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PREFACE,

The study on Toxaemias of Pregnancy, of which this thesis
forms a part was commenced in India in 193%9. During the
years of way the investigation was temporarily suspended,
but in 1947 the writer received a grant from the Government
of India for the purbose of continuing the research at the
research department of the Royal lMaternity Yospital, Glasgow,
The data on which this thesis is based were obtained wholly
from the cases studied in this hospital. These results heve
not been combined with others obtained from a similar study
in India iéprder to maintain the uniformity of the series,
although thére 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 bmissions in this respect is

not due to negligence.
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Iri no other brench of medicine there exist@ as many
controversisl theories and findings as in toxaemias of
pregnsncy. 7ven the very name for the condition hes not
been accevted unanimously. Pre-eclampsia, eclampsia,
ndn—convulsive eclamrsis, albuminurias of pregnancy,
hypertensive toxasenia of wregnancr, and gestnses of the
German authors all apparently refer to the same disease
and merelv exnress the uncertsinty with wrich the condition
is looked uwon. As recently as 1941 De Lee (1) referring.
to the name "toxaemias of vregnancy™ states that we have
"become recorciled to its use as merelv a name for a con-
dition we ¢o not uncerstard™,

However , the term "toxaeniss of cresnancy” is
genérally used to designate a svmpton comrlex, charscterised
by hypertension, albuminuria, oedems, and occasicnally
vomiting, headache and evigestric pain, affecting women
during gestation. The condition sometimes und:rzoes
spbntaneous recovery after the termination of pregnancy,
but ndt infrequently terminates in coma, convulsions or
uterine hsemorrhage. 7The clinical features often vary,
but the principal characteristic is that the condition has
~never been known to occur at any time other than during
'fggegnanoy and in earlv puerverima. The obvicus drawback
of the nomenclature employed for this condit ion lies in the
fact/
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fact that it not only pre-supposes the existance of s
toxin as the cause of the disease, but also conditions like
essential hypertension and nephritis, which are but
associated silments in pregnancy have wntil recently been
included in the same category. In 1937 the American
Jommittee on maternal health avvointed a commission to
Cetermine an accentable classification for prespancy tox-
aemias. The classification vroposec by the Zommittee in
1939 (tussev et al, 2, 194C) is elaborate but unfortmately
still retains hypertensive and renal disesse under
"toxaemias™ and vet fails to consider acute vellcw atrophy
as = separste entity., It is evident that ever the present
classification and conceitior of toxseniess is rot entirely
free from confusion. UVevertheless, it is difficult to see
how this can be avoided until the nsture of true toxsemias -
pre-eclampsia and eclamnsia - is prop-rlyv urnderstood.
Tndeed an author as recently as 1940 stetes that the term
toxsemla of nresnancv hss onlv served and still serves as
a "diagnostic wate-basket™ to cloak ignorance.

The disease was knowm in ancient times. TFeference
to a group of symvtoms which would be knowm in the present
davs as menifestetions of iregnancy toxsemiss is found in
;the writings of Hinpocrstes ancC falen. The verv name

ecl mpsia (GPAEK NaumM= flesh) bears proof of it. But

while the symptoms were well knewn and fairlyv well described,
the cause for the condition, believed to be a retent ion
of/
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of various "humours”™ in the bodv has lcng been abandored.
A proper description of pregnancy toxaemias does not
appear till the end of the seventeenth éentury, when
Msuriceau (3, 1694) first provided an elaborate picture
of the disease, to which only little can be added even to
this dav. 3But ever ir lfsuriceau's time the beliei of
"corrupt humours™ still versisted. The middle of the
eighteenth centurv reveals an interesting cbservation on
the asetiologv of the condition in 3urton's "New System of
idwifery” (London, 1751). This euthor claimed that the
underlying causes were the stovrage of "menstrual flux"
gnd the "oulk of the foetus, secontines and wster™: the
former csused "foo zreat a distensinn of blood vessels™
and the latter exerted an undue nressure on the abdomiﬁal
viscsra. It 1s interestins to note the similarity which
exists between the comparatively wodern Taramore's (4, 193%)
theory of increased intra-sbdominal pressure and the idea
suggested by Burton nearly two centuries sgo. It is even
more interesting to compsre Smith and Zmith's (5, 1946)
very recent theory of "menstrual” toxic eu-globulin be ing
the cause of hypertension ir toxaemias and the belief helad
by this ancient author.

| %ﬁe Tirst suggestion of s state o1 altered composition
qu blood in toxaemias of pregnancy was made by Hamilton
1n his “Treatise of Midwitery™ (Wdinburgh, 1371) who

lieved that a state oi hvdraenic plethors was IebU0n31b16

,N%

for/
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for the clinical symptoms. This author was the first to
observe that s state of disturbed function of the "abdominal
viscera™, caused by "interruption of circulation™ was the
determining factor in exciting "mervous ener zy” resnonsible
for convulsions. It is not difficult to see the resemblance
cf this idea to the theory of water retentinn suzgested

bv Zengemiester (A, 1915) and that of the disturbed hepatic
and renal functions which have bveen showr Lo exist in
toxsenias by investisstars of mocerr times.

The first suggestlon of a toxaemic process being at
work in this condition comes from John Burns of Glasgow
(Principle of Midwifery, Longon, 131l) in the early part
of the nineteernth centuryv. He describes the disease ss
a "febrile state® and the fits of eclmpsia as "a regular

paroxysm of ague™, and suggests that the origin is from

)
"an incorrect state of the bowels™, It is of great
interest to see a centurv and a quarter after Burns, how
this esuthor went at length to devise means in order to
prevent "fatal oppression of the brain or extravassation
of blood within the skull™,k so that the "convulsion is.
mitigated™. Throughout the nineteenth century there was
little chanve in the idea as to the cause o: pregnsncy
toxaemias. = Over AU vears ago Ja.gard is stated (de Lee,
la.

hich "the blcod poisoned with excrementitous matters |

194C) to have described toxaenia as a condition in..

rritated the vascular centres and caused = suddep'spnsn
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of the blood vessels cf the kidnev sné brain™, During
the last half-a-century little has heen added to our -
knowledge abnut the nature of pregnancy toxsemias, for only
recently at the 7iba Fqundaﬁion Symnosium of toxaemia
an eminent authority declared that pre-eclanisis and
eciampsia are manifeststicns of 2 toxin in the circulatiorn
the nature of whick is yet uniderntified.

T™e storv of the search for the cause of toxaemles
of vregnancy is onlv ome oI contredictions and inconclusive
evifences. A study of the physiology of sregrancy incicates
that normsl gestation 1s atterded with corsiderable
al terat ion of the normal metabolic functlors of the vodyv.
From early davs of investigation Workers have looked for
an explanation of clinical manifestations of the disease
in the disturbed metabolic sctivities. This has been
studied from everv nossible aspect during the last half a
centurv. In fact, there is hardly a subject connected
with toxaemias offiregnancy which has not slreacv been
investizated. anu there 1s scarcely a theorn whick ras not
been suggested in the nast. But when the litsrature is
carefully scrutinised an investizator inveriably {aces
bewilderment st the contradictions in both the 1indings

and their interpretations. Most of the earlier investi- .

ggtions were based on the study of a comparat ively smgllm
number ol cases, orgﬁecent observaticrs are compar
Tree from this criticism, but the discrepancies still

exist ir every direction,
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Bunker and Iundell (10, 1924) observed that, if there
is a retention of nitrogen in the blood in a case of
toxsemia it suggests that nephritis is the.prédominant
factor. Greemhill (11, 1943) in discussing ihis paper
endor sed the statenent from hils experierce in 50 cases
of pre-eclanpsia Stender and co-workers (12, IQZ"j also
found that the nor-prote; n nitrogen level in toxaemia is -
within normal limits. On the other hand, “shr and
Williams (13, 1914) found evifence of nitrogenous retention
in the blood of patients suffering from pregnancy toxaémia,
snd especid 1y eclarsis. Te-"Tesselow and Tyatt (3, 1924),
3okelman (14, 1925), Hellmuth (15, 1923) anu Jowe (16,
1930-31) arrived at similsar conclusions. Cbviously most
of these nbservers tailed to tske the functional state of
the kidnevs and oligusis into consideratiorn ir evaluating
the results. The literature on toxsemias of presmancy is
replete with terms like “reral insufficiency™" and "“remnal
deranzement'” apparently without sutficient sigrificance. |
Yet, to understand the mechanism of true vregrancy
toxaemias the fwmctionsl status of the kidneys must be
properly known, |

Plasma nrotein concertration has beeﬁ knowm to fall
in‘nre&nancy, toxaemia teing assoclated with an ever further |

”decrease of this component of the bload., Up to this p01nt

here is ﬂeneral agreement in the findings of dliierent

Ofservers on the subject, but when one analyses the values L
of/
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of the individual fractions one is faced with another field

of controversv. Thus, the albumin: zlobulin ratic has
been given variously as between 1.3 (Harden, 9, 1936)
and 1.0 (Dieckmann, 7, 1934) by different investigator s.
ilost observers agree that the zlobulin content remains |
unaltered or actually shows a compensatory increase, yet,
Moller-Christensen (17, 1946) concludes from a recent
elaborate study that serum glcbulin 1s actually
diminished instead of increased as reportec¢ by other
authors™, Filorinogen has been reported by Tieckmann (7a,
1929) to be increased in pregnancy toxaemias up to as
much as 1.0 gms.in some cases, while Joetzee an! llarrack's
(18,’1924) report to the “oyal 3ociety of .ledicine indicate
that in most cases of toxaemia fibrinogen content of the
plasma falls below normal.

