per 100 ml. ; S .H i* 9.
Maximum 21.4; minimum 15.2.

A.A.N. Average 8 .0  mgms.per 100 ml. ;S.B .0.6.
Maximum 9 .0 ; minimum 7.0. • x r

U. N .: JL A. U. Average 1.08; S. D. 0.17.
Maximum 1.34; minimum 0.85.

This analysis shows that as long as toxaemia is  of m ill

degree d iffe ren t leve ls  of protein consumption cause no

recognisable difference in the le v e l of urea and amino acids

in the plasma. With a low protein intake the average valnas

are s lig h tly  lower than those who received a high p ro te in ^

d ie t , but the difference is  not s ig n ifican t. . 'i jy

However, when toxaemia is  severe a difference in  the

plasma concentration of these substances becomes evident.

fhe leve l of urea in the plasma is  s lig h tly  higher in  then

high-protein group, but the difference is barely s ig n ific a n t.

Between/
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Between low and medium protein groups the difference is  

neglig ib le* But, the amino acid content of the plasma is  

found to r is e  progressively, in  severe toxaemia as the protein  

consumption increases, Not only the average but also the 

minimum and maximum values are higher in the high protein  

than in  the low protein series* I t  is  in teresting  to note 

that the range of values observed w ith in  low and medium 

protein d ie t were id en tica l but the average was higher in  the 

la t te r  group. Moreover, the c o -e ffic ie n t o f v aria tio n  is  

less in the low protein series, which shows a closer 

aggregation o f valu&s near the mean, ahd increases the —  

significance o f th is  d iffe rence . —

Reference to the protein value qf the d iets  w i l l  show 

that (compared with the low-protein series) with an increase 

of 36,0 and 74.7 per cent, of d ie tary  pro te in , the  ̂amino acid 

le ve l o f the plasma was raised by 6.25 and 13.4 per cent, 

respectively. Thus, the ra tio  of the increase in  d ietary  

protein to that of plasma amino acid nitrogen is 5.76 and —  

5.55 respectively. The close resemblance o f these two 

ra tio s . suggest that the increase observed in  these eases |s  

not a mere coincidence* One of the conclus ions which these 

data provide is  tha t in severe toxaemia the reserve capacl|y , 

of the body fo r u tilis a t io n  and catabolism of amino acids.,^ . 

is^Gomp^atively poor and leaves l i t t l e  room f o r , i vre-; 

adjustment o f the equilirbium  at a higher le v e l o f protei^...^  

metabolism.
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Tlais e ffect of overloading the c ircu la tio n  w itli 

additional protein  derivatives on the amino acids of the 

plasma was further seen in  the small series of cases who U 

received 5 gms* of cystine d a ily  in  addition to th e ir  usual* 

d ie t* We shall present our data in two groups.

Group 1 .,*■ This consists of 9 cases where the toxaemia 

deteriorated during th e ir  stay in  the hospital. The datatsre  

presented in  Table 34 and figure 20. ■

Table 34 .-icid-g

Before
Ovstine

After O s tine -  Teeks

Urea i 24 .0*1 .6  
is ./  16 .2 -28 .0

A.A.TT. 7 .5*0 .7  
mgms./ 6 .0 -9 .4  
100ml; 1

26.9*2 .1  126.2*2.6 25 .7*1 .8  i 24 .5 *2 .3  
18.9-30.2116.Q-30. 0 | l 7 .0-29.4! lf l. 6-28. f t

TJ.N. i  
A. A. I .

8 .4*0 .8  1 9 .1 *0 .9  19.5*1.0 
7.4-10.01 7 .8 -12 .218.5 -13 .2

1.48*0.21 D L .  50*0.17 ! l .  39*0.10 j l .  27*0.14  
0.87-2. 06 1 . 06-1.80 jO.81-1.52 [0.80-1.50

12.8*1.2
9 .7 -1 8 .5

0.89*0.09  
0 .77 -1 .02

Figures represent average* ? .E .; minimum -  maximum.

The immediate e ffe c t of adding cystine to the d ie ta ry  

is a s light bu t;s ign ificant increase in the blood urea 

during the f i r s t  week of the study. Simultaneous with th is  - 

there is  a significant ris e  in  the amino acid nitrogen a l* * f  

Subsequently, the change in  blood• urea which, ocbtiris* in:- e a tS ^  

consequitive week is of no s ta tis tic a l significance, 

the average shows a slight tendency to fa ll*  The low 

value/
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value obtained in the fourth week is  however s ig n ifican t  

when compared with that in the f i r s t  week of treatment.

The amino acid content of the plasma increases stead ily  

as the treatment with cystine continues and the maximum is  

reached in  the fourth week. This increase at each stage 

s a tis fie s  analysis and is  not confined to  the average, but 

is also observed in  the minimum and maximum values obtained 

at each week. I t  is interest ing to note that as a result 

of adm inistration of cystine the value for plasma amino acids' 

in the fourth week was almost id en tica l with that in  the 

f i f t h  week of toxaemia in the whole series ( c . f .  Table 31)*

The result of th is  increase in  the amino acids with only 

l i t t l e  change in the urea content of the blood causes the 

ra tio  to decline progressively. The change in the ra tio  

during treatment with cystine is also s ig n ifican t.

Group 2  ̂ This includes 5 cases, in  whom the toxaemia 

improved during the course of cystine therapy# The series, 

is small, but in view of the in teresting  nature of the 

findings the data are presented in Table 35 and figure 21*

The figures in  the table w il l  indicate the fa ir ly  

consistent nature of findings in th is  small group of cases*

As in the previous group, the immediate e ffec t of 

providing additional amino acids in the d ie t is  an increase 

of both urea and amino acid nitrogen content of the plasme*;#i
,  • Wr';.

During the f i r s t  week the increase in  both amino acids and 

urea, is almost s im ilar in both Groups 1 and 2. But during 

the/
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Fig. 20. The effect of adding cystine (5 Gm.) to the diet. 
The diagram shows the levels of plasma urea and amino acid 
nitrogen and the U«H. t A.A.N. ratio in those patients where 
the toxaemia deteriorated during the treatment.

UREA

o

BEFORE 1WKS. I

Fig 21. The effect of adding cystine to the diet. Urea, a»l 
acid nitrogen and the ratio of U.K. sA.A.K. in those patieni$|^ 
where the toxaemia improved during the treatment.
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But d ir ing the subsequent three weeks in  Group 2 an . . ■ 

equilibrium  was established, between urea and amino acids 

so that the concentration of both remained f a i r ly  constant. 

I t  should be jo inted  out that the change in  the plasma amino 

acids in  th is  group during the whole period o f study did not 

show any significant y a ria tio n f

Table 35

Before
CTStine

Burine treatme nt with cystiiae -  weeks
1 2 3 4

Brea ;
I ® '

JLA.N.
m i

24.5*1.2
2G.9-27.S

7.0*0.3 
6,0-7,7

27.8*1.8
24.1-30.2

7.8*0.6  
7.0-8.5

27.5*1.5 
24.0-30.0

8.0*0.6  
7.0-9.2

i

27.4*1.7 
24.0-30.0

7.9*0.7  
7.0-8.9

27.4*1.4
24.0—29.4

% : " ■' ' f-: ’fi '■

7.9*0. 6 
7.0-8.6

Figures represent a ver age ±  probable e rro r, maximum ^minimum

The behaviour of amino acids 

of p laM a is  interesting but, at 

explain (Table 28, and figure iu ). 

a f t #  the in f  us ion the amino acid 

remained fa ir ly  cbnstaht. Buring 

actually  a decrease in blood urea 

in the mechanism of p r 6t ein stora 

jr iv ib tts  chapter* From th e th ird  

i # # ,  tfieaplasma amino acids i  

m h  t h i r t i e s  was a s l i p !  f a l l  

frShiSid°%-uf sudden ttiipbr af y f i

observe/

a fte r  intravenous infusions 

present, d i f f ic u l t  to 

During the f i r s t  two€“|ys  

content o f the plasma 

the second day there wak4 

This finds anexplanatiSn  

e a l read y descr ib ed iqthe 

day up to the end o f the i 

steadily;' simultaneous 

in  th e blood }ureacleve 1 ^

I t  is  of in terest to
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observe that this increase in urea occurred inspite o f the 

onset ©f diuresis.

I t  may be recalled  that the stimulus fo r protein  

storage and improvement of the status o f plasma proteins is  

maximum on the second day, when the amino acids are s t i l l  

at a e©h!$$#at levefi and urea is a t i ts  lowest. From the 

thirdd^hy a fte r infusion this stim ulating e ffect commence! 

to disappear and the change in  amino acid concentration 

starts . At th is  stage the blood urea is  a t its  highest.

The change in  plasma proteins already described together With 

the behaviour of urea and amino acids atggests an increas&F 

metabolism of proteinsi. The continued persisteh.ee of the?vP  

high aminoacid level during the subsequent period indicate!®  

the p o s s ib ility  of a" defective u t i lis a t io n  of thesa 

substance

■ ■ ■ * * *  fiQMmmi  ■ v *

-TO the whole series is 57.0

mgms. ( *  26.5 Bgms. o f urea nitrogen) with a range of v a lu i 

between 13. Q ani 2.96 mgms. per 100 ml. This average was 

obtained-from B5 est.iiatiens^tehe on 18 patients dur ing the 

convulsive stigb: of the disease. This however dois not take 

into account the degree of ol%uria and the s tafe of re n a li 

clearance present at the time of the tes t. However, i f  

only those values which were obtained during t h e i i f  a*#-o f * Ct^r 

normal excretory f  unet ioiis > of the kidney are cons&derid ;th i  

averageiofllS  tests dongfcn 12 p a tiih ts  WaS.fouhiHo be 

1 5 ,1 / .
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15.1 mgms, per 100 m l,; S. D. 0, 88 ( 2 7.05 mgpis. o f urea 

nitrogen. ) with a maximum and minimum range of 16.2 and 

13.9. We have regarded th is  la t te r  value as representing  

the state of blood urea in  eclampsia in absence of retarded  

excretion. Compared with severe pre-eclampsia this re 

presents a decrease by 20.8 per cent. Compared with normal 

pregnancy the f a l l  in blood urea in eclampsia is  even Viorl |  

marked. The d ifference in  each case is s ta t is t ic a lly  

s ign ifican t.

When the two averages for blood urea in  eClhmpsia ar#  

considered the fa lla c y  of accepting the o ve r-a ll average f l f  

comparative purposes becomes obvious. The corrected average 

conveys the information regarding the state of urea synthesis 

in the body, on the other hand the to ta l average super

imposes the renal factor on th is  and obscures the picture.

The urea retention which occurs in  eclampsia is  hot due tC&' 

disturbed metabolism caused by the disease but to in te r 

ference with excretion by the kidneys. This also explains 

wtly some observers have found very high blood urea, whileLu; 

others very low values. In  most o f the reports however, 

where detailed findings are available (5 ,7 ,12 ,13 ,38 ) i t  

appears that values occupy both above and below the normal 

range with an almost equal frequency.

imino acid nitrogen in eclampsia in our serigJWas 

12.57 mgms.per 100 m l.; S .D .4.6, w ith a maximum ahd minimum 

range o f 21.6 and 7,6 mgms. Both Kirk (47, 193$f and 

Becher/
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Becher and Herrmann (48, 1932) observed that in  presence 

of severe impairment of renal function and when there is  

abnormal re tention  of urea the amino acid content of the 

plasma also increases. Therefore, in evaluating the resu lts  

of amino acid nitrogen in eclampsia i t  is necessary to 

elim inate tho&e cases from the series whiclyfere l ik e ly  to  

load the values in  an abnormal manner. After making th is  

necessary correction the amino acid nitrogen in  eclampsia' 

in our series was 10.4 mgms. per 100 m l.; S .B .1,4 (minimum- 

7 .6  mgms* y maximum 18.0 mgms.). Even th is  corrected value 

shows that in  eclampsia the amino acid content of the plasma 

is raised above th a t found in  severe pre-eelampsia by about 

20.9 per cent. Compared with normal pregnancy th is  re 

presents a considerably high le v e l of amino acid nitrogen  

in the plasma in  eclampsia.

Thus, i f  the renal factor is eliminated i t  appears that 

eclmapsia is  associated with a diminished production of urea,-

and ai increased le v e l of amino acids in  the blood. The...........

resu lt is a considerable f a l l  in  the ra tio  of urea H: amino' 

acid nitrogen.

In  order to ascertain how eclampsia brings about th i  

change in amino acids we tr ie d  to find i f  any eorrelation j

existed between the plasma amino acid le v e l and the number j

of convulsions. The number of cases studied by us did not 

privide s u ffic ien t data to subject the m ateria l to "a 

s ta tis t ic a l analysis. The average values o b ta iif il^ y  th is
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study are presented in figure • I t  shows that with an

increasing number of convulsions the amino acid nitrogen

content of the plasma showed a d is tin c t tendency to increase.

The highest values in  th is  series were seen in  3 patients

between 4 to 8 hours before death. Further d e ta ils  in  
■this

discussion at/stage w il l  be fu t i le  because of the smallness 

of the series, but a more comprehensive idea about the sub

je c t can be obtained from the study of three cases where the 

patients developed eclampsia during th e ir  stay in  the  

hospital and we had the opportunity o f performing tests  ̂

days before the onset o f convulsions* The results obtained 

in these cases are presented in  Table 36.

Table 36.

No. o f F its Before 1 i 2 3 4 5 6 7 m,r ,i
B. | 3.0 8* 6 9.1 - - - - - -

A. ! 7.9 9.0 - — - - — - -
H. 1 8.3

-X
- 9.1 9.6 9.9 - 10.9 14.7 20.6:

These three cases c learly  d emonatrate that the amino i

acid content of the blood is adversely affected by con- :

v ils ions . The ris e  is  slow and gradual in the early  stages 

but when convulsions occur in rapid succession th is  increase j 

becomes marked. This is shown in  Mrs. H* where the amino. 

acids increased by nearly a hundred per cent, during the
1 ■ ‘ . y  • '  %

la s t two convulsions. le t  the e ffec t of the f i t s  appears 

to be temporary for in  a l l  the three cases the amino acid 

le v e l/
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A.A.N.
m .gms.

FITS

Fig. 22. Plasma amino acid nitrogen in eclampsia. The graph 
shows the level of amino acids . in relation to the number 
of convulsions. The number of cases in each group is small. 
The diagram is only meant to show the general trend of changes 
in the plasma amino acid which occurs in eclampsia.

BEFORE DURING AFTER

DAYS

Fig. 23. Plasma amino acid nitrogen in eclampsia. A fo llo w -tip d
■ ‘ 5

study. It shows the changes in the amino acid level in the 1 v* 1 
pre-convulsive, convulsive and convalescent stages of the 
disease.
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leve l started decreasing from the f i r s t  day a fte r the con

vulsions had ceased* (9* 0, 8*5 and 18.6  mgms. respectively in  

the cases presented in  Table 36)*

This reversib le  nature of the change in amino acid is  

very c learly  demonstrated in the fo llow  up study to be 

presently described. Every case of eclampsia who recovered 

from the illn ess  (15 out of 18 cases) was followed up on the \ 

f i r s t ,  second, f i f t h ,  tw e lfth  and twenty-second day a fte r  

the convulsions had ceased. The reaults in  the pre- 

convulsive (3 cases), convulsive and convalescent stages are 

presented in Table 37 and figure 23.

Table 37

?re-coi
vulsivf

l-  Oon- 
~ - vulsive Convalescent

•I-:-''-
v

2 ; '’ 1 ? 2 1 5 12 22 .*_■ Jtevsr

8.2

0.3

7.9

8.8

13.4

L” 4>2 ' 

j< 7 .6  

121.6

17.4 I 10.3 \ 8 .1  ] 7 .6
1 !

4.1 | 2.85 j 0 .9 0 1 0.70

10.4 j 7.1 i 6.8 j 6 .2  

23.1 18. 6 110.0 1 8. 9
_____ _ U-.... *

6 .6

0.40

6.0

7.4

6 .0  

0.20  

5.5  

! 6 .2

Average

■ : S.D* vs. 

Minimum 

Maximum

These data c learly  indicate that the e ffe c t o f eon- 

vulsions on the amino .acid le v e l is of a purely temporatory 

nature. ,Y e t, i t  is  #£ considerable magnitude. With the 

persistence of the convulsive stage fo r more than one day 

(9 cases) the amino acid le v e l was raised by 112 per cent*#? 

that o f the pre-convulsive stage. The gradient o f increase 

was more marked on the second day of the convulsive phase 

than/
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than on the f i r s t .  Nevertheless, w ithin 24 hours of the ! 

cessation of f i t s  the amino acids dropped by over 40 per cent, 

of the highest level attained during the convulsions. Pdri3a^&; 

the subsequent period of convalescence this decrease con^ 

tinued as a slow but gradual process. By the second week of 

puerperium normal values were regained. The changes observed 

in this study are  at each stage s ta t is t ic a lly  s ign ifican t.

mmm  ■

Every investigator has remarked that blood urea show's-* ̂  

considerable varia tio n  in pregnancy toxaemia. In  evaluating  

these resu lts  two factors, however, deserve consideration,

(1 ) During pregnancy the nitrogen metabolism is maintained* 

at a re la tiv e ly  low le v e l, so that the findings in  toxaemia 

can be compared only w ith those found in  such low states 

nitrogen metabolism. (2 ) Tdraemia,per sendees not g re s s i^  

in terfe re  with the ra te  of clearance of urea by the kidneys. 

But even the normal kidneys have a l im it  to the amount of : * 

solids which they can excrete in a given amount of urine, 

and in  the human this maximal l im it  for urea has been given by 

Cushney (4 9 ,1 9 1 7 ) as 4 to 5 per cent. I t  has been shwm^by,  ̂

Austin, Stillman and Van Slyke (50, 1921), that up to th is  

1im it, which is seldom r  eachecL even by the normal kidney, 

the ra te  of excretion of urea per unit of. body^eigh t^ incrte fl 

in d irect proportion to the increase in the concentration !

urea in the blood aud the rate of ur inar y output* This * 

sebdhd factor natura lly  imposes a l im it  to the excretion of
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urea, for* just as, an abnormal r is e  in  tbe volume of urine 

fa i ls  to cause a proportionate increase in  urea excretion^ 

so an abnormal f a l l  in  the urinary output makes i t  impossible! 

fo r the kidney| to excrete a l l  the urea presented to that 

organ* The inevitable result in the la t te r  case is the 

retention of urea in  the c ircu lation .

Toxaemia of pregnancy is  characterised by oliguria#

The in i t ia l  e ffec t of this is an increase in the urea concen-
I

tra tio n  of the urine, but a fter the lim it  o f maximal .concen

tra tio n  for the p artic u la r organ is  reached, blood urea must 

inevitably rise# :

However, i t  is in teresting  to re c a ll at this stage the < 

statement made by de fisselow and Wyatt (3 , 1934)*referred  

to e a r lie r  in this chapter, that urea reten tion  in  the blood < 

does not occur to an expected degree in  pregnancy toxaemias 

even When the concentration in  the urine is not very high

and o lig u ria  is marked# The obvious conclusion which follows
■

is that the production of urea is  less in  toxaemias of pre

gnancy# The values obtained in severe toxaemia and the 

corrected average in  eclampsia presented above amply cor

roborates this assumption.
' ' *' I

i  careful analysis of the data provided by other in -  h
-i*'

vestigators (deta ils  are available in  only a few of them )^ ^J 

also support this hypothesis. Thus, the figures .presente^^^  

Stander et al (13, 1925) show that the average blood urea in  

pre-eclampsia was 30.8 per cent, less than that in  normal f 

pregnancy./
1
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ifig. 24. Plasma urea 'in pre-eclampsia. The graph shows, 
the relation between the level of urea in the blood to the 
the degree of albuminuria. The data have been obtained from 
3©4 estimations in 100 cases, and demonstrates that the blood 
urea commences to rise only when albuminuria is marked.
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pregnancy* Ineclam psia , where they made no correction Jer 

o lig u ria  and consequent chances of urea retenticoi, tl|a 

average was almost iden tica l with that in  normal pregnanc y.

In 12 out of th e ir 31 cases however the blood urea le v e l 

was from 30 to 51 pgr cent# Jess than J^at in  normal pregnant 

women. Of Harter f s (51, 1900); 6 cases of eclampsia, the , 

blood; urea in  4 was 31 to 34 per cent, below the normal f 

pregnancy le v e l. B ote lla -L lns ia  (39, 1936) from the 

analysis of a large series of cases also concludes that *Un 

normal pregnancy urea in  the blood ,is  diminished, in  toxaemia 

especially in,eqlampsia this is  more marked? Hellmuth/s  ̂

(12, 1933) figures are widely quoted in  the lite ra tu re #  H if 

average in  eclampsia is  2Q mgms. urea H per 100 ml. , but 

analysis of h is data show that in  43 per cent, of his cases 

i t  was between 16; to, 55 per cent, below the normal le v e l. 

Elaborate data supplied by Harding et a l (52, 1934) also  

provide a sim ilar conclusion.

On the basis of our observations presented above and.,, 

the findings just described i t  seems reasonable to .Qonclu|p^j 

that the change produced b y t  pxaemia i t  se lf is  a dim inishi|^4  

urea concentratiou in  the : blood. \

In  normal pregnancy, as well as in  starvation bjood p$ea 

decreases, due in  the former to an increased, pr ptein*gttpr|jpt 

an! in  the la t te r  to reduced catabolism. The f | l§ ;  i^ b lo |  

toxaemia exceeds, that of normal pregnanqy,*,which 

that an add iti onal factor must be i f h ^ t ^ ib le  f  or 

low urea le ve l.



2 0 1 .

To understand the mechanism involved in  this process 

a study of anino acid level of the blood appears in d is - 

pensible. The data from our eases presented above show ah 

increase in  the amino acid nitrogen content of the blood in  

toxaemia and more markedly so in eclampsia.

Studies on the blood amino acids in  toxaemia of pre

gnancy have been reported by only a few investigators and 

unfortunately these resu lts  lack uniform ity, no doubt due 

p artly  to the d iffe re n t methods of investigation employed 

by d iffe ren t authors. However, inspite of the d ifference  

between the Values stated by individual authors the nature 

of change in each series should provide the necessary in fo r

mation.

is  early as 1905 Iwing (53) observed leucine and 

tyrosine in the urine o f eclamptic patients and suggested -  

the presence of a high concentration of unconverted amino 

acids in  the blood in toxaemia of pregnancy. In  1917 Morse 

(29) concluded from a study of a small series of toxaemias 

( including nephritis  complicating pregnancy) that amino acid 

values do not show a great* deviation from normality, although 

nin individual cases values much higher than normal were ^  

found", Hellmuth (IB , 19B3) in  an elaborate study observe# 

that toxaemia causes an increase in  the amino acid leve l of 

the blood. Oruickshank, Hewitt and Couper (5, 1^87) estimate! 

the amino acids in  18 cases o f toxaemia and 4B cases of 

eclampsia (the largest reported aeries in the l^SW iftUre) u 

and/
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and concluded that these "showed no noteworthy quantitative  

deviation from normal, except in  eclamptic cases, whe re  

there was a tendency to a moderate increase, 56 per cent. of 

the eases having a higher reading than the upper l im it  of 

noimal". B o te lla -L ius ia  (39, 1936) found that the average 

concentration in  hon-pregnant women was 5*8 mgms.amino acids 

per 100 ml* plasma. In  pregnancy th is  was 6*5, in  pre

eclampsia values ranged from 6.5 to 22.1 mgms., and in  

eclampsia from 12.1 to 22.7 mgms.per 100 ml.

I t  w i l l  therefore be evident that inspite of the 

scantiness of observations in  th is  subject the m ajority of 

investigators are of opinion that amino acids in  blood in 

crease during pregnancy toxaemia, a statement which our 

observations amply endorse.

The increase of the amino acids together with a decrease 

in the blood urea suggest that the synthesis of urea is  

d e f ic i^ t  in toxaemia of pregnancy. This is  obviously 

associated with a defective deamination by the l iv e r . This^ 

however does not indicate that deamination of amino acids, 

as a process, suffers in  the body for the l iv e r  is  not the 

only s ite  fo r deamihatibn. Deamination is an essential pre~ . 

requisite  o f transamination, ^hich occurs constantly in  the 

tissues fo r regrouping of amino acids and proteins.

However, the work of lann and co-workers (54, 1924) ‘ 

demonstrates that deaminat ion for urea Synthesis is dependent 

e n tire ly  on the l iv e r , :and the results  of bur vim t^stigation  

suggest/
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suggest that this deamination in the liv e r  is  adversely 

affected in  toxaemia of pregnancy. This hypothesis is further 

supported by the results  of amino acid feeding (cystine) 

already described. I t  is in teresting  to find that B o te lla -  

Llusia (39, 1936) observed a sim ilar reaction a fte r admin-, 

is tra tio n  of 50 gms. of g e la tin  to pre-eclampiic subjects.

That the deamination in the l iv e r  is affected by toxaemia is  

further shorn by the fact tha t the amino acid content of 

the blood increases as the d ir  at ion of toxaemia becomes 

1 onger, and in the three cases of pre-ec 1 ampsia who developed 

convulsions during th e ir stay in  the hospital.

So fa r , in  ascertaining the cause of increased amino . , 

acids in the blood we have only considered i t  as a passive, 

rise  due to d e f ic ia it  deaminat ion and urea-synthesis. B u t , 

the p o ss ib ility  of an active increase can not be wholly 

overlooked*, Carefully controlled experiments described by 

Parr and 11 pert (55, 1940) indicate that the mechanism 

controlling the blood amino acid leve l is highly susceptibly  

to a variety of hoimones. These authors observed that in  

dogs, p itress in , sex hormone,thyroxin and gonadotrophins * 

cause an increase in the amino acid level, of the plasma*

They also found that the highest le v e l was attained when 

these animals were treated with gonadotrophins (« an .increase 

of 75 per cent, of the basic le v e l) . Increased concentration 

of gonadotrophins in  pregnancy toxaemia has been reported 

by several investigators* Our; Obseryat|ona,,wh^Ji.w ill be 

described/



described la te r  also provide^ a s im ilar conclusion# I t  is, 

possible that the increase in amino acids seen toxaemia is  

partly  due to an increased concentration of gonadotrophins 

in the circulation# However, th is can not be the sole 

factor responsible fo r the process, .as the increase in  amino 

acids caused by hormones is  not found to be associated w ith j

any significant change in  blood urea# j

Thus, i t  seems reasonable to conclude that while the j

increase in  amino acids found in  toxaemia may be p artly  due, ;

to a lte ra tio n  of the hormonic le v e l, i t  is  also closely !

re la ted  to a defic ient production of urea# This suggests, |

but does not prove, that toxaemia of pregnancy is associated 

with a disturbance of functions of the liv e r  connected with !

protein metabolism# In  this connection the experimental study 

of Qoettsch et al (56, 1942.) offers an in teresting possib

ili ty #  These authors demonstrated that in  "hypoproteinaemic 

dogs* retention of amino acids in  the plasma was closely 

related to liv e r  in jury . They also showed that i f  amino acid 

loading tests (c .f .  cystine experiments described above) were 

done the liv e r  fa ile d  to clear the plasma of th is  excess of. 

amino acids (56a, 1943). The nature of hypoproteinaemia in  

pre-eclampsia and its  influence on liv e r  functions have. i

already been discussed. I t  seems that a vicious c irc le  of **’j 

events fo llow  in toxaemia# The in i t i a l  increase may be ,, '>J  

attended with an increase of gonadotrophin,, the.sJ;a|jis1af ... j

hypoproteinaemia of pregnancy (a^rayat^<^ ,i^ !

probably/



w.

205.

probably in t e rf en© with tbe e ffic iency  of clearance of tb fM i  

surplus amino acids. When toxaemia becomes severe, the
■ " '■ 1

hepatic functions su ffer, urea synthesis is  affected, and an
i!

actual accumulation of amino acids in the plasma takes place. 

As to whether th is  increased le v e l o f amino acids in  the ^  

blood can have any toxic action is not known yet. Neverthe

less i t  is in teresting  to re c a ll the findings of K apeller- 

Adler (28, 1949) and that of Minot and Outler (57, 1936). - ii

The f  irs t  named author has repeatedly observed an increased 

concentration of histamine and the la t te r  a raised leveL o f j

guanidine in patients suffering from pre-eclampsia and I

eclampsia. !

CON PLUS IONS.

Normal pregnancy causes a lowering of the concentration.j 

of blood urea. This appears to be the connected with the 7* 

mechanism of protein storage and haemodilution which occurs 

in pregnancy, plasma amino acids show a tendency to rise  as 

gestation advances, but th is  does not exceed the lim its  o f 

normality to any great extent. I t  is  suggested that th is  

change is  re la te d  to increased gonadotrophic a c tiv ity  whic&?V 

occurs normally in  pregnancy.

Toxaemia of pregnancy is associated with a further *

decrease in  blood urea and increase of amino acid content 

of.the4plasipa'.:>; -IB ên; the blood urea in  toxaemia is higher 

than normal i t  is caused by o lig u ria , and a consequent f a l l  

in the urea excretion. The increase in amino acids reaches 

pathological/
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pathological l im its , but the process is reversib le and normal 

levels are restored when toxaemia is cured. The-increase |

in amino acids is  believed to be caused bv (1 ) an increase I
I

in the concentration of gonadotrophins and (2) defective ! 

deamination in the l iv e r .  This appears to be re lated  to the 

disturbance of hepatic functions brought about by the 

toxaemic process-
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ossmm oL jg m iia
CHAPTER 1 

BLOOD _ SUGAR IN TOXAEMIA

I t  is  generally agreed that the blood sugar remains 

w ith in [lim its  in pregnancy and pre-eclampsia. In  a recent 

review of the subject Plummer (1 , 1936) observed that 

^toxaemias in  pregnant women show no change of blood sugar 

levels which would d iffe re n tia te  these from normal gestation1? 

E a rlie r investigations reported by Morris (3 , 1917),

Bejthin (2 , 1922), Stander (3 , 1926), Hellmuth (4 , 1937) and 

Novak (5 , 1938) amply confirm the above assumption.

Bstimat ion of the fasting  blood sugar was done by us 

in ''73 cases of normal pregnancy and 100 cases of pre- 

eclampsia. The values are presented below.

Normal Pregnancy, 89.9 mgms.per 100 ml*;; S .D .9 .7.
Maximum 76. 6; minimum 101. 0.

Mild Pre-eclampsiaf 87.03 mgms.per 100 m l.; S.D.12.3.
Maximum 74.7; minimum 103.4.

Severe Pre-ecla&psiat 83.7 mgms.per 100 ml. ; S.D.7.4.
Maximum 75.0; minimum 101.8.

In  both mild and severe pre-eclampsia blood sugar was 

within normal lim its . The, small varia tio n  in  the average 

does not appear to be s ig n ifican t, and the range is  almost. .< 

identical in the thr^e groups o f cases presented above.

Blood sugar values in eclampsia, however, have been a 

subject/
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subject of much controversy. In  this connection a review 

of the lite ra tu re  may appear in teresting . Wieden (7 ,1915)t 

Be^thin (3 , 1922), Obata (8 , 1923), Walthard (9 , 1923) and 

Stander and co-workers (3a, 1925) observed that the blood ' 

sugar le ve l is  raised in  eclampsia. Most of these authors 

believe that this hyperglycaemia is the effect of con

vulsions. Stander and Radlet (3 , 1926) found that the state  

of hyperglycaemia persists for an appreciable time after the 

cessation o f convulsions, and Stander and Harrison (3b ,1929) 

believe that this raised le v e l of blood sugar is re lated to 

the change in  the a lk a li reserve of the blood, and to a 

consequent a lte ra tio n  of the hydrogen ion concentration of 

the liv e r  ce lls .

Levy (10,1927), Titus (11, 1928), L e ffe rty  (12,1931), 

Siedentopf (13,1932,1938), Siegel and Wylie (14,1933),

Ohamina (15,1935) and Poaatti (16,1938) found that the con

vulsions of eclampsia were associated with a state of hypo- 

glycaemia. On the basis o f th is  finding T itus and co-workirs 

advocated the use of hypertonic glucose solutions in  the ic 

treatment of eclampsia. There is general agreement about 

the effectiveness of th is  treatment. *r"

The average blood sugar fo r 18‘ cases of eclampsia in  

our series was 82.1 mgms. per 100 ml. ; S .D .5.0* Individual 

values oc cupi ed a rang# of 70* 5 t o 92* 3 , wh ich , c ompar ed 3 

with normal pregnancy and pre-eelanpsia shows':'A s ligh t 

deviation to the le f t .  The f a l l  in the average however, is  

not/
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not s ta t is t ic a lly  s ig n ifican t. Only 5.5 per cent, of the 

values in  th is series were below 80 mgms.per 100 ml. , but 

4 per cent, of pre-eclampsia and normal pregnancy also 

occupied the same le v e l. I t  may be o f in terest to note that 

in an analysis of 22,808 blood sugar estimations in non- 

diabetic  persons, John (17, 1928) found that 11 per cent.o f 

the values were below th is  accepted minimum standard of ’ ‘ I 

normality. In  view of these findings i t  is d if f ic u lt  to * p 

conclude that eclampsia causes either hypo-of hyperglycaemii\

However, a study of th is  nature represents merely the 

average state of the blood sugar in  eclampsia without in -  

dicat ing the manner in  which i t  is affected by the onset of 

the eclamptic seizure. Three patients in  th is  series 

developed eclampsia during the ir stay in the hospital and 

we had the opportunity of comparing the blood sugar values 

in the pre-eelamp t ic  and eclamptic state. The results  

obtained are given in Table 38 ..

The three cases demonstrate that eclamptic convulsions,, 

per se do not a ffec t the blood sugar leve l in  any consistent 

manner. In  a l l  cases the blood for estimation of sugar was 

collected immediately a fter the cessation o f convulsions and 

none o f these patients received any form of glucose during •* 

th is  investigation. Thus, the values presented above are j  

comparable with the fasting blood sugar levels  given in the ■ 

f i r s t  ajid la s t columns pf the table. I t  appears that as a , 

result o f convulsions the blood sugar le v e l may r is e  or 

f a l l /
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f a l l  with an a Most equal frequency. In  this respect our 

findings disagree with those of Stander and Harrison (3b; 

1929) who observed a consistent increase in blood sugar as 

a result of convulsions.

Table 38

?re-
con- Convulsive stage 84 hr s.

a ft  ex
vulsivs H

i  i  L _  a_ 3 4 5 6 7 I 8
con-

Mrs. H. 37.0 : 
(1 6 *

; hr s.)

.14.0 87.0
.

1
- -  1 - 83.8

Mrs. A. 88.0  
(21 
hr s.)

61.2 107.6 86.51
— 1 ** — 91.4

Mrs.H. 90.0
( thr s.)

191.7i
j
1i

80.7 134.8 70.0 81.2 80.6 64.7 80.0 98.0

x Figures in  parenthesis represeat the number of hours befon  
the f i r s t  convulsion when the test was done.

In  order to make a further scrutiny we estimated the

blood sugar in 7 patients, 15 to 20 minutes before, 5 minutes 

a fter and during an actual convulsion of eclampsia. The f 

results are presented in Table 39 md figure 25.

In  4 of these 7 cases blood sugar increased during the 

convulsion, but the extent of th is  increase was outside the 

scope of experimental error in  3 patients only. In  2 bases; ‘ 

there was ah appreciable f a l l  and in  1 (probably* in  2 ) ‘ :

instances there was no reco^ isab le  a lte ra tio n  in  the glucose 

concentration o f the blood. The series presented here is  | 

small/
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small, but in  conjunction with that already discussed 

(Table 38) i t  appears that the le v e l of blood sqgar is  not 

d ire c tly  affected in eclampsia* This find ing  is  in  con- 

cormity with that of Krieger (18, 1934), who made a detailed  

study of the reducing substances in the blood in  eclampsia. j

Table ,39

j
i Before Burins: After convulsions

1* Be* 83.5 86.5 84.7

3, M* 80.6 138.7 103.0

3. H. 64.6 78.4 78.0

4. A* 138.6 158.8 96.2

5. Bn. 156.5 140.0 93.5

6. McL. 76.0 76.0 77.7

7. MCI. i 93.5 77.6 75.5

Our investigation in  th is  d irection  was carried further :
t

on 2 patients, where the blood sqgar was estimated at — I

in tervals  of a 1 /4  hour for 3 hours during the stage of 

eclamptic convulsions. (Mrs. S. and McC, )♦ The results  are_ ; 

graphically represented in figure 28.

These two cases also demonstrate the complete lack of
•■i

correlation between the blood sugar le ve l and eclamptic /  j  

convulsions. Both patients had repeated convulsions and \  j
; ; ... .J

both of them received intravenous glucose inorder to prevent .] 

hypoglycaemia. I t  w ill be seen that convulsions occurred ■ 

with almost equal frequency when the blood sugar was ris in g  

as when i t  was on a decline.
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NORMAL BLOOD

50

□  b e f o r e  
■  d u r in g

m  AFTER

A FIT,

SUGAR LEVEL

5

Fig. 25. Blood sugar in eclampsia. The diagram shows the 
results obtained in seven cases before, during and after a 
convulsion. Note the complete lack of corelation between the 
blood sugar level and an eclamptic fit.

iI

I
GLUCOSE.

I  ■ F IT S .

•1I

GLUCOSE.GLUCOSE.

3 Hrs.

Fig. 26. The levels of blood 
sugar during the convulsive 
stage of eclampsia. Two 
cases. Note that convulsions 
may occur when the blood 
sugar is both ascending and 
descending.
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OHAFfER 2 

OLYOQM STORAGE

In  1912 Schirokauer (1 ) f i r s t  observed that alimentary 

glycosuria is  a common feature of early pregnancy. Since 

then, considerable work has been done on this subject, and 

investigators have broadly divided themselves into two j

groups. (1) Those (2 ,3 ,4 ,5 ,6 )  who believe that the glycosuria 

is due to the lowering of the renal threshold. In  this  

connection i t  may be mentioned, that Faber (4, 19116; 4a ,1927J 

reported two normal primiparae whose "threshold* f e l l  from 

150 and 200 mgms.per cent, to below 130 mgpis.per cent, in  

the course of pregnancy. (11) The second groupof observers 

(7 ,8 ,9 )  believe that the renal threshold may or may not be 

lowered during pregnancy but the glycosuria is due to 

defective u tilis a t io n  of augar in  the body, which is  pro

bably of hypothalamico-pituitary orig in . Evidence in 

support of the la tte r  theory is  found ih the fact that

pregnant ŵ men often show acetonuria and an increased tenden-;

cy to Ketosis. Schultae (10,1926) and Bokelmann and Bock/ ? 

found that pregnancy is associated with an increase of j

blood la c t ic  acid, Bokelmann ascribed i t  to a defective ;

cor^ycle  and resynthesis of la c t ic  acid into glycogen. -i

H istological (Hofbauer 12, 1907) and biopsy studies (13,1945) • 

of the l iv e r  during pregnancy have revealed centrilobular 

deposition of f a t ,  which has been ascribed to gl.ycogen t i 

deficiency.



Liver glycogen serves as an important reserve source 

of carbohydrate read ily  available to a l l  tissues of the ]

body* In  normal parsons, i f  the supply is plenty, a large j• |
amount can be accumulated in the liv e r  in  a few hours; in  

time of need i t  can be used with equal ra p id ity . The rate
|

of th is  glycogenesis is dependent not only upon the nature ! 

of glycogenic m aterial available but also upon the condition 

of the individual i^ien these m aterials are ingested. The 

role of in ternal secretion of the pancreas in  this connection^ 

is  well established. I t  is known that an in jection  of j

insulin  reduces the leve l of sugar in the blood by increasing 

the ra te  of glycogen deposit. ( I t  has never been demonstrated 

that insulin  increases the le v e l of l iv e r  glycogen, although 

muscle glycogen has been known to be raised by th is  hormone).

In  order to observe the rate in  which the sugar in  

the c ircu lation  is u tilis e d  for storage purposes, we per

formed a series of experiments on 16 cases of normal pre-  ̂ ! 

gnancy and 28 cases o f toxaemia of which 3 were eclamptics.* * 

Immediately a fte r a sample of blood was obtained fo r the j

estimation of the basic blood sugar leve l each patient was 

given an intravenous in jection  of 5 gms. of glucose and.

3 units o f , insulin . The small quantity of glucose used i

for this experiment was in order to avoid any loss through ^ 

glycosuria. The mount of insulin  used was calculated to 

f’coyer^ the quantity of glucose injected. A sample of 

blood fas examined for its  content of suga%&t■.& md&iulp and 

20/



20 minutes a fte r the in jection . No patient with abnormal 

fasting  blood sugar le v e l or glycosuria (before or during 

the te s t) was accepted fo r  this study. The results are 

submitted in Table 41 and figure 2?.

Table 41

 P a ll in Blood Sugar f 5 min^30 min^ftgr jnieatjon) Total

Mgms. /  a 
100ml. (0-1.0

Normal \
No. of | 
Oases f

10,7-20

xaenoai 
No. o f )  10 I 17 
Oases ! i '

2Q1-3Q 301-40 401-50150.1-60 60.1-70

16.

28.

The r is e  in  the blood aigar caused by the in jection  of 

glucose varied considerably in individual cases. In  8 out 

of 16 cases of normal pregnancy, immediately after the in

jec tio n , a hyperglycaemic leve l (above 140 mgms.per 100 m l., 

Peters and Yan Slyke, 14, 1946), was reached, but this was of 

a short duration for in only one patient was the blood sijgar 

above 140 mgms. (« 146 mgms.) per 100 m l., 30 minutes a fte r  , 

the glucose-insulin in jection . The f a l l  in the blood sugar *'j 

brought about by the insulin  varied from 22 to 67 mgms.per

100 m l., with an average of 48.3; S.D.14.19. In  13 patient*

(81.5 per cent. ) the reduction of blood sugar exceeded 40 

mgms.per 100 ml.

In  the toxaemia series the in jection  caused the blood 

sugar/

"  \
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NOjOF c a s e s .  

20|

10

NORMAL 16 CASES. 

TOXAEMIA 28 CASES.

01-10 101-20 201-30 301-40 40 *1-50 501-60  601-70 
FALL IN BLOOD SUGAR M.GMS.

l?ig. 27. Glycogen storage in normal and toxaemic pregnancy. 
The diagram shows the effect of injections of insulin and 
glucose. The removal of sugar from the circulation by insulin 
is retarded in toxaemia of pregnancy.
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sugar to rise  temporarily above 140 mgms* per 100 ml. in  

cases. The subsequent decrease due to insulin  was, however, 

much less than that in  normal pregnancy, the maximum being

20.8 and the minimum 2.8 mgms.per 100 ml. The average f a l l  

in blood sugar in  toxaemias was 11.7 mgms. ; S.D. 5.38. I f  

the single ease where the value just exceeded 20 mgms.(20.8  

mgms.) is  excluded, the storage of sugar stimulated by the 

insulin in pre-eclampsia and eclampsia was less than 20 mgms. 

per 100 ml. The difference in the values obtained fo r  

glycogen storage in  normal pregnancy and toxaania is consid- 

erable and s ta t is t ic a lly  s ign ifican t.

In  order to compare the values obtained during pregnancy 

with non-pregnant states, the test was carried out on 6 

members of the laboratory s ta ff .  The f a l l  in blood sugar 

from its  peak-level was between 58 to 79.5 mgms.per 100 ml. > 

with an average of 67.4; S.I). 10.4. These values are higher 

than those in  normal pregnancy and the differences sa tis fies  

s ta t is t ic a l scrutiny.

The in terpretation  of these findings is far from easy. 

One in teresting  feature which was observed during these 

experiments was that there was no leakage of sugar in the 

urine even when the blood sugar reached 190 mgms.for a short,, 

period. Lowered renal threshold in pregnancy is probably *

not as fhequent as is believed to exist. I t  may bV mention#!
. - ...... . . ... ..... .. . v ^

here that Williams and f i l l s  (15, 1926) f r  dm a study of "

640 glucose tolerence tests also arrived at the same con

clusion.
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Infusion of concentrated intravenous glucose has been 

accepted as a recognised treatment of toxaemia* Several 

authorities inducing T it us (16, 1928) and Dieekmann (17,1941) 

have claimed considerable improvement in maternal m ortality  

following glucose therapy. Dieekmann states that the amount 

of glucose prescribed for a case of eclampsia must be 

suffic ien t enough to cause a surplus ( in  order to promote 

diuresis) over that required to meet the deficiency in the 

glycogen reserve of the liv e r . Few investigations have 

however been done to ascertain the manner in which th is  

glucose is  u tilis e d  in the body. In  the experiments describe  

above i t  is  evident that even i f  the additional glucose is  

protected with insu lin  i t  is not taken over by the tissues 

(especially l iv e r  and muscles) in  toxaemia as quickly as in  

normal pregnancy, while in  both these groups of cases the 

process is  much slower than in the non-pregnant state.

In  order to determine how additional glucose is u tilis e d  

when given aLone, we gave 50 gms. of glucose to 20 cases 

of normal pregnancy and 20 cases of severe pre-eclamptic 

toxaemia and also to 5 cases of eclampsia a fte r the convul^v 

sions had ceased for 18-24 hours. Glucose was given d is

solved in 250 ml. of water, the bladder was emptied

immediately before the commencement of the te s t, and the
- • • * • * ' *****

to ta l quantity of urine secreted during the following 4 

hours was collected and estimated quantitative ly  fo r  glucose* 

I t  w i l l  be seen that the quantity of glucose employed was 

the/
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the same as th a t f  o f the  glucose 't olerance te s t.  In - a

normal ‘person th is  does not cause g lycosu ria . ■' I n '4 o'ut o f ”

20 cases o f  normal pregnancy ing e s tion .'o f ” 50 gms. of glucdse

caused sugar to  appear in  the urine in  q u a n tit ies of 0 .8 , '•*?

1 .0 , 1 .3  and 1.3 gms. re sp e c tive ly  (average « i .  10 gms. ). In  

12 cases o f "pre-eclampsia g lycosu ria  developed, and the  ' j 

q u a n tity  o f glucose excreted in  the u r in e  was 2,2^ 2 .4 , 2 .7 ,

3 .1 , 3 .6 , 3 .9 , 4 .0 , 4 .2 , 4 .2 , 4 .5 , 5 .3 , and 7 .4 'gms. re -  

spec l iv e ly  (average = 3.95 gms. ). i l l  5 cases of eclampsia' 

excreted sugar in  the u rine  in  q u a n tit ie s  of 5 .0 , 6 .3 , 6.^9, 

7 .3 , 7.8 and 9.4grfis. 're s p e c tiv e ly  (average = 3. 64 gms. ).

I t  w i l l  be evident from 'the  data presented above th a f  v  .

60 per cent, ’o f the Oases o f severe pre-eclampsia and a l l  :

the cases of eclampsia studied in  th is  series fa ile d  to ' 

completely ut i l ls e  the glucose give:' . Of thcs e who showed I 

g lyco su ria , ' p re-ee l ampt ics  lo s t 7,3 and b c l .empties 17.2 per o' 

cen t. o f the ingested sugar in  the u rine . : * :•

As a l l  the "pre-eclampsia cases in  th is  se ries were 

selected ' (from  the f  i r s t  group of case's already" described) 

fo r  th e ir  not ’showing an abnorm al'rena l th resho ld , i t  can be 

concluded that during  the post-absorp tive  phase the 
a d d it io n a l/  •' - • ■ . . . - i :. •

x -  u rine  was co llec ted  every f 'h o u r l  : Rst 4 -o
.ll; sugar .was done on..-each, fresh specimen and . ca lcu lated„J\or .

the tb  tSl. q u a n tity  of urine secreted dur ing  4'‘'heuf s f  In  **
■ specimen/was sugar d e te c te d ,in  the n in th  sample ■ j

(4^ hours). o I

. . .  j  ■ ■  ■

. •" ■ : i
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additional glucose reaching the c ircu la tio n  was being .allowed 

to accumulate u n til i t  exceeded the threshold le v e l and was 

excreted in  the urine* This siggests that by merely ra is ing  

the blood sijgar in  toxaemia i t  is not possible to stim ulate  

glycogenosis.

However, these experiments do not provide positive  ^

evidence for a lack or otherwise o f the glycogen store of

the body. The only interesting quantitative: work on animals

in the l ite ra tu re , which throws some lig h t on the subject is

that of Schmidt and co-workers (18,1927). These authors

estimated the glycogen content of the l iv e r  and muscles o f-

*w e ll-fed n dogs during pregnancy. They found that pregnancy

was associated with a f a l l  of l iv e r  glycogen from 6 per cent.

(non-pregnant animals) to 2.15 per cent. They also noticed

a sim ilar decrease of the glycogen level of the muscles.

This would account for the increased tendency of acidosis
Is

during pregnancy. The danger of Ketosis^ increased markedly 

in toxaemias (vide in fra ). These observations together with  

the results  o f the experiments described above suggests that 

the glycogen store is probably low in  pregnancy toxaemia. 

Ind irect evidence in  support o f th is  is found in  the markedly 

high incidence of toxaemia in diabetes, a condition; in  which" 

the carbohydrate metabolism is  known to be upset. 4

The cause of th is  disturbed carbohydrate metabolism is   ̂

not quite d e a r ly  imderstood, Factors which nwmaliy Control 

carb<diydrate u tilis a t io n  and storage, are nu|ierb^,rahd I

among/ '
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among them endocrines play an important part* Both anterior 

and posterior lobe of the p itu ita ry  body, the adrenal . 

medulla and cortex and to some extent oestrogens (Boliny a 

et a l ,  19, 1941; In g le , 20, 1943) have been known to have 

a contra-insular effect* Normal pregnancy is  attended with

some degree of p itu ita ry  hyperactivity and a marked excess 

of oestrogens in  the c ircu lation . These could account -forlin - 

the reduced tolerence for glucose seen in  th is  condition, el 

Reference has already been made to the increased concen- Ti
tra tio n  o f gonadotrophins observed by Smith and Steith and i ; -  

several other investigators in pregnancy toxaemia. Our own 

investigation described in a subsequent section demonstrates 

considerable basophil hyperactivity o f the p itu ita ry  in  

pre-eclampsia and eclampsia. Cushing*s (21, 1912) e a r lie r^ -,, 

experiments, the Houssey animal (22, 1931) and c lin ic a l 

investigations on basophilism (Bprfman et a l ,  23, 1940; 

A lbright, 24, 1943) c le a rly  indicates how p itu ita ry  over- 

a c tiv ity  can in h ib it the effects  o f the pancreatic hormone, 

reduce the glycogen store of the body, and predispose to a 

state of decreased carbohydrate tolerence. In view o f thepiv  

ind irect evidences i t  seems probable that the disturbed, . 3, * 

carbohydrate metabolism seen in pregnancy toxaemia is  con- 

nected with endocrine dysfunction in which p itu ita ry  hyper

a c tiv ity  plays an important ro le e ither d ire c tly  or through 

the intermediary of the adrenal cortex. The present state * 

of our knowledge does not permit any further e l ab prat ion ' '

on the subject.



224.
CONCLUSION

The results of the experiments described in th is  section 

suggest that the capacity fo r the system to accelerate the 

storage and u tilis a t io n  of sugar in  presence of induced 

hyperglycaemia is notably affected in  pre-eclampsia and 

eclampsia* There appears to exist in these conditions, a 

mechanism in  the body which counteracts the action of insulin, 

Available evidences siggest that this mechanism is connected 

with the hyperactivity of the anterior lobe of the p itu ita ry  

body* Further work is  necessary for a complete understanding 

of the process-
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CHAPTER 3 

SUGAB MQBIL1SATM

Organic changes in  the l iv e r  revealed by necropsy have 

sometimes suggested a d e fic ie n cy  of glycogen in  th is  organ. 

However, adequate p ro o f of a d e p le tio n  o f the  hepa tic  g lyeo - j 

gen reserve has never been o ffe red . The experiments described 

in  the preceding chapter and the re s u lts  of glucose to le rence  

te s ts  merely suggest a delayed u t i l is a t io n  (and probably 

storage) of s ig a r in  toxaemia. An attempt was made to  

fu r th e r  in ve s tig a te  the p o in t w ith  the he lp  of adrena lin . I t  ,

is  known th a t a dm in is tra tio n  o f ad rena lin  causes the blood 

sugar to  r is e  ra p id ly  o ften  to  the extent o f provoking 

g lyco su ria . I t  is  a lso  known th a t th is  hyperglycaemia resu lts  

from hepatic  g lycogeno lys is , the muscle glycogen being j1 ■ - • ■ • . :• --I
norm ally not a ffec ted  in  th is  process (1 ,2 ) . Moreover, i t  

has been pointed out (3 ,4 ) th a t in  diseases o f the l iv e r ,  as 

th is  organ does not conta in  the normal q ua n tity  o f glycogen 

blood sugar r is e s  less than usual a fte r  the in je c t io n  o f a 

standard dose o f adrena lin . This forms the basis o f the !

experiments to  be presently<fescribed*

Every p a tie n t (normal or o therw ise) in  th is  series waaBj 

kept in  basal co n d itio n  w ith  a r ic h  carbohydrate meal on the,|
\ r f  J ' r ' C

n igh t before the te s t. The experiment was done in  the  

morning 2 hours a fte r  a b reakfast co n s is tin g  o f sweet tea  

and to as t. Before the te s t the blood pressure was taken ever] 

minute u n t i l  both s y s to lic  and d ia s to l ic  readings were 

co n s ta n t./ j
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constant* At this stage venous blood was collected fo r

estimation of the basic blood sugar leve l. Immediately

thereafter an intramuscular in jection  of 0.5 ml. of adrenalin 
T w e n ty  m in u t e s  l a t e r

was g iv en ./ a second sample o f blood was obtained for sugar. 

The in terva l of 20 minutes was decided upon from a pre

lim inary study on 16 cases of normal pregnancy where blood 

sugar was estimated every 5 minutes a fte r the in jection  in  

order to determine the point of maximum ris e  due to 

adrenalin. The difference between the basal and post

adrenalin blood sugar value was accounted for by the mobil

isation of the hepatic glycogen caused by adrenalin , and 

described as the sugar m obilisation index.

As our object was to ascertain the nature o f changes " 

which occur in toxaemias of pregnancy, we confined our 

experiments on normal cases to only the la s t trimester of 

gestation* The data presented here are based on 83 tests 

done on 53 patien ts , who were between 29 and 40 weeks preg

nant.

The average sugar mobilisation was 19.1 mgms.per 100 ml.; 

3.D. 2 .52 , with a maximum and minimum of 36*0 and 13.1 mgms. \ 

respectively. The scatter was almost ident ica l both above- ] 

and below the mean, but in  just over two-thirds of the ' a

experiments the mobilised sugar exceeded 13 mgms.per 100 ml. 

of blood. '• ' y ■. I

On 6 members of the laboratory s ta ff  under similar

conditions/
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Fig. 28. Blood sugar and sugar 
mobilisation in normal and 
toxaemic pregnancy.

Blood Sugar . S ugar Mo bilisatio n .'

Fig.29. Blood sugar and 
sugar mobilisation in pre- 
sclampsia.in relation to the 
iietary protein intake. The 
Low-protein group also 
received a high carbohydrate 
liet. The slight difference 
i n  the values shown in the 
liagram is not of statistical 
significance. Blood

Sugar.
S ugar

MOBL.

■
-
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mean for th is  group, 38 per cent* in  mild and TO per cent, 

in severe pre-eclampsia occupied the same pbsitidn* f t  is  

therefore; apparent that sugar mobilisation diminishes to 

an appreciable extent in severe pre-eclampsia. In  mild pre* 

eclampsia the decrease in sugar m obilisation is not a 

notable feature.
Table 40

Frequency 
mgms* 

pgr 100 mL

"t:-." r  j
\ Normal j 

’ ! Pregnancy1 j

Mild
pre
eclampsia

I Severe 
! pre-
| eclampsia

Total - 
pre-
eclampsiar

6.1 -  6 .0 i i 
1 *  ! -

i
i 1)

, x .

8.1 -  10.0 ^  ■■ j1 ! 3 I £ ^  j

10.1-13.0 | j
j 7 ■ 7 ^5;

13.1 -  14,0
? ...... ■ ■

* -
1 6

5

14.1 -  16.0 L ■ l i  ■ I 2 16 18
16.1 -  18.0 ■ | : 16 ip . I  9 19........

18.1 -  20. 0 1 24 28 t  8 37 r

20.1 -  32.0
I ' . 1 7 :.. J 9 1 1 : io

22.1 -  24,0 1 9. . . 1 • - 1

24.1 -  36.0 L  3
I  ~"

Average " f  19.1  ■ 18.3 ’ f  14.8 ;1 16.7
T> T?- 0 • 1.62 ; 1 .0. j 1.08

I 2 1 .0

1.99

Maximum ! 2 6 ,0  ' 23.6' '
Minimum : 15.1 ' 14.8' 7 .6

i. .A - - .

7,6 ^

SUGAR MOBILISATION AND THE CLINICAL

Experiments to determine the sugar'7 mobilisat&ctfVeVe 

repeated/



230.

repeated at weekly intervals with a view to ascertain i f  

any relationship existed between the c lin ic a l course of 

toxaemia and the capacity of the liv e r  to mobilise glycogen. 

The resu lts  obtained are presented in  Table 41 and figure 30.

Table 41

Weeks
after Improved Deteriorated
Admis-
sion Averages P.B. Min. -  Max. Average Min. - Max*

1 1.66 11.4 - 22.6 j 14.4 1.43 7.6 - 19.1
3 17.7 1.39 12.0 - 23. 0 12.6r\ 1.41 7.0 - 19.0
3 18.9 1.23 1-5.5 - 22.0 10.8

1
1.41 6.4 - 13.6

4 20.1 0.74 
L. ...

17.0 - SL.4 ! 8.6
Si

1.20 6. 0 10.5

I t  w i l l  be evident from the data that the amount of

sugar mobilised by adrenalin bears a re lationship  to the 

c lin ic a l course of toxaemia. Sugar m obilisation increases 

with the improvement of the c lin ic a l condition and decreases 

with its  deterioration . In  patients who were cured, normal 

pregnancy le ve l was reached between the th ird  and fourth  

weeks. In  the cases where the toxaemia grew worse the in i t ia l  

values were lower than those of the other group. This is 

probably due to the in itia l severity o f . the toxaemia. During 

the subsequent period of investigation sugar mobilisation  

deteriorated steadily. In  the f i r s t  week.of study the 

reduction amounted to 34.6 per cent, o f the. normallegel 

term, During the following three weeks th is  chab%ed into

34.0 , 43.5 and 55.0 per cent, respectively. I t  is in teresting  

to /
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D e t e r io r a t e d .

F i g . i 3 0 .  S u g a r  m o b i l i s a t i o n  i n  

r e l a t i o n  t o  t h e  c l i n i c a l  c o u r s e  

o f  t o x a e m ia  ( p r e - e c l a m p s i a . ) .

F i g .  3 1 .  S u g a r  m o b i l i s a t i o n  

i n  p r e - e c l a m p s i a .  T h e  

d ia g r a m  s h o w s  t h e  r e l a t i o n  

t o  t h e  d u r a t i o n  o f  t o x a e m ia  

i n  t h o s e  p a t i e n t s  w h e re  

t h e  t o x a e m ia  p e r s i s t e d  o r  

i n c r e a s e d  i n  s e v e r i t y .

•i

i
17 M.Gm s . ^

' I

15

131

11■ ■1 I
9

BlUS^nONB

7 11■ - !WKS. 1 2  3 4 5
I
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to observe th a t although the averages s a t is fy  s ta t is t ic a l  

sc ru tiny  in  both groups, the sca tte r shows th a t the improve- 

ment o f values is  brought about by an increase of the  minimum 

while d e te r io ra tio n  is  caused mainly by a f a l l  in  the values 

at the upper end o f the range. The maximum value in  improved 

cases and the minimum in  deterio ra ted ones show only l i t t l e  

va ria tio n . This was believed to be due to considerable over

lapping of values in  each group. So, a l l  the d e te rio ra te d  

cases were subjected to  fu rth e r ana lys is  in r e la t io n  to  the 

duration  of toxaemia irre sp e c tive  of th e ir  time of admission. 

The manner in  which th is  was done has already been described. 

The re s u lts  obtained from th is  study are submitted in  

Table 42 and fig u re  38.
Table 42

Duration
Weeks i _  i 2 i 3 4

—  —  . 

i 5
Average i 17.4) 15.3 ; 13.7 10.9

1
7.0

V  T?I .  a * ; 2.21 2.25 2.02 1.68 0.79
i

Minimum I 12.7
{

3.5 ; 7.5 7.1 6. 0

Maximum ! 22.6} 20.0 i
i

19.7 17.0 8.2

The change in  sugar m o b ilisa tio n  brought about by the 

persistence o f toxaemia is evident from the fig u res  presented 

here.. I t  is  obvious tha t as the du ra tion  of toxaemia is  

prolonged, the capacity  of the l iv e r  to  m obilise  glocygen 

becomes progressive ly less. Compared w ith  the sugar m obil

isa tio n  in  normal pregnancy the decrease in  each successive 

we ek/
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week of toxaemia amounts to 6 .1 , 17 .3 , 28 .2 , 41.8 and 63.5 

per cent, respectively . I t  w i l l  be seen that the gradient 

of f a l l  increases appreciably a fte r the toxaemia has per

sisted for more than three weeks. The change in the values 

satisfies s ta t is t ic a l significance at each stage. The 

decrease a ffec ts  not only the average but also the range of 

values. The lower values seem to be affected e a rlie r  than 

the higher ones in each series.

SUGAR MOBILISATION AND BLOOD PRESSURE

I t  has been pointed out already that the changes

observed in  re la tio n  to protein metabolism bear some re la tio n

to the le v e l of d ia s to lic  blood pressure in  a case of toxaemia

I t  was therefore considered that an analysis of sugar

mobilisation in  re la tio n  to the blood pressure, at any given

stage of the disease, might prove in teresting .

A study of the results obtained from these experiments

in re la tio n  to systolic blood pressure did not prove to be

of much in te re s t. There was a general tendency to d ecline

with an increase of systo lic  pressure but th is  was neither

uniform nor s ign ifican t at a l l  stages. The lowest value was

obtained at 200 mm.Hg* , yet when, the pressure was 210 mm.Hg*at
the value was actually  higher than th a t /175 mm. The 

results are represented in figure 32* With an increase of 

diastolic pressure however there was a gradual deterioration  

of sugar mobilisation. The results  are given in  Table 43 

figure 32.

Table/
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Table 43

T0 7
mm.
.H g t_ _ iiz § r:

cent.I 
P.B. UnoneiMin.

i t f :
mm.
M - Aver.P.E.

per
cent.

8 6 -9 0  

91- 95 

96-100 

101-105

18.9

20.0

17.5

1 .4 l j l .  04 15.7-21.0

1.41

2.14

16,6  1.27

4.7 15.8-22.6  

8.4  114.5-22.0 

13.1 13.0-19.2

106-110 

Lll-115  

LI6-120

L _

15.1

12.6
8.9

0.37

0.64

20.9 

. 0

]06£3

ZML3

6 0 - 3 0 6

I t  w i l l  be evident that with s ligh t rise  of d iasto lic  

pressure there is no s ign ifican t decrease in  glua&le ipob.il- 

is at ion. On the contrary there is a s light increase m  the 

average value between 91 and 95 nrnuHg. dia st o lic  pressure. 

Compared with normal th is  is  barely s ign ificant. (%en the 

blood pressure reaches above ICO mm. Hg. the f a l l  in  glucose 

mobilisation becomes significant for the f i r s t  time. Sub

sequent to th is , the decrease is maintained steadily with * 

s ta t is t ic a l significance at each stage. The gradient of 

f a l l  is  at f i r s t  slow, but becomes marked when the blood 

pressure rises higher than 110 mm. Hg. Between 110 and 115 

mnuHg. the amount of glucose mobilised under experimental 

conditions; was about one-third of the normal, while at 

120 mm. Hg. glucose m obilisation was less than h a lf of that 

in normal pregnancy.

3 *  m u m m  . 7aM

The average value fo r  our series of eclampsia was 

5.2 mgms. per .100 m l.; S .D .t.6  (maximum -  11,0 mg|S*:j ,  minimum 

*  3 .2  mgms. ). This was obtained at the time of admission

irrespective /
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irresepctive of the condition of the patien t, and represents 

a f a l l  of 72*8 per cent, below the normal pregnancy level# 

However in  order to study the effects of eclaapsia on glucose 

m obilisation, we shall present here the analysis of three 

cases, whom we had the opportunity of following%d$l from the 

pre-eclamptic state# The glucose: m obilisation fhese 

three patients, 7 to St hours before the onset o f convulsions, 

was 16. 0 (H#}, 11* 6 ( A .) and 12*5 (R# ) mgms. Daring the 

stage of eclampsia the values obtained in  these cases were 

3 .5  ( H# ) , 9 .0 (A #)f and 7 .0  (R .) mgms. respectively! Thus,
. I f i

in these three patients glycogen m obilisation decreased by

39.8 to 78#2 per cent, of th e ir respective pre-cofivutLsive 

values# The greatest f a l l  was seen in  who had the moat 

number (six f i t s )  of convulsions.

The e ffec t o f the number o f convulsions on glycogen 

m obilisation is shown in  figure .D e t a i le d  discussion on ' 

th is  subject is avoided as the number of cases studied in  

each group is small. I t  is however evident that glycogen 

m obilisation becomes less as the number o f convulsions 

increase. An interesting thing was observed in  three cases.

A short description is given below.

1# IcKenaie (11) primigravida; 39 weeks; admitted with 5 

eclamptic convulsions# On admittion B#P# 178/112; Albumin 

0.9 per cent.; Oedema+ 4 , comaf+. I n i t i a l  blood sugar was . 

70# 5 mgms. per 100 ml# Glucose m obilisation 3*4; r  After 

2 more convulsions, blood sugar was 60*3; sugar mobilisation  

was/



235.

was -  7 .4 . The te s t was repeated 4 hours before death.

There was a fu r th e r  f a l l  o f blood sugar to  47.1 mgms. , and 

in je c t io n  o f ad rena lin  caused a fu rth e r low ering  of the 

sugar to 36.9 mgms, ; the sugar m o b ilis a tio n  thereby being -

10.3 mgms.per 100 ml.

3. Henderson (13) p rim ig ra v id a ; f u l l  term ; admitted a fte r  

14 convulsions. On admission B.P. was 115/60; coma ; 

Albumin 1.7 per cent. ; oedema44^. Blood sugar concentra tion 

was 76.0 mgms. per 100 ml. Sugar m o b ilis a tio n  n i l .  She had 

4 more convu ls ions, at the end o f which the te s t  was repeated 

Blood sugar concentra tion  decreased to 60.0 and-S:% ar 

m o b ilis a tio n  was -  17.1 mgms.per 100 ml.

3. McLeod (16) primigravida; 38 weeks; admitted after 1 

eclamptic f i t .  On admission B.P. 180/110. Albumin 1.3 per 

cent.; o e d e m a c o m a * .  Blood sugar at this stage was

30.3 mgms. and sugar m o b ilis a tio n  was 9.2 mgms.per 100 ml.

The coma deepened, although the p a tie n t did not have any 

more convulsions. On the fo llo w in g  day blood stgar was 80.0 

mgms.per 100 m l. ; sugar m o b ilis a tio n  was n i l .  Experiment 

repeated 16 hours before death (3rd day a fte r  admission) 

showed th a t the blood sugar was 50.4 mgms., and sugar 

m o b ilis a tio n  was -  10.0 mgms. per 100 ml.

The s ig n ifica n ce  of these fin d in g s  w i l l  be discussed 

la te r .  " •

Follow up study s im ila r  to th a t a lready described 

(Section 1, chapter 3) shows th a t sugar m o b ilisa tio n  is  con

s id e ra b ly /
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considerab ly a ffe c te d  i f  the convulsive stage p e rs is ts  fo r  

any leng th  o f tiipe , but in  p a tie n ts  who recover, the 

process appears to be re v e rs ib le , fo r by the end o f the 

second week normal values are n e a rly  restored. The re s u lts  

are presented in  Table 44 and fig u re  34.

Table 44

pre-con
vu ls ions

7-31 hrs^ 1

’O^nvul-
sions.Dsya

7}

Post-convuls ive stage

22

Aver.

S.D.

Min.

Max.

13.2 5.9

1.91 2.69

11.6
16.0 11.0

3.2

2.7  

0.62 

2.1  

3 .6

4 .6

1.19

3 .0

7.3

9.4

1.79

6.9

12,7

14.2 

2.73 

13.8 

16.6

13.3 

1.5-5

14.3 

19.7

20.2

1.64

19.0

21.0

x Oases w ith  negative m o b ilis a tio n  are excluded.

Compared w ith  the sugar m o b ilisa tio n  at the p re - 

convuls ive stage, the f i r s t  day o f convulsions caused 55.2 

per cent, f a l l  in  the amount o f m obilised l iv e r  glycogen.

%en the  convulsions pers is ted  fo r  more than a day sugar 

m o b ilis a tio n  dropped to  79.5 per cent, of tha t in  the pre

eclam ptic s ta te . Moreover, i t  w i l l  be no ticed  tha t the  basal 

and p o s t-a d re n a lin  blood-sugar le v e l va rie d  to  such a small 

extent tha t the d iffe re n ce  can ha rd ly  be regarded as being 

outs ide  the  margin of experimental e rro r . To a l l  in te n ts  

and purposes, sugar m o b ilis a tio n  at th is  stage may be 

regarded as 0. However, du ring  the post convulsive stage 

th e /



Sugar Mobilisation.t
!i

i
!

F i t s .i

Fig. 33. Sugar mobilisation in eclampsia, in relation to the 
number of convulsions. Owing to the small number of cases in 
each group the details have been omitted from the text. The 
graph shows that the sugar mobilisation suffers with increasing 
number of convulsions.

M.Gms.%

CONVULSIVE
STAGE.

BEFORE PUKING AFTER

Fig. 34. Sugar mobilisation in eclampsia, showing the changes .. 
in the pre-convulsive, convulsive and convalescent stages 
of the disease.
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the improvement was rapid during the f i r s t  week of con

valescence and steady and gradual du ring  the subsequent 

period of recovery.

COMMENTS

The re su lts  of the experiments described here suggest 

th a t the capacity to m obilise  hepatic glycogen under the 

influence of adrena lin  is  less  than normal in  pregnancy, and 

less than normal pregnancy in  toxaemia. The degree to  

which th is  function  su ffe rs  appears to  depend on the se ve rity  

o f toxaemia. This is revealed not only by the lower averages 

obtained in  severe pre-eclampsia but a lso  by the fo llo w -u p  

studies described above. The small number o f normal non

pregnant in d iv id u a ls  studied as ?,co n tro ls f? o ffe r an in te r 

esting contrast. Pregnancy (during the la s t  tr im e s te r) 

was associated w ith  a 33.0 per cent, decrease in  sugar

m ob ilisa tion . M ild toxaemia lowered th is  a l i t t l e  more
to

(40.6 per cent. ) but no t/a  s ig n if ic a n t degree. In  severe 

pre-eclampsia sugar m o b ilisa tio n  was reduced by 52 per c e n t . , 

whereas in  eclampsia a fu rth e r decrease was noted (33.2 

per cent, o f non-pregnant le v e l) .

fre-eciam psia and eclampsia are diseases o f pregnancy, 

so the resu lts  obtained in  these cases are not s t r i c t l vv
comparable to those obtained in  non-pregnant persons. The 

change from normal pregnancy to m ild pre-eclampsia is  not 

marked. Severe pre-eclampsia caused a 22.5 per c e n t., and 

eclampsia 72.8 per cent, reduction  in  sugar m o b ilisa tio n .

H f  |
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I t  is interesting to note that difference of values between ! 

eclampsia and severe toxaemia of long duration (5 weeks) is j  

slight and of l i t t l e  s ta tis tica l significance. A study of 

individual cases of eclampsia however, demonstrates that f  

convulsions, per se, have a dilaterious effect on the 

capacity of the liver to mobilise sigar.

The cause of this defective sugar mobilisation in ■?
}

toxaemia may be either (1) insufficient glycogenic reserve j 

in the liv e r , or (2) an abnormal failure of the gLycogenolytnt
Iresponse. The second condition has been known to exist in 

von Gierke's disease, in which there is an excessive deposit 
of glycogen in the liv e r and other affected organs, but 

this glycogen is not available for glycogenolysis. In some 

respects this condition simulates hepatic inefficiency as 

seen in toxaemia (e*g. hypoglycaemia, ketosis, occasional j 

convulsion, prolonged hyperglycaemia after ingestion of j '  

glucose or fructose (6) and reduced sugar mobilisation (?) j 

after adrenalin), but from a c lin ica l point of view there 

is no resemblance at a l l  between toxaemia of pregnancy and 

von Gierke's disease. Moreover, infants suffering from | 

von Gierke's hepatomegaly are extremely sensitive to insulin.! 

The results obtained in toxaemia of pregnancy with in- 
jections of intravenous glucose and insulin described in 

the previous chapter are in striking contrast with..this,, r j| 

condition. To summarise, evidences available do .suggest

that toxaemia of pregnancy is associated ^th,..tanv.fibno..jmal 

glycogenolyt ic /
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glycogenolytic function of the liv e r, This is further 

manifested by the negative sugar mobilisation observed in 

some cases of eclampsia# Such a condition is possible 

only when the hepatic glycogen store is exhausted and the 

ab ility  to produce glycogen from lactic  acid (originating 

in the muscles as a result of adrenalin injection) is  

grossly interfened with. I t  should however be mentioned 

that such a negative reaction was observed in only three 

fata l cases of eclampsia in our series.

Nevertheless, the circumstantial evidence provided by 

these cases, together with the results obtained in the 

whole series of toxaemias provide sufficient support to the 

belief that the glycogen store of the liv e r  in toxaemias 

is depleted to an extent depending upon the severity of 

toxaemia and the occurrence of convulsions. Deficiency of 

the glycogen reserve in toxaemia of pregnancy has been a 

subject of considerable speculation in the aetiology and 

management of this condition. In a fa ir ly  recent review, 

Bokelmann (8, 1936) summarised the a ttitu te  by stating 

"The liver in the pregnant woman and more so in toxaemia is' 
poor in glycogen, and so there is a need of carbohydrates l. 

in the body". I t  w ill be evident from the investigations 

described in the previous chapter, that mere supplying j 

additional carbohydrate (Glucose) does not help the liv e r  j

in building up the glycogen reserve. The cause of the /
*\

deficient glycogen storage appears to be connected not j  

with/
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with reduced carbohydrate consumption, but with faulty ;
/ }•

metabolism of a^taars, which is manifested by an abnormal 

u tilisa tio n , storage aid mobilisation of glucose.

The present state of our knowledge is too inadequate 

to explain the nature of the processes involved. The 

relation between blood pressure and sugar mobilisation 

indicate that a rising diastolic hypertension lessens the i
mobilisation of hepatic glycogen. This is presumably due |

to depletion of the glycogen reserve of this organ. Normal j
\

mobilisation of hepatic glycogen under the influence of j
|

adrenalin or sympathetic stimulation depends upon an j

alteration of the hepatic circulation, which causes some 

degree of asphyxia,' and a consequent change in the pH of the j 

liver cells. High diastolic blood pressure indicates j

increased vascular spasm which would have the same effect 

on the live r cells with regard to glycogen mobilisation as j 

adrenalin. rnhe continuous drain on the hepatic glycogen 

can reduce the sugar mobilisation ohly i f  the Cori cycle j 

in toxaemia. The only evidence available in this direction 

is from the. work of Zweifel (9, 1983), Kienlin (10,1986), j 

Loesser (11, 1986), Schultze (18, 1986) and Stander (13,1926)j 

who report an increased concentration of lactic  acid in j 

the blood in eclampsia and severe toxaemia. This has been j 
confirmed by us in a small series of cases of pre-eclanpsia | 

and eclampsia, but the value of this evidence at present j 

is only indirect. j

. The/
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The disturbed metabolism of carbohydrates in toxaemia 

is associated with a state of acidosis, lipaemia and dis

ordered protein metabolism. The role of the pituitary body j  

in this respect requires more thorough investigation. 

Pitressin causes a loss of gLycogen from the liver (13) and 

an increase of lactic  acid in the blood (14), anterior 

pitu itary extracts are known to interfere with the u t il is 

ation of carbohydrate in the peripheral tissues (15), j

i

hyperglycaemia and Ketonaemia (16). I t  may be recalled that i
i

some observers (17,19) have recorded evidences of hyper- j 

function of the p ituitary body in toxaemias of pregnancy, I 

i$iich our investigations amply confirm (vide in fra). The 

relation between the disordered carbohydrate metabolism 

in pre-eclampsia and eclampsia and the functional status of 

the p itu itary  body may prove to be of considerable 

sign i f  icanca.

OQNQLUSION3
The results of the investigations described here show 

that the a b ility  of the liver to mobilise sugar under 

conditions of stress (created a r t if ic ia lly  by injection of 

adrenalin) is impaired in toxaemia of pregnancy. This i1

seems to be associated with a diminished reserve of hepatic | 

glycogen, and is most marked in eclampsia. This investi

gation also explains #iv both hypo and hyperglycaemia heP: ? 'j 
been observed in eclampsia, and the susceptibility of 

toxaemic patients to obstetric shock. I t  is suggested that 

the/
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the depleted glycogen reserve of the liv e r  is dependent 

upon a state of long continued spasm of the vessels 

supplying the liv e r . This is  probably accompanied with a 

deficiency of the mechanism involved in the glycogen cycle* 

A state of hyperfunct ion of the anterior lobe of the 

p itu ita ry  body may have an important share in this d istur

bance of carbohydrate metabolism, which is  present in  

toxaemia of pregnancy.
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3BgEIQS__. 3 :

_F1T METABOLISM.

CHAPTER 1 

PLASMA CHOLESTEROL

I t  is  g e n e ra lly  agreed (1 -? ) tha t pregnancy, in  

both human and animals, causes an increase in  plasma 

c h o le s te ro l, which is  associated w ith  a somewhat sm aller 

increase o f fa t ty  acids (1 ,6 ,7 )  and phospholipides (4 ,6 ,7 ). 

Slemons and Stander (8 , 1933) found th a t the to ta l l ip o id s  

of the plasma a t term were raised by 50 per cent, above the 

non-pregnant le v e l.  Ty le r and U n d e rh ill (9 , 1935) also 

observed th a t a t term c h o le s te ro l, ch o le s te ro l esters and 

le c i th in  were about o n e -th ird  h igher than a t the th ird  

month of g es ta tio n .

These in v e s tig a to rs  have shown th a t the increase of 

plasma l ip o id s  and e s p e c ia lly  tha t o f ch o le s te ro l is  pro

gressive throughout pregnancy and reaches maximum at the 

n in th  month o f  g es ta tio n , when there is  a s lig h t  pre

p a rtu r ie n t decrease. T o ta l and ester cho les te ro ls  have 

been estimated by Bloor and Knudson (10, 1916)* Gardner 

and Gainsborough (5, 1939) and Boyd (7 , 1934). The f i r s t  

author observed th a t the  increase was p a r t ic u la r ly  confuted 

to the e s te r f ra c t io n . The second author expressed an 

e n t ire ly  opposite view and found that esters a c tu a lly  

d im in ish /
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diminish at term, *Jiile the last named author stated that 

the ra tio  of the cholesterol fractions at term remained 
unaltered.

Oar study of plasma cholesterol in normal pregnancy, 

based on 194 estimations in 93 patients are presented in 

Tables 45 (to tal cholesterol) and 46 (total cholesterol: 
ester cholesterol ratio)®

Table 45

Tot al
cholesterol Lunar months of gestation.

mgms./  
100 ml. 3 4 5 6 7 8 9 10

161-170 3 - -  ■ - -

171-130 - 1 -  ' - - -  . - -

181-190 6 1 2 1 - -
3 2

191-200 7 5. 3 - 2 -  ' 4 5

201-210 3 ' 9 8 4 1 - 4 3

311-220 — 3 6 9 4 3 " "  7 6

221-230 - - 4 4 6
5 ; 6j 7

231-340 «. — — 4
*

4 10 4! 3

241-350 — — - 1 3 4 2 1

251-260 - - - 2 4 1 -

361-370 - - I - - ! - 3 - -

Aver age 191.5 204.9 211® 6 220.0 234.1 237.5
|

221.0 216. Q

S.D. 11.8 10.6 12.1 13.6 17.0 I 13.8 17.0 15.8

Minimum 170.0 179.6 185.5 184.0 |198.6 212.0 190.0: 188.0

Maximum 209.7 220. Oi 228.5
l

241.5 1256. 0 269. 0 
! _____

248.5 240.0

These/
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These re s u lts  confirm  the fin d in g s  o f the previous 

in v e s tig a to rs  w ith  regard to  the increase o f ch o le s te ro l 

during  pregnancy* Our data show tha t th is  increase is  

progressive up to  the e ighth month (23 to 32 weeks) o f 

g es ta tio n  a f te r  which there is  a gradual f a l l  u n t i l  term 

is  reached* At i t s  h ighest le v e l,  the cho les te ro l content 

of the plasma in  our se ries  was 34 per cent* more than 

th a t in  e a r ly  pregnancy. In  sp ite  of the decrease o f the 

plasma ch o le s te ro l a t term , i t  is  s t i l l  h igher than tha t

Table 46
Tota l :Ester 
ch o le s te ro l 
Frequency

Lunar months of g es ta tion
F “ 5" TT u a TQ“

1* 11- 1*20 
1*21-1.30 

1.31-1*40 

1*41-1.50 

1.50-1. 60 

1 .61-1.70

4 

9

5

2

7

9

5

6

8

5

2

2

5 

7

6 

3

-

%| S'

I
i  ~ 2

4 1 2j
\

6 7

5 7 1 1i 10

9 10 ! s- 5

4 9 i 5 3

Average. 

3. IX

Minimum

Maximum

1.2311.3411.40 11.4711,51J1.53 | 1.49

0.088
i ! '"■! !1.12

1.40

0 .0610.08 jO.087| O .lO j0.09 0.085 

‘ l . 13^1.24 i 1.2711.37j 1.39

1.47
l

1.56 S1.63 1.65 1.69
I ' _ J ____

1.35

1.68

1.45

0.098

1.29

1.64

in early pregnancy (=+13 per c en t.).

The ris e  affects the free  more than the ester 

cholesterol. Both Sperry (10, 1936) and Peters and

(11,1943)/
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(11,1943) agree tha t in  normal adu lts  the ra t io  o f fre e : 

ester ch o le s te ro l is  between 0*24 and 0 .32-(■  1*24 to 1.32

fo r to ta l c h o le s te ro l: ch o le s te ro l e s te rs ). I t  w i l l  

appear th a t in  e a rly  pregnancy the r a t io  remains p ra c t ic a lly  

unaltered. But as ges ta tion  proceeds the ra t io  increases !
I

reaching a maximum when the to ta l  ch o le s te ro l content o f j

the plasma is  h ig h es t. At th is  stage the  increase in  fre e  

ch o le s te ro l amounts to  90 per cent, of the early  pregnancy 

value. Compared w ith  t h is ,  the increase o f cho les te ro l 

esters is  in s ig n if ic a n t  (= 4.35 per cent. ). Between t h i r t y -  

second week and fu l l- te rm  the  ch o le s te ro l content f a l ls  

and the r a t io  decreases. But th is  is  brought about by a 

reduction  in  the fre e  ch o le s te ro l. The le v e l of ester 

ch o le s te ro l throughout the pregnancy remains p ra c t ic a lly  |

unchanged. I t  is ,  thus, evident tha t increase of cho les te id  

during g e s ta tio n  is  e n t ire ly  due to  free ch o le s te ro l. In  

th is  respect our fin d in g s  agree c lo se ly  w ith  those of 

Gardner and Gainsborough (5, 1929) although the very high 

r a t io  o f f r e e : to ta l ch o le s te ro l (= 0.90) observed in  some 

of th e ir  cases was absent in  our series. The average ;

values fo r the  la s t  trim este r in  our cases w ere:- Total 

ch o le s te ro l -  224.3 mgms.; S.D. 17.1 ; Ester cho les te ro l -  

151.2 mgms. per 100 m l. ,  S.P.11«4; T. G. :E. 0. -  1.48,

S.D. 0.096.

OOMMMTS
3

The lipaem ia of pregnancy is  believed to  be in  p re- g

par at io n / j
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p re pa ra tion  fo r  la c ta t io n . This is  supported by the fa c t | 

(Boyd, 7, 1934) tha t plasma lip o id s  decrease s te a d ily  a fte r  j  

la c ta tio n s  This has been repeated ly confirmed by us in  !

course o f our in v e s tig a tio n . However, very l i t t l e  is  known I 

about the cause of the  hypercholesterolaem ia o f pregnancy, | 

which appears to  be an a c tive  process (Kaufmann and 

Muhlbock, 12, 1933), fo r  the increase o f plasma ch o le s te ro l j 

is  associated w ith  a negative s te ro l balance. I t  has been I
' I

suggested (Boyd 7, 1934) th a t the high, concentra tion o f 

oestrogenic hormones is  responsib le  fo r  the cond ition .

Bogdanovitch and Mann (13, 1938) demonstrated tha t n e ith e r
: .............

o e s tra d io l nor ch o rion ic  gonadotrophin ra ises the leveL o f 

plasma c h o le s te ro l, a lthough both these substances con

s id e ra b ly  augment the f a t t y  ac id  content o f the l i v e r  and |

blood. |

There are four poss ib le  fa c to rs  which may be connected j

w ith  the s ta te  o f hyper cholesterolaem ia in  pregnancy. (1) 

H y p e ra c tiv ity  of the p itu i ta r y  body. Crude e x tra c ts  have 

been known (14,15) to cause lipaem ia w ith  increase o f 

blood ch o le s te ro l. Man is  stated (16) to have observed 

hypercholesterolaem ia in  acromegaly. (2 ) Pisturbed 

carbohydrate metabolism manifested by diminished storage 

and inadequate u t i l is a t io n  o f sugars. (3 ) A lte ra tions o f 

plasma p ro te in s . Prote ins undergo a considerable change 

during pregnancy and norm ally a la rge  quan tity  o f ^ ipo ids 

are bound w ith  p ro te in s , e sp e c ia lly  the la rg f  molecules o f 

g lo b u lin /
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g lo b u lin  and fib rin o g e n . Bufinger (30, 1933) observed 

th a t pregnancy is  associated w ith  an increase o f the l ip o id -  

p ro te in  combinations. (4 ) P hys io log ica l anaemia of pregnancy' 

Several in v e s tig a to rs  (Fishberg, 17, 1939; Johanson, 18, j 

1930; Chamberlain, 19, 1933) have observed tha t anaemia 

induced in  animals by repeated bleeding causes an increase 

in  the plasma ch o le s te ro l and l ip o id  phosphorus. The 

s im ila r i ty  between the ^physio log ica l anaemia1 o f pregnancy 

and these experimental anaemias has been demonstrated by 

M eln ick and C ow gill (36, 1937).

. 2* ^-ECLAMPSIA j

The average values obtained from a l l  cases of pre

eclampsia in - our se ries  were -

1 • To ta l cholest er 61, 353.6 mgms. per 100 ml. ;  S. D. 12.9. j
2. Bster c h o le s te ro l, 163.3 mgms. per 100 m l.; S.B. l l .  0.
3. T o ta l:B s te r ch o le s te ro l r a t io  1 .55; S.D. 0.10. j

These are s i g i i f  ic a n tly  h igher than the values 

obtained in  normal pregnancy. However, fo r  the purpose 

o f ana lys is  m ild  and severe cases w i l l  be considered 

separa te ly. * ||

1. M ild Pre-eclampsia. j

The average to ta l plasma ch o le s te ro l in  50 cases o f |

m ild pre-eclampsia was 238.5 mgms. per 100 m l., S. D .13.9. 

Compared w ith  normal pregnancy th is  shows a small but 

s ig n if ic a n t increase, amounting to  6.1 per cent, o f the j

normal pregnancy le v e l. This a ffe c ts  ch o le s te ro l esters J

as w e ll,  which are ra ised by 9.3 mgms.per 100 ml. ( JL60.5 

mgms./



Fig, 35. Plasma cholesterols in normal pregnancy, pre
eclampsia and eclampsia. The diagram shows the values for 
total cholesterol, cholesterol esters and the ratio of 
total : ester cholesterol ( T.C. s E.G.),
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mgms. per 100 ml. ) or 6.15 per cent. Thus, the increase

in plasma c h o le s te ro l is  shared by the fre e  and es te r

fra c tio n s  in  a p ro po rtion a te  manner, so that the r a t io  o f 

to ta l :ester ch o le s te ro l remains unchanged. To summarise, j

mild pre-eclam psia is  associated w ith  a s lig h t increase o f j

plasma ch o le s te ro l w ithou t any a lte ra t io n  of the re la t iv e  ! 

proportions of free.and e s te r if ie d  ch o le s te ro l (F igure 35).

11. Severe P re-ee l anpsia .

The to ta l  plasma ch o le s te ro l in  th is  group was 268.6 

mgns.per 100 m l. ;  S.F. 15.1. This is  s ig n if ic a n t ly  h igher 

than th a t o f e ith e r o f  the two previous groups o f cases, 

and represents an increase o f  19.5 per cent, over tha t in

normal pregnancy. Ester ch o le s te ro l was however only ra ised! 

(169.7 mgms. per 100 m l. ;  S.B. 8 .25; d iffe re nce  = 18.5 mgms. 

per 100 ml. ) by 11.8 per cent. , thus causing the r a t io  o f 

to ta l tes te r ch o le s te ro l to  increase to 1.62; S.D. 0.10. 

(Figure 31). Table 47 shows the frequency d is t r ib u t io n  o f 

cho les te ro l and to ta l  teste r ch o le s te ro l r a t io .

Comparison of th e  frequency d is t r ib u t io n  in  toxaemia 

and in  normal pregnancy c le a r ly  shows the s h i f t  o f the 

scatter to  the r ig h t  when toxaemia becomes severe. I n  58 

per cent, o f cases o f  severe toxaemia the  plasma to ta l  

cho les te ro l values exceeded the  maximum in  normal pregnancy, 

but, the  r a t io  exceeded the normal maximum in  only 20-per, • ■ * 

cent, o f severe ly  p re -ec lam ptic  p a tie n ts , Comparison' w ith f

normal averages, however, shows a more s tr id in g  co n tra s t,
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fable 47

TotaiL Cholesterol n Total:E ster cholesterol
Frequency

mgms./ Mild Severe Mild Severe100 mi. Toxaemia Toxaemia Frequeacv pxaemia Toxaemia
171-180 1 * 1.36-1.40 2

181-190 1 1.41-1.45 7
i

-

191-300 2 - 1.46-1.50 | 34 9
201-310 1 - 1.51-1.55 5 6

211-220 4 — 1.56-1.60 2 10

221-230 6
-

1.6L-1.65 - 12

231-240 11 3 1.66-1.70 3

241-2-50 11 8 1.71-1.75 * * —

251-260 7 4 1.76-1.80
'

1

261-270 5 6 11.81-1.35 __ 2
271-280 1 11 j l .  86-1.90 - 5

281-290 - 13 [1.91-1.95 - 2

291-300 — 5 11.96-2.00 — —

Average 239.5 268.6 [ Average 1.48-5 1.62
P T5>
-  +  X .J+ 12.7 10.1 . P.E. 0.02 0.06?

Minimum 178.0 237.0 | Minimum 1.38 1.49

Maximum 274. 0 300.0 Maximum 1,57 1.94

for both the to ta l cholesterol and the cholesterol ra tio  

in severe toxaemia exceeded the corresponding averages of 

normal pregnancy in  a l l  cases. The change from noxmal 

pregnancy to mild toxaemia is less s trik ing , for in 98.0 

per cent, of mild pre-eclampsias the to ta l cholesterol 

le v e l/



le ve l remained w ith in  the normal range, and in  none, d id  

the r a t io  exceed the normal l im i t .

Thus, i t  appears th a t marked changes in  plasma 

cho les te ro l are expected only when the toxaemia is  o f a 

severe n a tu re , and th e  d isturbance of the to ta l and ester 

ch o le s te ro l r a t io  on ly  occurs in  a c e rta in  percentage o f 

these cases.

In  order to  study th e  manner in  which toxaemia a ffe c ts  j

the ch o le s te ro l le v e l we have analysed our data in  re la t io n  f 

to  the c l in ic a l  progress. The re su lts  are presented below, t 

C lin ic a l ly  Improved. In  th is  group 36 cases were
fj

followed u n t i l  the toxaemia was cured or labour ensued. j

The period o f in v e s tig a tio n  extended over a period of two [■

to four weeks a f te r  admission. No p a tien t was examined j j

during a lbour as i t  is  known to ra ise  the le v e l of plasma |
f;n

cho les te ro l (5 , 7 ). The values fo r  to ta l  and es te r 

cho lestero l and th e  ra t io  are g iven in  Table 43 and 

figu re  3Bf 37.
’ : j i j l

C lin ic a l improvemait was characterised by l i t t l e  I
■ tp

change in  th e  to ta l  ch o le s te ro l content o f  th e  plasma. There * 

was a tendency fo r  the  c h o le s te ro l esters to  increase J
« /  i r i t i

s l ig h t ly .  S ta t is t ic a l  s ig n ific a n c e  is ,  however, 

marked^ The re s u lt o f  th is  change is  a s lig h t r< 

the r a t io  o f the to ta l:e s te r  c h o le s te ro l, but i t  

d i f f i c u l t  to  a ttach any importance to  such small 

in  the re s u lts .
Table/

not

duct ion o f 

is

v a ria tio n s
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IIMPROVEDl

l E S T f R  C H O L l  - T I R O L

E TE RIORATED

TERIORATE

TAL C H O LE S TE R O LI

IIMPROVEDl

Fig. 36. Total and ester 
cholesterols of plasma in 
pre-eclampsia, showing their 
relation to the clinical 
course of the disease.

37. The ratio of total : 
ester cholesterol in pre
eclampsia. The diagram shows 
its relation to the clinical 
course of toxaemia.

! Ifl)
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1*40

TOTAL GtjOLESTEROL 

ESTER CHOLESTEROL.

DETERIORATE
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Table 48

T ota l
C ho lestero l

Weeks j . 4

Average 
?,E.

256.5 10.6
M ir v fe .  240-273 E36-274 1231-282

Bster (Average (167.9
C ho lestero l ?.B. 10.8

Minj-Max. 150-175

Tota l;S ste r(A verage 1.52
C ho lestero l ?.E. 0.033

M in d  ax. 1.47 -1.60£ i

. 6
lie 6

.4
14.2

{ 174.9I 11.6
1153-186

169.7 
10.9 

[L 51-180

1.50 \ 1.49
0.027 j 0. (£0

1.46-1.55)1.46-1.53

259.7 
12.4 

237-281

175.6 
10.7 

156-189

1.48 
0. 020 

1.46-1.46

2. C ondition D e te rio ra ted. This group consisted o f 46 cases 

where fo llo w -u p  study was undertaken. The re s u lts  are 

submitted in  Table 49 ( f ig u re  36)♦

Table 49

Weeks
_ — — t  
T o ta l L . ~
C holestero l (P.B.

j Min.-Max.

B ste r
C ho lestero l

T o ta l s-Bster 
C holestero l

Average
P *E .
Mm-Max.

Average
?«E.
MinrMax.

259.4
12.4

246-282

171.711.0
144-189

1.53 
0.040

1.47-1.62

268.111.8
248-292

271.0 269.5
9.3 10.4

251-300 246-296

169.8
11.9

148-189

1.58 
0.040 

1.51-1.70

163.1 154.0
10.4 10.0

140-181 f 136-174

1.66 | 1,77
0.054 0.C60'

. 58-1.93 1. 64-1.99

In  these cases also the persistence or d e te r io ra tio n  

of toxaemia caused no s ig n if ic a n t  change in  the  to ta l 

ch o le s te ro l content o f the  plasma, an appreciable reduction  

o f the ch o le s te ro l es te rs . The change between the f i r s t  

and the  fo u rth  week of in v e s tig a tio n  shows a drop of 10,3 

per /
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per cent, o f the former le v e l.  This d iffe re n ce  is 

s t a t is t ic a l ly  s ig n if ic a n t .  The change is  no ticeab le  even

week i t  is  slow and small in  amount. The decrease o f 

ch o le s te ro l esters is manifested in  a p rogress ive ly  in

creasing r a t io  o f to ta l:e s te r  ch o le s te ro l, which reaches 

i t s  maximum when the ch o le s te ro l ester is  lowest. At th is  

stage the r a t io  has increased by 15.? per cent, o f i t s

shown in  the average as w e ll as the range o f values in  

each group. I t  thus $>pears th a t the plasma cho les te ro l 

le v e l is  adversely a ffec ted  when the s ta te  of toxaemia 

p e rs is ts  fo r  any leng th  o f time or becomes aggravated. In

th is  respect the behaviour o f the to ta l cho les te ro l is o f

l i t t l e  or no importance. Toxaemia seems to  cause a lower in

o f  the es te r c h o le s te ro ls , as a re s u lt  o f which the ra t io  i

ra ised.

111. Cholesterol “Patio and Blood Pressure.

The importance o f the r a t io  o f to ta l  jes te r cho les te ro l 

has already been observed. I t  has also been noticed  that 

in  these cases the a lte ra t io n  of the r a t io  is  caused by a 

change in  the concentra tion  o f ch o le s te ro l esters. To ta l 

ch o le s te ro ls  take very l i t t l e  part in  i t .  In  view of these 

fa c ts  the fo llo w in g  d iscussion re fe rs  only to  the ra tio ;/*

A* S y s to lic  Blood pressure. (Figure 3&). With an increase

o f s y s to lic  blood pressure, the ra t io  has a tendency to  rise *

i n i t i a l  va lue. The tendency fo r  the ra t io  to  increase is

in  the e a r l ie r  p a rt o f the study, although up to the th ird



254a 0

M.Gms.
170

o

Fig. 38. Total cholesterol, ester cholesterol and total : 
ester cholesterol ratio in relation to the duration of 
pre-eclampsia in those patients where the toxaemia persisted 
or deteriorated.

t o t a l* ESTER 
CHOLESTEROL.

o'
DIASTOLIC

S Y STO LICM.M.

Fig, 39. The ratio of total s ester cholesterol in pre
eclampsia in relation to the systolic and diastolic blood 
pressure.
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However, th is  is  n e ith e r uniform  nor s ig n if ic a n t at a l l  

stages. Between extremes o f  blood pressure levels the change; 

is  o f a s t r ik in g  nature, but in  in term edia te  stages i t  is  ]

s l ig h t ly  in co n s is te n t. This inconsistency even more }

m anifested in  the range o f  values in  each group* The re -  j

s u its  are presented in  Table 50. ||

Table 50

B.P.
mm.

__Hg* . .J ve r. S A Min. -Max.

B.P. 
mm:, 

_ H£v Aver. S.D. '■Min. -Max̂ .

146-150 1.54 0.08 1.48-1.71 176-130 1.78 - 0.15 1.49-1.97

151-155 1.58 0.05 1.50-1.64 181-185 1.63 - -

156-160 1.56 0.07 1.47-1.83 186-190 1.87 0.09 1.70-1.97

161-165 1. 60 0.08 1.49-1.71 191-195 1.93 - -
166-170 1.67 0.09 1.43-1.96 196-200 1.93 0.03 1.89-1.9?

171-175 1. 80 0.10 1.61-1.98 200+ 1.78 0.13 1.52-1.94

B* D ia s to lic  Blood Pressure. {F igure 3&). D ia s to lic  

hypertension seems to be more closely/k~elated to the 

c h o le s te ro l r a t io  than the s y s to lic  blood pressure. There I 

is  a progressive r is e  in  the ra t io  w ith  increase o f d ia s to lic  

pressure# Up to 110 mm. Hg. however the change is  slow and j 

does not appear to be s ta t is t ic a l ly  s ig n if ic a n t.  The range j 

o f values a lso  show only a s lig h t  v a r ia tio n . But-when the 

d ia s to l ic  pressure exceeds 110 mm. Hg. the ra t io  is  found 

to  increase a b rup tly . The increase at th is  and subsequent 

stages s a t is f ie s  s ta t is t ic a l  ana lysis and a ffe c ts  not only j

the average but also the in d iv id u a l values obtained in  each j

g ro u p ./ v i!
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Al b . Gm s . Per 1,000 ml.

Fig. 40. Plasma total cholesterol, ester cholesterol and 
the ratio of total : ester cholesterol in pre—eclampsia, 
the graph shows their relation to albuminuria.
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severity of the- condition through-out the whole period of 

investigation was used for this analysis. The resu lts  are 

submitted in  Table 52 and figure 40.

Table 52

Albumin
uria  
Sms../ 

1000 ml.

Total cholesterol
/'- •

T.C. :E. C.

Aver. S» D. .Min-lax. .Aver.' S.TL tin .
0 254.0 8.65 246-269 1.48 0.01 1*47-1.50

T r . -  1 .0 255.5 12.70 240-290 1.50 0.03 1.47-1.55

1 .1 -  2 .0 268.4 11.57 255-292 1.50 0.02 1.47-1.54
v ■ i  f  ....

2 .1 -3 .0 267.4 17.31 246-298 1.57 0.10 1*49-1.94

3 .1 -  4 .0 267.8 13.75 242-284 1.55 ' 0.06 1.49-1*66

4 .1 -  5 .0 270.0 16.83 244-294 ■1.59 0.13 '1 .49-1.83

5 .1 - 6.0 276.9 16.82 250-290 1.64 0.12 1.49-1.89

6 .1 -7 .0 ! 280.6 8.61 270-299 1.63 0.14 1.49-1.90

7 .1 - 8. 0 288.8 4.71 239-294 1.68 0.13 1.53—1.89

8 .1 -  9 .0 277.3 8.10 249-293 1.69 0.12 1.49-1*90
ii

9 .1 -1 0 .0 268.6 17.60; 240-294 1.63 0.02 1.57-1.67

10.1-11.0 276.0 16.0 240-296 1.83 0.09 1.63-1.98■ j

11.1-12. 0 274.2 10.10 268-290 1.95 o . c e 1.88-1.97 i

12.1-13.0 291 : - - 1.93 - m m
I

13.1-14.0 275 8.19
i

270-289 1.84 0.10 1.73-1.97 . f
■ :.j

-----
I t  is  evident that there is no consistent relationship  

between the degree of albuminuria and the cholesterol j

content (both ester and free cholesterol) of the plasma* i.

There is a general tendency for both the to ta l cholesterol 

and/



and the cholesterol ra tio  to increase when albuminuria is 

marked, but the resu lts  do not satisfy s ta tis t ic a l analysis 

at any stage. The range of values remain almost unaltered 

irrespective of the severity of albuminuria. The general 

nature of the change is apparently due to the fact that the 

albuminuria tends to increase as toxaemia becomes marked.

This analysis however reveals an interesting feature which 

is i i  s tr ik in g  contrast to that seen in nephrosis.