 The same state of confusion exists with regard to
carbohydrate netabolisﬁu mo giv% only an instance, Titus
(19, 1923), Siedentopf (2C, 1933), and some other
investigators observed that hypoglveaemia was the cause of
eclamptic convulsions; Benthin (21, 1%22), and Stander,
™mcan and Sisson (12, 1925) on the other hand found that
eclampsis was associsted with hyperglvcaemia. Again,
Mays and lclord (22, 1935) after a detai led investigation
~stated that the blood susar level and eclsptic convulsions . .
ere entird y unrelsted. -

Studies in fat metabolism, mineral equilibrium and
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acid-base balance are similarly beset with contradictory
ané inconclusive statements.

There is 2 general sgreement in the telief that
toxsemia of vregnancy is sssccistel with a ¢isturbed state
oi metsbolisn, but verv little is “ror gu far es {0 how
the disturoance in metauolism is brouzht avout. The
retabolism in normal nreznmsncy 1s Ciliferent from that in

re

€]

non-preznant nersons. Tre-eclamosia snd eclanis ia
disesses characteristic of the rregnant state, The
metabolic status in loxsemis can be understcod only if they
are studied in correlation with thet of normal wregnancy.
Isolated biochemicsl dats obiaired from s mixed zroup cf
patients, inclucdedyuntil recent vesrs,trfer the cormmon naie
of presuancy toxsewia, sre ot consiferable value in
obtsining a panora ic view of the chapzes which coeeur in
tris conditiom. The diificulty ir interiretiny these ¢ ata
however lies in the fact that (1) lost series cf cases mske
only a mesgre Gilstinction between irue vre-eclamnsia, and
nephritis snd essentinl hvoartersicn complicatl n pregnancy;
and (2) Hardly anv attempt has been made to make a {ollow
uo study of the metabnlic =ond the hiochemicosl chanves in
relation to the nature and the conrse of the toxaenic
condition. 4s a result of this it becomes verv ditficult
for a stndent desirous of understanding the subject to
Edetermine the exact relationship existing between the
¢kinical state of toxaemia and the disordered metabolism
whidh/
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which accompanies it. It was therefore felt that in
investigation.desigﬁéd to bvercome these difficulites may
orovide useful information and help in a better understanding
of the nature of the toxaemia'of*prégnancy.
e yresént investiza‘ion has the folloving sbjects
in viem.
1. To studv the general changes in the metabolism and the
alteration of functions of particular organs witsn the
hope of resolvinz some of the contradictorr staterents
found in the literature on these subjects, and with a
view to ascertain to what extent these changes are
~ brought sbout by the toxsenlc nrocess mer se.
« To studv the funciional status of the liver in relation
tn the metabolic chanves observed in toxaenia of nregnancy.
3. To determine the extent to which the vascular spasm in

toxsemia - is related to these chan mEs.
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CHAPTER 2.
MATERIALS FOR INVESTIGATION

Most of thebinvestigations on toxaemias of
pregnancy appear; to have been done on a heterogenous
group of cases c&nsisting of true pre-eclampsia
essential hypertension and evén some cases of nephritis.
We felt that in order to be able to understand the
nature of true pregnancy toxaemias cases must be
selected in such a mamnner that all conditions which
simulate pre-eclampsia but are caused by associated or
intercurrent ailments must be eliminated from the series.
This entailed a careful preliminary examination and a
thorough search into past and personal history in every
patient selected for this study. As a result, we had
to abandon every patient where any doubt existed about
the clinical condition,

No patient with a previous history of hypertension
or where hyper tension persisted after child birth has
been included in our study. A case of essential hyper-
tension developing symptoms which simulate pre-eclampsia
is by no means'infrequent. Not knowing to what extent
essential hyper tension per se, superimposed on pregnancy
would br ing about changes in the fumctions of the organs,
we considen@ﬁt best to keep these cases separate for a

’Cbmparative study. Results obtained in a small number
of/ |
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of these cases are pregented where relevant or

interesting findings were observed.

Every effort was made to eliminate from this study
cases of nephritis camplicating pregnancy. Urea con-
centration, wea clearance and microscopic examination
of the wine supplemented a careful inquiry into the

history of every case, besides a post-natal examination

g
¢ e

in any patient where there has beer
Nephritis is by no means a common disease and ow rather
rigorous scrutiny left us with a small number of cases

of tfﬁe nephritis and pregnancvahich will be presented

in appropriate sections where comparison of values

proved interesting.

On the same principle cases of accidental haemorrhage
were eliminated from this series. Indeed, in most cases
of accidental‘haemorrhage there is an associated toxaemia,
but the onset of haemorrhage often adds the additional
featﬁre of shock. In course of our study however we
came across a few cases of accidental haemorrhage who
were considered interesting fromjblinical point of view.
We shall describe the findings in these cases where
comper ison with true toxaemias showed interesting
deviations. |

Our principal series consists only of cases of
pre-eclampsia and eclampsia, No case of eclampsia which

we/ !
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we have not been ab1e>to follow up has been included
for this study. This explains a comparatively small
series of eclanpsia which we have presented in this
commuication. Hclamptic patients were examined in the
convulsive stage as often as feasible and on the first,
second, fifth, twelfth and twenty-second day of con-
valescence.

Every case of pre-eclampsia was subjected to an
investigation on the day of admjission, Subsequent
results showed that some of these cases were nephritis
or essential hypertension. These were discarded. Cases
of true pre-eclampsia were followed up every week until
they were sufficiently improved to justify 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 a2 maximum urea concentration of less than 2.5 per
cent. or a urea cleafance value of less than 90 per cent.
was accepted for study, This explainé why our series is
not any larger. ;

The cases presented for this study were distributed
as follows:~

.+ 1. Pre-eclampsia *- (a) 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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(¢) 28 studies were done on the
glycogen reserve capacity of the liver.
- (d) 38 patients were tested for
‘galactose tolerence capacity.
| (e) 30 patients were examined in order
totstudy the alkali reserve of the plasma and
the state of compensation of the acidosis which
has been reported to exist in toxaemias of
pregr.ancy.
| (f) Hepatic function as determired
by bilirubin excretion test, estimation of plasma
alkaline phosthatase, thymol turbidity end pro-
thr ombin response to Vitamin K was determined in
100 cases.
(g) In 27 patients an attempt was
made to study the nature of hypertension in
toxaemiss of pregnancy.

2. Bclampsia - The series corsisted w L3 cases. Tn
general the system adopted wss the same as for
pre-eclampsia. The number of cases employed
for individual items 21 investigation for obvicus
reasons varied in different instances. These
will be detailed in their respective sections.

3. Jomparative study of 5 cases of nephritis complicating

” pregnancy and 15 each of essential hypertension
and accidental haemorrhage are presented where

relevant findin.s have been observed.
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4. Ngrmal Pregnancy - Adequate control is necessary for

all investigations. Rlaborate studies in normal
‘pregnancy have already been done by several
investigators. But in order to avoid any change
in metabolism, etc., which may occur due to
different climstic, dietetic and environmental
condit ions, a cortrol study in normal pregnancy was
considered essential. Our normal cases consisted
of 73 cases obtained from the antenatal clinic
of the flasgow Royal Maternity and "omen's Hospitd.
These belonged to different periods of gestatiorn.
Thirty{;;né cases, however, were in the last
trimestér of pregnancy. The second series of
nomal cases consisted of 15 patients. These were
sel ected in the early months of gestation and .
followed through presnancy up to term. FExaminations
were done once a month. ‘'Month™ in all our
‘subsequent descriptions refers to a lunar month
or 4 weeks. The data obtained from our normsl
cases have at each stage beer compsred with most
of the available data in the literdure, and have
been adhered to for the purpose of comparison with
the results obtsined in presnancy toxaemias. The
reagon for this has already been described.

¥ In all our subsequent descriptiocns the terms ™ regnancy

toxaemia™ snd "toxaemia of pregnancy” refer onf& 0

true pre-eclampsia and eclampsia, other toxaemias will
be mentioned specifically when so indicated.
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CHAPTER 3
PROCEDURE OF INVESTIGATION

The details of the methodé employed in this
investigation are given in the appendix. The principles
~only will be discussed here.

Our investigation starts with a study of metabolism
in toxsemias of pregnancy. Basal metabolic studies in
terms of caloric output or respiratory quotient were
not undertaken. We confined ourselves to a study of the
methods whereby the essential elements, viz. protein,
fat and carbohydrates are dealt with 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 limited number of
cases and the manner in which it is affected
by diets of varying protein content and the
‘severity of the disease.

2. Plasma protein concentration and maintenance.

3. Urea synthesis and its relation to the amino
acid content of the plasma in different stages
of the disease.

2. Carbohydrate metabolism was studied with regard to -

1. Blood sugar level and the course of toxaemias.

2. The .capacity for glucose mobilisation of the
body/
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body under the influence of adrenalin, with the
object of trving to assess how much and in what
way toxaemia might interfere with glocoger storage
gnd mobilisatiom.

3. The canacitv for glvcogen storaze under the
influence 5f insulin after temporarv inductisn of
hyperglycaemia vit: intravenous injectisns of
glucnse.

3. Tat metsbolism was studied with respect to -

1, Levels of wlasma chslesterol in relation to the
clirieal course sf toxaemia,

2. The ratio between total and ester cholesterol
with a view to ascertairn if the trocess of
esterification was interfered with in sny wav.

<
N1

3. The effect of ingestion of 2 moderate smourt! oI

-3 abserve if es

-
-+

cholesterol in de

-l
]

at hizh levsls of nlasma cholestersl 7as of the
same nature in %oxasnias a2s in normal rregnance.
4. Levels of thostholipids of the slasms in
relation to the clinical course of the Jisesse.
Tre next nort of sur investigstisr deals with sone
hepatic function tests. The tests are emploved for this
purnose consisted of -
1. Bilirubin excretion test.
2. Tstimatisn of plasma alkaiire thos_ h2tase,
3. Thwmol turbiditr test.
i/

f
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4, Galactose tolerence test.
and 5. Tlasma prothrombin concentration and its
response to Vitemin K.

Bromsulphalein test was not emploved as it was con-
sidered that the excretory function of the liver could be
estimated to an almost equal degree by the bilirubin
excretion test. Ibreover, it has the advantage of employing
a substance which is a product of normal metavolism in the
liver. The results of these hepatic functicns were
finally correlated with the results nbtained from metabolic
studies described above, As the liver constitutes ths hub
of the metabolic nrocesses in the body it was considered
that a compsrison of results of both metabolic and
 functional efficiency tests might prove interest ing.

The next bart of the thesis consists »f 3 clinical
study of the nature of hypertension in ftoxaemia »f nregnancy.
The studv is based on an analysis of the systoiic and
diastolic blood pressure readings in 430 cases oi noramal
pregnancy and 346 cases of hypertensive toxaemis of
pregnancy. The study is aimed at s clinical evaluation
of the relationship of systolic and diastolic blood nressures
and determination of the nature of compensation of the
vascular spssm which is believed to exist in toxaemia of
pregnancy. In an attempt to understand the mechanism
involved in this vascular spasm tetraethvlene ammonium
bromine was injected intravenously in 27 cases of toxaemia

in/
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in order to remove the sympathetic infliuence. The results
of these preliminary investigations of hvpertension

vrovided certain useful data, which are recorded.




1. Protein Metabolism.
. 3. Carbohydrate Metabolism.
3. Fat Metabolism.
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&CﬂON 1
_EBQIEIN;_ME,A§QLI§M_

CHAPTER 1

WM OF_‘_.EM.;AN_QZ o

Prior.to 1930 the diet in toxaemias of pregnancy
contained the minimal amount of proteins, especially
those of animal origin, In recent years.the attitude
seems to have altered somewhat and it is now customary
with many obstetricians to provide a diet rich in
protein and especially proteins of first quality. This
change in opinion has been caused by several interesting
observations. | |
‘1. Continual loss of protein in the urine. The
immediate:effect of albuminuria is a fall in the protein
concentration of the plasma, particulaerly that of
albumin, ,Investigatioﬁs~(l, 2, 3, 4, 5) have shown
that with en adequate protein intake regemeration of
the pr"oteins tekes place fairly rgpidly unless drainage
on the plasma is constantly maintained over a period
of time, | ‘ D ,
| 2, Several observers (6, 7, 8, 9, 10, 11) have demon~-
strated that protein starvation causes depletion of

plasma protein again mostly affecting plasma albumin,

 1;fvhidh can be restored only when the protein intake is

‘Increased (7 11, 13 13), elther in the diet or by
:mJ wtaon/
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injection of protein hydrolgpates (14 ).

3. It has been shown by numerous investigators (15, 16,
17, 18) that there is a fall of plasma proteins, -
especislly of albumin in pregnancy toxaemia. It has
also been suggested (19, 20) that the decrease in the
plasma protein concentration is the cause of oedems,
which is an important menifestation of toxaemia of
pregnancy., Moreover, Harden (21, 31&;) (1936, 1938)
and Strauss (19, 1938) demonstrated{the manifestations
of toxaemia of pregnancy could be alleviated if not
cured with a diet adequately rich in protein.

4, The reports of investigations carried out by the
Peoples Teague of Health (22, 1942) and the Toronto
Bxperiment conducted by Ebbs, Tisdall and Scott (23,
1941 ) indicated that the incidence of toxaemia in
expectant mothers can be reduced by about 4.6 per cent.
on the over-all figures by instituting a regime of
well-balenced diet adequately rich in protein, minerals
and vitamins,

Thus, in recent years a good case has been con-
structed for advocating a high protein intake in
toxaemiaskof’pregnanCy, if necessary by parenteral
routes of administration. In fact, some investigators

- make -an implicit suggestion that the cause of toxaemia

- may be linked with a dietetic protein deficiency. The

 basis of these conclusions however, is slender.
Sufficient/




23,
Sufficient number of obgervations are on record to show

that a state of positive nitrogen balance exists in
normal pregnancy in order to.prdvide for the growth of
the foetus, placenta and uterus, the development of
breasts, and the building of the reserve required for
the purpose of lactation (24, 25, 26, 27). Unfortunately
however equivalent data on toxaemia of pregnancy are
comparatively meagre. = The studies of Dodge and Frost
(17, 1938) and Harden (21) show that patients with
toxaemias of pregnancy suffer a negative nitrogen balance.
But the difficulty in interpreting the values obtained
by these authors lies in the fact that cases selected
for study do not seem to have been selected with
sufficient care in order to eliminate those which
simulate pre-eclampsia. Further, cbrrection for extra-
metabolic nitrogen due to loss of oedema fluid does not
appear to have been made before final results were
calculated. As a result the exact state of nitrogen
catabolism in true pregnancy toxaemias can be obtained
only with difficulty from the data provided by these
authors, Before toxaemias of pregnancy can be linked
with a state of protein deficiency the nature of nitiogen'
equilibrium and the degree of negative balance should
be known. | |

. With this 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 relation to the effects

produced at different levels of protein consumption.
In each case the investigation spread over a period of
14 days. The basal condition was studied during the
first week by providing all of them with a uniform
diet containing only a moderate amount of protein. |
During the second week the protein intake was raised in
one patient, lowered in enother, and maintained at the
original level in the third case. The metabolic studies
extended over a period of one week for each investigation,
for it has been shown by Sontag and Potgieter (28, 1933)
that unless a constant level of nitrogen intake is
maintained for a minimum period of 3 days the variable
factor of nitrogen excretion in the wrine (especially
if the diet consumed previously is of a different
nitrogen content) interferes with the reliability of
nitrogen balance studies. The diet employed for the
purpose of this investigation was selected with the
help of the dietician at the Glasgow Hoyal Maternity and
Women's Hospital and the nitrogen intake was calculated
from the protein values supvlied by McTance and *
widdowson (29, 1947),

Urine was collected in the wards as 24-hour specimens
with toluene as preservative. All measurements and
estimations were done in the laboratory. Taeces were

similarly collected in weighed sealed pans containing

a/
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a small qusntity of strong sulphuric acid. From the
time of collection up to thé‘mOment of estimation these
specimens were kept 1n a refrlgerator. The weight of
the patients were taken every day at the same hour.
In each instance the welvht given for a certain day is |
that recorded in the next morning 8o that 1t 1nd10ated
the change whlch took place durlng the preeedlnv day ’ |
of;g;1ance study. |
The methods of’estlmatlon have been descr1bed in
the appendix, The total urinary nltrooen was estimated
by Folln-Warmer mlcro-KJeldahl method, a blank and a
standard belng put through at the same tlme w1th each
test. The non-protein nitrogen in the ur1ne‘was estimated
by precipitating the protein with 10 per cent.
trichloracetic acid‘and‘estimating the nitrogeﬁ in an
aliquot part of the filtrate. The protein nitrogen in
the urine was estimated from the difference. Faecal _
nitnﬁgénvwas estimated by digestion with Sul?huric acid
aided by potassiﬁm persulphate as suggested by anuv N
(30, 1923) and subsequent aeratlon and titration. Durlng
the period of 1nvest10at1on none of the patients recelved

drugs{contalnlng nltrogen.




26,
PG
CASE 1

Mrs. ampbell pr1m1grav1da, age 30; duration of
gestation 30 weeks previous history revealed nothing
of importance; health during pregnancy satisfactory until
1 week before admission, when she noticed some oedema‘of
ankles. Two days later she develbped ffohtal headache
which was persistent. There was some oliguria for
12 days before she was admitted into the hospital on
3.6.48.