Lichtenstein and Epstein (23, 1931) observed that the increase 

of cholesterol in  nephrosis is associated with a dispro

portionate increase o f cholesterol esters, consequently the 

ra tio  of to ta l:e s te r cholesterol is markedly reduced. The 

change in  the ra tio  observed in toxaemia, i f  at a l l*  j

suggests a reversal of this process, in  which the esters are 

diminished instead o f being increased. Inspite of the 

presence of lipaemia in both nephrosis and toxaemia of 

pregnancy, the nature of fa t  metabolism in  these two con

d itions appears to be different#

3. ECLAMPSIA 

The values obtained in our series of eclampsia were 

as follows

1* Total cholesterol 250.2 # mgms. per 100 ml. ; S.£.30.3  
Minimum 128 mgms. ; Maximum 388 mgms.

2* Ester cholesterol 125.0 mgms.per 100 m l.; S .£ .35.8 
Minimum 32.8 mgms.: Maximum 149 mgms.

3. Total:Ester cholesterol 2.00; S.D.0.46.
Minimum 1.59; Maximum 3 .9 .

The to ta l cholesterol content of the plasma is s lig h tly  

less than that in  severe pre-eclampsia, but is higher than 

that /
J■ai
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that in normal pregnancy. However, the scatter of the j

values in  eclampsia is  so wide that these differences do not !' 

appear to be s ta t is t ic a lly  s ig n ifican t. The ester ■ N

cholesterol however shows a significant reduction compared 

with both pre-eclampsia and normal pregnancy. This is not U 

confined to the average only, but is also shown in the 

width of the range. The f a l l  in  the cholesterol ester 

content of the plasma amounts to £6.2  per cent, of the 

normal pregnancy le v e l. The marked reduction in ester 

cholesterol is  manifested in the change in the cholesterol

ra tio  which is raised by 35 per cent, over its  nomal leveL. !
! i'.

The values stated here are based on estimations done 

at the time of admission irrespective of the c lin ic a l !

severity of the condition. In  order to  study the change j;

caused by the onset *of eclamspB we shall present (fable 52) j
■ i

the values obtained in  three cases who were f i r s t  examined |
: I

during the stage of pre-eclampsia. j|

Table 52 I

FTe'-" ~ 
, eclampsia Eclamptic stage fHo.of f i t s )  ;

1 4 2 ! 3' ! 4 i 5 ! 6 7 . a __________i

B.7 days* 
16 hr s.

A. 21 hr s.

H.8 days 
7 hrs.

272/
162

297/:

271/
171

312/
| 182!

L59.5

301/
167

280/ 3237/ 
156i 122

275/1 -  
1456 
290^1 -

230/ -  -  -  
120

279/ -  268/ -  , 
143 12815 j

------- 1— 1--------- !------ !

■ -i

i

|

; ■ 1

354/
114

x Time of estimation: before the f i r s t  eclamptic f i t .  
Figures indicate T. C./B. 0. in mgms. per 100 ml.

THe7 -------------------------------------------------------------------
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BEFORE DURING AFTER

Pig. 41* Plasma totaL 
cholesterol and the T. C . • 
E.C. ratio in the pre- 
convulsive, convulsive 
and convalescent stages 
of eclampsia.

m
2 z m s

M.GMS.

t.c.-.ec

8-16 HRS.
BE FORE DEATHF IT S .

Pig. 42. Plasma total cholesterol and the T.C. : E.G. ratio 
in relation to the number of convulsions in eclampsia. The 
number of cases in each group is too small to represent the 
exact state. The graph only shows the general trend of the 
change.



The in teresting  feature in  these cases is the drop in  1

the cholesterol le v e l of the plasms caused by eclamptic

although the la tte r  is affected more than the fom er. Thus

the ra tio  of the to ta l tester cholesterol rises . Bepeated j

conv sis ions accentuates th is  change so that a fter several 1 

f i t s  the ester cholesterol drops out of proportion to the 

to ta l cholesterol. However, the change does not bear a || 

s tr ic t  re la tionship  to  the number of convulsions although ]j
ji ..

when th is  is  great the decrease in  to ta l plasma cholesterol j: 

may be appreciable, and that of the esters even more marked, j j  

so that the r a t io  is markedly raised. In  three of our !

cases 8 to  16 hours before death cholesterol esters almost 

disappeared from the c ircu la tio n  and the ra tio  increased to |

8 .BO -  1.66. The re la tio n  o f cholesterol and cholesterol 

ra tio  to  the number of convulsions is  shown in figure 36.

The resu lts  of our follow-up study in  eclampsia are 

given in  Table 53 and figure 4 2 .

These figures show c le a rly  the effects  o f long con- ji 

tinned convulsions* On the f i r s t  day of the convuls ive stagejj| 

the to ta l cholesterol decreased by 30.1 per cent, of the 

pre-convmlsive le v e l. But the f a l l  in  cholesterol ester 

was nor nimt. fhn tha second dav further decrease of

convulsions. This a ffects  both the free  and ester cholestadO

34.4 and 53.5 per cent, respectively. Convulsions of 

eclampsia caused a disproportionately greater f a l l  id  the 

e ster/



Table 53
?re- T~ 
conv. I 
stage _

Post convulsive 
stage __

Pays 1___ 2 1 5  12 22
Average 3~~ 

T. C. S.B.
,Min-Max. 3

; Aver age 1.77. 1.99 2.19 1.86 i 1.63
T. 0 . : ! S. D. i  0.09 0.11 j 0.141 0.16 I 0.07
E. 0. (Min-Maxi 1.64- f l .  90- >2.03- f l .  69- fL. 54-

1 1.86 2.24 3.3ll 3.191 1.74

ester cholesterol content of the plasma. During the

cholesterol increases steadily  causing a progressive 

lowering of the ra tio . Thus, the cholesterol ester seems 

to follow the c lin ic a l course and severity of toxaemia in  

both pre-eclampsia and eclampsia.

Turner and Steiner (24,1939) fa iled  to detect any rise

to a breakfast meal rich in fa t . Gardner and Gainsborough 

(5a ,1938) also made a sim ilar observation. Experimental 

animals (ra ts  -  Cook, 25, 1936; rabbits -  Turner and 

Bidwell, 24a, 1935) however respond to cholesterol feeding 

in a s trik ing  manner. Carefully controlled human experiments 

described by Brun (26, 1940) also indicate c learly  that 

after feeding cholesterol or cholesterol containing diet

convalescent stage the to ta l cholesterol remain comparatively 

lower than that in normal pregnancy at *lerm, while the ester

CHOLESTEROL FEEDING

in serum cholesterol when 20 gms. of cholesterol was added
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T.C. E.C. T-CEC.

’ ; * i--------------------    — ;-------- >

Fig. 43. The effects of cholesterol feeding in normal 
pregnancy and pre-eclampsia. The diagram represents the 
increase in the total and ester cholesterols in the plasma 
and ‘the change in the T.C. : E.C. ratio.
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increased to 208.7 (182-222); S.D. 10.9. Thus the total 

cholesterol was raised by 39 per cent, and ester cholesterol 

by 40 per cent, of the in it ia l values. The effect on the 

ratio is therefore negligible. This proportionate increase 

of both free and ester cholesterol is in contrast to the 

observations made by Brun (26,1940) in normal healthy males, 

and indicates a relatively greater increase of free 

cholesterol in pregnant women. However, this does not seem 

to be unusual when the noimal behaviour of total and ester 

cholesterols during pregnancy is taken into consideration. ■

2* Toxaemia of pregnancy. The total cholesterol concentratior 

of plasma reacted in the same manna* as in normal pregnancy. 

The average in it ia l  value was 271.6 mgms.par 100 ml. (248- 

294 mgms. ); 3.D.12. 9. As a result of the experiment it  

increased to 353. 0 mgms.per 100 ml. (318-390 mgms. ); S.D.19. 5. 

This represents a 30 per cent, increase above original levd..

The rise of cholesterol ester was considerably less. |
Feeding of cholesterol caused it  to increase from 162.5 mgms. ! 

(149-184 mgms. ) pgr 100 ml. ; S.D. 10.6 to 190.0 (166-230 mgms. )?

S.D.15.7, i.e . only 16.9 per cent, of the basic level. !

The relative increase of total and ester cholesterol 

in normal and toxaemic pregnancy is shows in Table 54. :

The abnormally small increase in cholesterol ester is 

in striking contrast to that observed in normal pregnancy.

The results obtained from these experiments appear to be 

in keeping with the general trend of behaviour of the 

cholesterol/
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fable 54

mgms./ 1 Increase in • 
luO ml. 1 Total Oholesterol Bs:

[ncrease in 
yer Oholesterol

Aver.. S.D,. . Min.-lax*: Aver. S.D. . Min. -Max.
Hormal [85 .0  
10 cases j
Toxaemia 81.4 
15 cases J

7.75

3.36

71. 0-99.0 

62.0-99

59.9

27.5

7.98

8.99

49.0-76. 0

15.0-46.0

cholesterol esters in pregnancy toxaemia, and suggests some 
disturbance of the normal mechanism of esterification of fatty 

acids. A recent case of eclampsia demonstrated this in a 
moat remarkable manner. After two convulsions this patient 
developed oliguria and was put on a continuous drip-feeding 

of pea-nut o il and glucose. The total plasma cholesterol 
concentration increased from 284 mgms. (basic) to 340 mgms., 
and 402 mgms. per 100 ml. after 16 and 24 hours respectively. 
During the same period the cholesterol esters increased from 

154 mgms. (basic), to 172 mgms., and then declined to 140 mgms.; 
per 100 ml.

COMMENTS |
- The study of plasma cholesterols in toxaemia of pre

gnancy provide some interesting features which are however 
difficult to' explain. Toxaemia is characterised by a state !
of hypercholesterolaeraia. This has been observed by other {

.'■■■■ ■■ • ■ " •, ■■■■■ ' - j
-- investigators also. Oolvin and Bartholomew (27,1939) j
■ "consider that an abnormal cholesterol metabolism is an

. , ,, , . - . !

important feature of pregnancy toxaemia. They observed that «
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when the blood cholesterol was 209 mgms.per 100 ml. or more 

(with a B.M.R. of -10 or less) the incidence of toxaemia was 

50 per cent. , but when it was 179 mgms.per 100 ml. or less 

(with B.M.R* of +10 or more) no patient developed toxaemia. 

Boyd (7a, 1935) found that pre-eclampsia was associated with 

an increase of cholesterol which is 14.6 per cent, of the 

normal pregnancy level. Dieckmann and Wegner (23, 1934) als 

made a somewhat similar observation. Our investigations 

show an increase of 19.5 per cent, of cholesterol in severe 

pre-eclampsia. The values are not comparable except in a 

general fashion because of different methods of estimation j 

employed by each investigator. The decrease of plasma 

cholesterol with the onset of eclampsia has also received 

the attention of some of the authors. Prom the figures 

provided by Boyd, eclampsia is found to cause a decrease of 

the to ta l cholesterol by 8 per cent, of the average for pre

eclampsia. In our cases a similar f a l l  was noticed* which 

amounted to 6. 7 per cent. Oolvin and Bartholomew also 

observed a decrease of cholesterol with an increase in B.M.R 

as eclampsia developed.
Thus, the changes in the total cholesterol content of 

the plasma in toxaemia of pregnancy appear to be consistent 

and our findings are in close agreement with those of others 

reported in the literature . But the interesting feature 

w h ic h  we observed in the progressive fa l l  of cholesterol 
e s t e r s  when toxaemia increased in severity. The values 

o b t a i n e d /



obtained in pre-eclampsia and eclampsia as well as the 

follow-up studies presented above clearly/demonstrates this 

change. Pew other investigators have studied the cholesterol 
fractions in toxaemia, and we have not been able to trace 

any follow-up study in this respect in the literature. Prom 

the 7 cases presented by Boyd (7a, 1935) where estimation 

of cholesterol fractions was done, i t  appears that the total: 
ester cholesterol ratio was raised in severe pre-eclampsia 

from 1.46 to 1.62 and in eclampsia to 1.64. The tendency 

to a decrease of cholesterol esters in severe toxaemia is 

evident even in this small series of cases. In our series 

the ratio increased from 1.43 in normal pregnancy (last 
trimester, 35 estimations) to 1.62 in severe pre-eclampsia 

(50 cases) and 2.0 in eclampsia (18 cases). These results 

suggest that ester i f  ic at ion of cholesterol is adversely 

• affected when toxaemia is of moderate or marked severity.
i , I t  has already been pointed out that l i t t le  is known 

about the cause of hypercholesterolaemia in normal pregnancy. 
The cause of the raised cholesterol concentration of the 

blood in toxaemia is even less properly understood. Patterson 

lunt and Nieodemus (29,1938) believe that the altered state 

bf the blood cholesterol is due to a ** sub-clinical hypo- 
feyroidism7 a^ravated in toxaemia by a "foetal hypometabol- 
ism", However, there is  no evidence to support such an 

x-hyjothesis. Colvin and Bartholomew (27,1939) postulated" 
' 'th e ir  theory of toxaemia on the basis of hyper cholesterol-
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hyper cholesterolaemia causing placental infarction without 
explaining the cause of the raised concentration of cholesterol 
in the blood. I t  is not known at present how far the 

alteration of the plasma proteins in toxaemia {especially 

that of globulin and fibrinogen) can be responsible for the 

change in plasma cholesterol in pre-eclampsia and eclampsia. 
Investigations of Eufinger (30,1928), Turner and Gibson 

(31,1932) and other observers indicate the importance of 

protein lipoid combinations in the maintenance of the lipoid  

level of the plasma. The part played by the endocrine 

disturbances which accompany toxaemia in maintaining a high 

cholesterol content of the blood is as yet unknown.

The cause of the decrease of cholesterol esters appears 

to be connected with hepatic dysfunction in toxaemia. 

Experiments aimed to produce hypercholesterolaemia (25,26,32) 

in normal animals and human beings cause an increase of 

ester cholesterol in both the liv e r and blood. Toxaemia 

gives rise to a diminished concentration of cholesterol 
esters even when the total cholesterol is raised* This 

suggests the conclusion that esterification of cholesterol is 

adversely affected in severe pre-eclampsia and eclampsia*
Apart from the intestines during the absorption of fa t, ; 

esterification is a function of the liv e r, and the results 

of our own investigations, as well as those of others 

that pregnancy toxaemia gives rise to hepatic dysfunction.

The suggestion made above finds support from the fact that 

cholesterol/
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oholesterol esters almost disappeared from the plasma in t 

those cases who had a fa ta l outcome* Decrease of ester 

cholesterol with a consequent alteration in the Mcholesterol 

esterstwiz’* has hem observed in hepatic parenchymatous
i

disease bv several in v e s tig a to rs  (33,33a,34). Infact 

Epstein and Green spun (33a,1936) have recorded instances 

of fa ta l cases where cholesterol esters completely dis

appeared from the circulation, where appear to be some 

resemblance between the behaviour of plasma cholesterol in 

■pregnancy toxaemia and that in experimental hepatic 

poisoning with chemical agents. (Hawkins and fright, 35,1934) 
I t  is interesting to note the relationship existing between 

the level of diastolic pressure and the ratio of total to 

ester cholesterol.

3QH0LHSIQN
formal pregnancy is associated with an increase of 

plasma cholesterol. The free cholesterol is in it ia lly  

affected more than ester cholesterol in this process. But 

at term the ratio  of to ta l and ester cholesterol is only 

slightly higher than normal.
Toxaemia, when severe, causes an increase of total 

cholesterol which is accompanied with some reduction of the 

esters* Thus, the ratio  at this stage is raised to a small 

extent. When toxaemia becomes very severe and in eclampsia 

there is usually a reduction of both total and ester 

cholesterol, the la tte r being affected more than the former. 

In/
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In some of the fa ta l cases of eclampsia the ester cholesterol 
content of the plasma was too low for a proper estimation.

The cause of hyper cholesterolaemia is not known. The 

decrease of ester cholesterol is probably due to hepatic 

dysfunction.
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CHAPTER 2 

2LA3IA. LIPOID PHOSPHORUS 

Most investigations on lipoids of the blood and plasma 

in normal and toxaemic pregnancy are confined to the 

estimation of cholesterol. Lipoid phosphorus has received 

very l i t t l e  attention. The theoretical background of the 

possible behaviour of phospholipoids in toxaemia is extremely 

confusing. Ii^fact when one considers the antagonistic 

properties of cholesterol and phospholipoids (1, 1931), the 

constant relation which is maintained between these two 

substances in the blood, and tissues (2, 1934), and the 

state of hermonic in^equilibrium which exists in toxaemia, 

i t  becomes impossible to predict the nature of change which 

the lipoid phosphorus level of the blood may undergo* The 

few published reports on blood phospholipoids are not 

uniformly consistent, and the number of cases investigated 

in each series is not large enough to offer a definite con
clusion. Thus, Lindemann (3, 1913) found that a ll blood 

lipoids were increased in pregnancy toxaemias. In  the 6 

cases reported by Siemens and Stander (4, 1923) no signi
ficant change was observed. Hellmuth (5, 1926) reported 4 

cases with similar findings. Boyd (6j 1935) in a study of 

5 casts of eclampsia and 2 of ^eclamptic state* concluded 

that the concentration of plasma lipoids varied greatly 

in eclampsia and no significant variation occurredvin vths 

value of any single lipoid fraction. This author however 

la id /
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Table 55

Distribution 
mgms.per cent. 1-3 months 4-7 months 8-10 months Total

9-10 2 2 3 8
10-11 ; ■ 5 6 5 16
11-12 I 3 1 6 5 13
13-13 :: 1 5

8
14

13-14 i  - : ' 2 ' : • 7 | 9
14-15 - | 1 5 : ( 6
15-16 j - : -  j 4 ! 4

Total 
Aver age
-p  -ra
-  . JJ.
Maximum
Minimum

11 

11.1 
± 0.53 

12.7 

9.1

32 : 37 | 70

11.8 12.6 ( 12.1
0.87 . i  1.16 l l . l l

14.1 15.4 j 15.4

9.3 ! 9.3 1 9.1

As toxaemia of pregnancy is a disease of the last three 

months of gestation, the values obtained for this period of 

normal pregnancy were subjected to further scrutiny (Tabl@56). 

I t  was found that the lipoid phosphorus continued to increase 

up to the thirty-second week of pregnancy, when the maximum 

level was attained. During the following eight weeks, there 

was a decline, but this was slight and insignificant. For 

practical purposes therefore the average for the last 
trimester could be considered as fa ir ly  representative of 

the plasma lipoid phosphorus at any period between twenty- 

eight week of gestation and fu ll term.



laid considerable stress on the plasma phospholipoid: 
cholesterol ratio and even suggested the level of 1.40 as 
the dividing line between eclanptic and non-eelanptic. states- 
It was therefore felt that a study of plasma phospholipoids 
might prove to be of interest.

1.  N O H IA L  PBSCrN AN QY 

Of 70 cases of normal pregnancy studied by us,11 were 
in the first trimester, 2 2 in the second, and 37 in the third 
trimester of gestation. The average lipoid phosphorus 
of all cases was 12.1 mgm. per cent. ; S.D. 1.25. In the three ■ 
trimester periods, the values were 11.1; S.D.0.76; 11.9,
S. D. 1.30; and 12.6, S. II 1.73 mgms. per cent, respectively.
These figures indicate that the plasma phospholipoids commence 
to increase early in pregnancy. The earliest pregnancy 
examined in our series was 10 weeks (2 cases). The lipoid 
phosphorus level in these two patients was 9.8 and 10.1 mgms. 
per cent. , these figures seem to be slightly higher than 
the average for normal persons (Peters and Man, 1943)
though not s ta tis tica lly  significant. The increase of plasma ill

' |[lipoid phosphorus continues,as gestation proceeds, out the J
difference between the individual trimesteric groups is not |
significant. The minimum values obtained were about the 
same in all three groups and with about equal frequency, but
the maximum levels in the different groups showed a tendency
to climb as pregnancy advanced. The distribution frequency ![
is given in Table 55. j!|

i

Table/ !
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Table 56.

^eriocf o f”] }
Gestation j Do. of {
Weeks Oases j Maximum I Minimum j Average
28-30
30-32
32-34
34-36
36-38
38-40

6

7
6

5 
7
6

15.4
15.4
15.3
15.2
15.4
15.2

9.4
9.3
9.6
9.7
9.5
9.4

S.D..

2. PRB-SOLMPSIA 
The. average lipoid phosphorus content of the plasma of 

all cases of toxaemia was 14.55 mgms,per 100 ml.; S.D. 1.61t 
compared with the value for normal pregnancy, this difference 
is significant and amounts to 1.9 mgms.per cent, or a gain
15.1 per cent.

In the series of 50 cases of mild pre-eclamsph the 
average lipoid phosphorus was 13.5 mgms. per 100 ml. ; S.D. 
1,45, which again was 0.9 mgms.per cent, more than that in 
noimal pregnancy, an increase of 7.51 per cent, of the 
normal pregnancy level.

The lipoid phosphorus of the 50 cases of severe toxaemia 
was 15.6 mgms. per 100 ml. ; S.D.1.64, which denoted a rise of 
3.0 mgms. or 23.8 per cent, of the value observed in noxmal 
pregnaicy. '

The distribution frequency is given in Table 57.
Table/



Table 57

10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18

2

7
10
17

6

5
3

1 3
g I 9
3. 12
7 24
7 5 ' 13

12 | 17
15 1 18
4 4

.Sot al 
Average
T5 V- • IJf
Max imum 

Minimum

50
13.5
1.01

16.2
10.1

50
15.6
1.41

17.9
10.8

100 
14. 55 
1. 03

17.6
10.6

Distribution T
mgms.Per cent. Mild | Severe Total

j

It will appear that the increase in the lipoid phos
phorus level affects not only the average value but also the 
minimum and maximum limits of the range. It is of interest 
however, that the frequency distribution of both normal and 
mild toxaemias shows an almost similar peak level between 
12 and 14 mgms.per 100 ml., but that for severe toxaemias 
shows a distinct shift to the right, viz; 15 to 17 mgms.
The increase of plasma lipoid phosphorus in this series of 
cases thus appears to be progressive from normal pregnancy 
to/



to mild and severe toxaemias -  the difference in each case 
being s ta tis tica lly  significant*

To ascertain whether this difference is apparent or 

real, 46 cases where the toxaemia persisted were, followed 

up in relation to the duration of toxaemia, dating from the 

commencement of the illness. The results are compiled in 

Table 58. The average values show a steady rise for the 

firs t three weeks and? then seem to attain a plateau during 

the fourth week, while the f ifth  week shows a slight 

decline from the maximum level.

Table 53

Weeks 2

Average * 13.9
I

P .M .

Max imum 

Minimum

1.09 

15.7 

10.4

14.8

1.06

16*6

11.2

16.1

i.a
17.8

14.2

15.9 

f 1.96
j 18.0
! i i . i

15.1
2.03

18.9
10. 0

The d ifficu lty  in interpreting these figures correctly 

lies in the fact that the^fate of deterioration of the state 

of toxaemia was not the same in a ll  cases, and as a result 
all the figures under each of the individual week-groups may 

not be s tr ic tly  comparable. In order to avoid this 

difficulty the figures were resolved into three groups.

Group 1 represents the average of the values obtained at the 

time of admission, Group 111 that of the values found on the 

when labour was induced because of the severity of

toxaemia/
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toxaemia (39 out of 36 cases in this series were induced) 

and Group 11 the results obtained about the middle of the 

period between admission and termination of pregnancy, The 

results show cle arly that the lipoid phosphorus content of 

the plasma increases steadily up to a stage, after which i t  

shows a distinct fa l l  (Table 59). The change in this series 

at each stage is s ta tis tica lly  significant and is shown not 

only in the average but also in the minimum and maximum range 

of values. The co-efficient of variation also is almost 
uniform.

Table 59
T"

Group 1 Group 11 Group 111
Max imum 

Minimum 

Average

16.7 19.4

12.9 ' 13.6

14.8 16.9

1.12 1.38

The possible role of phospholipoids in causing oedema 

in toxaemias of pregiancy has been discussed by Boyd (6, 

1935). A stuiy of the lipoid phosphorus content of the 

plasma in re la tion  to oedema was thus considered necessary. 

The figures obtained, however, do not show any defin ite  

correlation between the severity of oedema and the level of 

plasma phospholipoids. This does not of course, disprove 

the theory mentioned above, for the tissue phospholipoid 

content may increase without showing a remarkable change 

in the blood. This has been discussed in connection with
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the investigation of oedema. The results are summarised in 

Table 60. There seems to be significant difference'in the 

lipoid phosphorus content of JMfc plasma and between normal 
and oedematous patients, but as the values obtained in 

different, degrees of oedema are analysed i t  is found that 

the level of the lip o i phosphor us of the plasma bears l i t t l e  

relation, i f  any, to the degree of water retention in the 

tissues*
Table 60

Oedema.
Normal 1+ 3 *

No. of cases i 

Average | 

S. D.
f>
-  + .J# f

37

12.6
1.73

1.16

12
13.7
1.92
1.29

mum 

Minimum

15.4 15.9

9.3 10. 0

23

14.8 |
2.46 

1.65

17.5

10.2

44

14.8 

2.79 

1.37

17.8 

10.1

21
14.0 

3.30 

2.21 
17.6
10.0

3. BGLAlgSIA 
average of lipoid phosphorus at the time of admis

sion was 15.9 mgms. per cent. ; S.D.2.48. Compared with the
figures obtained for severe pre-eclampsia the difference is

that
not significant. Thus, i t  might appear/.the onset of con

vulsions does not cause any alteration in the level of the 

plasma phospholipoids. However, an analysis of the 

distribution frequency of these cases (Table 61) shows,. that 
the minimum in eclamptic group was distinctly higher than 

that/



that in pre-eclampsia and the maximum was above the maximum 

value of severe pre-eclampsia in 22.2 per cent, of cases.

I t  is of interest that maximum distribution of frequency, 

viz. 14-15 mgms. per cent, was lower than that in the severe j 
pre-eclampsia.

Table 61

Distribution 11- 12- 13- 14- 15- 16- 17- 18- 19- 20- 
mgms.per cent. 12 13 14 15 16 17 18 19 20 21

No. of cases 1 2 2 4 1 1 3  2 1 1

Average =15.9. S.D. =2.43. =1.66.

Maximum = 20.7. Minimum = 12.0.

The results obtained iiythe three cases of pre-eclampsia ; 
who developed fits  during their stay in the hospital indicate 

that convulsions in an eclamptic subject cause the plasma 

lipoid phosphorus to increase. This was evident after the 

f irs t f i t  in a ll cases, while the second f i t  showed a 

further rise in both the cases who had more than one con

vulsion. The third f i t  which followed in both instances 

within one hour of the preceding one, appeared to be respon

sible for a slight, though significant decrease of lipoid 

phosphorus. Mrs. H. , whose blood was examined after 4 and 

8 f i ts  showed a further drop. The findings appear to be 

consistant, the difference of the averages is significant 

and the variab ility  low (Table 62). ;
Of the eighteen cases three died, and these showed a 

definite and. progressive fa ll of the plasma lipoid 

phosphorus/
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Table 62

Name

1. Mrs. A. 

S. Mrs. H f 
3. Mrs. R.

\ Pre-
con7 I vulsive

■LStage,,,..

'Conviil'siVe
Stage

No. of'"'fits 
8 I 3

18.2

17.5

16.6

18.3

13.4 

19.3

19.4 19.0
> 4

19.1 18.3 110.7
J r

Average 

S. I). 

P.E.

17.5

0.68

0.46

18.8 S 19.25 I 18.651

Significance! +

0.37 

0.25 

■ +

0.115 
0.10 
+

0.35 

0.23

phosphorus as their condition deteriorated (Table 63). The 

blood in the early convulsive stage was obtained after the 

firs t convulsion, the specimen for the Late convulsive, stage, 

after the third or fourth f i t ,  that in the stage of coma 

when unconsciousness lasted for 4 to 8 hours, and the last 

sample in the pre-terminal stage was taken 3 to 6 hours, 
before death. In the ca.se of Mrs. McK. the interval between 

the last two specimens of blood was less than 2 hours.
Table 63

Name

1.; Mrs. McK.

2. Mrs. McL.

3. Mrs.HSU

Early Convulsive

17.5
20.7

Late Convulsive 

■14.2

17.8

Coma

11.0
13.4
10.7

pre-
terminal

9.4
12.5

6.5



The figures indicate that as the condition of the 

patient grew worse, the lipoid phosphorus level of the plasma 

diminished. .When the cases presented in Tables 62 and 63 

are simultaneously considered, it  shows clearly that the 

onset of eclampsia is characterised at f irs t  by an increase 

of the phospholipoid content of the plasma. But when the 

convulsions are rpeated at frequent intervals and coma sets 

in, it  commences to fa ll until the minimum level, which is 

reached in the pre-terminal stage of the fatal cases. At 

this stage, the lipoid phosphorus level is slightly kwer 

than that found in normal non-pregnant individuals. I t  must 

be pointed out however, that the extent of this fa ll is not 

in any way related to the height reached by the lipoid 

phosphorus earlier on, in the course of the disease. There 

appears to be a closer relation between the fa ll  in the 

lipoid phosphorus and the severity of the condition and 

number of convulsion. This is however not of a striking 

nature. Thus, Mrs. HN. , who had 18 convulsions had a 

terminal drop ^hich amounted to 63.5 per cent, of the 

highest level attained by her. The corresponding decrease 

in Mrs. McK. (15 f its )  was 46 per cent, and in Mrs. McL*
(1 fit)3 9 .6  per cent. Coma seems to have more effect than 

the number of convulsions alone, for the state of deep coma 

was associated with a decrease of lipoid phosphorus by , _

37.1 ‘ (McK. ), 35. 6 (McL. ) and 39.8 (HN. J per cent, respectively 

of their corresponding highest values. These figures are

fa ir ly  comparable.



283'

LIPOID PHOSPHORUS: OHOLESTRBOL T?ATT0 ' i
. ' j’

In  view of the important antagonistic physico-chemical { 

properties of cholesterol and phospholipoids and the 

finding by Boyd (6, 1935) of increased phospholipoid: I

cholesterol ra t io  in  eclamptic states, this point was con

sidered worthy of investigation. The "results are b r ie fly  

summarised in  Table 64. Our estimations were confined to 

the lip o id  phosphorus and not to ta l phospholipoids. j
Phospholipoids expressed as cephalin could of course be !

' , : if
calculated from the lipo id  phosphorus value by m ultiplying  

the resu lts  by 25, but i t  was considered that no useful 

purpose would be served by th is  calculation as cephalin || 

does not constitute more than 58 per cent, of the tota l j; 

plasma phospholipoids (A**tom, 18, 1945). So the ra tio  pre- | 

sented here is that of lipo id  phosphorus: to ta l cholesterol I 

of the plasma.
1 Table 64

Average _ S.D. Min. -  Max.

Normal pregnancy 0.057 0.001 0.005-0.059

Mild Toxaemia 0.058 0.0CB 0.001 0.054-0.061

Severe Toxaemia 0.058 0.004 0.003 0.055-0.063

Eclanpsia 0.063 0.007 0.004 0,056-0.071

I t  w i l l  appear from the above figures that though the 

ra tio  shows a tendency, to increase from normal pregnancy to | ; 

eclampsia, the difference in none of the stages is signi

fican t. I t  is interesting to note that there is no change 

in /



in the ra tio  as the toxaemia passes from the mild to the 

severe v arie ty . This implies that the r is e  in  phospholipoids 

at th is  stage of the disease is proportional to that of 

cholesterol. The difference in the average lipo id  phos- S
i

phorus content between severe pre-eclampsia and eclampsia ]

has been found neg lig ib le . The increase in the ra tio  at 

this stage is just s ig n ifican t, and is brought about by a 

f a l l  in  the to ta l cholesterol content of the plasma.

Analysis o f the ra tio  in re la tio n  to the number of con

vulsions did not reveal anything of importance, apart from 

a tendency for the r atio  to  increase when the c lin ic a l 

condition showed marked deterioration.

A study of the ra tio  was also made in re la tio n  to  

oedema in view of the antagonistic physicd-chemical 

properties o f cholesterol and phospholipoids* But as in j;

the case of lip o id  phosphorus, so in that of the r a t i^ o  

d efin ite  re lationship  was found to exist between the la tte r  

and the degree of the oedema. Between normal pregnancy 

and slight oedema the ra tio  showed no a ltera tion . With 

I t  oedema there was a s ligh t but insignificant rise  in the 3

ra tio , but with further increase of oedema the ra tio  was 

intermediate between those of the previous two groups.

The v a r ia b ility  in these two groups, however showed a 

noticeable increase. The resu lts  are summarisf# in Table 65.

Table/ ' |
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fable 65

Oedema Average S.D. Max. -  Min.
-I-rnm. 0.057 0.001 0.055-0.059
1+- 0.060 0.003 0.056-0.063

E+ 0.059 0.004 0,054-0.064

3+ 0.059 0.004 0.055-0.066
. I

The average normal lipoid  phosphorus content of the |

human plasma is given by Peters and Man (7 , 1943) as 9*2^  I
1.41 mgms.per cent. I t  is generally agreed that the lip o id  J

content o f the plasma is increased during pregnancy, and 

that th is  change manifests i ts e lf  as early as the second 1

month of gestation. A r  ise in phospholipoids has also been h

noted by Boyd (6a, 1934) Pahrig and Wacfer (8, 1938) and 

Oser and Karr (9 , 1925). This however is  not as marked as ;

the r is e  in cholesterol. The cause of this is not quite
/

understood. Lipaemia during pregnancy is generally believed 

be related to the increase in  female sex hormones, and 

Loeb (10, 1942) demonstrated the oestradiol benzoate, in a 

large doses increased s trik in g ly  the to ta l lipo ids of the 

serum. Boyd (6a, 1934) observed a 25 per cent, increase of 

plasma phospholipoids in pregnancy. Schwartz et al (11,

1940) also noted a gestational rise  o f the plasma phospho-

lipo id  content. Compared with the normal figures supplied

by Peters and Man (7 , 1943) our average value fdr lipoid  i
i j

phosphorus/ !

!J
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phosphorus in  normal pregnancy shows a gain of 31.5 per 

cent. On the other hand i f  only the la s t trimester is 

considered the increase appears to be to the extent of

36. 9 per cent.

The onset of toxaemia in the series under investigation

was denoted by a further ris e  in  the lipo id  phosphorus

content of the plasma. This rise  was intensified as toxaemia

became severe, but between severe toxaemia and eclampsia

there was no s ignificant difference in the values obtained.

Boyd (6 , 1935) also noted a similar happening and described |

such severe pre-eclampsia as '’ eclamptic state*. I t  appears, !

therefore, that whatever may be the nature of the change in  j

the phospholipoid metabolism of the body at this stage, the j
are j

convulsions o f eclampsia, per se, neither affects nor/a ffec t

ed by i t .  I t  was not possible to estimate the lip o id  j

phosphorus of the plasma immediately preceding a convulsion. ! 

Serial estimations, however, were made in three cases 

throughout the period o f convulsions. Wo significant change 

could be found in these cases when results were compared 

with those obtained in cases of severe non-convulsive .

toxaemia. I t  is therefore lik e ly  that the altered plasma 

lipo id  phosphorus value in severe pre-eel anpsia is an 

expression o f the disordered metabolism and has no aetio log- ; 

ic a l significance. A sim ilar state of a ffa irs  was also 

noted in  connection with oedema.

I t  w i l l  be observed that in nearly 78 per cent, of cases 

of toxaemia the lipo id  phosphorus value remained below the

maximum/



maximum level seen in normal pregnancy* The variab ility
and

in this group was not insignificant, / was more than doubled 

in eclampsia* The individual values encountered were thus 

widely scattered* I f  alteration of the lipoid phosphorus 

metabolism was the primary factor in toxaemia one would 

have expected the values to be reasonably constant at the 

varying stages of severity of the disease* Widely varying 

levels of plasma lipoids have been noted by other workers 

also (Boyd, 6, 1935); Stander and Slemons (4, 1923).

The cause of this increase of the plasma phospholipoid 

is d iff ic u lt  to explain in the present state of our 

knowledge. I t  is of interest to note, however, that re

tention of inorganic phosphorus in the plasma has also been 

found in toxaemias of pregnancy. Our 0m  observations 

indicate that there is some parallelism between the in
organic phosphorus and phospholipoid content of the plasma. 

Toxaemia of pregnancy is associated with a state of 
diminished a lka li reserve, and Bloor (12, 1939) pointed 

out that phospholipoids normally take part in base-sparing 

activity. I t  appears from the figures supplied by Boyd 

 ̂ (6a, 1935) that the total fatty acids in the plasma show 

yan appreciable rise in the type of pre-eclampsia described 

by him as the ^eclamptic state*, I t  is possible that the 

increase in the phospholipoid concentration is merely an ; 
expression of a compensatory mechanism by which phbsphprus 

is diverted in order to conserve the alkaline'base* 

Continued/



Continued observation of our cases showed that a fte r  

the disease had attained a certain degree of severity the 

plasma lip o id  phosphorus concentration started to decrease. 

This was p a rtic u la rly  notable in eclampsia as the condition 

progressed and the decline in phospholipoid values continued \ 

up to the preterminal stage* Phosphorylation is one of the j 

functions of the liv e r . Hahn and Hevesy (13, 1938) with  

the help of radioactive phosphorus demonstrated the 

synthesis of phospholipoids from inorganic phosphate in Ifas I
f

surviving perfused l iv e r .  There are evidences to show that \ 

when toxaemia persists for a long time or when repeated 

convulsions ensue, and in the preterminal stage of eclampsia 

the liv e r  functions* especially those normally concerned 

with metabolism suffer considerably. I t  seems possible 

that the f a l l  in the plasma lipo id  phosphorus at this stage 

might be due to defic ient phosphorylation by th q live r. ;

This suggestion is supported by the fact that when the 

lipo id  phosphorus leve l is at its  lowest the inorganic 

phosphate leve l is at its  peak. I t  seems lik e ly  that one 

is related to the other and both to deficient, phosphorylation 

by the liv e r . .

I t  has been demonstrated by Man, K artin , Burlacher 

and Peters (14,. 1945 | that the plasma lipo id  phosphorus 

rises considerably in b ilia ry  obstruction and rap id ly : dr®ps . 

to normal when obstruction is relieved. I t  has^alsd,;been 

shown by Wachstein (15, 1936) that in presence of 
obstructive/



obstructive jaundice large quantities of unsaturated fa tty  

acids are present in the plasma. The increase in the lipoid 

phosphorus in this condition is therefore due to increased 

phosphorylation of a large concentration of unsaturated ] 

fatty acids present. Manet al (14, 1945) observed that j: 

known chemical poisons such as chloroform, carbontetrachlority 

and phosphorus cause a fa l l  in the plasma lipoid phosphorus, 

but Gray (16, 1933) demonstrated that this #is preceded by 

an in it ia l rise in the phospholipoid level. The former 
observers noted a similar change in lipoid phosphorus in 

those cases of toxic hepatitis where terminal hvpo~ j j

cholesterolaemia results. i
f.

Without assuming the existence of a hypothetical toxin, j 

one could expect a similar stage of affairs in toxaemias of j 

pregnancy* In the early stages the disordered fat |-
metabolism together with retent ion of inorganic phosphorus |, 

demands increased phosphorylation by the liv e r  and a con

sequent rise- in the lipoid phosphorus content of the plasma,-  

in order to conserve the a lka li which is already deficient.

In the la ter stages of toxaemia however, when the 

metabolic functions of the live r are undermined,'conjugation - 

of phosphorus to the fa tty  acids suffers, with a consequent I 

fa l l  in the plasma phospholipoid level.

Peters and Van Slyke (17, 1946) observe that so long 

as the cholesterol content of the blood is higher than:
100 mgms. per cent, its  relation to lipoid phosphorus in 

normal/



normal and most diseased states remain within certain 

lim its which could be expressed by the formula# stated by 

them. Analysis of the figures in normal pregnancy in the 

series studied by us shows that the mutual quantitative 

relationship between cholesterol and phospholipoids does 

not alter during normal gestation.

Our study of phospholipoid cholesterol ratio is not 

comparable with that of Boyd for our estimations were done

on lipoid phosphorus and not on to ta l phospholipoids*
j

However, the rise from the normal pregnancy ratio of 0.057 

to 0.063 in eclampsia is ^preciable, though our figures 

do not satisfy statistical: analysis. Study of individual 

cases/however, shows an unmistakable rise in the ratio  

in a l l ,  in whom the disease progressed and the condition 

deteriorated. !'
r

• ■ i
Increase in the lipoid phosphorus value has been |,

observed in mild and early severe toxaemias, but the l i t t le  ;

alteration in the ratio at these stages indicate a pro- 

portionate rise in the blood of cholesterol and lipoid. j;

In late and severe toxaemias however, the ratio  rises in 

spite of a fa l l  in the plasma lipoid phosphorus content. j
This occurs because of a greater fa l l  in the cholesterol |

level of the blood. The cause of the alteration of the 

ratio appears to be centred round the role played by the I
liver in fat metabolism. Man et al (14, 1945)- fbitod milar ( 

hypocholesteralaemia and low lipoid phosphorus, with high 

phospholipoid:/



phospholipoid: cholesterol ratio  in.severe toxic hepatitis. ''

0 ON 0 LUST ON

Normal pregnancy is associated with an increase of the 1 

plasma lipoid phosphorus above that of the,non-pregnant j 
/ state.

toxaemia causes a further rise in the lipoid phosphorus

content of the plasma. This is at firs t progressive, but 
very

in/severe cases i t  commences to decline after the maximum 

level has been reached. The changes are more marked in 

eclampsia than in pre-eclampsia. I t  is suggested that the 

in it ia l  increase of phospholipoids depends on a raised 

concentration of fatty acids in the plasma and effort on the
!
\ part of the body to conserve the alkaline base* The fa l l

in lipoid  phosphorus concentration in late stages is

probably connected with a disturbance of hepatic functions.
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CHAPTER 3 

ACIDOSIS .AND. ALKALI RESERVE

As e a r ly  as 1915 Hasselbach (1 ) demonstrated th a t 

pregnancy is  associated w ith  a decrease o f the a lveo la r 

carboijfdioxide tens ion , which becomes manifest in  the second 

month o f gesta tion . During subsequent years several 

observers (2 -7 ) have noticed th a t the carboi^dioxide com

b in in g  power o f the blood decreases as pregnancy approaches 

term. Some authors (3 ,5 ,6, 8 ) be lieve  tha t th is  acidosis 

o f pregnancy is  due .to the accumulation o f Ketone bodies 

and la c t ic  acid in  the blood, caused by a de fective  

carbohydrate and a lte red  fa t  metabolism ( 6 ). Estim ation of 

the hydrogen-ion concentra tion  o f the blood by Myers et a l 

(9 , 1932), Kyd and co-workers (10, 1932), Nice (11, 1936), 

Oberst and ^ lass  (12, 1940) and several other inve s tig a to rs  

do not show any evidence o f a decrease o f the pH. Studies 

o f Kyd, Oard and Peters (10, 1932) and Stander (7a, 1934) 

suggest th a t the acidosis of pregnancy is  due to a

d e fic ie n cy  o f the base concentra tion  o f the serum, but,
s ta te

th is  is  maintained in  a well-compensated^in a normal p a tie n t.

In  2 out o f 4 cases o f eclampsia Hasselbach and 

Gammeltoft ( 1 , 1915) found a marled increase o f the fixe d  

acids in  the blood, whic gave r is e  to uncompensated acidosis. 

Subsequent in ve s tig a tio n s  by Bokelmann and Bother (8a ,1928), 

Vozza (13, 1927), MacNider (14, 1928), Stander (7, 1930), 

Osman (15, 1930) and several other observers, show th a t the 

reserve/
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reserve a lk a l i  ia  markedly dim inished in  pregnancy toxaemia, 

and e sp e c ia lly  in  eclampsia. le t ,  Gradwohl (16, 1928) states 

th a t in  toxaemias o f pregnancy many a u th o rit ie s  be lieve  

tha t instead o f ac idos is  in  extreme cases we have a lk a lo s is ” .

In  studying  the a lleged acidosis of pregnancy and 

toxaemia we used the r a t io  o f H.HQO3 :B.HC03, uPon which 

p r in c ip a lly  the pH o f the blood depends. D irec t p o te n tio - 

m e tric  es tim a tion  o f the pH was done on a few cases only.

Fourteen cases of normal pregnancy between 30 weeks 

and term , adm itted fo r  the treatment o f contracted p e lv is  

were in ve s tig a te d  as ’'c o n tro ls ” # In  th is  series -

The to ta l  carbon d ioxide combining power o f the plasma 

was 51.35 ml. ; S.D.2*'Q0. The maximum was 55.3 ml. and 

minimum 49.3.

The H.HCO3 content o f the plasma varied  from 2.80 ml. 

to  2.35 ml. per 100 ml. of plasma. The average value was 

2.48 ml. ; S.D.0.10.

The B.HOO3 (combined carbon-d ioxide) o f the plasma 

measured, 49.37 ml. o f carbon d ioxide per 100 ml. of 

plasma; S.D. 1.36. The maximum was 52.7 ml4 and.minimum

47.2 ml.

The d is t r ib u t io n  o f values in  re la t io n  to  the mean fo r

to ta l combined and fre e  carbonic acid and is  g iven below_,-t-

— : Mean — P. EL - r  T

No. o f cases 4 8 2 v
Percentage 28.6 . 57.7 14.3.

qydrogen/

1. NORMAL PKBQNANOY
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Hydrogen ion  concentra tion o f the  plasma was estimated 

in  6 cases o f  normal pregnancy by the po ten tiom etric  method. 

The values obtained in  these cases were 7.39, 7.40, 7.42,
"  7 7

7.42, 7.43 and 7.45; average 7.42, 3.D.0.C2. The estimated 

pH in  normal pregnancy is  in  conform ity w ith  the value o f

the r a t io  of H.HOO3 : B.HOO3 , which in  the se ries presented

above was 1 :20 , (S .D .0.21).

The to ta l  carbon d iox ide  ( f re e *  combined) content o f 

the plasma in  normal re s tin g  adu lts  is  stated by Van Slvke 

(17, 1918) to  vary between 53 and 80 ml. per 100 ml. plasma, 

w ith  an average o f  65 ml. Compared w ith  th is  normal 

standard, there is  a carbon|dioxide d e f ic i t  during pregnancy. 

In  this, respect the values obtained in  our cases are in  

close agreement w ith  those o f other inve s tig a to rs  ( 1- 10). 

f a l l  in  the to ta l  carbonfdioxide combining capacity

amounts to a l i t t l e  over 20 per cent, of the  normal. vaLue. 

In  a normal in d iv id u a l the  carbonic b u ffe r is  maintained in  

such a manner th a t the r a t io  o f H.HCO3 :B.H003 rem ains§lj20. 

In  pregnancy th is  r a t io  is  not a lte re d . There is  indeed a 

decrease o f the combined carboi^dioxide to  the extent o f 

about 20.5 per cent, o f the normal level, but th is  is  

accompanied w ith  a corresponding decrease of free carbon- 

d iox ide . There is  a d e f ic i t  of the reserve a lk a l i  .but th is  

is  w e ll compensated, so tha t the pH of the blood does not 

d i f f e r  from th a t in  the non-pregnant s ta te . The so ca lled 

a c id o s is /



acidosis o f pregnancy is  thus , a compensated a lk a l i  d e f ic i t .  

In  the maintenance o f  th is  compensation, both the kidneys 

and the lungs p lay an important p a r t, the former conserves 

f  base by increas ing  the excre tion  of ammonia and probably 

a lso by augmenting phosphorylation o f fa t ty  acids (B loo r) 

(phospholipoids are ra ised in  pregnancy, chapter 2 ), and 

the la t te r  conserves the base by e lim in a tin g  excess o f 

carboi^dioxide by h y p e rv e n tila tio n . The in ve s tig a tio n s  o f 

Nice and co~workers (11, 1936) and p a r t ic u la r ly  those of 

Obersto and Plass (12, 1940) prove th a t pregnancy is  a c tu a lly  

associated w ith  h y p e rv e n tila tio n  of the lungs.

Nevertheless, the compensation which e x is ts  in  the acid- 

base balance does not p ro te c t a pregnant woman from a 

s u s c e p t ib i l i ty  o f Ketosis. I t  w i l l  be seen in  the la t te r  

part o f th is  chapter th a t s ta rv a tio n  causes acetonuria 

more fre q u e n tly  du ring  pregnancy than in  the non-pregnant 

cond ition . Such s ta rva tio n  Ketosis as produced by our 

experiments was accompanied by a s lig h t decrease o f the 

carbondioxide combining capacity o f the blood but was''not 

associated w ith  a fa i lu re  o f  compensation. In  th is  respect 

the ac idos is  o f pregnancy (18, 1923) is  d if fe re n t from 

the acidaemia (13, 1923) o f diabetes and uraemia.

2. FRB-BGLIMPSIA.

The carbon d ioxide and bicarbonate content o f the 

plasma was estimated in  30 cases o f pre-eclampsia, con

s is t in g  o f an equal number o f m ild  and severely tox ic  

p a t ie n ts . /
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p a tie n ts . As there  was a a lig h t d iffe renoe  in  the re su lts  

in  these two groups they w i l l  be presented spearate ly.

I .  M ild Pre-eclampsia. The average to ta l  carbon d iox ide  

content o f the plasma was 49.96 m l.per 100 ml. plasma; 

S .D .3 .28, w ith  a range o f v a r ia t io n  from 44.3 to 53.8 ml. 

The d is t r ib u t io n  is  given below -

Mean'fcp.E. +*

No. o f cases 3 13 1
Percentage 13*3 80.0 6.7

The average concentra tion  of fre e  carbon d ioxide in

these cases was 2.38 m l.per 100 ml. plasma; S.D.0.13. The

maximum was 3.70 and the minimum 3.10. The d is t r ib u t io n

o f values was as fo llo w s  -

Mean -  P. E. r

No. o f cases 2 10 3
Percentage 13.3 66.7 20.0

The combined carbon d iox ide  (b icarbonate) content o f

the plasma was, average 47.58 m l.pe r 100 ml. plasma; S.D.

2.23; minimum 42.2 ml. ; maximum 51.1 ml. The d is t r ib u t io n

o f values were -

Mean -P .E * +

No.of cases 1 13 1
Percentage 6.7 86.6 6.7

I t  w i l l  be evident from the values stated above that

the r a t io  H.HCO3 : B.HCO3 is * l ;2 0  (S .D .0.33). The range o f

v a r ia t io n  was, Minimum -  1 :19.6  and minimum -  1 :20 .6,

I I ,  Severe Pre-eclampsia. Th3 values obtained in  th is  

group o f cases were to some extent lower than those in  the
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former group o f toxaemia. The .average to ta l  carbon d ioxide 

was 47.18. ml. ; S .D .2 .04. The maximum and minimum values 

were 50.9 ml. and 44.3 ml. re sp e c tive ly  per 100 ml.plasma.

The values fo r  free  carbon d ioxide in  th is  s e ries  were,

average -  2.34 ml. , S.D. 0.097; maximum -  3.4 m l; and 

minimum - 2.1 ml. per 100 o f  plasma.

The bicarbonate le v e l o f the  plasma in  severe toxaemia 

was, average -  44.94 m l. , S .0 .3.14; maximum -  48.5 ml. ; 

and minimum -  42.1 m l.per 100 ml. plasma. The d is t r ib u t io n  

o f values in  r e la t io n  to  the mean is  g iven below -

— Iean±P .E . +
No. o f Per No. of Per No. o f Per
Oases cent. Oases cent. Oases cent.

Tota l 00? 2 13.3 9 60.1 4 36.6
B.HOOq 4 2 13.3 9 60.1 4 26.6
H.HOCg 2 13.3 10 66.7 3 20.0

The r a t io  o f H.HCO3 : B.HCO3 remains p ra c t ic a lly  the 

same as in  the  m ild  toxaemia, the average being 1:19.93;

S .P.0.24; maximum -  20.3 and minimum -  19.6.

The fa c t  tha t the r a t io  o f H.HOO3 :B.HC03 does not 

a lte r  in  e ith e r  o f the two types o f cases described above 

suggests th a t the  change in  the bicarbonate content o f the 

plasma is  accompanied by a p roportiona te  readjustment o f 

the le v e l o f free  (or d isso lved ) carbon d iox ide . Under 

such a co n d itio n  the  to ta l  carbon d ioxide combining 

capacity o f the  plasma re f le c ts  f a i r l y  the s ta te  o f the ' 

a lk a l i  reserve o f the body. In  order to demonstrate the 

nature o f  the change in  the a lk a l i  reserve in  normal 

pregnancy/
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' ' ! pregnancy, m ild  and severe pre-eclampsia, the frequency I
■ . - • ■ h

d is t r ib u t io n  o f the to ta l  carbon d iox ide  combining power j
■ ■ $

in  these cases is  presented in  Table 66. Comparison of j

Table 66 !:-

Normal M ild Pre Severe P re- f;
frequency Pregn aicy eclampsia eclampsia 1

ml. 009/ l 00 ml. 14 cases 15 cases 15 cases 1

44.1-45. 0 -
\

i
j ' ■

“ " "■ 1 ■ h
2 s

45.1-46. 0 - I 1 . 1.

46.1-47 .0 - ) . . 1 -
'

ii:

7 1l:
• 47.1-48.0 - 1

“  ,,
1

. 1 , ^

48.1-49.0 - j. . 3 • 1 ]

49.1-50.0 1 M ■: 3 1 ■ P

50.1-51.0 3
'

3 3 I!
51.1-52.0 3 4

“  ’ I
53.1-53.0 j 5

i]
I

53.1-54.0 j 1 . 1
[I?
t

54.1-55.0 - -

i__ I

55.1-56.0 1 -  .

Average *P .B * 51.85 * 1. 03 49.96 -1 .3 9 4 7 .1 3 -1 .1 3

these fig u re s  demonstrates the  progressive f a l l  of the

a lk a l i  reserve o f the plasma in  m ild and severe toxaemias

of pregnancy. The d iffe re n ce  o f averages at each stage, is

s t a t is t ic a l ly  s ig n if ic a n t .  The sca tte r o f values also

shows th is  change. Thus, in 26.6 per cent. of cases of
m ild /
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m ild , and in  30 per cent, o f cases o f severe toxaemia the 

a lk a l i  reserve o f the plasma was below the minimum in  

normal pregnancy. The steady d e c lin e  of the maximum value 

is  also equa lly  s tr ik in g .

Ten cases o f eclampsia were studied fo r  th is  purpose.

The change in  the a lk a l i  reserve in  these cases is  much

more no ticeab le  than in  pre“ eclampsia* The t o t a l  carbon

d iox ide  combining capacity va ried  considerably in  in d iv id u a l

cases. The range o f  vaLues was from 20.8 to 40.1 m l.per

100 ml. o f plasma, w ith  an average of 35 .70ml, ; S.I)*6.41.

The bicarbonate content was 33.34 m l.pe r 100 ml. o f plasma;

3.1).6,41, the maximum and minimum values being 37.7 and

17,4 ml. respectively. Tree carbon d ioxide o f the plasma

was, average 2.36 m l.per 100 ml. ; 3 .D .0.28 (1.8 to 3 .6  ml. ).

The r a t io  o f H.HCO3 :3.H003 was thus ra ised  to  1:14.2

(S .T .3 .65) average, 1 :6.7 maximum and 1:18.6 minimum.”

In  these ca lcu la tio n s  no moribund pa tien t was included.

One p a tie n t (Henderson) in  th is  se ries  had a fa ta l outcome.

The f i r s t  e s tim a tio n , done a fte r  16 convulsions showed -

T o ta l C02 20.8 ml. per 100 ml.
Combined 17.4 ml. n "
m  Free "  2 .6  ml. T? n

H.HGO3 : B.HCO3 * 1 : 6.7.

The p a tie n t was a t th is  stage moderately comatose. 

Second e s tim a tion  was done a fte r  11 hours. The values fo r  

to ta l,  combined and free  carbon d ioxide were 14.2 t  11.1 

and 3.1 ml. re sp e c tive ly  per 100 ml. o f plasma. The

H ./
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I

B.HOO3 : B.HCO3 was 3,6* Between the time o f  the f i r s t  and. t
i

the second e s tim a tion  the  pa tien t had two more convulsions |
i

and passed in to  a s ta te  o f  very deep coma# Death occurred f
from anuria  16 hours a f te r  the second te s t was done# We !

had occasions to repeat the estim ations on 3 other cases. \

The re s u lts  are presented in  Table 67. |
l

Table 67 |

Name

1 ■
11

j

In te rv a l
T o ta l

.002
B.
H®0

I .  a-KW 
HC03E

T o ta llB . 
002 SH003

IB .  - 
0308

mmB.
LCtawford 

4 f i t s

EPardee
1 f i t

3TfclgUSCEL
2 f i t s

37.8

43.0

40.1

35.6 

40. E

37.7

2 . 2 }  1  
16.2

2 . 2  1  ! id . 6

2.4 j 1
M

30. 0(27.9 

34.2 32.1I
36.6! 34.4;

i '
■ * *---- i-----

2 . 1

2 . 1

2.4

1
13.9

1
lb . 3 

KTS

17 h rs .

5 hrs.

3 hrs.

.'*■ »..........  ■ ■■■

The in d ic a t io n  fo r  repea ting  the experiment was an

aggravation o f the s ta te  o f coma# In  the second p a tie n t 

only^ two f i t s  occurred between the f i r s t  and the  second 

te s t.  The nature o f the  change of the a lk a li reserve is  

almost id e n t ic a l in  a l l  three cases. Acidosis and coma 

in  eclampsia appear to  be re la te d  phenomena. This was 

fonnd not only in  the cases presented in  Table 67, but also 

in  the whole s e r ie s , as the fo llo w in g  analysis w i l l  show -
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' "R

No. o f oases 'Total 002 H

' 2 40.8; 43.0. 18.8; 18.6.

. :+ 3 40.1 ; 38.0; 15.7; 17.7;
' 33.6. 15.8.

+ +  5 34.2; 36.6; 15.3; 14.9;
37.0 ; 37.8; 14.7; 16.2;
30.2. 12.7.

+*+  3 30.7 ; 30.0; 16.1; 13.3;
20.8. 6.7.

<+ 1 14.2. 3.6.

Owing to the sm all number of inve s tig a tio ns  no attempt 

has been made to  ob ta in  average values in  th is  ana lys is , 

but m  examination o f the in d iv id u a l figu res  amply demon- 

strates/the change. Our se ries  is  not la rge  enough to show 

the progressive d e te r io ra tio n  which oecurs w ith  increasing 

frequency o f convulsions. I t  was however evident tha t 

pa tien ts  who had severa l and frequent convulsions showed a 

greater dep le tio n  o f the  a lk a l i  reserve than those who had 

only a few f i t s .

Hydrogen Ion Concent ra t  ion o f the plasma was est ima ted 

in  8 cases o f  severe pre-eclampsia and 6 cases o f eclampsia 

in  th is  se rie s . The pH in  the cases o f pre-eclampsia were

7.41 (1 ) ; 7.39 (2 ) , 7.40 (3 ) , 7.41 (4 ) , 7.40 (5 ) , 7.41 (10),

7.42 (13 ), 7.41 (14 ), average 7.41; S .!).0.01. (The s e r ia l 

number o f cases are g iven in  brackets)# The d iffe rence  from 

normal cases can hard ly  be regarded as worthy of nofice#

Of th e  cases o f eclampsia 3 p a tie n ts  (Nos.2, 7 and 9) 

had the  plasma pH of 7.37, 7.34, and 7.37 respee tive ly . Two 

o f /
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o f these p a tie n ts  (2 and 9) had only one f i t  and the o ther f

jj
(7 ) had 3 f i t s  ju s t before the specimen of blood was ob ta in -1

ed. The degree o f  come in  a l l  of them was s lig h t.  f
11

The other 3 cases o f eclampsia were deeply comatose I
I

(N o s .l, 8 and 10). The pH o f the plasma, in  these p a tie n ts  t
I

at th is  stage was 6. 88, 7.32 and 7.37 resp ec tive ly . The |

f i r s t  o f these p a tie n ts  had a fa ta l  outcome and 16 hours |

before death (11 hours a fte r  the  f i r s t  te s t)  the  pH i
ili

dropped to  6.56* I t  is  evident th a t a l l  compensatory j|
I

e f fo r ts  o f  the b u ffe r mechanism o f the blood had fa ile d  in  |

th is  p a tie n t. Nevertheless, in  the other two cases in s p ile  jj

o f a subnormal pH o f the  blood recovery occurred, and when I

they regained consciousness the pH had r is e n  to 7.36 and -
:

7.39 re s p e c tiv e ly . '

EBTONUPilA

I t  has been pointed out by several inve s tig a to rs  j|
ilj

tha t a pregnant woman and more so a case o f toxaemia, is  I

e a s ily  suscep tib le  to  Ketosis. In  th is  connection Ketosis !

and ac idos is  have been used some#iat synonymously by most l\

authors. I t  has a lready been seen that the acidosis of 

pregnancy and pre-eclampsia is  o f the nature o f a ^com

pensated" a lk a l i  d e f ic i t  w ithou t any a lte ra t io n  o f the |j|

hydrogen ion concentra tion o f the plasma I t  was considered /

that the problem o f Ketosis in  toxaemia in  re la tio n  to . 

a lk a l i  reserve was worthy o f in v e s tig a tio n . . -  T 

1* Spontaneous Ketonuria. In  order to  study i f  nom al |

pregnancy/ i
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pregnancy under o rd ina ry  l iv in g  cond itions gives r is e  to  

K e tos is , 472 specimens o f  fresh u rine  obtained from the 

antenata l c l in ic  belonging to  p a tie n ts  in  the  la s t tr im e s te r  

o f g e s ta tio n  were examined fo r  Ketone bodies (q u a lita t iv e  

te s t o f Bo thra). In  5 specimens Ketone bodies were present 

(1.03 per cent. ). But in  none was the quantity  detected 

any more than a mere trace . A l l  p a t io its  were examined 

1 to 3 hours a fte r  th e  mid-day meal and consequently the 

question o f s ta rva tio n  acidosis was ru led out.

S im ila r examination was ca rr ie d  out on 269 cases of 

toxaemia o f whom 93 had severe pre-eclampsia and 176 were 

mildly to x ic .  The incidence o f Ketanuria in  these cases was 

1.14 per cent. (2 cases) in  m ild  and 4.30 per cent (4 cases) 

in  severe toxaemia. In  m ild  toxaemias the blood pressure 

was between 140/80 to  150/100. They had varying amount 

o f a lbum inuria  from 0.5 to 3 parts o f  Bsbach. The degree 

o f oedema also showed considerable v a r ia tio n . Of the  two 

cases who had Ketonuria one had B.P. 140/90; A lb .2.5 p a rts ; 

and ++ oedema, the other had B.P. 150/100; Alb. 7 parts and 

f^oedema. In  severe toxaemias the blood pressure varied 

from 155/105 to  220/135, and album inuria ranged from 2 

parts  to  16 pa rts  Bsbach. The fo u r cases of Ketonuria had 

B.P. 160/110, Alb. 6 p a rts ; B. P. 170/120, A lb .3 p a rts ;

B.P. 170/110, Alb. 9 p a rts ; and B.P. 195/115, A lb .5 parts 

re sp e c tive ly . A l l  o f them had-f+toedema. The quantity  o f 

acetone in  pre-eclampsia varied from a trace  to - f .

Twenty/
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^ e n ty -n in e  cases o f eclampsia were a lso investiga ted  

before they rece ived any form o f co rre c tive  treatm ent.

The in te rv a l between the la s t convulsion and the time fo r  

the c o lle c t io n  o f  the specimen of u rine  varied from a few 

minutes to 4 hours. In  a l l  cases Ketonuria was detected.

No c o rre la t io n  could be observed between the number o f 

convulsions and the degree o f Ketonuria. In fa c t,  one patient 

who had 6 convulsions had I f  "acetone" in  the u rin e , yet in  

another p a tie n t w ith  only 2 f i t s  the  urine was loaded w ith  

Ketone bodies. However, the degree o f coma appeared to 

have some re la t io n  to the' se ve rity  of Ketonuria, as the 

analysis presented below will/fehow. In  order to  present an 

und is to rted  p ic tu re  no attempt is  made to ca lcu la te  averages.

Degree o f  No. o f
Coma. Oases Ketonuria.

!•: 0 • 4 Trace -  3 cases
4 -  1 rt

S. 4 6 Trace -  3 cases
4 -  2 . Tt

3. -h 8 4* -  5 cases
■44* -  3 n

4. 4 4 6 4 4 -  2 cases
4 4 4 -  4 **

5. 4 4 4 5 4+4 -  5 cases.

In  three fa ta l  cases o f eclampsia in  the  p re -te rm ina l 

stage (7 to 21 hours before death) the  u r i n e  was loaded w ith  

Ketones and gave a p o s it iv e  re a c tio n  to d ia c e tic  acid. 

Induced Ketonuria . In  a smaller series of nom al and

toxaemi'c/
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toxaemic p a tie n ts  an attempt was made to induce ke tos is  

by a short period o f  s ta rva tio n , during which only drinks 

o f water were allowed. The period of s ta rva tio n  extended 

from 6.30 p.m. to 10 a.m*. on the fo llo w in g  morning. Such 

a short fa s tin g  seldom, i f  at a l l ,  induced Ketonuria in  

normal in d iv id u a ls . Twenty cases of normal pregnancy, aid 

38 cases o f severe toxaemia were subjected to th is  regime. 

At the end o f the period o f  s ta rva tio n , 1 case o f normal 

pregnancy (5  per cent. ) and 6 cases o f toxaemia (15.2 per 

cent. ) showed th e  presence of Ketone bodies in  the u rine . 

The p a tie n t w ith  normal pregnancy and 5 cases o f toxaemia 

had only a trace  o f "acetone* in  the ur ine. In  the 

remaining case o f pre-eclam psia i t  was 14 . .  I t  is  in te r 

es ting  to note th a t in  th is  p a tien t the toxaemia markedly 

d e te rio ra te d  during  the fo llo w in g  48 hours and labour had 

to be induced on the th ird  day a fte r the te s t  was done.

At th is  stage her urine contained 1 4  acetone even during  

the post absorp tive  period a f te r  a meal conta in ing  a 

l ib e ra l amount o f  carbohydrate.

Plasma pH and a lk a l i  reserve were estimated in  these 

7 cases (1 norm a l* 6 toxaemia) who had Ketonuria. Their 

fin d in g s  are given in  Table 68.

I t  is  c le a r ly  evident from these cases th a t s lig h t 

Ketonuria in  e ith e r normal pregnancy or toxaemia, does not 

d is tu rb  the acid-base balance o f the plasma to any 

appreciable degree. The to ta l  carbon d ioxide combining 

ca p a c ity /
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Table 68

Cases B vJ=Ls_=j i Aik Keton
uria

Cd2 combining 
c ap a c ity__

T o ta l
. B.H003 j 

Fixed I Free I.R.HCQ3 j pff

N. 1 

T . l  

T.2 

T.3 

T.4 

T.5 

T.6

118/70 

165/115(7.5 

170/100 3 

160/100 4 

180/110 5 

170/105 2 .5  

160/105 3

4

f'f* j

4 

4

49.2 [46.95 | 3.25 ! 20.9 ! 7.43
I |

44.1 42.05 | 2.05 20.5 i 7.41
i i f

48, 6 j 46.26 2.34 j 19. 8 . j 7.40

47.7 45.53 { 2.17 21.0 j 7.44

48.0 1 45.71 | 2.29 20.0 7.41

49.0 j 46.62 j 2.38 19.6 j 7.41

47.1  44.90 | 2.20 I 20. 4 I 7.415

capacity  o f the  plasma in  these cases was to some extent 

less than that in  the se ries  a lready described, but th is  

was associated w ith  a p roportiona te  d im inu tion  o f both the 

bicarbonate and free  carbon d ioxide o f the plasma. Conse

quently ne ithe r the r a t io  o f H.HC03: B.HC03, nor the pH 

showed any recognisable d e v ia tio n  from those o f the previous 

groups. The K etosis  in  these cond itions there fore  is  

accompanied by a s ta te  of compensated ac idosis .

Ketonuria in  eclampsia however presented a d if fe re n t 

p ic tu re . I t  has a lready been pointed out tha t spontaneous 

Ketonuria was observed in  a l l  cases o f eclampsia. The sta te  

o f the a lk a l i  reserve and hydrogen ion concentration in  

eclampsia has a lso  been described. I t  is  evident th a t la 

sta te  o f true  (uncompensated) acidosis, exists, in  eclampsia 

simultaneous w ith  Ketonuria. However, our pressnt in v e s ti

g a tio ns /

I.
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in ve s tig a tio n s  are not e laborate  enough to p o in t out how

much o f th is  eclam ptic acidosis is  dependent upon the
■ '  !

accumulation in  the blood o f products o f incomplete I

oxydation o f f a t ,  and to  what extent i t  is  due to  an j ;
!;

increase o f fix e d  acids in  the blood* j j

Further observations on ac idosis  o f the blood and !

tissue f lu id  w i l l  be found in  the section  on oedema* I

QOM imS I

According to the nomenclature suggested in  the 

B r it is h  M edical Research Council Report (18, 1923) the |

s ta te  of a lk a l i  reserve in  toxaemia comes w ith in  the scope 

o f ac idosis* Th is  however is  not associated w ith  an 

increase of the hydrogen ion concentra tion o f the  blood, 

nor an a lte ra t io n  o f H:B*HC03 ra t io *  These are maintained j

w ith in  normal l im its *  The accepted average pH o f the blood )

is  7*4 ( S t i r l in g ,  19, 1947). But even normal subjects show j
I

considerable v a r ia t io n  in  th is  respect. Thus, Cullen and \
I

Robinson (20, 1925) found th a t in  normal persons the pH |

may vary between 7.28 to 7.41, and th a t va ria tio n s  of th is
I’

value may occur at d if fe re n t hours o f the day depending 

upon the  s ta te  o f d ig e s tion  and a c t iv i t y .  When these 

fa c to rs  are taken in to  account, i t  appears that the sta te  

of the acid-base balance, in  toxaemia is  almost s im ila r to 

tha t found in  normal pregnancy. In  both cond itions a com-̂  

pensated d e f ic i t  o f a lk a l i  is  present. The net ava ilab le  

a lk a l i  is  s l ig h t ly  less in  pre-eelanpsia thah. iu  normal 

pregnancy/, • ;i



pregnancy* This would account fo r the high ammonia co- 

e f f ic ie n t  o f the urine observed in  toxaemia by w illiam s' I

(31, 1934), Stander (7, 1930) and other’ investigato rs*

The state o f the a lk a l i  reserve in  eclampsia, however, 

ind icates the presence o f an uncompensated a lk a l i  d e f ic i t ,  :

named "acidaemia”  in  the Medical Research Council Report 

(13, 1933)* In  th is  respect our find ings are in  close 

agreement w ith  those o f the previous inves tiga to rs  (1 ,7 ,

7a, 8a, 14, 22). However the degree o f th is  acidaemia !

varies and consequently the range o f pH in  these cases shows
:j

a wide d ispersion, nevertheless, the pH seldom faL ls  j

below the minimum normal l im i t  g iven by Cullen and .j
•j

Robinson (20, 1925) and the H.HC03: B.H003 seldom becomes s

less than 1:16. From a prognostic po in t o f view we have ?!

found these absolute values to  be of l i t t l e  importance, fo r r 

i f  convulsions do not recu r at frequent in te r n s ,  the pH ! 

and the r a t io  soon re tu rn  to normal. In  7 out o f 9 cases 

of eclampsia in  our series the H:B.HC03 was less than 1:16, j 

at the time o f examination but none of these cases ended jj 

fa ta lly .  The decrease o f the pH and the ra t io ,  however, |

appear to be c lose ly  re la ted to the degree o f coma; and |

in th is  respect eclamptic and uraemic coma bear some
.  ■ I -

resemblance to each other. |

The cause o f th is  uncompensated. a lk a li  d e f ic i t  is  not j ,

wholly understood. Several authors (7 ,8 ) have reported 

’the presence of increased concentrations o f fixed  acids 

in the blood o f eclamptic pa tien ts . 3ur investiga tions in  j
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the few cases where es tim a tion  of la c t ic  acid was done by 

us confirm s th is  fin d in g . But besides th is  accumulation o f 

ac ids, (which also occurs in  a normal in d iv id u a l a f te r  

v io le n t exerc ise , w ithout any accompanying acidaemia), there 

are other in te r fe r in g  fa c to rs  which give r is e  to  a s ta te  

of decompensation. These are -  (1) The le v e l o f a lk a l i  

reserve is  i n i t i a l l y  low. (2) During an eclam ptic a ttack 

there is  serious in te rfe re nce  w ith  the re sp ira to ry  

fu n c tio n s . (3 ) The severe cases o f toxaemia who d r i f t  

in to  eclampsia s u ffe r from marked o lig u r ia ,  which o ften 

develops in to  anuria# (4 ) Disturbances of the m etabolic 

functions of the  l iv e r ,  which are present in  pre-eclampsia 

are markedly aggravated in  eclampsia (vide part 11): This

would in te r fe re  w ith  the resynthesis of the accumulated 

la c t ic  acid in to  glycogen. I t  is  evident th a t a l l  theseo  */ u

fa c to rs  impose a load on the  normal mechanism o f compensat

ion. With fre q u e n tly  repeated convulsions la rg e r 

q u a n tit ie s  o f fixe d  acids accumulate in  the blood before 

the body has the opportun ity  of removing them. With 

increasing coma, c irc u la to ry  disturbance is  always present, 

and th is  also in te r fe re s  w ith  the re s to ra tio n  o f the 

compensation. A f a l l  in  the a lk a l i  reserve in  eclanpsia 

can g ive  r is e  to dangerous consequences only i f  deep coma 

and frequen t convulsions are present.

Ketosis in  pre-eclampsia sp pears to  be re la ted  to  j

a d isordered carbohydrate and fa t  metabolism and does not 

rep resen t/
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represent a loss  o f compensation in  the acid-base balance 

o f the body. Only in  eclanpsia they assume a considerable 

importance, fo r  these Keto acids cause a d emand fo r  bases 

when they are a lready grossly depleted and the compensation 

is  on the verge of breaking down. From th is  po in t o f  view 

preventing Ketosis in  eclampsia provides the pa tien t w ith  

a chance of re s to r in g  her reserve a lk a l i  and e s ta b lish in g  

compensation. Ketosis in  eclampsia, u n like  d iabetes, is  

the re fo re  a secondary fa c to r responsib le  fo r  an uncompen

sated acid ae mi a.

CONGBUSION

Normal pregnancy is  attended w ith  a decrease of the 

bicarbonate reserve of the plasma. This is  associated w ith  

a p ropo rtiona te  f a l l  in  the fre e  carbon d iox ide , so that 

the r a t io  o f H.HC03: B.H003 remains unaltered. Consequently 

the pH of the  plasma does not change from normal values.

In  pre-eclampsia there is  a fu rth e r d e te r io ra tio n  o f 

the a lk a l i  reserve, but th is  is  compensated by a decline  

in  the concentra tion  o f the free  carbonic acid -  the ra t io  

o f H.H003: B.HC03 and pH s t i l l  p e rs is t w ith in  the normal 

range.

The "a c id o s is "  o f pregnancy and pre-eelam ptic toxaemia 

is  th e re fo re  a s ta te  of "compensated a lk a l i  d e f ic i t " .

In  eclampsia a greater decrease of the bicarbonate
•• 5... > £ ... ....

content o f the plasma takes place. This may or may not be 

associated w ith  a compensatory d:rop in  the free  carbonic 

acid. /
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acid. The cond itions which decide the fa te  of th is  

compensatory mechanism are coma and frequency of convul

sions. R esp ira tory embarassment and o lig u r ia  also p lay 

an important p a rt. In  severe cases compensation as a ru le  

breaks down, and then the ” ac idos is" o f eclampsia becomes 

a true  ^acidaemia" or a sta te  o f "uncompensated a lk a l i  

d e f ic i t " .

The s u s c e p t ib i l i ty  to  Ketosis is increased during 

pregnancy, more so in  pre-eclampsia and is  most marked in  

eclampsia. In  the two former conditions i t  does not g ro ss ly  

upset the compensatory b u ffe r mechanism o f the plasma. I t  

is  poss ib le  tha t in  eclampsia i t  helps in  the f in a l  break

down o f the compensatory process.
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CHAPTER 4

-JHHAL SHMMABI OS.....GENERAL METABOLISM

Metabolism in  pre-eclampsia and eclampsia can not be 

compared w ith  tha t o f non-pregnant in d iv id u a ls , fo r  toxaemia 

is  a disease p ecu lia r to  pregnancy and noimal pregnancy 

is  attended w ith  some remarkable changes in  the  m etabolic 

a c t iv i t y  o f the  body.

The most s t r ik in g  changes in  toxaemia is  seen in  

connection w ith  p ro te in  metabolism. The p o s itive  n itro ge n  

balance o f normal pregnancy is  replaced by a negative 

balance in  toxaemia. Tm cond itions  at le a s t, con tribu te  

to  th is  change in  n itro ge n  metabolism. (1) The loss o f 

p ro te in  in  the u rine . This fa c to r is  o f considerable 

importance, fo r in  absence of albuminuria the balance of 

n itrogen  in  the body does not become a c tu a lly  negative.

(2 )  A s l ig h t ly  increased ra te  o f p ro te in  catabolism. This 

by i t s e l f  does not g ive  r is e  to  a negative balance but 

b rings about a reduc tion  o f the  normal p ro te in  storage which 

occurs during pregnancy. The increased catabolism appearO i. (w? *

to  be caused not by an increased tissue  d e s tru c tio n , but 

by an in a b i l i t y  on the p a rt o f the body to  use a l l  the 

ava ilab le  ass im ila ted  p ro te in  fo r  anabolism and p ro te in  

synthesis. This is  shown also by the  behaviour o f plasma . 

p ro te ins e sp e c ia lly  tha t o f  serum albumin. These t&crease 

p rog ress ive ly  as toxaemia increases in  severity . Gpm- 

pensation/
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compensation fo r  the hypoalbuminaemia w ith  a re la t iv e

increase o f fib rin o g e n  and g lo b u lin  f a i ls  to meet the

requirements. In  very severe toxaemia even th is  feeble.

compensation breaks down, ^ ro te in  synthesis and increase

of plasma p ro te ins can no t be encouraged s a t is fa c to r i ly  by
\

merely ra is in g  the p ro te in  le v e l o f the d ie t .  The most 

e ffe c t iv e  means o f s tim u la tin g  p ro te in  regeneration appears 

to  be in fus io ns  o f concentrated human plasma In  absence 

of th is ,  increasing  the d ie ta ry  p ro te in  intake above the 

leve l o f the  loss due to catabolism and album inuria is  the 

only means o f ensuring a p o s it iv e  balance* The average 

minimum d a ily  p ro te in  r  equirement fo r  th is  purpose is  about 

100 gms. ; the optimum le v e l is  about 12 to  20 gms.higher.

The d is tu rbed  p ro te in  metabolism is  associated w ith  

an a lte re d  s ta te  of amino acids in  the blood. In  severe 

toxaemia the amino ac id  n itro g e n  le v e l is  ra ised . This is 

not due to impaired excre tion . I t  appears to  be connected 

w ith  a d e fic ie n t p ro te in  synthesis and de fec tive  

deamination. This is  responsib le  fo r  a reduction  of the con

ce n tra tio n  of urea in  the  blood in  toxaem ia . Marked 

o lig u r ia  is  present when, toxaemia is  very severe, as w e ll 

as in  many cases o f eclampsia. %en the l im i t  o f con

ce n tra tio n  o f urea by the kidney is  reached re te n tio n  o f ’ 

urea commences. Increase o f blood urea in  pregnancy 

toxaemia occurs in  sp ite  o f retarded urea synthesis and .a 

maximum concentra tion  of urea in  the u r i n e ; I t  th is  stage 

th e /
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the m an ifes ta tions  o f a lte red  deamination become masked. j 

The nature o f carbohydrate metabolism in  toxaemia does j 

not show a q u a lita t iv e  d iffe re nce  from tha t in  normal I

pregnancy. The capacity fo r  both storage and m o b ilisa tio n
i

of glycogen is  fu r th e r  deminished in  toxaenia. Tolerence j

fo r sugar becomes le ss . Blood sugar le v e l however does not j 

show any consistent a lte ra t io n . Even in  eclampsia the I

response of the blood sugar is  a typ ica l. The occurrence o f 1
!

a hypo-, or hyper-glycaemia is  decided by the amount of 

sugar which can be m obilised and to  vhat extent the co ri 

cvcle is  a ffec ted .

The fa t  metabolism in  toxaemia is  characterised by 

an increase in  the lipaem ic s ta te  o f the plasma, in  ih ic h  

both ch o le s te ro l and phospholipoids take a pa rt. The j
:

hypercholesterolaem ia is  associated w ith  a s lig h t reduction 

of ch o le s te ro l este rs , which increases as toxaemia becomes I
i

severe. In  very severe toxaemia and in  eclampsia, the j
i

ch o le s te ro l concentra tion  o f the blood f a l l s ,  and in  th is ,  ;

the esters are more affected than the fre e  cho les te ro l.

In  fa ta l  cases ester cho les te ro l may almost disappear from j

the c irc u la t io n . The increase o f phospholipoids caused

by pregnancy is  fu rth e r augmented in  toxaemia, but when

the disease a tta in s  considerable se ve rity  the phospholipoid

le v e l s ta r ts  to decrease.

Dhe disordered carbohvdrate metabolism together w ith
of

the hyperlipaem ia s ta te  increases the p re d isp os itio n  t i l  a 

case/
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case o f toxaemia to  Ketosis. In  moderate toxaemia however, 

th is  does not give r is e  to a s ta te  o f "acidaemia” , The 

a lk a l i  d e f ic i t  o f normal pregnancy is  increased in  pre

eclampsia, but compensation does not break down even in  

presence o f  s l ig h t  Ketonuria. In  severe cases o f eclampsia 

associated w ith  deep coma and frequent convulsions the 

compensated "a c id o s is "  passes on to  a stage o f uncompensated 

"acidaemia'*, I t  is  a t th is  stage tha t the pH o f the plasma 

commences to  f a l l .

 ̂ The causes o f d isturbed metabolism in  toxaemia are 

not w ho lly  understood. Nevertheless, the d e te r io ra tio n  o f 

/ the metabolic s ta te  appears to be re la ted  to the se ve rity  

o f d ia s to l ic  hypertension, and thereby to the degree of 

vascular spasm present. The ava ilab le  evidence suggests 

th a t the d is tu rbed  metabolism in  pre-eclampsia and eclampsia 

is  brought about by the vascular spasm, a ffe c tin g  the 

fu n c tio n a l e ff ic ie n c y  o f the l iv e r .

Thus, the in v e s tig a tio n  o f the hepatic functions in  

toxaemia o f pregnancy assumes a remarkable importance. In  

the next p a rt of our study we s h a ll present and discuss 

the re s u lts  o f  some o f the hepatic  fu n c tio n  tests employed 

fo r  th is  purpose.



HEP ATI 0 EWIOIMOY TESTS F f TOX4ME4S 
__________ Q fjm 'iwm ______________________________~

CHAPTER 1

IPITEOPPÎ TOW.

As e a r ly  as 1B56, Tarn ier drew a tte n tio n  to a s ta te  

o f " in s u ff is a n c e  hlpa tique ’* during  pregnancy. This view

was g e n e ra lly  upheld at th a t time by other a u th o rit ie s  of 

the French school. In  1836 Jurgens (1) declared th a t 

eclampsia was associated w ith  l iv e r  changes, and few years 

la te r  Schmorl ( 8 , 1893) demonstrated the pa tho log ica l changes 

in  th e . l iv e r  in  puerperal eclampsia. In ..the  beginning o f 

-the present century the ro le  o f the l iv e r  in  pregnancy 

toxaemia became a subject of considerable discussion. Hofbauer 

(3 , 190?) described the  nSchwangerschaft1 s. leber**r ..and Finard 

(4, 1909) developed the theory th a t the l iv e r  changes were 

a e t io lo g ic a ily  connected w ith  toxaemia, eclampsia being a 

**hepatotoxerjiie gravidique**, Some o f the subsequent in v e s ti

gators (5 ,6 ) fa ile d  to confirm these observations, others 

(7 ,3 ) agreed w ith  them.

Studies in  the fu n c tio n a l e ff ic ie n c y  o f  the l iv e r  in  

pregnancy and toxaemias, however were not undertaken u n t i l  

several years la te r .  Hofbauer (4 , 196?) one o il the e a r lie s t *

in ve s tig a to rs  observed/increased u ro b jp iu r ia  e x is ts  during 

pregnancy* Hein and iJess to rff (9 , 1923) found that V id a l's  

haemoclastic te s t is  p o s itiv e  in  o n e -th ird  o f  a series of

norm al/
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normal pregnant women during  the la s t  month of gesta tion. 

During the la s t  t h i r t y  years numerous te s ts  fo r  determ ining 

the fu n c tio n a l s ta tus of the l iv e r  in  normal pregnancy 

•hate/been employed by d if fe re n t in ve s tig a to rs , but the 

re s u lts  obtained provide extremely co n flic tin g - views.

In v e s tig a tio n s  in  toxaemia also have not been free  

from co n tra d ic tio n s . D iffe re n t authors employing d if fe re n t 

te s ts  have secured divergent re s u lts . Some o f the important 

co n tr ib u tio n s  are however worthy of notice . Barkeley and 

co-workers (10, 1924; Fouchet's and Schlesinger f s te s t ) ,  

Kerbes and Dieckmann (11, 1924; P heno lte trach lo rph tha le in ), 

Soffer (12, 1933) and S u llivan  and others (13, 1934; 

B il iru b in  e x c re tio n ), Oantarow et a l (14, 1935, Brom- 

su lp h th a lin  and other te s ts )  and Lyon (15, 1933, B i l i r u b in  

te s t)  observed th a t in  toxaemia hepatic  functions 

d e te rio ra te  and tha t some o f the tes ts  could be o f value 

fo r p rognostic  and d iagnostic  purposes. On the other hand, 

Be Wisselow (16, 1922, 16a, 1924), Cruickshank, Hewitt and 

Couper (17, 1927), and p re ih e it (13, 1932) fa ile d  to 

detect any consistent a lte ra t io n  of hepatic  functions in  

pregnancy toxaemia.

One of the reasons fo r  the c o n f l ic t in g  nature o f the 

re s u lts  l ie s  in  the fa c t  th a t the  l iv e r  normally has an 

enormous reserve capacity and is  endowed w ith  a considerable 

power o f regenera tion  o f c e lls . I t  is  believed (19,1927) 

tha t the  normal hepatic  functions can be maintained i f  only

about /  ;:r ■{



about 20 per cent- of the l iv e r  substance is  preserved in

a hea lthy s ta te . I t  is  because o f th is  tha t the l iv e r

fu n c tio n  te s ts  have never beer found e n t ire ly  s a tis fa c to ry .

The l iv e r  has more functions to perform than any other orga

in  the body, i t  has been said th a t in  manv cases M  
' +

derangementxcne of these functions may be more marked than 

tha t of the o thers, and consequently the resu lts  o f several 

te s ts  must be compared together in  order to  assess the 

degree o f damage. However, some inve s tig a to rs  (S o ffe r, 12, 

1933) have sta ted th a t one abnormal tes t is  as s ig n if ic a n t 

an index of hepatic pathology as the f in d in g  that a l l  te s ts  

are abnormal. Others (20, 1941) po in t out tha t there are 

in d ica tio n s  tha t c e rta in  types o f l iv e r  func tion  may be 

s e le c t iv e ly  d isturbed during  pregnancy. In  a recent d is 

cussion on the subject Thordarson (21, 1941) observed th a t 

there is a se le c tive  d isturbance o f the excretory and 

enzymatic func tio n s  o f the l iv e r  during pregnancy.

Humorous tests have been devised fo r  estim ating the 

fu n c tio n a l e ff ic ie n c y  o f the l iv e r .  For the purpose of 

the present in v e s tig a tio n  we have employed

1. E xcre to ry  fu n c tio n  -
B i l i r u b in  Excre tion  ^est.

2. Special func tions -
f i )  A lka line  Phosphatase,
( i i )  Prothrombin concentra tion ,
[ i i i  Response of Prothrombin to  Y it.K .
( iv )  Thymol T u rb id ity . i :

3. M etabolic functions -
( i j  galactose to lerance.
\ i i ) Reference to other me tabol-ip disturbances
" . has already been made in  Part 1.
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CHAPTER 2

BIL1PUBHS MORSTIQN- TEST. IN NQR^AT,_pggCmARf^

E xcre tion  of b i l i r u b in  is  one of the important functions 

o f the l i v e r ,  and consequently has been a subject o f con

siderable in v e s tig a tio n  in  cond itions in  which hepatic 

e ff ic ie n c y  is  believed to su ffe r. The re s u lts  from the 

estim ations o f plasma and u rin a ry  b i l i r u b in  and u ro b il in  

have, however, not been uniform in  pregnancy. Thus,

Hofbauer (3 , 1907) observed increased u ro b ilin u r ia  during  

pregnancy. S e itz  (22, 1927) also found th is  in  64 per 

cent, of h is  cases o f normal ges ta tion . Schimdt (24, 1923), 

.Mikeldase (25, 1923) and Breda (26, 1929) also made s im ila r  

observations, but the values fo r  plasma b i l i r u b in  sta ted 

bv these authors seldom exceeded 0.7 mgms. per cent. Recently, 

Cantarow, e t a l (27, 1935) reported th a t serum b i l i r u b in  

remains w ith in  normal l im its  during pregnancy.

Von Bergnan (28, 1927) and E ilb o t't (29, 1927) studied 

the behaviour o f the ra te  o f pigmentary excre tion  a fte r  

intravenous in je c t io n  o f  b i l i r u b in .  The method was employed 

by Kauffman (30, 1932) who found increased b i l i r u b in  

re te n tio n  in  23 out of 26 cases of normal pregnancy. Soffer 

(31, 1933) modified the technique and observed that in  a 

series o f 10 cases the re te n tio n  o f b i l i r u b in  increased * * 

from 1.6 per cent, during the f i r s t  h a lf  o f pregnancy to"

7.1 per cent, in  the second h a lf-  Hofbauer " t3 ^ f '1933^ 

also observed a high incidence (35 per cent. ) o f abnormal 

re s u lts /
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re s u lts  in  the la te r  stages o f pregnancy* S u lliva n , Tew and 

Watson (32, 1934) made fu rth e r s im ila r  observations. In d iv 

idua l values presented by each of these authors however 

showed considerable v a r ia t io n . A proper study o f the 

b i l i r u b in  e xc re tio n  capacity/ o f the l iv e r  in  normal pregnancy 

was, th e re fo re , considered necessary before the re s u lts  

obtained in  toxaemia could be evaluated* Thetest was 

ca rried  out as recommended by 3 o ffe r  and Paulson (33, 1936). 

One m. gm. of b i l i r u b in  per kilogram  of the body weight, not 

exceeding 70 m. gms. , d issolved i n '15 ml. of G .l M so lu tio n  

o f Sodium Carbonate was employed fo r  intravenous in je c tio n .

The ana lys is  is  based on a study of .37 cases o f whom 

49 were p rim igravidae and 33 m ultig rav idae. These cases 

have been d iv id ed  in to  3 groups. .(1) 72 cases belonging to 

d if fe re n t periods of g es ta tio n  selected from the antenatal 

c l in ic .  (2 ) 15 cases, who were fo llowed up from early  

pregnancy at monthly in te rv a ls  to  term. A ll pa tien ts  were 

subjected to  a very ca re fu l c l in ic a l  examination in  order to 

e lim ina te  organic diseases, hepatomegaly, and cond ition  which 

may in te r fe re  w ith  hepatic  e ff ic ie n c y . The second group of 

cases were also used, for study during' labour and puerperium.

4 ca re fu l watch was kept fo r the onset o f to x ic  

m anifestations in  each instance. Watson (34, 1933) reported 

that delayed excre tion  o f in travenously  in jected  .b i l ir u b in  

is  associated w ith  subsequent to x ic  m anifestations.. In  our 

series however severe to x ic  m anifestations were not seen in  

any/



325.

any of the cases studied in  sp ite  o f frequent re p e t it io n  o f 

the experiment. Untoward reac tion  was noticed in  the form o f 

r ig o r  of short dura tion  in  3 cases; subcutaneous ext.ravasati® 

whicfi occurred in  one instance was p a in fu l end caused some 

amount of inflam m ation. Two p a tie n ts  developed m ild 

u r t ic a r ia l  rash during  the te s t ,  which was a ttr ib u te d  to  the 

in je c t io n , but both o f them responded e a s ily  to ord inary 

treatment.

1 .  P R 5G & A N 3T

Group 1

The amount of b i l i r u b in  re ta ined in  the c irc u la t io n  I

at the end o f 4 hours was found to varv consdierablv not onlvV V tf

in  in d iv id u a l cases but a lso  in  the d if fe re n t periods o f ■

gesta tion . The range extended between no re te n tio n  (5 cases) 

and 14.6 per cent, (one case). The average degree o f 

re te n tio n  in  the whole se ries o f 72 cases irre sp e c tive  of 

the stave of oreynancv when the te s t was performed was 4.4? 

per c e n t., S.B. 3. ?3. But th is  hard ly  represents the true 

sta te  o f a f fa ir s ,  fo r  the  re s u lts  of the test were found to ■■

vary considerab ly at d if fe re n t periods o f pregnancy. Thus, 

among the 36 cases between the th ird  and seventh months o f ;;

gesta tion  complete excretion o f b i l i r u b in  occurred in  4 

cases, whereas in  an equal number o f cases belonging to  the J

la s t tr im e s te r th is  was never seen. The behaviour o f |

b i l i r u b in  excre tion  in  d if fe re n t months o f .gesta tion 'is  g ive i 

in  Table 69.

Tab le /
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B i l ir u b in  R e t e n t io n .

MONTHS. •

Fig, 44. Bilirubin excretion test in normal pregnancy. The 
results are expressed in per cent of bilirubin retention 
at various months of pregnancy four hours after an intra
venous injection of bilirubin( 1 mg. per Kgm. body weight).
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Table 69

period "of : T
Pregnancy I No. of
(Lunar months) 1 Oases

Values o f B i l i r u b in  
de ten tion  (%) ___

Average
per

cent. -O..

3

4

5

6

7

8 

9

10

8

12

I 12

2 .1 ; 0; 3 .4 ; 3 .1 ; 2 .1 ; 
1. 0.

2 ,6 ; 4 .0 ; 0; 1 .3 ; 3 .5 ; 
1 .4 ; 3 .7 ; 3. C.

4 .3 ; 1 .6 ; l.G ; 4 .5 ; 
5 .9 ; 7 .0 ; 3.4.

5 .4 ; 0; 1 .1 ; 3 .2 ; 2 .5 ; 
1 .3 ; 2. 2 .

! 1 .4 ; 8 .2 ; 4 .7 ; 6 .3; 
5 .1 ; 0; 1. 6 ; 3.5.

2 .4 ; 2 .7 ; 7 .9 ; 9 .2; 
1 .6 ; 5 .5 ; 4 .6 ; 7.9.

3 .4 ; 11.2; 1.6; 3 .3 ; 
1 .4 ; 9.9;. 6. 3; 6. 0; 
5 .0 ; 2 .5 ; 7 .3 ; 2.0.

2 .3 ; 14.6 ; 2 .8 ; 7 .9; 
6 .5 ; 5 .4 ; 12.5; 10.6; 
9 .2 ; 3 .7 ; 10.2; 3.8.

I 1.95
<
I

{ 2.43
\

|
j 3. 31
i

i
( 2. 31
Ih)

3.85

1.07

1.31

2.01

11.31

4.58 2.61

5.33 i’2.36

8.22 3.57

The table shows a general tendency of increased b i l i r u b in  

re te n tio n  as ges ta tion  proceeds. This however' is  ne itherQ i- v

uniform  nor s ig n if ic a n t up to the end o f the second trim e s te r. 

In  the la s t 3 months of pregnancy, however, the re te n tio n  is  . 

more marked and progressive, the d iffe re nce  a t each stage 

being s ta t is t ie a l ly  s ig n if ic a n t .  I t  is  fu rth e r evident th a t, 

the increase in  re te n tio n  during  the la s t months of pregnancy' 

is  about four times the corresponding increase during the, 

preceding month. Maximum re te n tio n  of b i l i r u b in  was noticed 

in the la s t month o f pregnancy. I f  5 per cent, is  accepted 

as/



as the maximum l im i t  of re te n tio n  in  normal cases (S o ffe r,

31, 1933), the incidence of abnormal re te n tio n  in  the present 

series was 0, 0, 14.23, 14.28 , 37 . 5 , 33.3 , 41.67 , 33.3 pgr 

cent, from the th ird  to  the ten th  month of gesta tion  

re sp e c tive ly .

The range o f v a r ia b i l i t y  o f the values obtained in  the 

in d iv id u a l groups of cases was considerable, hut during the 

la s t fou r months of pregnancy the v a r ia b i l i t y  diminished. . 

During th is  period , however, the minimum values in  each group 

did not show a s ig n if ic a n t change, but the maximum re te n tio n  

showed a d is t in c t  tendency to  r is e .

Nroup Z

The re s u lts  o f the fo llo w -u p  study in  15 cases are 

presented in  Table 70.

%en these cases are studied as a separate series i t  is  

noticed th a t the average values fo r  b i l i r u b in  re ten tion  at 

d if fe re n t months of pregnancy correspond c lose ly  w ith  those 

in the former series. Of the 11 cases examined in  the th ird  

month of pregnancy none showed an abnormal re ten tion . Bight 

among these who were re-examined in  the fo u rth  month m aintain

ed a normal b i l i r u b in  excretion ra te . Except fo r  one instance 

however, (Case l io . l )  a l l  of them showed an increase in the 

re te n tio n  o f the in je c te d  dye. In  the f i f t h  month of
. , *•*. .*>■ % ■

pregnancy in  one o f them (Case No.7) the re te n tio n  had . 
exceeded the range of no rm a lity . In  the s ix th  month another 

patient showed a s im ila r response. By the seventh month o f 

g e s ta tio n /
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Table 70

Lunar months o f gesta tion . 
( B i l ir u b in  re te n tio n #  )

3 4 5 6 7 8 9 1 10

1. 3 .6 2.4 - 3.7 4.7 5.8 7.8 | 10.9
!
! - G 1.0 1.6 : 3. 0 - 3.4 | 6.5 1

3. ! o !
i

1.8 | 4.3 2. 6 6.3 6.9 7.0 1 9.2"

4* 1
t

“  1! 2.1 | 3.5 5.5 - 7.9
ij 12.8 i

5. - 2 .0  !|
I

— i -  j 5 .0
f

4.5 j -i

5.4 5.6 - 8.3 !
A6* 3 .0  i 3 .5  1

' 5.1 1
; t

.

I- 9.9 •
1

14.5

7 . 1.0 4.0 5.9 »
* ~ 9.2 | 11.3 12.1

8. 0 i
0

3.0
*
i  3. 0 3.0 3.5f 5.4

9. 2.1 I
“ 1.6 2 .4 ! '2.5i 2.3 j  2.9 -

10. 1.4 - 1.5 1.2
I

1.3 3.3 | 6.2 ■:

11.
*

- 0 1.0
■

\ 2 . 2 3.3 1 4.0 |
i 1 6.7 1

I S . 1.5 3.0 2.5 : 3.6 1 4.6i 5.1 1 5.3
)

-

13.' - 0 I —
!

I  2 . 01

ij
\ 2 .6 3.8

14. 1.6 S. 0 3.5 j 1 5.6
\

)
!

I
| 9.0 -

15. 1 .0 - ! 4.8
1

|  5.9
*1

j _j —
)

| 10.7
ii . . .

-

Aver. 1 .5 2.1
i ‘ . . . . ........

2.6 ' 3.1 |  4.1 5.1 j 6 .2 8.3 '

3. T)“Jm — • 0.99 1.13 1.31 1. 63 ! 2. 0? 
f

2.03 ; q  o o
i

’ 3.52 ;

Min. 0
]

0 0 1. 0 j  3. 0 1.3 ! 2.9
i

3.8

Max. 3. 6
i

3 . 5 5.9' 5 . 5

u

i 6.21
\

9.2 j 1 1 . 2
■1

! 4 .5

gesta tion  5 oases, and presumably 7, had a n  abnormal re te n tion .

In the e ighth  and nine months 9 p a tie n ts  had more than normal j
' 1;

re te n tio n /



re te n tio n , where as at term, only one (and possib ly  2) out of 

the series o f 15 cases showed evidence of normal b i l i r u b in  

excre tory capacity . As the re s u lts  obtained in  the in d iv id u a l 

cases are examined, a progressive tendency towards increased 

re te n tio n  o f b i l i r u b in  becomes c le a r ly  evident. The ra te  at 

which th is  re te n tio n  increases is  however n e ith e r constant nor 

uniform . In fa c t some o f the cases (PTos.l, 3, 9 and 12) 

showed an e r ra t ic  response once or twice up to  the s ix th  

month of pregnancy. In  the la t te r  part o f ges ta tion , however 

a steady increase in  b i l i r u b in  re te n tio n  was noticed in  a l l  

cases, in c lu d in g  those where the.values did not reach an 

abnormal f ig u re .

I f  both se ries  o f cases are included the average b il iru b in  

re te n tio n  in  the la s t 3 months of pregnancy is  found to  be

6. 36 per cent, ; 3. D.3. 69.

Serum B i l i r u b in  and B iliru b in .E e te n tio n

T^e serum b i l i r u b in  content in  none of the cases in  th is  

se ries exceeded 0.5 mgms.per cent. This value was obtained 

from the examination of the blood co lle c te d  immediately before- 

the in je c t  ion of' b i l i r u b in ,  and may th e re fo re  be expected to  

represent the basic va lue, before overloading o f the c ir c u l

a tio n  by the pigment occurred. The object o f th is  study was 

to  a sce rta in  i f  the basic b i l i r u b in  le v e l in  the bloocLfeore: « 

any re la t io n s h ip  to the reserve excretory capacity o£> th :e live r 

The values o f b i l i r u b in  re te n tio n  corresponding to the basic 

serum b i l i r u b in  le v e l is  given in  Table 71# o' :
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Table 71

Serum B i l  i r  uMn0one»%

1, 0 - 0,1 m. gms. 
(6 cases)

2. 0,1 -  0*2 m.gms. 
(18 cases)

3. 0.3 -  0.3 m. gms. 
,(22  cases)

4. 0.3 -  0,4 m. gms. (34 cases)

5. 0.4 -  0. 5 m, gms, 
(2 eases)

B il i ru b in  R e ten tion#

1 .4 ; 4.5; 4 .7 ; 1 .3 ; 5 .0 ; 10.3. 
Average 7 4 .5 ; S.D.3.22.
Max. -  10.2; Min. -  1.3.

3.1; 4.0; 1,3; 3.5; 0; 5.9;2,9; 10. 6; 1.6; 3.3; 9. 2 ; 5.1; 2.5; 6.5; 4.1; 3.4; 2.8; 3.1. 
Average - 3.9; S. P. 2.94.
Max. -  10.6; Min. -  0.