On admission: General nourishment satisfactory.
There was appreciéble oedema of the feet and legs.
Colour, pulse and respiration were normal. General
examination failed to detect any abnormality, except-the
blood presswre,which was raised to 160/110 m.m.Hg. Urine
contained ++ albumin. The uterus was of the size of 30
- weeks gestatioh; there was no obstetric abnormality.
Urea clearance, 102.4 per cent. Plasma proteins, 5.90 gms.
Blood urea, 23.8 ngne. , Uric acid 4.1 mgms. Creatinine‘
1.21 mgms. and total blood N.P. N, 36.3 mgma.per 100 ml.
Urine, sp.gr.l1013, Albumin = 8.5 parts (Esbach), hyaline
casts. No other abnormality was detected.

. 0On 4.6.48 the patient was put on a diet consisting
: of 88.85 gms. of protein (of whlch 60.85 gms.were of
anlmal origin), 295.4 gms. of carbohydrate and 73.7 gns,
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of-fat; veilding o total csloric value of 2,202. The
nitrogen balance study conmenced on 7uGaleBe
1. Control Period.
. li-intske Il-output Mo iThs
M. Jal- e jrr. Bal-|{-ma

Date [K3 [ades|Totolices|Net | Tolal ¢M, [1i3T.: ance:iNIL} B, 7, H

7.5.43} 72512202114, 20 171 {1249 147211711 2.CL) 123|343 1607100 |,

3.5, 431 2.0 T 203|102 130411631 1L 44 -1 1360 {160/100
7

9. 5. 431 T7| " " 1133112371 13.51 141 11250 -154 14 16(//1(5
1C. 5. 431%6] "L 27911331 110 4{17.0 5 G52 1300 {155 /10
H . ] .
11.A. 4315501 T2 5,50 1‘?’,.'72§1._n}]l5‘§ 0521297 1150/93
¢ H
. B RPN S .
1°.5.431 435 1211 1209 203109011018 #0061 1.6 1150/93
. f i i !
L4 » y = 7 YT ,-'§ f - ey
13. 6,43 68_3! ' "t 1216121011334 1091 512.43; -1241220{157/93
| e i { { ,
] T 7,’—*
. L | [P R 5
Loss In Teisht =|9¢. 4-uﬂ234}36“ 12,22 1993 | 291 Aver.daily oal-
4.2 XG . ! ; Voo | ance= ~UHigns.r.
| P : { _
The above table incicates that during the seriod of

study the net nitrogen-iniske was 35.56 gms. “Fe total

Py

nitrogen-output dwriny the same perisc weg 007

0

L., ene

4

‘thus over o vericd of sre weel there was a nitrogen

<

eficit of 4.66 sms. equivalent to 29,175 ms. of rwrotein.
However , the vrotein catsoolism ot the bodv, is expressed
only by the ouiput of metabolic non-protein nitrogen.

“In this case, this amounted to 33.°9 ms.  Trom this
nust e deducted the extrs metabolic nitrogen which hes

been/
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been lost from the body due to loss of oedema fluid

and consequent loss of weight (31). Nom-protein nitrogen
is equally distributed between blood and tissues, the
aqueous medium in either case being the solvent. This
was assumed by Peters and Bulger (31, 1926) and con-
firmed by Butt, 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 of water, the concentration of water in the
oedema fluid is at least 90 per cent. The loss in
weight in a case of toxaemia of pregnancy in basélﬂl -
conditions is obviously due to the loss»of the oedema
fluids In the present case the reduction in weight was
4.2 KGms. But this does not represent the net loss in
Weight for during a week between 28 and 32 weeks of
éestation;the,foetus puts on 5 ounces (0.14 KG) (33).
The actual loss in weight~jlwe therefore, was (4.2+ 0.14)
or 4,34 KGms. When this is teken into consideration along
with fhe,change in the plasma non-protein nitrogen level
during the corresponding period, the amount of extra
metabolic'nitrogen éan be calculated from the formula <
"Bxtrametabolic loss of nitrogen = 70 per cent. of the
- final weight X the chenge in non—protein nitrogen,
Fluﬂ, 90 per cent. of the change in welght X the initial i

"9*, non—protoln nitrogen™,

., {Fhe actual calculation has been elaborately explalned
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by Peters and Bulger (31, 1926) and is therefore
omitted. :
| Applylng thls formula to owr case the extra- -

métabollc loss of non-protem nltrogen amonnts to R
(0.7 X 68.3 X Q. 073)+(0 9 X 4 34 X 0.363)

=3,49+¢1.42 = 4.01 gms.

In other words, of the total non-protein nltroo'en | 4
excretion of 82.29 gms. 4.91 gms. were due to the loss
.of nitrogen of extra metabolic origin (loss of oedema
fluid) Therefore, the amount of nltrogen ”catabollsed"
in the body equals 83.29 - 4.91, or, 78.38 gms. during
the period of study. TIf to this is added the amount

of nitrogeh" excreted in the urine as protein, we

obtain the value which represents the net amount of
nitrogen lost from the body during the period of
observation. This equals 87.31 gms. of nitrogen.
Compared with the net intake 86,06 gms. a negative
‘balance of ‘1,25 gms. of nitrogen over a period of 7
aays"or'O‘.lB' gms. of nitrogen daily is obtained. This
‘represents the combined effect of protein catabolism and
loss of protein in the urine on the assimated protein.
It has been pointed out already that the total protein
catabolism for the period of study is 73.38 gms.
‘Therefore, if proteinuria did not exist the balance of
 ‘nitrogen [(het nitrogen intske ) - 78.38 (metabolic .**

nitrogen/
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nitrogen outputﬂ = 7.68 gms. of storage for whole period,
or a positive balance of 1.10 gms. of nitrogen daily.
Phis represents the actual state of equilibrium which
exists betweeh‘ﬁhé'nét'nitrogen3consumbtion and total

nitrogen catabolism in the case of pregnaney toxaemia

studied above. If the state of nitrogen metabolism o

in pre-eclamp51a is to be compared with normal pregnancyA |

thlS constitutes en 1mportant point of comparison. For
the study of only the total nitrogen output is likely .
to give an erroneous impression of the actual state of

metabolism which exists in the body.

2, Period of Increased Protein Intake.

During the subiequent period of study the protein
intake was increased to 108.5 gms. daily of which
93.2 gus. were first class proteins,with 179.25 gms. )

of cafbohydrate and 90,6 gms. of fat. The total calorie - -

Yield of the diet was 1,971, The patient was put on
this diet on 14.6.48 but in order to avoid the lag of
nitrogen excretlon the metabolic study did not
ommence till three days later. The following table
provides the data (Table 2).

As a result of increasing the daily nitrogen

lntake by 3.16 gms. the gross daily balance changed .

from -0.65 to+0,49, In Other words an active nitrogen ,¥ 44

retention of 1,14 gus. da11y was obtained. The loss
of/
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of weight during this period was 2.7 K.Gm. Taking '~
the increase in weight of the baby during tho pericd of
investigation into account, the net loss of weight of
the . mother was 2.7+ 'O. 14 = 2.84KG3., The loss of

Table 2
| N-intake N-output gN— | PlaJ "
i lcal- | Tae el 1T Ty | DAL -ma | |
Date (KG, |ories ;Total| ces| Net |Total, N. . ance ; NAK B.P. |

17.6.48) 675 1,971 17.36) 212 |1524| 1441 097, 13.44_ +83] 294 |155/98 |}
18.6.48(@0| n | " |204[1532{1410] 09411316, +122] 294 (155/90
19.6.48(664| " | ™ |187|1549|1548;Q90, 14.58 +Q01} 01 {155/90 |
20,6.486601 " | ™ |209[1527|1465) Q90 175 +Q62 A3 [155/90

}
¢

21.6.48(661| " | " 218|518 15075085 1422, 401 226 155/90 |

22.6.48663 | " | " /1911545 1539|070 1469 | 006 20,0 150/ |

23.6,48 |648 | " | " 1210[1526(1477 Q72 14,05! 9| 263 160/90 |
: j . i
Losg in Weight « {2152{143d (01 |XB77: 598 {9W79 1 Average dally
2.7 KG. _ i balancepO. 49gmsR
~extrametabolic nitrogen during the same period amounted
to (0.7 X 64.8 X 0,031)4 (0.9 X 2.84 X 0.294) or 2,16 gms.

Therefore, the total quantity of mitrogen catabolised

in the body during the days of investigation was
(97.79 - 2.16) or 95,62 gms., but the total nitrogen
lost from the body, including that due to proteinuria
 was (103,77 - 2,16) « 101,61 gms. This, compared with
 ihe net assimilated nitrogen shows a balance of
(10’7.21/
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(107.21 - 101.61) or +5.60 gms., for a period of seven

days or a daily positive balance of +0.80 gms. In

other words, caﬁpéred‘with the control period, an increase
of daily nitrogen intake by 3.10 gms. improved the
nitrogen balance by only (0.80 - (-0,18) or 0.98 gms.

If however, albuminuria were absent, the daily
nitrogen balance during the period of increased protein
intake would haie been (IUVTZI':fQETEE £ 7) or 1.65 gms.
This compared with the control period shows gain of
only 0.55 gms. It is of interest to note that the
increase of assimilated nitrogen by 21.15 gms. during
the period‘of‘study caused an increase in nitrogen
catabolism by 17.25 gms. In the first week of study
91.1 per cent. of the assimilated nitrogen was catabolised
in the body, during the second period of study when the
protein intake was increased by 3.16 gms. daily the
catabolic nitrogen amounted to 89,1 per cent. This
indicates that only 18.5 per cent. of the net rise in
assimilated nitrogen during the period of increased
protein intake was used for the purpose of anabolism
and storage; Moreover, a high protein diet did not in
any way affect the rate of protein catabolism in the
body. | | .
| The plasma proteins during the period of study
“ﬁéré e e o S S ‘

./
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1. At the beginning of the first period 5.90 gms. per 100 ml,
2. At the end of the first period 5.93 gms..per 100 ml.
3. At the beginning of the second period 5.94 gms.per 100 ml.
4. At tﬁe end of the sacond period 5,95 gms. per 100 ml.

Wrs. Donaldson, primigravida; age 30; dwration of
gestation 30 weeks. Admitted to hospital on 22.11.48 |
with oedema and headache. Previous ani personal hlstcry
revealed nothmg of mportanee. For 8 days before-
admission the patient had swelling of the ankles which
increased cons iderably during the 72 hours before admisd on, -
There was also a histary of ohgurla for 5 days before |
the oedema was noticed. | -

On examination general health was found satlsfactory
with no evidence of organic disease. Blood pressure on
admission was 170/110, urine contained 8 parts of albumm
and oedema was present at the ankles and lower part of
the legs. The uterus wag of the size of a 30 weeks
pregnancy and examlnatlon revealed no obstetrlc abnomality.
'Haemoglobin was 78 per cent, Urine sp.gr. 1012. Albumin+
no other sbnormality was detected. Microscopically it
qhowed a few hyaline casts and whlte blood corpuscles. |
"“.rk"«:Hrea clearance 109, 6 per cent. Plasma proteins - 5. 56”311&:':}"*?
Blood. urea 17.5 mgms. per cent. N.P.N. 29mgms.per cembe

- RESULTS/
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1. Control Period

The patlent was put on the diet already desenbed |

(cgse 1, control -period), The total-nitrogen yeild of i
 the diet was ,14.20 gns. daily. The nitrogen balance | |
study commenced on 24.11.48. ' The results obtained are

given in Table- 3. = oo T i
| Table 3 |

- { .} N-intake . | [N-output , 1?

* N- |Flss |

_Date_ |KG., Not | Totall N |NPX|ance KRS/ B.P. |

24,11, 48] 696!2,209 14 1239) 1317} 144| 1L73| -a78 |297
‘25.11.48/6a5] " | " |179|1241| 1337 147{1190| -096|235 |1
26.11.481635{ " | v |178|1242! 1242 140[1L02] O |20
27,1148 @5! " | v 1931227 12.67] 136|131 | ~a40| 30
28. 11;48§69,1? m | m 12101210 12.09' 130|1079| +q01 | 20
29.11.48l6a0] " | n |222]1.98' 1235 128|11,07| -7 | s
30.11.48(630" " | " 1% 1226% 81128 1410|-012 |28 [1

Loss in Weight = | 924013578583 88.45 953 {7892 |Aver. dally b
0.6 KG. { ance = -Q &g
i i

During 'thi'é“per iod of atudy there -wasa;' output of

1 88.45 gns. “of nltrogen against a net inteke of 85. 83
"'givmg a negatlve balance of 3.62 g;ns. ‘of nitrogen for a
toa of 7 days or 0.51'7 gms. dally

The loss in body weight for the seame perlod was
0 6KGm. But takmg the increase of the we1ght of f.hd

vvvvv
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baby intc consideration the net loss in weight was
0.6+ 0.14 = b¢74 gmns. The extra metabolic loss of
nitrogen durlng this perlod was (0 7 X 690X 0.021)+-
(0,9 X 0,74 X 0.297) or 1.17 gms. The amount of nltrogen
catabolised in the body dwring the whole»per1od, was
therefore 78,92 - 1,17 = 77,75 gus, Thus, the amownt
of nitrogen available for atorage was’85.83 - 77.75 or
8.08 gus. for the week,or 1.15 gus. dsily. The
corresponding figure in our first case was 1.10 gms. _'”V_”
However, during the period of study 9.53 gms. of nitrogm
was lost from the body as proteln in the quné. The net
loss of nitrogen thus smownted to 77.75+ 9,53 = 87.28 gna
This, against»the net assimilated nitrogen leaves a - -~ -
negative balance of 1.45 gms. or 0.21 gms. daily., The
protein loss in the present case was more than that in-
the first one, and consequently ihspite of a slightly
lower level of nitrogen cataboliam the balance of nitrogen
in the body was affected more adversely in the second
patient. |

. Period of Diminished Protein Iptake.,
On 30.11.48 the patient was put on a diet con31st1ng

of 75.05 gms. of protein (43,2 gms. first class protein),
y;_;asa.es gms. of carbohydrate, and 68.1 gms. of fat and
5:?1h;z¥gg;a total caloric yield of 2,444. The mlneralvand
vitamin contents were as far as possible kept identigal.
fh./k' | ?

wah s o
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The metabolic study commenced on 3.12.48. The results

are given in Table 4. '
Table 4

| N-intake . N-output N- | Tas
iwWt, | 0al- POt Fee- 1 Pr. Bal-| -ma

Date ;K% jories . -al; cesiNet Total N.._ ngMFance BN, B.P.
3.1%.43 61, 2,444 120 140 1060 1130|126/ 1004] ~070| 3L5 [160/100
112.48(80 " " 138 1062 1142121|1021) -G30| 20 [160/95
5.12.43 @0 " " 144,156 1L44| 1141030 -088 307 155/95
6.12.43/638, " " 192 1008/ 1L19110/1406| -LL1 306 50/95

638,
7.12.48 684 " " 157 1043 1L67 093|1074| -124,305 [150/95
3.12.48/@7 " " 1461054 1150 Q9011060 ~96 293 150/90

9.12.48/681 " " 3.71 1Q29 113162 1049 102, 281 [150/90

¢

; s

Loss 1in Welght = 811.0‘;510&7;7312;79.83 736 7247! Aver.dal gﬁbal— :
1.0 XG. , % | | ances= -0.945gms.N |

i i
i I

During the second period of study the amount of
nitrogen assimilated was 73.12 gms. The total nitrogen
output for the same period was 79.83 gms. Consequently
there was a nitrogen deficity of 6.71 gms. in 7 days,or
0.945 gms. daily. Thus as a result of decreasing the

daily nitrogen intske by 2.20 gms., the nitrogen loss

from the body increased by 0.43 gms. This however

includes nitrogen lost as protein in the urine, as well -
as the extrqlnetabollc nltrogen excreted during the period o
of study., o

The logs in weight during the period of mvestlaation

| was/
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was 1.0 K3, Taking the increase in the weight of

the foetus into consideration the total loss of weight
equals 1,14 KG. “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 dwing this period was (0.7 X 68.1 X 0.(R4)+
(0.9 X 1.14 X 0.315) or 1.47 gms. Thus, the net smount
of nitrogen catabolised in the body was (72.47-1.47) =
71.0 gméQ fonsequently the result of reduction of the
daily protein intake by 2.20 gms., caused the daily
nitrogen catabolism to be reduced by (77.75 = 7.10 £ 7)
or 0.96 gms. This obviously represents the nitrogen
economy which this patient with pregnancy toxaemia was
capable of'méZ}ing wmder conditions of deficient protein
intake. If there was no loss of protein in the urine
this economy in nitrogen break-down would have been able
to provide a storage.of only (73.12 - 71.0) = 1.12 gms,
for the whole period of study or 0.16 gms. a day. Thg 
protein‘loss in the urine during this period was only;u
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 V
balance, it follows that inspite of & net intake of
'_7;3&25gms;'of nitrogen, (71.0+7.36) or 78,36 gms. were
'1b§tﬁfrom‘tﬁe body. Thus, as a result of a reduction
of the protein cbnéumptién a negative balance was <
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established at (78.36 - 73.12 £ 7) or 0.75 gms. daily,
i.e., the nitrogen deficit had increased by 0.54 gus.
per Qay.im iwe omod. 1t should be noted, however
that this was not associated with a great deterioration
of the clinical condition. The plasma-protein values
during this investigation were as follows -
1. At the begimning of the first period - 5.53 gms.per 100 ml.
2. At the end of the first period - 5.58 gms.per 100 ml. |
3. At the beginning of the second period - 5.56gms.per 100 ml.
4. At the end of the second period - 5.57 gms.per 100 ml.