1.0; 0; 2.6; 3.4; 3.4; 2.1; 3.7; 2.7; 7.0; 3.4; 7.9; 4.6;7.9; 5.0; 1.1; 6.0; 1.8; 14.6;3.2; 6.3; 2.8; 5.4.
Average - 4.5; S. P. 3.13.
Max. - 14. 6; Min. - 0.
3.0;' 4 .3 ; 1.6; 0; 5.4; 0; 3.2; 2.2; 1.4; 1.6; 3.5; 1.6; 5.5;1.4; 9.9; 6.8; 2.5; 7.8; 2.3;7.9; 12,5; 92; 8.7; 8. 8.
Aver age - -  4* 6 ; S. D. 3 .66.

19 k .J.O* ,j  f Min. 0.

11.2; 1.0. 
Average -  ? 6.1*

The above fig u re s  in d ica te  tha t the basic Jsrel of serum 

b i l i r u b in  bears no re la tio n s h ip  w ith  the ra te  and le v e l o f 

clearance when an overloading te s t is  done. The average 

values fo r  b i l i r u b in  re te n tio n  at d if fe re n t i n i t i a l  le ve ls  of 

serum b i l i r u b in  showed but l i t t l e  change, and whatever~ 

d iffe re nce  was present was in s ig n if ic a n t .  The maximum 

b il f r u b in  re te n tio n  in  th is  se rie s  was observed when the serum 

b il i r u b in  le v e l was 0.23 m. gms. per c e n t., je t  in  2 cases, 

where the b i l i r u b in  content' o f the serum was 0.34 and 0.39 

m.gms. re s p e c tiv e ly  there was no re te n tio n  o f b i l i r u b in  at

the/
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the end o f 4 hours. One case w ith  b i l i r u b in  le v e l o f 0.5 

m.gms. showed only 1. 0 per .cent, re te n tio n . . g.g

2. LABOUR . ’

In  11 of the 15 cases in  th is  se ries  the le v e l of 

b i l i r u b in  re te n tio n  at term was known. The remaining four 

who could not be traced during the la s t month o f pregnancy 

were examined a t the very s ta r t  of labour and the  values [

thus obtained were regarded as being equivalent to those at 

term. In  9 cases in ' t h is  series the te s t was repeated both 

ea rly  and la te  in  labour. In  4, among these the labour was 

prolonged fo r  more than 43 hours and we had the opportun ity  

of repea ting  the te s t when the f i r s t  stage was w i l l  advanced 

and labour la s te d  a considerable time (30 to  40 hours). In  j

the remaining 6 cases the te s t was done only during the 

second stage o f labour. The re su lts  o f th is  study are |

presented in  Table 72.

The ana lys is  revea ls a s t r ik in g  u n ifo rm ity  in  the in 

crease in  b i l i r u b in  re te n tio n  towards the  end o f second stage ;

of labour. This is  however pure ly q u a lita t iv e , fo r the j

q u a n tita tive  increase showed considerable in d iv id u a l v a r ia tio n  I

in  the se rie s , the range extending between 1.9 (2 cases) and ]

16.3 (1 case o f prolonged labour). I t  is  in te re s tin g  to  ;

point out at th is  stage th a t serum b i l i r u b in  le v e l also rises  ;

s l ig h t ly  but s ig n if ic a n t ly  as labour progresses to  the second |

stage, a lth o u ^ i in  none of the cases of the present , m %ies - 

was an abnormal value fo r  serum b i l i r u b in  encountered* The j]

average/ |

 J



532.

Table 72
M Before 

Labour
F irs t
Stage

Late ‘F irs t  
Stage

r  Second ”1 
i StageSerum B i l . Serum B il. Serum r s n r - Serum B il .

■ D l l . Ret. b i l . Ret. b i l . Ret. B i l . Ret.
mgras# j—^ mgmsA % mgms# % •m rr-mci 0/  lllglliO /# Pi

1 0. 25 10.9 0.20 11.2 - 0.23 14.8

2 0.30 ■ 6.5 0.18 7.2 i
-

- 0.20 9.4

3 0.10 q *>Z> * 0.10 : io .5 0.10 12.8 |

4* 0.15 IB . 3 0.15 13.2 0.22 20.1 0.30 24.9

5 0.13 8.3 0. 28 3.8 - 0,34 10.7

6 0.28 14.5 0.30 16.0 - - 0.40 22. 0

7 0.40 12.1 0.33 13.4 - 0.35 17.5

8 • 0.26
.

5.4 0.23 6.0 - 0.25■ 8.6 1

9e 0.47 3 .6 - - 0.40 8. !

10* 0.12 6.2 0.14 8. 0 0.20 12.4 0.20 19.5

11* 0.18 6.7 0.15
.

■8.1 . 0.51 11.0 0.22 17.3 !

12* 0.23 3.3 - - - 0.30 10.2

13* 0.34. 3.8 0.30 4.9 0.30 11.3 0.34 20.1 ;i

14* 0.46 9.9 : - - - - 0.48 15.4 1

15e 0.40 11.2 j - - - - 0.51
17* °

Aver, 0.27 8.26 0.32 9.76 0.22 13.70 0.31 15.22

S,D. 0.12 2.53 0.094
/

3.12 0.05 4.33 0.11 5.25

*  Results o f  es tim a tion  done at the very commencemsnt of >
labour.

x Labour prolonged fo r more than 48 hours. . > - • - M

1 ~ ~ r il
average increase o f b i l i r u b in  re te n tio n  as labour proceeded 

to the second stage was 6.96 per ce n t*; S.D# -K-OB* th is  

amounts/
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amounts to  an increase o f 84.4-per cent, of the i n i t i a l  le v e l 

at term.

Between the e a r ly  f i r s t  stage o f labour and the term inal 

stage of pregnancy the d iffe re n ce  in  b i l i r u b in  re te n tio n  was 

only s l ig h t  (0.50 per cent. ). This is  hard ly s ig n if ic a n t and 

does not deserve undue a tte n tio n .

A more ca re fu l study of the cases presented above, 

e a s ily  separates those who had prolonged labour, from  those 

where i t  was not unduly delayed. • In  the 11 cases of normal 

labour the average b i l i r u b in  re te n tio n  in  the second stage 

was 13.32 per cent. ; S.B. 4.36. The increase in  these cases, 

which amounts to  4.52 per c e n t.; S. D. 0.91 is  s ig n if ic a n t,  

and equals to 51.4 per cent, o f the i n i t i a l  le v e l at term.

In  the 4 cases o f delayed labour, the average b il i r u b in  

re te n tio n  in  the second stage was 20.45 per cent. , S.B.2.62. 

The increase here is  to  the extent o f 13.08 per cent. ;

S.D.3.44. Compared w ith  the le v e l o f b i l i r u b in  re te n tion  a t  

temo the increase is  o f the order o f 177.4 per cent, of the 

basic value. This very marked d e te r io ra tio n  of the b i l i r u b in  

excre tion  capacity o f the l iv e r  in  cases of prolonged labour 

as revealed by the te s t is  not a sudden process, nor does i t  

seem to  depend e n t ire ly  on the bearing down e ffo r ts  of the 

second stage o f  labour. The change shown by these cases in  

the e a rly  f i r s t  stage o f labour is  in  no way d i f f e t i f i t  from 

those in  whom labour fo llowed a normal course. But. 1-S the

la te  f i r s t  stage o f labour, a fte r  i t  had lasted fdt* 30 to
40/
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4G hours the b i l i r u b in  re te n tio n  le v e l had already exceeded 

th a t in  the second stage of normal labour. Further deter

io ra t io n  occurred w ith  the onset o f the  second stage. A fte r 

30 to  40 hours of labour the  b i l i r u b in  re te n tio n  had increased 

by 85.9 per cent, o f i t s  i n i t i a l  le v e l. Further pro longation 

o f the  second stage was responsible fo r  a fu rth e r r is e  of 

49. Z per cent, o f the la te  f i r s t  stage value, and 91.5 per 

cent, of th a t a t term. I t  would thus appear tha t the pro

longation  o f labour by i t s e l f  exerts  a harmful e ffe c t on the 

b i l i r u b in  excretion capacity o f the l iv e r  and th is  is  more ' 

intense than the e ffe c t of mere expulsive pains o f a normal 

second stage.

O bste tric  anaesthesia and analgeaa may be supposed to 

have a harm ful e ffe c t on the l iv e r *  None o f the cases in  

th is  series however received any form o f anaesthesia u n t i l  

the te s ts  were over. No p a t ie i t  received more than a s ing le  

dose o f 1 /4 gr. morphia. But , that the marked increase in  

b i l  i r  ub in  r  e t  en t  i  on in  the 4 cases o f d e l aye d lab our wer e not 

due to  morphine is  shown by the fa c t th a t ,  o f the remaining 

11 cases 3 a lso  .received the same drug (N o s .l, 5 and 15), 

and in  these cases the amount o f increase in  the re te n tio n  

o f b i l i r u b in  was only 3 .9 , 1.9 and 5.8 per cent, respective ly . 

B a rb itu ra tes  were not used fcn any instance. A l l  4 cases o f 

prolonged labour and 5 cases o f normal labour (N os.l, 2 , Sf 

9 and 14) in  th is  series rece ived pe th id ine . But here a lso 

as in  the case o f morphine the d iffe re n ce  is  so considerable 

th a t /
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tha t the analgesia can hard ly  be held responsible fo r  the 

enhanced values obtained.

3. PDBRFBRIUM 

The te s t on a l l  these p a tie n ts  was repeated on the 

th ird  day in  order to  determine i f  the emptying of the uterus 

on one hand, and in v o lu tio n a l processes on the otha* -showed 

any e ffe c t on the  b i l i r u b in  excre tion  capacity o f the l iv e r .  

The re s u lts  obtained are summarised in  Tab le .73*

Table 73

BTETHeiT
(Puerper
- iu m)

Ho. o f 
Oases

b i l i m :
( 2nd

_stage i_

BUTTST
(a t
term l

2 -  5

5 - 3

3 -  10

12.3; 10.7; 06; 10.2.
14.8; 9 .4 ; 17.5; 
8 .1 ; 19.5; 17.0;
30.1.

22.0; 15.4;
17.3.

34. 9.

6 .5 ; 8. 8 ; 5.4; 3.3,

10.9; 6 .5; 12.1; 
3 .6 ; 6 .3 ; 11.2; 
3 .8.

14.5; 9 .9; 6. 7.;

12.8

The average b il i r u b in 'r e te n t  ion in  th is  series was 3.92 

per cent. ; 3 .P .3 .31, the  minimum and maximum values obtained 

were 0, and 9.3 per cent, re sp e c tive ly . The -level o f 

b i l i r u b in  e xc re tio n  at term did not bear any s ig n if ic a n t 

re la tio n s h ip  w ith  tha t in  the puerperium in  th is  series of 

cases. Maximum b i l i r u b in  re te n tio n  during labour was 

associated w ith  maximum re te n tio n  in  puerper ium in  one' case 

(No.4). But th is  p a tie n t had a prolonged labour la s tin g  fo r  

nearly 58 hours. I t  is  d i f f i c u l t  to s ta te  i f  in  absence o f 

th is /
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th is  com plication such an abnormal value (9.2 per cent, 

re te n tion ) would have been found here. I f  5 per cent, re te n t

ion is regarded as the maximum of the normal l im i t ,  5 out of 

15- cases in  th is  series showed abnormal re ten tion  on the th ird  

day o f puerper ium. Two out o f these -5 cases suffered pro

longed labour, the remaining 3 cases had onlv 5.1, 5.3 andu  '  O  v  J

5.4 per cent, re te n tio n  re sp e c tive ly , values which only 

s lig h t ly  exceed the l im it  o f norm ality . In  th is  series o f 

11 cases of normal labour, 72.7 per c e n t.-o f cases returned 

to normal le v e l o f b i l i r u b in  excretion bv the th ird  dav of
«/  nj

puerperium, where as, only 2 out of 4 cases o f prolonged 

labour showed, s im ila r re su lts . Two cases in  the puerperium 

where complete excretion of b i l i r u b in  was observed on the 

th ird  d ay showed 12.8 and 3. 6 per cent, re te n tio n  respective ly  

in the second' stage of labour. I t  is  in te re s tin g  to  note that 

both o f these cases (Nos.3 and 3) showed aLso a complete 

absence of re te n tion  in  the th ird  month of nregnancv.
4- W  t i

B i l i r ubin "Retention in  Pregnancy and Prognosis

Three patien ts in  th is  series had an in te re s tin g  outcome 

which are recorded here. They showed abnormal re te n tion  at 

the time o f in ve s tig a tio n  but none o f them presented any 

evidence o f toxaemia at the 'tim e when the te s t was performed.

A- short h is to ry  of these three cases is  g iven below.

Case No. 1 -  Mrs. McN. ; age 34; prim igravid a;--37::

&o --subjective com plaints; blood pressure 125/80. Urine
-

•'‘Contained no albumin; no oedema; gen er a l and pbste trie  

examination/
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‘•examination revealed no abnormality. B il iru b in  excretion 

test done on 10*6*4-3 showed 14. 6 per cent, re te n tio n . On 

J9.6. 43 the patient noticed s lig h t oedema of the ankles-.

.Qn 25.6.43 blood pressure was 160/105; urine con ta ined  2 

parts o f albumin (Bsbach), legs and ankles were s l ig h t ly  

oedematous. B il iru b in  excretion test done on 26.6.43 showed 

SB. 0 per cent, re te n tion . D uring  the fo llow ing  two days the  

blood...pressure rose to  130/120, and albumin in  the urine in 

creased to 7 parts (Bsbach)* Labour was induced* On the 

-eight day of puerperium, the blood pressure had come down 

io  normal le v e l,  and b il i r u b in  re te n tion  was 1.6 per cent.

- Oase No*2 -  Mrs. T. ; age 31; second gravida; previous 

obste tric h is to ry  normal; 36 weeks; no subjective symptoms, 

c lin ic a l examination revealed no abnormal i t  v; blood pressure f7 ' |
120/70p u rin e  contained no albumin. B il iru b in  excretion te s t [!

dofte on 2.4.48 showed a re te n tio n  of 11.2 per cent* On j!

16*4.48, the pat fait. complained of severe headache and vomited 

twice. On the fo llo w in g  morning her blood pressure was 160/

106; u rine  contained 2 parts (Bsbach) albumin, and b il i r u b in  

excretion test showed 20. 3 per cent. re te n tion , 

srr Case No.3 -  Mrs. I . ;  p rim ig rav ida ; age 26, 37 weeks; 

completely free from symptoms and c l in ic a l examination fa ile d

to detect anv abnormality. B il iru b in  excretion test was done. - 1'

on 7.8.48 and showed 12.5  per cent, r  etent ion. At th is  t ime 

the blood pressure was 124/80, and urine was free  from 

albumin.- On 12.3.43 the pa tlen t noticed s lig h t sw elling of  

the hands and feet and complained of headache. Blood pressure
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was 140/90, and urine contained 3 parts albumin (Bsbach).

’ Oil1 the f  o i l  owing day b i l i r u b in  excre tion  te s t showed 19.6

cent, re ten tion . Three days la te r  (16*3.48) the pa tien t 

developed accidenta l haemorrhage.

The in te re s tin g  feature common to a l l  the three cases was 
. b i l i r u b in

the"abnormal/ re te n t io n ,, whi eh was observed a week to ten

days before toxaemia became c l in ic a l ly  manifest. I t  is how

ever’ d i f f i c u l t  to conclude that abnormal b i l i r u b in  re te n tion  

caif be o f prognostic s ign ificance  in  pregnancy, fo r  5 other 

cases presented in  th is  paper showed equally high b il i r u b in  

re tent ion values, but did not develop toxaemia. More 

intensive study of a la rger series of cases is  necessary 

before the te s t can achieve a prognostic value.

: B il iru b in  excretion te s t; was claimed by von Bergman (23, 

lfS t)  and B ilb o tt  (29, 1937) as a sa tis fa c to ry  measure of 

hepatic e f f  ic iency. Harr op and Barron (35, 1931) observed 

that ^the b i l i r u b in  excretory power of the l iv e r  is  the most 

delicate method so fa r proposed fo r te s tin g  the functiona l 

capacity o f the organ” , ; Soffer and Paulson (33, 1936) also 

arrived at a s im ila r conclusion. The recent experimental 

study o f D r i l l  and Ivy (36, 1944) however does not wholly 

substantiate th is  claim, • - - - r

■ ' The standard o f normal re te n tio n  has been a subject 

of controversy. Both von Bergmahn (23) and B ilb o ttb {29)" t 

regarded more than 10 per cent. re te n tion  as abnormal^ r 

Kaufmann/
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Kaufmann (30, 1931 ) stated that 15 per cent* re te n tio n  was 

the max muni l im i t  of norm alit#y. Harrop and Barron (35) 

considered that there should be no re te n tio n  at the end o f 

4 hours. Stroebe (37, 1931) agreed w ith  Kaufmann and 

accepted 15 per cent, as the l im i t  of normal re ten tion . 

HofbauerTs (3a, 1933) maximum standard fo r normal cases was j 

4 per cent, re te n tion . Soffer (31, 1933) and so ffe r and 

Paulson (33, 1933) observed that more than 5 per cent. j

re ten tion  should be viewed as abnormal. Sullivan, et al I

(13, 1934) employing Soffer f s technique, found 5 per cent. j

re ten tion  as the average for 21 normal non-pregnant women I
■■■■ J
in ch ild  bearing period* ■ !j

Accepting th is  c r ite r io n  of norm ality (re te n tio n  of not 

more than .5 per cent, at the end o f 4 hours) in  our f i r s t  

series of 72 cases of -T* normal1’ pregnancy, 26 or 36.1 per 

cent, showed abnormal b i l i r u b in  re ten tion . I f  only the 

cases in  the la s t trim ester of gesta tion  are considered, the

incidence of abnormal response increased to 52.3 per cent. H

(19 out of 36 cases) in  the f i r s t  series and 86.7 per cent.

in the second series of 15 cases. S u llivan and co-workers i;

noted an abnormal re te n tion  of b i l i ru b in  (according to the \\

accepted standards) in  15 out of 47 cases, an incidence of

31.9 per cent. In  S o ffe rTs (12, 1933) series o f 10 normal j

cases in  the la t te r  h a lf  o f gesta tion  the incidence o f 

abnormal response to b il iru b in  excretion tes t was present 

in 90 'per cent. (9 out of 10 cases) o f ’ cases. Hofbai|rf s

*  '  "  , ' ■ !



' 340.

(3a, 1933} inc.idence of abnormal values in  the la t te r  part 

of pregnancy was '35 per cent. (17 out of 70 cases), whereas 

Kaufmann (30, 1931 ) insp ite  o f a high normal standard found 

abnormal re ten tion  in  23 out of 76 cases, an incidence of

33.4 per cent. Such high incidences of "abnormal” values 

in ^normal"* pregnancy makes i t  evident that the standard mJ: 

normal b il iru b in  excretion in  pregnancy requires to De 

defined i f  i t s  im plications are to be studied and compared 

in  pathological complications o f gestation.

^here appears to be a general acceptance of the 

hypothesis that such abnormal b il iru b in  retention values in 

pregnancy^as found in the lite ra tu re f are manifestations of 

hepatic dysfunction in  normal pregnancy. The results of 

other hepatic function tests, e.g. excretion of bromsul- 

phthalein (Oantarow et a l, 14, 1935) does not o ffe r support 

to such a contention. Investigations of Iruickshank, Dewitt 

and Oouper (33, 1977), de Wisselow and Wyatt (39, 1974) and 

Huwer (40, 1933) did not reveal any evidence of gross hepatic 

dysfunction in  pregnancy. Recent biopsy studies of the 

l iv e r  in  normal pregnancy by Ingerslev and le ilum  (41, 1946) 

fa iled  to demonstrate any evidence o f abnormality in  the 

liv e r  c e lls , except s lig h t fa t in f i l t r a t io n  in the central 

zone o f the lobules. On reviewing the lite ra tu re  the 

evidence for assumption of a gross disturbance of the function 

or functions o f the l iv e r  in  normal pregnancy appears 

ex t r  emel y un conv inc ing.

Pregnancy/



pregnancy is  attended w ith a marked change o f the 

normal physio log ica l functions o f the body. The importance 

of raised ihtra-abdominal pressure caused by the enlarging 

uterus was demonstrated by Paramore (42, 1932) and Theobald 

(43, 1932). The former author demonstrated evidences in 

support of a state o f altered c ircu la tio n  in  the l iv e r  caused 

by the pressure o f the enlarging uterus. D ila ta tio n  of the 

b i l ia r y  ca n a licu li in  normal pregnancy has been noted by 

several observers.' The l iv e r  is  displaced upwards and to 

the r ig h t,- b ile  production is increased (Q reenhill, 44,1947) 

and the g a ll bladder is often distended. Man and Higgins 

(45, 1927) noted that in  pregnant dogs and guinea-pigs the 

g a ll bladder usually did not empty fo llow ing a meal of fa t. 

Levyn, Beck and Aaron (46, 1923) were unable tc v isua lise  

the g a ll bladder in  the m ajority of normal pregnant women 

at term, in  sp ite  of a completely negative gall-bladder 

h is to ry . Westphal (47, 1923) found that during pregnancy the 

tone of the sphine^ter o f Oddi increased appreciably.

In  view of these normal physiological changes in 

pregnancy a minor degree of delay in  b il iru b in  excretion or 

a s lig h t re ten tion  need not be an unexpected event when an 

overloading test is performed. This is borne out .by the 

fact that the incidence o f so-called abnormal retent ion 

increases progressively as gestation proceeds to term. I t  

is  d i f f ic u l t  to conceive that any degree of hip-ajtith in r  

su ffic iency ex is ts  in  as many as 80 to 90 

pregnant/ *" ^



pregnant women who are to a l l  in tents and purposes healthy !

and normal throughout pregnancy. Further, these patients 

show a rapid re tu rn  to normal non-pregnant levels of !

b il iru b in  excretion during the f i r s t  week of the puerperium.

In view of such a quick return to the biochemical "norm’* one 

would expect some associated c lin ic a l manifestation of 

"improvement", but there is no subjective or objective change 

to be observed. Each subsequent pregnancy is apparently r

associated w ith th is  "abnormal" b il iru b in  re tention, I

normality being restored a fte r p a rtu ritio n . Thus, i t  oecomes |

obvious that the standard fo r the non-pregnant state is  hardly* 

applicable in  pregnancy especially in  the la t te r  h a lf of ?!

gestation. j

A ll available lite ra tu re  and our own observations j

indicate tha t according to the h ithe rto  accepted standard , j

there is seldom an abnormal re ten tion  of b il iru b in  in the j

f i r s t  h a lf of pregnancy. The position  is  however d iffe re n t •

in  the second h a lf of gestation. In  view of the fact that *

most complications a ris ing  out of pregnancy develop during i

the la s t trim este r of gestation the s ta te 'o f b il iru b in  j

excretion in  c l in ic a l ly  normal pregnant women.at th is  period , 

of pregnancy should be known. - I
i

For th is  purpose we have made a co lle c tive  review of ;

the cases reported by SQffer (12, 1933), Sullivan et a l |
■

(13, 1934) and added our own observations. ..

From th is  collected series of 36 .pre

gnancy/
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pregnancy during the le s t trim ester of gestation the average 

b il iru b in  re ten tion  appears to be 7.03 per cent.; S.D. 5. 67; 

P.E* 3.30. I t  is therefore suggested that the average 

b il iru b in  re ten tion  fo r the las t trim ester of normal gestatior 

be regarded as 7 per cent. , and the maximum lim it  of normal i t ;  

in gestation as 11 per cent. (7.03+3.30 * 10.33). According 

to th is  standard 6.9 per cent, in  our series of 37 cases

14.9 per cent, among the 47 cases reported by Sullivan, Tew 

and Watson, and 30 per cent, in  S offe r1 s 10 cases showed 

abnormal, re ten tion . I t  is  conceivable that some degree of 

hepatic dysfunction existed in  these cases.

The increase in b il iru b in  retent ion during labour is of 

considerable s ign ificance. According to the new standard 

suggested above, 4 out of 15 cases in the present series !

(26.7 per cent. ) showed abnormal re tention when the f i r s t  

stage of labour was established, but in  the second stage of j
labour a l l  but 3 cases (66.6 per cent. ) gave evidence of an i

abnormal response.. Labour appears to throw an extra load 

on the reserve functiona l capacity of the liv e r . This is
i

further shown bv the fa c t that in  a l l  4 cases where labour i

was prolonged b il iru b in  excretion was abnormally delayed. j

This need not be an unexpected f  inding when we consider the 1

amount of extra work the liv e r  is  called upon to perform j

in  presence o f continuous and strenuous, muscular contract ions, 

especially when in t r  a-abdominalsjressure is  considerably j

raised by repeated bearing down e ffo rts , Thl# has a fa r-  j

reaching/
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reaching- significance in  the management o f cases of dystocia.

Interference w ith  the b il iru b in  excretion capacity of 

the .liver during pregnancy and labour, however, does not 

appear to be a permanent d is a b il ity .  Whatever hepatic 

dysfunction i t  indicates, the condition spontaneously re

turns to normal during the early puerperium. Our re su lts  

add corroborative evidence in  th is  d ire c tio n  to sim ilar 

observations made by .Sullivan, Tew and Watson (13, 1934 ).

0 0110 L US IONS

Results of b il iru b in  excretion te s t, as modified by 

Soffer and Taulson, in  a series o f 37 cases of normal pre

gnancy, of whom 15, were followed throughout pregnancy, and 

during labour and puerperium indicate that according to 

the h ithe rto  accepted standard 52.3 per cent, of cases shone 

abnormal re te n tion  in  the second h a lf of pregnancy. B iliru b in  

excretion is  considerably impeded during labour. In  a l lo f. o

cases o f prolonged labour abnormally high b iliru b in  retention

values are obtained... The duration of the labour appeared to

have a d ila te rio u s  e ffe c t'on  b il iru b in  excretion. A

suggestion is  made that b il iru b in  re tention of. 11 per cent.
" and

should be regarded as the upper l im it  o f norm ality,/th a t

a re ten tion  of 7 per cent, should be regarded as the average

during the la s t trimester of normal pregnancy. ? The ;reasons

for making th is  suggestion are discussed. •

E8F3RSHGBS
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31LINU3JN moWXON TEST IN TCX4MEXS OF 
______ PREl'IMOY & ALLIED OONDTH1 TONS____

■From time to time th e - liv e r  in pregnancy toxaemia lias 

received considerable a ttention  because of the presence d  

degenerative and haemcr rhagic lesions, which are present in 

th is  organ in  eel amps ia and hypertensive toxaemia. The 

resu lts  o f the h e p a tic /u n c tio n  tests however have been 

extremely variab le  and can scarcely be said to substantiate
A
| the importance many people a ttr ib u te  to the.se; lesions. I t  is  

j generally believed that a i l  the functions of the l iv e r  can 

■ be maintained i f  only 15 to 20 per cent, o f the liv e r  tissue 

is normal. Obviously there fore , in  cases of p a r tia l damage 

to the l iv e r  parenchyma, ordinary hepatic function tests may 

y ie ld  normal resu lts . The degeneration of the liv e r  tissue 

is  however attended with a diminution of the functional 

reserve capacity of the organ, and herein l ie s  the .value of 

a saturation or overloading tes t, such as the study of the 

rate and le v e l o f b il iru b in  excretion a fte r an intravenous 

in je c tio n  o f th is substance. ..

: Estimation of the b il iru b in  content of the plasma and

ic te r ic  index, wM chtis the measure of the normal b iliru b in  

excret ion capacity ;of -the l iv e r  has-shown ind.if ferenturesuits 

in nr egn an cy* t ox aemias. :ThuSy herrmaun (1, 1929) found that 

the serum b i l i r  ubinulevel was r  aised in ; pre-?eclamp&ia* 

eclampsia and hvperemesisogravidarurn, y Eufin#©rrand Bader
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(2, 1926), and lantarow, Stuckeurb and Hartman (3, 1935) 

also made s im ila r observations. Yet, Oruickshank, Hewitt 

and iouper (4, 1927), dross (5, 1929 ) and few other 

observers, fa ilexi to notice any s ig n ifica n t a lte ra tio n  of 

the serum b i l i r u b in  concentration or icterus index in 

toxaemias of pregnancy.
X  O  *J

I t  was therefore considered that a so lution of the 

apparent discrepency in  these resu lts  may be obtained bnX X  X O

employing a saturation or overloading test. Several in v e s ti

gators have observed that the b il iru b in  excretion test is  a 

sa tis fac to ry  measure for determining hepatic e ffic iency. 

Soffer (6, 1933) suggested that ^one abnormal test is as

s ig n ifica n t an index of hepatic pathology as the find in
U J X  X  U J t /  O

that a l l  tests are abnormal”  and considered the b il iru b in  

excretion te s t as the most de lica te  single test fo r hepatic 

dysfunct ion.

The method employed fo r th is ' investigation was that of 

Soffer and Paulson (7, 1936). Besides the series o f pre

eclampsia and eclampsia already described the test was also 

done on 5 cases of nephritis  complicating pregnancy, 10 

cases of pregnancy with essential hypertension, and 5 cases 

of accidental haemorrhage. Follow-up studies were under

taken in  nre-eclampsia and eclampsia in  the manner described
X X  x

in  connection w ith  investigations on metabolism. The 

resu lts  o f these investigations have been viewed in th e - 

lig h t of the newly proposed standards, v iz. average normal 

re ten tion  7 per cen t., and average maximum retention 11.0 

per cent.
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1 .  PSB-BQL:AMPSTA 

The b il iru b in  re ten tion  in  100 cases of pre-eclampsia 

was 9.65 per cent. , S. D. 6. 20. The ind iv idua l resu lts  

varied very considerably*- -The minimum re ten tion  was 1 per 

cent. (1 case) and the maximum 23.9 (1 case).

Mild p re -eclampsia -  (50 cases). The average b il iru b in  

re ten tion  was 5.53 per cent. , S.D.3.24. The lowest value 

was 1 p er cent, and the highe st 13. 9 per cent. Accor di ng 

to the normal standard proposed above 39 per cent, of 

normal pregnant' women and 32 per cent, of mild pre- 

e c l amp t ic s  h ad an abnormal r  e t ent ion o f  b i l i r  ub in. The 

d ifference between these two values however is  not 

s ta t is t ic a l ly  s ig n ific a n t.

Severe Pre-eclampsia -  (50 cases). The average 

b il iru b in  re ten tion  was 13. 70 per cen t., S.D.4.92. The 

range o f values was between 3.9 and 23.9. ninety-two’ per 

cent, of the values were above the standard proposed for 

normal pregnancy. In  33 per cent, of cases in  th is series
X O  t /  , X

the degree of b il iru b in  retention exceeded the maximum 

observed in  both normal pregnancy and mild pre-eclampsia. 

Seventy per cent. of. the values in th is  gro-ui/Were above 

the proposed maximum fo r normal pregnancy. Compared with 

the proposed average, severe pre-eclampsia .showed, an . 

increased re ten tion  o f b iliru b in  to the extent o f 95.7 per 

cent, of the basic normal pregnancy leve l. The difference 

between the values in severe pre-eclampsia and in normal 

pregnancy/
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pregnancy or mild pre-eclampsia is s ta t is t ic a l ly  s ig n ifica n t. 

The frequency d is tr ib u t ion of b il iru b in  re ten tion  in  pre- 

eclampsia is shown in  Table 74.

Table 74

B il  iru b in  
Retent ion No. of cases.
Per cent. Mild Toxaemia Severe Toxaemia Total

0 - 5 27 2 29

oi—i ii—i .io 19 3 27

1G.1 -  15 4 26 30

15.1 -  20 |j 6 6

20,1 -  25 | 7 7

25.1 -  30 |
1

- 1 1

Total 50 50 i o o  i1
Aver. Retention 
(per cent. ) 5, 53 13.70 9. 65

S. P. 3. 24 4.92 6.20

T.E. 2.17 3.30 4.15 :i
S ignificance -  X +

i

Minimum 1.0 3.9 i .  o ;

Max imum 12.9 23.9 23.9 , i

*  Compared with the average of the la s t trimester
o f normal pregnancy.

BILIRUBIN RETENTION & PIET IN TOXAEMIAS OF PREGNANCY 

In  recent i/ears d ie t poor in  prote in has been held 

responsible fo r toxaemias o f pregnancy. Rough and Rreeman

(3/
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(3, 1943) demonstrated that dogs deprived of prote in d ie t 

showed an increase of plasma phosphatase and a decrease in 

the hepatic clearance of Rose Bengal, I t  was thus con

sidered that a study of the resu lts  of the b il iru b in  

excretion test in  re la tio n  to the prote in content o f the 

d ie t in  toxaemia-may be useful. The patients were selected 

from 3 units o f the hosp ita l and the results are b r ie f ly  

stated below. The to ta l ca loric value of the d ie t in  a l l  

the un its  was approximately the same (2,280 ca lories).

tin i t  A# Consi st ed of pa t ient s r ece iv  ing 102 gm s. o f  

p ro te in  da ily  o f which 71 gms. were f i r s t  class protein.

A to ta l of 42 cases were studied in th is  group. The 

average b il i r u b in  re ten tion  was 9.11 per cent., S. 14 6.45. 

Twenty-four cases o f mild pre-eclampsia in th is  series had 

an average re ten tion  of 5.33 per cen t., S. EL 3.57. The 

minimum and maximum values were 1.0 and 12.9 per cent, 

respective ly. There were 18 cases of severe toxaemia -in 

th is  series, where the average b il iru b in  re tention was 

14.16 per cent. , S.D* 5.05. The minimum was 8.9 and the 

maximum 23.6 per cent.

Unit 3. This consisted o f 33 cases, 15 of whom T"ere 

m ild, and 13 severe pre-eclampsia. Bach patient received 

131 gms. of p ro te in  da ily of which 115 gms. consisted oi 

f i r s t  class protein. The a v e r a g e  b il iru b in  retention in 

the whole series was 9.83 per cen t., 3. D. 5 .34 .,-and that 

for mild toxaemias was 6.11 per cent. , S.D. 3.42, (1.2 to

10 .3 /



BILIRUBIN
RETENTION.

Fig. 45. Bilirubin retention in 
in normal pregnancy, pre-eclampsia, 
and eclampsia.

Fig. 46. Bilirubin 
retention in pre
eclampsia in relation 
to the clinical course 
of the disease.
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10.3 per cen t.}. The severe toxaemias in  th is  unit showed 

an average retention  I f  13.03 per cent., S. I). 6. 09, with a 

range of v a ria tio n  from 3.9 to 24.2 per cent.

Un i t  0, This consisted o f 25 cases. There were 14 

cases of severe toxaemia in  th is  series, the. remaining 11 

had manifestations of mild pre-eclampsia. Each patient 

in th is  un it received 75 gms. of prote in da ily  of which 

43 gms. were f i r s t  class protein. The average retention 

in  th is  series was 10,0 per cent., S. B. 6. 05. The retention 

in mild cases was 4.97 per cent., 3.B.3.00, average 1.8 

per cent, minimum and 10.9 per cent, maximum. The severe 

preyed amp t ic s  had an average re ten tion  of 13.96 per cent., 

S.D. 5. 82. The maximum and minimum values in  th is  group 

were 4.9 and 25.0 per cent, respectively.

The s lig h t d ifference in  b iliru b in  retention in the 

three un its  does not bear any s ta t is t ic a l significance. This 

holds good not only fo r  the overall average of a ll toxaemias 

but also fo r  the mild and severe cases separately.

BIIIUUBIN iETEm Ol & 'CLINICAL COURSE OP TOXAEMIA 

A fo llow -up study was undertaken in  a l l  cases of pre

eclampsia. The resu lts  obtained in  re la tio n  to the c lin ic a l 

course and progress o f the disease are shown in  Table 75.

These figures indicate that when, the c lin ic a l con

d it io n  improves the percentage of b il iru b in  retention 

becomes loss and by the fourth week reaches the. average,^ 

the la s t t rimester o f normal pregnancy. It. is  however 

in te re s tin g /
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in te res tin g  to note that while there is  a s ig n ifica n t 

improvement of b il iru b in  excretion during the f i r s t  week, 

the change noticed during the subsequent weeks is  small, 

and very gradual. Simultaneous with a f a l l  in the average 

values there is a decrease'of the maximum values in  the 

series, but the decline in  the minimum is only s lig h t. I t  

appears that the improvement in  the average figures is 

brought about by a sw ift return to normal o f those cases 

showing high values in  the series, while those who showed 

low b il i r u b in  re tention  at the beginning of the investig?jtier 

showed l i t t l e  a lte ra tio n  when the toxaemia improved 

c l in ic a l ly .

Table 75

Improved Deteriorated

Weeks . Average

Range 
o f 

, Values S.D. Average-

Range
of

, Values -SJ2. _

1 10.0 1.0-82.0 61.0 10.8 2-23.7 6.74

2 8.6 0.5-20.5 5i 55 13.3 2.9-26.3 6.77,

3 8.0 ,0.5-12.9 4.24 14.9 4.3-28.9 6. 64

4 6.7 0.4-12.6
-------

4.38 i 17.5
..

;7 .9-26.1 ( 5.2

In  those cases where the toxaemia persisted or deter

iorated b i l i r u b in  re ten tion  increased stead ily  and 

progressively every w e e k . This increase was noted not only 

among the average values, but,.also, in  the „ mluifum^uad. max imrn t 
in each w e e k-group. The difference of value!itff? stage

o f/
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of the disease is  s ta t is t ic a l ly  s ig n ific a n t. I t  is  

in te res tin g  to note that the d ifference in  the b il iru b in  

re ten tion  at the tirae’ _of admission between the series o f 

improved and deteriorated cases is  only s lig h t. The 

higher values in  each group did not show much change. The 

change in  the aver age "was brought about by a s h if t  of the 

lower values to the r ig h t. After the th ird  week no patient 

in  th is  series hed'a-normal rate of b il iru b in  excretion.

The va ria tio n  in  the maximum values of each week-group was 

probably re la ted  to the unequal rates of dete rio ra tion  of 

the condition in  d iffe re n t patients. To avoid th is  fa lla cy  

these patients were regrouped according to the duration of 

toxaemia. For th is  purpose, where proper antenatal h istory 

was not, ava ilab le  the e a rlie s t onset of oedema was regarded

as the time of commencement o f toxaemia*. The resu lts  of

th is  study are shown in  Table 76.

Table 76.

Weeks ! i  . •
2 3 4 5

Average 19.36 10.86 12.44 15.47 . 19.43

S.D. ■4.12 5.68 6.44 5.88 5.82

F.W. S. 76 3.80 4.31 3.94 3.90

Minimum 2.0 2.4 2.0 7.7 11.9

Maximum 14.9 21.4 25.0 26.3 28.9

Significance *  * . .. -  , ± , .* * '

s Compared w ith  the average fo r rio

i t /
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BlLIRUBI

Fig. 47. Bilirubin retention 
in pre-eclampsia, in relation 
to the duration of the toxaemia.

3 4 5 WKS*

o---------

01 90. DIA S TO LIC 105.

BILIRUBIN R ETENTIO N.

120 M.M.
150 M.M. SYSTOLIC

Fig. 48. Bilirubin retention in pre-eclampsia in relation to 
the different levels of blood pressure. Rise of both systolic 
and diastolic blood pressure is associated with an increase in 
the retention of bilirubin. The correlation is: B01?#
marked with diastolic than with systolic hypertehsiCB# This 
graph provides an interesting comparison with; thS'-results of 
similar metabolic studies already described.
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I t  is evident from the above table that there is a 

uniform and progressive rise in b ilirub in  retention as the
| duration of toxaemia becomes longer. At the very onset of
\

the toxaemia b ilirubin  excretion was more delayed than that 

in the last trimester of normal pregnancy. The maximum in 

this series exceeded the proposed maximum for normal 

gestation in 4 cases. The increase in retention above the 

normal average is s ta tis tica lly  significant. Puring the 

following week a further deterioration in b ilirubin  excret

ion was noted. The degree of retention was now further 

advanced by 16 per cent. The max imum value showed a con- J
siderable increase but the minimum level altered only I
s lightly. Compared with the preceding week the change during| 

the second week is  not s ta tis tica lly  significant. The two 

following weeks seemed to bring about a striking change. 

Blaring this period the increase was noticeable not only in f

the average but also in the maximum and minimum levels of j|

b ilirubin  retention. No case during the fourth and f ifth  i

weeks of toxaemia had a normal excretory rat&, The increase |
$

in the average values during these two weeks amounted to J

24.4 per cent, and 25.8 per cent, respectively of these in {

the corresponding preceding weeks. The variab ility  of the |
I--

figures declined, and s ta tis tica l significance of the f
)

difference increased appreciably. By the end of the ih ird  .

week toxaemia seemed to affect the hepatic efficiency to a ■;!

considerable extent, as measured by the bilirubin excretion 

test.
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LABOUR IN PRB-RQLMPSIA k BILIHOBIN EXCRETION 

Ten? cases of pre-eclampsia who went into labour or had 

labour induced on account of severity of toxaemia were 

submitted to this test in the second stage of Labour. The 

values of b ilirub in  retention in these cases are presented 

in Table 77.
Table 77

Bilirubin Retention (£)
No. Before Labour During Labour Net Increase Pueroerim

1. H.
,

36.1 27.9 11.8 9.6#
2. 0# 25.0 • 36.0 11.0 8.0
3. IcM* e 14.8 23.2 8.4 5.0
4. D. 38.9 49.3 20.4 13.0» j

5. 0* 33*2 37.6 14.4 5.2 |

6. Mcl. 25.7 41.6 15.9 11.4* |

7* S. 23.5 33. 9 10.4 4.3

8.H.K.* 18.9 39.0 10.1 7.2

9. p. 26.1 i 36.7 10.6 10.4* f

lOJfcD.
.. . . 

23.7 |■
34.1 11.4 [ 6.3 i

|  jj

Average 33.59 | 36.03 j 12.44 8.14 j

3.D. 4,29 4.93 i 3.49 3.12 I

P.E* 2.84
.. _J

3.30 I 2.33
_ . . .1 -  ___  J

2.06 |
------- 1

e Spontaneous labour, remainder surgically induced. 
*  Re-examined post-par turn.

The highest value for bilirubin retention during labour

was/



was 4 9 . 3  per cent., in a patient (fi#) who had also th i*  

maximum bilirubin retention before labour. The lowest f i lm ,
2 3 . 2  per cent. f was' similarly observed in a case (Mci.) who 

had the most satisfactory bilirubin excretion rate in the 
present series 'before the commencement of labour. The 

parallelism, hoWever, ends here, far in the remaining 8 cases 
the in itia l status of bilirubin excretion was found to bear 
no resemblance to the degree of retention found during 
labour. Thus, in one instance (Mci.) with an in itia l 
retention level of"25,7 per cent. , the increase in retention 

duringlabour amounted to 15.9 per cent., yet in another 
patient (H.) an increase of only 11.8 per cent, occurred 
when the in it ia l level of retention was 2 6 . 1 .  Throughout 
the scries, consider able variation ih th li individual vJSles 
was present (variability of!ihe net increase in retention -  
2 8 . 1 ) .  The average gain, was however more marked than that

- -r “ • *• ' . ' i  ■‘-•••j-.-f ' .J r  .. r -t • &  ("*-, 4 -

fStaid in normal labotf, and almOst bqual lea to that obder’tfed 
ih prolonged labour in ne^fSixaeiic patients, although in 

bbhe df the cases in the present series labour lasted 
more than 3 2  hours* " The d ifferbnce between the net increase 
in r e t ent ion caused by lab our in normal and pre-eclampifjc 
subjects is significant.1 On Superficial examination this 
finding may be interpreted as an expression of the -Bhmm  ; 
effect which labour has on i^pfi^Samp'tiC'i Subj'dSl," 
when the in it reft
into account, it i s  fbuM :t M f

net/ ' &
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net increase in retention caused by labour (provided i t  is 

not prolonged) is 51*4 per cent, of its  in it ia l  value, in 

pre-eclampsia this rise  is 52.7 per cent. This difference 

can hardly be regarded as beyond the lim its of experimental 

error. I t  thus appears that uncomplicated labour by its e lf  

does not cause in a pre-eclamptic patient any more over

loading of the .liver than in a normal subject. The 

difference in the values obtained is caused by the in it ia lly ,  

high level of b ilirubin  retention in taxaemic patients.

BJLIRUB1N^I(BBT10R JN PUEKPERIUM IN PBE-ECLMPS1A 

The test was repeated on the third day of puerperium 

on these patients. The results w ill be found in Table 77.

Two out of the series of 10 patients returned to the normal 
levels of b ilirub in  excretion,’ compared with non-pregnant 

conditions. Four patients (0 ., 0 ., H*K., and Mci).) had 

slightly increased b ilirub in  retention. The remaining 4 

were defin ite ly  abnormal (H ., D ., Mci., and F. ). The test 

was repeated on these four patiaits two weeks after 

parturition. B ilirubin retention values obtained in this 

examination were 3.1 , 2 .6 , 3.0 and 1.9 per cent, 

respectively. Pre^eelampsia therefore causes a delay in 

the return to normal b ilirubin  excretion rates in the 

puerperium. There is no reason to believe, however that 

such a return to normality is  completely prevented by an 

attack of toxaemia during pregnancy. The time taken for 

normal rate of b ilirubin  excretion to be restored evidently 

varies/
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varies in  d if fe re n t cases and appears, to  some extent, to  

be re la ted to tbe degree o f hepatic insu ffic iency present 

during labour. This however need not be the only factor 

concerned. The case of 0. is  in te res tin g  on th is  po in t.

On the th ird  day of puerperium th is  patient showed 8 per 

cent, re ten tion , of b il iru b in .  On the fo llow ing  day she 

developed a mild pyrexia'which continued fo r 8 days, and 

was associated w ith s ligh t loca l u terine  in fection . Her 

b il i r u b in  re ten tion  increased to 10.7 per cent, on the tenth 

day of puerperium.

Eighteen cases of eclampsia examined a t the time of 

admission (w ithout any consideration fo r the severity o f 

the disease in  ind iv idua l cases) showed an average b il iru b in  

re ten tion  of 18.32 per cent., S.D.4.08. In  ind iv idua l 

values at th is  stage were between 10.6 and 85.7. The 

average is  4.62 per cent, higher than that in severe pre- 

eel aapsia, and th is  difference is  s ta t is t ic a lly  s ig n ifica n t. 

Nine patients in  th is  series had fu rthe r convulsions a fte r  

admission. These' patients showed that with persistence of 

the convulsive sta te , b il iru b in  excretion rate markedly 

deteriorated. The average re ten tion  in  these 9 cases was 

31.98 per cent. , S.B.7.98, with ind iv idua l values ranging 

between 21.4 and 48.9. This increase above the value 

obtained at the time of admission shows s ta t is t ic a l 

s ign ificance.

The /
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The striking feature of the results of the bilirubin 
I excretion test not only in normal pregnancy but also in 
j toxaemias is the extreme variability of individual figures.
1 Thus it  becomes difficult to depend on the average values 

to any great extent. This can however, be obviated by 
following individual cases., I t  was possible for us to study 
3 cases who were admitted in a state of pre-eclampsia and 
subsequently developed eclamptic convulsions. The results 
of these three cases are submitted in Table 78.

Table 78

M i

Bilirubin retention (per cent. ) 
Tre^oTampsia | ^Sclanpsii"

1. R.
2. A.

3. H.

19.3 | 25.2 (2)*
\

17.3 20.1 (1)*
15.9 26.6 (3)*

*  These figures indicate the number of f i t s  preceding
the te s t.

In  each of these 3 cases the onset of eclampsia seemed 
to affect adversely the bilirubin excretion capacity of the 
liver. TherCappears to be a tendency for this function to 
deteriorate when fitsiecur. Unless a series large enough 
is studied and followed up, it  is difficult to say whether 
bilirubin retention increases directly with the number of 
fits . Taking the whole series of 18 cases of eclampsia we 
found that one patient with 10 fits had 44.1 per cent, 
retention of bilirubin, while another, who had 18 convulsions

showed/



B il ir u b in  R e t e n t io n .

IRE DURING AFTER

Fig. 49. Bilirubin retention in eclampsia, showing the 
change in the bilirubin excretory capacity of the liver in the 
pre-eonvulsive, convulsive and the convalescent stages.

NO. OF CONVULSIONS.

Fig. 50. Bilirubin retention in eclampsia in relation to the 
number of convulsions. The absence of correlation may be 
due to the small number of eases in each group. In the 
pre-terminal stage (3 cases) nearly half the total 
amount of bilirubin injected was retained in the circulation 
at the end of four hours.
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showed only 33.7 per cent , retention. I t  must be admitted 

that the rate of bilirubin excretion in the pre-convulsive 
and early convulsive stages was not known and so the degree 
of deterioration in bilirubin excretion caused by convulsions 

could not be determined.
The problem was, however, investigated from another 

point of view. In 9 patients in this series the stage of 
convulsion, with or without an increase in coma, persisted 
for more than a day. These cases showed retention of 
bilirubin to an extent idiichwas almost twice as much on 
the second day of the convulsive stage as on the firs t.
The values obtained in the whole series, in the pre- 
convulsive, convulsive and convalescent stages are given in 
Table 79.

Table 79
B i l  iru 6 in Re ten t ion 

per cent._____
Range of 
ValuesStage of the Disease LS JL

Pre-convulsive(3 cases) j
Oonvuls ive |

Days
1 (13 cases) J
2 ( 9 cases) j

°  ; 1Convalescence (18 cases) 
Days \

1 ' 1 2
512 !

22

17.50

18.0
31.98

19.64
16.21
12.69 
8. 61 
2.90

15.9-19.3 (1.33

10.6-25.7
21.4-48.9

14.9-28.3 
10.3-20.8 
8.0-18.3 
4.9-12.9 

0-6.7

a 37 
7.98

| 4.64 
i 2.80 
3.38 
2.16 

! 2.89

-he s lig h t difference seen in the above 
the pre-convulsive and early _ convulsive.st 

extent/
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extent misleading. However, the resu lts shown in.Table 78 

c le a rly  demonstrates that i f  a l l  the patients in  th is  series 

were seen in  the pre-convulsive stage the difference would 

have been more marked and s ig n ifica n t. The interference in 

the b il iru b in  excretion capacity of the l iv e r  caused by a 

prolonged persistence of the stage of convulsion and coma 

becomes c le a rly  evident on comparing the values obtained on 

the f i r s t  and second day of the eclamptic state. The 

d ifference is  not only s ig n ifica n t in  the average, but is  

also manifested in  the maximum and minimum values. As 

convalescence sets in , the improvement in  b il iru b in  

excretion becomes c lea rly  noticeable. The decrease in  

percentage retention is s ig n ific a n t, steady and progressive, 

a ffe c ting  both ends o f the range of values. Normal non- 

pregnant values were restored between the second and th ird  

week of convalescence. Some of the cases however reached 

the normal le ve l during the second week. In only one patient 

in  th is  series (p. Table 78) b il iru b in  excretion was 

d e fic ien t (6.7 per cent, re ten tion ) even on the twenty- 

second d ay of the puerperium. Te had occasion to examine 

th is  patient 3 months a fte r her pregnancy was over, when 

the b il iru b in  retent ion was 5.5 per cent. This may be 

interpreted as a s ligh t permanent l iv e r  damage caused by 

eclampsia, but what appears more probable is  that th is  

value represents the basic state of her b il iru b in  capacity.

B1IIHU31N PBTBNT ION & LABOUR IN NOLAMFSIA

In /
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In order to avoid interference w ith the resu lts  caused 

by convulsions, 5 cases in  th is  series were chosen who went 

into labour without further occurrence o f f i t s .  The resu lts  

in these cases are shown, in  Table 30.

Table 30

B iliru b in  He tent ion (per cent. )

No. *
Convulsive

Stage
Labour 

(second stage)
Increase in 
Retention

!•  Dm. ( -5) 19.9 40.4 30.5
S. Dv. (4) 38.8 47.3 18.5
3. B. (3) 25.2 56.4 81.3
4. Ds. (?) 29 .1 50.1 31. 0
5. McC. (4) 37.3 50.0 9 9  9  ’' >■: j* ' 1 |

iver age 26 .16 43.84 • 63
S.D. 3. 95 6.13 4.3u
s Figures in  parenthesis indicate the number of convulsions.

I t  w i l l  ajppear from the small series of cases presented 

above that labour in eclampsia also causes an increase in 

b il iru b in  re ten tion . The average of the net increase in 

b il iru b in  re ten tion  in  eclampsia is  however, considerably 

more than that found, in  e ither pre-eclampsia or normal 

labour. Compared with the values found in  these la tte r con

d itions  the increase in  re ten tion  in  eclampsia s ta t is t ic a lly

s ig n ifica n t. Of snecial in te res t in  the present analysis ° ' \  . ateis ^  *
is  one case (R. } who was followed from the p ra ^ fc lta p tic

1 xgmxm  m c i .
s ta te / ^



state (Table 73). The b il iru b in  re ten tion  showed an increase 

with the onset o f convulsions (30.6 per cent, o f the in i t ia l  

le v e l) . As she went into labour further increase in 

re ten tion  occurred, which amounted to 123.7 per cent, of 

that in  the convulsive stage. This pa tien t, however had 

the maximum b il iru b in  retent ion dur ing labour. The number 

of convulsions preceding labour apparently does not bear 

any d ire c t re la tion sh ip  to the amount of re ten tion  which car 

be expected during labour. Thus F. , who had the maximum 

increase (31.2 per cent,)  in  re ten tion  had only 2 f i t s ,  

while Dv. had 4 f i t s  and vet her b il iru b in  re ten tion  increas

ed by only 13.5 per cent, during labour. The degree of 

de te rio ra tion  in  the b il iru b in  excretion capacity of the 

l iv e r  caused by labour per se, in  an eclamptic subject can 

be best studied by comparing the increase in  re ten tion  

during labour with the value obtained before its  commence

ment. In  the rjresent series th is  amounted to 36.9 per cent.. 

of the p re -p a rtu r it io n  leve l. This indicates a greater 

interference w ith the excretion of b il iru b in  during labour 

in eclampsia than in pre-eclampsia. The findings suggest 

that labour commencing soon a fte r the convulsive stage of 

eclampsia deprives the liv e r  markedly of i ts  reserve 

functiona l capacity.

3. ACCITDENTAh HABMQHRKAGE 

Five cases o f accidental haemorrhage were studied with 

regard to the results of the b il iru b in  excretion test* The.
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data are presentatyin Table 81.

Table 81

B iliru b in  detention

No.
| Before 
! Haemorrhage

if te r
Haemorrhage

Presence o f
__ ..Shock . _

1. P. ! 23. 4

a. b.
1j
( 25.1 u

3. Mci. ! -

to
•

i—1 + I;
4. 0 fR. ! 21.4i 31.2 t

1 j

5. M.
iij
4-

54.6
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

++ !

I iverage 36.16j ^ „ V*
I 3 .1). :f'.': '

----------------------- ----------------1—        . ,■ • y  ai>.yte% t> ifr ;4 fr " ; ' '

" V 1 ' " %
This small series; bil^iTttbin^retention.i

is considerably increased in  accidental haemorrhage,being

ac tua lly 'h ighe r than that in  severe eclampsia, when the

convulsive stage has persisted fo r more than a day. The

in i t ia l  le v e l o f b iliru b in  excretion was not known except

in one instance (0 fR. ), who was admitted in the pre-eclamptic

state ard developed accidental haemorrhage dur ing her stay

in the h osp ita l. In  th is  case, the onset of uterine

haemorrhage has associated w ith a further increase in

re ten tion  by 9.8 per c e n t o r  45.7 p r  cent, of the in i t ia l

value. The effect o f accidental haemorrhage on b il iru b in

retention  a up ears to be more marked than the onset o f

eclamptic convulsions* which in  t ie  series ^#ap#^^pr#s@nted

above shows an increase of b il iru b in  re ten^B jarjfe^n ly 36.9
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per cent, of the value obtained pre-convulsive stage.

The lowest b il iru b in  re ten tion  in  th is  series was in

a patient (3 .)  who did not develop any c l in ic a l evidence

o f shock. Cn the other hand the patient (LI.) where shock

was most marked the degree d  b il iru b in  re ten tion  was

highest. The three other cases in th is  series seem to

occupy intermediate positions depending upon the degree of

shock present at the time when the te s t was performed.

4. ITPHBITIS MB P^EGmoy

give cases of nephritis  complicating pregnancy were

examined with regard to th e ir  b il iru b in  excretion capacity.

Oases in  the la s t trim este r o f gesta tion  only were chosen
♦

for th is  study in  order to obtain resu lts  comparable to  

those of pre-eclampsia* -The values are presented in  Table

Table .82-

32<

Ho.
Blood
Pressure Parity

Alb.
(Bsb ach)

B i l i r  unm 
Be tent ion 
(per cent. )

Urea
Clearance 
( per cent. )

1. 0. 160/94 2 9 6.4 60

2. M. 145/35 1 • 3 1*0 54. 5

3. K. • 175/100 3 8 4.3 46.2

4. w. 133/85 2 4 . 7.0 50. 5

5. McQ. 160/100 4 2 3.3 52.3

Average 5.5
<3 ru. u * 2.33

I t ' w i l l  appear- from the above figure  o:

the 5 cases the degree of re tention  of exceeded
. V  S M k& k . . . .the/ ■    -



the proposed maximum, and .in only one ,it exceeded the 

proposed average. The general average of th is  series, 5.5 

per cent. , compares w e ll the state of b il iru b in  excretion 

in  normal pregnancy, neither the leve l of the blood pressure! 

nor the degree of renal damage, as revealed by albuminuria 

and urea clearance, seemed to bear any re la tionsh ip  to the 

rate of clearance of b iliru b in .

5. ESSENTIAL HYPERTENSION AND ?EEG:-T ANQY 

Ten cases were studied in  th is  series. As in  the 

previous group, cases were selected only during the la s t 

trim ester of gestation so that the findings could be compared. 

The. re su lts  are submitted in  Table 33.

Table 33

... No.
Blood
Pressure Alb. . Parity B iliru b in  Betent ion (%)

1/ a 300/130 3 1 7.2

2. ?. 130/130 2 ■: .2 ' 4.5

3. 3.
.

210/135
•

6
■■■(  2 14.6

4. tJcO.i
• i

- : m  /  \

195/120 1
■ -

1 4.0

5. KoK.j 190/115 • t

■ . . . . .  .1 6.9

6.. K.
'

135/110
- '

1 2,0 *

?. H, 190/120 - 2 . • _ 4.1

3. Pr. i 200/ 120, 1 • 5.3

9. J, • ; 200/110 1 1 7.0

10. 0. 133/115 4 3
'

6.4

Aver age 6.25

2.38
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i l l  cases in  the present series excepting 3 (s. and B. ) 

show that ra te  of b il iru b in  excretion in  pregnancy com

p lica ted with essential hypertension is  not in  any way 

d iffe re n t from that in  uncomplicated gestation. The s lig h t 

increase in  re ten tion  seen in  3, is  not s ig n ific a n t, and 

although i t  exceeds s lig h t ly  the proposed average i t  is  

well below the proposed maximum fo r normal pregnancy. The

other case (B. ), who showed a 14.6 per cent, retention of
.

b il i ru b in  is in te res ting . Six days a fte r the tes t was per

formed she complained of severe epigastric pain, vomited 

several times and developed a concealed accidental haemorrhage 

I t  is  possible that the abnormal re tention seen in  th is  

case indicated the existence of a state of hepatic dys

function brought about by organic vascular changes and 

spasm, a m anifestation of which in  the form o f re trop lacenta l , 

haemorrhage was evident la te r on in  the course o f the disease. 

However, the average b il iru b in  re ten tion  for the whole series i 

compares favourably with that in pre-eclampsia and is below 

the average proposed fo r  normal pregnancy. I

QQMMBNfS
Pre-eclampsia ahd eclampsia develop as complications 

of pregnancy. I f  the resu lts  of the b il iru b in  excretion j

test are to  be of any value as a diagnostic or prognostic j

aid in  pregnancy, they need to be compared w ith values whidi 1

are usually found in  pregnancy and not withthoj&f^ obtained I

in  non-pregnant conditions. The reasons fb r'lft^g es tln g  7 

per/
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per cert, as the average and 11 per cent, as the maximum 

standard of b il iru b in  re ten tion  in  the la s t trim ester of 

gestation have been-already discussed, i l l  subsequent d is 

cussions, which w i l l  ibLlow w i l l  be based on these new proposed 

standards fo r -pregnancy.

In the series of 100 cases of pre-eclampsia 37 per cent, 

showed normal excretion of b il iru b in . However, when pre

eclampsia was severe 94 per cent, of cases showed abnormal 

re tention. I t  is  in te res ting  to note that neither nephritis  

complicating pregnancy nor essential hypertension, per se, 

showed any appreciable degree o f abnormal b iliru b in  retention . 

41 though i t  may be premature to suggest, i t  appears that in 

b il iru b in  re ten tion  one may have a diagnostic aid which tot- o

help is o la tin g  the cases of true pre-eclampsia from a mixed 

group of toxaemias. Analysis’o f ■ the data given by Sullivan, 

Tew and Batson (9, 1934) also o ffe rs the same conclusion.

TUese authors divided th e ir cases in to two groups “ n eph ritic ’* 

and r*hepat ic ’,f. The term hepatic toxaemia of pregnancy is no 

longer in  use and has r ig h t ly  been given up in view o f the 

recent knowledge o f the subject of pregnancy t oxaemias.

But i f  the argument over nomenclature is  set aside, the 

cases presented by these authors clearly, indicate that 

nephritis  complicating pregnaney does not in te rfe re  with 

b il iru b in  excretion. The cases studied by us amply confirm 

th is  observation. |
Abnormal b il iru b in  retention in  severe true pregnancy j

toxaonia/
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toxaemia has been reported also by other investigators, 

lantarow, Stuckart and Gartman (3) observed 30 per cent. \

re ten tion  of b il iru b in  in  2 out o f 4 cases o f ’’moderate'* jj

toxaemia and more than 10 per cent, re ten tion  in  3 out o f \

20 cases o f mild pre-eclampsia. Lyon (10, 1933) also found 

delayed b il iru b in  excretion in  a small group of eases* I t  |

is in te re s tin g  to observe that th is  author also suggested i

that b il iru b in  excretion test may be of aid in  d i f f e r e n t ia l  \

ing true pre-eclampsia from nephritis  occurring in  pregnancy. ]

In  a mixed group of cases he found that the average j

b il iru b in  re ten tion  in toxaemia was 11.3 per cent., which, j

i t  may be noted, is higher than the maximum for normal 

pregnancy proposed by us. Out of 14 cases of pre-eclampsia 

of varying severity , reported by Sullivan et a l (9, 1934) j

7, or 50 per cent, showed more than 11 per cent, retention i ;

of b il iru b in .  The average v alue in the ir cases of pre- 1

eclampsia was 14 per cent, which is  very sim ilar to that

observed by us in severe pre-eclampsia. I t  w i l l  thus appear J
if

that abnormal b il iru b in  re ten tion  has been a fa ir ly  constant ll
! i !

find ing  in the cases of pre-eclampsia so far reported in jp

the lite ra tu re *  This obviously indicates that a degree of 1

hepatic dysfunction constantly accompanies pregnancy toxaemias j 

I t  is  fu rth e r corroborated bv our fo llo w  up study which g

c lea rly  indicates that as the toxaemia improves, b iliru b in  

excretion also shows improvement, and conversely, when the j

c lin ic a l condition deteriorates the amount o f retained I

b il i r u b in /



b il iru b in  increases. Tliis suggestion of hepatic insuffic iency 

in toxaemias of pregnancy is  not necessarily contrary to the 

observations made by druickshank et a l (4 ), Cross (5) and 

other investigators who fa iled to detect an increased serum 

b il iru b in  and ic te r ic  index in pre-eclampsia. B iliru b in  

excretion is  a saturation or over-loading tes t. I t  

indicates the amount of functional reserve capacity o f the 

l iv e r ,  so far as the  excretion of th is  pigment is concerned.

A decline in  the functiona l reserve does not indicate a 

complete functiona l fa ilu re * I t  is only natural tha t, in 

absence ol obstruction in the b ilia ry / passage, abnormal 

increase in the serum b il iru b in  can occur only when the 

functional reserve has been completely exhausted or very 

nearly so. Hellmuth is stated to have noted (11) tdat in 

eclampsia the m o rta lity  was higher where serum b iliru b in  

leve l was abnormally increased.. This would be an expected 

event in  view of the part played by the l iv e r  in  b iliru b in  

excretion. The advantage cf b iliru b in  excretion test in 

toxaenias o f pregnancy over estimation of ic te r ic  index or 

serum b il iru b in  level l ie s  in  the fact that the test in 

dicates depletion of the reserve capacity of the l iv e r  arb 

indicates insu ffic ie ncy  long before c l in ic a lly  recognisable 

hepatic damage and consequent increase in  the serum b iliru b in  

occurs*

In the present state of our knowledge i t  is  d i f f ic u l t  

to judge how far one is  ju s t if ie d  in  assuming the pres©ce 

of a general hepatic dysfuncti on in  toxaenias o f pregnancy

on/i
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on the basis of the resu lts  of b il iru b in  excretion tes t alone 

In  a recent comparative experimental study Bod an sky and 

Jaffe (12, 1934) came to the-conclusion that increase of 

plasma phosphatase and serum b il iru b in  represent d iffe re n t 

functions of the liv e r . Soffer (6 ). however observes that 

a pos itive  b il iru b in  excretion test indicates hepatic 

in e ffic ie n cy  as much as when a l l  the tests are positive.

Our observations on plasma phosphatase in  toxaemias of 

pregnancy (Chapter 4) o ffe rs s u ffic ie n t proof to assume the 

existence o f a state o f hepatic dysfunction in  pregnancy 

toxaemias, and b il iru b in  excretion te s t, in  th is  respect, 

appears to be as e ff ic ie n t as the estimation of plasma 

a lka line  phosphatase.

fhe onset of eclampsia and persistence of the convulsive 

stage in  our series showed even a'greater increase in 

b il iru b in  re ten tion  than that in  pre-eclampsia. The 

odstence o f a state of hepatic dysfunction in  eclampsia andx. *j J-

pregnancy toxaemias has been suggested by Hofbauer (13,1933), 

B o te lla -L lu s ia  (14,. 1936), Herold (15, 1939), Rowe, McLIanus 

and Plummer (-16, 1936) and several other observers. Our 

resu lts  of the b il iru b in  excret ion. .test confirms the 

hypothesis. This is  however not an-'unexpected phenomenon in 

view o f the vascular spasm and increased intra-abdominal 

venous pressure which accompany eclamptic convulsions. The 

morphological changes which can be induced in  the l iv e r  

ce lls  by increasing the intra-abdominal pressure have been* 

demonstrated/
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demonstrated by '"heobald (17, 1932) in  experimental animals. 

I t  is  in te re s tin g  however that in  sp ite  of high abnormal 

values of b i l i ru b in  retent ion c l in ic a l jaund ice is  not a 

frequent complication o f eclampsia. The explanation for 

th is  obviously l ie s  in  the fact tha t.the  liv e r  is  an organ 

endowed, with considerable reserve functional capacity, and 

in absence o f b ilia ry .o b s tru c t ion, jaundice can only develop 

when th is  reserve capacity is  completely exhausted.

.-■•The augmented re ten tion  of b iliru b in  during labour in  

an eclamptic subject is  not o f the same nature as that seen 

in normal labour or even in  pre-eclampsia. The reasons fo r 

suGh an assumption have already been discussed. Labour in  

eclampsia appears to impose a s tra in  upon the liv e r  which is 

o f a considerably greater magnitude than that seen in pre- 

eclampsia*. This,.we believe, has an important c lin ic a l 

sign ificance in  obste tric  management o f an eclamptic patient. 

I f  labour has not already started during the course of the 

disease, and induction is  under contemplation i t  may be wise 

to defer th is  operation u n t i l  the resu lts  of hepatic 

function tests  show:signs o f improvement. This may be of 

help, in  lessening..the present rate of m orta lity  from 

eclampsia* : — -  ■

The increase o f b il iru b in  pretent ion in  accidental 

haemorrhage is  as s tr ik in g  as tha t in  eel amps ia. The mere 

onset o f haemorrhage unaccompanied w ith shock does not 

a ffec t the hepatic functions so-.-adversely* o£ the

smallness/
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smallness 01 the series presented in  th is  paper the ro le  o lh  

shock associated w ith  accidental haemorrhage appears to be I/' 

of remarkable importance. There is considerable evidence 

to believe that a state of vascular spasm exists in  toxaemias 

of pregnancy. .Haemorrhage also induces vascular spasm as a 

compensatory mechanism. I t  is probable that the sta te  of 

exaggerated vascular spasm, coupled with the f a l l  o f ‘ blood 

pressure and the loss of oxygen carrying elements o f the 

blood, dev ita lises  the liv e r  c e lls , and cu rta ils  th e ir 

reserve capacity to such an extent as to in te rfe re  consider

ably w ith th e ir metabolic functions. Experimental work of 

Engel, Harrison and Long (13, 1944) prove that irre ve rs ib le  

functiona l changes occur in  the l iv e r  ce lls  i f  anoxaemia is  

allowed to pers is t fo r any length o f time. The viv iper f  us ion 

studies made by prank, and co-workers (IS, 1946) also pro

vides ample evidence fo r the above hypothesis.

I t  is clear however that insp ite  of an evident hepatic 

dysfunction (as revealed by the b il iru b in  excretion te s t) 

which develops in  the course o f pregnancy toxaemias the 

process is  ne ither irre ve rs ib le  nor leaves behind a legacy 

or tendency to permanent hepatic damage. The results 

obtained in  eclampsia where cases were followed up for three 

weeks amply nrove th is  assumption. The results obtained 

of pre-eclampsia on the th ird , day o f puerperium in  our series 

however were not so conclusive. This is  obviously-hne to 

the fact that a l l  cases were not followed u n t i l 'basic values 

were/i



were re tu rned*  But the fou r cases where th is  was done two 

weeks pos t-pa rtum , the r e s u l ts  are s u f f i c i e n t l y  c o n f irm a to ry .  

,4s may be expected the re tu rn  to normal values o f  b i l i r u b i n  

r e te n t io n  is  sooner in  o re -e c la n p s ia  than in  eclampsia.

Th is r e s to r a t io n  o f the normal fu n c t io n s  o f  the l i v e r  a f te r  

the d isappearance o f  the e x c i t in g  fa c to r  i s  n o t s u r o r is in gx * {-J X CO

when the enormous p o t e n t i a l i t i e s  fo r  re ge n e ra tion  present 

in  the l i v e r  c e l l s  is  taken in to  account.

10B0LU3IQB3

The r e s u l ts  o f  b i l i r u b i n  e x c re t io n  te s t  p o in t  out the 

presence o f  a h e p a t ic  d ys fu n c t io n  in  toxaemia o f pregnancy. 

H e p h r i t is  anc^uncomplicated e s s e n t ia l  hypertens ion  in  p re 

gnancy- do not g ive  r i s e  to  abnormal b i l i r u b i n  re te n t io n .

Both p re-ec lam ps ia  and eclampsia on the other hand cause 

delayed, e x c re t io n  o f  b i l i r u b in .  I t  has be-.en suggested 'tha t 

t h is  may prove to be a u s e fu l d ia g n o s t ic  a id. Accidenta l 

haemorrhage has been found to  g ive  a response s im i la r  to  

th a t  seen in  other toxaemias o f  pregnancy. The presence o f  

shock however should be taken in to  a ccount in  e va lu a t in g  

the re s u l ts  in  t h i s  c o n d it io n .  I t  has been observed tha t 

the d is tu rbance  o f  the fu n c t io n a l  a c t i v i t y  of the l i v e r  as 

measured by the b i l i r u b i n  e x c re t io n  t es t .  in. toxaemias of 

pregnancy i s  a re v e rs ib le  process.
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CHAPTER 4

PLASMA ALKALINE PHOSPHATASE IN PRBGNAN3Y

Since the f i r s t  discovery o f a lka line  phosphatase by 

Robison (1, 1923) the ro le  of th is  enzyme in  the metabolism 

of bone has been studied by numerous workers. In  pregnancy, 

the primary o ss ifica tio n  centres of the foeta l bones commence 

to develop as early as the eighth week, but i t  is  during the 

la t te r  part of gestation that foe ta l bone formation becomes 

a rapid and active process* The investigations of Givens 

and Macy (2JL933), M itchel (c ited  by Eden and Holland, 3,

1943) and other observers point out the existence of a great 

fo e ta l demand fo r  minerals, especially calcium and phosphorus, 

during the la s t trim ester of gestation. I t  is only natural 

to assume that active fo e ta l bone formation should be 

associated w ith  an increased demand fo r the enzyme essential 

fo r th is  process. Indeed, th is  is  amply confirmed by the 

work o f Meranze et al (4, 1937), Bodansky (5, 1939), Young, 

King, Wood and Wootton (6, 1946) and Hoch and Harrack (7,1943). 

AH these investigators observed a high leve l of maternal 

plasma phosphatase during the la s t three months of gestation.

The significance of the plasma a lka line phosphatase 

le ve l'a s  a measure of hepatic e ffic iency  has also received 

considerable a tten tion  in  recent years. Increase in  the 

concentration of th is  constituent of the plasma has been 

observed in non-haemolvtic and obstructive jaiind'ice by Roberts 

(3, 3a, 1930, 1933); 3odansky and Jafi'e (9, 1'933.]; Rothman, 

Meranze/
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Neranze and Keranze (10, 1936) and other investigators cn 

the subject. Sim ilar increase is  stated (4) to have been 

noted in  malignant involvement of the l iv e r  also. Freeman, 

Chen and Ivy (11, 1933) remarked that plasma phosxjhatase 

was increased in  a l l  forms of l iv e r  in ju ry  and i t s  estimation 

was a more sensitive ind ica tor of l iv e r  (Tamage than a r ise  in  

serum b il iru b in .

Several investigators including Hofbauer (IS, 1933);

Rowe et a l (13, 1936); Herald (14, 1939); Barkeley and co- 

workers (15, 1924) and Dieckmann (16, 1947) believe that a 

state of hepatic dysfunction probably exists in toxaemias 

of pregnancy. Other observers (de Wisselow and Wyatt, 17, 

1924);(Oruickshank, et a l, 18, 1927 ) have not been able to 

convince themselves of th is . I t  was therefore considered 

that a studv of the wlasma aLkaline phosphatase mav be aX X X tj

useful investiga tion  in  th is  condition.

I t  has been pointed out in  the previous section that 

normal pregnancy in  associated w ith  an increase of the level 

of the plasma aLkaline phosphatase.. In order to evaluate the 

resu lts  obtained in  toxaemias of pregnancy the normal value 

during gestation must be known. The d if f ic u l ty  in 

depending on the figures reported so far in  the lite ra tu re  

lie s  in  the fa c t that not only the standard cf u n it of 

phosphatase used fo r estimation varies considerably with 

d iffe re n t authors but also where, the same standard has been 

employed the re su lts  do not wholly agree (jfouj|g ^ t  a l,  6,

1946 ) , /
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1946), (Koch and barrack 7, 1943).

?•!ine tv-th ree cases of normal pregnancv were therefore 

studied fo r determining the normal standard, geventv-ei.kht,v v O

among them, -ere unselected cases from the antenatal c l in ic  

at varying periods of gestation. The remaining 15 cases 

were selected from early months of pregnancy and were 

followed to term, examination being undertaken once every 

month. These la s t 15 cases were also studied at d iffe re n t 

stages of labour and in  puerperiurn.

The group of toxaemias consisted of 146 cases. This 

was composed o f 100 cases of pre-eclampsia, 13 cases of 

eclampsia, 10 cases o f accidental haemorrhage, 10 of essenti 

hyoertension and 3 of neohritis  in association with pregnanetj -L i. !  O

In order to keep our resu lts  in  conformity with these 

reported from the B r it is h  Is les by Young et a l (6, 1946) and 

Ho eh and Mar rack (7, 1943) the method employed was that of 

Xing and Armstrong (19, 1934) as modified by King, Haslewood 

Delory and Beall (20, 1942). Disodium phenyl phosphate was 

used as the substrate and the liberated phenol was estimated 

by colorim etry. The unit of phosphatase being considered 

as the a ount of enzyme necessary to libe ra te  1 mg. o f phenol 

from the substrate.

BSSULT5

1. KORMAh -TKGHAHOY

H irst Kerles

Of the 73 cases of normal pregnancy 39 belonged to the

la s t /
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la s t trim ester o f gestation. The ea rlies t pregnancy in  our 

series was one of 9 weeks. The frequency d is tr ib u tio n  in 

d iffe re n t lunar months of pregnancy is  given in Table 84.

Table 84

phosphatase j
nn *1 i  s / i------ Duration of Pr egnancy -  Lunar months j
100 Dll. 't 3 , 4 ; § 6 7 8 , 9 k 10 J|
5.1-6 | 2 2 - - - -

! |

6.1-7 i 4■ 3 2 1 - - -

7.1-8 P 3 5 : . 4 5 -
1

8.1-9 - - - 9 3 • -

9.1-10 - - - - - 3 -

10.1-11 - - - 6 1 -

11.1-IS - -  ' - - - 6. 1 1!(
13.1-13 - - - - i 1 3 o j

13.1-14 - - - - - - 2 5 j
14.1-15 - •- - - - -

I
8 |j

IJ

he. o f eases 3 8 8 7 8 12 12 15 jl

Av. Phosphatase . 
content o f 
■plasma. 6.50 6* 63 7.40 7.80 7.90 10.70 12.10 18. 65 J 1

12. M j
S. D. 0.71 0.72 0, 64 0. 66 0 .55 0.94 0 .94 n Ik1. UU '

The figu res  indicate that up. to the end of the second 

trim ester of gestation the alkaline phosphatase leve l of the 

plasma remains w ith in  the normal lim its . S ta tis t ic a l analysis 

however shows a s ign ifican t, but s lig h t r ise  in  the value as 

gestation/ ' ■ ■ ■
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Fig. 51. Plasma alkaline phosphatase cocentration in 
normal pregnancy showing its increase during the last 
trimester.



gestation proceeds. The Tange of normal values is however 

exceeded in  the eighth month of pregnancy and during the 

fo llow ing  two months the plasma phosphatase rises appreciably 

to what may o rd in a rily  be regarded as an abnormal leve l.

This change is  s ta t is t ic a l ly  s ig n ifica n t. The average 

a lka line  phosphatase content o f the. plasma in our series was 

12.34; 3 .P .I. 53 during the la s t 3 months of pregnancy, and 

13.65; 3.T. 1.00 at terra.

Second Ssr ies

The second series consists o f 15 cases of normal 

pregnancy who were followed through the period of gestation 

commencing at the time of th e ir  f i r s t  antenatal v is i t .  The 

test was performed every 4 weeks. -The results in  these cases 

are submitted in  Table 35.

In  general the result's obtained agree closely with those 

of the previous series.. The-increase of a lkaline phosphatase 

o f the plasma during the las t 3 months of pregnancy thus 

appears to be a consistent finding.. I f  the non-pregnant 

standard of 10 un its  (King, 19a, 194?) is  accepted as the 

l im i t ,  then i t  appears'that, normal values were obtained in  

only 6 out of 45 te s ts ; an incidence of 86.7 per cent, 

abnormality, A ll these normal values were found-before the 

3?n.d week of gestation.. The change which takes place sub- ; 

sequently is  sudden. . ' . \  ;. r ;

I f  both the f i r s t  and the second series of Gaues are 

jo in t ly  considered the average a lka line  phosphatase content

o f/



Table  35

LXjÎ IAH MOUTH 3,0? GB3TAT10H 
i no bpiiaouse j Jni.ts per xGU li-l. plasma.

i 3 ' 4 ! 5 1 r  ■ ! 6 T 7 ! 3 ;• 9 T lo

1 6.1 ; 6 .1 6.8 1 7.0 r  7 .0 i 10.3i

r~j 1 f

i 11. 6 13.3-

2 - 5 .9 : 6.4 7 .8
C

D

03 ; n .  o j 1 3 .3 15.1

3 4.3 4. 6 5.6 6.0 I 6.5
\

: 9.3 1 1 0 .9j 12.7

4 3 .1 3.6 3.9 9 .7 : 1 0 .0 1 1 2 .0
1

13. 0

5 5 .8 7 . 0
;

! 7 . 3 3.6 9.3 j 1 0 .3 j 1 0 .9 13. 6

6 7 .8 8.1 3 . 6 9.5 10. 0 j 11.1 12.7 14. 6

? 6.6 6.4 7.4 8.5
jj

3 .9 ! 11.0
f

 ̂ 1 2 .0 13. 5

8 6.3 6 .9 7 .3 8 . 0 3.5 1 10- 5 11.5 13.1

9 6.3 5.7 5.8 7.8 8.4 ! 9 .5 1 1 .3 13. 3

10 6.4 6.0 6.3 1 6.3 6 .5' j 9.4 1 0 .3 18. 6

11 - 5 .3 5.4 5.5 ! 6.51 ! 10.0 1 1 .2 1 8 .7

12 7 . 0 6.0 5.5 7.0 7,6 10.3 1 1 .2 13. 0
■

13 - 6.0 6.3 6. 0 8 .2 j 10. Bf 11.4 18, o

14 6. 7 7.0 I 7.5 7. 6 9. 0 i 11.0i 1 2 .3 18.7

15 iii
7 . 0 7.3 j 7 ,1 7 .7 9 . 0

f
\ 10. 0
i1

1 2 .6 18.4
j

Aver. 5.8
-./ ■ t
6.5 j 7 ,8 7.5 ( Q ^  3 . ■--* ( 1 0 .3 11. a 18. 5

8 n  |1 .0 5 0.95 j 1.08 1.20 1 .1 5
1
I 0 .5 7 0 .3 5 0. 79

^  T? I- .  ^  j 0 .7 0

|

0. 53 I
I

0 .7 8 G. 30 0 .7 7 J 0.33 0 .5 7 0 .43

of the plasma during the la s t 3 months of gestation obtained jj

from 84 tests done on 54 cases is  found to be 12.05 units y

per ICC ml. of plasma; 8*?. 1*3?. In our subse^hieBt'‘'?u ' ' j!

discussion of a lkaline phosphatase in* toxafemiflffe fcf pregnancy' i

we s h a ll regard th is  as the normal standard fo r compax is o r. j
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Cases belonging' fo the second -series were studied also 

during the f i r s t  and secondistages of labour. Samples o f 

blood were obtained when the” f i r s t  stage was well established 

and the second stage advanced. In  4 cases, labour was 

prolonged fo r more than 43 hours, and a th ird  Sample of blood 

was obtained a fte r the f i r s t  stage had lasted fo r  nearly 

40 hours. The resu lts  obtained are deta iled  in  Table 36,

For the sake o f comparison values obtained;, at term are also 

included in  th is  table.

The in te res ting  feature which is  shown by a ll  the cases 

in  th is  series is  the appreciable increase o f the phosphatase 

content o f the plasma during the second stage of ,labour, 

hot only the average but also the ind iv idua l f  igures indicate 

that the phosphatase level hardly a lte rs  during the in i t ia l  

stagejf '° f labour. %en however labour is  prolonged i t  shows 

an increase during the la te  f i r s t  stage. Compared w ith the 

values' obtained at term, or early f i r s t  stage, th is  increase 

is s ta t is t ic a l ly  s ig n ifica n t. The significance of prolonged 

labour is  fu rthe r shown on carefu l analysis of the values 

oh t a ined in  the s ecpnd<j.tigej^,,Th@-.-atfiX.,age phosphatase,, lev  el - 

o f the whole series ihufhe second stage was 18*2 units per 

c e n t ; S. I). 2. ,58, fhen lab iu r was o f ̂ normal d urat ion th is  was

17,05 u n its p e rc e n t.?  § ,S. 1,06. I t  w i l l ,  be evident that 

th is  le ve l was exceeded as early^as the la te  f i r s t  .stage in  

prolonged lab b i^ , : l f t h  :lab(nni’■advanced in to  the second stage^
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the cases o f prolonged labour showed a fu rther increase of 

the a lka line  phosphatase to 21.4 un its  per cent.; 3.1.0.71.

Table 36

! Alkaline ph os phat a s e: Units per 100 ml. pi a sin a.

N o .

i!
! . 4t Term F irs t Stage

Late F irs t
. .Stage

SeconrT
Stage

1
iPuerperium

1
! •'

13. 8 14.1 . 16.3
r~ — *.... ...... -
1 Q ? ;J. ft ! ‘

2 15.1 15. 0 - 19. 0
;

11. 4 i

3 ' 12,7 12.5 - 15.1 8. o
4* ' ' 13.0 13.5  j 16.3 70.6 17. 0
f : 13.6 13.5  1 - 16.5 10; 3 j

6 14. 6. 14.9 I - 16.9 9* 5

? 13.5 14.2 1
•

17.0 9. u

8 13.1
f

13. G | “ 16. 3 11. 6
o 13.3 13.8 1

J
17.3' 10.

10* 12. 6 13.3 (
f

17.0 21.2 15. 3

11* 12.7 13.0 ! 13. 6 21.9 13.9 ;

12 13.0 13.6 |
.

i 17.0 10. U  [

13* 13.4 13.0 | 13.0 22. 0 16.4 j

14 13.7 14.1 j . 18.2 iS. 7 f

1-5 13.4 13.9 i
X

- 17.0 10.3 f
.........—4|

Iver.
1

13.5 j 13.7 ] 17. 5 18.2 ; n .  4

S.D.- 0.72 0.74 i
. j

1.11* 2.53 ; 2.45 j

3f Prolonged labour: more than 43 hours.
\  ~ ...  j

This is s ta t is t ic a l ly  s ign ifiG ant -when7- Sisft stage !

value/
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value of the corresponding cases and that of the -second stage 

of normal labour are considerecL Compared with the . basic 

values of a lkaline phosphatase at term, second stage caused 

an increase in  26.3 per cent, in  normal labour and 58.5 per 

cent, in  prolonged labour.

In  the 15 cases studied in th is  series the plasma- ,

phosphatase leve l on the fourth day of puerperium was average i

11.4 units per cen t., 3.5.2.45; minimum 8.6, and maximum

16.4 units.. Much of v a r ia b il ity  o f the values is due to the j 

comparatively high resu lts  obtained in  cases of prolonged \ 

labour. I f  these cases are excluded from the series the 

average a lka line  phosphatase leve l in immediate puerperium 

a fte r normal labour appears to be 10.3 units per 100 ml. ; 

3.5.1.30, The phosphatase content of the plasma in puerperium j 

is thus less than that at term and th is  difference is 

s ig n ific a n t. However, in  none o f the cases early pregnancy 

leve l was reached.-

In the 4 cases of prolonged labour the a lkaline j

phosphatase level of the plasma was 14.5 units per 100 ml. 

average; 3.D.2.34, which is  not only higher than the accepted j 

maximum normal l im it  hut also higher than values obtained 

at term. I t  is  o f in te rest to observe that while in  normal 

labour/the decline in  the leve l of the a lka line  phosphatase j 

in the early puerperium amounted to 39.4 per cent, o f the j

highest le ve l attained during labour, the corresponding ta l l  

in /
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in cases of prolonged labour was '32.?, per cent-. On analysis 

th is  d ifference appears to be s ta t is t ic a l ly  s ig n ifica n t. |

2. P2B-ECLAMPSII j
The average a lka line  phosphatase content of the plasma | 

in the whole series of pre-eclampsia was 16.6 units per |

100 m l., 3.D .3.44. The co -e ffic ie n t of va ria tion , 21.5 is j
a

high and is  due t o/wide 'scatter of Hie ind iv idua l values.

-The average fo r  mild pre-eclampsia was 14.20 units per !

cent.; S.L.LOl, and that for severe pre-eclampsia, 18.93 u n its ]
1

per cent.; S. I). 3. 96. The range o f values in  the mild cases '!

extended between 12.5 and 16.5 units per 100 ml. of plasma,

mhe corresponding dispersion in  severe cases was from 18.4 

to 29.5 un its  per 100 ml. C o m p a r e d  with the standard obtained 

in our normal cases both mild and severe pre-ec lamp tics  have !
i i!

an increased phosphatase content o f the plasma. The I

differences between the values obtained in  normal, pregnancy 

and those in  both mild and. severe pre-eclampsia are ;{

s ta t is t ic a l ly  s ign ifican t.. Sim ilar significance is  also ;[■
k

present between the two groups of pre-eelamptics* The extent | 

of the increase is phosphatase in mild pre-eclampsia amounts 
■̂Hi

to  17.9 per cent, of the normal pregnancy value, while in | 

severe pre-eclampsia the corresponding increase is  57.5 per I 

cent. The frequency d is tr ib u tio n  of the.values of a lka line 

phosphatase in  toxaemias are given in  Table 87.

Compariso n of the frequency d i s t r i b u ^ ^ ^ ^ ^ f  normal . 

and toxaemic cases reveals that 2 8 .6 'per cgffiFT5’®  ^th^yValues

W  ‘



in normal pregnancy, 56. C per cent, of those in mild pre- 

eclampsia, 94.0 per cent, in  severe pre-eelaupsia were aboiyfe 

14 units per 100 ml. The maximum frequency in  normal cases 

was between lu  to 12 u n its , in  mild pre-eel empties 14 to 16 

un its  and in  severe pre-eel empties 18 to 20 units. This 

s h if t  to the r ig h t o f values, with the onset o f toxaemia and 

increase in seve rity  of-the cond ition f, is  s ign ifican t.

' 4 Table 37

Units per'
100 ml .Plasma *

Mud 
T re-eclampsia

Severe
pre-eclampsia

13.1-14- r 22 3
14.1-16 25 10

16,1-13 3 9

13.1-20 ... IB

20.1-22 7

22.1-24 5 ■ ■■ :>
24.1-26 -

. •
1

26.1-23 . : - V: i  fv ;-

23.1-30 : ' ’ -  ; n

t o ta l 50  ̂ ; so

Max imum i6 .5  ; 29.5
f- , - -" i ip*

Minimum 12.5 ■ U ?4 ~
Average 14.26 •\ -18.98 .

S.B. 1.13 ■ ■ 3.5SP'*---

B.S. 0.75 _ *> A l  i
- —

TTltal
9 0

Hr

As has been pointed out in  tbe p r jv il

increase/



l ALKALINE
■ ' PHOSPHATASE.

Fig. 52. The average plasma 
alkaline phosphatase in normal 
pregnancy, pre-eclampsia and 
eclampsia.

3?ig* 53. Plasma alkaline 
phosphatase in normal and 
toxaemic pregnancies at 
different periods of 
gestation.

2 8 -  32  3 2 - 3 6  3 6 ' 4 0
WEEKS. I



increase in  the plasma a lka line  phosphatase le v e l is pro

gressive in  normal pregnancy during the la s t three months o f
i f

gestation. In  order to determine/the duration of pregnancy 

in toxaemia affected the values, a l l  re su lts  were co-re la ted 

to the dura tion  o f gestation. These a r^ re  seated in  Table 33.

Table 33

Aik sT in  e ^FosnhatlTsel ~Un i  t s ~p er” lUCTmli
Normal. *

at ion I 
o f

Gestation I Mild Toxaemia j severe Toxaemia 
weeks h Average ,f 3. F, I AveFage “!• S.H

13.1 I 0.91 
l id  -  9 I (12.5- I 

Severe-12 I 14.43 !

16.2 1 1.01 
(13.0- I 

14.4-)

. 33-36 
Mild -15 
Severe-3

14.21 f 1,2 
( 1 3 .6 -1  

15.7 I

36-40 
Mild -26
Severe-30 | \1 6 .5 )

hy-j - ■: |

14.88 | 1.31 
(12.9-

17.61 | 1.30 12,1
(14.0- i (10.8-

20.3) I 13.4-)
' - ■ f20.13 3.22 I 13.65 ! 1.00.

(18.0- | |(1 1 .8 -
29.5) | j 14.8) .

Average

10.7
(9 .6 -

13.6)

O Ti ,Q . ■.

0.94

! 0.94

n F ir s t  series.

I t  w i l l  appear th a t the d iffe rence  which ex is ts  between 

normal, m ild and severe toxaemias is  s ig n ific a n t even when 

the duration of pregnancy is taken in to  a ccount.

;AhKALBTF PH0S7HATASB AUT) DIET IN TOXAEMIAS OF rHBOIJAHQY

, From an experimental study Bodanskv and Ja ffe  (13, 1931) 

suggested that the physica l and chemical processes associated 

with the sta te  o f n u tr it io n  are c lose ly  linked w ith  the 

Jeve l o f the a lka line , phosphatase o f the plasma* Hough and 

Freeman (21, 1942) demonstrated in  dogs th a t removal o f 

p ro te in  from the d ie t causes an increase in  the content o f
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th is  group. In  mild pre-eclampsia the values were between

12.9 and 15.7 un its  per cent., w ith an average of 14.27; 

S.7X0. 645. In  severe pre-eclampsia th is  was 19.79 units per 

cent.; S. IX 3.35, w ith ;at scatter between 14.0 and 28. 0 units 

per 100 ml. plasma.

Unit Q. -  Twenty-five cases were studied from th is  un it of 

which 11 had mild and 14 severe pre-eclampsia. Each patient 

in th is  series received 75 gms. of protein da ily , the amount 

of f i r s t  class p ro te in  in the d ie t being 43 gms. The 

overa ll average in  th is  series was 17.03 units o f phosphatase 

per 100 ml. o f plasma, S. IX3.91. In mild cases where the 

values extended between 13.6 and 16.2, the average being

14.62 un its  per cen t.; S.I). 0.90. The average fo r severe 

cases in  th is  group was 18.92; S.D.4. 85, minimum 13,8 and 

maximum 29.5 un its  per 100 ml. plasma.

I t  is evident that increasing the protein content of 

the d ie ta ry , even that of essential protein has no apparent 

e ffe c t on the a lka line  phosphatase content of.the plasma in 

toxaemias o f pregnancy. The difference in the values which 

exists in  these three groups of cases does; not sa tis fy  

s ta t is t ic a l scrutiny.

STATE OF TOTAEMTA .AMD ALKALINE PHOSPHATASE.
In  order to ascertain whether t|ie increase, of plasma 

phosphatase is  d ire c tly  related to the toxaemic process in 

pre-eclampsia, phosphatase determination was carried out at 

weekly in te rva ls  in a l l  cases of toxaemia, and an attempt 

made/
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| 25

P̂ROVED

Fig. 55* Plasma alkaline : 
phosphatase in pre-eclampsia 
in relation to the duration 
of the toxaemia.

Fig. 54# Plasma alkaline 
phosphatase in pre-eclampsia 
in relation to the clinical 
course of the toxaemia.

I.a l k a u n e  p h o s p h a t a s e ;
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made to corre la te  the leve l o f the plasma alkaline phosphatase 

w ith the c l in ic a l state o f the patient. The re su lts  are 

shown in " able 99.
Table 89

Weeks x
Improved

r
Deter lora ted e

Aver. S. J). Min. -Max. .Jive*. S.D. Min.-Max.
1 16.43 4.64 13.1-23.7 17. 57 4.84 12.9-28.3

2 15.43 4.93 13.0-26.5 19.35 5.40 13. 5-28.8

3 14. 74 1.04 13.0-16.6 21.04 5.23 14.3-30.4

4 14.2,3 1.09 12.5-15.8 22.73 
_  .

4.40 | 16.3-32.5

© Includes also cases where toxaemia was stationary. 
*  Refer to the period a fte r admission into hospita l.

The leve l of the a lka line phosphatase in the plasma is  j

related to the manner of progress of the disease. With 'j

improvement in  the c l in ic a l condition the leve l drops and "j

nearly approaches the normal value at term. This drop is rj

however slow and is  not s ta tis tica lly  s ig n ifica n t. The minimum \j'I
values obtained at each stage change to a small extent, but j
the maximum values decline cona derably. As a resu lt of th is  

the co -e ffic ie n t of va ria tion  o f the values becomes less at j

each successive stage. This indicates a s ign ifican t s h if t  of .j

the values towards normality as the condition improves. j

The "deteriora ted”  cases on the other hand show a pro- j

gressive increase o f the phosphatase leve l of the plasma as 

the toxaemia becomes worse. This is  seen not only in  the 

average values but also among the minimum an d> maximum. The 

change/
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change in  the average value as toxaemia progresses is  

s ta t is t ic a l ly  s ign ifican t*

In  a fu rthe r study o f-the re la tio n  between the a lka line 

phosphatase leve l and the c lin ic a l manifestations o f toxaemia 

i t  was observed that neither albuminuria nor oedema showed 

any s ig n ific a n t re la tionsh ip  w ith  the leve l of the plasma 

phosphatase. With increasing leve ls of blood pressure in  

these cases, on the other hand the a lka line phosphatase 

content o f the plasma appeared to increase. This was observed 

w ith  both sys to lic  and d ia s to lic  blood pressure, though the 

tendency was more marked and s ig n ifica n t in  re la tion  to the 

la t te r ,  especia lly  at higher leve ls o f d ia s to lic  pressure.

The re su lts  are summarised in  enable 90.

ALKALINE PHOSPHATASE AND LABOUR IN PRB-BCLAMTSIA 

Toxaemia of pregnancy is  known to increase the sus

c e p t ib i l i t y  to obste tric  shock. The present study was under

taken to fin d  out i f  labour causes more metabolic upset and 

derangement o f hepatic function in  toxaemia than in  normal 

cases. F if ty  one cases o f pre-eclampsia where the toxaonia 

persisted or deteriorated were studied fo r th is  purpose.

These cases are divided in to  two groups. The f i r s t  group 

consists o f 39 cases where labour followed a normal course. 

Phosphatase was estimated in  early f i r s t  stage and when 

second stage was w ell advanced. In  the second group of cases 

numbering 12 labour was prolonged for more than 48 hours and 

three estimations were done on each pa tien t: in  the early 

f i r s t /
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A l k a l i n e PHOSPHATASE.

DIASTOLIC 12.0 M.M.

180 SYSTOLIC150

Fig. 56. Plasma alkaline phosphatase in pre-eclampsia 
in relation to the levels of systolic and diastolic 
blood pressure.
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A lk a l i n e  P ho sph a ta se .

DIASTOLIC 120105 H.M.

180 SYSTOLIC150

P ig .  5 6 .  P la s m a  a l k a l i n e  p h o s p h a ta s e  i n  p r e - e c la m p s ia  

i n  r e l a t i o n  t o  t h e  l e v e l s  o f  s y s t o l i c  a n d  d i a s t o l i c  

b lo o d  p r e s s u r e .
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f i r s t  stage, la te  f i r s t  stage a fte r labour had lasted fo r 

over 40 hours, and in  the second stage. The resu lts  in these 

two groups o f cases are show in  Tables 9f  .and 92. respectively.

Table 90

Systo lic Blood Pressure

mm. Hff. 150 155 160 ! 165 170
1

175 ! 180

Average
S.D.
Minimum 
Max imum

16.53
2.32

12.2
21.5

17.68
3.16

13.7
22.8

■

17. 62 
2.84

13.8
29.8

18.82 
2.42 

14.5 
20.8

20.22
2.32

16.5
27.8

.......■ ............ —
S3.71 ! 23.81 
4.36 ! 6.90

16.7 j 13.5
29.8 32. 5[I . 1

Mn.Hg. 135 190 195 200 205 210

Average
S.D,
Minimum
Maximum

24.0
4.3

19.7
28.3

29.06 
2.9 

23. 7 * 
32.5

29.0 27.32
2.25

23.2
29.5

-
23.73

7.23
13.4
29.8

D ias to lic  Blood Pressure

mm. He. 90 95 100 105 110 115 120 1

Av er age 
S, B.
Minimum 
Max imum

14.93
1.23

12.8
17.6

15. 70 
1.06

14.4
17.5

16.41
1.45

13.4
19.0

17.73
1.41

16.7
20.0

20.03 
1.84 

18.6 
28.7

25.96 
2.51 

21.2 
29.8
_____

28.96
1.34

25.6
32.5

Table 91

Before
Labour F irs t Stage

Sec ohd 
Stage Puerperiurn

Average 20.71 21.03 26.29 16. 74

S*D. 5.05 4. 63 4.33 3.00

P.E. 3.33 3.10 2. 90 2,01| I
Max imum 32.5 32.0 37.1 12.5

Minimum 15.5 15.3 21.4 20. 6

The/
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The 39 cases of severe toxaemia who went in to  normal 

labour (Table 91) had in i t ia l l y  a higher a lka line  phosphatase 

content of the plasma than that in  normal pregnancy. . This 

was, o f course, caused by the toxaemia. The onset of f i r s t  

stage o f labour gave rise  to only a s lig h t change in  the 

phosphatase value. This reaction is s im ila r to that seen 

in  normal labour. In  the second stage the values rose 

s u ff ic ie n t ly  to be s ta t is t ic a l ly  s ign ifican t compared with 

both the i n i t i a l  and early  f i r s t  stage leve l. This increase 

affected not only the average but also the minimum and 

maximum. I t  is  however in te res ting  to note that the increase 

of a lka line  phosphatase caused by the second stage o f labour 

amounts to 26 per cent, o f the in i t ia l  value in toxaemia, and 

26.3 per cent, in  normal cases.

When labour is  prolonged in a case of toxaemia the rise  

in the phosphatase leve l markedly surpasses the lim its  of 

normal labour in  both toxaemic and normal pregnancy (Table 92). 

As in normal labour the difference between the in i t ia l  value 

and that in  the early  f i r s t  stage was almost neg lig ib le .

Between the f i r s t  and second stage however there was a con

siderable d ifference in  the phosphatase content of the plasma. 

The second stage value in  th is  series was 37.11 units per cent.

S.D. 4.41. This compared w ith the basic value shows an 

increase o f 74 per cent, as against 53.5 per cent, in  normal 

cases. This d ifference is; s ign ifican t. flhfn stage

was prolonged fo r 4fl, hp|p*p in  toxaemia,. the- a j i f l in e  phosphatase

was/



was 28.2 u n its  per cent . ; S.D. 5.09. This is  s ig n ific a n tly

higher than the second stage values in  toxaemia when labour

pursued a normal course. A comparison of Tables 90 and 91

reveals also that up to the early f i r s t  stage o f labour the

two series o f eases show no appreciable difference which 
only ’

appears/wnen labour is prolonged beyond a certa in  time.

Table 92

No.

1. I).
2. Me A.

3. MoD.

4. a.

5. P.

6. 0. -
7. 0,

8. L.
9. F.

10. McN.

11. S.

Average

S.D.

Before"
Labour

23.2

17.0

20.0

22.7

23.6

29.1

14.9

17.9

22.6 

22.0

15.2

22.8

21.33 
4.78 

3.20

F irs t Stage

23.0

13.1 

20.0 

22.0

29.2

30.0 

15.4

19.0 

22*  0

21.0 

16.0

23.2

Late
,£jrst_Stage

3.24

2.17

31.3

25.0 

25.9

28.3 

34.5

37.1

23.1 

25.0 

28.8

26.3

U

3QA

Second
Sta,q;e

5.09

.3.40

39.3

33.8

36.2

36.3

40.8 

46.2

31.8

34.9 

39.1

34.0

32.0

39.9

37.11 

4.49 

: 3. 01

Puerperium

23.5

20.4

26.6

24. 5 

31.3

29.0

20.0 

22. 2
27.5

25. 7 

23.8 

23.7

56.10

3.40

2.28

An analysis o f these data suggests that i f  labour is 

normal, the l iv e r  suffers no add itiona l s tra in  on toxaemic

cases,/
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cases, but i f  labour is  prolonged metabolism seems to be 

affected more adversely in  -a toxaemie than in a non-toxaemic

pregnancy with sim ilar prolongation of labour. Thii has an

i '■'i
. .■j

important significance in  the management of dystocia com

p lic a tin g  pregnancy toxaemias.