Yrs. Lawson, age 32, second gravida, duration of
gestation 32 weeks, was admitted on 23.9,43 with oedema |
of ankles and feet and marked diminution in the quantity L
of urine. Past history revealed nothing of importance.
The previoﬁs pregnancy and labour were normal, 3 years
ago. |

General examination showed no evidence of organic
disease. The patient was well-built and there was
marked 8welling of the feet and legs. The size of the
uterus indicated a gestation of 32-33 weeks, B.,P,170/110,

~urine contained 1l parts albumin (REsbach), haemoglobin -

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

N.P.N.: 30, Umgms. TUrea clearance 99.8 per cent. Urea
concentration 3.14 per cent. meximum. Urine sp. gr. k07 12;

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

This patient wgs. kept on the control diet (= 14:20
gns. N..) for a period of two weeks, metabolic studies
being underteken at the end of each period. The object
of this was to‘ determine how the balance of nitrogen
adjusted itself with the alteration of the clinical
condition. The results of the first period of study are
given in Table 5, |

Table O

| N-intake + N-output N |7ss]

Wb, !Cal- |[TOE [Fe|_ TF. Bal-|-ma \
Date |KG.|ories |-al |ces| Net | Totel|N. |NP.N{ance|NPN| B.P, |

1.10.43{708{2,202 1420|144 |1276| 1314|154 {11 60! 038 |30217QL10 |

2.10.48]705! » | » |1571263/1331|150{11.81} -068 |320{17G108 |

3.10.48[m1| " | " |177/1243}1330|148 1162 =087 |01 165008 |

£.10.48{700| ™ | " 1591261 1339 145]1194! -073 [30.2 {165/105 |

5.10.43{700 " | n |18111239|1297 140|1.57} -058 3.0 |165/102 |

6.10.4316381 " | ™ |179|1241 1305/132|1L.73} -064 |3G0 |165A.02
i

7.10.43:690] " " |L70{1250,1294 {130 |11 64| -0M4 |20.8 164f102 |

e

H
}
i
§

{
5 i
§

Loss in Weight = PQ40|1L67 (8773 ,9210]|999(8211 Aver.daily bal-
1.8 KG. i{ gance-O. 63gms. N. ||

During the first week the total nitrogen assimilated

et

P ot

byv the patient was 37,73 gms. while the total loss from
the body was 92.10 gms. Thus, an apparent negative
nitrogen balance of 0.63 gms. a day was present. The
loss of weight during this period was 2.0 KG. (Between
thirty/
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thirty-second and thirty-sixth weeks the foetus gains

70%. (33) or 0.20 K:.As- 2.0 KG) During the same perlod
the non—proteln nitrogen of the plasma dropned from

30.2 to 29.8 mgms. Thus the extrametabol1c nltroven B
amountea'to‘(o.v X 69.0 X 0.004)+ (0.9 X 2 X 0.3@2) or
0.74 gms., and by subtraction the nitrogen éataboliSed |
in the bddy was 31.37 gmé. The assimilated nitrogenifhﬁsA:

exceeded the catabolic nitrogen by 6.36 gus. for the whole'-f

period of study or 0.91 gms daily. Includlng the loss of
nitrogen as protein in the urine the total nltrowen loss  '
however exceeded the net n1trogen inteke b] 3.62 gms.,«‘
thus giving a daily negative balance of 0.52 gus. of
nitrogen. During this period there was only slighﬁ B
improvement in the clinical symptoms.

The second period of study was conducted during

the following week, The results are submitted in Table 6.

Tsble 6/
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Table 6
1 N-intake N—output N~  |Plas
WG jCal-t ! Pee— Pr. {Bal-}-ma;
Date }KG. aries (Totel ces!Net |Total !N, M| ance m P,

8.10. 48} 69,0 {2202 1420 153 {12.57| 1289 |130{1159} -032{20.8 |162/100
9.10.43)@4| " | " '160|1260| 1292(130 1162] 032|207 [160/100
10.10.48|63| * | * 1149{1271]1267 |123 (1144} +Q04|296 [160/95
11.10.48|678 | » | " |1551265/1305 {117 |1L88| -C40{0 [155/95
12.10.48|6k5| " | " 1143{1277/1294 {L04 {1190} ~017 |20 [155/90
13.10.48{620 | " | " 1157 1263|1272 100 1172/ -009 |284 [L50/92

14.10.43{670 | » | " {151 [126911254 [097 [1L57|+Q15|282 [150/90

j'

i i

Loss in Weight = 199401136 33,62 ; 8373 (301 {F72{ Aver.daily bal-
2 XG. ! ance=-C. 01 6gms.N.

b4
1

A

It will appear from the above table that during the
second period there was an improvement in the apparent
nitfogen balance which was now -0s016 gms. nitrogen per
day.‘Igother words, without any change in the nitrogen
iﬁtake,the deficit was compensated by 0.604 gms. of
nitrogen daily. The only notable change which did ocecur
during this period was an improvement in the clinical. |
condition. The albuminwia beceme less, the blood pressure i

came down and the oedema improved. The extra-metabolic |

nitrogen lost during this period amounted to (0.7 X67.0 XO.GHS);
(0,9 X 2.20# X 0.298) or 1.34 gms. The amount of J
;,nitrOgen catabolised was, therefore 81,72 - 1,34 ='80.38 gms. . |

% The galn in Welght of tho baby was added to the recorded
1n welght.
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Thus, if albuminuria had been absent 88.62 - 80.38 or
8.24 gms. of nitrogen for the whole period or 1.18 gms.
of nitrogen daily would have been available for anabolism
and storage. But the loss of 8.0l gms. of nitrogen as
protein in the urine left only a meagre positive balance
of 0.23 gms. for the whole period, or 0.03 gms. daily.
On superficial examination this slight but notaﬁle
improvement in nitrogen balance may be ascribed to the
improvement in the clinical condition. Careful study
however reveals that the factor which has been responsible
for the change in the nitrogen balance is not so much the
catabolic nitrogen, as that excretfed in the urine as
prbtein.

Plasma protein levels during the period of study
were -
1. At the beginning of the first period 5.60 gms.per 100 ml.
2. At the end of the first period 5.60 gms.per 100 ml.
3. At the beginning of the second period 5.57 gms.per 100 ml.
4, At the end of the second per iod 5.56 gms.per 10U ml.

NITROGEN BALANCE IN NORMAL TRESNANCY AT
__DIVFERENT LEVELS OF TROTEIN I1NTAKE.

‘There is a general agreement that a high level of
positive nitrogen balance exists in normal pregnancy.
,kA'comparative study of pregnancy toxaemias necessarly
requires a knowledge of the level of nitrogen catabolism

in the latter, fbr, if toxaemias of pregnancy are
menifestations/
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nanifestations of disordered metabolism affecting the

nitrogenous constituents of the body a comparative

study of the nature and rate of nitrogen destruction in
thé body in bre-eclampsia is essential, It is with fthis
object in view that one patient at 30 weeks of pregnancy
was studied over a pericd of three weeks with levels of
protein intaske identical with those used for the study
in toxaemia. The resuvlts are briefly discussed in this
sect ion. . |

Mrs. Harkins, primigravida, age 28 years, admitted
for observation for contracted pelvis. There was no
evidence of organic disease and general health was satis-
factory. Haemoglobin 79 per cent. Tlasma proteins 6.4lgms.
Blood urea 24.gﬁgms. Non-prbtein nitrogen 24.3 mgms.
BT, 113/72 mm.Hg, TUrine clear. TUrea clearance was
103.4 per cent. Illaximum urea concentration 2.97 per cent.
Weight 62.8 KGm.

In the first neriod of study the patient received
the same diet as that given to toxaemias in the control
period. The total daily nitrogen inteke was 14,20 gms.
The metabolic study was commenced dn‘3.7.48 and
covered a peridd of five days. The results are given
in Table 7. o

Tsble 7/




Table 7
N Ut ine|
Net {(Urine}j. N
| Cal- | Food- | Faecal{ W N _[| Pro-
Date | ories} N | N intake! Total | tein | Balance
3.7.481 2,202 14.20 | 1.43 {12,771} 8.94] - | +3.83
4‘0 7.48 n " } lo 52 ‘ 12068 § 9¢ 12 - +30 56
5.7.48) " 1.64 | 12.56 | 9.06] - | +3.50
6.7.481 " "1 1,54 ;12,66 { 8.85, - | +3.81
7.7.48{ " " 1.50 {12.70 | 8.77} - | +3.93
71,00 | 7.63 | 63.37 {44.74| - |Aver.daily |
A : balance =
+3. 73gms. N, |

During the subsequent period of 9 days the nitrogen
intake of the diet was increased to 17.36 gms., daily and
the patient was put on a diet identical with that used i
in case 1. 1In order to avoid the lag in nitrogen

excretion gtudy of the balance, which covered a similar

period of five days,did not start till four days after

the commencement of the new dietary regime. The

results are submitted in Table 8, - |
The increese of daily nitrogen intake by 3.16 gma.

caused an increase of 2,51 gms, of nitrogen storage.:

Thus, 79.4 per cent. of the nitrogen added to the diet
was being used for stofage. Nitrogen catabolism
increased only slightly to the extent of 0.2 gms. a
day (6.2 per cent. of the basic level).

Table 8
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Iebla.@
| -Urine
Net |[Urine | XN -
‘Cal- | Food~{Faecal| N N _|Pro-

Date |ories| N~ N _|intske/Total | tein Balance
11.7.48 |'1,971| 17.36] 1.79 |15.57 | 9.19| - | +6.38
12.7.48| " " 11.81 1555 | 9.24| - | +6.31
13.7.48| " " 11.9415.42 | 9.08| - | +6,34
14,7.48| ™ "™ 12,06{15.30 | 9.28| - | +6,02 -
15.7.48| " " 11,99 |15.37 | 9.33| - | +5.97

86.80 9.49 |77.31 [46.12 | - |Aver.daily
| ' | ’ . ibalance = |
+6. 24811;5. N o

Dufing the subsequent period of 9 days theyﬁatient_
was put on a diet of which the nitrogen yield was only
12.0 gms. daily, and identical with that used for
metabolic study for case 2. As in the previous case
study of the nitrdgen belance did not start until 4 days
after the diet was commenced, The results are submitted
in Table 9. |

~ Reduction of the daily nitrogen intake by 2.20 gus.
(from that of 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 O, 57 gms.;qf
| nitrogen per day (15 per cent. of the basic level). |
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TABLE 9
) Urine
, ' Net |Urine N
‘ Oal- | Food-|Fgecal| N N _{Pro- | ,
Date | ories| N, N _jintake|Total ;tein | Balance
19.7.48 | 2,444 112,0 [1.26 {10.74 | 8.14 = | +2.60
20.7.481 " | " 11,40 }10.60 | 8. u6 - +2, 54
21. 7.48 " n 1. 31 100 69 80 ].l : - ' "‘Zo 58 i
22.7.48 | ™ " 119 081 |82 | - +2.52 ¢
23.7.48 | " " olL22 |10.78 | 817 - | 2.6
balance = |
' +2.57gms. N. |

. ANALYSIS OF DAT4 FROM NORMAL PREGNANCY

ComparisonA§f these resulté obtained in normal :
preghaﬁcy_provides an interesting study., With medium \ %
levels of protein intake the stored nitrogen smounted |
~ to 29.4.per cent. of the nitrogen assimilated. When the
proteln of the diet was increased the nitrogen storage
increased to 40.4 per cent. of the assimilated nitrogen.
Wlth reductlon of the hroteln in the dlet nitrogen -
storage dronped to 24.0 per cent. of the nroteln absorbed
qurther ana1y81s shows that by increasing the assimilated
%nltrogen by 22. 2 per cent., the nltrogen storage was
';1ncreased by 37 4 per cent. of the basic level. But

decrease of the 3581mllated nltrowen by 15 3 per cent.

caused/
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causedjfé.4'per cent. drop in the stored nitrogen..

These data indicate that protein storage during preghancy

is' an active and vital process, which suffers when protein

consumption is low butuincreases>ou£*of“pfoporfion at

high levels of protein intake., It appears that high

protein diet actsjgn added stimulus for protein storage,

and a low protein diet hinders the mechanism slightly

more than the level of vrotein in the diet would indicate.
This has a far reaching significance in antenatal

obstetrics, but a discussion.of this out of the scope of

the present investigation.:

In 1874 Rosenstéin (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 (35, 1881) and other subsequent authors
belonging to the last and the earlier part of the present
century., TIn recent years Strauss (19, 1938) pointed out
\ the importance of low levels of plasma proteins in
relation to cedema in pregnancy toxaemiasvéndeoydrﬁarden
(Zi, 1936). claimed to be able to reduce considerably the

incidence of eclampsia by establishing what he named "

 ‘protein stabilisation! The protein intake for a case of- E5 ‘

' toxasemia is calculated by Harden in order to provide @i&r =

suall surplus over the total loss of protein and non-

B e SIS
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protein nitrogen in the wr ine. In this connection, he
takes into consideration the starvation level of protein
catabolism and the nitrogen requirements of the foetus.
It is héwgver interesting to note that Harden is able
to obtain "protein stabilisation™ with as little as
69 gms.of protein (1l.1 gm.nitrogen) a day.

-~ Nitrogen catebolism in normal pregnancy has been a
subject of considerable study. In a normal individual
the fotal nitrogen excretion is a fair measure of the
amount of nitrogen catabolised in the bodg. Obviously
the change in weight and the level of tissue and blood
non-pro tein nitrogen have to be taken into consideration,
but for short periods of metabolic study these seldom
show any recognisable variation. The level of nitrogen
elimination in the urine, repreSenting the¥. nitrogen
metabolism, has been variously estimated from 10.08
(Long and Gephart,36, 1928) to 16,0 gms. (Folin, 27, 1905)
of hitrOgen‘in non-pregnant individuals. In pregnancy
the level of excretion of the catabolic nitrogen has
been found to be uniformly low, Rowe, Gullivan and
Matthews (38, 1930) gives the average total nitrogem - -
excretion as 8.03 gms. daily with a range of variation
from 6.73 to 9.64 gms. The results obtained by us in

~_our case of normal pregnancy are in close agreement

© with this finding as well as with those reported by.@&harv

observers. Indeed, the level of nitrogen catabolism:

Ry
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in normal pregnancy is so low as to almost approach
that seen in Bemedict's (39, 1915) fasting man.
Nevertheless this diminished catabolism is not due to
starvation, but is caused by active protein storage,
which creates a positive nitrogen balance in pregnant
women. Hoffstr®m (24, 1909) noted ihe average daily
retent ion was 1.8 gms. of nitrogen. Wilson (26, 1916)
found that with a daily intake of 9 to 19 gms.of '
nitrogen a positive balance, sometimes amounting to

6 gms. a day could be observed. Hunscher et al (40,1933)"
from a collected review of the literature observed that
80 per cent. of the intakes extended from 10-13 gus. of
nitrogen per day, while the retention came to the réngé
of 1.5 to 2.7 gms.daily. That the actual amount of
storage is dependent upon the biological value of the
‘protein has been shown in a subsequent cdmmunication 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 gms.of nitrogen were
supplied as proteins of high biological value. The
nitrogen‘stOrage dur ing this period was 2.57 gms. per day.
But whern the consumption of first class proteins in-

| creased to 14.9 gms. of nitrogen per day, the nitrogen

- gbrage was raised to 6.24 gms.daily. Thus, with an
‘increase in the first class protein consumption by 116
per cent., the nitrogen storage was raised by 143 pér'

cent. /
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cent. The importance of this is enhanced.when the

higher carbohydrate and caloric value of the low protein
diet are_taken into congsideraticn. The marked niprogen
retention which is seen during pregnancy is merely an
expression of natures economy of the personal expenditure
of the mother in order to provide for the foetus in
utero and to ensure adequate lactation during puerper ium.
Both Ooons and Bhent (472, 1930) and Rowe et al (33, 1930)
showed that near term the level of nitrogen storage
declines to some extent, although an appreciably large
positive balance is still 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.
Wirstly, the position of gross nitrogen balance, secondly
the level of nitrogen catabolism and thirdly, the protein
which is lost in the ur ine without being of any use to
either the mother or foetus.

Por obvious reasons very severe cases of toxaemia
are not suitable subjects for metabolic study. Our
cases were selected from a group where the toxaemia was
moderate. In order to obtain a correct idea of the
level of nitrogen catabolism and balance the amount of
extrametabolic nitrogen excreted must be taken into .
account. The fluctuations of plasma non-protein nitrqgeéﬁl
~could not obviously be due to impairment of renal fuﬁdtién
for/ |
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for the urea clearance in all cTases were normal or

above normal value.

A suporflclal examlnatlon of the balance sheets

'/ggﬂﬁhe,thneehgeees of toxaegie nreeented here all reveal

a negative nitrogen balance varying from C.52 to 0,65 gms.

per day, with a dietary nitrogen content of 14.20 gus.
of which 9.7 gms. were first class proteins.

| With a correctlon for extra metabolic nltroven the
balance stlll remalns negative at -0, 18, -0.21 and -0.52
gus.of nitrogen per day respectively. The highest
negative belance was observed in caee 3, which also |
showed the most marked manifestations of toxaemia. 0On
the face of these findings, the conclusion that a
negative nitrogen balance exists in toxaemias of pre-
gnancy appeers 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 shown on
the balance chart but is considerably less than this
value. It has been pointed out that normally, the
amount of nitrogen stdrage which occurs in pregnancy is
aboﬁt 2 gms. per day with a protein intake of 10 to 18
gms. (40),' Therefae,kcompared with normal pregnancy
‘eur cases of toxaemia had actually a deficit balance of
}ebeut 4-(0 18 0.21 and 0.52) gnms. resoectlvelv per day.

'The state of gross nltroven balanoe in prewnanov toxaemlas

is/
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is thus of an extremely poor quality.

In the first 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=»i
reserves for the body., %ven with this improvement the
state of nitrogen equilibrium was far below that found
in normal pregnancy.