41X41113 IN  n iX R ^ R IT M  H i ^ EB-SCL M ^ T I l  SUBJBTj

' Tables 91 and 92 show the values of alkaline phosphatase 

obtained in  th is  series of 51 cases on the fourth day of 

puerper ium.

Group 1 -  In  normal labour the average a lkaline phosphatase 

in 39 cases of pre-eclampsia was found to be 16.74 units per 

cent., 3. Ib 3. 00. Oompared with the correspond ing series of 

normal cases th is  value is  high and on s ta t is t ic a l  ana lys is  

appears to be s ig n ifica n t. In  the normal series 45.4 per 

cent, of the values in  the puerper ium were above the mean 

average. In  the toxaemie series 55.4 per cent, of the 

values occupied a s im ila r position. The f a l l  in  the a lka line  

phosphatase leve l in  the immediate puerperium amounted to

23.2 per cent, o f the p re -p a rtu ritio n  value in normal cases, 

and 19.4 per cent, in  toxaemia. This difference is s ig n if ic  

Group 2 -  %en labour was-prolonged beyond 43 hours, the

average value on the fourth puerperal day was found.to be

26.10 un its  per c e n t.; S.D.3.40. T^is value is higher than 

that in  Group 1 and the difference is s ta t is t ic a lly  

s ig n ific a n t. Unlike .normal patients the values, obtained in 

the immediate puerperiumv of * pre-eolamp tic-. patients, are 

s ig n if ic a n tly /



s ig n if ic a n tly  higher than those before the commencement of 

labour. On su p e rfic ia l examination th is  may be interpreted 

as a manifest at ion of a persistent hepatic dysfunction.

I f  however th is  gradient o f f a l l  is  measured from the highe 

leve l attained during labour, i t  is  seen that the rate of 

decline in toxaemia is  only s lig h t ly  less than that ‘in 

normal cases. The values obtained from such a cn lcu ls ti on 

sr e ' -~

In  normal Labour -i
-L.

39.6 per cent, in  normal pregnancy 
and 36. 3 per cent in  toxaemias.

9. In  prolonged Labour -

33.2 per cent, in  normal pregnancy 
and 2-9.? per cent, in  toxaemie pregnancy.

I t  is evident tha t the ra te  of recovery from the e ffects  o f

toxaemia, so far as the hepatic functions are concerned, is

sa tis factory once the underlying cause is  removed.

3, ECLAMPSIA

At the time o f admission the phosphatase content of

the plasma in  18 cases o f eclampsia varied from 20.0 to 30.3

units  per cent., the average being 25.02; S.P.3.33. This

is  3,42 un its  per cent, higher than that in pre-eclampsia

and the d ifference is s ig n ific a n t. Three patients in  th is

series (Table 93) were examined 1 to 3 days before the

eclampsia developed. The average a lka line  phosphatase in

these' cases was 19*76 units per cen t.; 5.D, 1.21 before the 
- ^   ̂ C v ib b , * % -£•>• ionset of fits*'" The convulsions caused the phosphatase to 

increase/
1 W - - - ’ 1* J



599 ..
increase to 24.86 un its ; 3,2.2.33. This is s ta t is t ic a l ly

Table 93
s i g n i f i c a n t

7T^£Z f  
jcon- IIo . o f  c o n v u l s i o n s .

No. ;vulsi?ei 1 ” 2 r  3 4 I  5 'y 6 ’ 7

iC
D

1. 1 30.6 03.5

CO«
VOcw - i - -

2. A. j 13.5 p i . 8 - - - - - -

3. H. i 20.2 |20.8r 1 21.0 - : 24. 5 - 26. 0 - 3.0* 0

4. 2. S -  - 23. 7 30.3 32.4 35.7 - - -

5. LIcK. |
1 1

- 13. 6 19. 5 
_______

20. 0 23.4 29. 8 84. 0

In 9 cases in  th is  series the convulsive stage persisted 

fo r more than one day a fte r admission. On the f i r s t  day the 

average phosphatase content was 24.91 units per ICO ml. ;

3.3. 1.25. On the second day of the convulsive stage th is 

rose to 32. 64 un its per cent.; 3.3. 2.98. The minimum value 

in these cases increased from 20.0 to 2.3.8 with the 

persistence of the convulsive stage and the maximum chan pod 

from 30.3 to 3 9.7.

•'There were 3 deaths in th is  series. Estimation o f 

phosphatase was done in  these cases 6 to 16 hours before 

death. The a lka line  phosphatase contents o f the plasma in 

these three cases were 39.4, 39.-5 and 39.7 units per ICC ml. 

respective ly, but 24 hours before oeath the corresponding 

values were 29.8, 35.9 and 21.8 units per cent, resoectivel2/.

With the cessation of convulsions phosphatase level . 

diminished or oppressively, by the second day of convalescence

i t  came down to 19*66 units per ICC ml. ; S.9. 3 .2o wito a
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*«*TS.
30

BEFORE du r in g

Alk aline  P h o spha ta se .

AFTER

F i g .  5 7 .  P la s m a  a l k a l i n e  p h o s p h a ta s e  i n  e c la m p s ia ,  s h o w in g  

t h e  c h a n g e s  i n  t h e  p h o s p h a ta s e  l e v e l  i n  t h e  p r e - c o n v u l s i v e ,  

c o n v u ls i v e  a n d  t h e  c o n v a le s c e n t  s ta g e s  o f  t h e  d is e a s e .

A l k a l i n e  PHOSPHATASE.

4 -1 6  HRS.

1 FITS 16 b e f o r e  death.

F i g .  5 8 .  P la s m a  a l k a l i n e  p h o s p h a ta s e  i n  e c la m p s ia  i n  r e l a t i o n  

t o  t h e  n u m b e r  o f  c o n v u l s i o n s .  T he  s m a l l  n u m b e r o f  c a s e s  i n  e a ch  

g ro u p  d o e s  n o t  show  a n y  d e f i n i t e  c o r e l a t i o n ,  w h ic h  i s  b e t t e r  

d e m o n s t r a te d  i n  t h e  f o l l o w - u p  s t u d y  o f  t h r e e  c a s e s  d e s c r ib e d  

i n  t h e  t e x t .



range of variation from 12.4 to 24.5 units per cent. Normal 
values were restored in a ll oases in  the third week of 
convalescence.

A study of the re la tionsh ip  between the number of 

convulsions in  eclampsia and the alkaline phosohatase level 

was found to be d i f f ic u l t  because of the ind ividual va ria tion  | 

in  the values in  the pre-convulsive stage. ’*/e had the jj

opportunity of examining the blood in  3 patients who came j
under observation during pr e-ecl smpsia and in 2 others at j

frequent in te rva ls  (immediately after convulsions) and these I
j

resu lts are presented in Table 93. !

I t  w i l l  be seen that with frequent convulsions, the ]

phosphatase content of the plasma rises. The extent of

th is  however, does not seem to be d ire c tly  related to the t1
number of convulsions. Thus, in B. a fte r 2 f i t s ,  phosphatase |

level rose by 6.2 units above the in i t ia l  pre-convulsive j
value. In  H. a fte r the same number of f i t s  the amount of ;

increase was Less than 1 unit per cent. Again, between the ]

second and the fourth convulsion the increase in phosphatase •'! j

was by 3.7 un its  per cent, in  one patient (2 .) , and only 3.5 j

units in another (H. ).

. C K A T . T W i  ^ H O S P H A T A S B  & L A B O U R  I N  30L A T 3I A  j
In  order to avoid the in te rfe rin g  influence o f in tra -  j

partum convulsions 5 cases of antepartum eclampsia were j

studied to ascertain the manner in  which the plasma alkaline
. , . . hi : ,; pi

phosphatase le ve l was affected by an immediately preceding >]

eclamptic/
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e c la m p tic  s ta te . In  no p a tie n t d id  th e  last, convu ls ion  

occur 6 to  8 hours before  the  onset o f  labou r. The d u ra tio n  

of la b o u r d id n o t exceed 23 hours* The re s u lts  are nresented

in  ta b le  94.
Table 94

* -- t
I

• -h o #

-̂L J- XI
Convulsive

3tao;e F ir s t  Stance

i-OS pci J. CC JILL.

Second 8 tame

1 .  Dili* (5 ) 24. 8 29.3. 33.7

U  T̂ v. (4 ) 30.8 38.5 41.6

3. (3 )' 26.8 29.4 43. u

4. 7s. (7 )' 35.7 36.7 45. o

5. "07. U ) . 83,3 29.6 44. 5

Average 29.33 31.50 4 2 . 5 6

8- ^ ■-J *  • 2. 69 2. 53 . 58
—4

*  F igu res  in  pa ren thes is  in d ic a te  th e  number of
convu ls ions.

U n like  the two preceding types o f cases a lready discussed j 

la b o u r, even o f  normal d u ra tio n  fo llo w in g  soon a fte r  an 

ec lam p tic  s ta te ,  is  associa ted w ith  a marked increase in  

phosphatase le v e l o f the plasma. This increase becomes 

ev iden t even in  the e a r l y  f i r s t  stage o f la b o u r, w h ic h  in  

th is  se rie s  amounted to 2 . 1 2  u n its . 'The onset o f second st^ge 

was assoc ia ted  w ith  a considerab le  r is e  in  the phosphatase 

le v e l.  The n e t in c re ase , compared w ith  the value obtained 

before la b o u r, variad^bjetweeir,9*3 (Ds. ) and 16*~2 ~(R# ) u n its  - 

per c e n t . ,  the average be in g  13.18 u n its  per 100 ml., 3. U. 3.25



T h i s  i n c r e a s e  a m o u n ts  t o  4 4 , 5  p e r  c e n t ,  o f  t h e  i n i t i a l  a n t e 

p a r tu m  v a lu e .  I t  t h u s  a p p e a r s  t h a t  t h e  i n c r e a s e d  m e t a b o l i c  

s t r a i n  c a u s e d  b y  l a b o u r ,  e ven  o f  n o r m a l  d u r a t i o n  im m e d ia t e l y  

f o l l o w i n g  e c l a m p s i a ,  i s  c o n s i d e r a b l y  m ore t h a n  t h a t  c a u s e d  

by l a b o u r  i n  p r e - e c l a m p s i a .  T h i s  o b s e r v a t i o n  i s  i n  c o n f o r m i t y  •

w i t h  w h a t  we a l r e a d y  o b s e r v e d  i n  c o n n e c t i o n  w i t h  b i i i r u o i n

e x c r e t i o n  t e s t .  The im p o r ta n c e  o f  t h i s  l i e s  i n  t h e  ■

o b s t e t r i c  m anagem ent o f  a c a s e  o f  e c l a m p s i a .  j

4 ,  i ^ p i K i T i s  T i i n j g A T T N q  p y p / i w r o v  j

T h e r e  w e re  3 c a s e s  i n  t h i s  s e r i e s .  A i l  o f  them, had a I

h i s t o r y  o f  a r e n a l  d is e a s e  and showed a lb u m in  and c a s t s  i n  

th e  u r i n e .  U re a  c l e a r a n c e  was i n  a l l  c a s e s  b e lo w  6 c p e r  cen t. ;  

A i l  c a s e s  w e re  be tw een  3 3  and 3 6  weeks o f  g e s t a t i o n .  The 

r e s u l t s  a r e  s u b m i t t e d  i n  T a b le  9 5 . *

T a b le  9 5

ho.. ^ a r  i t v
B lo o d
P r e s s u r e

A lb u m in  
B s b a c h  .

U re a  1 
C le a ra n c e  

p e r  c e n t .

A l k a l i n e  
H io s p h a  ta s e  
U n i t / 1 00 m l.

2 1 6 0 /9 4 9 . 60 1 1 .0

3. M. 1 1 4 5 / 3 5 3 54. 5 1 0 . 7

3 .  K. 3 1 7 5 /1 0 0  ' 3 ' 4 -6 .2 1 3 . 3  ;

4 .  \ e >
'■■J 1 3 3 / 8 5 4 5 0 . 5 9 . 8  |

5 . M o l .
~U

4 1 6 0 /1 0 0 2 5 2 .3 1 1 .5

6 . 3 . 1 1 4 3 /9 3 3 5 5 .8 13. 0

?* H. 2 1 5 0 / 9 0 2 4 9 . 7 1 1 .8

3 . 3 . 2 1 6 0 /9 5 4  . 5 3 . 4 1 2 .1

'  . •• t

Average 1 1 .5 1



rPhe a v e r a g e  a l k a l i n e  p h o s p h a ta s e  o f  t h e  p la s m a  i n  t h i s  

s e r i e s  was 1 1 .  5 1 ;  3 .D .  1 * 3 4  w i t h  m in im um , and maximum v a lu e s  

o f  9 . 3  and  1 3 . 3  u n i t s  p e r  1 00  m l .  Compared w i t h  n o r m a l  

p r e g n a n c y  a t  t h e  c o r r e s p o n d i n g  p e r i o d s  o f  g e s t a t i o n  th e  

d i f f e r e n c e  i n  t h e  a v e r a g e  i s  s l i g h t  and n o t  s i g n i f i c a n t .

N e i t h e r  t h e  l e v e l  o f  b lo o d  p r e s s u r e  n o r  t h e  d e g re e  o f  r e n a l  

damage as  m e a s u re d  by  a l b u m i n u r i a  and u re a  c le a r a n c e  seemed ;

t o  a f f e c t  t h e  p h o s p h a ta s e  l e v e l  i n  th e s e  c a s e s .  !
!

5. ESSBHPIAh HY^EhTBNSIO h  A T ' m B l h A h lY  j
T e n  c a s e s  w e re  e x a m in e d  i n  t h i s  s e r i e s .  A l l  o f  th e m  !

w e re  know n t o  h a v e  h y p e r t e n s io n -  b e f o r e  t h e  o c c u r r e n c e  o f  ;nJ x

n r e s n a n c v .  TJo c a s e  w i t h  a b n o rm a l u re a  c le a r a n c e  was i n c lu d e d  :*  C-/

i n  t h i s  s t u d y .  A H  cases, b e lo n g e d  t o  3 8 - 3 6  weeks o f  

p r e g n a n c y .  :'he r e s u l t s  a r e  p r e s e n t e d  i n  " -a b le  9 6 .  -i

The  a v e r a g e  v a lu e  o f  a l k a l i n e  p h o s p h a ta s e  i n  e s s e n t i a l  ;

h y p e r t e n s i o n  c o m u l i c a t  i n g  o re g n a n c y  was 1 3 .0 7  u n i t s  p e r  .LOU jv X X CO X ' — J  X

m l.  p la s m a ;  S . D . 2 . 3 0 .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  3 ;
i

p a t i e n t s  h ad  m o re  a l b u m i n u r i a  (S .  ,3 *  ,&  0 . )  t h a n  th e  r e m a in in g  j
i

c a s e s  and i n  t h e s e  c a s e s  h ig h  v a lu e s  w e re  o b t a in e d ,  l e t ,  j
;

t h i s  a l b u m i n u r i a  was n o t  r e l a t e d  t o  t h e  d e g re e  o f  o r g a n i c  1

r e n a l  i n v o l v e m e n t  as  t h e  r e s u l t s  o f  u re a  c l e a r a n c e  i n d i c a t e .

I t  a p p e a r s  t h a t  some c a s e s  o f  e s s e n t i a l  h y p e r t e n s i o n  a re  

a s s o c i a t e d  w i t h  f u n c t i o n a l  d i s t u r b a n c e s  d u r i n g  p re g n a n c y  w h i c n - 

a re  s i m i l a r  t o  t h o s e  f o u n d  i n  p r e - e e l .ampsia?. . ,
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Table 96

h o . ^ a r i t v

------ - .....
B lo o d
P r e s s u r e

A lb u m in
(E s b a o h )

U re a  
01 e a ra n c e  
p e r  c e n t .

I A l k a l i r p  

j P h o s p h a ta s e  
U n i t s / 1 0 0  m i .

1 .  o * 1 3 0 0 /1 3 0 3 ' 9 4 . 5 14. 2

O  T>/Q. 1 * 2 1 8 0 /1 2 0 2 1 13 . 0 11 . 6

3 . B, 2 2 1 0 /1 3 5 6 91 .  6 16. 5 i

4 . .  McD. 1 1 9 5 /1 2 0 1 9 9 .5 1 1 .0

5. PICK. 1 1 9 0 / 1 1 5 L 1 0 4 . 5 1 0 .7  j

6 . K. 1 1 3 5 /1 1 0 - • 1 0 0 ,5 1 2 .0  ]

7. H. 2 1 9 0 /1 2 0 9 7 . 6 9 .3

8 . .  P r . 1 2 0 0 /1 2 0 1.5 9 3 .5 1 0 .6  j

9, J . 1 2 0 0 /1 1 0 1 I 1 0 2 .3 1 0 . 4

10 . 0. 3 1 3 3 /1 1 5 4 ! 1 0 9 .4 1 4 .5  ;

A v e ra g e 1 2 .0 7  j

#■ 3. D. 2 .3 0  j

s e r i e s .  The d a t a  a r e  p r e s e n t e d  i n  T a b le  97 .  I n  4 ease s  i n  

t h i s  s e r i e s  p h o s p h a ta s e  was e s t i m a t e d  som e tim e  b e f o r e  th e  

c o m p l i c a t i o n  d e v e lo p e d ,  and t h e s e  h a v e  been  i n c lu d e d  m  th e  

t a b l e  i n  o r d e r  t o  p r o v i d e  a c o m p a r is o n .

a h e  a v e r  age a l k a l i n e  p h o s p h a ta s e  i n  t h i s  s e r i e s  was 

3 0 .5 7  u n i t s  p e r  c e n t . ,  5 .  ,D«. 6. 05# I n d i v i d u a l  v a lu e s  h o w e v e r ,  

p r o v i d e ' a n  i n t e r e s t i n g  s t u d y  when t h e  d e g re e  o f  s h o c k  ta k e n  

i n t o  c o n s i d e r a t i o n ,  p o u r  p a t i e n t s  i n  t h i s  s e r i e s  d e v e lo p e d

r r h a g e



8 . 9 .  0 .6 7 ^  w h ic h  i s  a lm o s t  s i m i l a r  t o  the  v a lu e  o b t a in e d  

i n  p r e - e c l a m p s i a *  T h r e e  c a s e s  who d e v e lo p e d  some am ount o f

T a b le  9?

Be l o r e  x  
H senior r h  a^e

l u r i n g  
Haemor rh a g e

r  .....
! S hock

1 . \ 1 9 . 6 ♦  ^

2 . M. - 3 3 . 3

3 . D. 1 :3 .9 39.5 ♦  +

4. ?. - 1 6 . 8 ±

5. B. - . 15.9 0

6 . M o l . - 1 7 ,3 f

7 .  MoV. 1 7 . 0 +

3 . O ' " . ‘ ‘ 1 5 . 1  • “ ’ 1 5 , 5 t

9 . ;::c k . 14.7 27.4 h  +

1 0 v »nJLW, 1 6 .3 1 6 . 5 0

A v e ra g e 1 5 . 0 2 0 .3 7

Q T>'.-J »; J 0 1 . 0 8  - 6 , 0 5 i

5f O n ly  v a l u e s  o b t a i n e d  w i t h i n  73 h o u r s  b e f o r e  th e  
. v o f  h a e m o r rh a g e  a re  i n c l u d e d .

o n s e t

s h o c k  as a r e s u l t  o f  th e  h a e m o r rh a g e ,  had  a p h o s p h a ta s e  

c o n t  e n t  v a r y i n g  f r o m  1 7 ,  0 t o  1 9 .6  u n i t s  p e r  c e n t .  The a v e ra g e  

o f  1 7 , 9 6 ;  '"£LD*' •̂"'51V c o m p a id  w i t h  the pre-haemorrhagio level 
i n d i c a t e s  a s i g n i f i c a n f 1' i T & v e a s § , ; 1 ! h e  r e m a in in g  3 cases 
i n  th e  s e r i e s d e v e l o p e d  moderate o r  s e v e r e  degree o f  shock

3 .W S  3

bex&&e
r  -r



before haemorrhage, and alm ost approaches that ' o f the most 

severe form o f eclam psia.

OPULENT 5
i l l  s tu d ie s  on plasma a lk a lin e  phosphatase in  normal, 

pregnancy in d ic a te  th a t d u r in g  the f i r s t  s ix  months o f 

pregnancy va lues do no t dev ia te  from norm al. The f i r s t  

appearance o f abnormal va lu e s  is  ev iden t in  the seventh 

month o f pregnancy. D uring  the subsequent weeks the  r is e  i t  

phosphatase le v e l is  no t on ly  m ain ta ined but is  in fa c t  

enhanced. Th is has been c le a r ly  shown in  the presen t s e r ie s
i

and a lso  in  those re p o rte d  by iayla and Dabre (24, 1935), 
Meranze et al (4., 193?), yerme^hren {25, 1939), Sodansky 
(5 , 1939) and Hoch and Darrach (? , 1948). Comparison of 
the a c tu a l va lu es  obta ined by us w ith  those of most of these 

authors is however not possible because of d if fe r e n t  u n its  

o f measurement employed. In  a s e r ie s  o f  220' cases be long ing  

the la s t  3 weeks o f pregnancy presented by loung , K ing , Tend 

and D ootton  (6,-1946) the a ve ra g e -a lka lin e  phosphatase le v e l 

o f the  plasma was 10,4 u n its  per cent, hr an th e  ligures 
supp lied  by Hoch and Marrach who a lso  employed th e  sase u n it  

o f measurement the phosphatase le v e l of the plasma between 

2? weeks'and term appears to  be 11.3 u n its  pgr ICu m l. pur 
f in d in g s  using  a s im ila r  method agree with these findings*

The cause o f ' t h i s  sudden increase  in  a lk a lin e  

phosphatase however, has in s p ire d  s e v e ra l in te re s t in g  

hypotheses. Thus, F: am say, T h ie r ens end liagee (26,1933" 

observed/
i



o b s e rv e d  t h a t  t h e  h i g h  p h o s p h a ta s e  l e v e l  i s  p r o b a b l y  

a s s o c i a t e d  w i t h  d i s o r d e r e d  c a l c i u m  and p h o s p h o ru s  m e ta b o l is m  

i n  p r e g n a n c y .  P o s s i b i l i t y  o f  a " p a t h o g e n i c  o r  a p o t e n t i a l l y  

p a t h o l o g i c  s t a t e  o f  bone m e t a b o l i s m  i n  m o th e r  o r  f o e t u s "  

i s  n o t  e x c lu d e d  by M e ra n ze  e t  a l  ( 4 ,  1 9 3 7 ) .  B o d a n s k y  ( 5 ,  

1 9 3 9 )  s u g g e s t s  a n  in c r e a s e d  p a r a t h y r o i d  f u n c t i o n  to  be 

r e s p o n s i b l e  f o r  h i g h  p h o s p h a ta s e  v a lu e .  Y oung  and c o - w o r k e r s  

( 6 , 1 9 4 6 )  s u g g e s te d  t h a t  th e  h i g h  m a t e r n a l  p h o s p h a ta s e  c o u ld  

be a s s o c i a t e d  w i t h  i n f a n t i l e  r i c k e t s  and d e f i c i e n t  c a l c i u m  

m e ta b o l is m . .  T h e s e  t h e o r i e s  a re  based  on in a d e q u a te  d a t a .

E b b s  and S c o t t  ( 2 7 ,  1 9 4 0 )  fo u n d  h ig h  p h o s p h a ta s e  v a lu e s  

i n  t w i n  p r e g n a n c y .  M e ra n ze  e t  a l  ( 4 ,  1 9 3 7 )  a l s o  made a 

s i m i l a r  o b s e r v a t i o n ,  and r e c o r d s  a c a s e  o f  t r i p l e t s  w h e re  

t h e  p h o s p h a ta s e  l e v e l  was e v e n  h i g h e r .  Our f i n d i n g s  a re  n o t  

i n  a c c o r d a n c e  w i t h  t h e s e  b u t  a g r e e  r a t h e r  w i t h  t h a t  o f  Y o u n g ,  

K in g ,  Wood and W o o t to n  ( 6 , 1 9 4 6 ) .  There were 4 c a s e s  o f  t w i n  

p re g n a n c y  i n  o u r  s e r i e s .  The a v e r a g e  p h o s p h a ta s e  was 1 2 .3 4  

u n i t s  p e r  c e n t .  , w h ic h  i s  n o t  any h i g h e r  t h a n  t h a t  i n  s i n g l e  

p r e g n a n c ie s .

T he  w o r k  o f  l i v e n s  and Macv ( 2 ,  1 9 3 3 )  and o f  o t h e r

i n v e s t i g a t o r s  on  m a t e r n a l  m e ta b o l is m  d u r i n g  p re g n a n c y  cu c o r n y  

i n d i c a t e  a h i g h  f o e t a l  demand f o r  m i n e r a l s ,  e s p e c i a l l y  

c a l c i u m  a n d  p h o s p h o ru s  d u r i n g  t h e  l a s t  t r i m e s t e r  o f  g e s t a t i o n .  

T h i s  i s  r e l a t e d  among o t h e r  t h i n g s  t o  t h e  d e p o s i t  and f o r 

m a t i o n  o f  o s s e o n s  t i s s u e  i n  t h e  f o e t a l  s k e l e t o n .  The f o e t u s
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th e  p h o s p h a t a s e  c o n t e n t  o f  t h e  c o r d  b lo o d  i n  91 n o r m a l  n e w 

b o rn  b a b ie s .  The  p h o s p h a ta s e  c o n t e n t  o f  t h e  u m b i l i c a l  b lo o d  

v a r i e a  f r o m  3 * 0 ,  t o  6 *1  u n i t s  p e r  c e n t ,  w i t h  an  a v e r a g e  o f  

4 .6 7  u n i t s  p e r  1 0 0  m l ,  ; 3. D* 1 .9 1 ,  T h i s  i s  e x t r e m e l y  lo w  

c o n s i d e r i n g  t h e  h ig h ,  l e v e l  o f  o s t e o b l a s t i c  a c t i v i t y  i n  t h e  

f o e t u s .  U n d e r  s u c h  c o n d i t i o n s  a c o m p e n s a to ry  m e c h a n is m  

u s u a l l y  d e v e lo p s  i n  t h e  m o t h e r , w h e re b y  t h e  f o e t a l  r e q u i r e 

m e n ts  c a n  be m e t a s  and  when n e c e s s a r y .  A l o w  p h o s p h a ta s e  

c o n t e n t  o f  t h e  f o e t a l  b lo o d  has been  o b s e rv e d  a l s o  by 

■Stearns and  ‘Warweg ( 9 8 ,  1 9 3 3 }  and M eranze  and c o - w o r k e r s  ( 4 ,  

1 9 3 7 ) .  E x a m i n a t i o n  o f  t h e  p l a c e n t a l  t i s s u e  f o r  h i s t o -  

c h e m ic a l  r e a c t i o n s  f o r  p h o s p h a ta s e  shows t h a t  t h e r e  i s  an 

a p p r e c i a b l e  d i f f e r e n c e  i n  t h e  p h o s p h a ta s e  c o n t e n t  o f  t h e  

c h o r i o n  b e tw e e n  e a r l y  and l a t e  m o n th s  o f  p re g n a n c y .  Jn  v ie w  

o f  t h e s e  f i n d i n g s  we b e l i e v e  t h a t  t h e  h ig h  l e v e l  o f  m a t e r n a l  

p h o s p h a ta s e  i s  an e x p r e s s io n  o f  t h e  p h y s i o l o g i c a l  demands 

made by  t h e  f o e t u s  on  t h e  m o th e r .

The i n c r e a s e  o f  p h o s p h a ta s e  i n  to x a e m ia  o f  p r e g n a n c y  

h o w e v e r  d o e s  n o t  a p p e a r  t o  be i n  any  way r e l a t e d  t o  t h i s  

p h y s i o l o g i c a l  p r o c e s s .  R e fe r e n c e  h a s  a l r e a d y  bebn  made t o  th e j  

w o rk  o f  v a r i o u s  i n v e s t i g a t o r s  who c o n s i d e r  t h a t  p re g n a n c y  

t o x a e m ia s  a r e  a s s o c i a t e d  w i t h  some d e g re e  o f  h e p a t i c  

d y s f u n c t i o n .  Q cr own s t u d y  - o f  b i l i r u b i n  e x c r e t i o n  s u p p o r t  

t h i s  h y p o t h e s i s .  The i n c r e a s e  i n  t h e  p h o s p h a , t$ s e % ;a I |p M  

f r o m  1 9 . ^ 4  u n i t s  , | n , n o r m a l  p r e g n a n c y  t o  i S .
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T h a t  t h e  i n c r e a s e  i n  p la s m a  p h o s p h a ta s e  i n  e c la m p s ia  and 

p r e - e c l a r n u s i a  i s  r e l a t e d  t o  t h e  to x a e m ia  i s  f u r t h e r  show n  by  

t h e  c h a n g e  b r o u g h t  a b o u t  by  a l t e r a t i o n  i n  t h e  c l i n i c a l  

c end i t  i o n  o f  t h e  p a t i e n t *  I n  t h i s  c o n n e c t i o n  i t  i s  i n t e r 

e s t i n g  t o  o b s e r v e  t h a t  n e i t h e r  n e p h r i t i s  n o r  co m p e n s a te d  

e s s e n t i a l  h y p e r t e n s i o n  c o m p l i c a t i n g  p r e g n a n c y  ca use s  a n y  

p a t h o l o g i c a l  i n c r e a s e  o f  p la s m a  p h o s p h a ta s e .  D e co m pe n sa te d  

h y p e r t e n s i o n  h o w e v e r  shows a re s p o n s e  somewhat s i m i l a r  to  

t h a t  f o u n d  i n  p r e - e c l a m p s i a .  D e t e r m i n a t i o n  o f  a l k a l i n e  

p h o s p h a ta s e  as an a id  t o  d i a g n o s i s  i n  a composd te  g ro u p  o f  

t o x a e m ia s  o f  p r e g n a n c y  i s  t h u s  n o t  w i t h o u t  l i m i t a t i o n s .  I n  

j u d g i n g  th e  c l i n i c a l  c o u r s e  o f  t h e  d is e a s e  h o w e v e r  e s t i m a t i o n  

o f  p h o s p h a ta s e  seem s t o  be o f  c o n s i d e r a b l e  v a lu e .

I n c r e a s e  o f  p la s m a  p h o s p h a ta s e  i n  a c c i d e n t a l  h a e m o rrh a g e  

seems t o  be a s s o c i a t e d  w i t h  a s t a t e  o f  d e ra n g e d  h e p a t i c  

f u n c t i o n .  H a e m o r rh a g e  i n  a b s e n c e  o f  s h o c k  does n o t  a p p e a r  

to  a l t e r  t h e  p h o s p h a ta s e  c o n t e n t ,  t o  any a p p r e c ia b l e  e x t e n t .

I t  i s  o n l y  w h e n  a c c i d e n t a l  h a e m o rrh a g e  i s  a t t e n d e d  w i t h  s h o c k  

t h a t  a m a rk e d  i n c r e a s e  o f  t h e  p h o s p h a ta s e  o c c u r s *  S h o c k  i s  

a t t e n d e d  w i t h  a f a l l  o f  b lo o d  p r e s s u r e ,  d im in i s h e d  o x v g e r -  

a t  i n g  c a p a c i t y  o f  t h e  b l o o d ,  and v a s c u l a r  spasm. These 

f a c t o r s ,  s u p e r im p o s e d  on a p r e - e x i s t i n g  v a s c u l a r  spasm 

c a u s e d  b y  t o x a e m ia ,  u n d e rm in e s  t h e  f u n c t i o n a l  e f f i c i e n c y  o f  

th e  l i v e r  c e l l s .  The h i s t o l o g i c a l  c h a n g e s  i n  t h e  l i v e r  i n  

s h o c k  d e s c r i b e d  b y  D a v id s o n  and c o - w o r k e r s  ( 9 9 ,  1 9 4 6 )  and 

th e  e x p e r i m e n t a l  o b s e r v a t i o n  made by  E n g e l ,  . H a r r i s o n  and
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L o n g  ( 3 0 ,  1 9 4 4 }  on  t h e  e f f e c t s  o f  a n o x a e m ia  on l i v e r  c e l l s  

o f f e r  am p le  s u p p o r t  t o  t h i s  s u g g e s t i o n ,

S u f f i c i e n t  a t t e n t i o n  h a s  n o t  been p a id  t o  t h e  e f f e c t  

o f  l a b o u r  on  a l k a l i n e  p h o s p h a ta s e ,  h fe ranze  e t  a l  ( 4 , 1 9 3 7 )  

m e n t i o n  t h a t  t h e y  o b s e r v e d  an in c r e a s e  o f  p h o s p h a ta s e  l e v e l  

d u r i n g  a c t i v e  la b o u r * * .  O u r  i n v e s t i g a t i o n  i n d i c a t e s  t h a t  

t h i s  i n c r e a s e  i s  r e l a t e d  t o  t h e  d u r a t i o n  o f  l a b o u r ,  Ylhen 

l a b o u r  i s  p r o l o n g e d  t h e  p h o s p h a ta s e  l e v e l  i s  a b n o r m a l l y  h i g h .  

L a b o u r  i s  a t t e n d e d  w i t h  p r o lo n g e d  m u s c u la r  c o n t r a c t i o n  and 

i n c r e a s e  o f  i n t r a - a b d o m i n a l  p r e s s u r e .  T h e s t r a i n  o f  t h e s e  

f a c t o r s  on  th e  m e t a b o l i c  f u n c t i o n s  *o f t h e  l i v e r  are 

a p p a r e n t l y  r e s p o n s i b l e  f o r  t h e  h i g h  v a lu e s ,  f o r  p h o s p h a ta s e  

o b t a i n e d  d u r i n g  l a b o u r ,  e s p e c i a l l y  when i t  i s  p r o lo n g e d .

The e f f e c t  o f  t h i s  i s  g r e a t e r  i n  p re s e n c e  o f  t o x a e m ia ,  w he re  

th e  h e p a t i c  e f f i c i e n c y  i s  a l r e a d y  b e lo w  n o n n a l  e v e n  b e f o r e  

th e  com m encem ent o f  l a b o u r .  The a  g n i f i c a n c e  o f  t h i s  c a n  

be a p p r e c i a t e d  i n  t h e  l i g h t  o f  t h e  v i v i - p e r f u s i o n  e x p e r im e n ts  

o f  F r a n k ,  S e l ig m a n  and F in e  ( 3 1 ,  1 9 4 6 ) .  These a u t h o r s  

d e m o n s t r a te d  t h e  I m p o r ta n t  p a r t  p la y e d  by t h e  l i v e r  i n  

p r e v e n t i n g  i r r e v e r s i b l e  ch a n g es  i n  s h o c k .  The f i n d i n g s  

d e s c r i b e d  a b o v e  i n d i c a t e  a t  l e a s t  one o f  t h e  r e a s o n s  why a 

p a t i e n t  s u f f e r i n g  f r o m  p r e g n a n c y  to x a e m ia  i s  m ore  s u s c e p t i b l e  

t o  o b s t e t r i c  s h o c k .  T h e ' im p o r t a n c e  o f  t h e s e  o b s e r v a t i o n s  

i i i  t h e  m anagem ent o f  l a b o u r  i n  a c a s e  o f  p r e - e c la m p s ia  o r  

e c la m p s ia  i s  o b v i o u a .

I QIiCLF 31 OHS
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F o r m a l  p r e g n a n c y  i s  a t t e n d e d  w i t h  a r i s e  i n  p la s m a  

a l k a l i n e  p h o s p h a ta s e . ,  T h i s  i s  m os t m a n i f e s t e d  i n  t h e  l a s t  

t r i m e s t e r  o f  g e s t a t i o n .  I t  i s  s u g g e s te d  t h a t  t h i s  in c r e a s e  

i n  p h o s p h a ta s e  o c c u r s  i n  r e s p o n s e  t o .  t h e  p h y s i o l o g i c a l  demands 

o f  t h e  f o e t u s .

^ r e - e c l a n r o s i a  and e c la m p s ia  ca use  an e v e n  p r  e a t e r■*- x o

i n c r e a s e  " in  p la s m a  p h o s p h a ta s e .  I t  i s  s u g g e s te d  t h a t ,  t h i s  

i s  due t o  a d i s t u r b a n c e  o f  t h e  h e p a t i c  f u n c t i o n s  c a u s e d  b y  

to x a e m ia .  l ie  i t  h e r  n e p h r i t i s ,  n o r  u n c o m p l i c a t e d  e s s e n t i a l

h y p e r t e n s i o n  i n  p r e g n a n c y  i s  a s s o c i a t e d  w i t h  a s i m i l a r  change 

i n  p la s m a  a l k a l i n e  p h o s p h a ta s e .  A c c i d e n t a l  h a e m o r r h a g e , 

a c c o m p a n ie d  b y  s h o c k  c a u s e s  a m arked  im p a i rm e n t  o f  l i v e r  

f u n c t i o n s  as  d e t e r m in e d  by t h e  e s t i m a t i o n  o f  p h o s p h a ta s e .  

L a b o u r  a p p e a r s  t o  im p o se  an a d d i t i o n a l  s t r a i n  on th ei. X X

l i v e r ,  e s p e c i a l l y  w hen  i t  i s  p r o l o n g e d .  The s i g n i f i c a n c e  

o f  t h i s  i n  to x a e m ia  o f  p r e g n a n c y  i s  d i s c u s s e d .  The ch a n g e s  

i n  h e p a t i c  f u n c t i o n s  b r o u g h t  a b o u t  by  p re g n a n c y  to x a e m ia s  

a re  r e v e r s i b l e ,  a l t h o u g h  t h e  r a t e  o f  r e s t o r a t i o n  o f  p la s m a  

p h o s p h a ta s e  t o  n o r m a l  l e v e l s  seem t o  be s l i g h t l y  r e t a r d e d  

i n  p r e s e n c e  o f  t o x a e m ia .A.
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3 n g e l ,  P . L . ,  H a r r i s o n ,  A.M. , 
& L o n g ,  O .N .H .  ,

J .E x p .M e d .  1 9 4 4 ,  7 9 ,  9,30 .

31. p r a n k ,  H, A. , S e l ' igm an  , A . M . , J .  01 i n . I n v e s t .  1 9 4 6 ,  2 5 , 2 2 .
: F i n e ,  J .

l1 ‘H i -  - W s  ** *• 1:2
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m i , . s t 't i n v e s t i g a t i o n s ,  w h ic h  h a v e  been done on th e  

b e h a v i o u r  o f  p lasma, p r o t h r o m b in  d u r i n g  p r e g n a n c y ,  a r e  a l l  

r e l a t e d  t o  h a e m o r r h a g i c  d i s e a s e s  o f  t h e  n e w - b o r n ,  and 

p u e r p e r a l  t h r o m b o s i s .  The e f f e c t  o f  p r e g n a n c y  to x a e m ia  on 

th e  p r o t h r o m b i n  c o n c e n t r a t i o n  o f  t h e  b lo o d  and t h e  a b i l i t y  

o f  t h e  l i v e r  t o  p r o d u c e  p r o t h r o m b in  u n d e r  t h e  i n f l u e n c e  o f  

a d d i t i o n a l  V i t a m i n  K i s  n o t  know n. The o n l y  f o l l o w - u p  

s t u d v  i s  t h a t  o f  J a v e r t  and  M a c r i  ( 1 ,  1 9 4 1 )  who o b s e rv e d  

t h a t  i n  t h e  e a r l y  p r e g n a n c y  p la s m a  p r o t h r o m b in  i s  s l i g h t l y  

d e c r e a s e d .  T h e y  a t t r i b u t e  i t  t o  n u t r i t i o n a l  d i s t u r b a n c e s ,  

e .g .  v o m i t i n g ,  w h ic h  a re  p r e s e n t  a t  t h i s  p e r i o d  o f  g e s t a t i o n .  

A c c o r d i n g  t o  t h e s e  a u t h o r s ,  f r o m  t h e  t h i r d  m on th  th e  l e v e l  

o f  p r o t h r o m b i n  s t a r t s  t o  r i s e  b u t  t h i s  i s  i n t e r c e p t e d  by a 

s e c o n d  f a l l  a t  t h e  end o f  t h e  second  t r i m e s t e r .  The maximum 

i s  re a c h e d  d u r i n g  t h e  t h i r d  t r i m e s t e r  o f  g e s t a t i o n  when th e  

a v e r a g e  p r o t h r o m b i n  c o n t e n t  i s  95  p e r  c e n t .  I n  some o f  

t h e i r  c a s e s  as much a s  100  p e r  c e n t ,  c o n c e n t r a t i o n  was 

a t t a i n e d -  O th e r  i n v e s t i g a t o r s  ( 2 , 3 " , 4 )  a l s o  a g re e  t h a t  a t  

t e r m  t h e  c o n c e n t r a t i o n  o f  p r o t h r o m b in  i n  t h e  p la sm a  i s  h ig h .  

One o f  t h e  o b s e r v e r s  ( 2 ,  1 9 4 0 )  s t a t e d  t h a t  t h e  p r o t h r o m b in  

l e v e l  a t  t e r m  may be  as h ig h  as 130  p e r  c e n t ,  o f  n o r m a l .

1. wrem  ^EGhANCY 

In ?? normal cases, belonging to various periods of 
pregnancy the pro thrombin-concentration of the plasma, and 
t h * /
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t h e  r e s p o n s e  o f  p r o t h r o m b i n  t o  i n t r a v e n o u s  i n j e c t i o n s  o f  

20  mgffis. o f  T i t  am i n  K ( S o d iu m  2  m e t h y l  - 1 , 4  n a p h t h o h y d . r o -  

q u iu o n e  d i p h o s p l r o r i c  a c i d  -  s y n k a y v i t )  w as s t u d i e d .  The 

r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  9 3 .  The  e a r l i e s t  c a s e  

e x a m in e d  b v  us  w as one o f  9 w e e k s  m e  on an c v .

T u r i n g  t h e  t h i r d  and s i x t h  m o n th s  of g e s t a t i o n  th e  

p ro  t h r o m b i n  c o n c e n t r a t i o n  show ed  a s l i g h t  t e n d e n c y  t o  d e c r e a s e  

T h i s  h o w e v e r  was n o t  o f  s t a t i s t i c a l  s i g n i f i c a n c e .  The 

l o w e s t  l e v e l  a t t a i n e d  w a s  b e tw e e n  t h e  s e c o n d  a n d  t h i r d  

t r i m e s t e r ,  a f t e r  w h i c h  t h e r e  was a s t e a d y  i n c r e a s e  t o  te rm ,  

i t  t h e  p o i n t  o f  m a x im um  d e c r e a s e ,  t h e  p r o t h r o m b i n  c o n c e n 

t r a t i o n  was 9 . 2  p e r  c e n t ,  l e s s  t h a n  t h a t  i n  e a r l y  p r e g n a n c y ,  

and 13.3  p e r  c e n t ,  b e l o w  t h e  v a l u e  o b t a i n e d  a t  t e r m .  T h e s e  

c a s e s  s h o w e d  t h a t  n r e n r a n c y  c a u s e s  an i n c r e a s e  o f  w r o -±. o */ i.

t h r o m b i n  c o n c e n t r a t i o n  b y  11 . ? p.er c e n t ,  o f  t h e  v a l u e  i n  t h e  

e a r l y  m o n th s  o f  p r e g n a n c y .  The m ax im um  p r o t h r o m b i n  c o n 

c e n t r a t i o n  o b s e r v e d  b y  us  w as 103  p e r  c e n t ,  o f  n o r m a l .  : he  

i n c r e a s e  w h ic h  o c c u r s  d u r i n g  t h e  l a s t  t r i m e s t e r  i s  

s t a t i s t i c a l l y  s i g n i f i c a n t .  T h e  a v e r a g e  a t  t h i s  p e r i o d  was 

8 3 , 4  p e r  c e n t .  ; 3 . T .  6 . 2 5 ,  w i t h  a m in im u m  and m ax im um  ra n g e  

o f  7 4 . 3  and 102 p e r  c e n t .

The  p r o t h r o m b i n  r e s p o n s e  t o  V i t a m i n  K w a s  a b o u t  e q u a l  

t o  t h e  c o n c e n t r a t i o n  o f  p r o t h r o m b i n  i n  t h e  p la s m a .  Up t o  t h e  

f i f t h  m o n th  o f  g e s t a t i o n  t h i s  was a lm o s t  c o n s t a n t  ( 8 3 ,  0 -  3 3 , 4  

p e r  c e n t . ) ,  b u t  a f t e r  t h i s  p e r i o d  t h e r e  w as  a s t e a d y  r i s e  

i n  t h e  r e s p o n s e ,  u n t i l  t h e  n i n t h  m o n t h ,  w hen t h e  m ax im um  

r e s p o n s e /
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r e s p o n s e  to  V i t a m i n  K was o b s e rv e d .  L u r i n g  t h e  l a s t  m o n th  

o f  p r e g n a n c y  t h i s  l e v e l  d i d  n o t  show any v a r i a t i o n .  The 

a v e r a g e  p r o t h r o m b i n  r e s p o n s e  d u r i n g  t h e  l a s t  t r i m e s t e r  o f  

g e s t a t i o n  was 9 4 . 0  p e r  c e n t . ;  S .D . 2 .7 8  with a ra n g e  o f  

v a lu e s  f r o m  8 6 . 5  t o  9 3 . 0  p e r  c e n t .

L a b o u r  was fo u n d  t o  c a u s e  a m arked  i n c r e a s e  i n  p r o 

t h r o m b i n  c o n c e n t r a t i o n . ; . . ^ h i s  was e s t im a t e d  a t  t h e  b e g in n in g  

o f  th e  s e c o n d  s ta g e  ir  c a s e s  o f  n o r m a l  l a b o u r .  C o n t r o l  

v a lu e s  w e re  obtained bvgd'e t e r  m in in g  t h e  c o n c e n t r a t i o n  o f  

p r o t h r o m b i n  imme d ia t e i  a ft  ex t h e  commencement o f  l a b o u r .

The average in it ia l prothrombin concentration in this series 

was 103.4 per cent. ; S.'6# S. 3 (maximum 111.4; minimum 93.2 

per cent. ). Ttie. increase caused by labour amounted to 

38.6 per cent. ; (maximum 42.0; minimum 34.0). The pro

thrombin concentration during labour in this series was, 

average 142.0 per cent,, S.D. 6.7; (minimum 131; maximum 

15,0.9 per cent. )* These values are briefly presented here, 

as they provide useful data for comparison with the effect 

of labour in toxaemia of pregnancy.

2. PBBH3CLAMPSIA 

Prothrombin concentration and response were determined 

in a ll  cases of toxaemia in our series. The average for the 

prothrombin concentration was 65.3 per cent. ; S.P. 9.20 and 

that for the prothrombin response was 60.85; S.D*9.75. 

mild and severe cases deserve separate description.

1. Mild pre-eclampsia (.50 cases).

Prothrombin/



CONCENTRATION RESPONSE 

PROTHROMBIN.

F i g .  6 1 .  P la s m a  p r o  " th ro m b in  c o n c e n " t r a " t io n  a n d  p r o th r o m b in  

r e s p o n s e  t o  v i t a m i n  K i n  n o r m a l p r e g n a n c y ,  p r e - e c la m p s ia  

and  e c la m p s ia .

m
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Prothrombin c one ent rat ion in this series-on admission 

varied from 60*9 to 80.3 per cent. with an; average of 71.1; 
S.D. 6. 05. The average, minimum and maximum values were 
significantly lower than those in normal pregnancy.

The prothrombin response in this group was 67.92; 3.D. 
6.35 with a range of variation of 51. 0 to 80. C per cent. " 
These values also show significant; reduction from normal.

.. The frequency distribution of prothrombin concentration 
and response in mild toxaemias is given in Table. 99.

Table 99
Frequency lild Tdxaemia \\ Severe foxabmia-percent. f 50 cases i 1 (50 cases) All casesNormal P. Gone. P.Pesp. I P. Gone* P.Resp. , P. Gone. P. Re sn
30.1-35 - • ~ 1 V* ' 1

1
35.1-40 -  V 5 - 5

40,1-45 -  . -  . 3 .V 5 3 5
45.1-50 : - . ; — " ■ V ; ' . 6 : 8 6

8

50.1-55 -  - 3  :■ 6 8 6
1 1

55.1-60 1 - , 2  ; 11 12 I B 14
60.1-65 5 A-: v- 9 15 6 20 15
65.1-70 11 m \  8 - - 3 19 23
70.1-75 - ■ m . 10 1 1 23

11

75.1-80 7 6 1 . 7 7
80.1-85 , - - 4

-  J

A v e ra g e 71.12 1 67.92 59.47 53.78 65.3 60.8 1
n

S.D. 5.44 5.13 7.33 8.97 9.20 '10.7 J!
P .E . 3.64

\
3.78 4. 91 6 . 0 1 6.17 7.13

i I. ill
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II. Severe Pre-eclampsia. (50 cases). Prothrombin concen
tration in severe pre-eclampsia varied from 42.0 to 75.0 
per cent, with an average of 59.47 per cent.; S.I). 7.33

The response to Vitamin K was 53.78 per cent, (average)
S.D. 3.97 with a range of values from 34.0 to 80.0.

Comparison of Tables 98 and 99 reveal that toxaemia 
causes a decrease of both prothrombin concentration and 
response, and* affects the range of values in such a manner 
that even the/maximum value in1 severe toxaemia is less than 
the minimum in'normal pregnancy. In spite of some over
lapping of the individual values, the distribution shows a 
distinct shift to the left, which becomes marked in severe 
toxaemias. This change in the values shows statistical 
significance at each stage. The prothrombin response in 
severe pre-eclampsia shows a wider ^testability than that in 
either mild toxaemia or normal pregnancy^ /But quantitatively 
the prothrombin response seems to jsuffer more ‘ffhan the basic 
concentration of' prothrombin in t hie blood. The, redact ion 
of the concentration and response of prothrombin,in severe
toxaemia amounts to 32,7 and 42.3 per cent, of the; values

- * 1
in normal pregnancy. The corresponding decrease In mild 
pre-eclampsia is 19.6 and 30 per cent, respectively.
I I I . l l i n i c a l  0 our se o f  m oxaem ia. /  .

Prothrombin concentration and response reached, in 
general, to the clinical course of toxaemia in the same 
manner as the other tests for hepatic function already 
described./
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d e s c n o e d .  Im p ro v e m e n t  o t  to x a e m ia  was a s s o c ia t e d  w i t h  a n  

i n c r e a s e  i n  b o t h  t h e  c o n c e n t r a t i o n  and re s p o n s e  o f  p r o 

t h r o m b i n  to  V i t a m i n  K. The f o r m e r  was r a i s e d  f r o m  6 6 .7 3  t o .  

3 1 .9 1  p e r  c e n t ,  i n  th e '  c o u r s e  o f  f o u r  w e e k s ,  and t h e  f a t t e r  

ch an g ed  f r o m  5 9 .7 3  to  3 3 . 4 0  p e r  c e n t .  T h e r " a n g e  o f  v a l u e s ,  

h o w e v e r ,  show s  a w id e  d i s t r i b u t i o n  u n t i l  t h e  f i n a l  s ta g e  o f  

im p r o v e m e n t .  The c h a n g e  o f  v a lu e s  j u s t  s t a t i s f i e s  s t a t i s t i c a l  

a n a l y s i s  a t  i n d i v i d u a l  s t a g e s ,  a l t h o u g h  b e tw e e n  th e  f i r s t  and 

th e  f o u r t h  week o f  s t u d y  t h e  v a lu e s  o b t a in e d  show m arked  

s t a t i s t i c a l  s i g n i f i c a n c e ,  ^h e  v a lu e s  o b t a in e d  a t t h i s  s t a g e  

a re  v e r y  n e a r l y  n o r m a l .  ( T a b le  1 0 0 ,  f i g u r e  G2 )• D e t e r i o r a t i o n  

o f  t h e  t o x a e m ia  c a u s e d  a f a l l  i n  b o th  p r o t h r o m b in  c o n c e n 

t r a t i o n  and p r o t h r o m b i n  r e s p o n s e .  The p r o t h r o m b in  e o n c e n -
L  jL  JL

t r a t i o n  d ro p p e d  by  9 .1  p e r  c e n t . ,  and p r o t h r o m b in  r e s p o n s eX 1 f i~ J l  x

by a b o u t  2G p e r  c e n t ,  f r o m  i t s  i n i t i a l  v a lu e  d u r i n g  t h e

c o u r s e  o f  4 w e e k s .  I t  i s  i n t e r e s t i n g  t o ' n o t e  t h a t  w i t h

g r a d u a l  d e t e r i o r a t i o n  o f  t o x a e m ia  t h e  d i s t r i b u t i o n  o f  v ' - l u e s

i n  each g ro u p  t e n d s  t o  g e t  w id e r  ( e s p e c i a l l y  f o r  p r o t h r o m b in
i s

r e s p o n s e ) .  T h i s / t h e  r e s u l t  o f  i n c r e a s i n g  num ber o f  lo w  

v a lu e s  and t h e  p r o g r e s s i v e  d e c re a s e  ,o f  th e  m in im um  in  e a ch  

s e r i e s .  The maximum v a l u e s  a t  each p e r i o d  a re  n o t  a f f e c t e d  . 

u n t i l  t h e  t o x a e m ia  h a s  been  o f  v e r y  l o n g  d u r a t i o n  ( T a b le  1 0 0 ,  

f i g u r e  63 ).
Pu r  a t  i o n  o f  ^ ox aem ia .

\  s t u d v  o f  t h e  b e h a v io u r  o f  p r o t h r o m b in  i n  r e l a t i o n  

to  t h e  d u r  a t  i o n  o f - t  ox  a e m ia ( d a te d  f r  oifi 6 f  i t s

i n i  t i  a l /  “
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Ta b le  100

li ij i

Improved d e te r io ra te d
.... 1:

WV q/A. O# 1

. . . .

8 3 4 1 8 3 4 r
T>’ ♦
Cone, x

6 6 .7 3 - 
6. 80

63 .65* 
7 .86

7*7, 68* 
5.46

31.915
4,49

68. 911 
5 .4 6

60. 0T± 
6 . 45

58.385
6.43.

58.33*
7.341

48. 6 - 
38 .4

43. 5 - 
37, 8

59. 7 -  
39 .0

7 8 , 4 “
93 .0

48. 0 -
30.4

.40, 6“  
30.8

8 3 .9 -  
73. 5

86. 0- 
75. C

Ts / •
R e s p ,  x

5 9 .7 3 - 
7 .69

63,30“  
6.36 i

.

70,685
3.13

33, 405 
8, 0 3

5 9 , 7 0 *
7. -33

5 3 ,4 1 *
3 .39

4 6 .  66 *  
?. 33

40,cd
7 .1 6

• 3 9 .6 -
30 .2

4 4 . 0 -  , 
31 .2

5 0 ,8 - 
81, 5

74, 6 - 
90. 0

34. U“  
30. 0

r '- d;'84/ * O —
30. 0

84. 4 - 
30. 0

84.0“
68.0

L , --- •“ — 1

^  F i g u r e s  r e p r e s e n t ,  A v e ra g e  - 7 r o o a b l e  e r r o r
M in im u m  -  M ax im um .

i n i t i a l  o n s e t )  i n  t h o s e  c a s e s  w h e r e  t h e  d i s e a s e  p e r s i s t e d  o r  

became w o r s e  sh ow s  a m o re  s t r i k i n g  c h a n g e .  The f i g u r e s  a r e  

p r e s e n t e d  i n  T a b l e  1 0 1  and  f i g u r e  6 4 .  T h e r e  i s  a g r a d u a l  

d e t e r i o r a t i o n  i n  b o t h  t h e  c o n c e n t r a t i o n  a nd  r e s p o n s e  o f  

p r o t h r o m b i n  t o  T i t a m i n  K a s  t h e  d u r a t i o n  o f  t o x a e m ia  becom es  

l o n g e r .  The f a l l  i n  p r o t h r o m b i n  c o n c e n t r a t i o n  i n d i c a t e s  

s t a t i s t i c a l  s i g n i f i c a n c e .

T h e . d e e r e a s e  o f  t h e  p r o t h r o m b i n  r e s p o n s e  t o  T i t  a m in  K ,  

i s  m o re  m a r k e d ,  ' " h i s  a f f e c t s  t h e  m in im u m  v a l u e s  m o re  t h a n  

th e  m ax im um  d u r i n g  t h e  f i r s t  t h r e e  w e e k s  o f  t o x a e m ia  o u t  

a f t e r  t h e  t h i r d  w eek  th e  r a n g e  b eco m e s  s m a l le r '  due  t o  a 

d e c l i n e  i n  t h e  h i g h e r  v a l u e s .  The g r a d i e n t  o f  f a i l  o f  t h e  

a v e r a g e  i n c r e a s e s  as t h e  d u r a t i o n  beco m e s  l o n g e r .  TheO ^

c h a n g e  i n  t h e  v a l u e s  sh ow  s t a t i s t i c a l  s i g n i f i c a n c e  a t  e a c h  

s t a g e , /O » I
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stage, uui- c.hi s i n c r e a s e s  markedly when i he t o x a e w ia lias 

p e r  s is te r! fo r  more then th re e  weeks.

Table 101

1 >
i P r o tn . C o n e . D r o th .D e s n .
1 ■

7 k  s. 1 Tv e r  age . o *

i

. M in .  -M ax , A v e ra g e 3 . 1).
i

M in .  -M a x .
i ■ ' ■ ■ ■ . ' ■

1 j 66*7-7

2 j 6 2 .3 5

3 ? 5 7 . 3 5
I1

4 | 5 1 . 0 1 1
)

5 j 4 6 , 3 9  ;

9 .  72

9 .2 2  

9 .5 0  

' 8 , 7 4

5 , 75 i
. . . . -

. . . . . . . .

■ 50. 0 - 3 0 , 4  

4 5 .  0 - 3 0 . 2  

3 8 . 7 - 7 3 . 5  

3 6 . 5 - 7 6 . 0  

3 6 ,  0 -5 6 .  5 j

6 0 .0  

5 7 .2 1  

5 1 .3 3  

4 4 ,4 7  

38. 34

1 3 .7 1  

1 1 .1 2  

11. 59 

1 0 .1 1  

7 .3 3

3 * .  6 - 7 9 .  6 

8 u. 3 - 7 4 . 7  

3 3 . U - 7 9 . 0  

° 4 .  4 - 5 9 .  0 

2 4 . 1 - 4 5 . 3

7 . 31 o orl ^ r  e s s u r  e an d ^ r  o th r o m b in C o n c e n t r a t i o n  and h e s p o n s e .

As i n  p r e v i o u s  t e s t s ,  t h e  r e s u l t s  o f  p r o th r o m b in  

c o n c e n t r a t i o n  and r e s p o n s e  a l s o  were a n a ly s e d  i n  r e l a t i o n  to  

s y s t o l i c  and  d i a s t o l i c  b lo o d  p r e s s u r e  ( F i g u r e 6 5  )• S y s t o l i c  

b lo o d  p r e s s u r e  showed l i t t l e ' c o r r e l a t i o n ,i f  any, w i t h  th e  

l e v e l  o f  p r o t h r o m b i n  i n  th e  p la s m a  and th e  re s p o n s e  o f

pro th rom b in  t o  7 1 1 am in  K« The r e s u l t s  a r e  given in  Table

D ia s to l ic  blood pressure seems to have a more notable 

re la t io n s h ip  w ith  the concen tra tion  and response of 

p rothrom bin. Both decrease s te a d ily  as the  d ia s to lic  blooci i j 

pressure r is e s  .('T’ab le  103), but the prothrom bin response j j

s u ffe rs  more than the orothrom bin concen tra tion . The change I 1
- ' x ! I

in  the  n ro th rom b in  response revea ls s t a t is t i c a l  s ig n i.fi cance 

at a l l  stages, but the f a l l  in  th e  c o n c e n t r a t i o n  o f plasma 

p ro th rom b in /
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Fig, 6 5 .  P r o t h r o m b in  c o n c e n t r a t i o n  and prothrombin r e s p o n s e  

i n  p r e - e c la m p s ia  i n  r e l a t i o n  t o  t h e  s y s t o l i c  and  d i a s t o l i c  

b lo o d  p r e s s u r e .

'prothrombin
CONCENTRATION ED 
RESPONSE ■

F i g .  6 4 .  P r o th r o m b in  c o n c e n 

t r a t i o n  a n d  p r o th r o m b in  

re s p o n s e  i n  p r e - e c la m p s ia ,  

s h o w in g  t h e i r  r e l a t i o n  t o  t h e  

d u r a t i o n  o f  t o x a e m ia .
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Table 107.-

Ti ‘n D* - o
mm.
HP*. P. Oonc. ^.Pesp.

3 T>
mm. 

_ Hi?. ?. Oonc.

---------------.-----------1

' ' ' .P e s o .

1 4 6 - 1 5 0 6 3 . 7 7 ^ 7 .  69 
5 0 . 0  - 9 1 . 5

6 4 .2 6 * 1 0 .  57 
3 4 .  0 - 3 8 . 3

1 7 6 -1 3 0 •53 .79 *6 .  42 
3 9 . 9  - 7 9 . 3

4?.. 6 7 * 6 .  70  ; 
74. 7 -  5 3 .0  :

1 5 1 - 1 5 5 5 9 . 1 5 * 4 .  66 
4 4 . 8  - 6 7 . 5

55. 5 3 - 9 . 7 5  
4 0 . 0 -  7 4 .6

1 3 1 -1 3 5 54. 3 * 5 .  74 
43. 0 - 6 4 . 0

4 2 .1 3 ± 6 .  32 * 
3 7 . 6 - 5 4 . 7  ;

1 5 6 - 1 6 0 6 7 . 1 6 ^ 5 . 7 9  
4 7 . 6 - 8 9 . 0

55. 6 4 - 7 . 3 5  
3 1 . 0  - 3 0 . 7

1 3 6 -1 9 0 4 9 . 9 5 * 6 .  34 
4 0 .2  - 5 3 . 5

7 9 . 1 6 * 3 , 3 5  1 
7 4 .4  - 3 6 . 3  ;

1 6 1 - 1 6 5 5 4 . 4 4 * 7 * 9 1
4 0 .  0 - 6 5 .  0

4 7 , 1 7 * 7 . 7 6  
3 3 . 7  - 6 4 . 0

1 9 1 -1 9 5 4 7 . 3 3 5 . 0  |

1 6 6 - 1 7 0 53. 0 7 ± 4 .  91 
4 5 . 5  - 7 0 . 0

50. 5 4 * 7 .6 6  
7 4 .  0 - 6 9 , 0

1 9 6 -2 0 0 50. 9 4 *2 .  64 
4 7 . 5 - 5 3 . 5

3 3 . 9 0 * 4 . 1 6  ! 
3 2 . 6  - 4 3 .4

1 7 1 - 1 7 5 4 5 .  9 0 - 3 . 3 5  
3 9 . 0  - 6 0 . 0

3 9 . 7 7 ± 6 . 1 4
7 4 . 0 -  6 0 . 0

2 0 0 *

. ... . . .

52. 6 6 *0 .  67 
5 1 . 6  - 5 4 . 0 J

4 -0 .4 0 * 6 ,7 5  
7 9 . 7  - 5 0 . 0

T a b le  103

B. P. '
mm*
Hff. E  Oonc. T .E e s p .

B7P.
nun.

. . .  E S ' - J P. Oonc. M . - e s p .

L e s s  
th a n  90

74 . 6 3 * 7 . 4 6  
52. 7 - 9 1 .  5

75 . 0 1 * 7 .3 2  
50. 5 - 9 0 . 0

1 0 6 -1 1 0 66 . G 7 ± 5 .17 
46 . 0 - 7 6 . 0

4 2 . 92 t 5. 35  i 
3 3 . 7  - 5 9 . 0

9 1 - 9 5 7 3 . 9 3 - 5 . 0 0  
6 2 . 5  - 9 1 . 5

6 7 . 9 5 * 4 . 7 8  
5 9 . 0  - 7 3 . 0

1 1 1 -1 1 5 5 3 . 1 4 * 3 . 4  3 
4 7 . 6 - 6 5 . 0

4 0 .2 0 * 5 .  -51 
2 9 . 7  - 5 6 . 0

9 6 - 1 0 0 71. 6 9 * 7 .  79 
4 4 . 3  - 3 7 . 6

6 1 . 1 9 * 6 . 7 0
4 2 . 0  - 3 0 . 2

1 1 5 -1 9 0 4 7 . 6 9 * 3 .  91 
3 3 , 9  - 5 3 . 8

3 1 . 5 4 * 4 . 2 1  
2 4 . 0  - 4 1 . 5

1 0 1 - 1 0 5 6 3 .  7 6 ^ 6 .  30  
5 0 .  0 - 9 0 .  0

____ _ • - ........ -

5 8 . 4 6 - 6 .  00 
4 0 . 6  - 7 1 . 5
.............. .... ' ....

p r o t h r o m b i n  i s  n o t  a lw a y s  s i g n i f i c a n t .  The g r a d i e n t  o f  f a l l  

i s  s m a l l  a t  l o w e r  r a n g e s  o f  b lo o d  p r e s s u r e ,  b u t  when th e
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l e v e l ,  t h e  p r o t h r o m b i n  c o n c e n t r a t i o n  i s  a b o u t  h a l f  t h a t  

o f  n o r m a l , and th e  r e s p o n s e  to  v i t a m i n  K i s  a b o u t  o n e - t h i r d  

o f  t h a t  o b s e r v e d  i n  n o rm a l  p r e g n a n c v .

3- S3M10IA
The a v e r a g e  p r o t h r o m b in  c o n c e n t r a t i o n  i n  o u r  s e r i e s  o f  

e c la m p s ia  on a d m is s io n ,  was 4 3 .5 1  p e r  c e n t . ;  S .B .3 .  30 ,  w i t h  

a r  ange o f  v a lu e s  f r o m  3 2 . 7  to  6 1 . 0  p e r  c e n t .  A t  t h i s  

s t a g e  t h e  r e s p o n s e  to  V i t a m i n  K was 32. u2  p e r  c e n t .  ; 3 .14  

4 . 5 6 .  The  maximum and m in im um  v a lu e s  w e re  4 0 .3  and 2 5 . 0  

p e r  c e n t .  The ch ange  i n  th e  v a lu e s  caused  by e c la m p s ia  i s  

s t a t i s t i c a l l y  s i g n i f i c a n t .  I f  h o w e v e r ,  a l l  th e  v a lu e s  

o b t a i n e d  d u r i n g  t h e  " e c l a m p t i c  s t a t e '1 a re  c o n s i d e r e d ,  the  

a v e r a g e s  f o r  t h e  c o n c e n t r a t i o n  and r e s p o n s e  to  p r o t h r o m b in  I

i s  f o u n d  t o  be  3 9 . 4 5 ;  5 . D. 1 0 .6 0  ( 2 0 . 0 - 6 1 . 0 ) ,  and ° 3 . 5 5 ;

8 .1 4  5. 73  ( 1 7 . 0 - 4 0 . 8 )  p e r  c e n t ,  r e s p e c t i v e l y .  The c o 

e f f i c i e n t  o f  v a r i a t i o n  i n c r e a s e s  because  o f  th e  f u r t h e r  

s h i f t i n g  o f  t h e  lo w e r  v a l u e s  t o  t h e  l e f t .  f

The e f f e c t  o f  th e  e c l a m p t i c  c o n v u ls io n s  on t h e  j

o r o t h r o m b i n  c o n c e n t r a t i o n  and r e s p o n s e  was s t u d ie d  p a r  t i c -  i
j. j. j

u l a r l v  i n  t h e  t h r e e  ca ses  a l r e a d y  r e f e r r e d  t o .  The r e s u l t s  j

a re  p r e s e n t e d  i n  1 'a b le  1Q4. These c a s e s  show t h a t  th e  !

c o n v u l s i o n s  h a v e  a d i l a t e r i o u s  e f f e c t  on b o th  p r o t h r o m b in  

c o n c e n t r  a t  i o n  and r e s p o n s e ,  a l t h o u g h  th e  l a t t e r  seems to 
be m o re  s u s c e p t i b l e  th a n  the  f o r m e r .  I n  t h e s e  p a t i e n t s ,  

th e  e a r l v  c o n v u l s i v e  s t a g e  o id  n o t  cause  a m arked  change  

in t h e  n r  o t h r  ornbin!. concentration"of the upia-smar a 
c o n c e n t r  a t  i o n  .of‘p E o th ro x a h in  .appeared to $flufs§8!P‘ ucmly after i



o f  t i m e .  The ^ re s p o n s e  o f  p r o t h r o m b in  h o w e v e r  was a f f e c t e d  

e a r l y  and  t h e  d e t e r i o r a t i o n  c o n t in u e d  s t e a d i l y  t h r o u g h  th e  

s t a g e  o f  c o n v u l s i o n s .  T h i s  was p a r t i c u l a r l y  e v id e n t  i n  

t h r e e  f a t a l  c a s e s  i n  t h i s  s e r i e s ,  w h e re  th e  p r o t h r o m b in  

r e s p o n s e  was n e g l i g i b l e  i n  one and n e g a t i v e  i n  t h e  o t h e r  

tw o .  Y e t  th e  c o n c e n t r a t i o n  o f  p r o t h r o m b in  i n  t h e  p la s m a  

was a t  i l l - m a i n t a i n e d  a t  20  - to  30 p e r  c e n t .

T a b le  104

Name
P r e -  
e c l  amp,

C o n v u ls i v e  3 tame

1 3 4

—i*

R.

A.

H.

5 0 . 0 -
4 3 3

6 9 .7
5772*
7 3 . 0 
H J 7 5

5 3 . 0
4U7U

6 5 .7  
W T O

7 5 . 8  
55* 5

5 0 .0  
3473
5 6 . 0  
4075

7 4 ,6
5070

4 3 . 2  
3 1 7 3

60. 0 4477 50. 0 
0 0 7 6

4 1 .6  
3 U. U

JU. (J 
1 7 7 ^

The  n u m e r a to r  d e n o te s  t h e  p r o t h .  c o n e ;  th e  d e n o m in a to r  T' r o t h .
Yes p.

The f o l l o w - u p  s tu d y  i n  t h i s  s e r i e s  r e v e a l s  t h a t  t h e  

p r o t h r o m b i n  •■ 'concen tra t io n  and  r e s p o n s e  im p ro v e  r a p i d l y  a l t e r  

t h e  c o n v u l s i o n s  h a v e  c e a s e d .  N o rm a l v a lu e s  a re  r e g a in e d  

b e tw e e n  t h e  second  and  t h i r d  week o f  c o n v a le s c e n c e .  A t  

t h i s  s t a g e  v a lu e s ,  w e re  o f t e n  o b t a in e d  w h ic h  w e re  even h i g h e r  

t h a n  t h o s e  i n  n o r m a l  n o n - p r e g n a n t  women.

The o r o t h r o m b i n  r e s p o n s e  t o  V i t a m i n  K a p p e a rs  t o  be
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Fig. 66. Prothrombin concentration and prothrombin response
in eclampsia showing the changes which take place in the 
pre-convulsive, convulsive and the convalescent stages of 
the disease.



r e c o v e r y  i r o n  i t  i n  t h e  c o n v a l e s c e n t  p e r i o d .  ^h e  c h a n g e s  

o b s e r v e d  i n  t h i s  f o l l o w - u p  s t u d y  s t a t i s t i e s  s t a t i s t i c a l  

a n a l y s i s ,  and  a r e  show n  i n  ^ a b l e  1 0 5 .

T a b l e  1 0 5

pre-
conv.

Convulsive
Stage

r -  “
L... Post Oonvulsive Stae*e

-Stage 1 2 - 1 2 ‘ ^

P.
Oonc.

64.23- 
6.81

43.51* 
5.89

31.27* 
3.98

'41.59*143.54* 
3.98 j 2.23

50.09*
3.09

63.15* 
5. 71

85.353
5.03

50. 0- 
73.0

32.7- 
61.0

20 .1 -
40.0

20.1- 134.0- 
51.0 51.9 

_____i

40. 5- 
59.7

51.3-
77.9

74. 0-: 
98.4

P.
Eesp.

55.50*
a. 90

32.02* 
3.06

16.13** 
5.56

]
27.70*35.10* 
3.64 ! 5.63

J

55.36* 
4.69

69.72*
3.73

9 0 .  6 Gfh 
3.42 .

43.3-
60.5

25. 0-  
40.8

3.1-
24.6

u-------- J

20 .0 -  122.5- 
34.0 40.9

j

40.6- 
64.5

59.7- 
79 .  3

3 4 . 7 -
9 7 . 7

T he  r e s u l t s  r e p r e s e n t ,  A v e r a g e  *  p r o b a b l e  e r r o r ,  m i n i m u m  -
max imum.

SPFECT 0? LABOUR I N  TOXAEMIA 

I n  o r d e r  t o  s t u d y  t h i s  o n l y  c a s e s  o f  n o r m a l  l a b o u r  

w e r e  s e l e c t e d  s o  as t o  c o m p a r e  v a l u e s  w i t h  t h o s e  i n  n o r m a l  

p r e g n a n c y .  A l l  c a s e s  o f  p r o l o n g e d  l a b o u r  h a v e  b e e n  e x c l u d e d  

as t h e y  w e r e  f o u n d  t o  p r o d u c e  a som ew ha t  e r r a t i c  r e s p o n s e ,  

and  r e q u i r e  i n v e s t i g a t i o n  i n  a s u f f i c i e n t l y  l a r g e  s e r i e s  l o r  

a p r o p e r  e v a l u a t i o n .  The  n a t u r e  o t  t h e  c h a n g e s  i n  n o r m a l  

l a b o u r  w e r e  s u f f i c i e n t l y  c o n s i s t e n t  t o  d e s e r v e  c o n s i d e r a t i o n .

I n  t h i r t y - o n e  c a s e s  o f  s e v e r e  p r e - e c l a m p s i a  t h e  

prothrombin^cpn$e3ijf^fip*; w.§xe,determined. gtjkfeg 

mint o f laboiSr when
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The  r e s u l t s  a r e  p r e s e n t e d  b e l o w  -  

o t h r o m b  i n  p a n  cen  t r  a t i o n : -

S a r l y  L a t e  G a i n

V v e r  a g e  5 4 . 4 3 : 3 . ! ) .  8 . 4 6  67 .  7 1 : S. J). 9 . 1 0  1 8 . 23 : 3 *  p .  6.  31

M i n .  - M a x .  4 1 . 9  -  67 . 0 4 9 . 3  -  3 3 . 7  6 . 3  -  2 4 . 9

T h e  a v e r a g e  i n c r e a s e  i n  p r o t h r o m b i n  c o n c e n t r a t i o n  

c a u s e d  b y  l a b o u r  i n  s e v e r e  p r e - e e l a m o s i a  w as  o n l r  3 4 . 9  n p r
X  » i .

c e n t ,  o f  t h e  n o r m a l  v a l u e .  The max imum r i s e  i n  t h i s  s e r i e s  

w as  l e s s  t h a n  t h e  m i n i m u m  i n  n o r m a l  l a b o u r .  The d i f f e r e n c e  

i n  t h e  v a l u e s  b e t w e e n  n o r m a l  l a b o u r  arid p r e - e c l a m p s i a  i s  

s i g n  i f  i c  a n t .

f i v e  c a s e s  of* e c l a m p s i a  s t u d i e d  d u r i n g  l a b o u r  showed 

a r e a c t i o n  w h i c h  v a r i e d  f r o m  a d e c r e a s e  ( n e g a t i v e  r e a c t i o n )  

i n  p r o t h r o m b i n  c o n c e n t r a t i o n  t o  a n  i n c r e a s e  o f  1 7  p e r  c e n t ,  

( o n e  c a s e ) .  T h e  r e s u l t s  o b t a i n e d  i n  t h e s e  c a s e s  a r e  s how n  

i n  T a b l e  1 0 6 .

T a b l e  1 0 6
" 1 '
E a r l y  L a b o u r L a t e  L a b o u r G a i n

1 .  Mm. 4 0 . 0 4 0 .  0 0

2 .  P v . 2 9 . 0 2 1 . 5 -  7.  5

3 p 4 3 . 7
*
| 6 0 . 9 + 1 7 . 2

4 .  S. 4 5 .  0 4 9 . 0 +  7, 0

5. MaC. 4 0 .  0 2 9 . 4 - 1 0 .  6

T h e  g e n e r a l  t r e n d  o f  t h e  r e a c t i o n  i s  a p o o r  r e s p o n s e  

p r o v i d e d  b y  t h e  s t i m u l u s  o f  l a b o u r .  B o t h  p a t i e n t s  who 

s howed  a d e c r e a s e  o f  w r o t h r o m b i n  c o n c e n t r a t i o n  d u r i n g  1
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h a d  4  f i t s ,  b u t  i n  a p a t i e n t  (Dm. ) who h a d  6 f i t s  t h e  

p r o t h r o m b i n  l e v e l  o f  t h e  p l a s m a  was m a i n t a i n e d  u n a l t e r e d  

o ui i n  -  l a b o u r *  T h e  t w o  p a t i e n t s  who sho w e d  a p o s i t i v e  

r e a c t i o n  h a d  2 and 3 f i t s  (R.  and  S. ) r e s p e c t i v e l y .  The  

n u m b e r  o f ‘ c o n v u l s i o n s ,  p e r  s e ,  do  n o t  seem t o  h a v e  a 

s i g n i f i c a n t  i n f l u e n c e  o n  t h e  b e h a v i o u r  o f  p r o t h r o m b i n  d u r i n < >  

l a b o u r .

COMKNTS

T o x a e m i a  o f  p r e g n a n c y ,  a f f e c t s  b o t h  p r o t h r o m b i n  con

c e n tra t io n  a n d  r e s p o n s e  i n  a n  a d v e r s e  m a n n e r .  T he  d e c r e a s e  

i n  p r o t h r o m b i n  i s ' p r o g r e s s i v e  a s  t h e  d i s e a s e  i n c r e a s e s  i n  

s e v e r i t y  and b e a r s  t h e  same r e l a t i o n  t o  t h e  c l i n i c a l  

c o n d i t i o n s  a n d  b l o o d  p r e s s u r e  o s  t h e  b i l i r u b i n  e x c r e t i o n  

and a l k a l i n e  p h o s p h a t a s e . .  D r o t h r o m b i n  r e s p o n s e  t o  V i t a m i n  

K a p p e a r s  t o  b e  a m o r e  s e n s i t i v e . i n d i c a t o r  t h a n  t h e  p l a s m a  

p r o t h r o m b i n  c o n c e n t r a t i o n  a s  r e g a r d s  t h e  c o u r s e  and  

p r o g n o s i s  o f  t h e  d i s e a s e .  We h a v g  n o t  come a c r o s s  any  

r e f e r e n c e  i n  t h e  l i t e r a t u r e  w h e r e  p r o t h r o m b i n  r e s p o n s e  h a s  

been  s t u d i e d  i n  t o x a e m i a  o f  p r e g n a n c y .  U n g e r  a n d  S h a p i r o  

( 5 ,  1 9 4 3 )  h a v e  s t u d i e d  p r o t h r o m b i n ,  r e s p o n s e  i n  l i v e r  

d i s e a s e  a n d  o b s e r v e d  t h a t  i n  p r e s e n c e  o f  h e p a t i c  i n e f f i c 

i e n c y  t h e  t e m p o r a r y  h y p e r p r o t h r o m b i n a e m i a ,  w h i c h  i s  p r o d u c e d  

b y  V i t a m i n  K may b e  s l i g h t  o r  a b s e n t .  I n f a c t  i n  s e v e r e  

l i v e r  d i s e a s e  t h e y  f o u n d  e v e n  a n e g a t i v e  r e s p o n s e  t o  

p r o t h r o m b i n .  We came a c r o s s  s u c h  a n  " e x h a u s t i o n  

p h e n o m e n o n "  i n  2 o u t  o f  3 f a t a l  c a s e s  o i  e c l a m p s i a  s e v e r a l

h o u r s /*



. n o u r s  o e i o r e  d e a t h *  A s i m i l a r  r e a c t i o n  w as  a l s o  n o t i c e d  i n  

-  o u t  o f  5 c a s e s  o f  e c l a m p s i a  d u r i n g  l a b o u r .  T h e s e  

f i n d i n g s  l e a v e  l i t t l e  d o u b t  a s  t o  t h e  f a c t  t h a t  a s t a t e  o f  

f u n c t i o n a l  d i s t u r b a n c e  o f  t h e  l i v e r  e x i s t s  i n  s e v e r e ,  c a s e s  

o f  e c l a m p s i a  T h e  r e s u l t s  o b t a i n e d  i n  p r e - e c l a m p s i a  do n o t  

i n d i c a t e  s u c h  a g r o s s  d i s t u r b a n c e - o f  f u n c t i o n .  E x h a u s t i o n  

p h e n o m e n o n ,  d e s c r i b e d  a b o v e ,  was n e v e r  o b s e r v e d  i n  p r e 

e c l a m p s i a .

F h o a d s  ( 6 ,  1 9 3 9  )., P o h l e  a n d  T t e w a r t  ( 7 ,  1 9 4 0 )  a n d  

o t h e r  o b s e r v e r s  h a v e  r e p o r t e d  a 4 0  t o  47  p e r  c e n t ,  d e c r e a s e  

o f  t h e  p r o t h r o m b i n  l e v e l  o f  t h e  p l a s m a  i n  h e p a t i c  

p a r e n c h y m a !  o u s  d i s e a s e .  I f  t h e  n o r m a l  " p r e g n a n c y  l e v e l ”  

i s  t a k e n  a s  t h e  s t a n d a r d  i t  i s  e v i d e n t  t h a t  n e a r l y  3u p e r  

c e n t ,  o f  m i l d , 7 0  p e r  c e n t ,  o f  s e v e r e  p r e - e e l a v p t i c  

p a t i e n t s  ' h a d  l e s s  t h a n  t h e  m i n im u m  n o r m a l  l e v e l  o f  p l a s m a  

p r  o t h r  omb i n .  The  r e s u l  t  s o f  p r o  t h r o m b  i n  r e s p o n s e  ' ver e e g r  e 

s t r i k i n g ,  f o r  a l l  v a l u e s  o b t a i n e d  i n  t o x a e m i a  w e r e  b e l o w  

t h e  n o r m a l  r a n g e  ( l a s t  t r i m e s t e r ) .  The s i g n i f i c a n c e  o f  

t h e s e  f i n d i n g s  i s  i n c r e a s e d  b y  t h e  f a c t  t h a t  m u s s e l ' s  

v i p e r  v e n o m  was  u s e d  f o r  t h r o m b o p l a s t i n  i n  t h e s e  e x p e r i m e n t s ,  

F o r ,  i t  h a s  b e e n  p o i n t e d  o u t  b y  some o b s e r v e r s  ( T i l s o n ,  9 ,  

1 9 4 7 ;  ' M c F a r l i n e ,  1 0 ,  1 9 4 9 ;  T o o h e y ,  1 1 ,  1 9 5 0 )  t h a t  t h i s  

t h r o m b o p l a s t i c  s u b s t a n c e  t e n d s  t o  g i v e  l o w  p r o t h r o m b i n  t i m e  

when  t h e  p r o t h r o m b i n  c o n c e n t r a t i o n  o f  t h e  p l a s m a  i s  l o w .

The e ffec t o f th is  .4^- -t° g i v e , c o m p a r a t i v e l y  higherevalues 

for 'pro th r enfb fn 'V oh& fftfa tlon  thk$iewhat s.



o f  p r o t h r o m b i n ,  a l t h o u g h  P r i n k e r  a n d . p r i n k e r  ( 3 ,  1 9 1 0 )  

o b s e r v e d  t h a t  t h e  b o n e - m a r r o w  i s  a l s o  a n o t h e r  s i t e  o f  i t s  

o r i g i n .  The  r  e s u l t s  of c l i n i c a l  i n v e s t i g a t i o n  i n  h e p a t i c  • 

d i s e a s e s  p o i n t  o u t  t h a t  i n  p r e s e n c e  o f  a p o s i t i v e  r e s u l t  

w i t h  o t h e r ,  h e p a t i c  f u n c t i o n  t e s t s ,  t h e  f a l l  i n  t h e  

p r o t h r o m b i n  c o n c e n t r a t i o n  and  i n  i t s  r e s p o n s e  t o  V i t a m i n  K 

s u g g e s t s  a d i s f u n c t i o n  o f  t h e  l i v e r .  I n  t h i s  r e s p e c t  t h e  

r e s u l t s  p r e s e n t e d  a b o v e  i n d i c a t e  t h a t  t o x a e m i a  o f  p r e g n a n c y  

i s  a s s o c i a t e d  w i t h  some d e g r e e  o f  h e p a t i c  f u n c t i o n a l  

d e r a n g e m e n t .  The r e l a t i o n  o f  p r o t h r o m b i n  t o  b l o o d  p r e s s u r e  

s u g g e s t  t h a t  t h i s  i s  p r o b a b l y  due t o  v a s c u l a r  spasm w h i c h  

i s -  a s s o c i a t e d  w i t h  t o x a e m i a  o f  p r e g n a n c y .

T h e  l o w  p r o t h r o m b i n  l e v e l  o f  t h e  p la s m a  and t h e  

c o m p a r a t i v e l y  p o o r  i n c r e a s e  l a b o u r  may p r o v i d e  a n  e x p l a n a t i o n  

f o r  some o f  t h e  c a s e s  o f  t o x i c  p u r p u r a  s e e n  d u r i n g  p r e -  

e e l  amps i  a and e c l a m p s i a ,  a n d  a l s o ’ f o r  t h e  t e n d e n c y  t o  

h a e m o r r h a g i c  d i s e a s e s ,  f r o m  w h i c h ,  t h e  i n f a n t s  b o r n  o f  

t  o x a e m i c  m o t h e r s  s o m e t i m e s  su f f e r .

- . . ' CONCLUSIONS
A' n o r m a l  o r e i g n a n t  woman h a s  a h i g h  l e v e l  o f  p r o t h r o m b i n  ]  

x V,
i n  t h e  p l a s m a  and c a n - m o b i l i s e  a c o n s i d e r a b l e  a m o u n t  o f - J

i

p r o t h r o m b i n  w i t h  an  a d d i t i o n a l  s u p p l y  o f  V i t a m i n  K.  j

T he  l e v e l  o f  p r o t h r o m b i n  in. t o x a e m i a  i s  l e s s  t h a n  t h b t  

i n  n o r m a l  p r e g n a n c y .  ’ The r e s p o n s e  o± s u c h  a p a t i e n t  t o
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L a u o u r  n o r m a l l y  c a u s e s  a n  i n c r e a s e  i n  p r o t h r o m b i n  

c o n c e n t r a t i o n .  T h i s  i n c r e a s e  i s  l e s s  e v i d e n t  i n  t o x a e m i a .  

I n  some c a s e s  o f  e c l a m p s i a  e v e n  a n e g a t i v e ,  r e s p o n s e  may

o c c u r .  -

I t  i s  s u g g e s t e d  t h a t  t ' e  c h a n g e  i n  t h e  b e h a v i o u r  o f  

p r o t h r o m b i n  i s  due  t o  a s t a t e  o f  h e p a t i c - d y s f u n c t i o n .  

r r o t h r o m b i n  r e s p o n s e  se e m s  t o  b e  a b e t t e r  g u i d e  t h a n  

p r o t h r o m b i n  c o n c e n t r a t i o n  i n  d e t e r m i n i n g  t h i s .
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CHAPTER 6 

THYMOL TTTRBTPTTY TF.ST

T h e  t h y m o l  t u r b i d i t y  t e s t ,  f i r s t  d e s c r i b e d  by  

M a c L a g a n  ( 1 ,  l a ,  1 9 4 4 ,  1 9 4 4 a )  i s  r e c o g n i s e d  as  a t e s t  f o r  

d am ag e  t o  t h e  h e p a t i c  p a r e n c h y m a .  A c c o r d i n g  t o  t h e  a u t h o r  

h i m s e l f  i t  ' " d o e s  n o t  t e s t  a n y  known f u n c t i o n  o f  t h e  l i v e r  

and s h o u l d  be  r e g a r d e d  as an i n d i c a t o r  o f  d i s t u r b e d  l i v e r  

m e t a b o l i s m  r a t h e r  t h a n  a f u n c t i o n  t e s t ” . He c e n t  s t u l y  by 

F r a n k l i n ,  P o p p e r , S t e i g m a n n  and K o z o l l  ( 2 ,  1 9 4 3 )  i n d i c a t e s  

t h e  p r e s e n c e  o f  a r e l a t i o n s h i p  b e t w e e n  h i s t o l o g i c a l  l i v e r  

dam age  a n d  t h e  r e s u l t s  o f  t h e  t h y m o l  t u r b i d i t y  t e s t .  The 

t e s t  i t s e l f  i s  a l l i e d  t o  t h e  c o l l o i d a l  g o l d  r e a c t i o n  ( l a ,  

1 9 4 4 a )  and  t h e  c e p h a l i n - c h o l e s t e r o l  f l o c u l a t i o n  t e s t  ( 3 ,  

1 9 4 3 ) .

F o r  t h e  p u r p o s e s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  

M a c L a g a n *  s o r i g i n a l  m e t h o d  ( l a ,  1944a) was  e m p l o y e d ,  i n  

w h i c h  t h e  s e r u m  . t u r b i d i t y  p r o d u c e d  b y  a t h y m o l  b u f f e r  i s  

c o m p a re c l  w i t h  s t a n d a r d  t u r b i d i t y  c o m p a r a t o r s .  T h e r e s u l t s  

w e r e  e x p r e s s e d  i n  u n i t s .  L e y ,  L e w i s  and  D a v i d s o n  ( 6 , 1 9 4 6 )  

d e m o n s t r a t e d  t h a t  m o re  p r e c i s e  v a l u e s  c a n  be o b t a i n e d  by 

u s i n g  b a r i u m  s u l p h a t e  s u s p e n s i o n  a n d  c o m p a r i n g  t h e  ^

t u r b i d i t y - i n  a p h o t o a b s o r p t i o m e t e r , w h i c h  g i v e s  r e s u l t s  i n  

t e r m s  o f  m l .  o f  b a r i u m  s u l p h a t e  s t a n d a r d .  As o u r  i n v e s t i 

g a t i o n s  w e r e  c o n c e r n e d  m o r e  w i t h  a c o m p a r a t i v e  s t u d y  t h a n  

w i t h  a b s o l u t e  v a l u e s  we r e g a r d e d  t h i s  a s  a n  u n n e c e s s a r y  

r e f i n e m e n t .

We/  .
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a r e  n o t  a w a r e  o f  an?/ i n v e s t i g a t i o n s  d o n e  on  t h y m o l  

t u r b i d i t y ,  i n  e i t h e r  n o r m a l  p r e g n a n c y  o r  t o x a e m i a *  The 

r e s u l t s  a r e  p r e s e n t e d  b e l o w *

■k NQP-MAL ^ P B UNANOT 

S e v e n t y  tw o  c a s e s  o f  n o r m a l  p r e g n a n c y  a t  d i f f e r e n t  

p e r i o d s  o f  g e s t a t i o n  a t t e n d i n g  t h e  a n t e - n a t a l  c l i n i c  w e r e  

s e l e c t e d  f o r  t h i s  s t u d v .
t/

T a b l e  1 0 7

D u r a t i o n  
o f  u r e -  
n a n c y  
( m o n t h s )

N o .  o f  
O a s e s T h y m o l  T u r b i d i t y  ( U n i t s )  , •SslCD1

-----------1

j

S . D .  f

3 .6 1 . 0 ;  0 . 8 ; 0 . 6 ;  0 . 7 5 ; 1 . 1 ; 0 . 8 * 0 . 8 2
f

0 . 1 7  (

4 Q 1 . 1 ;  1 . 0 :  0 . 9 ;  0 . 3 ;
0 . 6 5 ;  0 . 3 0 ,

0 . 7 5 ; 0.  7 ; 0 . 8 2 0 . 1 5 |

5 7 1 . 3 ;  1 . 1 ;  
0 . 6 ;

0 . 6 ;  1 . 0 ; 1 . 0 ; 0 . 7 ; 0.  3 6 0 . 2 5

6 7 1 . 0 ;  1 . 0 ;  
0 . 7 .  .

1 . 1 ;  0 . 8 ; 0.  9 ; 0 . 7 ; 0 . 8 3 0 . 1 3

7 3  ' 0 . 9 ;  1 . 3 ;  
- 1 , 2 ;  1 . 2 .

1 . 4 ;  1 , 0 ; 0.  3 ; 1 . 0 ; l . i ? . 0 . 2 1

8 ' 1 2 1 . 0 ;  1 . 3 ;  
1 . 3 ;  1 . 2 ;

1 . 2 ; 1.  u ;
1. 0 ;  1 .  0; .

0 . 9 ;
1 . 3 ;

1 . 0 ;  ! 
1 . 4 .

1 . 1 4 0 . 1 5

9 1 2

■ • 
•

—
I r—

!

C\ 
'vO

 
• 

•
1—

1 1—
1

1 . 4 ;  1 . 7 ;  
1 . 9 ;  1 . 8 ;

1 . 3 ;
1 . 8 ;

1.5;
1 . 9 ;  -

1. 66 0 . 1 9

1 0 12 1 . 4 ;  1 . 8 ;
2 . 1 ;  2 . 0 ;

2 . 0 ;  1 . 8 ;  
1 . 7 ;  1 . 6 ;

1 . 9 ;
1 . 9 ;

1.3; 
1. 3*

1 . 3 1  ,

j

0 . 1 7  |

A v e r a g e 7 2 0 . 6 -  2 . 1 1 , 2 2 0 . 5 2

A v e r ,  l a s t  
3  m o n t h s 36 0 . 9 -  2 . 1 1 .  54 0 . 3  3  j

The t h y m o l  t u r b i d i t y  t e s t  was u n i f o r m l y  n e g a t i v e  ( l e s s  t n s n

V
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4  u n i t s )  i n  a l l  c a s e s .  T h e  d e n s i t y  o f  t h e  t u r b i d i t V

h o w e v e r  a p p e a r s  t o  i n c r e a s e  a s - p r e g n a n c y  a d v a n c e s  t o  t e r m .  

V a l u e s  w e r e  u n i f o r m l y  l o w  i n  e a r l y  p r e g n a n c y *  Up, t o  t h e  

m i d d l e  o f  g e s t a t i o n  t h e  m a x im u m  t u r b i d i t y  was >3 u n i t s  ( o n e  

c a s e ) .  A t  t e r m  h o w e v e r  v a l u e s  as  h i g h  as 2 . 1  u n i t s  w e r e  

o b s e r v e d .  T h e  a v e r a g e  t u r b i d i t y  f o r  t h e  w h o l e  s e r i e s  was 

1 . 2 2  u n i t s ;  3 . 2 .  0 . 5 8  and t h a t  a t  t e r m  was 1 . 5 4  u n i t s ;  8 . 2 .

0 . 4 2 .  T he  d i f f e r e n c e  b e t w e e n  t h e s e  two v a l u e s  i s  n o t  o f  

m u c h  s t a t i s t i c a l  s i g n i f i c a n c e  ( T a b l e  1 0 7 ) .

' -  ^ T ^GLAiPSIA

T h e  t h y m o l  t u r o i a i t y  t e s t  w a s ,  on  an a v e r a g e '  n e g a t i v e
*J u  t 7 O ■ O

i n  p r e - e e l  amp t i c  p a t i e n t s .  The  t u r b i d i t y  was o n l y  8 . 0 7  u n i t  

8 . 2 . 0 . 9 5 ,  i . e .  j u s t  o v e r . 5 0  p e r  c e n t ,  o f  t h e  maximum a l l o w e d  

f o r  n o r m a l  i n d i v i d u a l s .  N e v e r t h e l e s s ,  c o m p a r e d  w i t h  n o r m a l  

p r e g n a n c y  t h e  i n c r e a s e  i n  t u r b i d i t y  i n  t o x a e m i a s  i s  8 6 . 4  

p e r  c e n t .  I n d i v i d u a l  v a l u e s  w e r e  s c a t t e r e d  b e t w e e n  w i d e  

l i m i t s  ( 0 . 3  t o  4 . 5 ) .  Th e  t h y m o l  ' t u r b i d i t y  i n  50 c a s e s  o f  

m i l d  p r e - e c l a m p s i a  v a r i e d  f r o m  0 . 3  t o  2 . 5  u n i t s ,  w i t h  a n  

a v e r a g e  o f  1 . 1 9 ;  3 . 2 . 0 . 5 5 .  T h i s  a c t u a l l y  i s  a l i t t l e  l e s s  

t h a n  t h e  a v e r a g e  f o r  t h e  l a s t  t r i m e s t e r  o f  n o r m a l  p r e g n a n c y .  

O a s e s  o f  s e v e r e  p r e - e c l a m p s i a  h a d  a s l i g h t l y  h i g h e r  t h y m o l  

t u r b i d i t y .  The  a v e r a g e  was  2 . 9 5 ;  8 . 2 . 0 . 8 0  u n i t s ;  and t h e  

r a n g e  w as  f r o m  1 . 0  t o  4 . 5  u n i t s .  A p o s i t i v e  r e s u l t  was 

o b t a i n e d  i n  o n l y  2  c a s e s  ( 4  p e r  c e n t .  )♦ The  f r e q u e n c y  

d i s t r i b u t i o n  i s  s how n  i n  T a b l e  1 0 8 .

A l t h o u g h ,  t h e  f i g u r e s  d o ' n o t  e x c e e d  t h e  max imum l i m i t  

o f  n o r m a l  i n  93  p e r  c e n t ,  o f  a l l  c a s e s  o f  t o x a e m i a  t h e

d i s t r i b u t i o n /
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t h y m o l  t u r b id it y .

Fig. 67. thymol turbidity in normal pregnancy, pre-eclampsia 
and eclampsia.



d i s t r i c t  i o n  i r  e queri  c y  c l e a r l y  d e m o n s t r a t e s  t h a t  t h e r e  i s  an 

i n c r e a s i n g  n u m b e r  o f  h i g h e r  v a l u e s  when t o x a e m i a  becomes 

s e v e r e .  H o w e v e r , i n  t h e  tw o  p a t i e n t s ,  w h e r e  t h e  t e s t  wijb 

p o s i t i v e ,  t h e  t u r b i d i t y  w a s - o n l y  s l i g h t l y  m o r e  t h a n  t h e  r c r u . n i  

m a x im u m  ( 4 .  2  and  4 * 5  u n i t s  r e s p e c t i v e l y ; .  One o f  t h e m  (H* ,

Ho. 3 4 )  w as  j a u n d i c e d  a t  t h e . i t  ime t h e  t e s t  was d o n e .

T a b l e  1 0 3

F r e q u e n c y
Bhits Horma 1

mild 
• ?re-Eclanpsia

S e v e r e  
T re-eclsmpsia

Total 
(Tox. )

0 - 1 .  0 6 2 6 2 2 3

1 .  1 - 2 .  0 2 9 21 11 33

2 . 1 - 3 . 0 1 3 19 22-"

cc • t—
• 1 o - - 13 13

4-. 1 —j . 0 - - 2 2 .
'

■hr e r  gn e 1 .  54 1 . 1 9 2 . 9 5  * 2. 07
T" m 0 . 3 3  ■

--- _

0 . 5 5  ! 
___  • J

0 . 8 0 u  95

I t  i s  i n t e r e s t i n g  t o  n o t e ,  h o w e v e r ,  t h a t  d u r i n g  t h e  t h r e e

w e e k s  f o l l o w i n g  h e r  a d m i s s i o n  i n t o  h o s p i t a l  t h e  t o x a e m i a
ft

d e t e r i o r a t e d ,  a l t h o u g h  t h e  j a u n d i c e  j ^ o w e a  some a p p a r e n t  

i m p r o v e m e n t .  B e c a u s e  o f  t h e  bad  s t a t e  o f ,  h e r  t o x a e m i a  l a b o u r  

was i n d u c e d ,  and  a t  t h i s  t i m e  t h e  s e r u m  t h y m o l  t u r b i d i t y  

i n c r e a s e d  t o  5 . 1  u n i t s .  I n  t h e  o t h e r  p a t i e n t  (McIT. , I I o . 3 c ). 

t h e  t o x a e m i a  i m p r o v e d  d u r i n g  t h e . t r e a t m e n t  and t h e  t u r o i d i t y  

d e c r e a s e d  t o  3 . 5  u n i t s .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  o n *  ' 

t h e  f i f t h  d a y  a f t e r  c o n f i n e m e n t -  t h e  t h y m o l  t u r b i d i t y  Q & t l l  

c a s e s  w a s  f o u n d  t o  be  0 . 2  u n i t s *
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THYMOL TURBIDITY.

I DETERIORATED!

IlM P R O V E D l

0
1 2 3 4  WKS

Fig.68. Thymol turbidity in 
pre-eclampsia showing its 
relation to the clinical 
course of the disease.

Fig. 69. Thymol turbidity 
in pre-eclampsia, showing the 
change in turbidity in 
relation to the duration of 
the toxaemia.

UNITS.
4

HYMOL TURBIDITY

1 2  3  4  5 WKS.
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1 1 *  i n  i o n  I  C o u r s e  o f  T o x a e m i a .

nTh e  c l i n i a a l  c o u r s e  o f  t o x a e m i a . . a p p e a r e d  t o  a f f e c t  t i e  

v a l u e s  i r .  a m a n n e r  a l r e a d y  o b s e r v e d  w i t h  o t h e r  h e p a t i c  

f u n c t i o n  t e s t s .  A b n o r m a l  v a l u e s - w e r e  o b s e r v e d  i n  s s m a l l  

n u m b e r  o f  c a s e s  o n l y  w h e n  t h e  d i s e a s e  h a d  a t t a i n e d  m a r k e d  

sev^ -v  i l y ,  -The r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  1 0 9  a n d  i n  

f i g u r e s  68 a n d  £9 .
T a b l e  1 0 9

SQ

1. Uo1 .  05

1. 001 . 7 3

1 . 6 4

X .

One p a t i e n t  i n  e a c h  g r o u p  h a d  a v a l u e  o f  me r e  t h e y ,  4 

u n i t s  a t  t h e  t i m e  o f  a d m i s s i o n .  T h e  p o s i t i o n  r e m a i n e d  u n 

a l t e r e d  d u r i n g  t h e  s e c o n d  w e e k .  B u t  when, i m p r o v e m e n t  o c o u r r  

d u r i n g  t h e  t h i r d  and  f o u r t h  weeks ,  a b n o r m a l  v a l u e s  ^ e r e  u c  

l o n g e r  o b s e  r v e d .  T h e  c a s e  w h e r e  t h e  t h y m o l  t u r b i d i t y  was  4 .  > 

u n i t s  ( T c G ,  f B o .  6 3 )  d u r i n g  t h e  s e c o n d  w e e k  w a s  a case, o f  

t o x a e m i a ,  w i t h  j a u n d i c e .  T h e  j a u n d i c e  p e r s i s t e d  d u r i n g  t h i s  

i n v e s t i o n t . i o n .  Tn e n  h e r  c o n d i t i o n  s h o w e d  a l m o s t  c o m p l e t e  

r e t u r n  t o  n o r m a l  t h e  t h y m o l  t u r b i d i t y  was  0 . 6  u n i t s .

\ s  t h e  t o x a e m i a  d e t e r i o r a t e d  t h e  i n c i d e n c e  o f  a b n o r m a l  

v a l u e s  i n c r e a s e d  i n  e a c h  s u c c e s s i v e  vre e k .  T u r i n g  t h e  l o u r  

w e e k s  o f  s t u c l v  t h e  v£ r o e  n t  a g e  o f  c a s e s  w i t h  a on  o r  m s i  t h y m o l

■ u r  o i n i t y /
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t u r b i d i t y  w a s , 1 .  9 6 ,  1 0 .  6 ,  3 1 . 7  a n d  6 3 . 5  p e r  c e n t ,  r  e,sA 

i v e l y .  1 b e t t e r  u n d e r s t a n d i n g  of the b e h a v i o u r  o f  t h y m o l  

t u r b i d i t y  i s  p o s s i b l e  when t h i s  i s  s t u d i e d  i n  r e l a t i o n  t o  

t h e  d u r a t i o n  o f  t o x a e m i a  f r o m  t h e  t i m e  o f  i t s  o n s e t . ,  " foe

o s o n i f i e d  i n

' a b l e  110. T h e s e  figures demonstrate t h a t  up t o  t h e  

g o  c u b  w e e k  c £  t o x a e m i a  v a l u e s  h i g h e r  t h a n  m a x im u m  n o r m a l

r e s u l t s  o b t a i n e d  f r o m  s u c h  a n  a n a l y s i s  a r e  s o l

/ ' " a b l e l i e

T,u r a t i o . n  
o f

r';io x a e m i a  
Me e x  s 1

>
7

(
i!

- 1 3
.... i

'

4

T i n .  - M a x . 0 . 7 - 3 . 6 0 .  3 - 4 .  0
i
! 1 . 0 - 4 .  9 1 , 0 - 4 .  3 - o .

A v e r a g e 1 . 9 9 g wo | 2 . 6 5 3 0

w r> 0 .  9 0
'

0  °PV* J i () C; Q j O* ^ J
\‘ I. ...

>1- • -1-
:_ „

u  31

d i d  n o t  o c c u r .  S u b s e q u e n t l y  t h q / h u m b e r  o f  a b n o r m a l  v a l u e s  

i n c r e a s e d  p r o g r e s s i v e l y  as t h e  t o x a e m i a  'pe r  s i  s t e d  o r  be so:"  

w o r s e .  ^ h e  i n c i d e n c e  o f  a b n o r m a l  v a l u e s  i n  t h e  t h i r d ,  

f o u r t h  a n d  f i f t h  w e e k s  o f  t o x a e m i a  w a s  1 0 , 5 ,  4 3 . 6  and  7 9 .  0 

p e r  c e n t ,  r e s p e c t i v e l y .  T h i s  i s  t h e  c a u s e  o f  t h e  p r o g r e s s  

i n c r e a s e  o f  t h e  a v e r a g e  v a l u e s  i n  e a c h  g r o u p .  \  s t u d vo  W •*- - ts

o f  t h e  r a n g e  o f  d i s t r i b u t i o n  a n d  o f  t h e  s t a n d a r d  d e v i a t i o n  

s h o ^ s  t h e  g r a d u a l  s h i f t  o f  t h e  v a l u e s  t o  t h e  r i g h t  t h r o u g h  

o u t  t h i s  p e r i o d ,  t h e  l o w e r  v a l u e s  b e i n g  g r a d u a l l y  e l e v a t e d  

w h i l e  t h e  m a x im u m  m o v e s  o n l y  s l i g h t l y ,  g r o s s l y  a b n o r m a l  

v a l u e s  f r o m  a q u a n t i t a t i v e  p o i n t  o f  v i e w  w e r e  n o t  o b s e r v e  a 

in .  u r e - e c l a i r r o s i a .  T h e  c h a n g e  a r r e a r s  t o  be m o r e  o f  a

q u a l i t a t  i v e /
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THYMOL TURBIDITY

100 DIASTOLIC 120 MM.

M.M. 150 SYSTOLIC

70. Thymol turbidity in relation to the systolic and 
diastolic blood pressure in pre-eclampsia.
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q u a l i t a t i v e  n a t u r e  and  i s  r e v e a l e d  o n l y  w h e n  t h e  c a s e s  a r e  

f o l l o w e d  d u r i n g  s u c c e s s i v e  w e e k s  o f  t o x a e m i a .

1 1 1 .  B l o o d  e s s u r e  a n d  Thy-rao 1 T ur b i d i t y .

I / l i e n  t h e  s y s t o l i c  b l o o d  p r e s s u r e  r e a c h e s  t h e  h y p e r 

t e n s i v e  l e v e l  t h e  t h y m o l  t u r b i d i t y  a l s o  s h o w s  some- i n c r e a s e .  

T h e  a v e r a g e  v a l u e s ,  h o w e v e r  s e l d o m  e x c e e d  t h e  l i m i t  o f  

n o r m a l i t y .  I n d i v i d u a l  a b n o r m a l  v a l u e s  a p p e a r  t o  oe 

s c a t t e r e d  i n  e a c h  b l o o d - p r  e s s u r  e g r o u p  a b o v e  1 7 0  mu Hg .

B e l o w  t h i s  l e v e l  h o w e v e r  t h e  m a x i m u m  v a l u e s  w e r e  b e l o w  t h e  

max i .mum n o r m a l  s t a n d a r d ,  a l t h o u g h  c o n s i d e r a b l y  h i g h e r  t h a n  

t h e  m a x i m u m  o b s e r v e d  i n  n o r m a l  p r e g n a n c y .  Ho d e f i n i t e  

c o r r e l a t i o n  c o u l d  b e  f o u n d  b e t w e e n  t h e  l e v e l s  o f .  s y s t o l i c  

b l o o d  p r e s s u r e  i n  p r e - e e l s m p s i a  a n d  t h y m o l  t u r b i d i t y .  For 

t h i s  r e a s o n  t h e  d e t a i l s  o f ' t h e  v a l u e s  a r e  n o t  p r e s e n t e d .

T h e  r e s u l t s  a r e  p r e s e n t e d  i n  f i g u r e 7 0 *

4 s t u d y  o f  t h e  d i a s t o l i c  p r e s s u r e  s e e m s  t o  s h o w  a 

s l i g h t l y  c l o s e r  r e l a t i o n s h i p  w i t h  t h y m o l  t u r b i d i t y .

( T a b l e  1 1 1 ) .  As  i n  t h e  c a s e  o f  s y s t o l i c  b l o o d  p r e s s u r e ,  

t h e  a v e r a g e  s h o w s  some f l u c t u a t i o n  a t  t h e  l o w e r  r a n g e s  o f  

d i a s t o l i c  h y p e r  t e n  s i  o n ,  b u t  t h e s e  v a r i a t i o n s  a r e  s m a l l  a n d  

r e v e a l  a g e n e r a l  t e n d e n c y  t o  a n  i n c r e a s e .  A t - h i g h e r  l e v e l s  

o f  d i a s t o l i c  p r e s s u r e  ( 1 1 0  mra .Hg.  o r  m o r e )  t h e s e  v a r i a t i o n s  

a l m o s t  d i s a p p e a r .  T h e  f i r s t  a b n o r m a l  v a l u e s  i n  t h i s  s e r i e s  

( 4 . S  u n i t s )  w a s  n o t i c e d  i n  - a “ p a t  i e n t  w i t h  a d i a s t o l i c

p r e s s u r e  o f  1 0 0  m m .H g .  A c o n s i s t e n t  i n c r e a s e  o f  t h y m o l

t u r b i d i t y  - w as  o b s e r v e d  wh 01 t h e  d i a s t o l i c  b l o o d  p r e s s u r e  

e x c e e d e d /
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e x c e e d e d  1 1 0  mm. an d "  a t  e a c h  s t a g e  a b o v e  t h i s  l e v e l  tbs  

i n c i d e n c e  o f  a b n o r m a l  v a l u e s  i n c r e a s e d  ( 1 4 . 6 ,  4 3 . 6  and  

3 6 * 1  p e r  c e n t ,  r e s p e c t i v e l y } s t e a d i l y .  H o w e v e r , t i e

s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e s e  v a l v e s  i s  v a r i a b l e .

T a b l e  i l l

■p ^
j *  *

mm.
T-T r-o* . A v e r . .0*. *_ M i n - M a x .

B.  Mi
iiifii*
U:T *1feif’i S . T . M i n - M a x .

^ 9 0 1 . 7 9 0 .  3 5 0 , 5 - 3 . 3
f J

1 l 6 - 1 1 0 2 ,  54 1 .  0 6 1 .  5 - 4 . 7

9 1 - 9 5 7 , 3 7 0 , 6 4 1 .  5 - 3 . 4 1 1 1 - 1 1 5 3 ,  3 5 0.  27 3 .  5 - 4 , 3

o
 

o
 

1—1 1'-0c5 3 . 1 5 0 .  :31• l . C - 4 . 3 1 1 6 - 1 2 0 a q o
J  kJ 0 . 9 0 1 . 5 1 - 5 . 1

1 0 1 - 1 0 5 3 . 7 0 0 . 5 1  ' 2 .  6 - 3 . 5 - - -

_ ................................

3 .  H 0 I A M B 5 1 A  

"Toe a v e r a g e  t h y m o l  t u r b i d i t y  i n  e c l a m p s i a  w a s  4 . 3 5  

u n i t s ;  3 * B . 1 . 3 3 .  I n d i v i d u a l  v a l u e s  w e r e  f o u n d  b e t w e e n  1 . 8  

a n d  7 * 5  u n i t s .  T h i r t y  - n i n e  p e r  c e n t . (  7 o u t  o f  1 3  c a s e s )  o f  

p a t i e n t s  i n  t h i s  s e r i e s  h a d  l e s s  t h a n  t h e  m a x i m u m  n o r m a l  

v a l u e  i n s p i t e  o f  c o n v u l s i o n s . .  One o f  t h e s e  p a t i e n t s  ( M c L .  

H o ,  1 6 )  p r e s e n t s  a p a r t i c u l a r l y  i n t e r e s t i n g  f e a t u r e .  She  

w a s  a d m i t t e d  Tw i t h  a h i s t o r y  o f  o n e  c o n v u l s i o n  and  i n  s e r a i -  

c o m a t o s e  s t a t e  w i t h  a b l o o d  p r e s s u r e  o f  1 3 0 / 1 1 0  m m .R g .  and  

13 p a r t s  ( R s b a o h )  a l b u m i n  i n  t h e . u r i n e ,  A t  t h i s  s t a g s ' t h e  

s e r u m  t h y m o l  t u r b i d i t y  was  3 . 7  u n i t s .  She r e m a i n e d  i n  a 

s e r a i - c o m a t o s e  s t a t e  f o r  3 d a y s  when, t h e  t e s t  w a s  r e p e a t e d ,  

and t h y m o l  t u r b i d i t y  w a s  f o u n d  t o  he  r a i s e d  t o  9 .  7 u n i t s .  

T h i s  c a s e  h a d  a f a t a l  o u t c o m e ,  ™he l o w e s t  t h v m o l*s .

t u r b i d i t y  i n  o u r  s e r i e s  o f e c l a n p s i a s  w a s  1 . 3  u n i t s  i n  a 

n a t i e n t /  '
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p a t i e n t  ( 3 . N o .  1 ? )  w h o s e  b l o o d  w a s  e x a m i n e d  a f t e r  3 c o n 

v u l s i o n s .  T h i s  p a t i e n t  w a s  c o m a t o s e  f o r  l e s s  t h a n  an  h o u r  

and m a d e  a s p o n t a n e o u s  r e c o v e r ; / . -  I t  m h y  b e  o f  i n t e r e s t  t o  

m e n t i o n  t h a t  s h e  w a s  a s u b j e c t  o f  e s s e n t i a l  h y p e r  t e n s  i o n  

b e f o r e  p r e g n a n c y  o c c u r r e d .  Two o t h e r  p a t  i e n t s ,  one  w i t h  3 

a n d  a n o t h e r  w i t h  4  c o n v u l s i o n s  s h o w e d  o n l y  3 . 3  a n d  3 . 7  

u n i t s  o f  s e r u m - t h y m o l  t u r b i d i t y .  I n  g e n e r a l  t h e  n u m b e r  o f  

c o n v u l s i o n s ,  p e r  s e , do  n o t  s e e m  t o  h a v e  a c o n s i s t e n t  e f f e c t  

o n  t h e  l e v e l  o f  t h y m o l  t u r b i d i t y .  O f  t h e  t h r e e  p a t i e n t s  

w ho  w e r e  u n d e r  i n v e s t i g a t e  i o n  b e f o r e  t h e  o n s e t  o f  e c l a m p s i a ,  

o n e  ( 1 .  h o .  1 3 }  s h o w e d  n o  c h a n g e  ( 3 . 3  u n i t s )  i n  t h y m o l  

t u r b i d i t y  a f t e r  t h e  o c c u r r e n c e  o f  e c l a m p t i c  c o n v u l s i o n s .  

A n o t h e r  p a  t i e n t  s h o w e d  a n  a c t u a l  d e c r e a s e  ( f r o m  3 . 6  t o  3 . 3  

u n i t s ;  3 .  N o .  3 ) .  I n  o n l y  one  c a s e  ( H . N o . 1 4 )  t h e r e  w a s  a n  

i n c r e a s e  o f  t h y m o l  t u r b i d i t y  f r o m  3 . 4  t o  4 . 4  and t h e n  t o  

5 . 7  u n i t s .  N e v e r t h e l e s s  w h e n  t h e  s e r i e s  i s  t a k e n  a s  a w h o l e ,  

i t  i s  f o u n d  t h a t  r e p e a t e d  c o n v u l s i o n s  t e n d  t o  r a i s e  t h e  

t h y m o l  t u r b i d i t y  t o  a b n o r m a l  l e v e l s .  I n  3  p a t i e n t s  w h o  h a d  

a f a t a l  o u t c o m e ,  t h e .  t h y m o l  t u r b i d i t y  v a l u e s  w e r e  1 0 . 1 ,

1 0 , 5  a n d  9 .  7 u n i t s  7 t o  3 1  h o u r s  b e f o r e  d e a t h .

H o w e v e r ,  t h e  c h a n g e s  i n  t h e  l i v e r  f u n c t i o n ,  w h i c h  a r e  

r e s p o n s i b l e  f o r  h i g h  t h v m o l  t u r b i d i t v  v a l u e s  i n  e e l  arms i a ,
j  O <• <' -t- w

a p p e a r  t o  be  o f  s h o r t  d u r a t i o n ,  f o r  t h e  v a l u e s  w e r e  f o u n d  

t o  r e t u r n  t o  n o r m a l  i n  m o s t  o f  t h e  c a s e s  w i t h i n  4 3  h o u r s  

a f t e r  t h e  c e s s a t i o n  o f  c o n v u l s i o n s .  T h e  r e s u l t s  o f  t h e  

f o l l o w - i a p  s t u d y ,  p r e s e n t e d  i n  T a b l e  1 1 3  d e m o n s t r a t e  t h e  

c h a n g e s  c a u s e d  b y  e c l a m p s i a .
■ -i _  V, "\ /
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THYMOL TURBIDITY.UNITS.

FITS

AFTERBEFORE DURING

DAYS-

71. Thymol turbidity in the pre-convulsive, convulsive 
and convalescent stages of eclampsia.

UNITS.

THYMOL
TURBIDITY.

16-4 HOURS
BEFORE DEATH.FITS,

72. Thymol turbidity in relation to the number of 
convulsions in eclampsia.
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Table 112

y i e - c b h l  
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C ■ '•/■ f i  . t

1 o h v  u l  s i f  e 
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4 . 3 5  

1 .  01
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3.  0 - 5 . 0  
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H —3Lu
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L 4 7  |

0 *3 9  j
1

T h e  p e r s i s t e n c e  o f  t h e  c o n v u l s i v e  s t a g e  s e e m s  t o

a f f e c t  t h e  t h y m o l  t u r b i d i t y  m o r e  t h a n  t h e  m e r e  o n s e t  o f  

e c l a m p t i c  c o n v u l s i o n s .  I n  9 p a t i e n t s  i n  o u r  s e r i e s  t h e  c o n 

v u l s i v e  s t a g e  w as  p r o l o n g e d  f o r  m o r e  t h a n  2 4  h o u r s ,  and  i n  

e a c h  p a t i e n t  t h e  v a l u e  o b t a i n e d  w a s  h i g h e r  t h a n  n o r m a l .

I n  s p i t e  o f  t h i s ,  2 4  h o u r s  a f t e r  t h e  c e s s a t i o n  o f  c o n v u l s i o n s ,  

i n  o n e - t h i r d  o f  t h e  p a t i e n t s  i n  t h i s  s e r i e s  - n o r m a l  v a l u e s  

w e r e  o b t a i n e d ,  a f t e r  a f u r t h e r  2 4  h o u r s , o n l y  1 6 . 6  p e r  c e n t ,  

o f  t h e  v a l u e s  w e r e  a b o v e  4  u n i t s .  B v  t h e  l a t t e r  p a r t  o fts i.

t h e  f i r s t  w e e k  t h e . v a l u e s  r e t u r n e d  t o  n o r m a l  i n  a l l  c a s e s .

T h e  r e s u l t s  o f  t h y m o l  t u r b i d i t y  i n  n o r m a l  p r e g n a n c y  j

a r e  u n i f o r m l y  n e g a t i v e .  M a c l i a g a n  ( l a ,  1 9 4 4 a )  s t u d i e d  t h e  j

r e s u l t s  o f  t h i s  t e s t  i n  1 2  c a s e s  o f  n o r m a l  p r e g n a n c y  a n d  j j
. I t

a r r i v e d  a t  t h e  s a m p  c o n c l u s i o n .  T he  m e c h a n i s m  o f  a ! li
■ M i

p o s i t i v e  t h y m o l ,  t u r b i d i t y  r e a c t i o n  i s  n o t  y e t  c l e a r l y  u n d e r i  |‘

' s t o . o d , b u t  f r o m  c o m p a r a t i v e  s t u d i e s  ( l a , 3 , 4 )  w i t h  c o l l o i d a l ;  j:j
j t

g o l d  a n d  c e p h a l i n - c h o l e  s t e r o l  f l o c u l a t i o n  t e s t s ,  i t  [ /
: f i f'

a p p e a r s  t h a t  t h e  t u r b i d i t y  d e p e n d s  im i n l y  u p o n  gamma 1

g l o b u l i n ,  c r a y  a n d  B a r r o n  ( 5 ,  1 9 4 3 )  and  s e v e r a l  o t h e r  

i n v e s t i g a t o r s /- ( L j
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i n v e s t i n g t o r s  h o v e  p o i n t e d  o u t  t h a t  i n f e c t i v e  h e p a  l i t i s  a n d  

c i r r h o s i s , c o n d i t i o n s  w h i c h  c a u s e  o r g a n i c  a n d  f u n c t i o n a l  

dare a g e  o f  t h e  l i v e r ,  a r e  a s s o c i a t e d  w i t h  an i n c r e a s e  i n  

p l a s m a  g l o b u l i n ,  and i t  i s  u s u a l l y  t h e s e  o a s e s ,  w h i c h  g i v e  

t h e  m o s t  s t r o n g l y  p o s i t i v e  r e s u l t s .  F r o m . t h i s  p o i n t  o f  

v i e w  n o r m a l  p r e g n a n c y  d o e s  n o t  a p p e a r  t o  b e  a s s o c i a t e d  w i t h  

a g r o s s  m e t a b o l i c  c h a n g e .  T h e r e  i s  o n e  o b v i o u s  d i f f i c u l t y  

i n  i n t e r p r e t i n g  t h e  r e s u l t s  o f  t h i s  t e s t  a s  s n  e v i d e n c e  

o f  h e p a t i c  d y s f u n c t i o n .  T h e r e  i s  n o  a b s o l u t e  p r o o f  t h a t  

t h e  p r o t e i n ,  r e s n o n s i b l e  i s  a c t u a l I v  o r o d u c e d  b v  t h p  l i v e r ;•U X- t / A .  /

a p o s s i b l e  o r i g i n  i n  t h e  r e t i c u l o - e n d o t h e l i a l  s y s t e m  r o u s t  

be  c o n s i d e r e d ,  a n d  i t  a p p e a r s  t h a t  d i s e a s e s  o f  t h e  

r e t i c u l o - e n d o t h e l i a l  s y s t e m ,  e . g .  g l a n d u l a r  f e v e r ,  a n d  ■ 

l y m p h o - g r a n u l o m a  a l s o  g i v e  a p o s i t i v e  r e s u l t  t o  t h i s  t e s t .

T h e  s i g n i f i c a n c e  o f  t h i s  l i e s  i n . t h e  f a c t  t h a t  t h e r e  a r e  

some e v i d e n c e s  o f  a b n o r m a l  f o r m a t i o n  o f  g l o b u l i n  i n  p r e g n a n c y  

t o x a e m i a s  ( ? t * l ,  O h . 3 ) .  n e v e r t h e l e s s ,  t h e  i n c i d e n c e  o f  

p o s i t i v e  r e s u l t s  i n  p r e - e c l a m p s i a  i s  l o w .  I n  3 0 4  e s t i m a t i o n s  

o n l y  1 ?  p o s i t i v e  r e s u l t s  w e r e  o b t a i n e d  ( =  5 . 6  p e r  c e n t . ) .  

H o w e v e r ,  f r o m  t h e s e  f r a n k l y  a b n o r m a l  v a l u e  s o b t a i n e d  a t  j

t h e  t i n e  o f  a d m i s s i o n ,  t h e  f o l l o w - u p  s t u d y  i n  p r e - e c l a m p s i a  j

r e v e a l s  t h a t ,  w i t h  t h e  p r o g r e s s  o f  t h e  d i s e a s e  t h e  d e n s i t y  

o f  t h e  t h y m o l  t u r b i d i t y  t e n d s  t o  i n c r e a s e .  T h e s e  f a c t s  j

s u g g e s t  t h a t  t h e  p r o c e s s  o f  t o x a e m i a  i m p o s e s  a c o n t i n u o u s  

s t r a i n  on  t h e  l i v e r ,  a r id  p r o b a b l y  r e d u c e s  i t  r e s e r v e  !

c a p a c i t y .  A b n o r m a l l y  h i g h  v a l u e s  a r e  o b t a i n e d  o n l y  w h e n  

t h i s  r e s e r v e  i s  e x h a u s t e d .  J t  i s  p o s s i b l e  t h a t  t h i s  i s  

d e n e n d  e v i I
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d e p e n d e n t  u p o n  t h e  d e g r e e  o f  v a s c u l a r  s p a s m  ( i n d i c a t e d  b yJl  jL " V 4y

t h e  l e v e l  o f  d i a s t o l i c  b l o o d - p r e s s u r e ) w h i c h  a c c o m p a n i e s  

t o x a e m i a .

T h e  i n c i d e n c e  o f  p o s i t i v e  r e s u l t s  i n  e c l a m p s i a  ( o n  

a d m i s s i o n )  w a s  m u c h  h i g h e r  t h a n  t h a t  i n  p r e - e c l a m p s i a  ( 3 9 . 0  

p e r  c e n t . ) .  I f  h o w e v e r  a l l  t h e  v a l u e s  o b t a i n e d  d u r i n g  t h e  

s t a g e s  o f  c o n v u l s i o n s  and coma a r e  c o n s i d e r e d  t h e  i n c i d e n c e  

o f  n o s - i t i v e  r e s u l t s  i n c r e a s e s  t o  7 1 . 5  p e r  c e n t ,  '•’ hex i-

n a t u r e  o f  t h e  c h a n g e  i n  t h y m o l  t u r b i d i t y  r e v e a l e d  b y  t h e  

f o l l o w - u p  s t u d y  i n  b o t h  t h e  f a t a l  .and s u r v i v i n g  c a s e s  

s u g g e s t  t h a t  e c l a m p s i a  i s  u s u a l l y  a t t e n d e d  by  m a r k e dU U  X tJ

d i s t u r b a n c e  o f  l i v e r  f u n c t i o n .  T h e  r e s u l t s  seem i n  c o n 

f o r m i t y  w i t h  t h o s e  d e s c r i b e d  i n  t h e  p r e v i o u s  c h a p t e r s .

O O N QIU S IOhS

T h e  r e s u l t s  o f  t h e  t h y m o l  t u r b i d i t y  t e s t  i n  n o r m a l  

p r e g n a n c v  a r e  u n i f o m l v  n e g a t i v e .  I n  t o x a e m i a  o f  r e m n a n c yX O  o o  —  X L J  t /

t u r b i d i t y  i s  f o u n d  t o  i n c r e a s e ,  w h e n  c o m p a r e d  w i t h  t h a t  i n  ^ 

n o r m a l  g e s t a t i o n .  B u t  a b n o r m a l  v a l u e s  a r e  o b t a i n e d  i n
V

c a s e s  o f  t o x a e m i a  o n l v  vfc-en t h e  d i s e a s e  i s  o f  l o n g  d u r a t i o n !  

and o f  m a r k e d  s e v e r i t y .  T h e  i n c i d e n c e  o f  p o s i t i v e  r e s u l t s  

i s  h i g h e r  i n  e c l a m p s i a  t h a n  i n  p r e - e c l a m p s i a .  The  r e s u l t s  

o b t a i n e d  f r o m  t h i s  t e s t  i n d i c a t e  t h a t  t h e r e  i s  n o  g r o s s  

h e p a t i c  d a m a g e  e x c e p t  i n  a f e w  c a s e s  o f  s e v e r e  p r e - e c l a m p s i a
x. O  x

and  e c l a m p s i a ,  b u t  t h e y  a l s o  i n d i c a t e  t h a t  t h e r e  i s  

p r o g r e s s i v e  d e c r e a s e  i n  t h e  f u n c t i o n a l  r e s e r v e  o f  t h a t  o r g a n

l i e n  t h e  d i s e a s e  p e r s i s t s  o r  i n c r e a s e s  m  s e v e r i t y .

T ’W LTlSO'CW r r i -n o  /



M a c L a g a n , N . F , N a t u r e ,  1 9 4 4 ,  1 5 4 ,  6 7 0 .
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a  H a v i d s o n ,  0 . 3 .



^TT ,'t "r'- Tf
/'.i.i- 1-

n  «t  rn r\y T*‘DTW“ : m1"'<~ifp
j. . j ..

G a l a c t o s e  t o l e r e n c e  t e s t s  f o r .  e s t i m a t i n g  t h e  f u n c t i o n a l  

e f f i c i e n c y  o f  t h e  l i v e r  h a s  b e e n  p e r f o r m e d  i n  s e v e r a l  

d i f f e r e n t  ways. .  T h e y  c a n  be b r i e f l y  . s u m m a r i s e d  a s  f o l l o w s : -

1 .  O r a l  g a l a c t o s e ,  f o l l o w e d  b y  b l o o d  s u g a r  d e t e r i o r a t i o n
( B e a u m o n t  and D o d d s ,  1*, 1 9 3 1 ) .

2 .  O r a l  g a l a c t o s e  f o l l o w e d  b y  e s t i m a t i o n  o f  u r i n a r y  s u g a r
(Chao and  c o - w o r k e r s ,  2  f . -1931

3 .  f o r c e d  g n l a c t o s u r i a  a f t e r  g r a d e d  t e s t  m e a l s  o f  g a l a c t o s e -
' • ( ^ o w e  e t  3.1,  3 ,  1 9 3 5 .  ) . '

4 .  O r a l  g a l a c t o s e  f o l l o w e d  o y  d e t e r n i i n a t i o n  o f  b l o o d
l a c t o s e  ( A l t h a u s e n  and - e v e r ,  4 ,  1 9 3 ? :  M a e t o  g u n ,

t t  i  n  a rs \  7 7 J  7■J, J-OOrCg*

5 .  I n t r a v e n o u s  g a l a c t o s e  . f o l l o w e d  b y  e s t i m a t i o n  o f '  b l o o d  1
g a l a c t o s e  ( K i n g ,  6 ,  1 9 4 0 ) .

B a c h  m e t h o d  h a s  i t . a d v a n t a g e s - p r o v i d e d  d u e  c o n s i d e r a t i o n ^  

i s  g i v e n  t o  c o n d i t i o n s  w h i c h  m o d i f y  o r  i n t e r f e r e  w i t h  t h e
O  !■'

r e s u l t s .  . o r  t h e  p u r p o s e s ,  o f  o u r  i n v e s t i g a t i o n  we  h a v e  

u s e d  t h e  m e t h o d  d e s c r i b e d  b y  M a c L a g a r i  ( 5 ,  ’ 1 9 4 0 )  ar id  e x p r e s s e d  

t h e  r e s u l t s . a s  a g a l a c t o s e  i n d e x .  M a c L a g a n  s u g g e s t e d  t h e  

u s e  o f  t h i s  t e r m  (G .  I .  ) a s  t h e  sum o f  t h e  f o u r  b l o o d - '  

g a l a c t o s e  v a l u e s  a t  1 / 2 , h i ,  l j  a n d  2  h o u r s  i n  m . g m s . p e r  

I C C  m l .  a f t e r  i n g e s t i o n  o f  4C g in s .  o f  g a l a c t o s e  d i s s o l v e d

i n  2 5 0  m l .  o f  w a t e r .  T h e  t e s t  w as  p e r f o r m e d  i n  e a c h

i n s t a n c e  on  a n  e m p t y  s t o m a c h  a n d  a f t e r  a ^ e r i o a  o f  o v e r 

n i g h t  f a s t .  I n  a n o t h e r  s e r i e s  o f  c a s e s  f o r c e d  g a l o c t o s u r i a  N 

• (Dowe e t  a l , 3 ,  1 9 3 5 )  t e s t  w as  a l s o  e m p l o y e d .
A T i T  * - t n ~ r " '  O T IT 'T IV  
i • j  • i_ j  : i  j  . l  ■■ ■■,J.: j __

/
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G a l a c t o s e  i n d e x  w as  6 b  L im a  t e d  i n  1 0  c a s e s  o f  n o r m a l  

p r e g n a n c y , b e t w e e n  3 6  w e e k s  o f  g e s t a t i o n  a n d  t e r m .  The. 

a v e r a g e  4 . 1 .  i n  t h i s  s e r i e s  w a s  3 1 .  8 6 ;  S. I ) . 1 9 .  7 0 .  T h e  

m i n i m u m  v a l u e  w a s  6 3 . 7  a n d  t h e  m a x i m u m  1 3 3 .  G.

M a c L a g a n  ( 5 ,  1 9 4 0 g i v e s  63  as  t h e  a v e r a g e  v a l u e  f o r  

n o r m a l  p e r s o n s .  F r o m rt h , i s .  p o i n t  o f  v i e w ,  9  o u t  o f  1 0  c a s e s  

o f  n o r m a l  p r e g n a n c y  h a d  m o r e  t h a n  n o r m a l  a v e r a g e  G. I .  I n  

n o n e  o f  t v<ese p a t i e r . t s  " h o w e v e r  d i d  t h e  G . I .  e x c e e d  t h e  

n o r m a l  m a x i m u m .  L h e  v a l i e s  o b t a i n e d  i n  t h e s e  C a s e s  a r e  

d r i v e n  b e l o w .

1 . M. 1 Gr  a v . 3 6 w e e k s  G a l a c t  o s e I n d e x -  6 9 . 7
3 . 1 3 3 f t 3 5 . 5

3 . McN. 2 V? U :, 37 »%■ ft - 6 3 . 7
4 . H. 6 »* h u l l  t e r m rt ft 7 1 . 6XT
■J, A. 1 n 3 9 w e e k s ft f * 123. 0
6. McL. 4 h u l .1 t e r m f* ft 7 6 . 4
7 . r i

j . 3 .«■ 3 6 we e k s f t 8 6 . 9
3. n

. 1 3 9 r» ft 8 0 . 5
9 . LcL. 2 3 3 w e e k s TT 8 5 . 4

1 0 . ■n / • 1 tv h u l l  t e r m TT ft 7 0 . 9

3. PKE-BGLAMPSIA 
G a l a c t o s e  i n d e x  w a s  d e t e r m i n e d  i n  3 3  e a s e s  o f  p r e -  

e c l a m p s i a .  T h e r e  w a s  c o n s i d e r a b l e  d i f f e r e n c e  b e t w e e n  t h e  

v a l u e s  o b t a i n e d  i n  i n d i v i d u a l  c a s e s .  T h e  m i l d  a n d  s e v e r e  

t o x a e m i a s  w i l l  t h e r e f o r e  be  p r e s e n t e d  s e p a r a t e l y .

M i l d  T o x a e m i a .

' T h i s  s e r i e s  c o n s i s t s  o f  13  c a s e s .  T h e  a v e r a g e  g a l a c t o s e  

i n d e x  w a s  1 0 5 . 6 6 ;  3 . 1). 1 9 . 0 6 .  T h e  m i n i m u m  a n 0 n a x i m u m  v a l u e s  

w e r e  6 9 . 1  a n d  1 3 6 . 9  r e s p e c t i v e l y .  I n  a l l  c a s e s  t h e  v a l u e  

e x c e e d e d /



G a l a c t o s e
e c l a m p s i a

mmtm
iiM *a

Fig. 73.
index in normal pregnancy, pre-eclampsia and
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e x c e e d e d  t h e  n o r m a l  a v e r a g e  ( i l a c L a g a n ) ,  b u t  i n  n o n e  w a s  t h e

n o r m a l  m a x i m u m  e x c e e d e d .  I n  7 7  p e r  c e n t .  ( 1 0  c a s e s )  t h e  G . I .

w a s  m o r e  t h a n  th e .  a v e r a g e  o f  n o r m a l  p r e g n a n c y ,  b u t  i n  o n l y

1 p a t i e n t  i t  w a s  m o r e  t h a n  t h e  m a x i m u m  o f  o u r  s e r i e s  o f

n o r m a l  c a s e s .  ( F i g u r e  ) .

11*  S e v e r e  T o x a e m i a .

G a l a c t o s e  i n d e x  w a s  d e t e r m i n e d  i n  25 c a s e s  o f  s e v e r e

p r e - e c l a m p s i a *  T h e  m i n i m u m  G . I .  i n  t h i s  s e r i e s  w a s  1 0 0 . 6 ,

and t h e  m a x im u m  2 1 4 .  6 % T h e  a v e r a g e  v a l u e  w a s  1 6 6 . 5 ;  S . D .

2 9 . 5 0 .  I n  a l l  c a s e s  t h e  G . I .  w as  m o r e  t h a n  t h e  a v e r a g e  f o r
a s

n o r m a l  p e r s o n s  ( M a c L a g a n  ) / w e l l  as t h a t  i n  n o r m a l  p r e g n a n c y .

I n  4 4  p e r  c e n t .  ( 1 1  c a s e s )  i t  w a s  h i g h e r  t h a n  t h e  n o r m a l  

m a x i m u m  a n d  i n  6 4  p e r  c e n t .  ( 1 6  c a s e s ) ,  i t  e x c e e d e d  t h e  

m a x i m u m  o b s e r v e d  b y  u s  i n  n o r m a l  p r e g n a n c y  ( F i g u r e 73 ).
T h e  i n c r e a s e  o f  G . I .  o b s e r v e d  i n  m i l d  a n d  s e v e r e  

t o x a e m i a  i s  f o u n d  t o  be s t a t i s t i c a i l y  s i g r i f i c a n t  w h e n  c o m -  

p a r e d  w i t h  t h e  v a l u e  o b t a i r e d  i n  n o r m a l  p r e g n a n c y .  The  

d i f f e r e n c e  i n  g a l a c t o s e  i n d e x  b e t w e e n  m i l d  a n d  s e v e r e  p r e -  

e c l a m p s i a  a l s o  s h o w s  s t a t i s t i c a l  s i g n i f i c a n c e .

I n  o r d e r  t o  p r o v i d e  c o m p a r i s o n  o f  d a t a  i n  n o r m a l  

p r e g n a n e ?  a n d  t o x a e m i a  t h e  f r e q u e n c y  d i s t r i b u t i o n  o f  t h e  

v a l u e s  i s  p r e s e n t e d  i n  T a b l e  1 1 2 .

T h e r e  a p p e a r s  t o  b e  a g r a d u a l  c h a n g e  i n  t h e  G . I .  f r o m  

n o r m a l  p r e g n a n c y  t o . s e v e r e  p r e - e c l a m p s i a *  T h e  d i s t r i b u t i o n  

o f  v a l u e s  i n  t h e  l a t t e r  c o n d i t i o n  i s  i n  s t r i k i n g  c o n t r a s t  t o  

t h a t  o f  e i t h e r  o f  t h e  o t h e r  t w o  g r o u p s  o f  c a s e s .  M ild  p r e 

e c l a m p s i a  a l s o  s h o w s  a s l i g h t  s h i f t  o f  t h e  v a l u e s  t o  t h e

r i g h t /
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Fig. 74. Galactose index in 
pre-eclampsia in relation to the 
clinical course of the disease.[DETERIORATED

1ALACT0SE INDEX

Fig. 75. Galactose index in 
pre-eclampsia in relation to 
the duration of the toxaemia.
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T able 113

Improved (11 cases)
K1 " ' ' .....

Deteriorated (27 cases)

We eli s 1 1 ^
! 3 1

11 2 3

Minimum 1 71.8 j 72.1 I 80. 7i 69.1 j 89.4 91.6

Maximum ; 190.7 j 143.6 i 121.0t 214.6 ! 343.7 333.0

Average | 132.2 j 115.2 | 105.8 , 145.4 ! 167.5J 188.1 1

S.D. I 19.9 
1 | 16*3

! 16.8 !' 20.5
£

j 17.9 19.6

botb series appears to be s ta t is t ic a l ly  s ig n if ic a n t. In  

those pa tien ts  #10 were cured o f the toxaemia the improve

ment was most noticeable in  the maximum values. During the 

second stage o f study none o f the patien ts had a G.I. 

exceeding the maximum normal value (G .I. * 160, MacLagan).

The minimum values in  th is  series did not show any consistent 

change. However, when the state o f toxaemia became worse j 

£the average values demonstrated a progressive d e te r io ra tio n ^  

In order to determine the nature o f th is  change these cases 

were fu rth e r analysed in  re la t io n  to the to ta l duration of 

toxaemia. The re s u lts , presented in  figure  reveal that 

the increase in  the G.I. in  these cases bears a d is t in c t 

re la tio n sh ip  to the duration of toxaemia. I t  w i l l  be evident 

that the incidence o f abnormal values ( i.e .  ,^604-) increases 

progressive ly from 40*0 per. cent, in  the f i r s t  week o f 

toxaemia to 52.4, 73.2 and 92.8 per cent, during the 

fo llow ing  three weeks. The average shows a steady increase 

which is  s ta t is t ic a l ly  s ig n if ic a n t, and the scatter reveals
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a" distinct sh ift to the right during each successive period 

of investigation. ‘

IV* Galactose Index and Blood Pressure.
r

As in the previous tests the G .I. obtained from 113 

tests performed on 38 cases of pre-eclampsia were studied in N

re lation  to the level of blood pressure at the time of the jj

experiments* The results are shown in Table 114 and !

illustrated  in fig ure76 . '

Table 114

Systolic
B*P.

mm* H£*

S'vstolie
V  __B* P.
mm.Ĥ *

T)Ia stolid  
B.P.

>150 111.9*10.7 176-130 193.9*10.3 >90 108.1-11. 7

151-155 133.1*16.1 181-185 201.9-12.7 91-95 117.0*7.6

156-160 144.6*11.6 186-190 ; 222.8*14.7 96-100 131.8*15. 5

161-165 138.6*9.7 191-195 | 178.0 101-105 163.5*12. 6

166-170 186.8*17.5 196-800 1185.1*10.8 106-110 179.8*7. 0

171-175 190.2*11.4 200+ j
. _  . >

111-115 200.1*6.5

i l l  results aye pexressed as 
*  P.E*

average 116-120 220.7-5.9

The galactose index varies in a direct manner with the 

blood pressure. The changes in relation to systolic blood 

pressure, however, are not consistent but an increase of 

the diastolic pressure, causes a progressive rise in the 

value of the G.I. I t  is only slight and not beyond the 

normal lim its  ( i. e. , less than 160) until the pressure 

exceeds 100 miia. Hg. Th4 f irs t  defin ite ly  abnormal value for 

the/
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the G .I. is observed when the diastolic pressure reaches 

105 mm.Eg* .From this stage onwards the increase is pro

gressive. The co-effic ient of variation steadily decreases. 

The maximum G.I. was observed when the diastolic pressure 

was highest.

3. ECLAMPSIA

For obvious reasons the galactose tolerance test 

employed by us was not feasible during the stages of active 

convulsions and coma. The test was performed on 7 cases of 

eclampsia as soon as the patients had regained a state of 

consciousness suitable for the performance of the test.

The average G .I. in these cases was 200.0; S.D.21.9, . 

with a range of variation between 166.9 and 224.3. In 3 

patients the value exceeded BOO (B12.5, 220.5 and 224.3), 

in the remaining 4 cases the G .I. was 185.2, 183.6, 175.5 

and 166.9.

Thus, apart from the fact that a l l  cases of eclampsia 

had an abnormal G . I . , i t  is evident that the extent of the 

increase in value (25 per cent, above the normal maximum) 

is much greater than that observed in severe pre-eclampsia. 

In  only one case did we succeed in doing galactose tolerenee 

tests during the rjre-eclamptic state. The G.I. was 158.6,#- 

160.4, eight and three days, before the onset of convulsions. 

As a result of the eclampsia the G .I. increased to 183.6.

This represents a gain of 14.5 per cent, above the highest 

value obtained during the pre-eciamptie stage. In a ll cases 

in this series the test was repeated on the tenth day of 

convalescence/
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DIASTOLIC ,1 2 0  M.M.

SYSTOLICM.M.

7 6 .  G a la c t o s e  i n d e x  i n  r e l a t i o n  t o  t h e  s y s t o l i c  a n d  

d i a s t o l i c  b lo o d  p r e s s u r e  i n  p r e - e c la m p s ia .
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convalescence. The average 9 .1 ., at this stage was 74.8;

S.I). 22.8, with a maximum and minimum range of 104.6 and

50.7. These figures scarcely vary from the normal values

given by MacLagan.

B . FORCED OALAQTOSDRTA

After a period of overnight fasting, each patient

received a graded test meal of galactose. (Rowe et a l,  3a,

1936) dissolved in 150 to 250 ml. of water. Prior to the

test the bladder was emptied and urine was collected at

hourly intervals for 5 hours after the administration of

galactose. Bach sample of urine was tested qualitatively  for

galactose and a positive result was recorded only when a

defin ite  reducing reaction was obtained. For each test

adequate controls of urine (obtained before the tes t), yeast

(used for fermentation), standard galactose solution and
*

mixture of galactose and yeast were also examined. The, dose 

of galactose employed was 15 to 40 gms. , increasing by 5 gms. 

at each stage.

Thirty cases of normal pregnancy between 36 weeks and 

term were tested in order to obtain normal values. F ifty  

cases of pre-eclampsia of varying severity and 10 cases of 

eclampsia were studied. The results obtained from this  

investigation are shown in Table 115 and figure77.

I t  w ill be evident th a t, 20 gms.. of galactose were 

tolerated by a l l  cases of normal pregnancy, but 40 gms. pro

duced galactosuria. In the intermediate stages the rate of 

u tilis a tio n  of galactose decreased progressively with the

increase/
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CASES. e c l a m p s ia

(j A L A C T O S U R IA I

PRE-ECLAMPSIA 
50 CASES.

IG A L A C T O S U R IA

F i g .  7 7 .  F o r c e d  g a l a c t o s u r i a  i n  n o r m a l  p r e g n a n c y ,  p r e 

e c la m p s ia  a n d  e c la m p s ia .
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Table 115

CaTacose

Normal 
(30 cases) 

“ >. ofNo,

15

20

25

30

35

40

_jb_

0

0

4

9

21
30

' Fre-eclampsia 
|50 cases)

cases (Galactosuria )

"Eclampsia".......
(10 cases)

i

.t

30 i 3 47
30

!
i
i

14 36

26 31 19

21 J
1 50 0|

9 |
I
}

0 0

0 •
i
I
! 0 0

increase in dosage* lost normal cases tolerated 30 gms. of 

galactose, but with 35 gms. 70 per cent, of the patients 

shows signs of intolerance. Galactosuria appeared in 28 per 

cent, of the pre**eclamptics after 20 g. of galactose* With 

30 gms*, which produced galactosuria in 30 per cent, of cases 

of normal pregnancy, a l l  pre-eelamptic patients developed 

galactosuria* Seventy-two per cent* of patients suffering 

from toxaemia could tolerate only 20 gms. of galactose 

(c*f. normal pregnancy, 30 gms.)* I t  is of interest to note
!J

that 14 out of 19 cases of pre-e clamp sia who tola rat ec&nore J
. fthan 20 gms* of galactose without developing galactosuria were|

|rj

suffering from a mild degree of toxaemia. Ho patient who had | 

a d iasto lic  blood pressure of 110 mm*Hg* or more, remained

without galactosuria after 25 gas. of galactose.

The lim it of galactose tolerance-was found to drop 

further in cases of eclampsia. Less than 15 gms. appeared 

to /
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to be the lim it  of tolerence in this series.

QQMMMTS

Galactose tolerence tests reveal only a s ligh tly

reduced tolerence for this sugar in normal pregnancy. The

individual values for galactose index obtained by us in

pregnancy do not appear to be grossly different from those

obtained by MacLagan (5a, 1944) in normal "controls". The
to

average G .I. in normal pregnancy is/some extent higher than 

that in non-pregnant individuals and in normal students 

(5a, 1944). The difference however, is of l i t t l e  s ta tis tic a l 

significance. The results of forced galactosuria are more 

striking. Pie te l (7, 1936) observed galactosuria in 14 per 

cent, of normal pregnant women after the ingestion of 2C gms. 

of galactose. Rowe and co-workers (3a, 1936) found that the 

lim it of tolerence for galactose at term was between 20 and 

30 gms., and that the incidence of decreased tolerence 

increases with the advancement of pregnancy. Our .figures, 

frhich were obtained from eases between 36 weeks and term 

are in fa ir ly  close agreement with these observations. Com

pared with non-pregnant individuals, normal pregnancy 

appears to cause a slight decrease in the tolerence for 

galactose.
This, however, need not necessarily be considered as an 

evidence of hepatic dysfunction (c .f. alkaline phosphatase, 

prothrombin and -thymol turbid ity). We are of the opinion 

that this s lightly  decreased tolerence is only an fcxjaressicn 

o f/
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of the altered carbohydrate metabolism during gestation.

In  toxaemia of pregnancy conditions appear to be

d ifferent. The results of both G.I* and forced galactosuria

suggest a marked in ab ility  on the part of the liv e r  to

u tilis e  galactose for building up the glycogen reserve. In

^on-nephritic’ toxaemia of pregnancy Rowe et al (3a, 1936)

found that the lim it of tolerence was less than 30 gms. in

87 per cent, of cases. In  our series 25 gms. of galactose

was tolerated by only 62 per cent, of cases, and 30 gms.

caused galactosuria in a l l  patients. The results of the
*

G .I. also demonstrate a markedly decreased tolerence for 

galactose in toxaemia, which is  especially manifested in 

severe pre-eclampsia and in eclampsia. The behaviour of the

G.I. in re la tion  to the c lin ic a l course and progress of the 

disease also suggest that this abnormal G.I. is d irectly  

related to the severity of toxaemia. I t  is  possible that 

the disturbed carbohydrate metabolism ^hidb is aggravated 

in toxaemia (P t . l ,  Sc.2)  may explain this decreased tolerence 

for galactose. In this connection, i t  is interesting to 

find that Rowe (3b, 1935) observed a depressed tolerence for 

galactose in hyper functional states associated with the 

anterior lobe of the p itu itary.

The study of the G.I. in relation to blood pressure, 

demonstrates that an increase of vascular spasm (diastolic  

hypertension) predisposes to high levels of G.I* This 

brings the results of the galactose tolerence tests in 

conformity with other tests of hepatic functions already
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described. King (6, 1940) observed a decreased tolerence 

for galactose in experimental hepatic poisoning. In 10 cases 

of "toxic jaundice" with, or without cirrhosis of the liv e r ,  

FacLagan ( la , 1940) found the G.I. to vary from 197 to -584. 

The values obtained by us. are not so high but MacLagan'S 

figures refer to conditions which are known to produce 

damage to the hepatic parenchyma. Nevertheless, the G.I. is 

undoubtedly abnormal in both severe pre-eclampsia and 

eclampsia. The relation which exists between hypertension 

and the G .I. suggests that interference with the hepatic 

functions may be one of the factors respnsible for the high 

values observed in these cases. In  the present state of 

our knowledge i t  is d iffic u lt to decide to what extent these 

abnormal values are due to a generally disordered state of 

carbohydrate metabolism.

CONCLUSIONS
Normal pregnancy gives rise to a s lightly  decreased 

tolerence for galactose. This does not appear to be of a 

grossly pathological nature.

In  toxaemia of pregnancy, the metabolism of galactose 

is markedly interfered with. This is shown by the high 

levels of galactose in the blood and the frequent incidence 

of galactosuria. This reduced tolerence for galactose may 

be a manifestation of a depressed hepatic function. The 

possibility of the disturbed carbohydrate metabolism in 

toxaemia and the p o ss ib le  role of endocrines require 

invest igation/



investigation before the results of galactose tolerence tests 

can be interpreted in terms of functional efficiency of the 

l iv e r .
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CHAPTER 3

4  R E V I E W  C P  R E P A T I O  F U N  I T  I O N ' T W T ^ S  I N  
D C R I l A I  .. R R T T C Y T Q Y  A N D  I N  E h E G D R j g y '  T O X A E M I A

O p i n i o n s  on th e  s t a t e  o f  h e p a t i c  e f f i c i e n c y  i n  n o r m a l  

p r e g n a n c y  a re  d i v i d e d .  A l l  i n v e s t i g a t o r s  h a v e  fo u n d  a 

c e r t a i n  p e r c e n t a g e  o f  " p o s i t i v e  r e s u l t s "  w i t h  v a r i o u s  t e s t s  

e m p lo y e d  d u r i n g  n o r m a l  p r e g n a n c y .  C o n s e q u e n t l y ,  t h e  s e n s i t 

i v i t y  o f  t h e s e  t e s t s  h a v e  b e e n  d o u b te d  and d i f f e r e n t  a u t h o r s  

h a v e  a d v o c a t e d  d i f f e r e n t  s e l e c t i v e  t e s t s  f o r  e s t i m a t i n g  th e  

d y s f u n c t i o n  w h i c h  i s  b e l i e v e d  t o  e x i s t  d u r i n g  an u n c o m p l i c a t e d  

g e s t a t i o n .  T h u s ,  D r i l l  and I v y  ( 1 ,  1 9 4 4 )  c o n s i d e r  t h a t  

b r  oms u l o h  t h a l e  i n  t e s t  i s  mos t  s e l e c  t  i v e  i n  d e t e c t  i n g  l i v e ro

i n j u r y ,  g o f f e r  ( 2 ,  1 9 3 3 ) ,  S u l l i v a n  e t  a l  ( 3 ,  1 9 3 4 )  I a n  t a r o w  

and c o - w o r k e r s  ( 4 ,  1 9 3 5 )  p l a c e  m o s t  r e l i a n c e  on  th e  b i l i r u b i n  

e x c r e t i o n  t e s t . .  E s t i m a t i o n  o f  a l k a l i n e  p h o s p h a ta s e  i s  

s t r o n g l y  a d v o c a t e d  b y  F re e m a n  ( 5 ,  1 9 3 3 ) .  T a k a t a - a r a  r e a c t i o n  

b y  D e x t e r  and  W e is s  ( 6 , 1 9 4 1 ) ,  I l i p p u r i c  ' a c i d  t e s t  by  

H i r s h e i m e r  ( 7 ,  1 93 9  ) ,  G a la c t o s e  t o l e r e n c e  t e s t  b y  D j e t e i  ( 3 ,  

1 9 3 6 ) ,  and  A m in o  a c id  t o l e r e n c e  b y ' B o t e l l a  L l u s i a  ( 9 ,  1 9 3 6 ) .

I n  t h e  i n t e r p r e t a t i o n  o f  t h e s e  t e s t s ,  h o w e v e r ,  v e r y  

l i t t l e  c o n s i d e r a t i o n  h a s  b e e n  g i v e n  t o  t h e  a n a t o m i c a l ,  

p h y s i o l o g i c a l  and m e t a b o l i c  c h a n g e s  w h ic h  n o r m a l l y  a ccom pa n y  

th e  s t a t e  o f  o r e g n a n c v .  A l lo w a n c e  m u s t  b e  made l o r  t h e  

p h y s i o l o g i c a l  dem ands o f  t h e  f o e t u s ,  t h e  o n s e t  o f  a new s t a t u s  

o f  e n d o c r i n e  e i u i l i b r i u m .  and m e c h a n ic a l  t a c t o r s  c r e a t e d  b vi * » "

th e  d i s t e n s i o n  o f  t h e  u t e r u s  and a c o r s e p u e n t  d i s p l a c e m e n t  

o f /
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o.t t h e  aoo o m i n o - i n o r  a c i e  o r g a n s , o e i o r e  t h e  v a l u e s  • o b t a i n e d  

i r o n  th e  l i v s r - i  u n c t i o n - t e s t s  m  n re .g n a n c v  c a n  be  d e c l a r e d  

as a b n o r m a l .  T h i s  s u b j e c t  h a s  bee n  d i s c u s s e d  i n  c o n n e c t i o n  

w i t h  a L k a l i n e  p h o s p h a t a s e  and  b i l i r u b i n  r e t e n t i o n .  B o th  

t h e s e  t e s t s  h a v e  b e e n  fo u n d  t o  g i v e  r e s u l t s ,  w h ic h  a re  n o r m a l ,  

m u  i c a t i v e  o f  h e p a t i c  d y  s t  u n c t i o n .  I t  h a s  h o w e v e r  oeen  

p o i n t e d  o u t  t h a t  when t h e  n o r m a l  c h a n g e s  c a u s e d  by p r e g n a n c y  

a r e .  t a k e n  i n t o  a c c o u n t ,  t h e s e  a p p a r e n t l y  " a b n o r m a l "  r e s u l t s  

n e e d  n o t  he  r e g a r d e d  as  m a n i f e s t a t i o n s  o f  l i v e r  i n i u r v .
KJ

T h i s  r e c e i v e s  c o n f i r m a t i o n  f r o m  t h e  t h y m o l ,  t u r b i d i t y  t e s t s  

and e s t i m a t i o n  o f  p r o t h r o m b i n .  The c h a n g e s  i n  p la s m a  

f i b r i n o g e n ,  a l b u m i n : g l o b u l i n  r a t i o  and c a r b o h y d r a t e  m e t a b o l i c  

h a v e  a l s o  been  s h o r n  t o  be. c a u s e d  bv a s t a t e  o f  a l t e r e d  

m e t a b o l i s m  p r o b a b l y  r e l a t e d  t o  t h e  new  e n d o c r in e  s t a t u s  w h 5 ch 

d e v e lo p s  d u r i n g ,  p r e g n a n e v .  T 0 r e g a r d  a l l  t h e s e  f i n d  in g s  as  

m a n i f e s t a t i o n s  o f  h e  no t i c  d v s f u n c t i o n ,  as h a s  b e e n  done  b v  

some o f  t h e  i n v e s t i g a t o r s  . ( 1 0 ,  1 9 3 3 )  w o u ld  a m o un t to. 

t r e a t i . n o ,  "o re o n a n c v  as  a- " n a t h o l o g i c a l "  c o n d i t i o n .  When t h e  

r e s u l t s  o f  t h e  h e p a t i c  f u n c t i o n  t e s t s  are . c o n s i d e r e d  i n  th e  

l i g h t  o f  t h e  n o r m a l  c h a n g e s  d u r i n g  p r e g n a n c y ,  t h e  a v a i l a b l e  

e v id e n c e  d o e s  n o t  s u g g e s t  t h e  e x i s t e n c e  o f  a g r o s s  d y s f u n c t i o n  

o f  t h e  l i v e r  d u r i n g  u n c o m p l i c a t e d  r e s t a t i o n ,  h i s t o l o g i c a lO  i-

s t u d y  o f  t h e  l i v e r  b y  h o l i e s t  on and Lichee ( 1 1 ,  1 9 2 9 ) ,  and  

l i v e r  b i o p s y  s t u d i e s  made by I n g e r s l e v  and T e i i u m  ( 1 2 , 1 9 4 5 )  

p r o v i d e  a m p le  s u p p o r t  f o r  h i s  b e l i e f .

T o x a e m ia  o f  o r e g n a n c y  h o w e v e r  p r e s e n t s  a d i f f e r e n t  

p r o p o s i t i o n ,  The  ' r e s u l t s  o f  o u r  own i n v e s t i g a t i o n s  as w-s i f  

a s /
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as t h o s e  o f  m o s t  o t h e r  i n v e s t i g a t o r s - . d e m o n s t r a t e  t h a t  t h e  

v a l u e s  o o t ,a in e d .  i n  p r e - e e l a m p s i a  and e c la m p s ia  a r e  a b n o r m a l ,  

^ h i s  i s  m o s t  s t r i k i n g l y  o b s e r v e r ]  w i t h  o i l i r u o i n  r e t e n t i o n  

t e s t ,  and e s t i m a t i o n  o f  p la s m a  a l k a l i n e ;  p h o s p h a t a s e .  P r o 

t h r o m b in  c o n c e n t r a t i o n  and r e s p o n s e  a l s o  show  a s i m i l a r  

d e t e r i o r a t i o n ,  b u t .  to  a l e s s  m a rk e d ,  d e g r e e .  O f  a l l  th e  t e s t s  

e m p lo y e d , t h y m o l  t u r b i d i t y  show ed  th e  l e a s t  p o s i t i v e  r e s u l t s  , 

a l t h o u g h  e v e n  w i t h  t h i s  t e s t  s t r o n g l y  p o s i t i v e  r e a c t i o n s  w e re  

o b t a i n e d  w h e n  the. t o x a e m ia  was o f  . s e v e re  d e g r e e .  The r e s u l t s  

o f  o u r  s t u d i e s  s u g g e s t  t h a t  t h e  g r o s s  m e t a b o l i c  a i s t u r b a n c e  

i n  s e v e r e  t o x a e m ia  and e c la m p s i a  a r e  a s s o c i a t e d  w i t h  

v a r i a t i o n s  i n  t h e .  f u n c t i o n a l  c a p a c i t y  o f  th e  l i v e r ,  mge 

im p o r t a n c e  o f-  t h e s e  f i n d i n g s '  i s  enhanced " b y  t h e  f a c t  t h a t  b o th  

t h e  m e t a b o l i c  s t u d i e s ,  and h e p a t i c  f u n c t i o n  t e s t s  w e re  c a r r i e d  

o u t  on  t h e  same p a t i e n t s  and a t  t h e  same t i m e .  We h a v e  n o t  

been  a b le  t o  t r a c e  a n y  o t h e r  i n v e s t i g a t i o n  i n  t h e  l i t e r a t u r e  

w h e re  a s i m u l t a n e o u s  s t u d y  o f  f u n c t i o n a l  • and m e t a b o l i c  t e s t s  

w e re  c a r r i e d  o u t  on  t h e  same s u b j e c t s  o v e r  .a p e r i o d  o f  t i m e .  

T h i s  h a s  p r o v i d e d  us w i t h  t h e  o p p o r t u n i t y  o f  c o m p a r in g  th e  

r e s u l t s  o b t a i n e d ’ f r o m  t h e  v a r i o u s  i n v e s t  i g a t  i o n s  u n d e r t a k e n .

As t h e  t h y m o l  t u r b i d i t y  t e s t  y i e l d e d  th e  l e a s t  num ber o f  

p o d . f i v e  r e s u l t s ,  t h e  r e s u l t s  o f  a l l  o t h e r  t e s t s  w e re  co m p a re d  

a g a i n s t  t h i s .  The r e s u l t  o f  t h i s  s t u d y  i s  g i v e n  i n  T a b le  

1 1 6  and f i g u r e 78 •
T h i s  c o m p a r a t i v e  a n a l y s i s  i n d i c a t e s  t h a t  t h e r e  i s  some 

p a r a l l e l i s m  b e tw e e n  t h e  r e s u l t s  o o t  a in e d  by t h e  v a r i o u s  t e s t s  

f o r . /



461.

T a b l e

H *Oq.
0*-i-
CD
CQ

>-$CD
d
CD
CQ
a>
&
CD<3
CDd
CD

G'q
CD

i
»d
m

M
0M

p3
CO
txi
tipsd

2  M » M  “ 3 &  CD 1 oJ d |
Q3 o- i d C’O D ■ 1 0 1 H * M
2  M o  . . o  oq CD O tD H 1 : dCQ 0 1— 1 CQ OD d  c~t- d  • 0  * < d  2

0  o CD 0 3 1  h! O  M ' ' H t .  \J . H * ‘ J d  O l
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ICHQIESTLROL RATIO

IAM1NO ACID NITROGENl

SUGAR MOBILISATION.

PROTHROMBIN RESPONSE.

IBILIRUBIN RETENTION

IALKALINE PHOSPHATASEl

0-1 1-2 2-3 3-4' 4 -5  5-G units.
THYM O L TURBIDITY.

J i g .  7 8 .  C o m p a r is o n  o f  t h e  m e t a b o l i c  a n d  f u n c t i o n a l  t e s t s

o f  t h e  l i v e r  i n  p r e - e c la m p s ia .  A l l  f i n d i n g s  h a v e  

b e e n  c o r r e l a t e d  t o  t h e  r e s u l t s  o f  t h e  t h y m o l  

t u r b i d i t y  t e s t .
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f o r  h e p a t i c  e f f i c i e n c y .  The g r a d i e n t  o f  t h e  c h a n g e  and 

s t a t i s t i c a l  s i g n i f i c a n c e  a r e ,  h o w e v e r ,  n o t  u n i f o r m .  S t a t i s t  

s i g n i i ' i c a n c e  was p r e s e n t  a t  a l l  s t a g e s  o n l y  w i t h  a l k a l i n e  

p h o s p h a t a s e  and b i l i r u b i n  r e t e n t i o n ,  w i t h  o t h e r  t e s t s  t h i s  

a p p e a r e d  o n l y  a t  h i g h e r  l e v e l s  o f  th y m f iL  t u r b i d i t y .  L e a s t  

s i g n i f i c a n t  c h a n g e s  w e re  p r e s e n t  i n  t h e  r e s u l t s  o f  p ro .  t h r o  mo i n  

r e s p o n s e  and  s u g a r  m o b i l i s a t i o n .  C h o l e s t e r o l  e s t e r  r a t i o  

show ed  d e f i n i t e l y  a b n o r m a l  v a l u e s  o n l v . w h e n  t h e  t h v m o l  

t u r b i d i t y  w a s  a l s o  h i g h  ( 4 +  u n i t s ) ,  B a l a c t o s e  t o l e r e n c e  i s  

n o t  i n c l u d e d  h e r e , a s  t h e  t e s t  was n o t  d o n e  on a l l  p a t i e n t s  

i n  t h i s  s e r i e s .

T h e  s i g n i f i c a n c e  o f  t h i s  a n a l y s i s  l i e s  i n  t h e  f a c t  t h a t  

a l l  h e p a t i c  f u n c t i o n  t e s t s  do n o t  seem t o  r e v e a l  s i g n s  o f  

d y s f u n c t i o n  i n  t h e  same o r d e r .  T h o r d a r s o n  ( 1 3 ,  1 9 4 1 )  h a s  

s u g g e s te d  t h a t  t h e r e  i s  a - s e l e c t i v e -  i n t e r f e r e n c e  w i t h  h e p a t i c  

f u n c t i o n s  a t  d i f f e r e n t  s t a g e s  o f  t h e  d i s e a s e .  T h i s  i m p l i e s  

t h a t  i n  e a r l y  s t a g e s  o f  p r e - e c l a m p s i a  s e v e r a l  h e p a t i c  f u n c t i o n  

t e s t s  m u s t  be e m p lo y e d  b e f o r e  t h e  f u n c t i o n a l  s t a t u s  o f  t h e  

l i v e r  c a n  be d e t e r m in e d .  I n  t h i s  r e s p e c t  we h a v e  o b s e r v e d  

b i l i r u b i n  e x c r e t i o n  t e s t  t o  be m o s t  s a t i s f a c t o r y .  H o w e v e r ,  

w h e n  th e  t o x a e m ia  i s  s e v e r e  and o f  l o n g  d u r a t i o n  t h e  r e s u l t s  

o f  a l l  t h e  t e s t s  show ed  c o n s i s t e n t  a b n o r m a l i t y .

The c a u s e  o f  t h e  h e p a t i c  d y s f u n c t i o n  i n  t o x a e m ia  o f  

p r e g n a n c y  i s  l e s s  e a sy  to  u n d e r s t a n d .  The h y p o t h e t i c a l  t o x i n ,  

w o u ld  h a v e  e x p l a i n e d  t h e  c o n d i t i o n ,  b u t  i t  s t i l l  w a i t s  t o  be 

d i s c o v e r e d .  B i l i r u b i n  e x c r e t i o n  t e s t  c l e a r l y  d e m o n s t r a t e s  

t h a t  t h e  d e p r e e  o f  h e o a t i c  d y s f u n c t i o n  w h ic h  i s  p r e s e n t  i n

p r  e /  •
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p r e - e c l a m p t i s  and e c la m p s ia  i s  n o t  e v i d e n t  i n  n e p h r i t i s  

and e a r l y  s t a g e s  o f  e s s e n t i a l  h y p e r t e n s i o n  c o m p l i c a t i n g  

p r e g n a n c y .  I t  h a s  b e e n . d e m o n s t r a t e d  t h a t  t h e  c h a n g e s  

o b s e r v e d  i n  t h e  d i f f e r e n t  i n v e s t i g a t  i o n s  s h o w e d  n o  s i g n i f i c 

a n t  r e l a t i o n s h i p  t o  t h e  d e g r e e  o f  oedem a and a l b u m i n u r i a .  

T h e r e  w a s ,  h o w e v e r ,  a d e f i n i t e  c o r r e l a t i o n  w i t h  b lo o d  

p r e s s u r e ,  e s p e c i a l l y  d i a s t o l i c  p r e s s u r e  w hen  i t  was a b n o r m a l .  

T h i s  l a t t e r  i s  an e x p r e s s i o n  o f  a r t e r i a l  t e n s i o n ,  and i t  i s  

e v i d e n t  t h a t  as  t h e  v a s c u l a r  s p a s m  i n c r e a s e s ,  t h e  f u n c t i o n a l

e f f i c i e n c y  o f  t h e  l i v e r  s u f f e r s  w i t h  i t .  I t  i s  r e a s o n a b l e
*

t o  c o n c l u d e  t h a t  a l o n g - c o n t i n u e d  spasm  o f  t h e  v e s s e l s ,  

e s p e c i a l l y  t h o s e  s u p p l y i n g  t h e  l i v e r ,  c a n  g i v e  r i s e  t o  a 

s t a t e  i n  w h i c h  f u n c t i o n s  o f  t h i s  o r g a n  com m ence t o  s u f f e r .  

T h e r e  i s  a d e q u a t e  e v i d e n c e  t o  s u p p o r t  t h i s  h y p o t h e s i s .

11 t h o u g h  b o t h  h e p a t i c  a r t e r y  and p o r t a l  v e i n  c a r r y  b l o o d  

t o  t h e  l i v e r ,  t h e  o r g a n  d e p e n d s  u p o n  t h e  h e p a t i c  a r t e r i a l

s u p p l y  f o r  3 0  p e r  c e n t ,  ( B a r t o n - O p i t z ,  1 5 ,  1 9 1 0 ,  1 9 1 1 )  o f

t h e  t o t a l  b l o o d  f l o w  and  4 0  p e r  c e n t .  ( S c h w ie g k ,  1 6 ,  1 9 3 1 )  

o f  t h e  t o t a l  o x y g e n  s u p p l y .  I t  h a s  b e e n  s h o r n  by  B l a l o c k  

and M a so n  ( 1 ? ,  1 9 3 6 )  t h a t  c o n s t r i c t i o n  o f  t h e  h e p a t i c  

a r t e r y  c a u s e s  a m a rk e d  r e d u c t i o n  o f  t h e  o x y g e n  c o n t e n t  o f  

t h e  h e p a t i c  v e n o u s  b l o o d  and  t h e  h e p a t i c  v e n o u s  o u t f l o w  i s  

r e d u c e d  b y  a lm o s t  1 0  p e r  c e n t .  T h e s e  a u t h o r s  a l s o  p o i n t  

o u t  t h a t  t h e  c o m p e n s a to r y  i n c r e a s e  o f  t h e  p o r t a l  v e n o u si- e/ i,

f l o w  u n d e r  t h e s e  c o n d i t i o n s  i s  i n a d e q u a t e  and  i s  o f  a s h o r t  

d u r a t i o n .

T h e  s i g n i f i c a n c e  o f  t h e s e  o b s e r v a t i o n s  i s  o b v i o u s  i n



464.
p r e - e e la m p s - i a  and e c la m p s ia .  P e r s i s t e n t  v a s c u l a r  s p a s m  

n a t u r a l l y  c r e a t e s  a s t a t e  <j>of o x y g e n  d e f i c i t  i n  t h e  o r g a n ,  

and t h e  e x p e r i m e n t a l  s t u d y  o f  B n g e l ,  H a r r i s o n  a n d  L o n g ,

( 1 8 ,  1 9 4 6 )  d e m o n s t r a t e s  t h a t  t h e  l i v e r  c e l l s  may s u f f e r  

i r r e v e r s i b l e  dam age i f  a n o x a e m ia  p e r s i s t s  f o r  a l o n g  t i m e .  

T h e  v i v i p e r f u s i o n  e x p e r i m e n t s  o f  F r a n k ,  S e l ig m a n  and F in e  

( 1 9 ,  1 9 4 6 )  a l s o  p o i n t  o u t  t h e  i m p o r t a n c e  o f  a n  a d e q u a te  

a r t e r i a l  s u p p l y  f o r  t h e  m a in t e n e n c e  o f  t h e  n o r m a l  h e p a t i c  

f u n c t i o n s . .

T h e  im p o r t a n c e  o f  v a s c u l a r  spasm  i n  t o x a e m ia  o f  

p r e g n a n c y  i s  t h e r e f o r e ,  o b v i o u s .  I n  t h e  n e x t  s e c t i o n  o f  t h e  

t h e s i s ,  a re  p r e s e n t e d  t h e  r e s u l t s  o f  i n v e s t i g a t i o n  i n t o  t h e  

n a t u r e  and  o r i g i n  o f  t h i s  s p a s m  a f f e c t i n g  t h e  b lo o d  v e s s e l s .
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SECTION 2 .

CHAPTER 1 .

P R E LIM IN A R Y  STUDIES OL VASCULAR SPASM IN  
_____________ T OXAEMIA OP ^L E G iU LC Y ____________

i n t r o d u c t i o n .

S tud ies  on both m etabo lism  and h e p a t ic  fu n c t io n  te s ts

s u g g e s t  t h a t  a d y s f u n c t i o n  o f  t h e  l i v e r  i s  a s s o c i a t e d  w i t h

toxaemia o f  pregnancy and th a t  t h i s  f u n c t io n a l  derangement

is  in  a manner re la te d  to  the le v e l  o f the d i a s t o l i c  blood

pressu re . H ype rtens ion  is  .a c h a r a c te r is t i c  fe a tu re  of

toxaemia o f  pregnancy and a h igh  d i a s t o l i c  p ressure  under

s u c h  c o n d i t i o n s  i s  i n d i c a t i v e  o f  a s t a t e  o f  v a s c u l a r  sp asm .

Spasm o f  t h e  b lo o d  v e s s e l s  h a v e  l o n g  bee n  b e l i e v e d  t o

c o n s t i t u te  an im po rta n t m a n i fe s ta t io n  o f pregnancy .toxaemia

Z a n g e m e is t e r  ( 1 ,  1 9 1 6 )  and  S t r o g a n o f ' f  ( 2 ,  1 9 2 3 )  h e l d  t h i s

re s p o n s ib le  f o r  the e c la m p t ic  co n vu ls io n s . I r v i n g  ( 3 ,  1 9 3 6

C h e s le y  ( 4 ,  1 9 3 9 )  and. o t h e r  w o r k e r s  b e l i e v e  t h a t

a lb u m in u r ia  in  p re -ec lam ps ia  is  due to va scu la r  spasm.

I n v e s t i g a t i o n s  o f  L a i r d  and Dunn ( 5 ,  1 9 3 3 ) ,  K e l l a r ,  A r n o t t

and M a t t h e w  ( 6 , 1 9 3 7 )  d e m o n s t r a t e  t h i c k e n i n g  o f  t h e

g l o m e r u l a r  v e s s e l s  w h ic h  may be m a n i f e s t a t i o n s  o f  a

p e rs is ta n t  spasm. Byrorn (7 ,1937) demonstrated th a t  the

h e p a t i c  l e s i o n s  o f  e c la m p s ia  c o u l d  be r e p r o d u c e d  i n  r a t s

w i t h  i n j e c t i o n s  o f  p i t u i t r i n  w h ic h  i s  k n o w n  t o  b e  a

v a s o s p a s t i c  a g e n t .  D i r e c t  e v id e n c e  o f  t h e  e x i s t e n c e  o f  a

s ta te  o f v a sc u la r  spasm in  toxaemia is  however scanty.
de P a l e r a  &

I n c r e a s e d  r e s p o n s e  t o  p i t u i t r i n  / K e l l a r ,  6 a ,  1 9 3 3 ;  B r o w n e ,  

3 , 1 9 4 3 ;  M u k h e r j e e ,  9 ,  1 9 4 1 )  and c o ld  p r e s s o r  t e s t  

( D ie c k m a n n /
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( D ie c k m a n n ,  1 0 , '1 9 4 1  ) s u g g e s t  t h a t  t h e  v a s o m o to r  a p p a r a t u s  ? 

i s  a b n o r m a l l y  s e n s i t i v e  t o  s t i m u l i  i n  p r e g n a n c y  t o x a e m ia ,  

b u t  t h i s  b y  i t s e l f  d o e s  n o t  show  t h a t  a s t a t e  o f  v a s c u l a r  

spasm  fo r m s  t h e  b a s i c  f e a t u r e  o f  t h e  c o n d i t i o n .  D i r e c t  1

v i s u a l i s a t i o n  o f  t h e  a r t e r i e s  h a v e  b e e n  a t t e m p t e d .  B a e r  

and B e i s s  ( 1 1 ,  1 9 2 4 )  u s i n g  c a p i l l a r y  m ic r o s c o p e  o b s e r v e d  

e l o n g a t i o n  and  b e a d in g  o f  t h e  c a p i l l a r i e s  o f  t h e  n a i l  b e d .  ;

M u s s e v  ( 1 2 ,  1 9 3 6 )  fo u n d  s i m i l a r  c h a n g e s  i n  t h e  c a p i l l a r i e s  !I
i n  t i s s u e s  o b t a i n e d  f r o m  t h e  p e c t o r a l  m u s c le  b i o p s y .  The  \

r e t i n a l  a r t e r i e s  a r e  a c c e s s i b l e  t o  i n s p e c t i o n ,  b u t  G ra c e  

J o n e s  ( 1 3 ,  1 9 3 7 )  f o u n d  " d i f f i c u l t y  i n  r e c o g n i s i n g '  f u n c t i o n a l  !

n a r r o w i n g  and  c o n s t r i c t i o n s "  o f  t h e  r e t i n a l  a r t e r i e s  and f
M u sse v  and M u n d e l l  ( 1 4 ,  1 9 3 9 )  a g r e e  w i t h  J o n e s  and s t a t e  \

(
t h a t  t h e  f u n c t i o n a l  s p a s t i c i t y  o f  t h e  r e t i n a l  v e s s e ls  i n  i t s  j

i n c e p i ' e n c y  may n o t  be r e c o g n i s e d .

I t  i s  t h e r e f o r e  o b v io u s  t h a t  a l t h o u g h  v a s c u l a r  spasm  j 

i s  k n o w n  t o  be t h e  p r i n c i p a l  f e a t u r e  o f  t o x a e m ia  o f  1
Ii j

p r e g n a n c y ,  c l i n i c a l  e v i d e n c e  i n  t h i s  r e s p e c t  i s  f a r  f r o m  j !

a d e q u a t e .  I t ,  as h a s  bee n  s t a t e d  t h a t ,  t h e  m e t a b o l i c  

d i s t u r b a n c e s  a nd  h e p a t i c  f u n c t i o n a l  d i s o r d e r s  i n  t o x a e m ia  

a r e  r e l a t e d  t o  v a s c u l a r  s p asm , t h e n  t h e  e x i s t e n c e  o f  s u c h  j

a s t a t e  s h o u l d  be d e m o n s t r a t e d  by  c l i n i c a l  m e a ns . I n  t h e
!'

f o l l o w i n g  c h a p t e r  t h e  n e c e s s a r y  d a t a  a r e  p r e s e n t e d  t o  show  j

t h a t  a s t a t e  o f  v a s c u l a r  spasm  e x i s t s  i n  t o x a e m ia  o f  I
are !■

p r e g n a n c y  and t h a t  t h e r e / m e a n s  b y  w h ic h  th e  e x t e n t  o f  t h i s

c a n  be ju d g e d  i n  c l i n i c a l  p r a c t i c e .  The  w r i t e r  f e e l s  t h a t  

t h i s /
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t h i s  h a s  an im m ense  p r a c t i c a l  s i g n i f i c a n c e  i n  a s s e s s i n g  

t h e  c o u r s e  and p r o g n o s i s  o f  a c a s e  o f  t o x a e m ia .
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STUDIES ON HYPERTENSION IN PREGNANCY 
____________ TOXAEMIA ______  _

CHAPTER 2.

HYPERTENSION IN TOXAEMIAS OF PREGNANCY 

A CLIEISAi-.„STUS3)I..

Hypertension is usually regarded as the most important 

manifestation of toxaemias of pregnancy. In the majority 

of cases i t  is the earliest symptom to appear. The 

standard of normal blood pressure during pregnancy,however, 

varies to some extent with different authors. Thus,

Browne (1, 1946) states that a reading above 120/80 mm.Hg. 

should be regarded as abnormal. De Lee and Greenhill (2 , 

1948) and Stander (3, 1948) are of the opinion that 

130/90 mm. should be reckoned as the maximum lim it of 

normal blood pressure. Eden and Holland (4, 1948) consider 

the pressure high when i t  reaches 140/90 mm. Mcllroy (5, 

1936) gives 130/90*mm.Hg. as the highest lim it of normal 

blood pressure during pregnancy.

Owing to this difference of opinion, i t  was con

sidered that the standard of normal blood pressure during ! 

pregnancy for the cases seen in the Glasgow area should be 

known before the nature of hypertension in toxaemias 

could be studied. With this object the blood pressure J  

readings of 480 cases of normal pregnancy attending the 

antenatal c lin ic  were analysed. The personal factor of 

the/



DIAST.

SYST.
130 140100

MM. Hg .

F i g ,  8 4 .  C o r e l a t i o n  b e tw e e n  s y s t o l i c  a n d  d i a s t o l i c  b lo o d  

p r e s s u r e  i n  n o r m a l  p r e g n a n c y .  T h e  e x t e n t  o f  c o r e l a t i o n  

i s  0 . 9 3 9 ,  w h ic h  i n d i c a t e s  a  s a t i s f a c t o r y  a g g re e m e n t  b e tw e e n  

t h e  s y s t o l i c  a n d  d i a s t o l i c  p r e s s u r e  l e v e l s .



the physician plays an important ro le  in the values for 

blood pressure obtained in a busy antenatal dispensary. 

Consequently, the values selected for examination needed , 

verification . The systolic and d iasto lic  blood pressures 

were subjected to mutual s ta tis tic a l correlation (F igured ), i 

The extent of correlation was found to be 0.939, which j

ind icates a high degree of agreement.

The range of blood pressures obtained in this analysis |  

varied from 140 to 90 mm.Hg. systolic, and 94 to 55 mm.Hg. 

diasto lic . The frequency distribution is given in Table 129.

Table 129 t

Sysi.
B.P.
Mm. Hg*

Mo. of 
Oases

Per
cent.

!)iast.
B.P.
Mm. Hi?.

No. of 
Oases

r - .......
Per
cent.

90 2 0.4 60 29 6.0
100 21 4.3 70 81 16.9 !
110 63 13.1 80 219 45.6 1
120 158 33.0 90 139 30. o  ;
130 202 42. 0 100 12 2.5 i
140 34 !

f
7.2 ! — ““ i

This table shows the frequency d istribution of systolic 
and diasto lic  blood pressure in normal pregnancy.

I t  w ill be seen that 75 per cent, of these cases had 

a blood pressure between 111 and 130 mm.Hg. systolic, and 

71 and 90 mm.Hg. diastolic . In  95 per cent, of a ll  cases 

the blood pressure was within the ceiling level of 130/90 

mm.Hg. For out study of hypertension, therefore, this; 

figure has been accepted as the standard of maximum normal 

blood pressure during pregnancy.

The/
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The  a n a l y s i s  o f  h y p e r t e n s i o n  i s  b a s e d  u p o n  t h e  

b l o o d  p r e s s u r e  r e a d i n g s  i n  346  c a s e s  o f  h y p e r t e n s i v e  

t o x a e m ia  o f  p r e g n a n c y .  As t h e  s y s t o l i c  b lo o d  p r e s s u r e  o n l y  

h a s  b e e n  h i t h e r t o  r e g a r d e d  as t h e  m e a s u re  o f  h y p e r t e n s i o n ,  

th e  r e a d i n g s  o b t a i n e d  a t  t h e  t i m e  o f  t h e  h i g h e s t  s y s t o l i c  

b l o o d  p r e s s u r e  w e re  u s e d  a s  m a t e r i a l s  f o r  t h i s  s t u d y .

T h e  m ax im um  a n d  m in im u m  v a l u e s ,  i n  t h e  w h o le  s e r i n  s ,  w e re  

2 4 0  a n d  1 3 2  ( s y s t o l i c ) ,  a n d  1 4 0  and 9 0  ( d i a s t o l i c )  m m .H g. 

r e s p e c t i v e l y .

I n  r e c e n t  y e a r s  t o x a e m ia s  o f  p r e g n a n c y  h a v e  b e e n  

r e g a r d e d  as f u n c t i o n a l  d i s o r d e r s  o f  t h e  v a s c u l a r  s v s t e m ,
WO %t 7

w h ic h  a r e  m a n i f e s t e d  b y  i n c r e a s e d  t o n i c i t y  and spasm  o f  

t h e  a r t e r i o l e s  o f  t h e  b o d y  ( H e r r i c k ,  6 , 1 9 3 3 ) .  The  

h y p e r t e n s i o n  i s  d u e  t o  t h e  i n c r e a s e d  p e r i p h e r a l  r e s i s t a n c e  

t o  t h e  b lo o d  f l o w .  . J i i s  n e c e s s a r i l y  i m p l i e s  a r i s e  i n  t h e  

s y s t o l i c  b lo o d  p r e s s u r e  c a u s e d  b y  a c o m p e n s a to r y  m e c h a n is m ,  

w h e r e b y  a p o w e r f u l  c a r d i a c  s y s t o l e  o v e r c o m e s  t h e  r e s i s t a n c e  

o f f e r e d  b y  t h e  a l r e a d y  d i s t e n d e d  a o r t a ,  a nd  a r t e r i a l  t r u n k s .  

I n  n o r m a l  i n d i v i d u a l s ,  e m o t i o n a l  and p s y c h i c a l  s t a t e s  may 

g i v e  r i s e  t o  a s i m i l a r  c o n d i t i o n ,  o w in g  t o  t h e  s t i m u l a t i o n  

o f  t h e  s p l a n c h n i c  and v i s c e r a l  m o t o r  n e r v e s ,  b u t  i n  s u c h  

a s t a t e ,  t h e  n o r m a l  p u l s e  p r e s s u r e :  d i a s t o l i c  p r e s s u r e :  

s y s t o l i c  p :  e s s u r e  r a t i o n  o f  1 : 2 : 3  i s  u s u a l l y  m a i n t a i n e d .  An 

a d e q u a t e /
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adequate and proportional rise  of the systolic blood 

pressure in response to a diastolic increase is extremely 

important from the point of view of an e ffic ien t c ircu l

ation, and the normal functioning capacity of the organs. 

This subject has been adequately discussed by workers on 

essential hypertension (Hay, 7, 1931; dickering, 3, 1939; 

Lyon, 9, 1940; G ilchrist, 10, 1941). In  this connection, 

Laubry (11, 1935) pointed out that, in presence of 

arterio lar hypertension, the systolic blood pressure should 

be 1.7 times that of the diastolic pressure. As long as 

this ra tio  is maintained the hypertension has been called 

harmonious or balanced hypertension. Failure of the 

maintenance of this ratio  is usually due to an abnormal 

state of the systolic pressure, whereby the pulse pressure 

becomes disproportionately high or low, the former causing 

a divergence of the values and the la tte r  a convergence. 

Divergent hypertension is usually seen in younger people, 

as a result of nervous influences, or *hyp er thyr o id ism, 

while a convergent hypertension often indicates a 

diminishing efficiency of the heart.

I t  is thus, obvious that, in any analysis of hyper

tension the mutual relationship which exists between 

systolic and d iasto lic  blood pressures is of considerable 

importance. In  a l l  our cases, the systolic: diastolic
I

. ra tio  was. determined, and studied in re la tion  to the j

c lin ic a l condition and course of the disease. The patients 

have been divided into four groups, and the results are

presented below.
 ..,   —  111, .



AMALYSIS 0 ?  T>ATA 

G ro u p  1 .  H y p e r t e n s i o n  i n  e a r l y  p r e g n a n c y ,  w i t h o u t  a n y  

** t o x a e m i a ”  d u r i n g  t h e  l o s t  t r i m e s t e r *  T h i s  g r o u p  c o n 

s i s t e d  o f  1 9 1  c o s e s ,  a l l  o f  whom h a d  a b l o o d  p r e s s u r e  o f  

m o re  t h a n  1 3 0 - 9 0  mm.Hg. on  a t  l e a s t  tw o  a n t e n a t a l  v i s i t s  

b e tw e e n  t h e  t h i r d  and  f i f t h  m o n th s  o f  p r e g n a n c y *  The 

h y p e r t e n s i o n  p e r s i s t e d  t h r o u g h o u t  t h e  p e r i o d  o f  g e s t a t i o n ,  

b u t  t h e r e  was n e v e r  a n y  a l b u m i n u r i a  and  oedem a. The  

s y s t o l i c  b lo o d  p r e s s u r e s  o b s e r v e d  a t  d i f f e r e n t  l e v e l s  o f  

d i a s t o l i c  p r e s s u r e  a r e  g i v e n  i n  T a b le  1 3 0 .

T a b le  1 3 0

T i a s t .
B . ? .

mm. H&.

A v . S y s t .  
B* r .

mm. H y .
S ta n d .

D ev. M in ,- -  Max. R a t i o

9 0 1 5 5 . 2 1 4 . 3 1 40 -  1 8 0 1 . 7 3  ±  0 . 1 3
1 0 0 1 7 1 . 6 1 7 . 2 1 4 4 -  1 9 0 1 . 7 2  ±  0 . 1 1
1 1 0 1 8 7 . 0 1 9 . 7 1 5 0 •  210 1 . 7 0  ±  0 . 1 4
1 2 0 2 0 7 .  5 2 1 . 7 1 7 0 -  2 3 4 1 . 7 3  t  0 . 1 0
1 3 0 2 1 3 .  0 2 3 . 6 1 3 6 -  2 40 1 . 68 *  0 . 1 6
1 4 0 2 3 7 . 6 20 . 0 2 10 -  2 6 2 1 . 7 0  i  0 .1 1
1 5 0 2 5 5 .  5 1 6 . 6 2 3 0 *  2 7 5 1 .  7 0  *  0 . 1 1

I .......................j

T h i s  t a b l e  show s  t h e  b l o o d  p r e s s u r e  and t h e  s y s t o l i c :  
d i a s t o l i c  r a t i o  i n  h y p e r t e n s i o n  u n a s s o c i a t e d  w i t h  
t o x a e m ia .

I t  w i l l  be e v i d e n t  t h a t ,  i n s p i t e  o f  h i g h  l e v e l s  o f  

s y s t o l i c  b lo o d  p r e s s u r e ,  t h e  r a t i o  o f  t h e  s y s t o l i c  and 

d i a s t o l i c  p r e s s u r e s  r e m a in e d  f a i r l y  c o n s t a n t .  The a d v a n c e  

m e n t  o f  p r e g n a n c y  i n  t h e s e  c a s e s  d i d  n o t  u p s e t  t h e  

b a l a n c e  b e tw e e n  t h e  p e r i p h e r a l  r e s i s t a n c e  a n d  t h e  c a r d i a c  

o u t n u t  and n r o v i d e d  a s t a t e  o f  h a r m o n io u s  h y p e r t e n s i o n .
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T h e  a b s e n c e  o f  c l i n i c a l  s y m p to m s  o f  t o x a e m i a ,  n o t w i t h 

s t a n d i n g  t h e  h i g h  b l o o d  p r e s s u r e ,  i s  i n t e r e s t i n g  and i s  

i n  s t r i k i n g  c o n t r a s t  t o  t h e  c o n d i t i o n s  i n  t h e  f o l l o w i n g  

g r o u p s .

G ro u p  7 ,  H y p e r t e n s  i o n  i n  e a r l y  p r e g n a n o y  w i t h  n t o x a e m i a *  

d u r i n g  t h e  l a s t  t r i m e s t e r .  T h e r e  w e re  1 6 4  p a t i e n t s  i n  

t h i s  g r o u p , a l  1 o f  v h  om h a d  some d e g r e e  o f  a lb u r r d n n r  i a  

a n d / o r  o e d e m a . d u r i n g  t h e  l a s t  t h r e e  m o n th s  o f  p r e g n a n c y .  

T h e  i n i t i a l  b l o o d  p r e s s u r e  was t h e  same a s  i n  G ro u p  1 .

The  b lo o d  p r e s s u r e  r e a d i n g s  w e re  s u b j e c t e d  t o  a s i m i l a r  

a n a l y s i s  and t h e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b le  1 3 1 .

T a b l e  131

H - ia s t .
TJ T>-O. . .

Av. S v s t .  ( '
B . ? ’. S . 3 . M in * -  M ax. S v s t . : T i a s t .

9 0
T 1 j 1 

1 4 6 . 1  1 1 4 .  0 1 3 4 -  163 1 . 6 9 ± 0 . 1 4
1 0 0 1 6 1 . 4  ! 1 6 . 3 14 0 -  1 9 0 1 . 6 1 *  0 .1 2
1 1 0 1 7 5 . 0  1 1 3 . 4 1 5 0 -  3 0 0 1 .  59 *  0 .1 0
120 1 3 6 .  0  i 1 6 .  0 1 63 -  3 1 0  * 1 . 5 5 ±  0 .1 1
1 3 0 1 9 1 . 2  1 9 . 1 1 6 5 -  9 1 8 1 . 51 i  0 . 0 9
1 4 0 BOB. 5 1 7 . 1  

* 2 3 . 1  1 5 . 5
: 1 3 0 *  2 3 9 1 .4 9 ±  0 .1 2

1 5 0 3 0 0 -  2 5 0 : 1 . 4 3 *  0 .1 2

T h i s  t a b l e  sh ow s  t h e  b lo o d  p r e s s u r e  and  t h e  s y s t o l i c :  
d i a s t o l i c  r a t i o  i n  h y p e r  t e n s  io n  a s s o c i a t e d  w i t h  t o x a e m ia .

The  ^ o b v io u s  d i f f e r e n c e  b e tw e e n  t h i s  and t h e  p r e c e d i n g  

g ro u p ,  i s  t h e  c o m p a r a t i v e  y  l o w  l e v e l s  o f  s y s t o l i c  a t  

e q u i v a l e n t  l e v e l s  o f  d i a s t o l i c  p r e s s u r e .  The e f f e c t  o f  

t h i s  i s  s e e n  i n  t h e  r a t i o  w h ic h  i n  t h e  f i r s t  g r o u p  w a s  1 .7 1  

and i n  t h e  p r e s e n t  g r o u p  1 . 5 7 .  The d i f f e r e n c e  b e tw e e n  

t h e s e  r a t i o s  i s  s t a t i s t i c a l l y  s i g n i f i c a n t .  I t  m u s t  be 

p o i n t e d / '
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pointed out, however, that the systolic: d iasto lic  ra tio  

in the present group of cases is not. grossly/abnormal* 

Nevertheless there is a marked tendency for this ratio  to 

decrease. T^is is even more evident from a study of the 

ratios at each individual leve l, for as the diastoLic 

pres sure' ascends the ratio  progressively declines.

Grour 3, -Toxaemia* in the last trimester without any 

hypertension in ear lv  pre gnan cy. Th is gr oun c o ns is t e d 

of 491 patients. There was no hypertension or albuminuria 

in early prbgnancy in any o f  these patients* f r i  the 

la tte r  part of gestation, however, they developed hyper- 

tens ion and a ll  but 9 albuminuria. The'relation be tween 

the systolic and diastolic pressures is shown in Table 132.
T a b l e  1 3 2 .

Djast. . 
B. P.

Av. gust.
B. P. S.P. Min. -  Max. Svst. : Diast,

90 133.7 12.5. 130 -  170 1. 54 f  0.10
100 158.0 16.1 134  ̂ 190 1.53 *  0.12:
110 171.3 17.3 150 -  200 1.56 i  O.lu
120 179.3 - 19.2 160 -  200 1. 50 *  0. u9
130 191.0 14.3 170 -  220 1.47 J 0.09
140 203.3 • 15.4 185 -  240 1.45 -  C.1C

This, table shows the blood pressure and the systolic: 
diasto lic  ra tio  in true pregnancy toxaemia.

The average systolic blood pressure values in the j

present group compares satisfactorily  with those of Group 2 , ;
. . . . . .  j;

where toxaemia was superimposed on pre-existing..hyper- ;■
tension. The ra tio  of systolic and diastolic pressure^, 

average 1.53, is less than that of either of the two 

preceding/



preceding groups of cases. However, both the average 

and the individual ratios at different levels of diastolic  

pressure are close to the values observed in normal non

pregnant individuals, except at the high levels of 

diastolic  blood pressure, when the ra tio  inclines to f a l l  

below the normal lim it , and reveals the tendency to a j

convergence of the systolic and. d iasto lic  pressure readings. 

I t  w il l be seen that .the individual values as well as the (

average for the ra tio  are considerably less than the 

value regarded as optimum for an harmonious hypertension. 

(Troup 4. Blood pressure during the eclamptic s tate.

Blood pressure readings from 90 cases of eclampsia during 

the stage when convulsions persisted were also submitted j

to a similar analysis. The most useful information would ;

have been that obtained from readings immediately preceding 

the convulsions, but for obvious reasons, this was not !

practicable. k l l  blood pressure readings taken within a !

quarter of an hour after the cessation of a convulsion 

were excluded in order to avoid the disproportionate 

sy st olic rise which occurs during a severe muscular effcar t , I

v iz. convulsions. The results are presented in Table 133.

These figures leave l i t t le  doubt as to the diastolic j
pressure exceeding the normal lim it of proportion. The -  j

i
ra tio  of systolic: diastolic pressure at a l l  stages lie s  

below the value obtained in normal persons and is con

siderably less than that observed in balanced or harmonious 

hypertension. The tendency to a convergence of the 

s y s to lic /



systolic and d iasto lic  pressure readings is more obvious 

in-this,, than in any of the preceding groups of cases.

In only 1 patient (1.1 per cent. ) in th is  series the ra tio  

was 1.7* In  24 (26.7 per cent. ) i t  was just above 1.5, 

while in 65 cases (72,2  per cent. ) the ra tio  was between

1,23 and 1.49.
Table 133

Sisst*
B.P.

Av.Svst.
. B.P.

I Stand. 
1 Dev. Min. -  Max.

: 1 1
Ratio fj|

100 144*5
[f
1 13.4 130 -  160 1.44 ± 0.09

110 156* 1 16.1 140 -  185 1.42 ± 0.08:1 !;5
120 174.2 15.9 155 -  194 1.45 * 0. 09 n
130 185.0 17.0 162 -  205 1.42 ± 0.091!
140. 196.3 1 18.1 174 -  220 1.40 ± 0.10! [:
150 205.5 1 18.4

. I ..

190 -  230 1.37 ± 0.10 M!

This table shows the blood pressure and tim systolic: j
d iastolic  ra tio  in eclampsia. ' j

COMMENTS hjJ

Most text books on obstetrics lay considerable stress ■ jp
! jj li

on the importance of the systolic blood pressure in the 

prognosis and treatment of pre-eclampsia and eclampsia. In i

some o f the communications (M.R. 0. Sp.Rep. 12, 1927), the 

data provided do not even include the readings of the 

diasto lic  blood pressures. Yet, the/importance of ^

vascular spasm in toxaemia, and especially in eclampsia, f/j.j,

was pointed out by investigators (Zangemeister, 13, 1916; j ijji

Stroganoff, 14, 1923) even in the early part of th is  ujj

century, and the only c lin ic a l method is  the determination i [I;
i

of the d iasto lic  pressure level.
■ h:

The effect of the increase in the tone of the vessel
; I:

w a ll/  ]! ■    | | —
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wall is fe lt  immediately by the heart. The rise  in the 

peripheral resistance leaves the aorta and a rte ria l trunks 

fu l l  and distended. In order to overcome th is , and maintain 

an e ffic ien t circulation, the stroke volume must increase 

causing the systolic blood pressure to be elevated* The 

blood pressure study presented above clearly demonstrates 

that the hypertension which is associated with toxaemia of 

pregnancy is not of a pure systolic nature. The efficiency  

with which the circulation can be maintained in diastolic  

hypertension depends upon the compensatory increase in 

the level o f the systolic blood pressure* As long as the 

continued vascular spasm and hypertension does not give 

rise to organic changes in the vessel w all, balanced or 

harmonious hypertension is not lik e ly  to interfere with the 

functions of the v ita l organs of the body to any appreciable 

degree* This has been adequately discussed by Gallavardin 

(15, 1920), G ilchrist (10, 1941) and several other 

investigators in connection with essential hypertension.

In hypertensive toxaemia of pregnancy two types of 

cases can be clearly d ifferentia ted . 1) Those in which 

hypertension exists in a balanced state. This is usually 

confined to the cases of pre-existing ("Essential") 

Hypertension. A small number of cases of true hypertensive 

toxaemia of pregnancy also come into this category. Of the 

pre-ex is ting-hyper tens ion group 53.7 per cent, of cases 

had a balanced hypertension whilst in only 19*6 per cent, 

o f/
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of cases of toxaemia of pregnancy did the systolic blood 

pressure adequately compensate the d iasto lic  hypertension. 

In  the former group none developed albuminuria or oedema; 

in the la tte r  the amount of albuminuria varied from a trace 

to 0.2 per cent, and the oedema was only slight. 2) Oases 

with uncompensated diastolic  hypertension. These con

stituted the majority of cases in our series, and whether 

they had pre-existing hypertension or not, a l l  of them had 

albuminuria varying from 0.15 to 1.8 per cent. Oedema was 

also present in 97.2 per cent. (636 out of 655 cases) of 

cases in this group.

I t  is therefore evident, that the manifestations 

which constitute pre-eclampsia do not depend d irectly  on 

the absolute leve l of the blood pressure, either systolic 

or d iasto lic , but on the relative balance which exists 

between these two pressure levels. This is  best observed 

in the blood pressure study of the cases of eclampsia 

presented above. During the stage of repeated convulsions 

the systolic pressure although raised fa lls  far below the 

leve l required for the maintenance of adequate compensation. 

The importance of abnormally high d iasto lic  pressure in 

eclampsia has also been pointed out by Yaczy (16, 1946)*

One of the immediate effects of vascular spasm is a 

reduction of the effective blood supply to organs. This 

can only be counteracted by maintaining the systolic 

pressure high enough to overcome the peripheral resistance 

caused/
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FIT.

F i g  8 6 .

Two i l l u s t r a t i v e  c a s e s  s h o w in g  t h e  c h a n g e  i n  t h e  r a t i o  o f  

s y s t o l i c  a n d  d i a s t o l i c  b lo o d  p r e s s u r e s  w h ic h  a c c o m p a n ie s  

e c la m p t i c  c o n v u l s i o n s .  T h e  e x t e n t  t o  w h ic h  t h e  r a t i o  d r o p s  

i n  e c la m p s ia  v a r i e s  i n  d i f f e r e n t  c a s e s ,  d e p e n d in g  u p o n  t h e  

d e g r e e  o f  p r e - e x i s t i n g  c o m p e n s a t io n ,  a n d  e s p e c i a l l y  o e d e m a . 

I n  p r e s e n c e  o f  m a rk e d  o e d e m a  a  s m a l l  d r o p  w o u ld  p r o d u c e  t h e  

sam e e f f e c t  a s  a  c o m p a r a t i v e l y  b i g g e r  f a l l  i n  t h e  r a t i o  i n  

a  n o n - o e d e m a to u s  h y p e r t e n s i v e  p a t i e n t .



48 u.

caused by the vascular spasm. When this is not so, the 

effects of the vascular spasm remain uncompensated and, 

ultim ately a stage developes when organs lik e  the brain, 

kidney, and liv e r commence to suffer from a state of 

deficient oxygenation. Convulsions and coma, albuminuria 

and o liguria , and hepatic functional derangements follow  

as a natural sequence. The severity of symptoms preduced 

in pre-eclampsia and eclampsia appears to be related to the 

manner in  which the d iasto lic  hypertension (vascular spasm) 

is balanced by the systolic pressure.

EFFECTS OP HYPERTENSION IN TOXAEMIA

1. Blood Pressure and Albuminuria. I t  is  generally accepted 

that the organic lesions which are usually observed post 

mortem in the kidneys of patients suffering from toxaemia 

are not wholly responsible for the degree of albuminuria 

present. Investigations of Ohesley (17, 1939) and co

workers show that albuminuria of pre-eclampsia and eclampsia 

is of functional origin and is  related to vascular spasm.

I t  was therefore considered that an analysis of our data 

in relation to the degree of albuminuria might prove 

interesting. The results based on 390 systolic and 

diasto lic  pressure ratios obtained froiji 186 cases of pre- 

eel smpsia are presented in fiTablel34. In a l l  the cases the 

blood pressures were taken by the writer himself and 

entered only when two consecutive readings were sim ilar.

I t  w il l be evident that in over 75 per cent, of the 

read ings/
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Table 134
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readings the systolic: diastolic ratio was between 1.5 and
1.7. But in this group'nearly 90 per cent, of cases were 

associated with less than 1.0 per cent, albumin in the urine. 
When the ratio was less than 1.5f 61.5 per cent, of the 

readings were accompanied by more than 1 per cent, albumin 

in the urine* The effect of the ratio on the degree of 
albuminuria is also evident from the disposition of the 

figures shown in the table, which shows thayamong individual 
groups the incidence of marked albuminuria increases only 

when the ratio descends below the normal levels. With slight 
albuminuria an abnormal ratio was rarely observed.

Chesley, larkowita and Wetchler (18, 1939) studied cold
pressor tests in relation to albuminuria. They found that
albuminuria occurred or increased in quantity whenever the
pressure response was marked. Reiser and perris (19, 1948)
investigated the nature of the cold pressor test, with the
help of T*E.A. 0. and observed that the mechanism by which the
blood pressure is raised is of neurogenic origin. The effect
of sympathetic stimulation is an increase in the tone of the

a
arterioles, which i f  excessive becomes equivalent t(/sfcate
of spasm. I t  is obvious that the effects of this increased

*
tonus or spasm of the renal arterioles is related to the
degree of albuminuria which is present in a case of eclampsia
or pre-eclampsia. Mukherjee (30, 1942) demonstrated that
injections of small doses of pitressin aggravates albuminuria
in these cases. The response of the renal blood vessels

*■

to/



Table 135
J--------- ;---!■

Ref. No.
More tlian 48 hours Less than 12 hours
Svst. Diast . _S.D. Svst. Biast."TTTO r '

1. M. 165 100 1 1.65V 175 118 i.48
2. D. 200 115 | 1.74 200 130 j 1.53
3. P. 150 90 1 1.64

1
; 1.55

180 124 1 . 1.45
4. B* 155 100 150 116 1 1.29ji
5. Mcl. 184 108 [ 1.70i 160 115 ! 1.39i
6. McY. 178■ 105 j 1.69 180 123 ] 1.47
7. O'R. 160 100 1 1.60j 165 112 | 1.47
8. McK. 160! 95 | 1.68 190 125 j 1.52
9. Mo8. I 170 108 ! 1.67

|
160 120 | 1.33

10. w. 165; 100 [ 1.65
i '

180 130 | 1.38
11. MeO, ; 190 118

! _

I

! 1.61 '
1

175 125 ! 1.40

of the ratio before the onset of the accidental haemorrhage. 
This change in the ratio is independent of the manner in which 

the systoldc blood pressure reacts, for in 7 cases in this 

series it  was actually increased by 5 to 30 ram., in 1 patient 
it was stationary and in 3 i t  fe ll slightly below the 

in it ia l level. The convergence of the two pressures as shown 

by a decrease in the ratio is caused by a rise in the 

diastolic pressure and may be accompanied by a disproport
ionate increase or even by a slight fa ll in the systolic 

pressure. The ratio itse lf was below normal in a ll cases 

except in 2, where it  was at the lowest lim it of normality.
I t  is therefore evident the vascular spasm which exists
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in toxaemia of pregnancy suffers from a lack of adequate 

compensation before retroplacental haemorrhage occurs, What- 
ever may be the exact mechanism underlying the haemorrhage 

it  is obvious that in a certain proportion of these cases 

the interference with the circulation in the decidua, due to 

the unbalanced state of vascular spasm is the primary cause. 

3* Blood Pressure and Ocular Symptoms. Onset of visual 
disturbance is regarded as an evidence of grave toxaemia. In 

our series 37 patients developed dimness of vision and 

amblyopia. The relation of blood pressure to these symptoms 

iS presented below. Detailed reports of ophthalmoscopic 

examination of the fundi were available in only 12 cases in 

this series, ^atients with minor ocular symptoms have not 
been considered.

In a ll of the 37 cases who complained of varying degrees 

of amblyopia, there was a fa ll in the systolic* diastolic 

pressure ratio. In 36 patients the ratio was less than 1.5, 
in 9 i t  was between 1.5 and 1.6 and in 2 it  exceeded 1.6.
The maximum ratio in this series was 1.64. In 5 patients 

in this seriesophthalmoscopy revealed the presence of small 
"cotton-wool* patches. The ratio of systolic and diastolic 

pressure in these patients varied from 1.23 to 1.39, values 

which can be considered as indicative of intense vascular 
spasm and marked disturbance of circulation. In the 

remaining 7 cases the findings revealed the presence of 
^retinal vascular spasm and some congestion of the retinal 

Trainŝ . /
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veins*. The blood pressure ratio in these patients varied 
from 1.47 to 1.55. Considering that the level of blood 

pressure-varied from 170 to 200 mm. (systolic) and 113 to 

130 mm. (diastolic), these ratios are also below the optimum 

level. The correlation between the state of the retina and 

the blood pressure ratios provide further evidence for the 

existence of a state of active vascular spasm in toxaemia 
of pregnancy.

CONCLUSION.

Hypertensive toxaemias of pregnancy are associated with 

a diastolic hypertension. When this is balanced or 
harmonious, pre-eelamptic manifestations are as a rule not : 
severe. An unbalanced diastolic hypertension in-pregnancy 

toxaemia indicates danger and usually precedes convulsions 

or retroplacental haemorrhage. Such a state points to 

intense vascular spasm with consequent interference with the 
delicate functions of the organs-supplied by these blood 

vessels. Th împortance of the blood pressure readings in 

-pregnancy toxaemias does not lie  as much in the absolute 

values of pressure as on the mutual relationship between the 

diastolic and systolic values. In this respect a careful \
determination of the diastolic pressure is of considerable 

prognostic significance. Comparative study of tf toxaemia* 
and *non-1oxaemic*-hypertensive patients during pregnancy 

suggests that satisfactory compensation exists as long as 

the systolic: diastolic pressure ratio is about 1.70.

FiEUSRĤ OI'iS/
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P O S T S C R IP T .

S in c e  t h i s  c h a p t e r  o n  v a s c u l a r  s p a s m  w as  w r i t t e n  we h a v e  

b e e n  a b le  t o  o b t a i n  c a r e f u l  d a t a  o n  t h e  b e h a v io u r  o f  t h e  b lo o d  

p r e s s u r e  i n  a  s m a l l  n u m b e r  o f  i n d i v i d u a l  c a s e s  o f  e c la m p s ia  a n d  

a c c i d e n t a l  h a e m o r r h a g e .  T h e s e  d a t a  p r e s e n t  a n  i n t e r e s t i n g  

s t u d y  a n d  s u p p o r t  t h e  s t a t e m e n t s  m ade  a b o v e ,  A s h o r t  a n a l y s i s  

© f t h e s e  c a s e s  i s  g i v e n  b e lo w .

1 ,  M r s . M c A r d le .

A d m i t t e d  i n  a  p r e - e e l a m p t i c  s t a t e  o n  2 6 ,  1 .  5 0 .  A n t e n a t a l  B .IP . 
u p to  3 7  w e e k s  1 2 0 /7 5  ( r a t i o  * - . - ! •  6 0 ) .  On a d m is s io n ,  B . P .  1 5 0 / IL 0 0  
( r a t i o  =  1 , 5 0 )  ; a l b u m i n u r i a  t r a c e  ; o e d e m a  o f  a n k le s  s l i g h t .

B . P ,  a n d  t h e  s y s t .  : d i a s t .  r a t i o  o n  2 7 .  1 .  5 0 .  w e re  a s  
f o l l o w s

1 2 . 3 0  P .M .  1 5 5 /1 0 0  r a t i o  =  1 ,5 5 .
2 P .M .  1 7 0 /1 1 0  "  1 . 5 4 .
3 . 4 0  P .M .  1 6 5 /1 1 0  "  1 . 5 5 .
5 . 3 0  P .M .  1 7 0 /1 2 0  "  1 . 4 2 .
7 . 3 0  P .M .  1 6 5 /1 1 5  "  1 , 4 3 .
9 . 1 0  P .M .  1 7 0 /1 2 0  "  1 . 4 2 .
1 2  M .M . 1 4 0 /1 0 5  "  1 . 3 3 .

A n  e c l a m p t i c  c o n v u l s i o n  o c c u r e d  a t  1 2 .2 0  A .M . o n  2 8 .  1 .  5 0 .

2 .  M r s .  M a r y n ic z ,

S e n t i n  b y  t h e  p a t i e n t r s  ow n  d o c t o r  a s  a  c a s e  o f  h y p e r t e n s i v e  
to x a e m ia .  A d m i t t e d  o n  3 1 .  1 .  5 0 .  B . P .  im m e d ia t e l y  b e f o r e  
a d m is s io n ^  1 9 0 /1 1 5  ( r a t i o  =  1 , 6 7 ) .

On a d m is s io n ,  B . P .  2 0 0 /1 2 0  ( r a t i o  =  1 . 6 7 )  ; a l b u m in u r i a  t r a c e  : 
bo o e d e m a  ( 8  P . M . ) .

Ora t h e  f o l l o w i n g  m o r n in g  ( ( 9  A . M . ,  1 ,  2 .  5 0 . )  t h e  B . P .  w as  
1 3 0 /1 0 0  ( r a t i o  $  1 , 3 0 ) ,

A n  e c l a m p t i c  c o n v u l s i o n  o c c u r e d  a t  9 . 4 0  A .M .

3 /  M r s . M a r t i n .

Admitted' as a case of eclampsia with a history of 4 fits outside.
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On admission (3 . 2, 50.) the B .p . was-

2 . 5 0  A .M .  1 7 0 /1 0 5
• 8 . 3 0  A .M . 1 6 0 /1 1 0

E c la m p t i c  f i t  a t  9 A ..M .
9 . 2 5  A .M . 1 4 0 /1 0 0

E c la m p t i c  f i t  a t  9 . 3 5  A .M .
1 1  A .M . 1 4 8 /1 0 0
1 2  N o o n  1 5 0 /1 0 5
1 P .M .  1 5 0 /1 1 0

E c la m p t i c  f i t  a t  1 , 3 0  P .M .

r a t i o!» 1*62.
1.60,

1 * 4 0 *

1 * 4 8 .
1 . 4 3 *
1 *36 .

4 *  M r s *  S c o t t *
A d m i t t e d  a s  a  c a s e  o f  h y p e r t e n s i v e  t o x a e m ia  o n  13 
O e d e m a , m o d e r a te  ; a l b u m i n u r i a ,  0 * 6

B . P .  b e f o r e  a d m is s io n
9 . 2 * 5 0  1 8 0 /1 0 0
1 2 * 2 * 5 0  2 2 0 /1 1 0

On a d m is s io n ,  1 3 .  2 .  5 0 .
1 0  A .M .  2 2 0 /1 1 0

- 2 P .M .  2 0 8 /1 2 8
B g la m p t i c  c o n v u l s i o n  a t  2 . 2 0  P .M .

r a t i o  =
n

n
n

2 *  5 0

1 . 8 0 .
2 .0 0 .
2 .00.
1 . 6 3 *

5 *  M r s M c C a r t n e y *

A d m i t t e d  o n  1 2 *  3 .  5 0 ,  w i t h  s y m p to m s  o f  p r e - e c l a m p s i a .
B e f o r e  a d m is s io n ,  B . P .  w as

1 . 3 . 5 0  1 3 0 /7 0  r a t i o  -  1 . 8 6 .
o e d e m a , m o d e r a te  ; a l b u m i n u r i a ,  t r a c e .

2 . 3 . 5 0  1 3 5 /7 0  "  1 . 9 3 .
o e d e m a , a n d  a l b u m i n u r i a  -  s a m e .

1 1 . 3 . 5 0  1 6 0 /8 0  ”  2 . 0 0 .
o e d e m a , m a rk e d  ; a l b u m i n u r i a ,  0 . 2

On a d m is s io n ,  1 2 .  3 .  5 0 . ,  B . P .  w as  -
-  3  P .M .  1 5 0 /1 0 0  "  1 . 5 0 .

E c la m p t i c  c o n v u l s i o n  a t  3 . 1 5  P .M .

NO TE. I n  p r e s e n c e  o f  o e d e m a  a  h i g h  s y s t o l i c  : d i a s t o l i c  
r a t i o  i s  e s s e n t i a l  i n  o r d e r  t o  m a in t a i n  a n  e f f e c t i v e  
c e r e b r a l  c i r c u l a t i o n  a n d  o x y g e n a t io n .  T h i s  i s  b e c a u s e  o f  
t h e  r a i s e d  i n t r a c r a n i a l  p r e s s u r e  w h ic h  a c c o m p a n ie s  o e d e m a  
o f  t h e  b r a i n .  When t h e  r a t i o  f a l l s  d u e  t o  l a c k  o f  
c o m p e n s a t io n ,  e c la m p s ia  d e v e lo p s  i n  t h e s e  p a t i e n t s  a t  a  

-  > ' h i g h e r  l e v e l  o f  t h e  r a t i o  t h a n  i n  t h e  n o n - o e d e m a to u s  
s u b j e c t s .  C o m p a r a t i v e l y  s l i g h t  l o s s  o f  c o m p e n s a t io n  i s  
s u f f i c i e n t  t o  p r e c i p i t a t e  e c la m p s ia  i n  p r e s e n c e  o f  m a rk e d  
o e d e m a . I n  t h i s  r e s p e c t  o e d e m a  a n d  v a s c u l a r  sp a sm  a r e  

c o m p le m e n ta r y .  .

6./



6. Mrs. Smith.
A d m i t t e d  o n  3 1 .  1 0 .  4 9 .  i n  a  s t a t e  o f  com a  a f t e r  4 e c l a m p t i c  
f i t s  o u t s i d e .  O edem a , s l i g h t  ; a l b u m i n u r i a  0 , 5  %• T h e  B . P .  
r e c o r d e d  d u r i n g  t h e  d a y s  a f t e r  a d m is s io n  i s  g i v e n  b e lo w  j -

3 1 . 1 0 . 4 9 .
1 . 1 1 . 4 9 .

1 4 5 / 1 1 5 ,  
1 3 8 /9 5

r a t i oI!

2 , 1 1 . 4 9 . 1 7 0 / 1 2 0 ,  "

3 . 1 1 . 4 9 . 1 9 0 / 1 6 0 ,  "

7 . M r s ,  M u l l i g a n ,
A d m i t t e d  i n  a  p r e - e c l a m p t i c  s t a t e  o n
0 . 5  % \ oe 'dem a p r e s e n t  i n  t h e  a n k le s

A n t e n a t a l  B . P .
1 8 , 1 , 5 0 . ( 6  m o n th s )  1 3 0 /8 6
1 5 . 2 , 5 0 , 1 6 8 /1 0 4

T h e  m o r n in g  B . P ,  a f t e r  a d m is s io n
1 6 . 2 , 5 0 . 1 7 5 /1 0 5
1 7 . 2 , 5 0 . 1 6 2 /1 0 0
1 8 . 2 , 5 0 . 1 5 8 /9 0
1 9 . 2 . 5 0 . 1 6 8 /1 0 5
2 0 . 2 . 5 0 . 1 6 0 /1 0 0
2 1 . 2 , 5 0 . 1 5 5 /1 0 0
2 2 , 2 . 5 0 . 1 5 0 /1 0 0
2 3 . 2 . 5 0 . 1 3 8 /9 0
2 3 . 2 , 5 0 . 1 3 8 /9 0
2 5 . 2 . 5 0 . 1 4 0 /1 0 5

1 . 2 6 ,
1 . 4 5 ,

1 . 4 1 ,

1 . 1 8 ,

c o m a to s e .  * 
d r o w s y ,a n d  

a n d  r e s t l e s s ,  
c o n s c io u s ,  a n d  

r e s t l e s s . 
EC LAM PTIC  B IT &  

C O M A.'

A l b u m in u r i a ,

r a t i o»»

r a t i o  =

1 . 5 0 .
1 . 6 1 .

1 . 6 7 .  
1 . 6 2 .  
1 . 7 5 .  
1 . 6 0 .  
1 . 6 0 ,  
1 . 5 . 5  1.50.
1 . 5 3 .
1 . 5 3 .  
1 . 3 3 .

C o n c e a le d  a c c i d e n t a l  h a e m o r rh a g e  1 0  h o u r s  a f t e r  t h e  l a s t  
B . P .  w a s  r e c o r d e d .

8 ,  M r s .  A ld e n .

5 0 ,A d m i t t e d  a s  a  c a s e  o f  h y p e r t e n s i v e  t o x a e m ia  o n  1 8 .  4,
No o e d e m a , a n d  n o  a l b u m i n u r i a l .

B . P .  o n e  w e e k ! b e f o r e  a d m is s io n  1 7 5 / 1 1 0 ,  r a t i o  *  1 . 5 8 .  
On a d m is s io n

1 8 . 4 . 5 0 .  1 9 0 /1 2 0  r a t i o  =  1 . 5 8 .
1 9 . 4 . 5 0 ,  1 7 0 /1 2 0  "  1 . 4 2 .

M ix e d  a c c i d e n t a l  h a e m o r rh a g e  8  h o u r s  a f t e r  t h e  l a s t  
b lo o d  p r e s s u r e  w a s  r e c o r d e d .

G.
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CHAPTER
THE NATURE OH VASCULAR Ŝ ASfT. -VASOMOTOR AND HUMORAL 
________ ;_________ FACTORS.__________________

T h e  r e s u l t s  o f  i n v e s t i g a t i o n s  d e s c r i b e d  i n  t h e  p r e v i o u s  

c h a p t e r  s h o w s  t h a t  t h e  e s s e n t  i a l  f e a t u r e  o f  t h e  h v p e r  t e n s  io n  

i n - t o x a e m i a  o f  p r e g n a n c y  i s  a v a s c u l a r  s p a s m , # r i c h  i n c r e a s e s  

t h e  p e r i p h e r a l  r e s i s t a n c e , r a i s e s  t h e  d i a s t o l i c  p r e s s u r e  a n d  

c a u s e s  a c o m p e n s a to r y  i n c r e a s e  o f  t h e  s y s t o l i c  b l o o d  p r e s s u r e .  

I t  i s  t h e r e f o r e  e v i d e n t  t h a t  t h e  c a u s e  o f  h y p e r t e n s  i o n  i n  

p r e * - e c l a u p s i a  a nd  e c la m p s i a  c a n  be f o u n d  o n l y  w hen  t h e  c a u s e  

o f  t h e  v a s c u l a r  sp asm  i s . k n o w n .

N o r m a l l y  a r t e r i o l a r  t o n u s  i s  m a i n t a i n e d  t o  a g r e a t  

e x t e n t  b y  t h e  n e u r o g e n i c  o r  v a s o m o t o r  m e c h a n is m  i n  w h ic h  t h e  

v a s o m o t o r  c e n t r e  , t h e  c a r o t i d  s i n u s  , s p l a n c h n i c  a n d  v i s c e r a l  

a u t o n o m i c  n e r v e s  a r e  i n v o l v e d .  H o w e ve r :,  c o m p l e t e l y  d e n e r v a t e d  

v e s s e l s  a r e  n o t  f u l l y  d i l a t e d  ( P i c k e r i n g ,  1 ,  1 9 3 9 ) .  E s s e x  

and c o “ w o r k e r s  (R ,  1 9 4 3 )  d e m o n s t r a t e d  i n  d o g s  t h a t  

d e n e r v a t i o n ,  o f  t h e :  f e m o r a l  a r t e r y  i s  f o l l o w e d  b y  a h y p e r t r o p h y  

o f  t h e  m e d i a l  m u s c u la r  co^at w i t h  an  a c c o m p a n y in g  r e s t i t u t i o n  

o f  t h e  a r t e r i a l  t o n u s *  T h i s  ^ p e r i p h e r a l  t o n e ”  o f  t h e  

a r t e r i e s  i s :  o b v i o u s l y  d e p e n d e n t  u p o n  a h u m o r a l  o r  c h e m ic a l  

m e c h a n is m *  T h u s  i n  a n o r m a l  i n d i v i d u a l  t h e  s t a t e  o f  a r t e r i a l  

t o n u s  i s  u n d e r  a d u a l  c o n t r o l , '  n e r v o u s  a nd  c h e m i c a l .  I t  i s  

t h e r e f o r e  i m p o r t a n t  t o  a s c e r t a i n  h o w  t h e s e  f a c t o r s ; a r e  ~ 

a f f e c t e d  ' i n - t o x a e m i a  o f  p r e g n a n c y .  g

H v p e r - r e a c t i o n  o f  t o x a e m ia  p a t i e n t s  t o  c o l d  p r e s s o r  

t e s t s /i
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tests ftas been observed by Dieckmann (3, 1941), and this 

has been confirmed also by several other investigators.
Reiser and Ferris (4, 1943) demonstrated that this reaction 

is o f neurogenic origin. Reaction to this test has been 

taken to indicate that (1) The activity of the vasomotor 
mechanism is raised in pregnancy toxaemia, and/or (2) the 

vascular system is more sensitive to vasoconstrictor impulses.
To ascertain the role played by the vasomotor tonus in

toxaemias of pregnancy injections of tetraethylene ammonium
bromide (T.E.A.B. -  Boots) were employed. Given by intra-

is
venous inject ion T.B.A.B./reputed to cause a temporary 

paralysis of the sympathetic ganglia, thereby intercepting 

the nervous pathway between the centre and the peripheral 
blood vessels. The argument was that i f  the vasomotor 
nervous mechanism is hyperactive in toxaemia of pregnancy 

paralysis of the sympathetic ganglia would cause a fa ll  of 
blood pressure proportional to the degree of activity of 
this nervous mechanism. *

In  the course of our preliminary experiments i t  whs 
observed that T.E. A.B. caused an alarming fa ll of blood 

pressure in normal pregnant women, when even less than the 

fu ll dosje recommended by the manufacturers was employed. As 
bur aim was to compare the reactions obtained in normal 
pregnancy and toxaemia, we decided to employ the smallest 
dose which caused a recognisable fa ll of blood^prebsure.

METHOD

Every/
i



. Every patient was kept resting in bed for a period of 

at least an hour before the commencement of the experiment. 

Blood pressure readings were then obtained with a mercury 

manometer u n til three consecutive readings taken at h a lf-a -  

minute intervals showed constant values for both systolic  

and d iasto lic  pressure* One ml. of 10 per cent. T.E.A.B. 

was then injected intravenously in the cubital vein and 

blood pressures recorded every 30 seconds u n til the basal 

leve l was restored.

lin e  cases of normal pregnancy and 27 cases of toxaemia 

were subjected to this experiment and the results obtained 

are presented below* Ho case with any evidence of renal 

lesion was included for this study*

1* Normal Pregnancy -  A ll cases of nornal pregnancy showed 

a f a l l  in both systolic and diastolic  pressures, The drop 

in the systolic blood pressure varied from 26 to 38 mm. with 

an average of 30.6 mm; S.D. 4*5. The average decrease in  

diastolic  pressure was 26* 2 -mm. ; S .B .,3 .0 f with a range of 

values from 22 to 30 mm*Hĝ  The manner in which the systolic 

and d iasto lic  pressures were affected did not reveal any 

defin ite  proportion, apart from the fact that the systolic  

.decrease was in a l l  casts less than what would be expected 

'  dn account of the drop in the d iasto lic  leve l.

Immediately after the injection most of the cases showed 

a slight ( 2 - 6  mm. ) rise in both systolic and diastolic



49?.
blood pressures. The effect of the drug however became

manifested, within 30 seconds of the in jection, when bbfeh systolic a n d  diastolic ’
/blood pressures/started to fa l l  almost simultaneously. The 

lowest leve l was reached between 3 l  and 4 minutes a fter the 

injection. Then followed a phase of gradual increase of 

the pressure levels, in which both systolic and d iasto lic  

blood pressures were almost equally affected. Normal values 

were restored 10 to 12 minutes after the injection.

No untoward effect was observed during these experiments 

except for pallor, tingling sensation in the tongue and 

extremeties, slight interference with accommodation and a 

fe e l'^ f  faintness when the f a l l  of blood pressure exceeded 28 

to 30 mm. systolic. These were however of short duration, 

except in one instance where the symptoms were severe enough 

to cause anxiety. Intramuscular injection of 0.5 ml. 

adrenalin restored the blood pressure almost immediately and 

the symptoms, were relieved.

Toxaemia of Pregnancy -  There were 22 cases of pre

eclampsia and 4 cases of eclampsia in this series. The 

results obtained can be conveniently elabbified into two 

groups. ‘

Group 1 Reactors’ -  Nine patients reacted to the 

in jection  of T.E.A.B. by a fa l l  of blood pressure. One of 

i;Kemf was a case of post-par turn eclampsia. The extent of 

the drop in blood pressure was to some extent similar to 

that observed in normal pregnancy. As a result of the 

in jection, the blood pressure in 2 patients returned to 

normal /
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B.P MM. 
210

170

150

130

110

90

NORMAL
PREGNANCY.

50

30

PRE-ECLAM PSIA &  E C L A M P S IA . 
REACTORS. N O N -R E A C T O R S .

i

J 1*1 ]

I

F i g .  8 7 .  A s c a t t e r  d ia g r a m  s h o w in g  t h e  h y p o - t e n s i v e  r e s p o n s e  

o f  T . E . A . B .  i n  n o r m a l  a n d  t o x a e m ic  p r e g n a n c y .  T h e  s e r i e s  

d o e s  n o t  i n c l u d e  a n y  c a s e  o f  L l n e p h r i t i c  t o x a e m ia 1 . C a s e s  o f  

t o x a e m ia  o f  p r e g n a n c y  f a l l  m a in l y  i n t o  tw o  g r o u p s  : R e a c t o r s  

a n d  N o n - r e a c t o r s .  Some c a s e s  i n  t h e  f o r m e r  g r o u p  r e a c t  o n l y  

p a r t l y  i n  w h ic h  t h e  b lo o d  p r e s s u r e  i s  s t i l l  m a in t a in e d  a t  a  

h y p e r t e n s i v e  l e v e l .
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normal lim its  and persisted below the hypertensive level for 

more than one hour. In  three other patients i t  returned to 

normal leve ls , but only for the duration of the test. In  the

remaining 4 oases, in spite of the fa l l  the blood pressure

was s t i l l  maintained above normal*

In this group of reactors, the decrease in blood

pressure caused by the T.E. A.B. was -

Systolic, average 31.2 mm* Hg. ; S.D. 5*1.
maximum 40 mm. Minimum 25 ram.

D iasto lic , average 27.3 ram.Hg. ; S.D. 3. 9. 
maximum 35 mm. Minimum 22 mm.

The case of past-partum eclampsia in this series is 

particularly interesting. .
Mrs. W. ; aet. 30; primigravida; admitted with a 

diagnosis of pre-eclampsia; fu l l  term; on admission B*P. 

145/90; oedemas (ankles); urine contained 0.5 parts albumin 

(Bsbachs); Past history presented no significant feature; 

obstetric examination revealed no abnormality; urea clearance 

was 115 per cent.; water excretion test showed 25 per cent, 

retention in two hours; plasma proteins 5.3 gms.per 100 ml. ; 

hepatic function tests showed only an abnormal b iliru b in  

retention (16*3 per cent.-}; T.E.A.B. test on 28.11.49 (2 days 

after admission) gave a positive reaction -  the blood 

.pressure dropping by 25/22 mm.Hg# On 30.11.49, during the 

"thir'd stage of labour the patient had an eclamptic convulsion. 

Blood pressure about ha lf an hour before the f i t  was 

150/105 mm.Hg. T.E.A.B. test was repeated one hour a fter 

the convulsion. The in it ia l  blood pressure was found to be
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very unsteady, varying between 155/110 to 145/100* The 

drug was injected when tworeadings of 143/102 were obtained. 

The f a l l  caused by the injection was 30/36 miruHg. The 

systolic: d iasto lic  pressure ra tio , at the time of admission 

was 1.61, just preceding the eclamptic convulsion 1 .43f 

at the time of the experiment 1.45, and after the sympathetic 

influence had been removed by the T.B.A.B. 1.55.

The level of the in i t ia l  blood pressure appeared to 

have no relationship with the type of response obtained.

Of 2 patients with an in i t ia l  blood pre'ssure of above 200 mm. 

Hg* (Systolic) one had a f a l l  of 40 mm. and another 28. In  

this group there was a case of essential hypertension, w-ho 

was admitted with a blood pressure of 198/140, with 11 

parts albumin (Bsbach) in the urine and marked oedema of the 

legs. ■T.E.A.B. produced a response of 38/30 ram.Hg. Pre

gnancy was a r t i f ic ia l ly  terminated in this patient and the 

blood pressure on the tenth day of puerperium was s t i l l  

160/106 mm.Hg. The experiment was repeated and the 

hypotensive response was only 10/6 mm.Hg.

Group 2 -  'Hon-reactors’ -  Of the 17 patients in th is , 

series there were 14 cases of pre-eclampsia and 3 of 

eclampsia. There was no f a l l  of diastolic blood pressure in 

' any of these patients which could be regarded beyond the

margin of personal error (2-3 mm. ). A ll* however, showed

a drop in the systolic blood pressure which varied from 5
*

to 15 mm.Hg. (average 7.5 mm.; S.D.3 .1 ).

The/
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The in i t ia l  blood pressure in this g£oup varied from 

140/93 mm. (a case of eclampsia) to 193/130 mm.Hg. Follow 

up during the puerperal period showed persistence of hyper

tension (? essential hypertension) 10 or more days after  

confinement in 3 patients in this group. The experiment 

was repeated on the tenth puerperal day on 4 cases of pre

eclampsia (blood pressure returned to nomal leve l) and on 

1 case where hypertension persisted, i l l  4 cases of pre

eclampsia had a reaction sim ilar to that seen in normal 

individuals. The case where hypertension persisted in the 

puerperium reached poorly (10/4 mm.Hg# ) to the injection.

001MBNTS
Brust, Assali and Ferris (5, 1948) using T.B.A.C. 

(tetra-ethylene ammonium chloride) in normal pregnancy and 

in a small series of toxaemias observed that the "floor" of 

blood pressure attained after the injection was higher in 

toxaemias than in normal pregnancy and concluded that a 

"humoral" mechanism was involved in toxaemic hypertension 

of pregnancy.

The results of this investigation indicate that although 

the hypertension is induced by a chemical agent in the 

majority of cases, there is a d istinct group of patients in 

- whom the high blood pressure is aggravated, i f  not actually 

^maintained by the vasomotor sys tem, in just over 33 per 

cent, o f our patients the vasomotor effect on the blood 

pressure of pregnancy toxaemia was prominent. I t  is  a 

common/
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NCr.VV. F n EG NANO.

F i g .  8 8 .  A t y p i c a l  c a s e  o f  
o f  n o r m a l  p r e g n a n c y ,  
s h o w in g  t h e  b e h a v io u r  o f  
t h e  b lo o d  p r e s s u r e  a f t e r  
t h e  i n j e c t i o n  o f  T .E .A B .

F i g .  8 9 .  B lo o d  p r e s s u r e  
t r a c i n g  o f  a  c a s e  o f  p r e 
e c la m p s ia  a f t e r  a n  i n j e c t i o n  
o f  I ' . E . A . B .  s h o w in g  a  
n o r m a l  f a l l  o f  b l o o d -  
p r e s s u r e  ( N e u r o g e n ic  
h y p e r t e n s i o n ) .

T.c.A .B.

T IM E  30  SEC.

F i g .  9 0 .  B lo o d  p r e s s u r e  
t r a c i n g  o f  a  c a s e  o f  p r e -  
e c la m p s ia .  a f t e r  T . E . A . B .  
S y m p a t h i c o l y s i s  i s  w i t h o u t  
e f f e c tC H u m o r a l  h y p e r t e n s i o n ) .
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common experience in  c lin ica l obstetrics to find the hyper

tension subsiding spontaneously after the patient has been 

put to bed and when she gets used to the hospital environ

ment. I t  is d if f ic u lt  to see how a '’humoraln factor can 

undergo spontaneous resolution without any active treatment. 

However, i t  is  not suggested that the hypertension found in 

these patients is wholly due to vasomotor hyperactivity, 

for should i t  be so, T.E. A.B. would be expected to cause 

the blood pressure to descend to normal lim its  in a l l  patients 

■Reference to the data presented above w ill show that in 

only 5 cases belonging to the '’reactor* group, sympathetic 

paralysis restored the normal blood pressure leve l for the 

time being. I t  is probable that in these patients the 

vasomotor mechanism was, to a very great extent, responsible 

for the maintenance of the hypertension. In  the remaining 

4 cases belonging to this group the blood pressure s t i l l  

remained above normal despite the f a l l  produced by T.B.A.B. ;
i

This siggests that the hypertension in these cases is only 

p artly  due to an overaction of the sympathetic and that 

there s t i l l  remains a residual hypertension of humoral origin !

which is unaffected by T.B.A.B. .

In  a l i t t l e  over 66 per cent, of the patients studied 

b'y us removal of the vasomotor influence had no recognisable 1

effect on the blood pressure. One can only conclude that, 

in these cases, the hypertension was due to some humoral 

agency or to organic changes in  the vessel walls. I t  was 

obvious/
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obvious however, from a repetition of our studies in the 

puerperium that in the majority of these patients a humoral 
factor was in action, and that it  ceased to exist in the 

average case by the second week after confinement. Brust et 
al (1948) have suggested that this humoral factor is 

probably of endocrine origin.
In a few cases the blood pressure remained elevated 

after confinement, suggesting that the hypertension in these 

patients was partly due to organic disease of the vessels. 
Both the ’’reactor* and*non-react01*  groups were found to 
contain these eases,.

I t  is obvious then that pre-eclampsia is a term which 

covers a number of different types of hypertension* 
one of which may end in eclampsia. These types may be 

summarised as follows -
1. There is no pre-existing hypertens ion in early pregnancy, 

but due to a neuro-vascular disturbance the blood 

pressure is raised. These cases show a normal response 

to T.E* A.B.
B. There is no pre-existing hypertension, but owing to the 

7 abnormal humdraL mechanism vascular spasm occurs causing 

the blood pressure to rise. These cases do not respond 

; to T.E.A.B.
3. A vasomotor factor is ^superimposed on cases where the

hypertension is in itia ted  by a humoral mechanism. The

height attained by the blood pressure in these cases may

be considerable. T.B.A.B. causes a partial fa ll of 
blood/
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blood pressure, but the lowest leve l attained is s t i l l  

above the lim it of normal blood pressure.

4. Pre-existing hypertension (? essential) which is 

aggravated by an additional neurogenic factor. These 

cases also show a p artia l reaction to T.E.A.B.

5. Pre-existing hypertens ion, # iich is enhanced by the 

humoral agent responsible for the higjh. blood pressure 

in true pre-eelsmpsia. These cases do not respond to 

T.E.A.B.

6. This c lassification , however, does not include cases of 

nephritic hypertension associated with pregnancy. Our 

investigation did not cover this complication of gestation,

Prom the point of view of isolation of the f ir s t  5 

types of hypertension described above, the T.E.A.B. test is  

useful in d iffe ren tia ting  type 1 from the rest. Types 3 and 

5 which are both "non-reactcr s" can be separated at present 

only by noting the behaviour of the blood pressure during 

the puerperium. Types 3 and 4 which are "p artia l reactors" 

can also be differentiated in ‘the puerperium. We have not 

been able to d iffe ren tia te  essential hypertension, unaecom- 

panied with any organic change in the arteries , from cases 

of pre-eelamptic hypertension by means of T.E.A.B. As

regards the severity of toxaemia none of these types of
^  - >

hypertension show any significant difference among themselves

I t  has been seen that a patient with neurogenic hypertension
in

was subject to post-par turn eclampsia, while/at least 18.5 

per /
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per cent, of cases of toxaemia in our series the neurogenic 

factor played a precTominent role.
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FINAL OOIGLUSIONS

I n  i n v e s t i g a t i o n  o f  t h e  n a t u r e  d e s c r i b e d  i n  t h e  

f o r e g o i n g  c h a p t e r s  d o e s  n o t  p r o v i d e  f o r  a c o n c l u s i o n  w i t h  

r e g a r d  t o  t h e  a e t i o l o g y  a n d  n a t u r e  o f  t o x a e m ia  o f  p r e g n a n c y .  

N e v e r t h e l e s s ,  i t  i n d i c a t e s  t h a t  p r e - e c l a m p s i a  and  e c l a m p s i a  

a r e  a s s o c i a t e d  w i t h  d i s t u r b a n c e s  o f  m e t a b o l i s m  a f f e c t i n g  

i n  g e n e r a l , p r o t e i n ,  c a r b o h y d r a t e  and  f a t .  S t u d y  o f  h e p a t i c  

d y s f u n c t i o n  w h i c h  w a s  u n d e r t a k e n  on  t h e  same p a t i e n t s  and 

a t  t h e  same t i m e ,  and f o l l o w e d  up  i n  an  i d e n t i c a l  m a n n e r  

d e m o n s t r a t e s  t h a t  t h e  m e t a b o l i c  and  f u n c t i o n a l  d i s t u r b a n c e s  

i n  p r e g n a n c y  t o x a e m ia  a r e  r e l a t e d  t o  e a c h  o t h e r .  H o w e v e r ,  

t h e  m e re  p r e s e n c e  o f  t o x a e m i a  d o e s  n o t  a lw a y s  show  m a rk e d  

d i s o r d e r  o f  m e t a b o l i s m  and l i v e r  f u n c t i o n s .  T h e s e  become, 

e v i d e n t  w h e n  t h e  t o x a e m i a  i s  o f  a s e v e r e  d e g r e e .  F o l l o w  u p  

s t u d i e s  a l s o ,  i n d i c a t e  t h a t ,  im p r o v e m e n t  i n  t h e  c l i n i c a l  

c o n d i t i o n  i s  a s s o c i a t e d  w i t h  an im p r o v e m e n t  i n  t h e  m e t a b o l i c  

and  g e n e r a l  f u n c t i o n s  o f  t h e  l i v e r ,  w h i l e ,  w hen t h e  t o x a e m i a  

d e t e r i o r a t e s  t h e  m e t a b o l i c  a n d  f u n c t i o n a l  s t a t u s  o f  t h e  

l i v e r  f o i l o v / s  a s i m i l a r  c o u r s e .  The  r e s u l t s  o f  t h e  p r e s e n t  

i n v e s t i g a t  io n :  s u g g e s t  t h a t  t h e  m e t a b o l i c  d i s t u r b a n c e s  a r e  

t h e  e f f e c t  and n o t  t h e  c a use  o f  t o x a e m ia .  T o r  s h o u l d  i t  

h a v e  b e e n  s o ,  one  w o u l d  h a v e  r e a s o n a b l y  e x p e c te d  t h e  

" b i o c h e m i c a l  c h a n g e s  t o  p r e c e d e  t h e  c l i n i c a l  m a n i f e s t a t i o n s .  

I t  h a s  b e e n  p o i n t e d  o u t  t h a t  s e v e r a l  a u t h o r s  h a v e  t r i e d  t o  

i s o l a t e  t o x i c  m e t a b o l i t e s  i n  t h e  b l o o d ,  u r i n e  and  p l a c e n t a

of/
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o f  p a t i e n t s  s u f f e r i n g  f r o m  p r e g n a n c y  t o x a e m i a .  A p a r t  f r o m  

t h e . d e t e c t i o n  o f  som e t o x i c  a m in e s ,  e . g .  h i s t a m i n e ,  

g u a n i d i n e ,  t y r a m i n e  i n  t h e  c i r c u l a t i o n  th e s e ,  s e a r c h e s  h a v e  

n o t  m e t  w i t h  a n y  s u c c e s s .  M o r e o v e r ,  i n  p r e s e n c e  o f  a d i s 

o r d e r e d  m e t a b o l i s m ,  t h e  n a t u r e  o f  w h i c h  h a s  been d e s c r i b e d  

i n  t h e  p r e c e d i n g  p a g e s ,  s u c h  f i n d i n g s  do n o t  seem  u n u s u a l .

No i n v e s t i g a t o r  h a s ,  a s  v e t , b e e n  a b l e  t o  p r o v e  t h a t  t h e s e  

t o x i c  m e t a b o l i t e s  a r e  t h e  c a u s e  o f  t h e  t o x a e m ia .

I n  t h e  c o u r s e  o f  t h i s  s t u d y  i t  h a s  b e e n  . s u g g e s t e d  

t h a t  t h e  d i s t u r b a n c e s  i n  t h e  f u n c t i o n a l  e f f i c i e n c y  o f  t h e  

l i v e r ,  e s p e c i a l l y  w i t h  r e g a r d  t o  i t s  s t a t u s  i n  t h e  c o n t r o l  

o f  m e t a b o l i s m ,  i s  b r o u g h t  a b o u t  b y  v a s c u l a r  spasm . I t  

h a s  b e e n  d e m o n s t r a t e d  h o w  d e c o m p e n s a te d  v a s c u l a r  spasm  j 
c o n s t i t u t e s  t h e  p r i n c i p a l  f e a t u r e  i n  t h e  p r o d u c t i o n  o f  t h e  

m o re  s e r i o u s  m a n i f e s t a t i o n s  o f  t o x a e m ia  o f  p r e g n a n c y .  The 

s t u d i e s  s h o w in g  t h e  r e l a t i o n s h i p  o f  b lo o d  p r e s s u r e  a n d  

m e t a b o l i c  f u n c t i o n s  ( a l s o  l i v e r  f u n c t i o n s  i n  g e n e r a l )  i n  

p r e - e c l a m p s i a  i n d i c a t e  t h a t  h i g h  l e v e l s  o f  d i a s t o l i c  1

p r e s s u r e  a r e  a s s o c i a t e d  w i t h  m a r k e d  f u n c t i o n a l  d e r a n g e m e n ts .  

I t  h a s  been  o b s e r v e d  i n  t h e  s e c t i o n  on  h y p e r t e n s i o n  t h a t  

p r e - e c l a m p s i a  i s  n o t  o n l y  a s s o c i a t e d  w i t h  a c o m p a r a t i v e l y  

l o w  r a t i o  o f  s y s t o l i c :  d i a s t o l i c  b l o o d  p r e s s u r e  b u t  w i t h  

a p r o g r e s s i v e l y  i n c r e a s i n g  d i a s t o l i c  p r e s s u r e  t h e  r a t i o  

becom es  e v e n  l o w e r .  T h i s  u n d o u b t e d l y  i n d i c a t e s  t h a t  w i t h  

h i g h  l e v e l s  o f  d i a s t o l i c  p r e s s u r e  a s t a t e  o f  a c t i v e  |

u n c o m p e n s a te d  v a s c u l a r  spasm  e x i s t s  i n  p r e - e c l a m p s i a .  T h e s e  

p r o v i d e /
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p r o v i d e  i n d i r e c t  e v i d e n c e  i n  s u p p o r t  o f  t h e  v i e w  

e x p r e s s e d  a b o v e .  D i r e c t  e v i d e n c e  o f  i n c r e a s e  o f  r e n a l  

a r t e r i o l a r  r e s i s t a n c e  i n  t o x a e m ia  o f  p r e g n a n c y  h a s  v e r y

r e c e n t l y  b e e n  p r o v i d e d '  b v  K e n n v ,  L a w r e n c e  and M i l l a r  ( l ,  " /)
1 9 5 0 ) .  E v id e n c e  t o  sh ow  t h a t  t h e  l i v e r  a l s o  s u f f e r s  f r o m  

t h e  e f f e c t s  o f  a n o x a e m ia  c a u s e d  b y  v a s c u l a r  s p a s m  h a v e  

bee n  o f f e r e d  by B y ro m  ( 2 ,  1 9 3 3 ) ,  who s u c c e e d e d  in  

p r o d u c i n g  m o r p h o l o g i c a l  d e g e n e r a t i o n  o f  t h e  l i v e r  c e l l s  

ahd h a e m o r r h a g e  i n  t h e  l i v e r  p a r e n c h y m a  w i t h  i n j e c t i o n s  o f  

p i t u i t r i n .  ■ •'o’h e s e  e x p e r i m e n t s  h a v e  b e e n  c o n f i r m e d  by u s  

i n  t h i s  l a b o r a t o r y .  A s t u d y  o f  t h e  f u n c t i o n a l  s t a t u s  o f  

t h e  l i v e r  i n  a n i m a l s  t r e a t e d  w i t h  p i t u i t r i n  h a s  h o w e v e r  

n o t  b e e n  d e s c r i b e d .

'"H i is  w a s  d o n e  b y  u s  on  6 r a b b i t s . .  % i l e  a r e p e t i t i o n  

o f  t h e  c y t © l o g i c a l  c h a n g e s  i n  t h e  l i v e r  o f  t h e s e  a n i m a l s  

( i n  v i e w  o f  a g r e e m e n t  w i t h  Byrom M s w o r k ) may a p p e a r  

u n n e c e s s a r y ,  t h e  r e s u l t s  o f  t h e  b i o c h e m i c a l  f i n d i n g s  

w e re  i n t e r e s t i n g  and  a r e  g i v e n  b e lo w ,  w.ach o f  t h e s e  

a n i m a l s  w e re  g i v e n  tw o  i n j e c t i o n s  o f  p i t r e s s i n  t s n n a t e  i n  

o i l  d a i l y  f o r  V d a y s .  A l l  i n j e c t i o n s  w e re  s u b c u t a n e o u s  

and t h e  d o s e  o f  p i t r e s s i n  e m p lo y e d  f o r  e a c h  i n j e c t i o n  w as  

1 0  u n i t s .  B l o o d  f o r  t h e  b i o c h e m i c a l  e s t i m a t i o n s  was 

o b t a i n e d  f r o m  t h e  m a r g i n a l  e a r :  v e i n  o n  t h e  d a y  j u s t  

b e f o r e  t h e  i n j e c t i o n s  commenced ancl a g a in  3 h o u r s  a f t e r  t h e  

l a s t  i n j e c t i o n .  A H  a n i m a l s  w e re  k e p t  u n d e r  s t a n d a r d  

l a b o r a t o r y  c o n d i t i o n s  t h r o u g h o u t  t h e  c o u r s e  o f  t h i s  

e x p e r i m e n t . /
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e x p e r i m e n t .  The  m e th o d s  o f  e s t i m a t i o n  and p r o c e d u r e  

e m p lo y e d  w e re  i d e n t i c a l  w i t h  t h o s e  u s e d  f o r  p r e - e e l a m p t i c  

p a t i e n t s .  The  d a t a  o b t a i n e d  a re  show n  i n  ' / a b l e  1 3 6 .

T a b l e  1 3 6

p la s m a  
A. A. 11. 

___ mg. .....
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I t  w i l l  be  e v i d e n t  t h a t  c o n t i n u e d  t r e a t m e n t  w i t h  

p i t u i t r i n  i n  r a b b i t s  p r o d u c e d  c h a n g e s  i n  t h e  m e t a b o l i c  

( p la s m a  a m i n o - a c i d ) and  f u n c t i o n a l  e f f i c i e n c y  o f  t h e  l i v e r ,  

w h ic h  a r e  s i m i l a r  t o  t h o s e  a l r e a d y  d e s c r i b e d  i n  t h e  hum an

s u b j e c t s  i n  p r e s e n c e  o f  p r e - e c l a m p t i c  a n d  e c l a m p t i c  t o x a e m i a

o f  p r e g n a n c y .  I n  v i e w  o f  t h e  f a c t  t h a t  t h e  o n l y  a b n o r m a l  

c o n d i t i o n  t o - w h i c h  t h e s e  a n i m a l s  w e re  s u b j e c t e d  b e tw e e n  t h e  

• f i r s t  a n d  t h e  s e c o n d  e s t i m a t i o n s ,  was th e  i n j e c t i o n s  ( t o t a L

n u m b e r  o f  i n j e c t  i o n s  1 4 )  o f  p i t r e s s i n  and  t h a t  t h e

p r i n c i p a l  e f f e c t  o f  t h i s  d r u g  i s  v a s o c o n s t r i c t i o n  i t  seem s
■ - >

r e a s o n a b l e  t o  c o n c l u d e  t h a t  t h e  f u n c t i o n a l  d e r n a g e m e n ts  

o b s e r v e d  d u r i n g  t h e  p e r  io d  o f  t h i s  s t u d  y  h a v e  b e e n  c a u s e d  

b y  v a s c u l a r  spasm . I t  m u s t  be made c l e a r  h o w e v e r  , t h a t  

w h i l e /
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w h i l e  i t  i s  c l a i m e d  t h a t  p e r s i s t e n t  v a s o - s p a s m  i s  t h e

c a u s e  o f  t h e  c h a n g e s  o b s e r v e d  i n  t o x a e m ia  o f  p r e g n a n c y  i t

i s  WOT s u g g e s t e d  t h a t  an  e x c e s s  o f  p i t u i t r i n  i n  t h e  j
c i r c u l a t  i o n  i s  t h e  c a u s e  o f  p r e - e c l a m p s  ia  a nd  e e l  e n p s ia .

'"he  s t u d y  o f  t h e  n a t u r e  o f  h y p e r t e n s i o n  sh o w s  t h a t  i n  a
of

s m a l 1 n u m b e r  o f  c a s e s  t h i s  v a s c u l a r  s p a s m  may b e y v a s o -  

m o t o r  o r i g i n ,  b u t  i n  t h e  m a j o r i t y  o f  c a s e s  o f  t o x a e m ia  t h e  f 

spasm, o f  t h e  b lo o d  v e s s e l s  i s  c a u s e d  b y  a h u m o r a l  o r  

e n d o c r i n e  f a c t o r .  I t  s h o u ld  h o w e v e r  be p o i n t e d  o u t  t h a t  

v a s o m o t o r  h y p e r t e n s i o n  i n  p r e - e c l a m p s i a  n e e d  n o t  i m p l y  a 

s y m p a t h e t i c  o v e r - a c t i v i t y .  I t  d o e s  n o t  seem o u t  o f  p l a c e  

t o  m e n t i o n  t h a t  H o f b a u a r  ( 2 ,  1 9 4 1 )  and o t h e r  w o r k e r s  h a v e  

o b s e r v e d  a r e d u c e d  l e v e l  o f  a c e t y l  c h o l i n e  and a s i m u l t a n e o u s  

i n c r e a s e  o f  a c e t y l - c h o l i n e - e s t e r a s e  i n  t h e  b l o o d  a n d  

n l a c e n t a  o f  n a t i e n t s  s u f f e r  - in ?  f r o m  t o x a e m ia .  We h a v e  b e e n
X. j- o  ,

a b l e  t o  c o n f i r m  t h i s  f i n d i n g  i n  a s m a l l  s e r i e s  o f  c a s e s .

I t  w i l l  t h e r e f o r e  be p r o p e r ,  i n  t h e  p r e s e n t  s t a t e  o f  o u r  

k n o w le d g e ,  t o  m e r e l y  i n d i c a t e  t h a t  t h e s e  c a s e s  o f  

n e u r o g e n i c  v a s c u l a r  sp asm  a n d  h ty p e r t e n s  i o n  o f  p r e g n a n c y  

t o x a e m ia  a re  a s s o c i a t e d  w i t h  a s t a t e  o f  a u t o n o m ic  im b a la n c e ,  

" ' u r t h e r  s tudy*- i s  r e q u i r e d  t o  u n d e r s t a n d  t h e  e x a c t  , n a t u r e  

o f  t h e  d i s t u r b a n c e  w h ic h  u p s e t s  t h e  e q u i l i b r i u m  o f  t h e  

j a u t o n o m i c  n e r v o u s  s y s te m .

W i t h  r e g a r d  t o  t h e  h u m o r a l  f a c t o r  o u r  k n o w le d g e  i s  

s t i l l  i n a d e q u a t e .  C o n s i d e r a b l e  l i t e r a t u r e  h a s  a c c u m u la t e d  

c o n t r a d i c t i n g  t h e  f i n d i n g s  o f  A n s e lm i .n o ,  H o f fm a n n  and 

K e n n e d y /
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K e n n e d y  ( 3 ,  1 9 3 2 )  who c l a im e d  t h e  p r e s e n c e  i n  t h e  

c i r c u l a t i o n  o f  t o x a e m ic  p a t i e n t s  o f  a p r e s s o r  s u b s t a n c e  o f  

p r o b a b l e  p o s t e r i o r  p i t u i t a r y  o r i g i n .  I t  h a s  a l s o  b e e n  

s u g g e s t e d  b y  s e v e r a l  a u t h o r s  t h a t  t h e  v a s c u l a r  s y s t e m  i n  

t o x a e m ia  i s  s e n s i t i s e d  b y  some u n k n o w n  s u b s t a n c e  w h e r e b y  

t h e  v a s o s p a s t i c  e f f e c t s  a r e  a u g m e n te d .  I t  i s  p o s s i b l e  

t h a t  t h e  h u m o r a l  s u b s t a n c e  p r o v i d e s  t h e  s e n s i t i s i n g  a g e n t  

n e c e s s a r y  f o r  t h i s  p u r p o s e .  F u r t h e r  i n v e s t i g a t i o n s  w i l l  

show  t h e  n a t u r e  a n d  t h e  m a n n e r  o f  a c t i o n  o f  t h i s  h u m o r a l  

o r  e n d o c r i n e  s u b s t a n c e  w h i c h  i s  a c t i v e  i n  t o x a e m ia  o f  

p r e g n a n c y .
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Analytical Methods In Biocho^ical Study 
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a. General Biochemistry and Hesults of 
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BLOOD ANALYSIS
INTRODUCTION

Blood was obtained from the cubital'vein in a dry syringe, 
without the use of a tourniquet, and transferred into ’

(i) Heparin tubes 
(ii) Oxalated containers 
(iii) Tubes not containing any anticoagulant (for serum). 

For the estimation of carbon dioxide a separate syringe con
taining '0* 5 liquid paraffin was used for drawing the
blood, which was transferred Immediately into an oxalated tube 
under a layer of liquid paraffin. All estimations were done 
on plasma or serum. Plasma was separated within 5 minutes of 
the collection of the blood in a high-speed centrifuge. All 
haemolysed plasmas were discarded. The clear plasma was 
separated from the packed cells and transferred into marked 
thbes aid set aside for estimation. All estimations were 
done on the day when the samples were obtained. Estimation 
of carbon dioxide and bicarbonates were done almost immediately 
ifter obtaining the sampled.
KBTHOD ‘

1. PLASMA PROTEINS. F The method employed was that of 
Ring'd, 19li7). Oxalated plasma was used. ProteinW wire 
precipitated with mine hydroxide, digested with sulphuric acid 
(selenium dioxide, as the catalyst) and nitrogen estimated 
after nesslerisation. Globulin was precipitated with ij.0 per



cent, sodium sulphite. Fibrinogen was estimated from the 
fibrin clot obtained after re-constituting oxalated plasma 
with calcium chloride. The estimation of nitrogen was done 
on a ’’photo-electric absorptions ter”, against a curve prepared 
from standard ammonium sulphate solution.

2. UREA. Urea was estimated by the method of Archer and 
Robb (2, 1925). Ammonia was liberated from urea with the
help of urease and estimated by nesslerisation. Estimation
was done on a MspekkerM absorptiometer by comparing the read-

/

ings with a curve obtained from a standard ammonium sulphate 
solution*

3. URIC ACID. Uric acid was estimated by Folin and 
Trimblefs method (3 * 192lj.}. The colour produced by the re
duction of the alkaline phosphotungstate by urate was read
on a Mspekker” against a curve prepared from a standard solu
tion of uric acid.

CREATININE. The method employed was that of Folin 
and Wu (1̂  I91 9), in fhlch phosphotungstie acid filtrate is 
treated with alkaline pi crate. The results were read from 
a ,,spekkerfl curve: made from standard creatinine solution.

5* NON-PROTEIN NITROGEN. Non-protein nitrogen was 
estimated by the method described by King (1, 19^7) using 
plasma instead of whole blood. Tungstic acid* filtrate was 
digested with sulphuric acid - selenium dioxide mixture 
and nesslerlsed. The results were read on a "spekker curve”
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prepared from standard. ammonium cholOride solution.
SUGAR. The method employed was that of Schaffer- 

Hartman, modified by Harding and co-workers (5, 1932).
Sugar was estimted on tbe Soaogyi (6; 1931) filtrate from 
the reduction of alkaline copper reagent. The reduced 
copper wasestimated fey re-oxidising with iodine and deter
mining the iodine required in this process by titration with 
H/2 0 0 sodium thiosulphate.

7 . GALACTOSE. Galactose estimation was done by the 
method described by King (1, 19^7) in which the blood glucose 
i# fermented with yeast and the non-fernentablegalactose , 
animated by Harding's modification of Schaffer-Hartman1 s 
method. For each estimation blanks were tested. These 
consisted.. of v . ‘H-, - . - • ; - 1

(i) Yeast suspension; (ii) Standard glucose solution 
and yeast suspension; (iii) Standard galactose solu

te tion and ( iv) Standard galactose and yeast suspension.
8. J3HQLBSTERQL*;;: -■The method employed was that of 

Saekett (7, 1925), in whieh the aleohOl*ether extract of 
plasma is dried and the cholesterol estimated from the green 
©clour produced by the Liebermahn-Burchard reaction. The 
results were obtained from.a -spekker” curve made with-.i 
itar&drd^ cholesterol solution*' ^

0. v CHQDSSTERQL ESfERj t y  Bio or and Khudson*s method 
(8, 1916) was used, in i^ich the alcohol-other extract of
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plasma is treated with alcoholic digitonin to precipitate 
the cholesteri&e. The evaporated extract is re-extracted 
with petroleum ether, in which digitonin cholesterlde is in
soluble • The petroleum-©ther extract is then treated for 
the Liebermann-Burchard reaction.

10. LIPOID PHOSPHORUS. Lipoid phosphorus was determined 
by the method of Harnes (9, 1928), as described In Peters 
and Van-Slykes Quantitative Clinical Chemistry, Volume II.
The phospholipoids are extracted with chloroform hydrolysed 
with sulphuric acid and estimated from th© depth of the 
colour of the reduced molybdate formed during the reaction. 
The results were obtained by direct colorimetry against a 
standard phosphate solution*

11. AMINO-ACID NITROSKN. This was determined by 
Danielson’s (10, 1933) an& Sahyun’s (11, 1938-39) modifica
tion of the original Folinfs method. Tungstic acid filtrate 
was treated with alkaline naphthoquinone - sulphonic acid 
solution,^and colour developed with heating. The estimation 
was done from a curve obtained with glycine - glutamic acid 
standard read on a photoelectric absorptiometer. The
fcethod allows a correct estimation up to 15 mgms. amino-acid

*
nitrogen per 100 ml. (Hawk, Oser and Summerson). Whenever 
valued ahove this level ware obtained the analysis was re
peated using half the quantity of the filtrate.

12. ALKALINE PHOSPHATASE. Phosphatase was determined
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by the method of King and Armstrong (12, 1934), as modified by 
King, Haselwood, Delory and Baell (15, 1942). The method 
emplyed used disodium-phenyl phosphate as the substrate and the 
liberated phenol was estimated with alkaline folin-Ciocalteau 
reagent. The unit of measurement is the enzyme necessary to 
liberate 1 mg. phenol from the substrate.

1 3 .  SULPHUR CONTENT OF PLASMA P R O T E IN S . T h e  p r o t e i n s  o f  0 . 2  m l

of oxalated plasma were precipitated with 10 ml. of alcohol. The
precipitate was washed in alcohol to remove the last traces of 
soluble sulphur in the plasma. The protein precipitate was
then digested with Benedictfs total sulphur reagent. The digested
residue was taken up in dilute hydrochloric acid. The copper 
in the solution was precipitated, with sodium hydroxide. The
clear supernetant fluid containing the sulphates in proteins
equivalent to $ .1  m l .  of plasma was acidified and treated with 
barium chloride solution. The precipitate of barium sulphate 
was maintained in a uniform suspension by the addition of 5 per
cent sulphur-free gelatin. Standard potassium sulphate solution 
containing G.l mg. sulphur per ml. was treated in an identical

meter by determining the density of the turbidity produced. The 
method>was tried on various strengths of known sulphate solutions
and was found to recover 9 8,5 per cent of the total sulphur. 

14. Carb

manner. final comparison was done in a photo-electric absorptio
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15• CARBON-DIOXIDE AND BICARBONATES Off THE PLASMA. The
carbon-dioxide combining power of the plasma was estimated by 
the method of Van-Slyke and Cullen. Blood was drawn in a 
syringe containing liquid paraffin and collected in an oxalated 
tube under a layer of liquid paraffin. The plasma was 
separated immediately after the sample of.blood was obtained, 
transferred to another tube containing liquid paraffin, and 
the estimation was done at once. Van-Slyke’s volumetric 
apparatus was used for this purpose. The results obtained 
were corrected for temperature and atmospheric pressure.

The carbon-dixide present as bicarbonates (B.HCO3 ) 
was estimated by subtracting the free or dissolved carbon- 
dioxide (» mixture of anhydrous CO2 and H2CO5) from the 
total carbon-dioxide content of the plasma. The free carbon- 
dioxide was calculated from the formula

Millimoles of COg per litre = O.OJOlp (Peters and Van- 
Slyke, 20, 1932).

The carbon-dioxide tension of the venous blood was 
estimated by the method described by Peters and Van-Slyke in 
’Quantitative Clinical Chemistryi, Vol. 2, 1932, p. 309.

16. PROTHROMBIN CONCENTRATION. Prothrombin concentration
was calculated from the prothrombin time with, the help of 
Quick’s formula (21. 1939) ■*.-



6a.
f r :. *c.t. = a - k/c, i.e., c (conc.) « k •* e.t. - a.

The values for the constants k and a were obtained from the
-data provided by Quick and Len (22,1937).

. Prothrombin time was measured by the Fullerton’s (24-, 1940 ) 
modification of Quick*s method, in which Russel’s viper 
venom (Stypven, B.W, & Go.) is used as the thromboplastin.
Each batch of Stypven was tested with normal plasma to give
; a prothrombin time of !0§ to 12 seconds.

-

.

ANALYSIS OF URIIE AND FAECES._   -
1. URINARY NITROGEN. Urinary total nitrogen was 

estimated by the Folin-Farmer’s Micro-Kjeldahl method as 
described by Hawk, Oser and Jummerson in * Practical 
Physiological Chemistry*, 1947, p. 816. The non-protein 
nitrogen was estimated by precipitating the urinary proteins 
with trichloracetic acid and estimating the nitrogen in an 
aliquot portion of the filtrate.

2. FAECAL NITROGEN. Faeces were collected in a weighed 
},hsealed pan with sulphuric acid as the preservative. Until
, the time° of estimation the pan was stored in a refrigirator. 
Digestion was carried out with sulphuric acid, aided by 
potassium persulphate (Wong, 23, 1923). The final estimation

- of nitrogen was done by nesslerisation.
X:

,  , -■ - .

-  v-L ■

’  . ■  ■
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9.
: ' METHODS EMPLOYED FOR THE-HEPATIC 

________FUNCTION TFSTS. ___

1. BILIRUBIN EXQRBTION TEST. (Soffer and Paulson).

A to ta l amount of b i l i r u b in ,  equal to  1 mg. per kilogram 

o f body weight, not exceeding 70 mg. was dissolved in  15 ml. 

of fresh ly  prepared so lu tion  of M/10 sodium carbonate. The 

so lu tion  of sodium carbonate was s te r il is e d  by b o il in g  and 

subsequently cooled to 80°0. , before b i l i r u b in  was added to 

i t .

A c o n t r o l  s a m p le  o f  b lo o d  w as c o l l e c t e d  i n  a d r y  

s y r i n g e  t o  p r e v e n t  h a e m o l y s i s .  The  b i l i r u b i n  was r a p i d l y  

c o o l e d  t o  b o d y  t e m p e r a t u r e  and i n j e c t e d  t h r o u g h  t h e  same 

n e e d l e  w h i c h  w a s  l e f t  i n  s i t u  a f t e r  t h e  w i t h d r a w a l  o f  t h e  

f i r s t  b l o o d  s a m p le .

Two fu rth e r samples o f blood were co llected 5 minutes 

and 4 hours a fte r  the in je c tio n  o f b il iru b in .

Two ml. o f plasma from the contro l and 4 hour specimens

were each treated w ith  2 ml. o f acetone. One ml. of plasma

from the 5 minute specimen was treated w ith  4 ml. of acetone.

A ll specimens were centrifuged and the supernatant f lu id  

decanted ( f i l te r e d  through ash free No. 44 Ihatman f i l t e r  

paper when necessary). This supernatant f lu id  was compared 

w ith  .potassium Bichromate standard (1:2,000 so lu tion  gives 

colour equivalent to 1 mgm. b i l i r u b in  per 100 ml. plasma). 

Heparinised plasma was used in  a l l  cases.

C a l c u l a t i o n  -  B i l i r u b i n  r e t e n t i o n  p e r  c e n t .  »
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2 0 0  X (m g . b i l i r u b i n  4  h r  s . -  mg. b i l i r u b i n  c o n t r o l )  ~

(5 X mg. b i l i r u b in  5 rain. ) -  (2 X mg. b i l i r u b in  co n tro l) .

2 .  PLASMA ALK A L IN E  PHOSPHATASE.

The method employed was that King-and Armstrong 

described in  B.J. K ing 's M icro-Analysis in  Medical Bio

chem istry, J. A. C h u rch ill, London, 1947.

3. OCNCEPTMÂ ION p p  rpomuPnMBIN
 _________ RESPONSES_________ >   .

T h e  e s t i m a t i o n  o f  p r o t h r o m b i n  w a s  d o n e  b y  t h e  F u l l e r t o n ' s

m od ifica tion  of Quick's method, 4.5 ml. o f blood was drawn .

f r o m  t h e  v e i n  w i t h o u t  c o m p r e s s io n  and m ix e d  w i t h  1 0  m g. o f '

p o t a s s i u m  o x a l a t e .  T h i s  was c e n t r i f u g e d  i m m e d i a t e l y  and

the plasma separated.

0.2 ml. of plasma was introduced in to  a narrow tube

( 0.5 cm. diameter) and to  i t  was added 0.2 ml. o f 1 :10,000 i t

s o l u t i o n  o f  M u s s e l  v i p e r  ve n o m  ( S t y p v e n  -  B.W.& Co. ). The  M
fc

tube was the immersed in  a water bath at 37°C. to  b ring

the temperature o f the m ixture to blood heat. 0.2 ml. of f

1 . 1 1  p e r  c e n t ,  c a l c iu r m  c h l o r i d e  w a s  add e d  t o  t h e  t u b e  a n d

a stopwatch started , prothrombin time was calculated from

the time of add ition  of calcium ch loride  to  the f i r s t  , I

appearance o f f ib r in  f ib r i l s .  The prothrombin time was then

c a l c u l a t e d  i n t o  p r o t h r o m b i n  c o n c e n t r a t i o n  a c c o r d i n g  t o  j

Q u ic k C s  f o r m u l a ,  P r o t h .  C one. *  K  Q u ic k  g i v e s  th e  j ,
c .  t .  -  a  !

v a l u e  of K a s - 302 and t h a t  of a as 8.7.

? o r  t h e  e s t i m a t i o n  o f  t h e  p r o t h r o m b i n  r e s p o n s e  a 1

sample/ ;
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s a m p le  o f  b . lo o d  as  d e s c r i b e d  a b o v e  w as  o b t a i n e d ,  and w h i l e  

t h e  n e e d l e  w a s  i n  s i t u  2 0  mg. o f  V i t a m i n  K ( S y n k a v i t )  w as  

i n j e c t e d  i n t r a v e n o u s l y .  A f t e r  2  h o u r s  a n o t h e r  s a m p le  o f  

b l o o d  w as  o b t a i n e d  i n  t h e  same m a n n e r  as  b e f o r e .

T h e  c o n c e n t r a t i o n  o f  p r o t h r o m b i n  was e s t i m a t e d  i n  b o t h  

t h e  s a m p le s  and t h e  d i f f e r e n c e  i n  c o n c e n t r a t i o n  w as  

e x p r e s s e d  a s  t h e  r e s p o n s e  o f  p r o t h r o m b i n  t o  V i t a m i n  K.

F a r  a l l  e s t i m a t i o n s  u n d i l u t e d  p la s m a  w a s  e m p lo y e d ,

4 .  T H Y M O L  T U R B I D I T Y  TEST

V e n o u s  b l o o d  was p l a c e d  I n  a d r y  t e s t  t u b e  u n t i l  s e ru m  

h a d  s e p a r a t e d  f r o m  t h e  c l o t .  0 . 5  m l .  o f  s e ru m  was 

p i p e t t e d  a n d  a d d e d  t o  3 m l .  o f  K a c L a g a n s  T h y m o l  B u f f e r  

s o l u t i o n  w h i c h  w a s  p r e p a r e d  a c c o r d i n g  t o  t h e  d i r e c t i o n s  

g iv e n ,  b y  t h i s  a u t h o r .  T h e  s e r u m - b u f f e r  m i x t u r e  i n  a n a r r o w  

t e s t  t u b e  w a s  a l l o w e d  t o  s t a n d  f o r  h a l f  a n  h o u r .  T h i s  was 

t h e n  c o m p a re d  w i t h  s t a n d a r d  t u r b i d i t y  a s  a d v i s e d  b y  

M a cL a g a n  i n  a c o m p a r a t o r  w i t h  a b l a c k  l i n e  on a w h i t e  b a c k 

g r o u n d .

O a l c u l a t  i o n  -

U n i t  o f  T h y m o l  T u r b i d i t y  »

S t a n d a r d  t u b e  r e a d in g -  X F i n a l  d i l u t i o n  o f  s e ru m
J---------------   HBiftr- -------------------------------

5. GALACTOSE TOLEPBUCE TEST

a. „ G a l a c t o s e  I n d e x .
^  *r-

A f t e r  a p e r i o d  o f  o v e r n i g h t  f a s t  t h e  p a t i e n t  was 

g i v e n  4 0  g . o f  g a l a c t o s e  d i s s o l v e d  i n  2 5 0  m l .  o f  w a t e r  

f l a v o u r e d  w i t h  le m o n  j u i c e  ( i n  a n  e m p ty  s t o m a c h ) .  V e n o u s  

b l o o d /
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blood ( 2  ml.  ) was c o l l e c t e d  j u s t  b e f o r e  the a d m i n i s t r a t i o n  

o f  g a l a c t o s e  ( c o n t r o l )  and -h, 1 ,  i j -  and 2 hou rs  a f t e r  th e  

g a l a c t o s e  s o l u t i o n  was d ru n k .  G a la c to s e  was' e s t i m a t e d  i n  

each o f  th ese  samples by K i n g ' s  method a l r e a d y  d e s c r i b e d .

For  a l l  e s t i m a t i o n s  o f  g a l a c t o s e  b la n k s  were p u t  t h r o u g h ,  

c o n s i s t i n g  o f  ( i )  r e a g e n t s  a lo n e ,  and ( i i )  y e a s t ,  ( i i i )  

y e a s t  and g lu c o s e ,  ( i v )  s t a n d a r d  g a l a c t o s e , ( v )  s ta n d a r d  

g a l a c t o s e  and y e a s t  t r e a t e d  i n  t h e  same manner as f o r  t h e  

e s t i m a t i o n  o f  b lo o d  g a l a c t o s e .  G . l .  s sum t o t a l  o f  

g a l a c t o s e  i n  m g .p e r  1 00  m l .  i n  th e  4 specimens o f  b lood  

o b t a i n e d  a f t e r  t h e  a d m i n i s t r a t i o n  o f  g a l a c t o s e .

F o rc e d  Gal a c t o s u r i a .

P r e p a r a t i o n  c o n s i s t e d  o f  o v e r n i g h t  f a s t i n g .

I m m e d i a t e l y  b e f o r e  t h e  t e s t  th e  b la d d e r  was em p t ie d  ( c o n t r o l ) .  

Then a dose o f  g a l a c t o s e  p r e v i o u s l y  weighed and measured  

d i s s o l v e d  i n  f ro m  150  -  2 5 0  m l .  o f  w a te r  (d e p e n d in g  upon 

the dose o f  g a l a c t o s e  employed ) was ad m in is te re d ,  o r a l l y .

The b la d d e r  was t h e n  empt ied  e v e r y  h o u r  f o r  5 hours.,  A l l  

f i v e  samples o f  u r i n e  were sent  to t h e  l a b o r a t o r y  f o r  t h e  

d e t e c t i n g  th e  p rese n ce  o f  g a l a c t o s e  i n  th e  u r i n e .
I

The f i r s t - . d o s e  o f  g a l a c t o s e  was 15  g* r?he t e s t  was i

r e p e a t e d  on each s u c c e s s iv e  d ay ,  the dose o f  g a l a c t o s e  ;
|

b e i n g  in c r e a s e d  by 5 g.  each d a y  u n t i l  g a l a c t o s u r i a  I

crcburred f o l l o w i n g  the  i n g e s t i o n  o f  g a l a c t o s e .  When t h i s  :

s t a g e  was reached  t h e  t e s t  was r e p e a t e d  once more on t h e  j

f o l l o w i n g  m o rn in g  to  c o n f i r m  t h a t  th e  sarae amount o f

w a l a c t o s e /
•—> (
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g a l a c t o s e  a g a i n  g a v e  r i s e  t o  g a l a c t o s u r i a .  T h i s  d o s e  w as  

r e g a r d e d  as th e  l i m i t  o f  g a l a c t o s e  t o l e r a n c e .

L a c t o s e  w as e l i m i n a t e d  b y  t h e  o s a z o n e  t e s t .

R e f e r e n c e s , , t o  .a ll a u t h o r s  q u o te d  i n  t h i s  s e c t i o n  h a v e  
b e en me n t  i  o ne  b . in ., d e t a i l  in ,, t  h e  t  e x t .

Mol 0 00

s.S;v O-O' OvO Oil. * .

. -m t $ m i  mg, pp-:;' hoy .m i,.
-••-n:. ,io U r  Ch-yX&dxszvls,  wpg pop l iP m g f, ,

■ 0  2  b v  O h o  '? ' :: -  , W p  v g O ’i'- ,P 0 0



ABBKEVIATONS..

B . B  Blood Pressure In mm. Hg. i
Alb. Albumin -

in Plasma - Gm. per 100 ml.
in urine (Proteinuria) Gm.. per 1,000 ml.

Glob. Plasma Globulin, Gm. per 100 ml.
Fib. Plasma Fibrinogen, Gm. per 100 ml.
T.P. Plasma Total Protein, Gm. per 100 ml.
Urea Plasma Urea, mg. per 100 ml.
A.A.N. Plasma Amino Acid Nitrogen, mg. per 100 ml, \

Sugar Blood Glucose, mg. per 100 ml.
Sugar
mobl. Blood Glucose mobilisation as a result of adrenalin 

injection, mg. per 100 ml,
T.C, Plasma Total Cholesterol, mg. per 100 ml,
E.C. Plasma Ester Cholesterol, mg, per 100 ml. j

Lip, P. Plasma Lipoid Phosphorus, mg. per 100 ml,
Aik. Phos. Plasma Alkaline Phosphatase, Units(King and Armstrong; 

per 100 ml.
Proth.
Cone. Prothrombin Concentration, per cent of normal (Quidk)

Proth. ;|
Resp. “Response of prothrombin (plasma) to vitamin K, per cent.
Th. T. Thymol Turbidity (plasma), Units per 100 ml.(MacLagan)
Bil. Ret. Bilirubin Retention , per cent, at the end of

four hours after intravenous injection of bilirubin. .



All BIOCHEMICAL DATA PRESENTED IK ’THIS PROTOCOL 
ARE BASED ON ESTIMATIONS DONE,IN TRIPLICATE. THE MEAN 
VALUES ARE PRESENTED HERE. WHENEVER INDIVIDUAL VALUES 
VARIED BY MORE THAN 5 PER CENT J®HE.ESTIMAIION' WAS : 
REPEATED. '
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A UNIT. MIXED DIET. MILD TOXAEMIAS. j
Cases 1 to 24.

lo Mrs. McCrimmon, aet. 24. Primigravida, 35 wks. Duration ! 
of Toxaemia 1 wk.

20. 1* 48. B.P, 140/100; Alb. 1; Oedema -; Urea 25.6; A.A.N. j

6.5; T*P. 5.98; Alb. 3.24; Glob. 2.25; Fib. 0.49; Sugar- 81.0; ! 
Sugar. Mobl. 19.65 T.C. 228; E.G.153; Lip. P. 10.1; Aik. I 
Phos. 14.2; Th. T. 0.4; Proth. Cone. 71.4; Proth. Resp. f 
78.8; Bil. Ret. 6.9. j

27.1. 48. B.P, 140/95; Alb. 0.5; Oedema -; Urea 26.0; A. A.II. I 
6.5; T.P.- 5.60; Alb.- 2.98; Glob.- 2.23; Fib.- 0.39; !
Sugar- 93; Sugar Mobl. 19.8;- T.C. 224; E.C.- 150; Lip. P.-
10.0; Aik. Phos. 14.6; Th. T. 0.5; Proth. Cono. 72.0; '
Proth, Resp* 78,8; Bil, Ret, 6,9«

2, Mrs, McClinchey, aet, 27, Primigravida 37-weeks.
Duration of Toxa,emia 1.5 wks,

21, 1. 48. B.P. 15^/100; Alb, 2; Oedema - -; Urea 24.0; j
A.A.il. 6,5; T.P. 5.76; Alb. 3,05; Glob. 2.30; Fib, 0.41;
Sugar- 96.2; Sugar Mobl. 18.5; T.C.- 236; B.C.- 160; j
Lip. P.- 11.3; Aik, Phos.- 15.0; Th.T.- 1.0; Proth, Cone,- 
60.0; Proth. Resp, 79.6; Bil* Ret,- 4.4.

28.1.48. B.P, 160/100; Alb,- 2,5; Oedema -; Urea 24.5;
A.A.N.- 6.7; T.P. 5.70; &lb.- 2.95; Glob.- 2,31; Fib,- 0.44; 1
Sugar- 90.0; Sugar Mobl,- 18,0; T.C. 240; E.C.- 163; Lip.
P.- 11.5; Aik. Phos.- 15.3; Th, T, 1.0; Proth. Cone. 60.0; 
Proth. Resp.- 74.7; Bil, Ret. 4,4. ;h

4.2.48. B.P. 160/100; Alb, 5; Oedema--; Urea 24.0; A.A.N.- 
7.0; T.P.- 5,54; Alb, 2.73; Glob. 2,32; Fib,- 0,49;
Sugar- 84.0; Sugar Mobl,- 18,0; T.C.- 252; E.C.- 166;
Lip, P. 12.8; Aik, 17.8; Th.T. 1,0; Proth. Cone. 60.0; j
Proth. Resp,- 64,5; Bil, Ret.- 10.5.

12.2.48, B.P. 170/100; Alb. 6; Oedema--; Urea- 22.6; r
A.A.N.- 8 .6; T.P.- 5.49; Alb,- 2.42; Glob.- 2.20; Fib,- |
0.37; Sugar- 91.5; Sugar ffobl,- 15,5; T.C.- 264; E.G.- ‘
165r Lip. P.- 13.2; Aik. Phos.- 24.4; fh. T.- 3.5; Proth. 
Conci-— .48.7; Proth, Resp,- 50.5; Bil, Ret,- 15.9. Vi

, ;14.2.48, B .P . 175/120; Alb,- 6.5; Oedema ; Induction of '
Labour/
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labour. Urea - 19.0; A.A.N.- 9.2; Sugar - 93.0;
Sugar Mobl.- 14.3; P.O.- 260; E.G.-,158.
3. Mrs. Box, Secondgravida, aet = 29 years.

35 weeks. Duration of Toxaemia 1 week.
5.3*48. B.P. 148/100; Alb. - 3; Oedema ++; Urea - 25.8; 

A.&.U.- 6.0; P.P.- 5*72; Alb.- 2.95; Glob.- 2.29;Bib.- 0.48; Sugar - 85.5; Sugar Mobl.- 17.0; Gal.In.- 
116.4; P.O.- 248; E.G.- 164; Dip. P.- 11.8; Aik. Phos.- 
13.9; Ph. I.- 0.7; Pr. Gone.- 73.5; Pr. lesp.- 74.0;Ell. Set.- 3.0.

12.3.48. B.P. 150/100; Alb.- 3; Oedema +; Urea - 25.0; 
A.A.N.- 7.2; P.P.- 5.71; Alb.- 2.73; Glob.- 2.29;Bib.- 0.49; Sugar - 89.0; Sugar Mo bl.- 16.8; Gal. In.- 
166.8; P.O.- 240; E.C.- 163; Aik. Phos.- 14.0;Ph. P.- 0.75; Pr. Cone*- 72.8; Pr. Resp.- 69.5;Bil. let.- 4.9.

19.3*48. B.P. 160/100; Alb.- 5; Oedema +; Urea - 26*2;
A .A .H .- 7.8; P.P.- 5.52; Alb.- 2.70; Glob.- 2.30;Bib.- 0.52; Sugar - 90.2; Sugar. Mobl.- 17.8; P.O.- 239; 
E.G.- 160; Alk.Phos.- 16&5; Phi P i -  1.2; Pr. Gone*- 71.6; 
Pr. leap.- 58.7; Eil. let.- 8.9.

24.3.48. B.P.- 160/11©; Alb.- 6.5; Oedema +++; Spontaneous Labour. B.B.A.
Urea - 20.4; A.A.N.- 8 .8 ; P.P.- 5.43; Alb.- 2.74;
Glob.- 2.37; Bib.- 0.32; Sugar - 91.4; Sugar Mo bl.- 14.5; 
Gal. In.rC21.3.48) —  188.0; P.C.- 25o; E.G.- 162; Aik. Phos.- 18.3$ fh.P*-* 3 i0 ;  Pr. Gone.- 61.0; Pr. lesp.- 50.0; 
'ELI. let.- 14.7* ';'U - ■
4. Mrs. Galder, Aet 26; Piimigravida, 38 weeks.

Duration of toxaemia - 2 weeks.
5.3*48. B.P. 140/95; Alb.- 1.5; Oedema +; Urea - 29.5;

A.A.U*— 6.0; P.P.*r 5.81; Alb.- 3.08; Glob.- 2.25; Pib.- 
0.48; Sugar -80.6; Sugar Mobl.- 18.0; P.O.- 219*0;
E.G*- 154; Mp. P.- 12.6; Aik. Phos.- 15.7; Ph. P.^ 0.4; -Pr. Gone.~ 68.4;ePr. lesp.- 66.0; Bil. let.- 3.2.

10.3/48^ Spontaneous Labour. B.B.A. B.P.- 140/95; Alb.-2; 
t Oedema + ; P*P.- 5*77; Alb.- 2.93; Glob.- 2.34; Bib.- 0.50; Sugar -“84.0; Sugar Mobl.- 16.5; Aik. Phos.- 16.0; Ph. P.- 

0.5; Pr. Gone.- 69v0; Pr. lesp.-60.0; Bil. let.- 3.0.
5/



5. Mrs. McBride, let 22. Piimigravida, 37 weeks.
Duration of Toxaemia 2 weeks.

24.3*48. B.P.- 148/100; Alb.- 3.5; Oedema ++; Urea - 25.0; !
A.A.E.- 6.7; T.P.- 5.68; Alb.- 2.84; Glob.- 2.29; lib.- ,0.54; Sugar - 89.0; Sugar Mobl.- 20.0; Gal. In.- 118.3;T.C.- 266; E.G.- 176; Dip.P. - 12.3; Aik. Phos.- 15.9; I
Th. T.- 2.5; Proth. Cone.- 65.7; Proth. Resp.- 71.5; I, Bil. Ret.- 3.4. I

1.4.48. B.P.- 150/110; Alb.- 5; Oedema +; Urea - 25.0;
A.A.R.- 7.2; T.P.- 5.55; Alb.- 2.80; Glob.- 2.28; Fib.- 
0.57; Sugar - 80.6; Sugar Mobl.- 17.5; Gal. In.(2.4.48) - 
156.3; T.C.- 260; B.C.- 157; Alk.Phos.- 16.2; Th. T.- 3.0; Proth. Cone.- 65.0; Proth. Resp.- 68.0; Bil. Ret.- 4-4- j

8.4.48. B.P.- 150/110; Alb.- 3*5; Oedema*; Urea - 29.5; i
A.A.E.- 8 .6 ; T.P.- 5.60; Alb.- 2.71; Glob.- 2.30: Fib.- [
0.59; Sugar - 94.5; Sugar Mobl.- 20.7; Gal. In. (9.4 .48) - 171.3; T.C.- 262; E.C.- 155; Aik. Phos.- 17.5; Th. T.- 3.3; ' MProth. Cone.- 66.2; Proth. Resp. 53.6; Bil. Resp.- 6.7.

15.4.48. B.P.- 150/110; Alb.- 3; Oedema -; Urea - 28.0; i
A.A.E.- 8.5; T.P.- 5.60; Alb.- 2.71; Glob.- 2*30; Fib.- 0.40; 
Sugar - 86.8 ; Sugar Mobl.- 16.0; T.C.- 270; B.C.- 155;Ilk. Phos.- 18.3; Th. T.- 3.7; Proth. Cone.- 64.8; Proth.Resp.- 47.6; Bil. Ret.- 12.4.

21.4*48. B.P. 150/100; Alb.- 2; Oedema!; Spontaneous Labour; B.B.A.
Urea - 27.6; A.A.N.- 8,6 ; T.P.- 5.38; Alb.- 2.8 8; Glob.- 
2.33; Fib.- 0.27; Sugar 86.0; Sugar Mobl.- 16.5; T.G.- 270; |B.C.- 142; Aik. Phos.- 19.3; Th. T.- 3.5; Proth. Cone.- |
65.0; Proth. Resp.- 45.3; Bil. Ret.- 8.3.
6. Mrs. Edmiston, Aet 34. Fourth gi-avida; 36 weeks.

Duration of Toxaemia 0.5 weeks.
19.3.48. B.P.- 140/90; Alb.- 1.5; Oedema +; Urea - 27.5; 5

A.A.H.- 6 .8 ; T.P.- 5.82; Alb.- 3.0; Glob.- 2.32; Fib.- 0.50; Sugar 87.8; Sugar Kobl.- 19.4; T.C.- 250; E.C.- 173; Dip.-P.- 13.8; Aik. Phos.- 13*6; Th. T.- 1.0; Proth. Conc,- 7G.8; ,
^Broth. Resp.- 68.6; Bil. Ret.- 7.4. •

26.3.48. T.P.- 5.77; Alb.- 3.07; Glob.- 2.30; Fib.- 0.40;Sugar - 87.0; Sugar Mobl.- 21.0; Aik. Phos.- 14.0; Th. T.- 
1.0; Proth. Cone.- 73*5; Proth. Resp.- 73.5; Bil. Ret.- 7.5.
7 /



19.

7. Mrs. Rennie, Aet 30; Second gravida, 32 weeks.
Duration of Toxaemia 1 week.

24.3.48. B.P.- 140/1.00; Alb.— 2; Oedema +; Urea — 24.5;
A.A.N.- 6.0; T.P.- 5.81; Alb.- 2.97; Glob.- 2.34; ilb.- 
0.50; Sugar - 91.0; Sugar Mobl.- 20.8; T.G.- 239; B.C.- 165; Lip. P.- 11.6; Aik. Phos.- 12.5; Th. T,- 1.0; Proth; Cono.- 
67.8; Proth. R e s p . 63.4; Bill Set.- 2.3.

31.3.48. B.P.- 140/100; Alb.- 1.5; Oedema +; Urea - 24.0;
A.A.U.- 6.9; T.P.- 5.81; Alb.- 2.97; Glob.- 2.34; Bib.- 0.50; Sugar - 94.6; Sugar Mobl.- 19.7; T.C.- 244; E.C.- 
169; Aik. Phos.- 12.9; Th. T.- 1.2; Proth. Gone.- 70.6; Proth. Resp.- 70.3; Ml. Ret.- 2.35.
8 . Mrs. Hughes, Aet 24. Primigravida; 37 weeks.

Duration of Toxaemia 2 weeks.
1.4.48. B.P.- 150/95; Alb.- 3; Oedema ++; Urea - 27.0;

A.A.H.- 61; T.P.- 5.70; Alb.- 2.94; Glob.- 2.30; Bib.- 0.46; Sugar - 97.0; Sugar Mobl.- 18.0; Gal. In.- 136.9;
T.C.- 260; E.G.- 174; Lip. P.- 13-3; Aik. Phos.- 16.3;Th.T.- 1.7; Proth. Cone.- 68.0; Proth. Resp.- 50.8;Bil. Ret.- 10.9.

8.4*48. B.P.- 150/110; Alb.- 3; Oedema +; Urea - 30; A.A.E.- 
7.8; T.P.- 5.69; Alb.- 2.90; Glob.- 2.31; 51b.- 0.48;Sugar - 90.o; Sugar Mobl.- 19.7; Gal. In.- 144.2; T.G.- 
250; E.G.- 167; Aik., Phos.- 17.5; Th. T.- 2.0; Bil.- 11.0.

15.4.48. B.P.-160/L10; Alb.- 6; Oedema +; Urea - 30.0;
A.A.H.- 9.2; T.P.- 5.47; Alb.- 2.64; Glob.- 2.30; Pib.- 
0.53; Sugar - 87.6; Sugar Mobl.- 16.0; T.C.- 254; E.C.- 165; -Lip. P.- 13*5; Aik. Phos.- 17.8; "Th. T.- 2.0; Proth. Gone.- 58.5; Proth. Resp.- 40.0; Bil. Ret.- 13.0.

22.4.48. B.P. 180/120; Alb.- 10; Oedema - +++; Headache ++; Visual Disturbance +; Epigastric pain; + ; Surgical induction.
g, ~ ;
uieh - 30.0; A.A.N.- 14.4; T.P.- 5.12; Alb.- 2.54; Glob.- 2.34; Tib.- 0.24; Sugar - 87.0; Sugar Mobl.- 12.8; Gal. In.- 
(20.4.48) - 192.0; T.C.- 269,; E.C.-15o; Lip. P.- 15.1;

Phos.- 28.6; Th. T.- 4.8; Proth. Gone.- 41.9; Pro tfcw 
r . -  24.0; Bil. Ret.- 19.6.



9. Mrs. McKay, Aet 32; Third gravida; 30 weeks. 
Duration of Toxaemia 1 week. Pre-eclampsia in first 
pregnancy.

2.4.48; B.P.- 150/100; Alb.- 2.5; Oedema - +; Urea - 24.5;A.A.I.- 60; T.P.- 5.72; Alb.- 2.95; Glob.- 2.28; Plb.- 
0.49; Sugar - 90.0; Sugar Mobl.- 22.6; T.O.- 248; E.C.- 
175; Dip. P.- 12.6; Aik. Phos.- 12.7; Th. T.- 0.3; Bil. Ret.- 2.3; Proih. Cone.- 70.7; Proth. Resp.- 51.0.

9.4.48. B.P.- 145/100; Alb.- 1.5; Oedema -; Urea - 27.0; 
A.A.H.- 7.7; T.P.- 5.76; Alb.- 3.02; Glob.- 2.30; Pib.- 0.44; Sugar - 98.8; Sugar Mobl.- 23.0; T.C.- 244; E.C.- 
172; Aik. Phos.- 12.9; Th. T.- 0.5; Proih. Cone.- 70.9; Proih. Resp.- 56.0; Bil. Ret.- 0.'45.

16.4*48. B.P.- 145/LOO; Alb.- 1.5; Oedema ±; Urea - 27.2;
A.A.N.- 8.2; T.P.- 5.80; Alb.- 3.09; Glob.- 2.31;Bib.- 0.40; Sugar - 81.0; Sugar Mobl.- 21.6; T.G.- 250; 
E.C.- 175; Aik. Phos.- 12.5; Proth. Cone.- 73.5; Proih. Resp.- 62.5; Bil. Ret.- 0.50.

23.4.48. B.P.- 140/90; Alb.- 0.5; Oedema - 0; Urea - 27.5; 
A.A.R.- 7*9; T.P.- 6.16; Alb.- 3.44; Glob.- 2.33; Pib.- 
0.39; Sugar - 84.5; Sugar Mobl.- 20.5; T.C.- 231; B.C.— 168; Aik. Phos.- 14.6; Th. T.- 0.4; Proih. Cone*- 78.0; 
Proih. Resp.- 81.0; Bil. Ret.- 0.4.
10. Mrs. Slavin, Aet 23. Primigravida, 33 weeks.

Duration of Toxaemia 2 weeks.
Cystine - 5 gms. daily from 23.4.48 to 5.5.48.

8.4.48. B.P.- 150/100; Alb.- 5; Oedema++; Urea - 25.5;
A.A.R.- 6.1; T.P.- 5.53; Alb.- 2.76; Glob.- 2.28; Pib.-
0.495 Sugar - 87.6; Sugar Mobl.- 18.0; Gal. In.- 104.7; 
T.C.- 270; E.C.- 184; Dip.P.- 14.3; -Aik. Phos.- 13.8; Th.T.- 0.9; Proih. Cone.- 65.5; Proth. Resp.- 67.2;
Bil. Ret.- 8.5.

15.4-.48. B.P.r* 155/100; Alb.- 5; Oedema +; Urea - 25.0;
 ̂A.AVN.- 6.8 ; T.P.- 5.55; Al,b.-. 2.68; Glob.-2.27; Pib.- Cf.66; Sugar - 80.5; Sugar Mobl.- 17.6; Gal. In.- 129.6; 
T.C.-260; E.C.- 179; Aik. Phos.- 13.5; Th. T.- 1.0; Proth. Cone.- 65.0; Proth. Resp.- 64,3; Bil. Ret.- 8.0.

23.4.48. B.P.- 160A00; Alb.- 6.5; Oedema +; Urea—  30.5; 
A.A.K./



21.

A.A.N.- 8.2? T.P.- 5.40; Alb.-'2.56; Glob.- 2.30; 11b.-
0.54; Sugar - 93.0; Sugar Mobl.- 17.2; Gal. In.- 148.7;
1.e.- 262; B.C.- 180; Aik. Phos.- 14.5; Eh. T.- 1.4;Proth. Concn.- 65.0; Proih. Resp.- 59.0; Bil. Ret.- 8.0.

30.4.48. B.P.- 160/100; Alb.- 6; Oedema + ; Urea - 28.6;
A.A.N.- 8.4; T.P.- 5.48; Alb.- 2.49; Glob.- 2.29; Jlb.- 0.50; Sugar - 90.0; Sugar Mobl.- 17.3; Gal. In.- 173.0;
T.C.- 254; E.C.- 174; Aik. Phos.- 18.9; Th. T.- 2.0;Proih. Cone.- 50.0; Proih. Resp.- 50.0; Bil. Ret.- 8 .9 6.

5.5.48. B.P.- 160/iOO; Alb.- 5; Oedema £; Urea - 28.0; A.A.H.- 
8 .8 ; T.P.- 5.54; Alb.- 2.94; Glob.- 2.30; Jib.- 0.30;Sugar - 90.5; Sugar Mobl.- 17.5; T.C.- 266; B.C.-180;Aik. Phos.- 20.7; Th. T.- 3.5; Proth. Cone.- 64.7; Proth. Reap.- 4 3.6; Bil. Ret.- 8.17.
1 1. Mrs. Hastings, Aet 29. Third gravida; 34 weeks. 

Duration of Toxaemia - 3 weeks.
Cystine - 5 sms. daily from 16.4.48 to 30.4.48.

8.4.48. B.P.- 150/100; Alb.- 5; Oedema ++; Urea 24.0; A.A.N.-6.0; T.P.- 5,55; Alb.- 2.76; Glob.- 2.30; Jib.- 0.49;
Sugar - 83.0; Sugar Mobl.- 18.9; Gal. In.- 96.7; E.G.- 244; 
E.G.- 165; Lip. P.- 16.1; Aik. Phos.- 15.7; Th. T.- 1.8; Proth. Cone.- 60.2; Proih. Resp.- 64.7; Bil. Ret.- 9.9.

16.4.48. B.P.- 150/100; Alb.- 3; oedema ++; Urea - 28.1;
A.A.H.- 8.0; T.P.- 5.64; Alb.- 2.80; Glob.- 2.33; Jib.- 0.51; Sugar - 93.5; Sugar Mobl.- 21.5; Gal. In.- 119.6; T.C.-
240; E.C.- 160; Alk.Phos.- 16.3; Th. T.- 1.9; Proth. Conc.- 59.6; Proth. Reap.- 60.5; Bil. Ret.-8.0.

23.4.48. B.P.- 150/100; Alb.- 3; Oedema +; Urea - 29*3;A.A.H.- 8.2; T.P.- 5.46; Alb—  2^74; Glob.- 2.30; Eib.- 0.42; Sugar - 84.0; Sugar Mobl.- 20.8; Gal. In.- 144.5;
T.C.- 240; E.G.- 161; Aik. Phos.- 160; Th. T.- 2.0;Proth. Cone.- 80.0; Proth. Resp.- 51.8; Bil. Ret.- 7.97.

30.4.48. B.P.- 150/90; All).- 3; Oedema ±; Urea - 29.5;A.A.N.- 8.2; T.P.- 5.37; Alb.- 2.70; Slob.- 2.28; Fib.-O'.39.; Sugar - 80.0; Sugar Mobl.- 19.9; Gal. In.- 170.8;
5?̂ G.- 230; E.G.— 156; Aik. Phos.- 16.5; Th. T.- 2.1;Proth. Cone.- 62.7; Proth. Resp.- 37.2; Bil. Ret.- 6.93.



12. Mrs. Black,. Aet 30; Second gravida; weeks. 
Duration of Toxaemia - 1 week.

18.4.48. B .P.- 150/95; Alb.- 2.5; Oedema +; Urea - 29.5; 
A.A.H—  7.5; T.P.- 5.70; Alb.- 2.97; Glob.- 2.30; -Jib—  
0.53; Sugar - 91.5; Sugar Mobl.- 19.0; T.C—  252; E.C—  
174; Aik. Phos.- 12.9; Th. T—  0.4; Proth. Gone.- 79.0; Proth. Resp.- 64.0; Bil. Ret.- 2.6; Lip. P.- 13.1.

26.4.48. B.P.- 145/90; Alb.-l; Oedema i; Urea - 29.0;
A.A.U.- 7.5; T.P.- 5.66; Alb.- 2.97; Glob.- 2.29; Jib—  0.40; T.C—  250; B.C.- 169; Aik. Phos—  13.5; Th. T.- 1.8 Proth. Cone—  81.2; Proth. Resp. - 68.0; Bil. Ret—  2.6;

4.5.48. B.P.-* 138/80; Alb—  0.5; Oedema - 0; T.P—  5.91; Alb—  3.16; Glob—  2.35; Jib—  0.40; Aik. Phos—  13.8;
Th. T—  0.5; Proih. Gone—  88.8; Proth. Resp—  80.6;Bil. Ret—  2.6.
13. Mrs. Santi, Aet 23; Primigravida, 34 weeks.

Duration of Toxaemia - 2 weeks.
18.4.48. B.P—  150/100; Alb.- 2; Oedema+; Urea - 24.5; A.A.H—  6.4; T.P—  5.71; Alb—  2.82; Glob—  2.35; Jib —  

0.54; Sugar - 82.6; Sugar Mobl—  17.7; T.C—  236; E.C—  160; Lip. P.- 12.1; Aik.-Phos. - 12.5; Th. T—  0.5;
Proth. Cone—  63.5; Proth. Resp.- 56.5; Bil. Ret—  3.3.

26.4.48. B.P—  145A00; Alb—  2; Oedema i; Urea - 24.0; 
A.A.U—  6.9; T.P—  5.72; Alb—  2.85; Glob—  2.32; Jib —  0.55; Sugar - 80.5; Sugar Mobl.- 17.0; T.C—  256; E.C—  
174; Aik. Phos—  13.9; Th. T—  0.5; Proih. Cone.- 66.7; Proth. Resp.- 66.0; Bil. Ret.- 3.0.

3.5.48. B.P. - 140/90; Alb—  2; Oedema ±; Urea - 25.0;
A.A.M.- 6.5; T.P—  5.72; Alb—  2.95; Glob—  2.34; Jib—  
0.43; Sugar - 78.0; Sugar Mobl—  19.7; T.C—  244; E.C—  165; Aik. Phos—  13.0; Th. T.- 0.5; Proth. Concn—  68.0; 
Pro 1h. Resp • - 74.8; Bil • Ret. - 3.15.
14. Mrs. MeEwan, Aet 32; Primigravida, 37 weeks.
_ > Duration of Toxaemia - 1 week.

4.5.48. B.P—  145/98; Alb—  4; Oedema ++; Urea - 26.0;
A.A.N. - 6.9; T.P—  6.00; Alb—  3.22; Glob—  2.30; Jib—  
0.48; Sugar - 94*0; Sugar Mobl—  18.9; T.C—  230; E.C—  157.5; Lip. P—  15.5; Aik. Phos—  16.5; Th. T—  1.3; 
Proth. Gone—  70.4; Proth. Resp.- 76.5; Bil. Ret.- 6.9.
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11.5.48. B.P*- 150/100; Alb*- 5; Oedema + ; Urea - 24.6;
A.A.N.- 7.7; T.P.- 5.22; Alb.- 2.37; Glob.- 2.27; Jlb.- 
0.58; Sugar - 90; Sugar Mobl.- 18.0; T.C.- 238; E.0.-161; 
lip. P.- 15.9; Aik. Phos.- 17.0; Th. T.- 1.5; Proth. Cone.- 70.0; Proth. Resp.- 67.6; Bil. Bet.- 6.98.

18.5.48. B.P.- 160/110; Alb.- 9; Oedema ++; Urea - 19.3;A.A.H.- 9.0; T.P.- 5.20; Alb.- 2.36; Glob.- 2.28; Pib.- 0.60 
Sugar - 92.0; Sugar Mobl.- 16.5; T.C.- 240; E.C.- 152;
lip. P.- 16.2; Aik. Phos; 22.8; Th. 2?.- 1.3; Proth. Gonc.- 68.8; Proth. Resp.- 50.0; Bil. Bet.- 14.95.

22 .5 .48 . B.P.- 175A15; Alb.- 12 .5 ; Oedema +++; Headache ++;
Dimness of Vision +; Epigastric pain +; Surgical induction;B.B.A.
Urea - 27.8; A.A.N.- 12.2; T.P.- 4.8; Alb.- 2.37; Glob.- 
2.31; Bib.- 0.30; Sugar - 87.0; Sugar Mobl.- 15.0; T.C.- 
235; E.C.- 127; Lip. P.- 13.2; Aik. Phos.- 24.6; Th. T.- 4.7; Proth. Cone.- 50.0; Proth. Besp.- 36.2; Bil. Bet.- 18.4
15. Mrs. Daly, aet 37; Third gravida, weeks.

Duration' of Toxaemia - 1 week.
3.6.48. B.P.- 150/90; Alb.- 5; Oedema++; Urea - 25.5;

A.A.H.- 6.7; T.P.- 5.57; Alb.- 2.80; Glob.- 2.27; Hb.- 
0.50; Sugar, 89.2; Sugar Mobl.- 18.1; T.C.- 256; E.C.- 172; lip. P.- 13.7; Th. T.- 1.0; Proth. Cone.- 78.0; Proth.
Besp.- 78.0; Bil. Bet.- 3*2.
Confined on 9*6.48. B.B.A.
16. Mrs* Crawley, aet 30; Second gravida; 3o weeks. 

Duration of Toxaemia - 1.5 weeks.
1.6.48. 3.P.- 150/100; Alb*- i* Oedema +; Urea - 26.5;

A.A.B.- 6.5; T.P.- 5.991 Aik.- 3*18;, Glob.- 2.21; Bib.- 0.54; Sugar - 87.7; Sugar Mobl.- 18.7; T.C.- 262; E.C.- 177;lip. Phos.- 11.2; Aik. Phos.- 13*0; Th. T.- 1.8; Proth.
Cone.- 73.4; Proth,. Besp.- 71.9; Bil. Bet.- 2.8.
Bo follow-up because of skin infection.
17. Mrs. lihite, aet 23; Primigravida; 36/37 weeks.

,'*■ Duration of Toxaemia 1 wiek.
1.6.48. B.P.- 140/100; Alb.- 0.5; Oedema ±; Urea - 26.2;

A.A.B.- 6.3; 6.16; Alb.- 3*40; Glob.- 2.33; iib.-
: 0.43; Sugar - 9310;: Sugar Mobl.- 19.3; T.C*— 249? E.C.- 168;lip. P.- 13.1; Aik. Phosp*- 13.5; Th. T.- 0.8; Proth. Conc.- 

70.7; Proth. Besp.- 68.0; Bil. Ret.- 12.9.
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8.6.48* B.P.- 145/100; Alb.- 0.5; Oedema 1; Urea - 25.5;A.A.E.- 7.0; T.P.- 6.14; Alb.- 3.35; Glob.- 2.34; Fib.- 0.45; 
Sugar -86.0; Sugar Mobl.- 19 .0 ; T.C.- 257; B.C.- 175; Aik. Bios.- 13.6; Th. P.- 0.8; Proth. Cone.- 64.5; Proth. Resp.- 60.6; Bil. Ret.- 12.6.

16.6.48. B.P.- 145/LOO; Alb.- 0.5; Oedema i; Urea - 24.0;
A.A.R.- 7.0; T.P.- 5.83; Alb.- 3.04; Glob.- 2.30; Fib.- 0.49; 
Sugar - 89.6; Sugar Mobl.- 18.5; T.C.- 260; E.C.-173.5;Aik.-Phos.- 14.8; (Eh. T.- 1.2; Proth. Cone.- 60.5; Proth. Resp.- 58.0; Bil. Ret.- 11.9.

23.6.48. B.P.- 150/110; Alb.- 1.5; Oedema ±; Urea - 24.4;
A.A.HY- 7.8; T.P.- 5.81; Alb.- 2.99; Glob.- 2.29; FLb.-o.53; Sugar - 84.0; Sugar Mobl.- 15.0; P.O.- 2.64; E.G.- 163; Aik. Phos.- 16.8; Th. T.- 1.3; Proth. Cone.- 60.6; Proth. Resp.- 50.5; Bil. Ret.- 13.0.

30.6.48. B.P.- 150/110; Alb.- 1.5; Oedema 0; Spontaneous labour; B.B.A.
T.P.- 5.79;*Alb.- 3.04; Glob.- 2.36; .Fib.- 0.39; Sugar - 94.5; Sugar Mobl.- 15.0; Aik. Phos.- 22.5; Th. T.- 2.5;
Proth. Qome.- 60.0; Proth. Resp.- 45.4; Bil. Ret.- 14.3.
18. Mrs. MeElholm, ^ t  31;  ̂Second gravida; weeks.
'•// Duration of Toxaonia - 1 week.

1.6.48. B.P.-150/98; Alb.- 1.5; Oedema +; Urea - 27.5;A.A.H.- 6.2; T.P.- 5.81; Alb.- 3.08; Glob.- 2.21; Fib.- 0.52; 
Sugar - 90.0; Sugar mobl.- 18.7; T. C.- 268; E.C.- 181; lip. 
P.- 14.5; Aik. Phos.- 14.4; Th. T.- 1.5; Proth. Cone.- |
82.4; Bil. Ret.- 6.5.

7.6.48. B.P.- 145/90; Alb.- 0*5;; Oedema ±; Urea - 27.9;A.A.JL- 6.0; T.P.- 5.73; 4X 6.- 3.13; Glob.- 2.20; Fib.- 0.40; f.0.- 265; E.C.- 180; .Aik. Phos.- 14*0; Th. T.- 2.3; Proth. Cpne.- §7.8; Proth. Resp.*- 70.4;; Bil. Ret.- 7.6.
19. Mrs. Sayers, aet 30; Primigravida; weeks. • '

Duration of toxaemia - 1 ‘ week.
13.9*48; b/p.- 150/100; Alb.- 5; Oedema ++; Urea - 24.8;

A.X.E.- 5.8; T*P—  5*78; Alb.- 2.97; Glob.- 2.3 6; Fib.- 0.51; -Sugar - 84; Sugar Mobl.- 19.1; T.C.- 188; E.C.- 130; lip.P.- )
: - 15.2; Aik.-Phos.- 14.6|vTh. T.- 1.8; Proth. Cone.- 70.4; f

Proih. Resp.- 69.0. Bil. Ret.- 9.6. *
20.9.48. B.P.- 150/100; Alb.- 7; Oedema++• Urea - 25.0; i

a . A . . U . / :  ' / / / .  v  "  "
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A.A.N.- 6.8; f.P.- 5.67; Alb.- 2.88; Glob.- 2.29; Pib.- 
0.50; Sugar - 80.6; Sugar Mobl.- 18.0; f.C.- 200; E.C.- 137; Aik. Phos.- 15.2; fh. f.- 1.5; Proth. Cone.- 69.5; Proth. Resp.- 63.0; Bil. Ret.- 10.2.
Spontaneous Labour on 21.9.48; B.B.A.
20. Mrs. McNair, Primigravida, aet 33; 38 weeks.

Duration of foxaemia - 2 weeks.
2.10.48. B.P.- 150/100; Alb.- 6; Oedema +++; Urea - 25.0;A.A.N.- 6.0; T.P.- 5.80; Alb.- 3.00; Glob.- 2.31; Pib.- 

0.49; Sugar - 78.5; Sugar Mobl.- 18.0; f.C.- 210; E.C.- 
143; Lip. P.- 14.5; Aik. Phos.- 14.8; fh. T.- 1.5;Proth. Cone.- 63.5; Proth. Resp.- 68.0; Bil. Ret.- 8.5.

9.10.48. B.P.- 160/108; Alb.- 6; Oedema ++; Urea - 20.5;
A.A.N.- 8.3; f.P.- 5.75; Alb.- 2.75; Glob.- 2.30; Pib.- 0.70; Sugar - 82.0; Sugar Mobl.- 16.0; f.C.- 216; E.C.- 
137; Lip. P.- 17.3; Aik. Phos.- 18.9; T h . f.- 1.8;
Proth. Cone.- 59.5; Proth. Resp.- 58.0; Bil. Ret.- 13.0.

16.10.48. B.P.-175/115; Alb.- 8; Oedema ++; Urea - 18.6; 
A.A.N.- 9.2; f.P.- 5.40; Alb.- 2.75; Glob.- 2.31; Pib.- 
0.34; Sugar - 82.0; Sugar Mobl.- 15.3; T.C.- 248; E.C.- 131; Lip^P. -17.5; Alk^ Phos.- 22.0; fh. f.- 2.0; Proth. 
Cone.- 50.8; Proth. Resp.- 50.6; Bil. Ret.- 19.
Surgical induction of labour on 17.10.48. S.B.
21. Mrs. Graham, Primigravida, aet 27; 38 weeks.

Duration of foxaemia 1.5 weeks.
8.10.48. B.P.- 148/98; Albi- 3; Oedima ++; Urea - 27.8;

A.A.IH- 6.3; T.P.-* 5.77; Alb.- 2.96; Glob.- 2.32; Pib,- 
0.49; Sugar - 88.2; Sugar Mobl.- 19.6; f.C.- 244; E.C.- 166; Lip. P.- 15.1; Aik. Phos.- 12.9; fh. f.- 1.0;Proth. Cone.- 78.6; Proth. Resp.- 75.0; Bil. Ret.- 5.0.

15.10.48. B.P.- 15o/100; Alb.- 2; Oedema +; Urea - 27.5;
A.A.N.- 7.0; f.P.- 5.79; Alb.- 3.01; Glob.- 2.33; Pib,- 0.45; Sugar - 86.0; Sugar Mobl.- 19.0; f.C.- 250; E.C.
-170; Aik. Phos. - 13.2; T h . f.- 1.0; Proth. Cone.- 80w ,, 
^Broth. Resp.- 75.3; Ml. Set.- 5.5.

22.10.48. B.P.- 150/98} AIK- 2} Oedema i; Urea - 27.7}A.A.H.- 7.1} I.P.- 5.78} Alb.- 3.05} Olob.- 2.31} Pib.- 0.44; Sugar - 89.9; Sugar Mobl.- 19.0; f.C.- 247; E.G.- 168; 
Alk.Phos.- 13.4; fh.f.- 0.8; Proth. Cone.- 81.0; Proth. 
Resp.- 79.6; Bil. Ret.- 5.5.

i o
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22. Mrs. Grant, Primigravida; aet 24; 39 weeks.
Duration of Toxaemia - 1 week.

11.10.48. B.P.— 150/100; Alb.- 4; Oedema ++; Urea - 28.4;
A.A.N.- 6.5; T.P.- 5.68; Alb.- 2.87; Glob.- 2.29; Pib.- 0.52; Sugar - 94.0; Sugar Mobl.- 18.0; T.C.- 228; E.C.- 
154; Aik. Phos.- 13.4; Th. T.- 1.2; Lip. P.- 13.5;
Proth. Cone.- 76.3; Proth. Resp.- 76.0; Bil. Ret.- 1.1.

18.10.48. B.P.- 140/90; Alb.- 1.5; Oedema +; Urea - 29.0; 
A.A.H.- 6.7; T.P.- 5.79; Alb.- 3.04; Glob,- 2.31; 51b.- o.44 
Sugar - 97.0; Sugar Mobl.- 18.8;,T.C.- 238; E.C.-159; Aik. Phos.- 13.9; Th. T.- 1.0; Proth. Cone.- 80.0; Proth. Resp.- 78.6; Bil. Ret.- 1.6.
Spontaneous labour on 19.10.4 8; B.B.A.
23. Mrs. McKenzie, Third gravida; aet 34; weeks.

Duration of Toxaemia - 1.5 weeks.
21.10.48. B.P. 150/95; Alb.- 2; Oedema +; Urea - 29.6;

A.A.H.- 6.1; T.P.- 5*71; Alb.- "2.91;. :Glob.-/2 . 3 0 ; .  Jib.-*- 0.49; Sugar - 91.6; Sugar Mobl.- 17.9; T.C.- 234; E.C.- 
156.5; Lip. P.- 12.3; Aik. Phds. - 14.0; Th. T.- 1.0;Proth. Cone.- 69.7; Proth. Resp.- 65.4; Bil. Ret.- 1.0.
24. Mrs. EcLau^ilin, Second gravida; aet 32; 32 weeks.

Duration of Toxaemia - 1 week. Toxaemia in first
pregnancy 4 years ago.

19• 11.48. B.P. 145/100; Alb.- 2; Oedema +; Urea - 24.4;A.A.Ih- 5.9; T.P.- 5.61; Alb,- 2.82; Glob.- 2.29; 51b.- 
0.50; Sugar - 91.0; Sugar Mobl.- 18.2; T.C.- 219; E.C.- 
143; Lip. P.- 13.2; Aik. Phos.- 13.0; Th. T.- 2.2; Proth. 
Cone.- 70.8; Proth. Resp.- 70.5; Bil. Ret.- 2.4.

■ +
26.1X.4S. B.P. 145/95; Alt.- 1; Oedeffia -; TJfcea - 23.0;

A.A.N.- 6.6; T.P..- 5.71; Alb.- 2.94; Slob.- 2.31; Fib.- O.46; Sugar - 91.7; Sugar Mobl.- 18.6; T.C.- 227; E.C.- 154.5; Aik. Phos.- 13.8; Th. T.- 2.0; Pro-th. Cone.- 74.4; 
Proth. Sesp.- 72.8; Bil. Ret. 2.4.



A UNIT. MIXED DIET. SEVERE TOXAEMIAS.
Cases Ro. 25 to 42.

25. Mrs. Jones, Primigravida; aet 31; 37 weeks.
Duration of Toxaemia - 1 week.

13.1.48. B.P. 160/108; Alb.- 5; Oedema + ; Urea - 19.7;
A.A.N.- 8.5; T.P.-, 5,68; Alb.- 2.77; Glob.- 2.30; Pib.- 
0.61; Sugar - 88.5; Sugar Mobl.- 16.8; T.C.- 284; E.C.- 
175.5; Lip. P.- 11.8; Aik. Phos.- 19.9; Th. T.- 3.0;Proth. Cone.- 67.5; Proth. Resp.- 47.8; Bil. Ret.- 13-9.

20.1.48. B.P. 150/100; Alb.- 4.5; Oedema £; Urea 22.0;
A.A.N.- 8.1; T.P.- 5.60; Alb.- 2.83; Glob.- 2.30; Pib.- 
0.47; Sugar 87.9; Sugar Mobl.- 17.0; T.C.- 277; E.C.- 181; 
Lip. P.- 11.5; Aik. Phos.- 19.9; Th. T.- 3.0; Proth, Cone. 68.0; Proth. Resp.- 47.0; Bil. Ret.- 13*9.

28.1.48. B.P. 150/100; Alb.- 4; Oedema i; Urea - 21.6;A.A.U.- 7.1; T.P,- 5.62; Alb.- 2.83; Glob.- 2.30; Pib.- 
0.49; Sugar - 89.5; Sugar Mobl.- 19.7; T.C.- 280; E.C 
184; Lip, P.- 11.5; Aik. Phos.- 15,0; Th.T.- 2.0; Proth. Cone.- 68.0; Proth. Resp.- 47.0; Bil. Ret. 12.75.

2.2.48. B.P. 160/108; Oedema i; Urea - 20.8; A.A.R.- 7,0; 
T.P.- 15.57; Alb.- 2,86; Glob.- 2.31; Pib.- 0.40; Sugar - 
94.6; Sugar Mobl.- 15.7; T.C.- 240; E.C.-15e; A1&* Phos.- 20.0; Th. T.- 1.5; Proth. Cone.- 64.8 ; Proth. Resp.- 44.6.
Spontaneous labour on 2.2.48. B.B.A.
26. Mrs. Smith* Pristigravida; aet 28; 37 weeks,

"Duration of Toxaemia 1" week;. 1 /
1 3 .1 .4 8 . B.P. 165A10; Alb.- 9; Oedema.+; Urea - 18 .0 ;A.A.N.- 8.0; T.P.- 5.50; Alb.- 2.50; Glob.- 2.30; Pib.- 

0.70; Sugar - 90.0; Sugar Mobl.- 14.6; Gal. In * - 167.8; 
T.C.- 278; E.C.- 169.5; Lip. P.- 14.9; Aik. Phos.- 20.5;Th. T.- 2.9; Pro th. Cone. - 63.9; Pro th. Re sp. - 58.7;
Bil. Ret.- 14.9.

20.1.48* B.P. 160/ilo; Alb.- 11; Oedema +; Urea - 16.5;;; 
A.A.I.- 9.0; T,p.r 5.35; Alh«r- 2.3O; Glob.- 2.2a;. Hb.- 0.74; Sugar - 90• 8; Sugar Mobl,- 12.4; Gal. In.rXl9.1.48)- 
189.3; T.C.- 29£;, E.C.- 172;22.0; Th. T.- 3.1; Proth. Cone.- 62.8; Proth. Resp.- 50.0; 
Bil. Ret.- 14.9,
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26.1*48. B.P. 180/120; Alb.- 12; Oedema +; Headache +++; 
Epigastric pain+; Surgical induction - 3.B.
Urea - 28.8; A.A.N.- 16.0; T.P.- 4.97; Alb*- 2.29; Glob.- 
?. 52; Sugar - 90.0; Sugar Mobl.- 14.6; Gal * In.- 207. 9; 
f.C.- 260; E.G.- 152; lip* P.- 15.5; Aik. Phos.- 29.8;
Th. T.- 5.9; Proth. Cone.- 49.3; Proth. Heap.- 50.8;Bil. Ret.- 23.5. * ■ :■
27. Mrs. Hill, Second gravida; aet 56; 58 weeks*

Duration of Toxaemia - 1.5 weeks. Pre-eclampsia 
in first pregnancy 5 years ago.

20.1.48. B.P. 170/110; Alb.- 9; Oedema ++; Urea - 18.5;
A.AaR.- 9.0; T.P.- 5.29; Alb.- 2.41; Glob.- 2.29; Mb.- 
0.59; Sugar - 81a5; Sugar Mobl.- 17.5; T.C.- 254; B.Ca- 157; Lip. P.- 14.0; Aik. Phos.- 20.0; Th. T.- 5.4;Proth. Cone.- 57.8; Proth. Resp.- 50.5; Bil. Ret.- 15.1.

27.1.48. B.P. 150/90; Alb.- 9; Oedema +; Urea - 20.1; A.A.R.- 8.5; T.P.- 5.22; Alb.- 2.45; Glob.- 2.50; lib.- 0.47;
Sugar - 8 3*6; Sugar Mobl.- 14*3; T.Ci- 260; B.C.- 162;Lip. P.- 15.8; Aik. Phos.- 17.6; Thr T.- 3.0; Proth. Cone.-57.5; Proth. Resp.- 50.5; Bil. Ret*- 13.0.

3.2.48. B.P. 150/110; Alb.- 10.5; Oedema +; Urea - 19.7; A.A.U.- 9.0; T.P.- 5.10; Alb.- 2.41; Glob.- 2.30; Fib.- 
0.39; Sugar 85.5; Sugar Mobl.- 9.7; T.C.- 276;' E.C.- 169; 
Lip. P.- 16.2; Aik. Phos.- 19.3; Th. T.- 3.3; Proth.Cone.- 57.0; Proth. Resp.- 41.6; Bil. Ret.- 15.97.

7.2.48. B.P. 150/110; Alb.- ll;-0 edema + ; Urea - 20.5;
A.A.R.- 9.5; T*R.- 5.02; Alb.- 2.41; Glob.- 2.32; Fib.- 0.29; Sugar - 92.7; Sugar Mobl.- 7.8; T.C.- 297; E.C.- 172; Lip. JP.- 15.4; Aik. ;Pho#.~ 2 1 . 5 ; Th. T.- 4.7; Proth. Conc.- 
50.5; Proih. Resp.- 34i05 Bil* Ret.- 1 5.46.
Spontaneous labour on 7.2.48. B.B.A.
28. Mrs. Sinclair* Tfaifd gravida; aet 39; 35 weeks.

Duration of Toxaswtia - 2 weeks*
24.3̂ 48*. BvP. 160/110; Alb.- 5; Oedema ++; Urea - 19.9f-Ar.Afir.- 9.0: T.P.- 5.76; Alb.- 2.85; Glob.- 2.30; Mb.- 0 ,3  

0 * 61; Sugar s 91* 7; Su*gar Mobl.- 19.5; T. C.- 264; R.C.- 164; Lip. P.- 14.7; Alls:.- Phos.- 18.0; Th. T.-a.Sfr^Proth. Cone.- 65.0; Proth. Resp.- 48.7; Bil. Set;- 12.*9.
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31.1.48. B.P. 140/90; Alb.- 0.5; Oedema - 0; Urea - 20.65 
A.A.N.- 7.6 ; T.P.- 3.50; Alb.- 2.78; Glob.- 2.26; Fib.- 0.46; Sugar - 86.5; Sugar Mobl.- 19.0; T.C.- 252; E.C.- 
169; Lip. P.- 1 3.4 ; Aik. Phos.- 15.0; Th. T.- 1.0; Proth. 
Cone.- 67.8; Proth. Resp.- 60.9; Bil. Set.- 10.56.

7.2.48. B.P. 138/8 8; Alb.- ±; Oedema - G; T.P.- 5.58; Alb.- 
2.86; Glob.- 2.28; fib.- 0.44; Sugar - 93.0; Sugar Mobl.- 
21.2; Aik. Phos.- 15.0; Th. T.- 1.1; Proth..Cone;- 69.9; Proth. Besp.- 70.5; Bil. Ret.- 10.60.
29. Mrs. Campbell, Primigravida; aet 27; 32 weeks.

Duration of Toxaemia - 1 week.
26. 1.48. B.P. 160/100; Alb.- 9; Oedema ++; Urea - 21.7;

A.A.H.- 8.75; T.P.-5.41; Alb.- 2.74; Glob.- 2.27; ilb.- 0.40; Sugar - 79.7; Sugar Mobl.- 11.0; T.C.- 249; E.C.- 
166.5; Lip. P.- 15.4; Aik.- Phos.- 16.7; Th. I.- 2.4;Proth. Cone.- 60.7; Proth Resp.- 54.0; Bil. Bet.- 8.9;Gal. In.- 155.0.

2.2.48. B.P. 160/110; Alb.- 10; Oedema +; Urea - 19*8; A.A.N.- 
10.0; T.P.- 5.20; Alb.- 2.62; Glob.- 2.30; Fib.- 0.28;
Sugar r 84.0; Sugar Mobl.- 11.5; T.C.- 2.58; E.C.- 164.5;Lip. P.- 17.1; Aik. Phos.- 17.5; Th. T.- 3.1; Proth. Cone.- 60.5; Proth. Besp.- 42.0; Bil. Bet.- 12.95; Gal. In.- 190.6.

9*2.48. B.P. 160/120; Alb.- 14; Oedema +++; Headache ++;
Epigastric pain +; vomiting +; Urea - 29.5; A.A.N.- 15.9; T.P.- 4.82; Alb.- 2.32; Glob.- 2.32; Fib.- 0.18; Sugar - 
87.0; Sugar Mobl.- 9.7; T.C.- 289; E.C.- 157; Lip. P.- 14.5; 
Aik. Phos.' 29.8; Th. T.- 4*9; Proth. Cone.- 56,. 2; Proth. Besp.- 31•0; Gal. In.- 230.0.;

10.2.48.- Surgical induction of labour; S.B. B.P. 170/120.Urea - 36.0; A.A.N.- 18*6; Sugar 91^0; Sugar Mobl.- 7.5;
T.C.- 251; E.C.- 128.5;.Lip. P.- 12.3; Proih. Cone.- 44.1; Proth. Besp.- 24.0; Bii. Bet.- 23*48. j
30. Mrs. McNeil, Primigravida; aet 25; 29 weeks; « 

Duration of Toxaemia - 0.5 weeks*
2.2.48. B.P. 210/100; Alb.- 8; Oedema +++; Urea - 22.5; , j

^ A.A^.N.- 8.1; T.P.- 5.42; Alb.- 2.83; Glob.- 2.28; Jib.- 0.31;Sugar - 86.5; Sugar Mobl. : 18.0; Gal. In.- 121.6,; JE.C.- 
121.6; T.C-.- 290; E.C.- 190; Lip. P.- 16.0; Aik., Phos.- i 31 
1 3.4; Th. T.- 4v2;rP^kk Cone.- 54.0; Proth. Besp.- 50; I
Bil. Bet.- 21.9.



9*2.48. B.P. 180/100; Alb.- 7; Oedema +; Urea - 20.0; A.A.N.- 
7.2; T.P.- 5.23; Alb.- 2.65; Glob.- 2.21; Mb.- 0.37;Sugar - 84.9; Sugar Mobl.- 18.5; Gal. In.- 161.1; T.C.- 
272; E.G.- 182.5; Lip. P.- 15.5; Aik. Phos.- 13.5; Th. T.- 3.8; Proth. Gone.- 55.2; Proth. Resp.- 57.6; Bil. Ret.-20.54.

16.2.48. B.P. 160/90; Alb.- 7; Oedema+; Urea - 24.4; A.A.N.- I 
7.2; T.P.- 5.51; Alb.- 2.86; Glob.- 2.26; Mb.- 0.J9;Sugar - 92.0; Sugar Mobl.- 17.9; Gal. In. (18.2.48) - 170.8; 
T.C.- 270; E.G.- 183; Aik. Phos.- 12.8; Th. I.- 3.5; Proth. 
Cone.- 60.8; Proth. Resp.- 68.0; Bil. Ret.- 12.5.
31. Mrs. Irvine, Second gravida; aet 36; 32 weeks.

Duration of Toxaemia - 1 week. Pre-eclampsia ■,
in first pregnancy.

11.2.48. B.P. 155/110; Alb.- 3; Oedema ++; Urea - 18.5;
A.A.U.- 9.1; T.P.- 5.82; Alb.- 3.00; Glob.- 2.32; Mb.- 0.50; 
Sugar - 87.9; Sugar Mobl.- 18.6; T.C.- 283; E.C.- 177; Lip.P.- 15.6; Aik. Phos.- 18.7; Th. T.- 1.8; Proth. Cone.- 60.8; i 
Proth. Resp.- 49.7; Bil. Ret.- 12.7.

18.2.48. B.P. 150/90; Alb.- 2.5; Oedema +; Urea - 23.0;A.A.N.- 8.0; T.P.- 5.70; Alb.- 3.00; Glob.- 2.22; Mb.- 
0.48; Sugar - 91.6; Sugar Mobl.- 21.0; T.C.- 264; E.C.- 
174; Lip. P.- 15.0; Aik. Phos.- 13.5; Th. T.- 0.5; Proth.Cone.- 66.5; Proth. Resp.- 65.0; Bil. Ret.- 12.65.

25.2.48. B.P. 145/85; Alb.- 1.5; Oedema ±; Urea - 250; A.A.N.- 
7.2; T.P.- 5.90; Alb.- 3.17; Glob.- 2.29; Pib.r 0.44;
Sugar - 90.5; Sugar Mobl.- 21.4; T.C.- 260; E.C.-177;
Aik. Phos.- 13*5; Th. T.- 0.7; Proth. Cone.- 69.7; Proth. Resp.- 71.2; Bil. Ret.- 10.72.
32. Mrs. Hamilton, Primigravida; aet 26; 38 weeks.

Duration of Toxaemia - 1.5 weeks.
13.2.48. B.P. 168/112; Alb.- 7; Oedema ++; Urea - 19.2; ; 

A.A.R.- 9 .8 ; T.P.- 5.72; Alb.- 2.99; Glob.- 2.33; Mb,- 0.29; Sugar - 90.6; Sugar Mobl.- 15.9; T.C.- 291; E.C.- 159; Lip.
P,.- 16.2; Aik. Phos.- 23.7; Th. T.- 4.0; Proth. Cone.- 48.7; 
Proth. Resp.- 39.0; Bil. Ret.- 19.1. . j

~ - " ; f
20.2.48. B.P. 168/110; Alb.- 8.5; Oedema +; Urea - 17.5; " A.A.H.- 9.7; T.P.- 5.47; Alb.- 2.85; Glob.- 2.32; Mb.- 0.30; Sugar - 90.0; Sugar Mobl.- 15.3; T.C.- 290; E.C.- 161; Lip.

P.- 17.1; Aik. Phos.- 20.6; Th. T.- 4.0; Proth. Cone.- 45.5; 
Proth. Resp.- 38.0; Bil.Ret.- 20.7.
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28.2*48. B.P. 1*0/120; Alb.- 11.5; Oedema ++; Headache ++; 
Visual disturbance +; Induction of labour; B.B.A.
Urea - 22.0; A.A.H.- 12.8; T.P.- 4.94; Alb.- 2.39; Glob.- 2.30; Fib.- 0.15; Sugar - 98.0; Sugar Mobl.- 10.5; T.C.- 
277; E.G.- 142; Lip. P.- 15.6; Aik. Phos.- 28.3; Th. T.- 4.5 
Proth. Cone.- 40.6; Proth. Resp.- 29*7; Bil. Ret.- 26.15.
33. Mrs. Lenox, Third gravida; aet 37; 36 weeks.

Duration of Toxaemia - 0.5 weeks. A case of 
recurrent Toxaemia.

16.3.48. B.P. 160/100; Alb.- 3.5; Oedema + ; Urea - 20.0; 
A.A.H.- 7.0; T.P.- 5.57; Alb.- 2.90; Glob.- 2.30; Fib.- 
0.37; Sugar 89.8; Sugar Mobl.- 17.6; T. 0.- 273; E.C.- 179; lap. P.- 16.6; Aik. Phos.- 17.7; 59a. T.- 2.6; Proth. Conc.- 
68.7; Proth. Resp.r 59.5; Bil. Ret**- 10.2.

23.3.48. B.P. 150/100; Alb.- 1; Oedema t; Urea - 21.4; A.A.N.- 7.2; T.P.- 5.61; Alb.- 2.98; Glob.- 2.28; Fib.- 0.35;
Sugar - 90.0; Sugar Mobl.- 20.6; T.C.- 270; B.C.- 175;
Dip. P.- 16.0; Aik. Phos.- 17.8; Th.T.- 2.5; Proth. Cone.- 67.5; Proth.: Resp.- 53.3; Bil. Ret.- 10.96.

30.3.48. B.P.-150/100; Alb.-1; Oedema -; Urea - 21.0; A.A.3ST.- 7.2; T.P.- 5.61; Alb.- 2.98; Glob.- 2.28; Fib.- 0.35;
Sugar - 87.6; Sugar Mobl.- 21.0; T.C.- 272; E.C.- 175;
Dip. P.- 14.4; ALk. Phos.- 19.7; Th. T.- 2.8; Bil. Ret.- 10.08.

5.4.48. B.P. 150/100 ; 0edema i; Spontaneous labour; B.B.A.T.P.- 5.56; Alb.- 2*90: Glob.- 2.29; Fib.- 0.37; Sugar.- 94.5; Sugar M o b l 17.6; Aik. Phos.- 19.5; Th. f.- 2.6; 
Proth* Cone.- 64.0; Proth. Resp.- 47.8; Bil. Ret.- 11.10.
34. Mrs. Wallace, Primigravida; aet 28; 37 weeks.

Duration of Toxaemia - 3 weeks.
27.3.48. B.P. 175/108; Alb.- 9; Oedema f+; Jaundice +;Urea - 16.6; A.A.H.« 8.5; T.P*- 5.32; Alb.- 2.73; Glob.- 2.28; Fib.- 0.31; Sugar - 78.8; Sugar Mobl.- 11.0; Gal. Ih.- 188.8; T.C.- 294; l.C*- 182.5; Aik. Phos.- 20.8; Th. T.- 

4*5;' Lip. P.- 17.0; Proth. Cone.- 42.0; Proth. Resp*- 34*0; 
ian.'Ret.- 28.6.

3.4.48. B.P.- 175/120; Alb>r-f 10; Oedema +; Jaundice + ;Urea - 20.9; A.A.R.- 11.6; T.P.- 5.20; Alb.- 2.63;
Glob./
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Glob.- 2.28; Bib.- 0.29; Sugar - 80.0; Sugar Mobl.- 9.5;
Gal. In.- 226.0; "5*.0.- 290; E.G.- 173.5; Lip. P.- 18.7;
Aik. Pbos.- 28.6; fh.f.- 4.8; Proth.Gone.- 40.6; Proth.Reap.- 29.5. Bilirubin excretion test not repeated 
because of evident jaundice. Bil.- 13 mgms.$.

10.4.48. B.P. 178/l2o; Alb.- 10.5; Oedema ++; Jaundice + ; epigastric pain +; Surgical induction of labour; S.B.
Urea - 39.0; A.A.N.- 18.2; f.P.- 5.07; Alb.- 2.58;
Glob.- 2.29; Pib.- 0*20; Sugar 80.2; Sugar Mobl.- 7.0;Gal.In.- 238.0; f.C. 240; E.G.- 127; Lip.P.- 13.5; Aik*
Phos.- 32.5; fh.T.- 5.1; Proth.Cone.- 38.9; Proth.Resp.- 24*7. Tandenberg test - biphesic reaction. Bilirubin 08.3 mgms.$.
35. Mrs. Little, Primigravida; aet 23; 32 weeks.

Duration of toxaemia -1.5 weeks. Cystine - 5 gms. 
daily from 8.4.48 to 23.4.48.

1.4.48. B.P. 168/110; Alb.- 5; Oedema ++; Urea - 17.7; A.A.H.- 
8.7; f.P.- 5.60; Alb.- 2.80; Glob.- 2.29; Bib.- 0.51;Sugar - 84.2; Sugar mobl.- 19.6; f.C.- 280; E.C.- 182;
Lip. P.- 16.4; Aik.Phos.- 19.7; fh.I.- 2.5; Proth.Cone.- 
47.8; Proth. Resp.- 50.4; Bil. Ret.- 14.50.

8.4.48. B.P. 160/100; Alb.- 5.5; Oedema +; Urea - 19.5;
A.A.H.- 8.3; f.P.- 5.47; Alb.- 2.70; Glob.- 2.27; Pib.- 0.50; Sugar - 90.0; Sugar mobl.- 20.5; f.C.- 288; E.C.- 185; Lip.P.- 16.0; Alk.Phos.- 18.5; fh. !.- 2.8; Proth.
Cone.- 47*0; Prpth. Resp.- 50.0; Bil. Ret.- 14.18.

16.4.48. B.P. 158/100; Alb.- 5; Oedema +; Urea - 20.8;
A.A.H.- 7.8; f.P.- 5.45; Alb.- 2.69; Glob.- 2.28; Pib.- 
6.48f Sugar - 87.2; Sugar Mobl.- 17.5; f.C.- 294; E.G.- 185; 
Lip. P.- 15.7; Aik. Phos.- 18.5; fh. f.- 2.6; Proth. Cone.- 47.5; Proth. Resp.- 48.5; Bil. Ret.- 14.76.

23.4.48. B.P.- 155A10; Alb.- 7; Oidema +; Urea - 20.0;A.A.N.- 8.0; f.P.- 5.395 Alb.- 2.62; Glob.- 2.30; Pib.- 0.47; 
Sugar - 86.4; Sugar Mobl.- 13.7; f.C;- 299; E.C.- 182; Lip.
P.- 16.5; Aik. Phos.- 22.8; fh. f.- 2.5; Proth. Cone.- 44.8; 1

, , Proth. Resp.— 4Q?0; Bil. Ret.- 15.12. / j

;MoIir$yre, Primigravida; aet 29; 37 weeks * \ |
Duration of foxaemia ~ 1 week. Cystine - 5'gms. /j
daily from 10.4*48 to 23*4.48.

3.4.48/ ;
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3.4.48. B.P. 180/120; Alb.- 9; Oedema +++; Urea - 16.2;
A.A.R.- 8.7; f.P.- 5.50; Alb.- 2.90; Glob.- 2.32; Pib.- 0.28; 
Sugar - 89.0; Sugar Mobl.- 10.5; f.C.- 271; E.C.- 145;Lip. P.- 16.6; Aik. Phos.- 25.6; fh. f.- 1.5; Proth. Cone.- 45.0; Proth. Reap.- 39.0; Bil. Ret.- 23.7.

10.4.48. B.P. 172/110; Alb.- 8.5; Oedema ++; Urea- 21.7;A.A.R.- 10.0; f.P.- 5.31; Alb.- 2.75; Glob.- 2.30; 51b.- 
0.26; Sugar - 93.0; Sugar Mobl.- 10.2; f.C.- 280; E.C.- 148; Lip. P.- 17.2; Aik. Phos.- 20.0; fh. !.- 1.3; proth. Conc.- 45.5; Proth. Reap.- 37.6; Bil. Ret.- 18.65.

17.4.48. B.P. 165/110; Alb.- 9; Oedema +; Urea - 21.0; A.A.H.- 
12.2; f.P.- 5.14; Alb.- 2.60; Glob.- 2.29; 51b.- 0.25;
Sugar - 90.6; Sugar Mobl.- 8.4; f.C.- 293; E.C.- 154;lip. P.- 17.5; Aik. Phos.- 20.5; fh. f.- 1.0; Proth. Conc.- 43.8; Proth. Reap.- 34.0; Bil. Ret.- 18.65.

23.4.48. B.P. 175/120; Alb.- 11; Oedema +; Headache ++;
Epigastric pain +; Surgical induction if labour — S.B.
Urea - 31.0; A.A.U.- 18.5; f.P.- 4.97; Alb.- 2.45; Glob.-
2.32; Pib.- 0.20; Sugar - 91.0; Sugar Mobl.- 6.4; f.C.- 284; E.C.- 143; Lip. P.- 13.9; Aik. Phos.- 29.8; fh. f.- 4.8; 
Proth. Cone.- 39.0; Proth. Resp.- 24.1.
37. Mrs. McConnell, Primigravida; aet 31; 36/37 weeks. j

Duration of foxaemia - 1 week. Cystine - 5 gms. daily i j  

from 14.4.48 to 24.4.48.
7.4.48. B.P. 160/108; Alb.-̂ 4; Oedema ++; Urea - 20.0;

A.A.H.- 9.4; f.P.- 5.66; Alb.- 2.95; Glob.- 2.30; 51b.- 0.41; Sugar - 81.5; Sugar Mobl.- .17.0; Gal.In. - 170.6; f.C.- 262;E. C.-JL61; Lip.P.- 13.2; Aik. Phos.- 18.5; fh. f.- 1.4;
Proth. C o n e . 60.0; Proth. Resp.- 44.0; Bil. Ret.- 10.9.

14.4.48. B.P. 1 5 5 /1 1 0 ; Alb.- 4; Oedema +; Urea - 26.0; A.A.N.- 10.0; f.P.- 5-60; Alb.- 2.85; Glfcb.- 2.29; 51b.- 0.46;Sugar - 89.0; Sugar Mobl.- 17.2; Gal. In.- 177.8; f.C.-270; E.C.- 164; Lip. P.- 16.6; Aik. Phos.- 19.5; fh. f.- 1.0; 
Proth. Cone.- 60.0; Proth. Resp.- 42.5; Bil. Ret.- 10.1.

21.4.48. B.P. 150/110; Alb.- 3.5; Oedema ±; Urea - 24.0;0.£A.2r.̂  11.8; I.P.- 5.68; Alb?- 2.84; Glob.- 2.28; 51b.- 0.56; Sugar - 84.5; Sugar Mobl.- 16.b; Gal. In.- 186.5; 
f.C.- 270; E.C.-162; Lip. P.- 16.8; Aik. Phos.- 18.0; 
fh. f.- 1.0; Proth. Cone.- 60.5; Proth. Reap.- 40.5;
Bil. Ret.- 13.18.

24.4.48/
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24.4*48. B.P.. -150/110; Spontaneous labour: B.B.A.
Brea - 28.2; A.A.R.-.13.2; T.P.- 5.66; Alb.- 2.83; Glob.- 
2.29; Pib.- 0.54; Sugar - 83.0; Sugar Mobl.- 16.2; Gal. In.- 
194.2; T.C.- 275; E.G.- 162; Protb. Cone.- 60.0; Proth. Resp.- 35.0.
38. Mrs. Fraser, Primigravida; aet 24; 38 weeks.

Duration of Toxaemia - 3 weeks.
3.9*48. B.P. 178/110; Alb.- 10; Oedema +++; Urea - 19.6;

A.A.E.- 8.5; T.P.- 5.38; Alb.- 2.47; Glob.- 2.32; Fib.- 0.59; Sugar -90.5; Sugar mobl.- 16.8; T.C.- 240; E.G.- 144; 
Dip. P.- 17.8; Aik. Phos.- 20.4; Th. T.- 3.4; Proth. Conc.- 62.0; Proth. Resp.- 58.0; Bil. Ret.- 15.4.

9.9*48. B.P. 180/115; Alb.- 14; Oedema +++; Brea - 19.0;
A.A.R.- 10.6; T.P.- 5.06; Alb.- 2.30; Glob.- 2.30; Sugar - 
91.4; Sugar Mobl.- 14.0; T.C.- 240; E.G.- 144; Dip. Phos.- 17.7; Aik. Phos.- 22.6; Th. T.- 3.8; Proth. Gone.- 58.3; Proth. Resp.- 50.0; Bil. Ret.- 21.2.
Surgical Induction of labour - B.B.A.
39. Mrs. Defferty, Primigravida; aet 31; 37 weeks.

Twin pregnancy; Duration of Toxaemia - 2 weeks*
5*10.48. B.P. 160/100; Alb.- 4; Oedema +++; Brea - 20.0;

A.A.U.- 7.2; T.P.- 5.32; Alb.- 2.60; Glob. - 2.33; Fib.- 0.39; Sugar - 80.3; Sugar Mobl.- 18.6; Gal. In.- 100.6;
T.C.- 257; E.G.- 171; Dip. P.- 15.7; Aik. Phos.- 19.4;Th. T.«f- 3*0; Proth. Gone.- 67.8; Proth. Resp.- 70.0;Bil. Ret.- 8.6.

12.10.48.w B.P. 160/LOG; Alb. - 4*5; ©edema ++; Brea - 20.6; 
A.A.B.- 84; T.P.- 5.21; Alb.- 2.40; Glob.- 2.31; Fib.- 0.50; Sugar - 88.0; Sugar Mobl.- 19.0; Gal. In. —  148.7; T. 0. - 257; 
E.G.- 171; Dip.P.- 16.2; Aik. Phos.- 17.0; Th. T.- 2.5; Proth.- Gone.- .65.0; Proth. Resp.— 63.0; Bil. Ret.— 8.9 *

20.10.48. B.P. 170/105; Oedema+; Brea - 19.8; A.A.H.- 8.1; Sugar - 87.0; Sugar Mobl.- 18.0; Gal. In.- 168.6; T.G.- 276; 
E.C.- .179; Aik. Phos.- 17.9; Th. T.- 2.8; Proth. Cone.- 60.0; 
Froth. Resp.- 50.3? Bil. Ret.- 10.0.
-Spontaneous Dabour on 20.10.48. B.B.A.
40., Mrs. McDenan, Primigravida,; aet 24; 38 weeks.

Duration of Toxaemia - 1 week.
14.10.48/
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14.10.48. B.P. 160/95J Alb.- 7; Oedema444; Urea - 18,3;
A.A.S.- 7.2; f.P.- 5.17; Alb.- 2.49; Glob;- 2.29; J i b . -  0,59; Sugar - 84.5; Sugar Mobl.- 18.5; Gal. In.- 159.6; J.O.- 259; 
E.C.- 162; lip. P.- 13.0; Aik. Phos.- 14.4; fh. P.- 1.7; 
Proth. Cone.- 66.7; Proth. Resp.- 68.5; Bil. Ret.- 11.4.

■ i21.10.48. B.P. 160/90; Alb.- 5; Oedema 44; Brea - 24.0;
A.A.H.- 7 .6 ; f.P.- 5.29; Alb.- 2.57; Glob.- 2.29; J i b . -  0.43?| 
Sugar -92.5; Sugar Mobl.- 19.6; Gal. In.- 150.4; T.O.- 244; I 
E.O.- 165.5; lip. P.- 12.6; Aik. Phos.- 15.9? fh. T.- 1.5; 1Proth. Cone.- 68.6; Proth. Resp.- 73.2; Bil. Ret,- 10,4.

28.10.48. B.P. 150/90; Alb.- 4; Oedema +5 Brea - 25.2;
A.A.H.- 7.2; f.P.- 5.33; Alb.- 2.60; Glob.- 2.29; Jib,- 0,44; 
Sugar - 90.2; Sugar Mobl.- 19.8; Gal, In.- 100.5; f.C.- 246; E.C.- 165; lip. P.- 11.5; Aik. Phos.- 13.8; fh. P.- 1.5; !Bil. Ret.- 10.6; Proth. Cone.- 73.1; Proth. Resp.- 80.0,
41. Mrs. Ozanne, Primigravida; aet 26; 36/57 weeks,

Duration of foxaemia - 1 week.
22.10.48. B.P. 165 A °5 ; Alb.- 9; Oedema 444; Brea - 20,4 ; j

A.A.E.- 8 .85 f.P.- 5.33; Alb,- 2.45; Glob.- 2.33; J i b . -
0 .55 ; Sugar - 82 ,6 ; Sugar Mobl.- 16 ,5 ; f.C.- 280; B.C.- 171; i lip. P.- 16 .8 ; Aik. Phos.- 17.8; fh. T.- 2.6; Proth, Conc,- 
65 .0 ; Proth. Resp.- 64.O; Bil. Ret.- 12.2 ,

30.10.48. B.P. 168AlO; Alb.- 9; Oedema 44; U re a - 20,0;
‘ tk w.- 9.7; f.P.- 5.26; A l b . 2.365 Glob,- 2.32 ; fib.- 0,58;Sugar - 86.0; Sugar Mobl.- 15.0; f.C,- 288; B.C.- 
lip. P.- 17.5; Aik, Phos.- 20,0; fh. f.- 2,9; Prolfe. Cone, 60.0; Proth. Resp.- 53.3. Ml. Ret,- 14.6.

1.11.48. B.P. 200/120; Oedema 4 4; Epigastric Pain 4 ; Surgical induction. B. B. A.
Brea - 30.4; A.A.I.- 15.8; f.P,- 4.90; Alb.- 2.50; Glob,
2.30; Mb.- 0.30; Sugar - 87,0; Sugar Mobl,- 10.0; T.C.-B.C.- 156; lip. P.- 15.3; Aik. Phos,- 26.5; fh, f,- 3,4; Proth, Cone.- 49.0; Proih. Resp.- 33.6; Ml, Ret.- 25.0.
42. Mrs. Muldoon, Primigravida; aet 22; 36/37 weeks.

Duration of foxaemia - 1 week.
1.1274S." B.P. 160/105; Alb,- 3; Oedema 4 4; Brea - 20,7;

8,9; f.P.- 5.40; Alb,- 2.55; Glob.- 2,32; Mb.-* 0.53; iugsa? - 93*0; Sugar Mobl,— 15.0; f.C,— 274; B.C.— 173l lip. P.— 16.9; Aik. Phos,- 17,9; fh. P.- 2,8; Proth, Cone^ ^
Resp,- 60,0; Bil. Ret.- 12.0,

8.12.48/
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8.12.48, B.P. 160/lOQ; Alb.- 3-5; Oedema*; Urea - 22.2;
A.A.H.- 8.7; T*P.- 5.27; Alb.- 2.48; Glob.- 2.30; Pib.-
0.49; Sugar - 90.2; Sugar Mobl.- 17.0; 2?.0. — 270; E.C.- 173; Lip. P.- 17.0; Aik. Phos.- 15.2; Th. T.- 2.0; Proth. Gone.- 63.0; Proth. Resp.- 54.6; Bil. Ret.- 12.0.
Induction of Labour for severity of Toxaemia on 20.12.48. S.B. Bindings on the day of induction -
B.P. 200/128; Alb.- 14; Oedema+++; Urea - 34.2; A.A.U.- 
12.9; T.P,- 5.10; Alb.- 2.47; Glob.- 2.43; Bib. - 0.20;Sugar - 91.0; Sugar Mobl.- 11.0; Gal. In.- 204.6; T.C.- 240; 
E.G.- 132; Lip. P.- 13.4; Aik. Phos.- 22.6; Th. I.- 4*7; 
Proth. Cone.- 50.0; Proth. Resp.- 24.5; Bil. Ret.- 23.4.
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L f f l s  HIGH PROTEIN DIET.

MILP fOXAMIAS.
Gases Ho. 43 to 57. j

Case Ho. 43. Mrs. Simmonds, Primigravida; aet 26; !
33 weeks. Duration of Toxaemia - 1 week. j

22.1.48. B.P. 156/98; Alb.- 2.5; Oedema ++; Urea - 30.6; '
A.A.N.- 6.9; f.P.- 5.80; Alb.- 3.03; Glob. 2.27; Pib.- 0.50; ! Sugar - 91.4; Sugar Mobl.- 19.1; f.C.- 178; E.G.- 122; j
lip. P.- 11.6; Aik. Phos.- 14.5; fh. f.- 1.5; Proth. Cone.- 70.6; Proth. Resp.- 62.5; Bil. Ret.- 5.0. I

29.1.48. B.P. 150/100; Alb.- 2; Oedema +; Urea - 28.8; A.A.U.- ! 
7.1; f.P.- 5.66; Alb.- 2.99; Glob.- 2.26; Pib.- 0.41;
Sugar 87.6; Sugar Mobl.- 19.0; f.C.- 196; E.C.- 196; 
lip. P.- 11.5; Aik. Phos.- 14*0; fh. f.- 1.5; Proth. Conc.- 71.0; Proth. Resp.- 64.0; Bil. Ret.- 4.17.

5.2.48. B.P. 145/90; Alb.- 1.5; Oedema £; Urea - 30.0; A.A.N.- 
7.5; f.P.- 5.92; Alb. - 3*16; Glob.- 2.36; Pib.- 0.40;Sugar - 83.7; Sugar Mobl.- 19.5; f .  C.- 198; I.C.- 13 6;
Dip. P.- 12.0; Aik. Phos.- 14.3; fh. f.- 1.6; Proth. Cone.- 78.0; Proth. Resp.- 72.5; Bil. Ret.- 4.6.

13-2.48. B.P. 135/85; Alb.- i; Oedema 0; Urea - 30.1; A.A.H.- 
7.5; f.P.- 5.95; Alb.- 3.20; Glob.- 2.35; Pib.- 0.40;Sugar - 86.5; Sugar Mobl.- 19*0; f.C.- 200; E.C.,- 138;
Dip. P.- 10.8; ;Alk. Phos.- 14.6; fh. f.- 1.0; Proth. Conc.- 
88.1; Proth. Resp.- 85.0; Bil. Ret.- 4.5.
Case No. 44. Mrs. Sinclair, Second gravida; aet 29;

36/37 weeks. Duration of foxaemia - 0.5 weeks.
Cystine - 5 gms. daily from 15.4.48 to 6.5.48.

8.4.48. B.P. 148/100; Alb.- 1.5; Oedema Urea - 25.5; .A.A.U.- 6.1; f.P.- 5.86; Alb.- 3*01; Glob.- 2.35; PLb.^ 0.60; 
Sugar - 89.5; Sugar Mobl.- 20.4; Gal. In.- 72.7;. f.C.- 230; 
dD^C.^ 155; Dip. P.- 11.4; Aik. Phos.- 13.7; fh. f.- 0.8; 
Proth.Cone.- 69.5; Pfpth* Besp.- 70.0; Bil. Ret.- 8.2.

15.4.48. B.P. 150/98; Alb.- 2; Oedema +; Urea - 28.0; A.A.H.- 
7.9; f.P.- 5.75; Alb.- 3*0; Glob.- 2.35; Pib.-0.40; Sugar 
92.5; Sugar Mobl.- 19.4; Gal. In. (16.4.48) - 65.0; f.C.- 
238; E.C.- 161; Aik. Phos.- 14.2; fh. !.- 1.3; Proth. Cone.- 60.2; Proth. Resp.- 64.5; Bil. Ret.- 8.4.
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22.4.48. B.P. 160/100; Alb.- 4.5; Oedema + ; Urea - 27.4; I
A.A.N.- 8.0; f.P.- 5.69; Alb.- 2.87; ..Glob..- 2.34; Jib.- !
0.48; Sugar - 80.0; Sugar Mobl.- 16.0; Gal. In.- (24.4*48)- j 
103.6; f.C.- 246; E.C—  166; Aik. Phos.- 18.9; fh. f.- 3*0; 1
Proth. Cone.- 60.4; Proth. Resp.- 50.0; Bil. Ret.- 10.6.
Salt free diet from 22.4.48 to

29.4.48. B.P. 160/110; Alb.- 5; Oedema ++; Urea - 27.5;
A.A.R.- 8.6; f.P.- 5.70; Alb.- 2.87; Glob.- 2.34; Pib.- 0.49; Sugar - 80.5; Sugar Mobl.- 17.0; f.C.- 250; E.C—  167; Aik. 
Phos.- 19.3; fh. f—  3.5; Proth. Cone.- 60.0; Proth Resp —  47.2; Bil. Ret.- 10.8.

- ii
6.5.48. B.P. 150/100; Alb.- 4*5; Oedema +; Urea - 28.2; ! 

A.A.R.- 9.9; f.P.- 5.51; Alb.- 2.74; Glob.- 2.27; fib.- 0;50; 
Aik. Phos.- 19.8; Proth. Cone.- 60.0; Proth. Resp.- 45.1;Bil. Ret.- 11.2.
Case Eo. 45. Mrs. Scott, fhird gravida; aet 36; 34 weeks. 

Duration of foxaemia - 1 week. Recurrent toxaemia. 
Cystine - 5 m s . daily from 17.4.48 to 30.4.48.

10.4.48. B.P. 140/100; Alb.- 4.5; Oedema +++; Urea - 25.0; 
A.A.U.- 7.0; f.P.- 5.70; Alb.- 2.85; Glob.- 2.33; Pib.- !0.52; Sugar - 83.0; Sugar Mobl.- 17.8; Gal. In.- 94.0; 
f.C.- 218; E.C.-- 149; Lip. P.- 13.4; Aik. Phos.- 14.2;
fh. f.- 0.5; Proth. Cone.- 76.5; Proth. Resp.- 69.8 ; !Bil. Ret.- 3.0.

17.4.48. B.P. I4O/9O; Alb.- 3; Oedema ++; Urea - 27.8;
A.A.U.- 7.0; f.P.- 5.71; Alb.- 2.96; Glob.- 2.34; Pib.- 0.41;Sugar - 83*0; Su£ar Mobl.- 17.8; Gal. In. (19.4.48) - 87.8;
1.C.-^lo: E.C.-..144; Aik. Phos—  13*6; fh. P.- 0.3; Proth. Cone—  76.0; Proth. Resp—  70.5; Bil. Ret—  2.9.

24.4.48. B.P. 140/85. Alb.- 0.5; Oedema ±; Urea -27.5;A.A.N.- 7.0; P.P.- 5.97; Alb.- 5.22; Glob.- 2.55; Pib.- 0.40; Sugar - 85.0; Sugar Mobl.- 22.0; Gal. In. (26.4.48) - 85.0; 
P.O.- 222; B.C.- 152; Aik. Phos..- 14.7; Ph. P.- 0.5;Proth. Cone.- 87.2; Proth, Resp—  75.0; Bil. .Ret—  2.91.

50.4.48. B.P. 140/90; Alb.- 0.5; Oedema ±; Urea - 27.0;
A.A.S.- 6.5; P.P.- 5.98; Alb.- 5,25; .Glob.- 2.55; K b . - 0.40;Sugar - 88.2; Sugar Mobl —  18.6; f. C—  220; E. C—  151; Aik—
Phos—  14.0; fh.. f—  0.6; Proth. Cone—  87.5; Proth. Resp;- 
84.1; BL1. Ret—  2.85. .
Case Eo. 46/



Case No. 46. Mrs. Stevenson, Primigravida; aet 24;
36 weeks; Duration of Toxaemia - 1 week.
No follow up - pataJait treated with heparin.

10.4.48. B.P. 150/100; Alb.- 4.5; Oedema ++; Urea - 27.5; 
A.A.N.- 5.7; T.P.- 5.58; Alb.- 2.75; Glob.- 2.27; Pib.- 0.56; Sugar -87.5; Sugar Mobl.- 18.0; T.C.- 258; E.O.- 174; lip. P.- 13*5; Aik. Phos. - 14.2; Th. T.- 1.0; Proth. Cone.- 
70.5; Proth. Resp.- 68.6; Bil. Ret.- 1.2.
Case No. 47. Mrs. McNeil, Primigravida; aet 29;

39 weeks; Duration of Toxaemia - 2 weeks.
19.5.48. B.P. 150/90; Alb.- 1; Oedema +; Urea - 27.2;

A.A.N.- 6.0; T.P.- 5.96; Alb.- 3.15; Glob.- 2.32; Pib.- 0.49; Sugar - 80.0; Sugar Mobl.- 20.6; T.C.- 249; E.G.- 170; 
lip. P.- 15.2; Aik. Phos.- 13*8; Th. T.- 0.9; Proth. Conc.- 69.7; Proth. Resp.- 64.8 ; Bil. Ret.- 7.8.

26.5.48. B.P. 140/90; Alb.- i; Oedema +; Urea - 27.0; A.A.N.-
6.7; T.P.-- 6.0; Alb.- 3-25; Glob.- 2.36; Pib.- 0.39; Sugar -84.0; Sugar Mobl.- 20.5; T.C.- 254; E.C.-175; Aik. Phos.- 14.8; Th. T.- 1.0; Proth. Cone.- 82.5; Proth. Resp.- 81.0; 
Bil. Ret.- 7.75.
Case No. 48. Mrs. Dansmuir, Second gravida; aet 32;

38 weeks. Duration of Toxaemia - 2 weeks.
No follow up. Patient treated with heparin.

1.6.48. B.P.- 150/100; Alb.- 0.5; Oedenia +; Urea - 24.6;
A.A.N.- 6.2; T.P.- 6.19; Alb.- 3.26; Glob.- 2.35; Pib.- 0.58; Sugar - 92.6; Sugar Mobl.- 19.8; T.C.- 227; E.C.- 152;
lip. P.- 13*3 } Aik. Phos.- 15.0; Th. T.- 0.5; Proth. Conc.- 65.8; Proth. Resp.- 65.6; Bil. Ret.- 10.3.
Case No. 49. Mrs. leslie, Primigravida; aet 30;

38 weeks. Duration of toxaemia - 2 weeks.!
No follow up. Patient treated with heparin.

15.6.48. B.P. 150/100; Alb.- 0.5; Oedema -; Urea - 26.7;
A.A.N.- 6.5; T.P.- 6.1; Alb.- 3.27; dob.- 2.34; Pib.- 0.49; 
Sugar/
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Sugar - 90.0; Sugar Mobl.- 20.4; T.C.- 234; E.C.- 154;
Aik. Phos.- 13-4; Th. I.- 0.6; Proth. Cone.- 76.5;
Proth. Resp.- 63.7; lip. P.- 16.2; Bil. Ret.- 4.0.
Case No. 50. Mrs. Aslett, Primigravida; aet 24;

31 weeks; Duration of toxaemia - 1 week.
No follow up. Patient treated with heparin.

16.6.48. B.P. 148/98; Alh.- -; Oedema £; Urea - 25.4;
A.A.N.- 6.8; T.P.- 6.45; Alb.- 3.47; Glob.- 2.39; Fib.- 
0.59; Sugar - 94.5; Sugar Mobl.- 18.8; T.C.- 216; E.C.- 145; Lip. P.- 14.6; Aik. Phos.- 14.4; Th. T.- 1.0; Proth. Cone.- 
71.2; Proth. Resp.- 69.7; Bil. Ret.- 6.9.
Case No. 51. Mrs. McAnaw, Primigravida; aat 27;

38 weeks. Duration of toxaemia - 2 weeks.
No follow up. Patient treated with heparin.

19.6.48. Urea - 25.2; A.A.N.- 6.4; T.P.- 5.56; Alb.- 2.77;
Glob.- 2.25; Fib.- 0.54; Sugar - 80.0; Sugar Mobl.- 19.9; 
T.C.- 232; E.C.-154; Lip. P.- 142; Aik. Phos.- 15.7;Th. T.- 1.0; Proth. Cone.- 72.5; Proth. Resp.- 70.2; |Bil. Ret.- 8.8. II
Case No. 52. Mrs. Thompson, Primigravida; aet 26;

36 weeks; Duration of Toxaemia - 1 week. I
28.9.48. B.P. 150/100; Alb.- 6; Oedema ++; Urea - 24.8;A.A.N.- 6.0; T.P.- 5.58; Alb. - 2.71; Glob.- 2.30; Hb.- 

0.57^ Sugar - 87.5; Sugar Mobl.- 18.0; Gal. In.- 94*9;T.C.— 258; E.C.- 173; Aik. Phos.- 14*41 Th* T.- 1.8;Idp. P.- 13.2; Proth. Cone.- 74.2; Proth. Resp.- 70.6;
Bil. Ret.- 5.4.

5.10.48. B.P. 150A00; Alb.- 6; Oedema +; Urea - 22.2;A.A.N.- 7.5; T.P.- 5.58; Alb.- 2.70; Glob.- 2.31; Fib.- 0.58; 
Sugar - 91.0; Sugar Mobl.- 18.0; Gal. In.- 90.6; T.C.- 250;
.B.C.- 166.5; Lip. P.- 13.0; Aik. Phos.- 15.2; Th. T.- 1.5; Proth. Cone.- 70.1; Proth. Resp.- 68.0; Bil. Ret.- 5.5.

12.10.48. B.P.- 150/100: Alb.- 4; Oedema +; Urea 20.8;
A.A.N.- 7.5? T.P.- 5.60; Alb.- 2.71; Glob.- 2.31; lib.- 0.58 Sugar - 85.7; Sugar Mobl.- 18.3; Gal. In. (14.16.48)- 80.7; 
T.C.- 264; E.C.- 172.5; Lip. P.- Aik. Phos.- 16.5;
Th. T/



©i. I.- 1.8; Proth. Gone.- 66.4; Proth. Resp.- 60.8;Ell. Ret.- 5.5.
Case Uo. 53. Mrs. Miller, Primigravida; aet 34; 36 weeks. 

Duration of Toxaemia - 2 weeks.
5.10.48. B.P. 155/98; Alb.- 7; Oedema +++; Urea - 26.5;A.A.U.- 6.2; T.g.- 5.70; Alb.- 2.88; Glob.- 2.32; 51b.- 0.50; 

Sugar - 88.0; Sugar Mobl.- 18.4; T.C.- 246; E.G.- 164;Lip. P.- 12.8; Aslk. Phos.- 14.2; Th. T.- 2.0; Proth. Cono.- 72.6; Proth. Resp.- 68.8; Bil. Ret.- 8.0.
12.10.48. B.P. 155A05; Alb.- 7; Oedema ++; Urea - 21.4;A.A.H.- 7.4; T.P.- 5.70; Alb.- 2.80; Glob.- 2.30; 51b.- 

0.62; Sugar -89.0; Sugar Mobl.- 16.0; T.C.- 260; E.C.- 172.5; Lip. P.- 150; Aik. Phos.- 18.6; Th. T.- 2.6; Proth. Cone.- 63.5; Proth. Resp.- 60.2; ELI. Ret.- 11.4.
20.10.48. B.P. 160/L10; Alb.- 7; Oedema ++; Urea - 20.0;

A.A.U.- 8.1; T.P.- 5.60; Alb.- 2.60; Glob.- 2.30; Pib.- 0.70;! Sugar - 89*3; Sugar Mobl.- 15.6; T.C.- 246; E.C.- 165;
Lip. P.- 16.2; Aik. Phos.- 21.4; Th. T.- 3.4; Proth. Conc.- 60.2; Proth. Resp.- 57.3; Bil. Ret.- 14.0.

24.10.48. B.P. 160/110; Oedema +; Spontaneous Labours B.B.A. 
Urea - 20.0: A.A.R.- 8.4; T.C.- 262; E.C.- 160; Aik. Phos.- 
22.6; Th. T.- 3-4; Bil. Ret.- 17.4.
Case Uo. 54. Mrs. McNaughton, Primigravida, aet 23;37 weeks. Duration of Toxaemia - 2 weeks.

12.10.48. B.P. 150/100; Alb.- 5; Oedema +; Urea - 24.6;A.A.R.- 6.1; T.B»- 5.89; Alb.- 3-05; Glob.- 2.33; Pib.- 0• 51; Sugar - 84.2; Sugar Mobl.- 18.0; Gal• In. - 114.7;
T.C.-^274; B.C.- 179; Lip. P.- 12.5; Aik.- Phos.- 14.9;Th. T.- 0.9; Proth. Cone.- 80.4; Proth. Resp.- 73.2;
Ell. Ret.- 9.7.

19.10.48. B.P. 160/108; Alb.- 5; Oedema +; Urea - 20.6;A.A.K.- 7.4;, T.P.- 5.89; Alb.- 2.91; Glob.- 2.30; PLb.- 0.68; Sugar - 83.7; Sugar Mobl.- 17.0; Gal. In.- 160.6;
T.C.- 280; E.C.- 170.5; Lip. P.- 15.4; Aik. Phos.- 19.7;Th. T.- 1.9; Proth. Gone.- 62.3; Proth. Resp.- 60.0;

,mi. Ret.- 10.6.
26.10.48. B.P. 170/115; Alb.- 12; Oedema+++; Urea - 19.3; A.A.N.— 8.3; T.P.- 5.04; ilB.- 2.41; Glfcb.- 2.32; Mb.- 0.31; Sugar - 82.5; Sugar Mobl.- 14.6; Gal. In*(25.10.48)- 

218.7/
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218.7; T.C.- 296; E.G.- 159; lip.P.- 16.9; Aik. Phos.- 23.0; !
3?.- 2.6; Proth. Gone.- 55.0; Proth. Resp.- 49.4;Bil. Ret.- 19.9.

Surgical induction of labour on 26.lo.48. S.B.
Case Ho. 55. Mrs. HcGough, Second gravida; aet 33;

31 weeks. Duration of (Toxaemia - 1 week.
20.10.48. %.P. 150/95; Alb.- 2; Oedema + ; Urea - 26.2;

A.A.I.- 6.3; T.P.- 5.98; Alb.- 3.17; Glob.- 2.34; Pib.- 0.47; Sugar - 88.0; Sugar mobl.- 19.4; (P.O.- 198; E.C.- 133;
Lip. P.- 13*4; Aik. Phos.- 12.9; (Pb. (P.- 0.7; Proth. Oonc.- 80.2; Proth. Resp.- 78.6; Bil. Ret.- 4.1. |

,  f25.10.48. B.P. 150/100; Oedema -; Spontaneous Labour, B.B.A. ! Urea - 27.0; A.A.I.- 7.5; Sugar - 97.2; Sugar mobl.- 16.5; 
(P.O.- 183; B.C.- 124; Aik. Phos.- 14.0; (Ph. (P.- 0.7;
Proth. Gone.- 80.2; Proth. Resp.- 70.0; Bil. Ret.- 10.5. I
Case lo. 56. Mrs. McOrea, Piimigravida; aet. 27; \

35 weeks. Duration of Toxaemia - 1.5 weeks.
12.11.48. B.P. 150/100; Alb.- 4; Oedema ++; Urea - 24.9;

A,A.I.- 6.9; T.P.- 5.77; Alb.- 2.93; Glob.- 2.30; Pib.- 0.54; Sugar - 92.5; Sugar Mobl.- 19.6; T.G.- 239; E.G.- 158; jjLip. P.- 12.4; Aik. Phos.- 14.0; Th. T.- 1.2; Proth. Gone.- j
73*6; Proth. Resp.- 74.0; Aik. Phos.- 14*0; Th. T.- 1.2; j
Bil. Ret.- 8 .4. I

20.11.48. B.P. 150/105; Alb.- 4; Oedema +; Urea - 21.5;A.A.I.- 7.1; T.P.- 5.75; Alb.- 2.88; Glob.- 2.30; Pib.- 0.59;! Sugar - 90.0; Sugar Mobl.- 17.8; T.C.- 238; E.G.- 155; Aik. 
Phos.- 17.5; Th. T.- 1.5; Bil. Ret.- 10.0. !

26.11.48. B.P. 160/110; Alb.- 7; Oedema +; Spontaneous labours B.B.A.
Urea -19.6; A.A.I.- 7.6; T.P.- 5.55; Alb.- 2.56; Glob.- 2.26; Pib. - 0.73; Sugar - 90.8; Sugar Mobl.- 16.8;
T.C.- 246; E.G.- 151; Aik. Phos.- 21.2; Th. T.- 1.5;
Bil. Ret.- 13.6.
Case lo. 57. Mrs. Paul, Primigravida; aet 32;

> 38 weeks. Duration of Toxaemia - 2 weeks. '
25.11.48. B.P. 150/95; Alb.- 3; Oedema++; Urea 26.0; Pib.- ! 

0.51; Sugar - 85.5; Sugar Mobl.- 18.7; T.C.- 241; E.G.- 162; 
lip. ?/



Lip..P.- 13*6; Aik. Phos.- 14.7; Th. T.- 1.3; Proth. Cone.- i

70.5; Proth. Resp.- 72.0; Bil. Ret.- 2.4.
30.11.48. B.P. 150/105; Alb.- 5; Oedema +; Spontaneous 

labour; B.B.A.
Urea - 24.2; A.A.H.- 7.4; f.P.- 5.78; Alb.- 2.80; Glob.- j
2.30; Pib.- 0.68; Sugar - 88.3; Sugar Mobl.- 17.9; T.C.- 255; ;
E.C.- 167; Aik. Phos.- 17.2; Th. T.- 2.9; Proth. Cone.- 68.8; Proth. Resp.- 70.0; Bil. Ret.- 9.7.



44.

b r n i T i high prqiech diei
SEVERS 32QXAMIA.

Cases Ho. 58 to 75.
Case Ho. 58. Mrs. Harrison, Primigravida; aet 28;

37 weeks. Duration of toxaemia - 3 weeks.
7.1.48. B.P. 175/115; Alb.- 11; Oedema ++; Urea - 18.5;

A.A.H.- 9.6; T.P.- 5.07; Alb.- 2.40; Glob.- 2.29? Fib.- 0.38; 
Sugar 90.2; Sugar Mobl.- 11.4; I.C.- 277; E.C.- 147; Dip. P.- 15.9; Aik. Phos.- 21.2; 33a. i.- 3.5; Proth. Cone.- 42.6; 
Proth. Resp.- 39.6; Bil. Ret.- 18.0.

13.1.48. B.P. 150/L00; Alb.- 6; Oedema + ; Urea - 19.6; A.A.H.- 
8.0; I.P.- 4.94; Alb.- 2.36; Glob.- 2.25; lib.- 0.33;Sugar - 90.0; Sugar Mobl.- 12.0; T.C.- 270; E*C,- 168;,
Dip. P.- 14.3; Aik. Phos.- 16.0; 33a. I.- 2.9; Proth. Conc.-72.0; Prolh. Resp.- 71.0; Bil. Ret.- 14.6.

19.1.48. B.P. 150/100; Alb.- 1; Oedema £; Urea - 24.0;
A.A.H.- 7.0; P.P.- 4.88; Alb.- 2.34; Glob.- 2.14; Rib.-0.40; Sugar - 87.0; Sugar Mobl.- 15.5; f.C.- 278; E.C.- 180; 
Dip. P.- -13.8? Aik. Phos.- 15.5; Ih. I.- 1.9; Proth. Conc.-52.7; Proth. Resp.- 55.2; Bil. Ret.- 8.9.

31.1.48. B.P. 130/80; Alb.- 0; Oedema - 0; Urea - 26; A.A.H.- 
6.6; I.P.- 5.42; Alb.- 2.82; Glob.- 2.20; Pib*- 0.40;Sugar - 89.0;Sugar Mob!.-: 20.0; I.C.- 280; E.C.- 182;
Dip. P.- 12.3; Aik. Phos.- 14>5; 33a. I.- 0.9; Proth. Cone.- 
61.9; Proih. Resp.- 62.0; Bil. Ret.- 8.98.
Case Ho. 59. Mrs. Wilson,.Primigravida;aet 31;

29 weeks. Duration of toxaemia - 1.5 weeks.
9.1.48. B.P. 160/100; Alb.- 4; •Oedema Urea - 21.4; A.A.H.- 

7.8; T.P.- 5.60; Alb.- 2.63; Glob.- 2.30; Pib.- 0.67;
Suga£ — 80.5; Sugar Mobl.— 7.6; I.C.— 284; E.C.- 185.5;Dip. P.- 11.4; Aik. Phos.- 15.5; Ih. I.- 3.0; Proth.. Cone.-*
68• 3; Proth. Resp• — 50• 0; Bil. Ret.— 10.2; Gal. In.— 145.8.

■■■: : • . . .  • .  ■ ,  . .

15.1.48. B.P. 168/108; Alb.- 4.5; Oedema -; Urea - 21.0; . 
A.A.H.- 9.8; I.P.- 5.51; Alb.- 2.59; Glob.- 2.31; Pib.- 0.51;

■ • Sugar — 89.5; Sugar Mobl. - 7.0; T. C.— 280; E.C.— 170;Dip. P.- 15.3; Aik. Phos.- 20.0; 33a. 3?.- 4.0; Proth. Cone.- 
65.8; Proth. Resp.- 44*4; Bil. Ret.- 13*94; Gal. In.- 168.2.



20.1.48. B.P. 195/120; Alb.- 11; Oedema ++; Epigastric pain + . 
Urea - 17.0? A.A.N.- 10-2; T.P.- 4.98; Alb.- 2.48; Glob.- 
2.30; Pib.- 0.20; Sugar - 87.8; Sugar Mobl.- 7.0; Gal. In.- 
225.2; T.C.- 296; E.G.- 156; Lip. P.- 17.1; Aik. Phos.- 30.4; Th. T.- 4.3 ; Proth. Cone.- 50.4; Proth. Resp.- 24.4;Bil. Ret.- 25.3. f
Induction of Labour on 21.1.48. B.B.A. B.P. 194/120; IUrea - 37.0; A.A.E.- 24.8. .
Case.No. 60. Mrs. McGlinchey, Second gravida; aet 30; [

37 weeks. Duration of Toxaemia - 2 weeks.
Pirst pregnancy - abortion 2 years ago.

13.1.48. B.P. 210/L20; Alb.- 3; Oedema ++; Urea - 16.5;A.A.N.- 9.8; T.P.- 5.70; Alb.- 2.92; Glob.- 2.30; Pib.- 0.58; Sugar - 90.0; Sugar mobl.- 12.7; T.G.- 280; E.G.- 144; I
Lip. P.- 17.9; Aik. P.- 28.0; Th. T.- 2.6; Proth. Gone.- 51.6sProth. Resp.- 41.5; Bil. Ret.- 24.2.

20.1.48. B.P. 190/110; Alb.- 3; Oedema ++; Urea - 16.5;
A.A.N.- 10.6; T.P.- 5.57; Alb.- 2.95; Glob.- 2.34; Pib.-0.28; Sugar - 87.5; Sugar Mobl. - 10.6; T. C. - 275; E. 0. -
162.5; Lip. P.- 16.5; Aik. Phos.- 28.7; Th. T.- 2.8; Proth.
Gone.- 53.0; Proth. Resp.- 36.8 ; Bil. Ret.- 24.3. 1

29.1.48. B.P. 210/115; Alb.- 5; Oedema ++; Headache +.
Urea - 16.0; A.A.U.- 11.4; T.P.- 5.48; Alb.- 2.90; Glob.- 
2.39; Jib.- 0.19; Sugar - 87.7; Sugar Mobl.- 6.0; T.C.- 260; E.G.- 138; Lip. P.- 14.1* Aik. Phos.- 29.8; Th. T.- 4.0;
Proth. Gone.- 52.4; Proth. Resp.- 29.7; Bil. Ret.- 25.55.
Induciioh of Labour on 30.1.48. S.B. B.P. 210/120.Urea -36; A.A.N.- 23.0; Aik. Phos.- 31.2.
Case No. 61. Mrs. Gheaney, Piimigravida; aet 28;

38 weeks; Duration of toxaemia - 1 week.
15.3.48. B.P. 170/108; Alb.- 6; Oedema +++; Urea - 19.8;A.A.N.- 9.0; T.P.- 5.49; Alb.- 2.52; Glob.- 2.31; Pib.- 0.66; ; 

S u g a r - 91.0; Sugar Mobl.- 16.7; Gal. In.- 161.6; T.C.- 250; 
E^O.- 153; LiP- P.- 16.9; Aik. Phos.- 19.6 ; Th. T.- 2.8; Proth. Go&e.- 56.4; Proth. Resp.- 69.0; Bil. Ret.- 13.5.

24.3.48. B.P. 150/95; Alb.- *1; Oedema +; Urea - 22.0; A.A.N.- 
7.0; T.P.— 5.24; Alb.- 2.49; Ulob.- 2.28; Pib.- 0.47;
Sugar - 84.5; Sugar Mobl.- 21.6; Gal. In.- 96.7; T.C.- 264; 
E.C./



E.G.- 176; Aik. Phos.- 16.0; Th. T.,- 1.5; Proth. Gone.- 
58.0; Proth. Resp.- 71.7; Bil. Ret.- 10.5.

1.4.48. B.P. 140/82; Alb.- 0.5; Oedema i; Urea - 24.2; !
A.A.N,- 7.0; T.P.- 5.31; Alb.- 2.60; Glob.- 2.28; Sugar - i
87.0; Sugar Mobl.- 22.0; Gal. In.- 119.2; T.C.- 260; E.C.- 
177; Aik. Phos.- 15.0; Th. I.- 1.5; Proth. Gone.- 62.0;Proth. Resp.- 78.0; Bil. Ret.- 10.17.
Gase No. 62. Mrs. Beckett, Second gravida; aet 33; !

38 weeks. Duration of Toxaemia - 1 w eek. •
KLrst pregnancy nomal.
No follow up: patient treated with heparin.

20.3-48. B.P. 170/110; Alb.- 2.5; Oedema +; Urea - 19.0;
. A.A.N.- 9.8; T.P.- 5.73; Alb.- 2.85; Glob.- 2.29; lib.- 0.59;

Sugar - 81.7; Sugar Mobl.- 17.3; T.G.- 248; E.C.- 150;Lip. P.- 16.4; Aik. Phos.- 20.8; Th. T.- 2.9; Proth Conc.- 70.0; Proth. Resp. - 61.0; Bil. Ret.— 4.9.
Case lo. 63. Mrs. McGinnes, Primigrhvida; aet 28;

V 31 weeks. Duration of Toxaania - 3 weeks.
Jaundice - 1 week. ■

18.3.48. B.P. 175/110; Alb.- 5.5; Oedema ++; Urea - 18.3; »,A.A.N.- 8.9; T.P.- 5.60; Alb.- 2.71; Glob.- 2.31; Pib.- 0.58; j 
Sugar - 78.5; Sugar Mobl.- 10.7; Gal, In.- 146.0; T.C.- 290; I ! 
E.G.- 173.5; Lip. P.- 16.9; Aik.; P h o s ; 1 9 - 4 f 4.0; r j| Proth. Cone.- 49.0; Proth. Resp.- 40.5; Bil. Ref.- 21.2; fVandenberg - direct immediate positive. Bilirubin - 9.6 mgms. I 
per cent, , /, ,.. / * / ji,

20.3.48. B.P. 175A18; Alb.- 7; Oedema ++;. Jaundice + 2 j 
Urea - 16.0; A.A.U.-9.5; T.P.- 5*40; Alb,- 2.67; Glob.- !2.30; Pib.- 0.49; Sugar - 84.5; Sugar Mobl.- 10.9; T.C.- ;!.298; E.G.— 157; Dip. P.- 18.6; Aik. Phos.- 26.5; Th. T.- . .
4.3; Proth. Cone.- 48.5; Proth. Resp.- 44.0;

26.3;48. B.P. 15°A00; Alb.- 5; Oedema +; Jaundice -; ’ 'h >
: Urea/- 18,5; A.A.N.- 8.2; T.P.- 5.45; Alb.- 2.75; Glob.-2.30; Pib.- 0.40; Sugar - 84.Q; Sugar Mohl.- ll• 3 .*

Gal. In. (25.3.48)- 127.1; T,C.- 292; E.G.- 171;“ Lip. P.- 19,4; Aik. Phos.- 16.6; Th. T.- 4.0; Proth. Cone.- 48.0; 1 <
Prolh. Resp.- 50.2. \ ■

31.3.48. B.P. 145/96; Alb.- 2; Oedema ±; Jaundice -; j

Urea/ j
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Urea 20.0; A.A.N.- 7.0; T.P.- 5.43; Alb.- 2.76; Glob.- 2.29; Pib.- 0.38; Sugar - 86.0; Sugar Mobl.- 15.5; Gal. In.- (1.4.48) - 100.1; T.C.- 282; B.C.- 184; Lip. P.- 17.0;
Aik. Phos.- 16.5; Th. T.- 3.4; Proth. Cono.- 59.7; Proth. leap.- 60.6.

9.4.48. B.P. 120/80; Alb.- 0; Oedema - 0; aJanndice - 0;
Urea - 21.4; A.A.N.- 6.7; P.P.- 6.29; Alb.- 3.59; Glob.- 2.33; Mb.- 0.37; Sugar - 86.2; Sugar Mobl.- 21.4; T.O.- 270; E.G.- 180; Mp. P.- 14.6; Aik. Phos.- 15.8; Th. T.- 2.6; Proth. Cone.- 72.4; Proth. leap.- 79.0.
Case No. 64. Mrs. Calderwood; Primigravida; aet 24;

34 weeks; Buration of toxaemia - 1 week.
Ho follow up: Patient treated with heparin.

2.4.48. B.P. 160/110; Alb.- 5; Oedema ++; Urea - 20.6;
A.A.N.- 10.2; T.P.- 5.87; Alb.- 2.97; Glob.- 2.30; Pib.- 0.60; Sugar - 88.8; Sugar Mobl.- 18.8; f.0.- 244; E.G.- 
152.5; lip. P.- 12.7; Aik. Phos.- 14.7; Th. T.- 1.0;Proth. Cone.- 59.7; Proth. lesp.- 55.6; Bil. let.- 12.6.
Case No. 65. Mrs. Traynor, Second gravida; aet 34;

33 weeks. Buration of Toxaemia - 1 week.
Cystine - 5 gas. daily from 2334.48 to 16.5.48.

8 .4.4 8. B.p. 160/100; Alb.- 5; Oedema ̂ f; Urea - 23.7j 
A.A.N.- 7.5; T.P.- 5.58; Alb.- 2.77; Glob.- 2.31; Pib.- 
0.50; Sugar — 83^6; -Sugar Mobl.^19.1; Gal* In.- 104.1;T.C.- 237; E.G.- 158; hip. P.- 13.9; Aik. Phos.- 16.0;Th. T^- 1.6; Proth. Cone.- 60.7; Proth. lesp.- 57.5;Bil. let.- 6*9 . •

16.4.48. B.P. 160/100; Alb.- 3.5; Oedema W ;  Urea - 22.8; A.A.N.- 7.7; <T.Pv^5.63; Alb.- 2.86; Glob.- 2.3 1; Mb.^. : 
0*46; Sugar- ̂ 84.5; Sugar BiohL.- 19.0; Gal. In.- (17.4.48)- 
107.4; T.C.- 242; E.O.- 159; Idp.P.- 15.1; Aik.- Phos.- 16.0; Th. T.- 1.6; Proth. Cone.- 60.0; Proth. lesp.- 55.0; Bil.

■ let.- 8.7. - • -
23.4'.48.- B.P. 160/96; Alb.- 2.5; Oedema + ; Urea - 25.8; r'4A.A.N.- 7.8; T.P.- 5.66; Alb.- 2.96; Glob.- 2.31; Mb.- 0.39; 

Sugar - 91.0; Sugar Mobl.- 22.0; Gal. In. (25.4.48)- 179.3; 
T.C.- 246; E.G.- 162; lap. P.- 16.8; Aik. Phos.- l7.0;Th. T.- 1.5; Proth. Gone.- 61.2; Proth. lesp.- 52.0;
Bil. let.- 12.85.



29.4*48. B.P. 1 5 5 /1 0 0 ; Alb.- 1; Oedema + ; Urea - 24.0;
A.A.N.- 9.4 ; T.P.- 5.60; Alb.- 2w92; Glob.- 2*29; 51b.- 0.38; 
Sugar - 8 3.6; Sugar Mobl.- 18.8; T.C.- 245; E.C.- 159;
Lip. P.- 14.8; Aik.-Phos.- 18.5; Th. T.- 1.9; Proth. Conc.- 60.0; Proth. Resp.- 48.1; Bil. Ret.- 13.56.

8.5.48. B.P. 160/100; Alb.— 1; Oedema +; Urea - 22.8; A.A.N.- 
10.2; T.P.- 5.61; Alb.- 2.92; Glob.- 2.29; lib.- 0.40;
Sugar - 87.0; Sugar Mobl.- 18.0; T.C.- 250; E. C.- 161;Lip. P.- 16.6; Aik. Phos.- 18.7; Th. T.- 2.3; Proth. Conc.- 60.0; Proth. Resp.- 44.0; Bil. Ret.- 13.55.
Case, No. 6 6. Mrs. Clelland; Primi gravida; aet 26;

30. weeks. Duration of Toxaemia - 1 week.
No follow up. Patient treated with heparin.

5.6.48. B.P. 160/100; Alb.- 9.55 Oedema ++; Urea - 23• 8 ;A.A.N.- 7.9; T.P.- 5.90; Alb.- 3.08; Alb.- 2.35; Pib.- 0.49; Sugar - 80.8; Sugar Mobl.^ 17.4; T.C.- 262; E. 0.-170;
Lip. P.- 15.5; Aik. P h o s . 14.0; Th. T.- 1.0; Proth. Oonc.- 61.7; Proth. Resp.- 54.8; Bil. Ret.- 6.8 .
Case No. 67. Mrs. Currie; Primigravida; aet 25;

37 weeks. Duration of Toxaemia - 1 week.
10.9.48. B.P. 160/L10; Alb.- ; Oedema ++; Urea - 22.0;A.A.N.- 9.4; T.P.- 5.86; Alb.- 2.80; Glob.- 2.35; 51b.- 0.63; Sugar - 91.5;, Sugar Mobl.- 14.7; Gal. In.- 146.6 ; I.e.- 268; 

E.G.- 167; Lip. P.- 15.8; Aik. Phos.- 19.9; Th. T.- 2.8;Proth. Cone.- 77.5; Broth. Resp*- 80.2; Bil. Ret.- 14*0.
17.9.48* P. 150/90; Alb.- 2; Oedema + ; Urea - 25.8; A.A.N.- 

8.5; T.P.- 5.60; Alb.- 2.85; Glob.-2.26; Pib.- 0.49;Sugar - 93.0; Sugar Mobl.- 15.1; Gal.. In.- 140.0; T.0,-270;
B.C.- 175; Aik.. Phos.- 15.2; Th. T.- 2.0; Proth. Cone.- 80.4;

„ Proth. Resp.- 80.5; ,Bil. Ret.- 10> 7.
24.9.48. B.P. 140/90; Alb.- 1; Oedema %  Urea - 27.6; A.A.N.- 

7.2; T.P.- 5.65; Alb.- 2.90; Glob.- 2.29; Pib.- 0.46; , Sttgar - 92.0; Sugar Mobl.- 18.7; Oa-1. In.- 120.7; T.C.- 270; 
E^C.» 181; Lip. P.- 13.1; Aik. ,Bhos.- 14.8; Th. T.- 2.0;Proth. Cone.— 80.5; Proth. Resp.- 81.5; Bil. Ret.- 10.8.
Case No.68/
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Case Ho. 68. Mrs. Thomson; Seeondgravida; aet 31;
36/37 weeks. Duration of Toxaemia - 1 week.
Pirst pregnancy nozmal. . j|

28.9*48. B.P. 168/110; Alb.- 7.5; Oedema ++; Urea - 21.0; ^
A.A.H.—  9*0; T.P.- 5.70; Alb.- 2.75; Glob.- 2.34; Pib.- 0.61; 
Sugar - 83.5; Sugar Mobl.- 15.9; T.C.- 285; E.G.- 170;Lip. P.- 16.7; Aik. Phos.- 20.2; Th. T.- 3.2; Proth. Conc.- 60.2; Proth. Resp.- 60.0; Bil. Set.- 15.0. J

5.10.48. B.P. 160/100; Alb.- 6; Oedema +; Urea - 22.5; A.A.H.-
8.8; T.P.- 5.49; Alb.- 2.70; Glob.- 2.29; Pib.- 0.50; !Sugar - 80.5; Sugar Mobl.- 17.6; T.C.- 280; E.G.- 170;Lip. P.- 15.9; Aik. Phos.- 17.3; Th. T.- 2.2; Proth. Gonc.- 60.7; Proth. Resp.- 63.8 ; Bil. Ret.- 14.0.

12.10.48. B.P. 150/95; Alb.- 3; Oedema ±; Urea - 24.0; A.A.H.- 
7.5; T.P.— 5.55; Alb.- 2.80; Glob.- 2.31; Pib.- 0.44;Sugar -• 81.2; Sugar Mobl.- 18.2; T.0.- 291; E.0.- 192;Aik. Phos.- 15.0; Th. T.- 2.0; Proth. Gone.- 65.7; Proth. Resp.- 71.4; Bil. Ret.- 12.6.

19.10.48. B.P. 140/90; Alb.- 1; Oedema -; Urea - 26.6; A.A.H.- 7.0; Sugar - 84.2; Sugar Mobl.- 20.0; T.C.- 290; E.C.- 196; 
Lip. P.- 13.0; Aik. Phos.- 15.1; Th. T.- 1.6; Proth. Gono.- ! 78.6; Proth. Resp.- 86; Bil. Ret.- 12.8.
Case Ho. .69. Mrs. Smith; Primigravida; aet 27;

38 weeks. ■ Duration of Toxaemia - 3 weeks. j
7.10.48. B.P. 190/115; Alb.- 11; Oedema +++; Urea - 19.2; ;j

A.A.U*- 9.9 ; T.P.- 5.10; Alb.- 2.47; Glob.- 2.54; Pib.- 0.29; Sugar ̂  78.6; Sugar Moblv- 12.7; Gal. In.- 203.4; T.G.- 257; ! E.G^ 137; Lip. P.- L6;.7; Aik. Phos.- 23.7; Th, T.- 3.8 ; ]Proth. Cone.- 53.8; PrO'th. Resp.- 47.2; Bil. Ret.- 20.6.
12.10.48. B.P. 160/105; Alb.- 4; Oedema +; Spontaneous Labour: jB B A ' • :: • 1

Urea - 20.0; A.A.H.- 9 .O; T.P.- 5.37; Alb.- 2.68; Glob.-2.30; Pib.- 0.39; Sugar - 89.5; Sugar Mobl.- 16.0; Gal. In.- j
200..0; T.C.- 266; E.C.- 165; Lip. P.- 15.6; Aik. Phos.- 18.0; \ T.- 3.5; Proth. Gone.- 54.0; Proth. Resp.- 53*9; “
Bil. Ret.- 15.5. ' . J:
case No. 70/ ' ;■5'' . ; ;  = I t , s; i t ' f ■ j



Case No. 70. Mrs. Crawford; Primi gravida; aet 30;
30 weeks; Duration of Toxaemia - 1 week.

7.10.48. B.P. 160/100; Alb.- 9; Oedema + ; Urea - 22.8;
A.A.N.- 8.0; T.P.- 5.51; Alb.- 2.70; Glob.- 2.32; Pib.- 0.49; Sugar - 82.7; Sugar Mobl.- 17.5; T.C.- 249; E.C.- 165; !Lip. P.- 15.6; Aik. Phos.- 14.9; Th. T.- 2.0; Proth. Cone.- ! 70.0; Proth. Resp.- 73.0; Bil. Ret.- 3.9.

14.10.48. B.P. 160/100; Alb.- 1; Oedema i; Urea - 22.0;
A.A.N.- 7.8; T.P.- 5.47; Alb.- 2.70; Glob.- 2.30; Pib.- 0.47; Sugar - 84.0; Sugar Mobl.- 17-0; T.C.- 258; E.G.- 173;Lip. P.- 14.2; Aik. Phos.- 14.9; Th. T.- 2.0; Proth. Conc.- 71,0; Proth. Resp.- 77.0; Bil. Ret.- 4.0. 1
Case. No. 71. Mrs. McMichael, Seeondgravida; aet 31;

38 weeks. Duration of Toxaemia - 2 weeks.
Pirst pregnancy - abortion 2 years ago.

10.10.48. B.P. 170/110; Alb.- 8; Oedema +++; Urea - 19.6;
A.A.N.- 9.2; T.P.- 5.45; Alb.- 2.50; Glob.- 2.33; Pib.- 0.62; Sugar - 82.5; Sugar Mobl.- 15.6; Gal. In.- 190.7; T. C.- 293; 
E.C.- 176; Lip. P.- 15.0; Aik. Phos.- 20.7; Th. T.- 3.4; Proth. Cone.- 65.0; Proth. Resp.- 60.3; Bil. Ret.- 8.8.

17.10.48. B.P. 158/100; Alb.- 5; Oedema ++; Urea - 21.4;
A.A.N.- 8.7; T.P.- 5.40; Alb.- 2.60; Glob.- 2.30; PLb.- 0.50; Sugar - 87.0; Sugar Mobl.- 17.9; Gal. In.- 170.6; T.C.- 290;
B.C.- 181; Lip. P.- 14.0; Aik. Phos.- 15.3; Th. T.- 3.0; Proth. Gone.- 67.0; Proth. Resp.- 70.3; Bil. Ret.- 7.6.

24.10.48. B.P. 148/95; Alb.- 3; Oedema + ; Urea - 25.5; A.A.N.- 
7.5;-'T.P.- 5.39; Alb.- 2.65; Glob.- 2.29; Pib.-0.45;Sugar - 86.0; Sugar Mobl.- 18.0; Gal. In.- 121.0; T.C.- 281; 
E.C.- 187; Lip. P.- 14^1; Aik. Phos.- 14.8; Th. T.- 2.5; 
Proth. Cone.- 69.7; Proth. Resp.- 78.0; Bil. Ret.- 8.0.
Case No • 72. Mrs. Pritchard; Primi gravida; aet 25;

36 weeks. Duration of Toxaemia - 3 weeks.
26.IQ,.48. B.P.- 170/115; Alb.- 6; Oedema ++; Urea - 18.4;

A.A.N.- 11.4; T.P.V 5.23; Alb.- 2.62; Glob.- 2.34;Pib.- 0.27; Sugar - 88.2; Sugar Mobl.- 12.5; Gal. In.- 214.6; 
T.G.- 300; E.G.- 15§; Lip. P.- 15.0; Aik. Phos*- 22v7;Th. T.- 4.0; Proth. ©one.- 57.6; Proth. Resp.- 49.0;
Bil. Ret..- 19.7.



51.

30.10.48* B.P. 200/120; A1B.- 12; Oedema +++; Headache +;
Visual Disturbance +; Induction of Labour: S.B.
Urea - 25.9; A.A.N.- 14.6; T.P.- 4.89; Alb.- 2.35; Glib.- !
2.34; Pib.- o.20; Sugar - 80.5; Sugar Mobl.- 6.6; Gal. In.- j
248.7; T.G.- 268: E.0.-136; lip.P.- 13.0; Aik. Phos.- 28.6;
Th. T.- 4.8; Proth. Gone.- 50.6; Proth. Resp.- 38.7;Bil. Ret.- 24.0.
Case H o. 73. Mrs. Owans; Primigravida; aet 26;

37 weeks. Duration of Toxaemia - 1 week.
29.10.48. B.P. 160/100; Alb.- 4; Oedema +; Urea - 23.5; I 

A.A.N.- 9.O; T.P.- 5.50; Alb.- 2.69; Glob.- 2.31; Bib.- 0.50; 
Sugar - 92.5; Sugar Mobl.- 17.8; T.0.- 289; E.G.- 186;
lip. P.- 14.0; Aik. Phos.- 15.7; Th. T.- 3.6; Proth. Oone.- 
63.7; Proth. Resp.- 66.0; Bil. Ret.- 13.5.

2.11.48. B.P. 180/120; Alb.- 8; Oedema +++; Urea - 17.5;
A.A.H.- 12.0; T.P.- 4.89; Alb.- 2.33; Glob.- 2.33; Pib.- 0.23 
Sugar - 96.6; Sugar Mobl.- 7.0; T.C.- 294; E.C.- 156; 1
lip. P.- 16.8; Aik. Phos.- 29.1; Th. T.- 3*8; Proth. Gone.- j
58.8; Proth. Resp.- 39.0; Ml. Ret.- 25.0. 1
Induction of labour on 3.11.48. B.B.A.
Case.Ho. 74. Mrs. Thomson; Primigravida; aet 34;

36/37 weeks. Duration of Toxaemia - 3 weeks.
9.11.48. B.P. 175A05; Alb.- 6; Oedema ++; Urea - 20.8;

A.A.H.- 10.9; T.P.- 5.36; Alb.- 2.49; Glob.- 2.32; Pib.- 1 1
. 0.55; Sugar - 90.0; Sugar Mobl.- 16.5; T.C.- 271; E.C.- [I
170; lip. P.- 14.8; Aik. Phos.- 16.7; Th. T.- 3.5; Proth.
Gone.- 60.0; Proth. Resp.- 60.0; Bil. Ret.- 10.2.

13.11.48. B.P. 200/120; Alb.- 12; Oedema +++; Epigastric
pain +; Induction of labour - B.B.A. „ j l
Urea - 30.0; A.A.H.- 16.6; 3L.P.- 4.84; Alb.- 2.30; Glob.- I 
2.33; Pib.- 0.21; Sugar - 94.0; Sugar Mobl.- 6.8; T.G.- |
290; B.C.- 148; lip. P.- 18.9; Aik. Phos.- 28.8; Th. T.- 
4.9; Proth. Gone.- 48.6; Proth. Resp.- 36.2; Bil. Ret.- 23.1.
Case Ho. 75.' Mrs. George; Primigravida; aet 29;

37 weeks. Duration of Toxaemia - 3 weeks. j ;
-,v ' • ' - . -■ 1

16.11.48. B.P. 180/115; Alb.- 11; Oedema +++; Urea - 18.4; j h
A.A.H.- 10.0; T.P.- 4.80; Alb.- 2.30; Glob.- 2.32; Pib.- ||
0.18; Sugar - 87.6; Sugar Mobl.- 11.5; T.C.- 284; E.C.- 151; I 
Lip. P.- 16.0; Aik. Phos.- 22.7; Th.. T.- 3.8; Proth. Cone.- j 
55.7; Proth. Resp.- 56.0; Bil. Ret.- 19.8 . ' j

~ -J
- W ______________   :---------------------------------------------------------------------- - J i t a f c r    jT 'JA  ̂



21.11.48. B.P. 195/120; Alb.- 14; Oedema +++; Headache ++ 
Epigastric pain +; Induction of labour t S.B.;
Urea - 38.8; A.A.N.- 15.7; T.P.- 4.8; Alb.- 2.30; 
Glob.- 2.32; Pib.- 0.18; Sugar - 90.2; Sygar Mobl.- 6 . 
P.O.- 270; B.C.- 137; Lip.P.- 10.4; A He. Phos.- 29.0; Th.I.- 4.1; Proth. Cone.- 47.5; Proth. Resp.- 33.0; Bil. Ret.- 26.2.,
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C U N IT  LOW PROTEIN D IE T .

MILD TOXAEMIA.
Case Ho, 76 to 86.
Case No• 76; Mrs• McNicoll; Third gravida; aet S3;

32 weeks; Duration of toxaemia 1 week.
First pregnancy abortion at 3 months; 
second pregnancy pre-eclampsia.

23.1.48. B.P. 140/100; Alb.- 1; Oedema+j Urea - 24.6; A.A.iT.- 
6.0; f.P.- 5.74; ALb.- 3.02; Glob.- 2.26; Fib.4- 0.46;
Sugar - 97.5; Sugar Mobl.- 21.0; T.C.- 246; E.G.- 161;
Lip. P.- 12.6; ilk. Phos.- 13.7; Th. T.- 1.2; Proth. Conc.- 
70.1; Proth. Resp.- 67.0; Bil. Ret.- 1.8.

30.1.48. B.P. 140/100; lib.- 0.5; Oedema * ; Urea - 23.5; 
A.A.N.- 6.5; T.P.- 5.92; lib.- 3.22; Glob.- 2.30; Fib.- 0.40 
Sugar - 93.6; Sugar Mob.- 21.5; T.C.- 248; E.C.- 161.5;
Lip. P.- 12.5; Ilk. Phos.- 13.5; Th.I.- 1.0; Proth. Gone.- 
72.0; Proth. Resp.- 71.0; Bil. Ret.- 2.90.

7.2.48. B.P. 135/90; lib.- - Oedema - 0; Urea - 19.4; A.A.N.- 
6.0; T.P.-5.92; 11b.- 3.22; Glob.- 2.30; Fib.- 0.40;
Sugar - 90.9; Sugar Mobl.- 21.5; Aik. Phos.- 13.8; Th.T.- 
1.0; Proth. Cone.- 71.8; Proth. Resp.- 71.5; Bil. Ret.- 2.90

Case No. 77; Mrs. Reid; ; Primgravida; aet 24;
37 weeks; Duration of toxaemia - 3 weeks.

9.2.48“. B.P. 148/100; Alb.- 3; Oedema + ; Urea - 25.8; A.A.N.- 
6.2; I.P.-5.46; lib.- 2.70; Glob.- 2.19; Fib.- 0.57;
Sugar - 91.7; Sugar Mobl.-20.8; T.C.- 268; S.C.- 179; Lip. 
Phos.- 14.5; Th.T.- 2.0; Proth. Cone.- 78.0; Proth. Resp.- 
62.0; Bil. Ret.- 2.0; Ilk. Phos.- 14.2.

16.2.48^ B.P. 150/108; lib..- 4.5; Oedema +; Urea - 24.0;
A.A.N.- 7.5; T.P.- 5.31;*lib.- 2.61; Glob.- 2.20; Fib.- 0.50 
Sugar - 90.0; Sugar Mobl.- 20.5; T.C.- 268; E . G ^  179; Lip. 
P.- 16.7; Ilk. Phos.- 18.5; Th. T.- 2.3; Proth. Cone.- 67.6; 
Proth. Resp.- 55.8; Bil. Ret.- 8.42.

2 2 . 2 . 4 8 /
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22*2.48. B.P. 150/110: Alt)-.- 4; Oedema + ; Urea - 22.4; •
A.A.U.- 7.2; P.P.- 5.32; Alt).- 2.55; Glob.- 2.20; Pib.- 0.57; 
Sugar - 83.7; Sugar Mobl.- 21.5; T.G.- 270; S.O.- 161; lip. 
P.- 19.9; Ph. T. 3.5; Proth. Gone.- 59.0; Proth. Resp.- 51.5; 
Bil. Ret.- 8.97.

2.3.48. B.P. 140/100; Alt.- 2.5; Oedema + ; Urea - 22.5; A.A.N.- 
7.3; P.P.- 5.12; Alt).- 2.50: Glob.- 2.20; Fib.- 0.42; Sugar - 
94.5; Sugar Mobl.- 20.0; P.O.- 275; E.G.- 173; Lip.P.- 13.0;

, Aik. Phos.- 15.0; Ph. P.- 3.3; Proth. Gone.- 62.6; Proth. 
Resp.- 62.0. Bil. Ret.- 4.97.

Gase 1% . 78; Mrs. Gilmore; Primigravida; aet 28; |
37 weeks; Duration of toxaemia - 1 week. !

6 . 3 . 4 8 .  B.P. 1 5 0 / 1 0 0 ;  Alb.- 3 ;  Oedema ++ ; Urea - 2 3 . 0 ;  A . A . H . - r
5 . 5 ;  P.P.- 5 . 5 4 ;  Alb.- 2 . 7 7 ;  Glob.- 2 * 3 1 ;  Fib.- 0 . 4 6 ;  Sugar 4
9 3 . 0 ;  Sugar Mobl.- 1 8 . 6 ; Gal. in.- 89  . 7 ;  P.G.- 2 5 7 ;  B.G.- 
1 7 3 . 5 ;  Lip. P.- 1 3 . 6 ;  Aik. Phos.- 1 4 . 8 ;  Ph. P.- 0 . 9 ;  Proth. | 
Gone.- 7 9 . 7 ;  Proth. Resp.- 68 . 8 ;  Bil. let*- 8 . 0 .

13.3*48. B.P. 150/90; Alb.- 3; Oedema fc • Urea - 24.5; A . A . B . -
6.1; P.P.- 5.52; A l h . -  2.79; Glob.- 2.30; Fib.- 0.43; Sugar

'89.5; Sugar Mobl.- 17.9; Gal. in. 83.0; P.O.- 262; B.C.- 178; 
Lip. P.- 12.4; Aik. Phos.- 14.5; Ph. P.- 1.0; Proth. Conc.- 
80.9; Proth. Resp.- 68.5; Bil. Ret.- 8.98.

20.3.48. B.P. 140/85; Alb.- 1.5; Oedema - 0; Urea - 24.0; A . A . U . -  
- 6.0: P.P.- 5.60; A l b i -  288; Glob.- 2.32; Fib.- 0.40; i

1 Sugar - 91.5; Sugar Mobl.-.18.4; Gal. In. (21.3.48) - 87.1; j 
PAG.- 260: E.G.- 177; 'Lip. P.- • Aik. Phos.- 14.6; Th. P.4
1.0$ Proth. Cone.- 80.9; Proth. Resp.- 71.0; Bil. Ret.- 8.98^

Gase Ml 7 9 ;  Mr a. McIntosh; Second gravida; aet 34; j
■   * ' ' ' ' ’ [iweeks; Duration of toxaemia -‘ 1 week. ~ ■ |

First pregnancy normal.  ̂ I;
19.3.48; B.P. 148/98; Alb.- 0.5; Oedema+4 ; Urea - 30.0; ' A . A . R . -

^6*'Of P.P.- 5.71; Alb.- 3.08; Glob.- 2.16; Fib.- 0.47; Sugar -
87.0: ^ugar Mobl.- 18.9; iAG.- 240; B.G.- 163; Lip. P.- 11.5; 
Aik. Phos.- 13.6; Th% P.- 0.8; Proth. Gone.- 71.6; Proth. 
Reap.- 64.0; Bil. Ret.- 8.9. ■. ■ ■]

26.3.48./



26.3.48. B.P. 135/85; 41b.- 0.5; Oedema - ; Urea - 26.0;
A.A.H.- 6.3; 2.P.- 5.70; Alb.- 3.10; Glob.- 2.20; Pib.- 0.40 
Sugar - 91.0; Sugar Mobl.- 18.6; T.0.- 240; B.C..- 161.5;
Aik. Phos.- 13.5; Ph. P.- 0.5; Proth. Gone.- 78.9; Proth. 
Resp.- 64.0; Bil. Ret.- 8.85.

Gase Ho. 80; Mrs. Harkness; Primigravida; aet 28;
37 weeks; Duration of toxaemia - 2 weeks.

20.3.48. B.P. 150/95; Alb.-.- 2.5; Oedema ++; Urea - 26.0; A.A.E.- 
6.4; P.P.- 5.61; Alb.- 2.79; Glob.- 2.36; Fib.- 0.56; Sugar . 
90.8; Sugar Mobl. 18.9; Gal. In.- 69.1; P.O.- 231; E.G.- 155 
Lip. P.- 12.8; Aik* Phos.- 16.0; Ph.P.- 2.4; Proth. Cone.- 
68.5; Proth. Resp.- 60.0; Bil. Ret.- 10.90.

27.3.48. B.P. 160/110; Alb.- 8; Oedema ++; Urea - 26.5; A.A.E.- 
7.9; P.P.- 5.30; Alb.- 2.51; Glob.- 2.30; Fib.- 0.47; Sugar- 
83.6; Sugar Mobl.- 16.4; Gal.In. (29.3.48) - 172.0; P.G.- 
249; E.G.- 162; Lip. P.- 15.5; Aik. Phos.- 19.6; Ph. T.-
3.0; Proth. Gone.- 65.0; Proth. Resp.- 54.6; Bil. Ret.- 
14.37.

3.4.48. B.P. 160/110; Alb.- 9.5; Oedema ++ ; Urea - 21.4;
A.A.R.- 8.0; P.P.- 5.20; Alb.- 2.40; Glob.- 2.21* Fib.- 0.59 
Sugar - 83£; Sugar mobl.- 18.0; Gal. In. (5.3.48) - 186.1; 
P.O.- 254: E.G.- 160; Lip. P.- 16.0; Aik. Phos.- 20.9;
Ph. P.- 3.3; Proth. Gone.- 65.0; Proth. Resp.- 50.0; Bil. 
Ret.- 15.8. . f

10.4.48. B.P. 165/115; Alb.- 10.5; Oedema ++ ;
Spontaneous labour - B.B.A.

Urea - 20.2; A.A.I.- 8.4; PiP.- 5.05; Alb.- 2.32; Glob.- 2.3£ 
Fib.- 0.41; Sugar - 89.9; Sugar mobl.- 15.0; P.O.- 270; E.G* 
150; Lip. P.- 14.6; Aik.. Phos.- 23.0; Ph. P.- 3.8; Proth. 
Gene.- 54.7; Proth. Resp.- 42.6; Bil. Ret.- 18.88.

Gase Eo. 81; Mrs • Barnett; Primigravida; aet 27;
. 34 weeks. Duration of toxaemia - 1 week.

Cystine - Spas. daily from 24.4.48 to 7.6.48.
17.4.48. B.P. 150/94; Alb.- 2.5; Oedema + ;  Ure. - 27.2; A.A.B.

6.5: T.P.- 5.70: Alb.- 3.00; Glob.- 2.29; Fib.- 0.41;
92.4;/
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92.4; Sugar Mobl.- 19.3; T.C—  226; E.G.- 155; Lip. P.- I
13.2; Ilk. Phos.- 14.7; 111. T—  1.5; Proth. Gone.- 72.7;
Proth. Reap.- 64.0; Bil. Ret.- 4.3.

24.4.48. B.P. 150/100; Alb.- 2; Oedema - ; Urea - 30.0; A.-A.N—  j 
7.4; T.P—  5.74; Alb.- 3.04; Glob.- 2.30; Fib.- 0.40;
Sugar - 94.4; Sugar Mobl—  20.5; T.G—  234; E.C—  160; Lip.
P.- 15.1; Aik. Phos.- 14.0; Th. T —  1.5; Proth. Gone.- 73.0; ; 
Proth. Resp.-60.4; Bil. Ret.- 6.25. \

30.4.48. B.P. 150/100; Alb.- 2; Oedema * ; Urea - 29.4; A.A.R.- \ 

7.5; T.P. 5.72; Alb —  3.0; Glob.-. 2.31; Fib.- 0.41; Sugar - 1 
90.0; Sugar Mobl.- 19.0; T.C —  238; E.C—  160; Lip. P.- 16.3; 
Aik. Phos.- 15.2; Th. P.- 1.8; Proth. Gone—  72.6; Prcybh.
Resp. 56.0; Bil. Ret.- 8.30. T 1

7.5.48. B.P. 165/115; Alb.- 10.5; Oedema +♦; Urea 4. 20.2;
A.A.N.- 8.4; T.P.- 5.70; Alb.- 2.99; Glob.- 2.30; Fib.- 0.41; 
Sugar - 91.2; Sugar Mobl.- 18.5; T.C—  235; E.G.- 157.5; ' -
Lip. P.- 15.8; Aik. Phos.- 15.8; Th. T.- 2.0; Proth. Gone•- 
76.0; Proth. Resp .-:; 50.0^ Bil . R0t .- 10.25.

Case No. 82; Mrs. Meleod; Primigravida; ' aet 31; l|
39 weeks; Buration of toxaemia - 2 weeks. j

18.4.48. B.P. 150/100; Alb.- 4; Oedema ++; Urea - 24.4; A.A.N—
6.2; T.P.- 5.61; Alb.- 2.88; Glob.- 2.29; Fib.- 0.44; Sugar - ?
86.6; Sugar Mobl —  J0;.7; T*G —  244; E.C.- 165; Lip. P.- 15.3; 
Aik. Phos.- 16.2; Th. T—  l»8j Bil. Ret.- 2.40.

24.4.48. Br.P. 150/100; Alb.- 3; Oedema + ; Urea - 25.0; A.A.N.-
6.4; T.P.- 5.70; Alb.- 2.90; Glob—  2.31; Fib—  0.46; Sugar - /
89.0; Sugar Mobl.- 19.2; 1.C—  248; E.C —  165; Lip. P.- 15.0;| 
Aik. Phos —  15.5; Th. TV- 1.8; ProthV Gone.- 61.0; Proth. L 
Resp—  53.1; Bil. Ret—  4.45. \  j,

Gase No. 83; Mrs. Coekburn; Second gravida; aet 32; ;!
; * 37 weeks; Duration of toxaemia - 2 weeks;

i v First pregnancy normal •  ̂ I
Cystine - 5 gms. daily from 24.4.48 to 9.5.48.

18.4*48 ./
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18.4.48. B.P. 150/95; Alb.- 2.5; Oedema ++; Urea - 28.0; A.A.N.-
6.9; T.P.- 5.70; Alb.- 2.83; Glob.- 2.35; Fib.- 0.46; Sugar 4
90.4; Sugar Mobl.- 19.9; Gal. In. (20.4.48) - 88.0; E.G.- 24C
i.C.- 160; Lip. P.- 13.6; Aik. Phos.- 15.0; Th. T.- 1.4; .J 
Proth. Gone.- 61.4; Proth. Resp.- 69.0; Bil. Ret.- 2.0.

25.4.48. B.P. 150/100; Alb.- 3; Oedema + ; Urea - 30.2; A.A.N.-
7.6; T.P.- 5.70; Alb.- 2.86; Glob.- 2.30; Pib.- 0.54; Sugar -I ■
97.2; Sugar Mobl.- 20.2; Gal. In.- 89.4; 1.0.-240; B.C.- 
160; Lip. P.- 13.0; Aik. Phos.- 16.2; Th. T.- 1.5; Proth. 
Gone.- 61.0; Proth. Resp.- 62.0; Bil. Ret.- 2.9. I !

2.5.48. B.P. 150/95; Alb.- 2.5; Oedema £ ; Urea - 30.0; A.A.N.-
7.5; T.P.- 5.67; Alb.- 2.95; Glob.- 2.33; Pib.- 0.43; Sugar 4
97.6; Sugar Mobl.- 20.2; Gal. In. (4.5.48) - 91.6; T.C.- 242;l 
E.G.- 162.5; Lip. P.- 13.0; Aik. Phos.- 14.3; Th. T.- 1.5; 
Proth. Gone.- 60.0; Proth. Resp.- 55.2; Bil. Ret.- 4.32. I

9.5.48. B.P. 150/90; Alb.- 2.5; Oedema i  ; Urea - 30.0; A.A.N.-
7.9; T.P.- 5.65; Alb.- 2.92; Glob.- 2.33; Fib.- 0.40; Sugar -
91.3; Sugar Mobl.- 18.0; T.C.- 248; I.G.- 164; Lip. P.- 13.0;! 
Aik. Phos.- 14.0; Th. T :.- 1.5; Proth. GOne.- 62.6; Proth. 
Resp.- 56.0; Bil. Ret.- 7.91.

Gase No. 84; Mrs. Marshall; Primigravida; aet 23; j
- 39 weeks; Duration of toxaemia - 1 week. |j

15.9.48. B.P. 150/100; Alb.- 5; O e d e m a ; Urea - 24.5; A.A.N.-
6.0; T.P*- b.62;\Alb.- 2.84;. .Gleb.- 2.31; Pib. A 0.47; Sugar - >
90.9; Sugar Mobl.- 19.5; T.C.- 200; E.G.- 134; Lip. P.- 16.2; 
Aik. Phos.- 14.6; Th. T.- 1.5; Proth. Gone.- 71*3; Proth. 
Resp.- 65.6; Bil. Ret.- 4.97. |j
Spontaneous Labour on 18.9.48. B.B.A. ij

Gase No. 85; Mrs. Bremner; Primigravida; aet 30; jj
38 weeks. Duration of toxaemia - 1.5 weeks.

15.9.48% ^B.P. 150/100; Alb.- 3; Oedema-M-t- ; Urea - 25.0; A.A.N.- 
6.2; T.P.- 5.70; Alb.- 2.72; Glob.- 2.30; Pib.- 0.58; Sugar - 
81.7; Sugar Mobl.- 18*1; T.G.- 235; B.C.- 163; Lip. P.- 10.8; ;* 
Aik. Phos.- 13.6; Th.T.- 1.6; Proth. Gone.- 80.3; Proth 
Resp.- 80.0; Bil. Ret.- 3.8.

22.9.48/ |



22.9*48. B*P* 150/100; Alb.- 4; Oedema + ; Urea - .24*2; 
A 1AJNI- 7.2; T.P.- 5*65; Alb.- 2.76; Glob.- 2.44; Fib.- 
0.50; Proth.Cone.-88.6; Proth.Resp.- 18.0; T.C.- .238; 
S.C.- 165; Lip.P.- 10*6; Aik. Phos.- 13*9; Th.T.- 1.5; 
Proth. Cone.- 80.3; Proth. Resp.- 80.0; Bil. Ret.- 3*8.

29*9*48. B.P. 148/98; Alb.- 4; Oedema + ; Urea - 25.5; 
A.A.U.- 7.0; T.P.-5*63; Alb.- 2.71; Glob.- 2.42;Fib.- 
0.50; Sugar - 87.7; Sugar Mobl.- 16.5; T.C*- 242; E.C.- 
168; Lip.P.- 10.3; Aik* Phos*- 13.8; Th.T.- 1.5; Proth. 
Cone.- 78.5; Proth. Reap.- 80.0; Bil. Ret.- 4.0.
86. Mrs. Gallaghar, Primigravida; aet 30; 34 weeks;

Duration of Toxaemia h v? weeks.
7.10*48. B.P. 150/100; Alb.- 5; Oedema +++; Urea - 23.6; 

A.A.N.- 6.8 ; T.P.-5*65; Alb.^ 2.75; Glob.- 2.30; Fib.- 0.60; Sugar - 98.4; Sugar Mobl.- 18.9/T.C.- 256; S.C.- 
171.5; Lip.P.- 13*5; Alk.Phos.- 14.4; Th.T.- 1.5; Proth. Cone.- 70.0; Proth. Resp.- 67.6; Bil. Ret.- 5.6.

14.10.49. B.P. 160/100; Alb.- 7; Oedema ++ ; Urea - 22.0; 
A.A.H.- 7*4; T.P.- 5.59; Alb.- 2.60; Glob.- 2.31; Fib.- 0.68; Sugar * 90.2; Sugar Mobl.- 17.0; T.C*- 266; I.C.- 
182; Lip.P.- 14.8; Aik. Phos. 15*2; Th.T.- 1.5; Proth. 
Cone.- 63.5; Proth. Respt-60.3; Bil. Ret.- 8.4.

19.10.48. B.P* 170/110; Alb.- 14; Oedema +++; Unduotion of 
labour; B.B.A. Urea - 30.0; A.A.R.- 9.5; T.P.- 5.63; Alb 
2,71; Glob.- 2.42; Fib.- 0.50; Sugar-88,#; Sugar Mobl.- 
16,5; T.C. 282; S.C.— 172.5; Lip.P.— 13.0; Aik, Phos.— 
19.9; Th.T*- 2,1; Pr6th, Cone.- 60.0; Proth. Reap.- 57.0 
Bil. Ret*— 12,S.
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C UNIT. LOW PROTEIN DIET.
SEVERE TOXAEMIA*

Case No. 87 to 100.

87* Mrs. McMenemy, Primgravida; aet 26; weeks;
Duration of Toxaemia - 2 weeks.

6.1.1|.8. B.P. 181j./110; Alb.-7; Oedema++ ; Brea - 18.2;
A.A.N.-8.5; T.P.- 5*1̂ 2; Alb.- 2.86; Glob.- 2.53; Flb.- O-2I4.; Sugar - 89.0; Sugar Mbbl.- 16*7; Gal. in.- 13.6.1; . 
T.C.- 286; E.G.- 1?0; Lip.P.- 16.8 Aik. Phos.- 19.7  
Th.T.- 2.8; proth. Gone.- 5^.8; Proth. Resp.- 5i|..2;Bil. Ret •- 12 *9•

13•1*1̂ 8. B.P. 160/105; Alb.- 5J Oedema+; Urea - 17.6
A.A.R.- 8.3; T.P.- 5.39; Alb.- 2.60; Glob.- 2.30; Fib.- 
O-I4.9; Sugar - 91.5; sugar Mobl.- 17-2; Gal. in.- 158.5;
T.C •- 29O; E.C •- 178s Lip.P.- I8.6; Aik. Phos.- l6«5; 
Th.T.- 2.8; Proth• Cone.- 5°.0; Proth. Resp.- 5°«5$
Bil. Ret.— 12.87•

20.1.14.8. B.P. 160/HO; Alb.- 7? Oedema+; U^ea - 17*0;
A.A.N.- 8.5; T.P.- 543; Alb.- 2.60; Glob.- 2.32: Fib.- 
0.51; Sugar - 9̂ -»°; Sugar Mobl.- 16.2; Gal. In. (22.1 .14,8) 

v - 167.14.; T.G.- 290; E.G.- 175: Lip.P.- 19.) ; Aik. Phos.- 20*5; Th.T.- 2.5; Proth. Cone.- 1|2.6; Proth. Resp.- I4I.6; 
Bil* Ret.- 13.13♦

2I4..I.I4.8 . B.p. I65/110; Oedema +; Spontaneous Labour; B.B.A* 
Urea - 17*5; A.A.N.- 9.3; TVP—  5*22; Alb.- 2.62: Glob.- 
2.33; Fib.- 0^27; Sugar - 97»0; Sugar Mobl*- 16.0; T.C.- 255; E.G.- I5O: Lip.P.- 15.2; Aik. Phos.- 20.8; Th.T.- 3*0 
Proth. Cone.- 14.O.O; prbth. Resp.- 33*7; Bil. Ret.- II4.I4.8.
88. ' Mrt. Moore * Primigravida; aet 30; 33 weeks;

Duration of Toxaemia - 1 week.
11.148. B.P. 180/100; Alb.- 3>5; Oedema + ; urea - 19.9;

A-* A  *H • -  7 4 s  T.P.- 5 * 5 7 ;  Alb.- 2 . 9 O; Glob.- 2 . 3I4.; Fib.- 
0*33.; Sugar - 93*14.; Sugar Mobl.- 21.0; T.C.- 275: B*G.- IS|..5; Lip.P*- l6*6; Aik. Phos.- 16.7; Th.T.- 3*0; Proth. 
Cone*- 58*9; Proth. Resp.- I4I4..6; Bil. Ret.- 13.I.

18.1.ijJ. B.P. 180/120j Alb.- 5.5J 0®d®ma+; Ur.a - 20.Qj 
A.A.H./
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A.A.N—  7*7; T.P —  5*60; Alb.- 2.98; Glob —  2.32; Fib —0•If-Oj Sugar - 90.0; Sugar Mobl—  21.2; T.G —  270; E.C —  
182; Lip.P.- I7 .6; Aik. Phos.- 17*5; Th.T.- 3.0; Proth. Con©.- 60.8; Proth. Reap—  58.0; Bil. Ret.- 13d.

25*1 .11.8 . B.P. 170/100; Alb.- 2.5; Oedema 0; Urea - 20.2;
A.A.N—  7*5; T.P —  5*60; Alb—  2*97;Glob—  2.33; Fib —  
Q.4Q; Sugar - 86.5; Sugar Mobl—  18.0; T.C —  298; E.C —200; Lip.P.- 18.1; Aik. Phos.- l6.5; Th.T.- 2.8; Proth. Cone.- 68.5; Proth. Resp—  53.0; Bil. Ret—  12.9.

1.2.48. B.P. 160/90; Alb.- 2; Oedema - 0; Urea - 20.0;
A.A.N —  7*2; T.P—  5*70; Alb—  2.97; Glob—  2.31; Fib —  
0.k2; Sugar - 85.0; Sugar Mobl.- 18.0; T.C.- 292; E.C —196; Lip.P—  I5.3; Aik. Phos—  16.3; Th.T.- 2.5; Proth. Cone—  89.0; Proth. Reap—  62.0; Bil. Ret—  12.95.

9.2.î 8. B.P. II4.8/9O; Alb.- 0*5; Oedema - 0; Urea - 18.5;A.A.N —  8.0; T.P—  6.13; Alb— ‘3.40; Glob—  2.32; Fib —  
0.4l; Sugar - 91*0; Sugar Mobl—  19*9; Aik. Phos—  16.0; 
Th.T.- 2.3; Proth. Cone.- 91*5; Proth. Resp—  82*9:Bil. Ret.- 12.68.
89. Mrs. Devlin* Primigravida; aet 33; weeks;

Duration of Toxaemia - 1 week.
14.1.48* B.P. 180/120; Alb.- 5; Oedema ++; Urea - 18.0;

A.A.N —  9.0; T.P—  5*50; Alb—  2.78; Glob—  2.32; Pib.^ 0.20; sugar - 91.0; Sugar Mobl.- 12.7; Gal. In—  197*6;
T.Co- 281: B.C.- 155; Lip.P.- 16.0; Aik. Phos—  28.3;
Th.T• * 3.4*5 Proth• Cone—  58*5; Proth. Resp.- 37*6:Bil. Ret—  23.k.

22.1.48. J3.P. 180/120; Alb.- 5.5; Oedema +; Urea - 24*5;
A.A.N —  12.5; T*P—  5*30; Alb—  2.78; Glob—  2.32; Fib —  
0.20; Sugar - 90.7; Sugar Mobl.- 11*9; Gal. in—  (21.1.48)- 206.0; T.C—  299; E.C*- 157; Lip.P—  17*1; Aik. Phos —
28;8; Th.T.- 3*0; Proth. Cone—  49*5; Proth. Resp.- 30.8; 
Bil. Ret—  26.30.

29.1.i|8. B.P. 190/120; Alb—  11; Oedema ++; Headache +;
Epigastric pain +; induction of Labour - S.B.; Urea - 36.2;
a*ji.n— 18.9; t.p—  4*92* Aib.* 2.41; ciob—  2.35; pib—
OdSf Sugar - 90.0; sugar Mobl—  9*6; Gal. in. (28.1.4B)- 
229.I; T.C—  281; E.C.f 155; Lip.P— 14*2; Aik. Phos—  32.5; 
Th.T.- 3*5; Proth. Cone—  40*2; Proth. Resp.- 28.0; Bil. 
Ret.- 28.96.
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9P* Mrs. Watson, seeondgravida; aet 29; weeks;
Duration of Toxaemia -1.5 weeks*
First pregnancy abortion at 5 months.

9 •2.1+8. B.P, 170/110; Alb—  6; Oedema ++ ; Urea - 17*i+;
A.A.N —  7*9; T.P —  5.58; Alb.- 2.8l; Glob—  2*33; Fib —0.1+L+; Sugar - 88.0; Sugar Mobl—  17*0; Gal. In—  I60.8  
T.C—  256; E.C —  160; Lip.P.- 15*8; Aik. Phos—  18.8;
Th.T.- 1.8; Proth. Cone.- 50.0; Proth. Resp.- 58.1+;
Bil. Ret.— 12*7*

16.2.1+8. B.P. 150/95J Alb.- 1.5; Oedema 4; Urea - 21.2; 
A.A.N—  7 .U  T.p—  5*55; Alb—  2.86: Glob—  2.30; Fib —  0.39; Sugar - 92.0; Sugar Mobl—  19*7; 0*1 • In—  (17.2.1+8)- 
130.3; T.C—  261+; E.C —  172; Lip.P—  11+.1+; Aik. Phos—  16.J; Th.T—  1.5; Proth. Cone.- 52.6; Proth. Resp.- 60.8;
Bil. Ret.— 12.4l.

23.2 .I+8. B.P. 150^90; Alb.- 1.5; Oedema.- 0, urea - 20.0; 
A.A.N—  7.0; T.P—  5.60; Alb—  2.88; Glob—  2.31; Fib —  
0.1+1; Sugar - 9k.i+; Sugar Mobl —  21.5; Gal. In—  (21+.2. .
111.3; T.C—  266; B.G.- 178; Lip.P.- ll+.O; Aik. Phos —  
16.5; Th.T—  1*3; Proth. Cone—  65.75 Proth. Resp—  67.6;

1.3*1+8. B.P. li+0/85; Alb. ±; oedema dr 0; T.P—  5.80;
3♦ 05; Glob.- 2.3i+; Fib.- 0.1+i; Sugar - 95*6; Sugar Mobl —  
21.9; Aik. Phos—  15*3; Th.T—  1.9} Proth. Cone.- 79*0; 
proth. Resp.- 88*0; Bil. Ret.- 11.6*
91. Mrs. Small, primigravida; aet 26; weeks;

Duration of Toxaemia - 1*5 weeks.
9.2*1+8. B.P. 152/100; Alb—  6; Oedema++; Urea - 19*0;

A.A.N—  7.0; T.P—  5*1+8; Alb—  2.86; Glob—  2*32; Fib —  
0.30; Sugar - 90.1+; Sugar Mobl.- 19*0; T.C—  21+9: 1*0 —  166; 
Li£.P —  10.8; Alk^ Phos.- 15*8; Th.T- 3*0; Proth. Cone-  
61.7; Proth. Resp—  59.8; Bil. Ret**9*9;

l6.2^+&. IB.P. 150/95; Alb—  1.5; Oedema t; Urea - 21.2; 
-A.A.N.- 7*1+; T.P*- 5«50; Alb—  2.81+; Glob—  2.30; Fib —0^36; Sugar - 9i+*3; Sugar Mobl—  19*0; T.C—  255; B.C.* 
"l72; Lip.P—  10.1; Aik. Phos— 15*6; Th.T—  1.5} Proth. 
Cone.- oj£*0; Proth. Resp.- 68.0; Bil. Ret—  9*9* ;
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23.2j.48. B.P. I56/8O; Alb —  0*5; Oedema -0; Urea '- 21*3; 
A.A.H.- 7*0; T.P.- 5*62; Alb—  2*95; Glob—  2.3I; Fib —  0*56; Sugar - 87.9; Sugar Mobl.- 19.2; T.C—  262; B.G.- 
172; Lip.P.* 10.1; Aik. Phos.- I5.0; Th.T—  2.3; Proth. 
Gone—  6I4..O; proth. Reap—  74.0; Bil. Ret.- 9.9.

7*5*48* B.P. I3O/8O; Alb. -0; Oedema -0; T.P —  5*6#; Alb —  
2*98; Glob.- 2*30; Fib.- 0*40; Sugar Mobl—  20.6; Aik. 
Phos—  15*0; Th.T—  1*4; Proth. Gone—  64*2; Proth.“ — 81.2 .
92. Mrs. Goodwin, Third Gravida, aet 32; 31 weeks; 

Duration of Toxaemia - 0*5 weeks; Both previous 
pregnancies were abortions at 3 ®u& 5 months, 
respectively.

9.2.48. B.P. 160/100; Alb.- 6; Oedema++; Urea - 21.2;
A.A.H—  7*6; T.P—  Fib —
0,34; Sugar - 10k*0; Sugar Mobl—  19.2; T.C.- 250; B.C.- 
165; Lip.P.- 13.6; Aik. Phos.- l6.0; Th.T.- 1*8;Protb. Gone.- ©7*5; Proth. Resp.- 52.6; Bil. Ret.- 10.9 .

16*2*48. B.P. 150/100; Alb—  4 * 5 ;  Oedema *; Urea - 20.6; 
A.A.H—  7*5; T.P—  5*41; Alb—  2.76; Glob—  2*26; Fib —  0*39; Sugar - 97*7; Sugar Mobl—  18*5; T.C —  268; B.C.- 
178; Lip.P.- 12.7; Aik. Phos.- 16.3; Th.T.- 1.5; Proth. Cone —  68.0; Proth. Resp.- 52.0; Bil. Ret.- 10.97.

23.2 *48. BvP.150/90; Alb * - 3; oedema t  ; Urea - 25*0;
A.A.H.- 7*6; T.P—  5*585 Alb—  2.86; Glob—  2.50; Fib —  0*42; Sugar - 99*5; Sugar Mobl.- 19.0; T.C•- 260; E.G —
175; Lip.P.- 11.8; Aik. Phos—  14*5; Th.T—  1.2s Proth. Gone—  76*7; Proth. Resp.- 64*6; Bil. Ret.- 10.6.

2.3.4 8. B.P. 145/85; Alb.- 1; Oedema -0; Urea - 18.0;A;A.H*- 6.0; 5 .P—  5*65; Alb—  2*93; Glob—  2*30; Fib.- 
0*42; Sugar - 107.8; Sugar Mobl.- 20*4; Aik. Phos —  14*2;

jTh*T^ 1.1; Proth. Code.- 86.8; Proth* Resp.- 78.5;
Bil. Ret—  10.12. '
93* Mrs* Flemming, Primigravida; aet 24; 36/37 weeks;

Duraition Of Toxaemia * M weeks. Cystine 5 g*&a* daily
from 26.3*48 to 9.4*48*

I9 .5.U8. B.P. 180/105; Alb.- 10; oedema -+++ ; urea - 18.6; 
A.A.H./
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A.A.H—  8*7; T.P—  5.J7; Alb—  2.57; Glob—  2.30; Fib—  
0*50; Sugar - 83.7; Sugar Mobl—  10.5; Gal. In. 170.4; 
T.C—  261: E.C—  162; Lip.P—  17*0: Aik. Phos—  17.4; 
Th.T.- 3*4; Proth. Gone—  50.0; proth. Resp.- 50.0;Bil. Ret.- 10.8.

26.3*48. B.P. 172/115; Alb.- 11; ©edema — ++; Urea - 16.2; A.A.H—  8.8; T.P—  5.73; Alb—  2.60; Glob—  2.33; Fib —  0.30; Sugar - 87.95 Sugar Mobl—  13.1; Gal. In—  (25.3.48) 
*,201.1; T.C—  270; E.C—  153; Lip.P—  ; Aik.Phos —  
26.8; Th.T.- 4*0; Proth. Cohe—  50*2; Proth. Resp.- 47*5; • 
Bil. Ret- 18.75.

4*4*48. B.P. 175/115; Alb.- 11.5; Oedema++ ; Urea - 18.9; A.A.H—  9*8; T.P. 5*05; Alb—  2.50; Glob—  2.29; Fib—  
0.24; Sugar ^ 94*0; Shgar Mobl—  13.6; Gal. In.- (2.4*48)- 200.5; T.C—  276; E.C—  147; Lip.P—  18.9; Aik. Phos—  , 27*3; Th.T.- 4*2; Proth. Cone.- 48.5; Proth. Resp—  4&*4; Bil. Ret—  20.36.

9.4*48. B.P. 190/12©; Alb—  13; O e d e m a ; Induction of 
Labour - S.B.; Urea - l6.o; A.A.A—  10.0; T.P.; 4*9°;Alb—  2*45; Glob—  2.32; Fib.- 0*13; Sugar - 91*0: Sugar 
Mobl.- 7*7; Gal* in—  (8.4*48) - 214*1; T.C.- 291; E.C—  
145; Lip.P—  16.6; Aik. Phos.- 30.0; Th.T. 4*5; Proth. 
Cone—  4l*8; Proth. Resp—  23.6; Bil* Ret—  26.10.
94* Mrs. McGudden, Seeondgravida; aet 36; 30 weeks;

Duration of Toxaemia - 1.5 weeks; Twins; First
pregnaney normal • Cystine 5 grns. daily from
25.4.48 to 9*5.48*

18*4*48* "B.P. I60/IOO; Alb.- 4*5; Oedema +++ ; urea - 20.9; 
A.A.H—  7*5; T.p—  5*36; T.P—  2.64; Alb—  2.64; Glob —  2*30; Fib.- 0.42; Sugar - 96.3; Sugar Mobl—  19*4; Gal.
In—  159.0; T.C—  21$; B.C.- 165; Lip.P—  13*8; Aik. Phos —  13*8; Th®T.- 2*5l P^bth• Cone.- 60.0; proth« Resp.- 52.0; 
Bil. Ret.— 6.9.

25.4*48. B.P. 155/100; Alb—  3*5; Oedema Urea - 24*1;
AiA.H —  8.1; T.P—  5*23; Alb.^ 2.6©; Glob—  2.33; Fib —  O.JOi Sugar - 90.0; Sugar Mpbl.- 18.8; Gal. In—  148*6; 
T.c—  245; B . C l © 3 ;  Lip.P*-^ 12*5; Aik. phos—  15.7 ;
Th.T*- 2.6; Proth. Cone—  60.4; Proth. Resp.- 59*0;
Bil. Ret—  3.0.
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£.5*48. B.P* 150/lQQ; Alb —  5; Oedema + ; Urea - 21*7;
, A.A.N.- 8.9; T.P.- 5.26; Alb—  2.65^©lob—  2.27; Fib—  O.56; Sugar - 97.0; Sugar Mobl—  19*7; Gal. in—  150*8;
T .G —  2if6s B.C.- 1©4; Lip.P.- 12.6; Aik. phos.- 15*2;
Th.T.- 2*4; Proth. Gone —  65.0; Proth. Resp.- 65*5;Bil. Ret.- 2*94.

9 *5*48* B.P. 142/90; Alb —  1; Oedema ± • Urea - 24*5;
A.A.N.- 9*7; T.P—  j,.1̂ 0; Alb—  2.79; Glob—  2.J^; Fib —  0.59; Sugar - 104*0; Sugar Mobl—  20.1*.; ©al. In. (10*5.i|_8)
- 120.5; T.C—  2ii0; B.C.- 162; Lip.P—  ; Aik. Phos —  
15*4; Th.T—  1.0; Proth. Gone.- 78.0; proth. Resp.- 76.6, Bil. Ret—  5.71.
95. Mrs • Murdoch, Second gravida, aet - 4°; 59 weeks;

Duration of Toxaemia - 1 week. First pregnancy normal.
1&*4*48* B.P. 162/100; Alb.- 6; Oedema++ ; Urea *• 21.5;

A.A.N—  7«7; T.P—  54.8; Alb—  2.77; Olob—  2.55; Fib —  
0.58; Sugar —  9O08; Sugar Mobl—  17*9? T.C —  265; E.C—  I78 
Lip>P—  15*9; Aik. Phos—  1I4.• 5* Th*T—  1.7; Proth, Cone—  
59.5; Prpth. Resp.- 59*°; Bil. Ret.- If.?.'

2i4_.l1.i4-8. B.P. .155/100; Oedema 4.-. ; Spontaneous Labour; B.B.A 
Urea - 20.0; A.A.N—  7*1; T.P —  5 *50; Alb—  2.84; ©lob —  2.50; Fib.- O.56; Sugar - 9if«9l Sugar Mobl—  1?.5; T.C—  
270; E.G.- 180; Lip.P—  llf.O; Aik. Phos—  II4..8; Th.T—  1.5; Proth. Cone—  58.0; Proth. Resp.- 5 7 Bil. Ret.- 4*8;
9^• Mrs. McDougal, Primigravida; aet 51; 59 weeks.

Duration of Toxaemia - 2 weeks •
1.94$. B*P. 170/110; Alb.- 9; Oedema. +++; Urea - 16.0;

A,Al,N—  8*1; T.P—  5.29; Alb.-. 2.if0; ©1©$ —  2.50; Fib —  
0.59; Sugar - 88*0; Sugar Mobl—  17*0; Oal. In—  191*7; T.C*- 290: E.C—  178; Lip.P— . 15.̂ 0; Aik. Phos.- 20.0;
Th*T—  5*6; Proth* Con©—  54*6; Proth.. Cone—  54*6;Froth* Resp—  $2.8; Bil* Ret. 18.9 .

4*9*48. B.P. 170/120; Oedema ++ ; Spontaneous Labour; B.B.A*; 
urea - 19*4; A.A.N—  10.0; Sugar - 80.if; Sugar Mobl.- 10.2; 
©al. In. (5.9.48)- 20k.if; #*G— * 267; B*G —  158; Lip.P —  15*6; Aik. Phos.- 27.8; Th.T—  5*9; Proth* Con®.- 49.4; 
Proth,. Reap.- 54*0; Bil. Ret —  25*7*



65.

97* Mrs. Me Alpine, Primigravida; aet 26; 55 weeks;
Duration of Toxaemia - 2 weeks.

25.9.1*8. B.P. 160/105; Alb.-. 5> Oedema ++ ; Urea - 19.1;
A.A.N.- 8.5; T.P —  5o35; Aib.- 2.51; Glob —  2.29; Fib —
0.55; Sugar - 89.!*; Sugar Mobl—  16.8; Gal. in.- (26.9.1*8)
- 186.6; T.C.- 282; E.C—  I76; Lip.P—  ll*.3; Aik. Phos —  17.0; Th.T.- 5*2; Proth—  Cone.- 60.1*; Proth. Reap.- 60*5; 
Bil. Reto— II.5.

1.10.1*8. B.P. 160/HO; Alb—  8; Oedema ++ ; Urea - 17*0;
A.A.N.- 8.5; T.P.- 5*32; Alb—  2.55; Glob.- 2.50; Fib —0.67; Sugar - 90.6; Sugar Mobl.- 16.0; Gal. in. 199*7;
T.C—  280; E.C—  173; Lip.P.; 16.8; Aik. Phos—  19.6;Th.T.- 5*6; Proth. Cone.- 56*6; Proth. Reap.- 51.5.Bil. Ret•— 12.6 •

6.10.1*8. B.P. 160/HO; Oedema ++ ; Urea - 18.2; A.A.N.- 8*9; 
Sugar - 92.0; sugar Mobl.- 16.0; Gal. in. (5.10.1*8)- 211.8; 
T.C—  295; E.G.- 177; Lip.P—  15.1: Aik. Phos—  20.8:Th.T.- 5*8; Proth. Cone.- 50.0; Proth. Reap.- 1*0.1; Bil. Ret.- 15.8 . ’
98. Mrs. McGregor, Seeondgravida; aet 56; weeks;

Duration of Toxaemia 1 week; Precelaupsia in first 
pregnancy.

2.10.1*8. B.P. 180/115; Alb.- 11; Oedema +++ ; Urea - 15.2;
A.A.N—  7*8; T.P—  5*03; Alb.- 2.29; Glob—  2.28; Fib —
0.1*6; Sugar - 93*°; Sugar mobl.- ll*.0; Gal. in.- 186.5;
T.C —  276; E.C—  153; Lip*?*- 13*G; Aik. Phos—  22*9; j
Th.T — -5*0; Proth. Con©.- 51*0; Proth. Resp.- 1*1*.6; Bil.
Ret.— 16.6 . j

6.10.1*8. B.P. 195/110; Oedema ++ ; Spontaneous Labour; B .B. AUrea - 17*5; A.A.N—  9*0; Sugar - 96.0; Sugar Mobl—  12.0; |
Gal. in—  200; T.C—  255; E.C—  15u; Lip.P—  16.1; Aik.Phos—  20.6; Th.T—  3.o; Proth. Cone.- 1*7*8; Proth. Resp —
55.0; Bil. Ret —  .22.1*. I
9J. Jirs. McWinnd; Primigravida; aet 28; Full Term; ^

Duration of Toxaemia - 1*5 weeks; Spontaneous Labour j
on 19.10.1*8. B.B.A.
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18.10.48. B.P* 200/120: Alb*- 10; Oedema +++; Urea - l6*4; 

A.A.N*- 9*0; T.P —  4*82; Alb.- 2.30; Glob.- 2.30; Fib —  
0*22; Sugar - 90.8; Sugar Mobl*- 10*5; T.C—  294; E.C —  155; Lip.P. 17.8; Aik. Phos.- 29*5; Th.T.- 2*6; Proth. Con®.- 14.7 *5; proth. R®sp —  37*6; Bil. Ret.- 25.0.
100. Mrs. Dillon, primigravida; aet 30; 30 weeks;

Duration of Toxaemia - 1 week.
22.11.14,8 . B.P. 170/110; Alb.- 4 Oedema ++; Urea - 17*5; 

A.A.N—  7*7l T.P—  5.56; Alb—  2.65; Glob—  2.31; Fib —  
O.60; Sugar - 91.0; Sugar Mobl.- 16.8; T.C•- 288; E.C —  
175; Lip.P—  16.61 Aik. Phos.- 20*5; Th.T.- 3.I4.; Proth. 
Cone.- 60.8; Proth. Resp—  58.5; Bil. Ret.- 12.5*

1.12.46. B.P. 200/115; Alb.* 8; Oedema ++ ; Headache +; 
Epigastric pain + ; Caesarian Section; B.B.A.:
Urea - I6.O; A.A.N —  9*5; T.P.- 5*19; Alb.* 2.40; Glob —  
2*32; Fib.- 0*47; Sugar - 93*0; Sugar Mobl—  11.2; T.C •* 
291; E.G.- 153; Lip.P.- l4*i; Aik. Phos.- 20.5; Th.T—  3*4 
Proth. Cone—  58*5; Proth. Resp.- 48*4; Bil. Ret. 19*9*
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ECLAMPSIA* (18 Gages*)

Case lo. 1. Mrs. Dempster; Pri mi gravida; ae t 24;
Antepartum eclampsia; 5 fits;
Duration of toxaemia - £ weeks.
Convulsive Stage.

19.1.48. B.P. 165/100; Alt.- 9; Oedema +++. Fits ("before
admissadn) - 4 (on admission) 1; Coma - ; Urea - 
15.4; A.A.I.- 10.7; P.P.- 5.56; Alt.- 3.04; Glob.- 2.32;-
Fit.- 0.20; Sugar - 80.6; Sugar Motl.- 4.1; I.S.- 240; *
E.C.- 110; lip. P.- 13.0; . Aik:. Phos.- 24.8; Ph.I.- 4.4;
Proth. Cone.- 39.0; Proth. Resp.- 29.5; Bil. Ret.- 19.9.

. :j;
Qonvaleseenee. !

20.1.48. B.P. 160/100; Alt.- 9; Oedema i [ . Coma •!>« .
Urea - 19.8: A.A.I.- 10.5; Sugar - 78.5; Sugar motl.- 
4.0; f.C.- 252; E.G.- 141; Lip. P.- 14.6; Aik. Phos.-
19.0; Ph. P.- 4.4; Proth. Cone.- 40.0; Proth. Resp.-
29.0; Bil. Ret.- 17.9.

21.1.48. B.P. 155/95; Alt.- 6; Oedema ++. Coma - 0. I
Urea.- 19.0; A.A.I.- 9.0; Sugar - 84.0; Sugar Mobl.-
9.7; P.O.- 250; B.C.- 151; Lip. P.- 14.0: Aik. Phos.- j
18.0; Ph. P.- 4.0; Proth. Cone.- 40.0; Proth. Resp.- *
33.0; Bil. let.- 17.5.

24.1.48. B.P. 150/90; Alt.- 6; Oedema ++ Urea - 18.2; (
A.A.I7- 8.2; Sugar - 83.0; Sugar Motl.- 15.9; P.C.- 238;
B.C.- 159; Lip. P.- 12.1; Aik* Phos i -: 10.0; Ph. P.- 2.9;
proth. Cone.- 46.0; Proth. Resp.- 48.6; Bil. Ret. 10.13. !i|

31.1.48. B.P. 148/88; Alt.- 3^' Oedema + Urea - 17.5;
A.A.M.- 6.1; Sugar ^ 82.6; Sugar Motl.- 19.7; P.C.- 226;
I.G.- 153; Aik* Phos.- 10.0; ih. P.- 2.9; Proth. Cone.- 
52.0; Proth. Resp.- 60.4; Bil* Ret.- 8.1. .

10.2.48** B.P. 140/80; Alt.- 0.5; Oedema - o; Urea - 20*0; ,
A.A.I.- 5.9; Sugar - 81.7; Sugar Motl.- 19.0; f.C.- 216;
E.C.- 148; Lip. P.- 10.0; Aik. Phos.- 8.2; Ph. P.- 1.8;
Proth. Cone.- 81.2; Proth. Resp.— 84.7; Bil. Ret. 1.9. j*

Case/



68.

Case No. 2. U p s . Moore; Primigravida; aet - 29; 
Intrapartum eclampsia; 2 fits;
Duration of toxaemia - 3 weeks.

Convul s lire Stage.
19.1.48. B.P. 175/110; Alt.- 11; Oedema++ ; Fits - 2;

Coma - ± (Blood collected immediately after the second
convulsion).
Urea - 15.0; A.A.K.- 7.6; I.P.-5.0; Alt.- 2.47;
Glob.- 2.30; Fib.- 0.23; Sugar - 81.7; Sugar Mohl.- 6.5; 
P.O.- 220; E.G.- 114; Lip. P.- 15.1; Aik. Phos.- 29.7;
Ph. P.- 4.8; Proth. Gone.- 37.6; Proth. Resp.- 34.2;
Bil. Ret.- 14.9.

Convalescence.
20.1.48 • B.P. 150/100; lib.- 9; Oedema ++ ; Coma - o;

Urea - 16.5; A.A.E.- 7.1; Sugar - 80.0; Sugar Mobl.- 6.0;
P.C.- 200; E.G.- 118; Lip. P.- 16.0; ilk. Phos.- 27.5;
Ph. T.- 3.5; Proth. Gone.- 38.0; Proth. Resp.- 34.0;
Bil. Ret.- 14.9.

21.1.48. B.P. 150/92; Alb.- 8.5; Oedema++ ; Urea - 16.5; 
A.A.U.- 6.8; Sugar 84.0; Sugar Mobl•- 10.6; P.O.- 197; 
E.G.- 121; Lip. P.- 15.3; Aik. Phos.- 24*0; Ph. P.- 2.6; 
Proth. Cone.- 38.2; Proth. Resp.- 40.5; Bil. Ret.- 14.3*

24.1.48. B.P. 145/85; Alb.- 6.5; Oedema + ; Urea - 17.0; 
A.A.U.- 6.3; Sugar -89.0; Sugar Mobl.- 14.7; P.O.- 180;
E.G.- 121; Aik. Phos.- 15.8; Ph. P.- 1.8; Proth. Gono.-
44.0; Proth. Resp.- 48.6; Bil. Ret.- 10.9.

31.1.48. B.P. 140/80; Alb.- 4; Oedema ± ; Urea - 17.8; 
A.A.U.- 6.0; Sugar - 81.8; Sugar Mobl.- 19.8; P.O.- 168;
E.G.- 115; Aik. Phos.- 10*0; Ph. P.- 1.3; Proth. Gone.-
51.8; Proth Resp.- 59.7; Bil. Ret.- 6.9.

10.2.48. B.P. 140/80; Alb*- ± ; Oedema - o; Urea - 19.6;
A.A.H.- 5.5; Sugar - 81.0; Sugar Mobl.- 21.0; P.O.- 170; 
E.U.- 116; Lip. P.- 9.8; Aik. Phos.- 6.8; Ph. P.- 1*3;
PrOth. Gone.- 78.9; Proth• Respi- 88.6; 'Bil. ;Set.- 2.7.



69.
Case Ho. 3. Mrs. Mclnalty. Primigravida; aet 25;

Antepartum eclampsia; Fits - (before
admission) 2 + (on admission) 1; Coma +
Duration of toxaemia - 3 weeks.

Convulsive Stage.
24.1*48. B.P. 140/110; Alb—  11; Oedema++ ; Pits - 3;

Coma + (Blood sample obtained 30 minutes after the last 
convulsion).
Urea - 15.5; A.A.H—  9.6; ®.P.- 5.05; Alb.- 2.45;
Glob.- 2.30; Fib.- 0.30; Sugar - 92-3: Sugar Mobl.- 4.0;
T.C—  250; B.C.- 127; lip. P.- 14.8; Aik. Phos.- 20.2;
Th. $ —  4#5; Proth. Cone.- 44.8; Proth. Resp.- 29.7;
Bil. Set.- 16.7.

25.1.48. B.P. 150/100; Alb.- 10; Oedema++ ; Coma - o;
Urea - 23.4; A.A.H.- <9.8; Sugar - 90.6; Sugar Mobl.- 4.3;
T.C—  230; , B.C.— 133; lip. P.- 14.8; Aik. Phos.^18.5;
Th. T.- 3.5; Proth. Gone.- 45.0; Proth. Resp.- 31.4;
Bil. Ret.- 15.5.

26.1.48. B.P. 140/95; Alb.- 6; Oedema+; UTea - 20.0;
A.A.H—  7.5; Sugar - 98.0; Sugar Mobl —  6.9; f.G —  221;
B.C.- 137; Lip. P . -  15.5; Aik. Phos—  18.2; Ph. f—  2.8
Proth. Cone—  46.2; Proth. Resp.- 40.9; Bil. Ret. 15*0.

29.1.48. B.P. 138/90; Alb.- 3.5; Oedema - ; Urea - 19.4;
A.A.H—  6.9; Sugar - 90.4; St£ar^idbl—  15.7; f.C—  204;
l.G—  135; Lip. P —  14.4; Aik. Phos—  11.0; Ph. T—  2.0;
Proth. Cone.- 48.0; Proth lAsp—  54.5; ; Bil. Ret,- 12.9.

5.2.48. B.P. 135/80; Alb—  1; Oedema —  o; Urea - 19.5;
A.A.H—  6.1; Sugar - 86.5; ?Sugar Mobl —  15.7; T.G.^ 200;
E,G—  137; Aik* Phos.-9.2; vPh. Pf-r 1.6; Proth. Cone —  
6Q.7; Proth. Resp—  67.8; Bil. Ret.- 7 . 9 • .  ̂ _

15.2.48. B.P. 130/80; Alb."'*' ; :".;0edeA«i.„-.;6; 'U*ea A i9.5;
A4i.H^ 5.9j Sugar - 86.5; Sugar Mobl—  18.8; 2.C—  202;
l.C—  138; Lip. P.- 10.5; Aik. Phos—  7.0; $h. $. - 1.1;
Proth. Cone*- 84.8; Proth. Resp—  < 94.7. ; p



Case Ho, 4; Mrs, Devlin; Primigravida; aet - 26;
Ant ep artuia eel amps la; 4 fits; !
Duration of toxameia - 2 weeks.

Convulsive Stage.
/

4.2.48. B.P, 168/110; Alb.- 5; Oedema ++; Fits (before 
admission ) - 3; Coma i ; (Blood obtained one hour after 
the last convulsion). i
Urea -16,g; A.A.H.- 10.3; T,P.- 5.60; Alt> ,- S .16; ' !
Glob.- 2.33; Fib,- 0.21; Sugar - 80.8; Sugar Mobl. -
7.6; T.G—  280; E.C —  142; Lip. P.- 16.7;. Aik. Phos.- '
20.2; Th. T —  4.5; Proth. Gone.- 38.7; Proth Resp—  I
30; Bil. Ret—  15.9.

5.2.48. B.P. 165/100; Alb—  6; Oedema ++; Fit —  1; Coma -
; (Blood sample collected 3 hours after the convulsion). 

Urea - 25.9; A.A.H—  10.4; T.P—  5.36; Alb—  2.88;
Glob—  2,33; Fib—  0.15; Sugar - 79.0; Sugar Mobl.- 2,5;
T.C—  203; B.C.- 100; J,ip. P—  13,0; , Aik. Phbs—  30,8;
Th. T—  5.8; Proth. Gone—  30*5; • Proth. Resp• - 20,4; |
Bil. Ret—  28.8.

Convalescence. I
6.2.48. B.P. 165/100; Alb—  6; Oedema ++; Coma - o ; ]

(24 hours after last fit). j
Urea 25.0; A.A.H—  9.5; Sugar - 81.5; Sugar Mobl.- !l
4.0; Gal. In—  212.5; . T.C,- 200; B.C.- 109; Lip, P —
13.0| Aik. Phos—  22.0; ‘ Th. T—  5.0; Proth Gohe—  : '
37.8; Proth. Resp.- 20.0; Bil. Ret—  20.7,' * ; i'

9.2.48. B.P. 150/95; Alb.- 4.5; Oedema + ; Urea -20.0;
A.A.H.-8.01 Sugar - 87.0; Sugar Mobl.- 7.8; T.C.- 200;
B.C.— 132; . Lip. P.— 15.2; Lip. Phos*.- .13,0; Th. T. — 3,4;
®3Foth. GohC.- *50.0; Proth Resp—  56.7; Th. T—  13.7.

16.2.48. B.P. 142/90; Alb—  2.5; Oedema ± ; Urea - 19.6;
A.A.H.- 6.8; iugar - 85.0; Sugar Mobl.- 14.3; Gal. In,- i 
67.4; T.C—  200; B.C.- 132; Lip. P —  12.6; Aik. Phos—
B'.2; Th^ T.- 3.0; Proth. Cone—  59.5; proth-Resp—
-71.8; Bil. Ret—  8.9. • ’/‘w * ' " 'J,

20.2.48. B.P. 135/80; Alb—  0,5; Oedema i ; Urea -^20.0; i!
A.A.H—  6.0; Sugar - 15*5; Sugar Mobl— 19.7; TVC—  186;
B.C.- 128; Lip. P—  10.1; Alk< Phos—  7.0; Th; 1.9;' 
Proth. Cone—  85.0; Proth. Resp.- 90.0; Bil. Ret—  3.0.



Gas© No. 5; Mrs* Donaldson; Second gravida; aet - 33;
Post partum eclampsia; 5 fits; j
Duration of toxaemia - 2 weeks. <

Convulsive Stage, |
4.2.48. B.P. 210/120* Alb.- 14.5; Oedema +++ ; Pits 3; j

Coma + ; (Blood sample obtained i  hoar after the last fit.) !
Urea - 34.3; A.A.N.-^10.0; T.P.- 4.80; Alb.- 2*29;
Glob.- 2.21; fib.- 0.30; Sugar - 89.9; Sugar Mobl.- 4.5; i
P.O.- 228; E.G.- 116; Lip. P.- 18.0; Aik. Phos.- 30.8;
Th. T.- 6.8; Proth. Gone.- 50.4; Proth. Resp.- 39.0;
Bil. Ret.— 18.8. |

5.2.48. B.P. 200/120; Alb. 14.5; Oedema +++ ; Fits - 2; /
Coma + (Blood sample obtained immediately after the last j]"
eonvulsion.) [h
Urea - 42.5; A.A.N.- 10.9; T*P.- 4.95; Alb.- 2*45;
Gld>.- 2.30; Fib.- 0.17; Sugar - 80.8; Sugar Mobl.- 3.6; 
U.S.- 203; E.C.- 100; Lip. P*- 14,.?; Aik. Phos.* 35*7;
Th. T.- 7.5; Proth. Gone.- 40.0; Proth. Resp.- 24.6;
Bil. Ret.- 29.1. . |jr

Convalescence. f
— .........  » ' i H i i

6.2*48. B.P. 190/100; Alb.- 10.5; Oedema++ ; Goma - ;
Urea - 40Q0; A.A.N.- 9.2; Sugar - 80.5; Sugar Mobl.- 3.5; J
T.G*- 163; E.C.- 86; Lip. P.- 13.0; Aik. Phos.- 28.0; J
Th# T.- 5*0; Proth/ Gone.- 40.2; Proth. Resp*- 25.0;
Bil# let.- 28.30. ' | i j

7.2.48. "B.P. 160/95; Alb.- 9.5; Oedema++ ; Goma - o;
Urea - 31.5; A.A.N.- 8.4; Sugar - 89.0; Sugar Mobl.- 8.2;
Gal. In.- 220.5; T.G.-154; E.G.- 90; Aik. Phos.- 24.5; 'j
Th. T.-- 3.9j Proth. Gone.- 44.0; Proth. Resp.- 31.1; |j i
Bil. Ret.- 19.9. ' ......   y

10.2.48. B.P. 130/95; Alb.- 8.5; Oedema + ; Urea - 27.2;
A.A.N.- 7.6; Sugar - 87.5; Sugar Mobl.- 15.1; T.G.-198; [' ]
E#G.- 131; Lip. P.- 14.1; Aik. Phos.- 16.4; Th. T.« 3*0*
Prsoth. Gone.- 58.7; Proth. Resp.* 63.8; Bil. Ret.- 8.2.

17.2.48. B.P. 140/90; Alb.- 3.5; Oedema )t ; Urea - 21.5; 
A.A.N.- 6.6; Sugar - 88.0; Sugar Mobl.- 18.7;' Gal. In.- ,
101.2; Aik. Phos.- 10.8; Th. T.- 2.8; Proth. Cone.- 77.9; 
Proth. Resp.- 73.0; Bil. Ret.- 8.2. i



28.2.48. B.P. 138/80; Alb.- 0.5; Oedema - ; Urea - 21.0;
A.A.I.- 6.1; Sugar - 83.4; Sugar Mobl.- 21.0; T.C.- 161; 
E.C.- 111; Lip. Phos.- 8.5; 93h. I.- 2.0; Proth. Cono.- 1
89.1; Proth. Resp.- 90; Bil. Ret.- 2.8.

Case lo. 6; .Mrs. Anderson; Primigravids; aet - 29;
Intrapartum and Post Partum eclampsia - j
Pits - 7 .  ■ ;j
Duration of toxaemia - 3 weeks.

•Convulsive Stage. j

1.4.48. B.P. 190/120; Alb.- 10; Oedema ++ ; Pits - 6; ;
Coma + ; (Blood sample collected immediately after the i
last convulsion). * !
Urea - 14.6; A.A.I.- 18.0; f.P.- 5.12; Alb.- 2.73;
Grloh•— 2.31; Fib.- 0.18; Sugar - 84.0; Sugar Mobl.-
3.2; T.O.- 276; E.G.- 123; Lip. P.- 18*§; Aik. Phos.-
25.5; Ih. T.- 5.8; Proth.. Gone.- 32.7; Proth. Resp.- t!
25.0; Bil. Ret.- 21.8.

2.4.48. B.P. 190/115; Alb.- 10; Oedema ++ ; Pit - 1;
Coma + ; (Blood sample collected one hour after oonvuls- [ 
:ion). , . . j.i
Urea - 29.0: A.A.JI.- 17.5; 3?.P.- 5.09; Alb.-, 2.65; I
Glob.- 2.30; Fib.- 0.14; Sugar - 84.6; Sugar Mobl.- 2.9;,
T.C.- 219; E.G.- 95; Lip. P.- 12.1; Aik. Phos.- 30.4;
$h. 7.0; Proth. Gone.* 32.0; Proth# Resp.- 20*8; |
Bil.Ret.- 29.5.

Convalescence.
3.4.48. B.P. 170/110; Alb.- 10; Oedema ++ ; Goma - o;

Urea - 39.0; A.A.I.- 14.6; Sugar - 84.5; Sugar Mobl.-
3.0; Gal. In.- 224.3; E.G.- 276; E.G.- 123; Lip. P.- u
12.0; ilk. Phos.- 26.0; .. Th. 6.0; Proth. Gone#- 32.6;
-Proth. Resp.- 20.6; Bil. Ret.- 24.O#

4.4.48. B.P. 150/100; Albi- 8.5; Oedema + ;* Urea - 29.4;
A.A.I.- 10.0; Sugar - 89.0; Sugar Mobl.- 7i7; $*G.^:2i4;],
E.G.- 117; Lip. P.- 14.6; Aik. Phos.- 20.2; Eh. E.- 4.8; 
B?oth. Gone.- 34.0; Proth Resp.-30#8; Bil. Ret.- 17.7.



7.4*48. B.P. 142/95; Alb.- 4.5; Oedema - ; Urea - 21.2;
A.A.I.- 8.9; Sugar - 85.5; Sugar Mobl.- 13.8; E.G.- 198;,
E.G.- 131; Lip. P.- 14.5; Aik. Phos.- 14.5; Eh.E.- 3.6;
Proth. Gone.- 51.8* Proth. Resp.- 64.5; Bil. Ret.- 15.10.

14*4.48. B.P. 135/90; Alb.- 1.5; Oedema t ; Urea - 20.7;
A.A.I.- 7.0; Sugar - 84.2; Sugar Mobl.- 18.4; Gal. In.- j
104.6; E.C.- 190; E.G.- 128; Aik. Phos.e 7.8; Th. E.-
2.7; Proth. Gone.- 68.7; Proth. Resp.- 72.6; Bil.

T Ret.- 9.3. ■ j
24*4.48. B.P. 130/92;. Alb.- £ ; Oedema - 0; Urea 20.0;

A.A.I.- 6.2; Sugar - 82.6; Sugar Mobl.- 19.8; E.G. - 191
S.C. - 133; Lip. P.- 10.0; Aik. Phos.- 7.5; Eh. E.- 1.4;
Proth. Gone.- 74.0; Proth. Resp.- 87.8; Bil. Ret.- 3.0.

Case lo. 7; Mrs. Bramston; Aet 25; Primagravida; j
Intrapartum eclampsia; 3 fits. |

Convulsive Stage.
8.4.48. B.P. 190/115; Alb.- 7; Oedema ++ ; Fits - 3; J

Coma - ; (Blood obtained during the last convulsion).
Urea - 13.9; A.A.H.- 8.8; E.P.- 5.30; Alb.- 2.46;
$Ioh.- 2.33; Fib,.- 0.21; Sugar - 83,7; Sugar Mobl.- ;
11.0; E.G.- 27,0; E.C.- 139; Lip. P.- 18.3; Ack, Phos.- <
21.0; Th* E.- 1*7; Prpth.^ Gone.- 32.7; Proth. Resp.-
25.0; Bil. Ret.— 15.6* . ■ \

~ Convalescence.
9.4.48. B.P. 170/105; Alb.- 6.8; Goma - 0. Oedema ++;

Urea -18*5; .Sugar - 81.5; Sugar ,J[©bl.- 7.3; Gal. In.- 
185.2; E.G.- 264; E.C.- 147; Lip. P.- 19.7; Ack. phOs.- 
16.2; Eh. E.- 4.5; Proth. Gone.- 33*0; Proth. Resp.-
• 20.8; Bil.; Ret.— 15.0.

10.4.'4'8. B.P. 150/95; Alb.- 4; Oedema + ; Urea - 18*0;
-AtA^ST.- 7.8; Sugar,- 89*6; Sugar Mobl.- 12.7; E.G.- 252;
E.G.- 165; Lip. P.- 17.2; Aek. Phos.- 12.4; Eh* E.- 3.0;J 
Proth. Gone.- 57*9; Proth. Resp.- 38.4; Bil. Ret.- 14.2. \

13.4.48. B.P. 148/90; Alb.- 2.5; Oedema ± ; Urea - 18.5;
A. A. I.-/



A.A.I—  7Q0; Sugar - 91.4; Sugar 1051.-16.6; E.G.- 243; :
E.G.- 163; Aik. Phos.- 9.5; Eh. E —  1.9; Proth. Gone.- t':;, 
53.2; Proth. Resp—  58.8; Bil. Ret—  10.0.

20.4.48• B.P. 138/90; Alb.- 0.5; Oedema ± ; Urea - 18.3;
A.A.M.- 6.5; Sugar - 84.8; Sugar Mobl—  19.5; Gal. In—  
78.7; E.G.- 240; 1.0—  164; Ack. Phos—  7.5; Eh. E—
2.0; Proth. Gone.- 64.0; Proth. Resp.- 74.0; Bil. Ret —
3.0.

30.4.48. B.P. 138/80; ilB.- ± ; Oedema - 0; Tfrea - 19.4;
A.A.I—  5.8; Sugar - 84.0; Sugar Mobl—  20.7; E.G.- 240; ;
E.G.- 165; Lip. P —  9.3; Aik. Phos—  6.5; Eh. E—  1.6; j 
Proth. Gone.- 80.8; Proth. Resp.- 88.5.

Case lo. 8; Mrs. Rough; aet 26; Primigravida; .
Intrapartum eclampsia; Pits - 2; >

Duration of toxaemia - 2 weeks.
Pre-c onvulsive Stage.

27.4.48. B.P. 168/110; Alb—  9.5; Oedema+++ ;
Urea - 18.8; A.A.I.- 8.0; E.P—  5.28; Alb—  2.84;
Glob.- 2.26; Fib.- 0.68; Sugar - 87.8; Sugar Mobl—  16*5;
Gal. In—  (28.4*48) -*158,6; E.G —  272; E.G—  162;
Lip. P —  16*0; Aik* Phos*- 16*6; 1 Eh. E—  3.0; Proth
Gone.- 50.8; Proth. Resp.- 50.0; Bil. Ret.- 10.3.

5*5.43 • B.P. 170/110; Aib —  9*0; Oedema ++ ; Headache; 
epigrastic pain + ; surgical induction of labour. (Blood 
obtained 16 hours before convulsion).
Urea - 18.0; A.A.H—  8.1; E.P—  5.20; Alb—  2.32;
Glob.- 2.28; Fib.- 0.60; Sugar - 87.0; Sugar Mobl.- 12.5;
Gal. In—  160.4; E.G.- 312; E.G—  182; Lip.P—  16.6;
Aik. Phos—  18,6; Eh. E— 3.6; Proth. Cone—  50.0; Proth. 
Rasp—  48.8; Bil. Ret.- 19.3.

•> Convulsive Stage. ,
4.5.48. B.P. 180/115;/



75.

4.5.48. B.P. 180/115; Alb.- 11; Oedema +++ ; Fi is - S ;
Goma - ; (Blood obtained one hour after the last
convulsion.)
Urea - 16.0; A.A.I.- 9.1; E.P.- 5.0; Alb.- S.34;
Glob.- S.85; Fib.- 0.51; Sugar - 87.0; Sugar Mobl.- 7.0;
Gal. In.- 183.6; E.C.- E37; E.G.- 1SE; Aik. Phos.- E6.8;
Eh. T.- 3.3; Proth. Gone.- 50.0; Proth. Resp.- 34.3;
Bil. Ret.- E5.S; Lip. P.- 19.3.

Convalescence.
5.5.48. B.P. 170/110; Alb.- 11; Oedema +++ ; Goma - ;

Urea -. S7.5; A.A.H.- 9.0; Sugar 84.0; Sugar Mobl.- 5.3;
E.G.- SCO; E.G.- 118; Aik. Phos.- El.5; Eh. E.- 3.0; 
Proth. Gone.- 46.E; Proth. Resp.- 30; Bil. Ret.- S4.9;

6.5.48. B.P. 150/100; Alb.- 8.5; Oedema ++ ; Goma - 0;
Urea * El.4; A.A.H.-. 8.0; Sugar - 88.5; Sugar Mobl• -
10.7; E.G.- 197; E.C.- 188; Lip. P.- 14.1; rAik.
Phos.- 18.7; Eh. E.- S.8; Proth. Gone.- 50.0; Proth Resp,
- 39*0; Bil. Ret.- SO.8. I

9.5.48. B.P. 14S/95; Alb.- 6.5; Oedema + ; Urea - EO.E;
A.A.H.- 7.4; Sugar - 85.4; Sugar - 16.5; E.O.-
194; E.G.- 130; Ack. Phos.- 10.5$ Eh. E.- 2.1;
Proth. Gone.- 59.7; Proth. Resp.- 59.9; Bil. Ret.- 1S*9.'

16.5.48. B.P. 140/90; Alb.- 3; Oedema £ ; Urea- 80.5;
A.A.I.- 6.8; Sugar - 84.0; Sugar Mobl.- 18.8; Gal. In.-
58.4; E.G.- 195; E.G.- 138; Aik. Phos.- 6^0; ^h. E.-
1.8; Proth. Cone.- 71.0; Proth. Resp.- 79.8; Bil. .

■ Ret.- 10.7. . : ■ 7 *■ ; . . ;
56.5.48. B.P. 135/8E; Alb.- £ ; Oedema—  0; Urea - 80.4;

A.A.U.- 5.9; Sugar - 83.7; SugarcAieblis^ S0.6; E.G.- 196;
E.G.- 138; Lip. P.- 9*6; Aik.. Phos*- 6.0; Jh.. E.-* 1.0; 
Proth. Gone.- 88*4; Proth. Resp,.- 86.5; Bil. Ret.- 6.7. I



Gase Ho. 9; Mrs. Smith; Primigravida; aet - 24;
Antepartum eclampsia; Fits - 3.

Convulsive Stage.
4.6.48. B.P. 175/110; Alb.- 6.5; Oedema ++ ; Fits - 3;

Goma + ; (Blood obtained 4 hours after the last con
vulsion) •
Urea - 15.4; A.A.H.- 9.8; T.P.- 5.38; Alb.- 2.88;
Glob.- 2.30; Fib.- 0.19; Sugar - 80.0; Sugar Mobl.- 
5.2; T.C.- 276; E.G.- 142; Aik. Phos.- 21.0;
Th. T.- 4.0; Proth. Cone.- 45.0; Proth Resp.- 32.0;
Bil. Ret.- 14.9; Lip. P.- 14.9.

Oonvaleseence.
5.6.48. B.P. 160/100; Alb.- 6; Oedema ++ ; Goma - 0.

Urea - 19.0; A.A.H.- 8.0; Sugar - 81.5; Sugar Mobl.- 
4.5; Sugar Mobl.- 175.5; Gal. In.- 175.5; T.G.- 230; 
E.G.- 132; Lip. P.- 18.4; Aik. Phos.- 20.5; Th. T —
3.4; Proth. Cone.- 44.2; Proth. Resp.- 33.0; Bil.
Ret.— 14.2.

6.6.48. B.P. 150/100; Alb.- 5,; Oedema + ; Urea - 20.0;
A.A.H.- 7.3; . Sugar - 87.6; Sugar Mobl.- 9.5; T.G.- 206;

. E.G.- 121; Aik. Phos.- 19.0; Th. I.- 2.8; Proth. Gone.-
46.8; Proth. Resp.- 39.7; Bil. Ret.- 10.3.

9.6.48. B.P. 140/90; Alb.- 3; Oedema+ ; Urea - 19.5;
A.A.H.- 6.8; Sugar - 87.0; Sugar Mobl.- 15.7; T.G.- 200
E.G.- 132; Lip. P.- 15.2; Aik. Phos.- 7.0; Th. T .- 1.6; 
Proth. Gone.- 49.0; Proth. Respv- 57.6; Bil. Ret.- 8.0.

16.6.48. B.P. 138/82; Alb.- 0.5; Oedema £ ; Urea - 20.0;
A.A.H.- 6.5; Sugar - 86.6; Sugar Mobl.-, 17.8; Gal. In.- 
62.4; T.C.- 176; E.G.- 119; Aik. Phos.- 7.0; Th. T.-
1.6; Proth. Gone.- 62.5; Proth. Resp.- 70.3; Bil. Ret.- 
4.9 •

26• 6.48. B.P. 130/80; Alb.- £ ; Oedema r 0; Urea -• 19.41
'A.A.U.- 6.4; Sugar - 86.0; Sugar Mobl.- 19.8; T.C.- 170
-ikGr- 116.5; Lip. P.- 10.4; Aik. Phos.- 6.3; Th. T.- 
1.2; Proth. Gone.- 98?4; Proth. Resp.- 95.8; : Bil. Ret.- 
'1.0..,. ... .. V . ,,

Case/



Case fflo. 10; Mrs, MoCa’bej ■'?rimigrayJ.4*j ait $9}'
Aatepartw ©olaB^giai 4 £ t ii$

Qonytilgiyg 8taw»
— * H im -I 'I 1 * imiMinwiiniiiiii j u i i u.m „u

12.6.48. B.P. 180/180; Alb.- 10; Oed*«*+-H-j Pit* - *;
Ooma+ • (Blood, oolleotsd If h e w n  »£t#r Imi «9»ml9iM) > 
Urea - 15.5; A.A.H.- 10.5; T.f- 5,10; Alb," 8»*5?
Glob.- 2.30; Fib.- 0.24; Sh/aar - 84,0; %m9iP Moll,- 4,8; 
T.C.- 243; E.C.- 126; U p .  P.- 17.8; A H ,  P)ws,» *7,4?
Th. T—  4.2; Proth. (Jose.- 40,1; froth. S#»p»- 35,*;
Bil. Het.- 14.9.

13.6.48. B.P. 170/110; Alb.- 9; 0«d#»#++; Fits - 1
Coma ± ; (Blood oollootod immediately a fte r the 
eonvul sion ).
Urea - 28#-7; 11,$; f,£>^ $,.0«
dot).- 2,30; fiB#- 0#if; 3ug$u? * i$*§j Ipllr-
f.0,- 203^; 99,0; M p #  1,- Jfe,
28,8; fia, f,- t#8; £?otb# Oono#-40#9j Jfcrpife*22,8; Bil, £*t#~ 2f,8,

Oon,ral#so#no#,
•j . j i i .. ? ....... 4* iw-WP'

14.6.48. B.P. 150/105; Alb.- 7.5; Oedema ++ ; Odme - 0:
Urea - 24.0; A.A.H,- 10.0; Sugar - 91.6;' Sugar Mpbl,-
3.8; Gal, Is.- 166.9; T.C,- 188; 8,9,- 109; H f *  P.-
18.0; All. Piles,- 22.0; Sl.T,- 4,9; Preth, C6S9,- 49,#;
froth. Besp.— 22.6; 221, S e t 20,9— ,

17.6.48. P.P. 148/102; Alb,-4; 9#i#J»a + ; Or## - 20.2;
A .A .JC - 8 ,6 ;  Sugar -  8 2 ,7 ; Sugar *S>bl,- l v , 7 ;  T .C ,-  189;
S.C.- 116; A H .  Phes.- 12,0; Th. 1,- 2,5; preth, Pea#,- 
40.5; froth. Beep,- 40,6; #il> Set,- 18,21,

24.6.48. P.P. 125/98; Alb.- 4; 9#de«e £ 5 Wb## - 20,0; A.A.B.- 7.1; Sugar - 85,9; Sugar Mpfcl,- 17.2; Gal- 1s*-50,7; S.C.- 176; 2,9,-119; aH, Phes,- 9,5; Th,5>
2,1; Prpth. Cese.- 82,4; ffc-pth, &e#f,- 87,8; 811, 8#t,- :
12,. 98,

3.7,48. B.P, 139/88; 43*.- .9*8i 9ed#«e £  ; P # #  - 29,9;A-A-ff,- 6.2; '-Sugar - #4,9; Hgar » b l , - 19,8; ^ 9 , - 175, ,
H.9.- 120; Ilf. fA- 19,9; A H ,  Pbe#,- 7 ,£, ĵfe, T, - ,1,9; 
ITsth. Cose.- 98,0; Prpth, Besp.- 96,5; 111,, B e t .-3-92.



Case 'Ho. 11; It s • MeKenzie; Primigravida; aet 24;
Antepartum eclampsia; 10 fits.

Convulsive Stage.
27.7.48. B.P. 178/112; Alt.- 9.5; Oedema ++ ; Pits -5;

Coma + ; (Blood sample ottained \  hour after last con
vulsion) .
Urea - 43.0; A.A.H.- 15.9; T.P—  5.18; Alt.- 2.52;
Clot.- 2.25; Pit.- 0.40; 3ugar - 70.5; Sugar Motl.- 3.4;
T.C.- 261; E.C.- 121; Lip. P.- 17.5; Aik. Phos.- 20.0;
Th. T —  4.6; Proth. Cone—  39.5; Proth. Besp—  27.6;
Bil. Ret.- 18.9.

28.7.48. B.P. 185/125; Alt.- 12.5; Oedema ++ ; Pits - 2;
Coma ++ ; (Blood sample obtained immediately after the
last convulsion).
Urea - 142*5; A.A.H.- 21.2; T.P—  4.91; Alt—  2.58;
Glob,- 2.33; Fit—  0.10; Sugar - 70.0; Sugar Motl.- 7.4;
T.C—  140; E.G.- 61.0; Lip. P—  14.2; Aik. Phos—  29.8;
Th. T—  6.3; Proth. Cone.- 39.0; Proth. Repp. 20.8;
Bil. Bet—  29.9.

I:
28.7.48. (9 hours after the last estimation). B.P—  98/$40;

Anuria; Pits - 3; Coma +++ ; (Blood ottained half-an-hour 
after last convulsion and 4 hours before death).
Urea - 180; A.A.H—  23.0; Sugar - 60.2; Sugar Mobl —  10.2!
T.C—  87; E.C—  10.5; Lip. P —  9.4: Aik. Phos—  39.4;
Th. T. 10.1; Proth. Cone—  3&*5; Proth. -Reep —  0; Bil.
Ret.- 44.1. ; ■

Case Ho. 12; Mrs. Henderson; Second gravida, aet 31;
Ahtepartum^eela,inpsiu; 18 fits.
Duration of toxaemia - 3 weeks. , ? ;

■: Convulsive Stage. ' v v ■
9.9.48# B.P. 115/60; Altf- 17; Oedema+++; Pits - 14;

Goma ++; t#lb4d':4'0lle4ted-4®i-hg the last convulsion).
Urea - 55.0; • A.A.H—  21.6; T.P.- 4.90; Alt.- 2.39; u
Clot—  2.30s Fit—  0.21; Sugar - 76.0; Sugar Motl—  0.0; ;
T.C.-/ ’ H



T.G.-128; B.C.- 328; Lip. P.- 17.8; Aik. Phos.- 26,3;
Ph. P.- 7.6; Proth. Gone.- 30,4; Proth. Reap.- 26.2;
Bil. Set.- 25.7.

10.9.48. B.P. 100/?; Alb.- ?; (Anuria); Fits - 4; Coma - 
+++ ; (Blood collected J- hour after the last convulsion), 
Urea - 296.0; A.A.H.- 22.6; P.P.- 4.80; Alb,- 2.38;
Glob.- 2.34; Fib.- 0,08; Sugar - 60.0; Sugar Mobl.- 17.1; 
T.C.- 96; B.C.- 8.6; Lip. P.- 10.7; Aik. Phos.- 35.9;
Th. T.- 9.2; Proth. Gone.- 20.1; Proth. Resp.- 17,3;
Bil. Ret.- 33.7.

10.9.48. B.P. ?; Anuria; Coma+-H- - 16 hours before death.
(3 hours after the previous sample). Urea - 308 fflgms.; 
A.A.H.- 23.8; Sugar - 50; T.O.- 90.0; 1.0.- 0; Lip,- 6.5
P.- 10.7; Aik. Phos.- 39.5; Th. T.- 10.5; Proth, Gone.-
20.1; Proth. Resp.- 3.1; Bil. Ret,- 49.8.

Case Ho. 13; Mrs. Aird; Primigravida; aet 26;
Postpartum eclampsia; 3 fits, j

tPre-Convulsive Stage. J
20.9.48. B.P. 160/100; Alb.- 7; Oedema ++ ; Urea - 17,5;

A.A.H.- 7.9; T.P.- 5.11; Alb.- 2.82; Glob.- 2,29;
Fib.- 0.50; Sugar - 88.0; Sugar Mobl,- 11,6; T.O.- 297;
E.G.- 159.5; Lip.P.- 18.2; Aik. Phos.- 18,5; Th. T.- 2,8;
Proth. Gone.- 69.7; Proth, Resp.- 57,2; Bil. Ret,- 17.3, 
(Convulsion after 21 hours).

Convulsive Stage. j.
21.9.48. B.P. 170/110; Alb.- 7; Oedema + ; Fits - 3; f

Coma t ; (Blood obtained 4 hours after last convulsion), i
Urea - 13.0; A.A.H.- 9,0; T.P.- 4.93; Alb.- 2,83; I
Glob.- 2.30; Fib,*- 0.30; Sugar - 80.6; Sugar Mobl.- 9,0; |
T.G.- 230; E.G.- 120; Lip. P.- ; Aik. Phos.- 21,8;
Th-. T.- 2.8; Proth. Cone.- 43,2; Proth. Reap.- 31.8; I
Bil> Jet.- 18.8. (

Post-Gonv ulgive Stage» |
„  . |

22.9.48. B.P. 160/98;/ *



80.

£2.9*48* B.P. 160/98; Alb.- 8; Oedema + ; Pits - 0;
Urea - 24.5; A.A.H.- 8.5; Sugar - 88.8 ; Sugar Mobl.- 9.4;
T.C.- £08; E.G.- 112; Lip. P.- 16.5; Aik.. Phos.- 17.0;
Thi T.- 2.4; Proth. Gone.- 43.5; Proth. Resp.- 35.1;
Bil. Ret.- 16.2.

25.9.48. B.P. 150/95; Alb.- 8 ; Oedema + ; Urea - 25.8;
A.A.H.- 8.0; Sugar Mobl.- 14.2; T.C.- 190; E.G.- 125;
Lip. P.- 14.7; Aik. Phos.- 11.0; Th. T.- 1.3; Pboth.
Gone.-.50.0; Proth. Resp.- 55.3; Bil. Ret.- 12.7.

2.10.48. B.P. 140/80; Alb.- 3; Oedema i ; Urea - 20.8; 
A.A.H.- 6.2; Sugar Mob,.- 18.3; T.C.- 182; E.G.- 123;
Aik. Phos.- 11.0; Th. T.- 1.3; Proth. Gone.- 63.2;
Proth. Resp.- 69.7; Bil. Ret.- 8.60.

12.10.48. B.P. 140/80; Alb.- - ; Oedema - 0; Urea - 20.9;
A.A.H.- 6.2; Sugar Mobl.- 20.2; T.C.- 180; E.G.- 121.5;
Lip. P.* 9.9; Aik. Phos.- 8.8 ; Th. T.- 1.0; Proth. Cone.-
85.8; Proth. Resp.- 90.7; Bil. Ret.- 2.90.

Case Ho. 14; Mrs. Hughes; Primigravida; aet - 28; j
Antepartum eclampsia; Pits - 8; j

Pre-Convulsive Stage.
27.9.48. B.P. 150/105; Alb.- 6; Oedema +; Urea - 19.7;

1 A.A.H.- 8 .8 ; f.P.- 5.34; Olfc^-2.45; Glob.- 2.30; Fib.- !
0.59; Sugar - 90.6; Sugar Mobl.- 16.5; f.G.- 271; B.C.-
171; Jip. P.- 15.9; Aik. Phos.- 18.6; Th. T.- 2.4;
Proth. Gone.- 780; Proth. Resp.- 68.5; Bil. Ret.- 14.9.

4.10.48. B.P. 160/110; Alb.- 6; Oedema + ; Urea - 17.0;
A.A.H.- 8.8 ; T.P.- 4.94; Alb.- 2.45; Glob.- 2.30;
Fib.- 0.19; Sugar - 90.0; Sugar Mobl.- 16*0; T.G.- 301;
E.G.- 167; Lip. P.- 17.5; Aik. Phos.- 20.2; Th. T.- 2.4;
Proth. Gone.- 73.0; Proth. Resp.- 60.5; Bil. Ret.- 15.9.

~ OoD-VulslvQ Stage.
5.10.48. B.P. 165/115; Alb.- 8 ; Oedema + ; fits - 6;

Goma + ; (Blood obtained 7 hours after the last eomrulsion)«
Urea/

r
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Urea -14•4; A.A.U.-A1G.9; Sugar - 80.6; Sugar Mobl.- 3.5|
. T.C.- 254; Lip. P.- 10.0; B.C.- 114; Aik. Phos.- 26.0; !

Th. T.- 4.4; Proth* Gone.** 50.0; Proth. Eesp.- 39.6; |
Bil. Ret.- 21.4.

6.10.48. B.P. 170/120; Alb.- 12; Oedema + ; Fits - 2;
Goma + (Blood obtained 30 minutes, after the last convulsion, 
Urea - 47.0; A.A.U.- 205; Sugar - 80.0; Sugar Mobl.- 2.1;
TIG.- 218; E.G.- 91; Lip.P.- 10*7; Lip. Phos.- 7.0; Aik.
Phos.- 30.0; Th. T.- 5.7; Proth. Gone.- 30.0; Proth.
Resp.- 17.0; Bil. Ret.- 26.6.

Post-Oonvulsive Stage.
7.10.48. B.P. 160/110; Alb.- 12; Oedema + ; Fits - 0;

Goma + ; Urea - 40; A.A.U.- 18.6; Sugar - 80.0; Sugar
Mobl.- 2.1; T.G.- 204;- E;0.- 93;; Lip. P.- 9,4; Aik. j
Phos.- 20.2; Th. T.- 5.0; Proth. Cone.- 41*6; Proth. i
Resp.- 27.7; Bil. Ret.- 19.6. !

Case Up. 15; Mrs. Ashcroft; Primigravida; aet - 30;
Intrapartum eclampsia; Fits - 2; !

Convulsive Stage.
18.10.48. B.P. 170/110; Alb.- 8.5; Oedema ++ ; Fits - 2;

Coma + ; (Blood obtained 1 hour after last convulsion). '
Urea - 15.7; 85.8; Sugar mobl.- 8 .0
T.C.- 288; E .G . -  149; Lip. P.- 13.8; Aik. Phos.- 23.0;
Th. T.- 3.9; Proth. Gome.^ 40*7; Preth. tesp,- 30,0* ~
Bil. Ret.- 14.1.

Convalescence. |
19.10.48. B.P. 150/100; Alb.- 7; Oedema + ; Fits - 0; |i

Goma * 0; Urea 23*3; A.A.S.- 10.0; Sugar Mobl.- 4.6;
f*0^-262; E.G.- 150; Lip* P.- 15.9; - Aik, phos,*: 19.6; : I 
Th. T.- 3.6; Proth. G o n e 42.0; Proth. Resp*- 27♦&; BiL.
Ret.- -14.0. . |

■ . it --;

23.10.48. B.P. 140/86; Alh.- 3; Oedemat ; Urea - 21.2; ||
A.A.U.- 8.0; T.C.- 240; E.G.- 152; Aik. Phos.- 30.0;
Th. f.- 5.7.

1
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Gase lo. 16; Mrs* MoDeod; Primigravida; aet - 30;
Antepartum eclampsia; 1 fit;
(Southern General Hospital; Blood obtained
3 hours after t he eonvulsi on)...

1.2*49• B.P. 180/110; Alb.- 13; Oedema+++ ; Fit - 1;
Goma + ;
Urea - 78.5; A.A.H—  20.0; f.P.- 5.40; Alb.- 2.28;
Glob.- 2.34; Fib.- 0.76; Sugar - 80.2; Sugar itotl.- 9.21
T.C.- 277; E.G.- 141; U p .  P—  20.7; Aik. Phos.- 23.6;
Th. T.- 1.8; Proth. Gone.- 56.5; Proth. Eesp.- 40.8;
Bil. Ret.- 23.4.

4.2.49. B.P. 110/55; Alb.- 18; Oedema++ ; Pits - 0;
Goma +++:
Urea - 400.0; A.A.U.- 23.1; Sugar - 50.4; Sugar Mobl.-
10.0; T.C.- 124; I.G.- 21.5; Lip. P.- 13.4; Aik. Phos.
39.7; Th. T.- 3.6; Proth. Gone.- 20.0; Proth. Resp.- 7.
Bil. Ret.- 48.9.
Death from Anuria 16 hours after the blood sample was 
obtained.

Gase Ho. 17; Mrs. Bryce; Primigravida; aet - 24;
Antepartum eelampsla; 3 fits.
(Bellshill Hospital; blood obtained 2 hours
after last convulsion).

14.2.48. B.P. 240/150; Alb.- 14; Oedema - 0; Pits - 3;
Goma + ,;
Urea - 34.0; A.A.f.- 1-9.0; T.P.- 5.30; Alb.- 2.60;
Glob.- 2.31; Fib.- 0.39; Sugar - 80.9; Sugar Mobl.- 7.8;
T.G.- 247; E.G.- 126; Lip. P.- 12.0; Aik. Phos—  23.6;
Th.' T—  1.8; Proth. Gone.- 40.0; Proth. Resp.- 31.0;
Bi4.r Bet.- 10.6.

Case/
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El.

Case Ho. 18| Mrs. Reid; Prin%ravida; aet - E9;
Antepartum eclampsia; 4 fits;
(Bellshill Hospital; Blood obtained
immediately after last convulsion).

2.49. B.P. 170/110; Alb.- 11; Oedema + ; Fits - 4 
Coma + ;
Urea - 32; A.A.H.- 11.0; $.P.~ 5.01; Alb.- E.50;
Glob.- 2.34; Pib. 0.17; I.G.- 279; B .C .- 138;
Lip. P.- 12.7; Aik. Phos.- 29.0; ' Th. 1.- 2.7.
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SPECIAL -INVESTIGATIONS. ,

1. Cholesterol Feeding Experiments.
Determination of esterification of 
Cholesterol*

2. Glucose - Insulin Experiments.
Determination of Sl^e&gen storage 
capacity.

3* Determination of Alkali-Reserve of the plasma 
I}.* Effects of Injection of Concentrated Human 

Plasma Protein in Toxaemia of Pregnancy. '
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CHOLESTEROL FEEDING EXPERIMENTS.
Each patient received {20 gni of cholesterol suspended 

in 6 ounces of Milk in empty stomach. Plasm cholesterol 
values immediately before the feed of cholesterol and 2 hours 
after are given below.

All results are expressed in signs, per cent.
^  NORMAL PREGANCY.

(10 Oases).
No case with a B.P. above 150/80 x u h l *  Hg, was included 

in this series. No patient had albuminuria or oedema.
All patients were between 52nd and l|0th week of gestation.

Before After

T.C. E.G. T.c/a.c. T.C. -̂ •C. T.C/E.C.

1. 250 160 1.49 318 222 1.48
2. 21*5 171 1.48 316 222 1.49
3. 212 lif-5 1.46 300 202 1.48

1*. 208 1^0 .5 1.48 300 204 1.47

5. 207 139,8 1.48 506 206 1.49

6. 196 133 1.47 271 182 1.49

7. 218 146 1.49 302 202 1.49

8.1 Sll 142 1.49 304 204 1.49

9. 2 3 k 157 1.49 313 213 1.47

10. 229 154 1.49 310 208 1.49



8 6 .
PRB-gCLAMPS IA 

(15 Oases).

rial Name Before After

t .c . B.C. T.C/E.C. T.C. B.C. T.C/E,

1. Balfour 271 165 1.61+ 330 179 1.81+
2. Gibson 259 161+ 1.58 321 197 1.63

3. Clark 263 151+ 1.71 339 170 I .99

Gilliland 255 171 1.1+9 318 199 I.60

5- Crammond 281+ 172 1.60 369 207 I .78

6. Heron 260 172 1.51 3I+2 208 1.61+

7* Currie 21+9 163 1.53 320 197 1.68

8. Dunnipace 291+ X56 1.89 390 179 2.18

9. Millar 21+8 11+9 1.66 331 166 1.99
io . Paul 253 1I+9 I .70 3U1+ 177 1.91+
11. Lo chore 265 181+ 1.1+9 350 230 I .52

12* Murray 259 162 I .60 336 191 I.76

13. Wilkie 21+9 161 l '5 k  - 330 195 1.69

I t . Buchan 275 159 1.73 357 176 2.03

15. Ferguson 290 1516 1.86 378 172 2.20



87,
DETERMINATION OF GLYCOGEN STORAGE 

Preparation, High Carbohydrate diet on the day previous 
to the test. Glucose 10 gms. at bed-time in orange jubd and 
water. Breakfast: Sweet tea, toast and jam. Test performed
two hours after breakfast. Rest in bed for at least 2lj. hours 
before the test. Basal blood pressure reading: B.P. taken
every minute until it is steady. Venepuncture done and blood 
collected for estimation of basal blood sugar (Fluoride tube). 
10 ml. 50$ glucose with .3 'units insulin given I»V, without re
moving th© needle. Blood from opposite antecubital vein 
collected 5 sdnutes and 20 minutes after injection. Bladder 
emptied before -the test and again $ 0 minutes after injection. 

No patient with glycosuria included in this series.
All results are expressed in mgms. per 100 ml. blood.
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NORMAL PREGNANCY/

Name Date Condition of 
Pt,

Basal
Sugar 5 '»in * HO ♦ Olucosg

§ncf?^~
1, Phillips * 5*7*Ip8 38/52; Pyelitis 7 0 4 129 6i| 65
2, Moore 6.7.48 39/52;Breeoh 92.0 170 109 61

3. Campbell 23*7*48 38/52; n 103.0 195 4 6 49
!*_• Pirme 19.7.14.8 40/521 C.P. 86.5 12l| 62 62

5. Laird I.8.48 ii.O/52; tt 90.0 13k ■' 132 22

6, Patterson 10,8. 1|8 1\Z/52; Post. Mat. 91).. 0 152 106 46
7 . Thomson 14.8.I4.8 36/52; Rh - 80.0 175 134 41

8. Darrow 20.8.48 32/ 52; C.P. 72.6 126 71+ 52

9* Trueman 22,8.48 3ij/52; " 65.0 .102 k7 55
10. Cunningham 22.8.48 36/ 52;Pyelitis 62.0 108 52.5 55-5
11. McG-owan 22.8.48 32/ 52; C.P. 90.6 ll|2 75 67

12, Queen 26,8,48 34/ 52;Breech 90.0 1 1 8 4 74 44*4
13. Harkins 26.8,48 36/ 52; C.P. 101.0 175 132.8 142.2

14* Cunningham 2 9 .8#I48 40/52; 92.5 168 4 0t 28

15* Stevenson 30.8.48 38/ 52; C.P. 80.0 119 ‘ 81 i-58
l6. Nelson 1.9.48 56/52; H 80.5 U 4.0 94 46

glucose storage - I4.8 . 3 19
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PRl-JgCLAMPSIiU
(25 Cases)•

Name Date B.P. Alb. oedema 5 min. 20 sin.
Glucose 
storage 
(differ
ence )

l.McDougal 1. 9*14-8 170/110 9 444 11+2.8 132.0 10.8
2.Fraser 3. 9.1+8 178/110 10 444 150.7 11+3.0 7 .7
3*Currie 10. 9.1+8 160/HO 5 44 161.0 111 5-5 15.5
Ij..McAlpine 25. 9.I+8 160/105 5 44 IO6.7 89.0 17.7
5. Thomson 28. 9.I+8 168/110 7-5 44- 139.5 121.1 18.1+
6.McGregor 2.10.1+8 I80/II5 11 +++ IO9.9 98.2 11.7
7.Lefferty 5.10.1+8 160/100 1+ 444 I96.O 181+.1+ 11.6
8,Smith 7.10.I+8 190/115 11 4' ”1' 118.5 102.2 16.3
9.Crawford 7.10.1+8 160/100 3 4 129.7 IO9.I 20.8

10.Gallagher 7.10.1+8 150/100 5 444 11+8.5 137.7 10.8
11.McNaughton 12.10.1+8 150/100 5 4 136.0 116.1+ 19.6
12.McMichael 10.10.1+8 170/110 8 +4-4 170.0 163.2 6.8
13«McLenan ll+. 10.1+8 i6o/9 5 7 444 115.0 10I+.3 10.7
II4.. McWbinne 18.10.1+8 200/120 10 4- 4—4 160.0 157.2 2 .8
15*Czanne 22.10.1+8 165/105 9 444 11+0.0 128.9 ll.l
16.Dillon 22.10.1+8 170/110 4 44 139.0 126.0 13.0
17# Pritchard 26.10.1+8 170/115 6 44 187.0 173.9 13.1
18.Owans 29.10.1+8 160/100 1+ 4 11+0.1+ 121+.. 9 15.5
19 .Thompson 9.11.1+8 175/105 6 4+ 11+1.8 127.1+ 11+.1+
20.George 16.11.1+8 180/115 11 444 160.0 155-5 i+. 5
21.Dunnipace 19.11.1+8 170/115 10 44 126.0 115.6 10.1+
22.Murray 29.11.1+8 160/115 9 444 170.0 160.3 9.7
23.Reilly 2 .12.1+8 170/110 5 444 150.5 136.6 13.9
2ij.. Wilkie 21. 1.I+9 160/105 6 444 138.3 130.0 8.3
25* Fairweather 16. 1.1+9 150/100 1+ 44 157.1 11+7.0 lo. 1
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jSCI4MPSXA 
( 3  O ie e e ) .

Name. Oedema. 5 min. 20 min, Glucose storag 
(Difference)

1* Aird
2, Hughes
3. Ashcroft

6 fits 
2 fits

240 ..5 132.0

137.0 129.7

1 8 4 .7  I 7 7 .9

8.5

7.3
6.8
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A L K A L I  R S S B R V B  O P  P L A S M A  

(All values are expressed as ml. of CO- per 100 ml. of plasma).. 
1. NORMAL PREGNANCY (ll). Cases).

Name 1• Skarp 2 .Donnelly 3.Reid 4.Gillan |5.Ross
Date 2.1.49 3.1.49 5.1.49 5.1.49 6.1*49
Total CO2 51.98 50.35 51.2 52.2 49 f 8
BtHC0,5 49.5 48.0 48.8 49-7 47-2
H.HC0-

0
2.1|8 2.35 2.40 2.5.0 2.36

1  C02 20.1 20 .4 20.5 19.8 20.0

Name 6. Scott 7. Smith 8.5allacher 9•MeAvoy lO.Doherty
Date 7-1.U9 8.I.49 9.1.49 9.I.49 10.1.49
Total C02 50.3 50.4 51.45 52.7 52.28

b .h c o * 47-5 48.0 49-0 50.2 49.8
H.HCO^ 2.80 2.40 2.45 2.50 2.48

1  C02 19.9 20,0 20.0 20.0 20:. 1

Name 11.Richards 12. Kerr 13.Ashe 14.Curran
Date 10.1.49 •9.1.49 8.1.49 6.1.49
Total C02 55.3 53*35 52.10 52.5 .
B.HC0-, 52.7 50.8 49-7 50.0

H.HCcC
0

2.60 2.55 2.40 2.50

B 0 Qotr 20.5 19.9 20.4 20.0
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A L K A L I R E S  E R VK O F ;  P L A S M A  
2. TOXAEMIAS

(a) Mild Pr©-e clampaia (15 Case a).
Name 1.Sayera 2.Clark 5.Marshall 4.Br earner 5.Tiiompson
Date 13.9.48 15.9-i4-8 15.9 .148 15.9.48 18.9.48
B,P. 150/100 150/100 150/100 150/100 150/100
Alb. 5 3 5 3 6
Oedema ++ + +++ ++ ++
Total CO2 J4-8.9 53.8. 46.4 49-1 51.4
B.HCO-, 46.6 51.I 44.0 46.8 49*0
h.hgo2 2.5 2 .7 2.4 2.3 2 .4

1  C02 20.0 19.7 19.6 20.3 20 .4

Name 6.Miller 7»Pattison 8.Gratia* 9.Grant 10.McNaughtor
Date 5.10.48 I.IO.I48 8.IO.48 11.10.48 12.10.48
B.P* 155/98 150/90 148/98 150/100 150/100
Alb. 7 4 3 4 5
Oedema +++ ++ ++ ++ +
Total CO2 44-3 51.9 51.1 50.0 50.3
B.HCo^ 42.2 49-5 48.7 47.6 47.9
H.HCO-z0 2 .1 ■ 2.4 2.4 2.4 2.4

1  C02 19.8 20 .6 20 .2 20.0 19.9

Name ll.MeGough 12,McCrea 15.Paul 14.Heron 15.Co»tei:
Date 2O.IO.48 13.11.48 25.lO.48 17.11.48 12.1.49
B#P . 150/95 150/100 150/95 150/100 150/100
Alb. 2 4 3 2 3
Oedema 4. ++ ++ + +
Totat c02 50.0 50.95 48.95 50.4 51-95
B.HOOj
t.HCO^

47.7 48.5 46.6 48.0 49-5
2.3 2.45 2.35 2.4 2.45

1  C02 20.7 19.8 19.8 . 19.9 19.8
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(b) Severe Pre-eclampsia (15 Cases)

Name l.McDougal 2.Curria 3. Fraser 4.McGregor 5.L*fferty
Date I.9.48 10.9.48 3.9.4-8 2.10.48 5.10.48
B.P, 170/110 160/110 178/110 180/I15 160/100
Alb, 9 5 10 11 4
Oedema +++ ++ +++ +44 444
Total CO2 46.7 49.8 46.0 47.2 46.4
B*HCO, 44*5 47.4 43*8 45.0 44.2
H.HCO-r3 2.2 2.4 2.2 2.2 2,2
1 eo2 20.2 19.7 19.9 20.2 20.0

Name 6. Inglla 7.McAulay 8.MoMlchaal 9,McI«enan 30.0wan*
Date 27.9.48 23.9.48 10.10.48 14.10.48 29.10.48
B.P. I60/II5 170/115 170/110 160/95 160/100
Alb. 7 9 8 7 4
Oedema ++ 44+ 4+4 444 4
Total OO2 50.9 44.2 46.55 46.75 50*8
B.HCO-

3
48.5 42.1 44.3 44.5 IfiLif

a. hco. 2.4 2.10 2.25 2.25 2 # l|r
— 00H 2 20.2 20.0 19*7 19.8 20#1

Name Jl.lhatpKR 12,George 13.Ku14qo» 34-OrlwlroS 15* Biaelalff
Date 9.11.48 16.11.48 1.12.48 1.12.48
B.P* 175/105 180/115 160/105 170/105 170/115
Alb. 6 11 3 k

Oedema -H4 m 44 44
Total C02 46.2 46.1 49.0 46.3 W u 8
BUBCdJ: * 44*0' 45.9 46.7 44.1 42*7
b *sco3 2.2 2.2 2.3 2.25 z * m

1  C02 20.0 19.9 20.3 19.6 m * z
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(c) iSelampsia (10 Cases).
Name 1.Senderson ,2,Aird 3. Hughs s Ij.. Ashcroft
Date 9 -9 4 8 10.948 22.9.I4.8 5.1048 18.1048
Fits 16 18 1 6 2
Coma 4-++

S ife f
4 44 +

Total CO2 20.8 4.2 14-0.8 3O.2 38.6
B.HCOj 1 7 4 11.1 3 8 4 28.0 36.3
H.HC0-, 2.6 3.1 2 4 2.2 2.3

i ° ° 2 6.7 3.6 18.8 12.7 15.8

Name 5.McLeod 6. Morton 7 • McAda* 8.Crawford
Date 1 .2 4 9 7.149 17-349 29.3.49 30.349
Fits 1 3 2 4 -
Coma +++ ++ 4 44 +4+
Total C02 30.7 37.0 38.0 37.8 30.0
B.HCO,p 28.9 3465 35.8 35.6 2?.9
H*HC0,3 1.8 2.35 2.2 2.2 . 2.1

CMoo
«IW 16.1 4.7 17.7 16.2 13.3

Name 9.Pardee 10,Ferguson
Date 24.4*49 24.4*49(5 hrs. later)

28.4.49 28449 
(3 hra. 
later)

Fits - 1 3 ' 2 -
Coma 4 44 + ++
Total C02 43*0 34*2 1+.0.1 36.6
B.HCO^
h.hcq^ ;

40.8
2.2

32.1
2.1

37.7
2 4

31*4
2.2

| c o 2 18.6 15.3 15.7 4 .9

Numbers indicate the number of fits preceding the collection 
of blood. v
Not included for the average.



EFFECTS 0? INTRAVENQ0S INJECTIONS OF COiCMTRATED HUMAN
PLASMA PROTEIN IN TOXAEMIA OF PREGNANCY.

Each patient received a single concentrated plasma infusion.

1. Clark . Plasma Protein 26,8 g. in 200 ml
McAlpine if 24,1 g. it 180 ml
Thompson it 30,9 g* tt 270 ml

'4. McGregor « 25.0 g. I! 195;ml
Clark '■■T- it 29.0 g. H 220 ml

4* Smith M 27.3 g* II 200 ml
7. Mcthinne It 26.2 g. tt 19 5 ml
a. Bonelly n 28.7 :«• It 200 ml
9. Murray yr a" ^ *€6,0 g* tt 210 ml
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Case No• 8* Mrs, Donelly* Pre-eclampsia. 19• 7« 48.
Adm. 16,7.48, :
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Details presented in the body of the thesis,
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