When the dietary protein intake was lowered (case 2),
by 2.2 gms., equilibrium was established at -0.75 gms.of
nitrogen perVAay. Thus, due to a loss of 2.2 gms. of
nitrogen from di t the loss of nitrogen from the body
increased by 0.54 gms. only. This was possibly “ue to
fur ther 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 initial 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 establiﬁhed"f

‘at & -barely positive level of 0,03 gms. of nitrogen per
aay/
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daj; Thls was mostly brouaht about by a dlmlnutlon of R
urlnery loss of proteln for the chanoe in nltroven
catabollsm in the two perlods of study showed but llttle
ehanoe. “ ’ -

Whe ‘amount of nitrogen eatabolised in tﬁe bedy.in"
our cases durlng the "control™ perlod was 1l. 2, il 1
and 11.6 gms.per day respectlvely These values bear
a falrly close relatlonshlp with the deoree of severlty
of toxaemla at the time of 1nvest1gat10n althouvh the
marvln of dlfference can hardly be regarded as strlklng,
“ompared w1th the 1evel of proteln catabolism in normal
pregnancy these values show considerable augmentation.
In fact they &éry nearly approach the 1evei seen in'the
non-pregnant state. Such a circumstance may develop
beceuse of either (i) an increased active destruction
of the preteins in the'body in order to maintain the
metabellc needs or (ii) an inability on the part of the
body to utlllse the available nitrogen for storage
purposes. As has already been mentioned, dlmlnlshed
preﬁeie catabolism inkpregnaney is actuaily/an actire“ H
proceSs  This is shown by a decline in theAnon—proteiﬁ
nltrooen level of the blood and ur ine during pregnancy.
'Increased proteln eatabollsm has been observed in de—
hydratlon and 1nfect1on. The "toxin" of pregnancy
"texaemlas” has not yet been isolated, and it is

"water/
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- "water-logging™ not dehydration which characterises pre- .
eclampsia. An active protein destruction should be -
amenable to increase of the carbohydrate, fat and caloric
-value of the dit, but in toxaemias of pregnancy these
act as only poor protein sparérs 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 it appears that nitrogen
synthesis is in some way affected En toxaemias of pre-
gnancy. |

The three cases presented here, as well as the
discussion in the following chapter will show how little
the plasma protein levelk 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 this 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, 1942)
in cirrhosis of the liver. These authors found that
with high levels of protein intake a positive nitrogen
«.balence 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 will show that we failed to
observe an increase of the protein level of the plasma
with diet containing as much as 131 gms. of protein |
reiﬁforced with 5 gus. 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 enabolise proteins from the available
nitrogen of thm;;ww

Purther 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. 1In the first 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 £ ollowed by an identical increase
in the level of protein destruction in the Lody, In
case 3, where, throughout both periods of sfcﬂy the
nitrogen intake was maintained at the same level the rate
of protein cataboliem showed no appreciable change, being
11,6 gms, of nitrogen per day in the first week and
11.5 gms, 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-
boliam fell by 9.1 per cent. Tndoubtedly this bigger o
drop»in catabolism with low levels of protein intake

was/
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was of a protective natufé, aided probably by the
higher carbohydrate content and caloric value of the
diet. Sﬁch a.cdnditipn has been knowm to develop even
in normal'ﬁon-pregnant subjects owing to the prdtein
sparing effects of these agents. In the consideration
of toxaemias of pregnancy however this is of little
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 oy the mother, otherwise there
is naturally a drain on maternal protein reserve. More-
over, it has never yet been proved that the products of
nitrogenous catabolism are harmful in preznancy toxaemias:
The excretory capacity of the nitrogenous waste products
suffer but slightly, if =t all, in true pre-eclampsia.
If a positive nitrogen balance is to be desired in
toxaemias of pregnancy it has to be established above the
augmented level of nitrogen catabolism. 7That being so,
the minimum nitrogen reguirement for the mere maintenance
of'equili‘ ium, as appears from these three cases, should
be from 11 to 12 gms. of nitrogen per day. If a positive
balance of at least 2 gus.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 mske any provision for the protein lost in the
urine.

‘The/
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The amount of nitrogen lost as protein in the
urine is a variable quantity not only in different
patiénté, but also in the same patient in differentkstages
of the disease. The proﬁein lost in the urine is a
camplete waste for it fulfils no metabolic purpose.
1f proteinuria could be prevented a diet ofva SIightly
10w-nitrogeh value would not have a dangerous effect on
the nitrogen balance, provided adequate caloric intake
was enswed with additional carbohydrate snd fat. This
is showm 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 mount of surplus nitrogen over
and above the level of catabolism was 1.10, 1.15 and
0.91 gmé. daily in the first, second and third cases

respectively,during the first week of study, inspite of

toxaemia being of miderate severity. Turing the second
period of study the kxcess nitrogen available for
storage (but lost in the urine as protein) was 1.65,
1.12 and 1.13 gms. in the correspondin; 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 al (40, 1933) who found that |
the average nitrogen retention in 30 per cent. of cases %
of normal pregnancy was 1.5 to 2.7 gms. per day. If in

the/
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the cases presénted 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.

Tt 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 mdl eratel y 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.%egms. of protein nitrogen per
day in the urine should/at least 15,5 gms. in order to
ensure a storage of about 2 gms. of nitrogen daily.
If the basic weight is regarded as 60 K4 (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 Nations! Health fommission. Many authors
(26) however have observed a nitrogen retention of about
6 gmsfper_day during pregnancy. Our observation in

normal/
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normal pregnanéy show that with a nitrogen intake of 12
to 18 gms. per day, a daily nitrogen retention of 3-6 gus.
may bé enswed. In order to obtain the same nitrogen
retention in toxsemia the intake should be raised to
18-19 gms. of nitrogen (112 to 118 gms.protein
approximately), i.e. about 2 gms.of protein per kilogram
of the“dey-wéight per day. This may appear to be
slightly higher than the League of Nations recommendations
in nbrmal’pregnancy, but when one considers the slightly
higher'rate’of protein catabolism and the loss of
protein‘in5the‘urine,‘this 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. If the aetiology of
eclampped 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 csrtainly deserves more con-

sideration than it has hitherto received.

_QMCLHS;J&

M Prom the study of nitrogen balanue in 3 cases of
i

yre—/ {
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pre-eclampsia amd owdewwpedbe, it was observed that in
assessing the level of nitrogen catabolism, allowance |
should be made for the loss of extrametabolic nitrogen
in the ur ine caﬁsed oy loss of weight and diminution
of oedema, The level of nitrogen catabolism in toxaemias
of pregnancy appears to be.higher than that in normal
pfegnancy. This is not due to an active increase in
protein destructicn but to the inability on the!part of
the body to utilise all 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 taken 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 pregnancy,a toxaenic
patient fequires 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., Tt is also observed that in order to
obtain a satisfactory positive balance the level of
proteins of high biological value plays an important
part. For the purpose of maintaining an adequate positive

balaﬁée/ﬁ
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balance;

at a 1OW'1evel..

the rate of protein catabolism must be kept

In this connection the val ue of adding

sufflclent carbohydrate in order to _spare the protelns

is 1ndlsput able.
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TMATTER 2
PLASMA TROTRINS AND THRIR FF
4, NOPHAL TEEINANIY

R

AVIZTR

=

Towards the end of the nineteenth century agttertion
was drawn to "the waterv state™ of the blood in toxaemiss
of pregnancy (Hawilton, 1, 1372). Probably some ¢f their
cases of this ayparent hvdraemic plethora, were examyles
cf what has recently been described by Scott and Govan
(2, 1949) as "anaemia sgimulating toxaemis™. But that
the so called "wateryv state™ of blood does exist in
true toxaewla of gregnancy, apart from the conditi on just
mentioned, has been demonstrated by many moderr investi-
gators andé this led Zangemeister (3, 1917) to formulate
the theory of cerebral nedema for eclampsia.

Study of plasma proteins in pregnancy anc toxaenias
tiave proved important, mot only because its concenlration
in the blood offers an indirect evidence of the nuiriticnal
state of the mother, but also because the coliold osmotic
[ressure exerted by the wroteins of the plasma has been
believed by some investigators to be related to one of
the important manifestations oi toxaemia, viz. oedena.
Mme of the most elaborate investigations on this subject
is that of Dieckmann and Tegner (4, 1934). This author
pointed cut .that serum proteins at term are from 0.3

to 15.0 per cent. (Average 7.U per cent.) below those
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of the first three months of pregnancy. In an attempt

to correlate the serum protein content with the blood
volume this author came to the conclusion that the fall
in the protein concentration is not wholly due to
haemodilution of pregnancy, for the amount of serum protein
per kilogram remains constant. Most investigators agree
that in nre-eclampsia there is a further fall in the
plasma protein concentration, However, inspite of this
general agreement in findings, there has been no atte: pt
to ascertain the naturepf the underlying process. Tt
was therefore considered that a study of plasma proteins
in pregnancy and toxaemiss was essential.

Our investigations include, apart from a general
study, the relation plasma proteins have with the
different clinical manifestations of toxaemias of pregnancy,
the course and progress of the disease, its behaviour ”
under different dietary conditions, |

1, Plasma Proteins in Yormal Prezmancy.

Protein concentration of the plasma has been known
to-vary at different levels of nutrition. Although
sufficient number of investigations have been done on.

plasma protein legels in normal pregnancy it was

considered fit that the average protein concentration of
the plasma in normal pregnant persons belonging to

those districts from which our cases of toxaemia are ..
derived should be known. Tt is with this object in

view/
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view thatvgﬁ,ceeeawe£~normalwp;egnancy;mwﬂiL£UuEuJ£L
These patients were obtained from the antenatal clinic of
The Nlasgow Royal Maternity and Women's Wospital. For
descriptive purpOSes the cases are divided into two

series. The first series consists of 73 cases at verylnr

periods of gestation. The second serles of 15 cases were

[, e e U

selected in the early part of gestation and followed

ey

throuihout pregnancy in order to study the vsriations in

e o

Tthe level of plasma protein in individual cases as

gestat ion proceeds. Any patient who showed any evidence
of constitutional or functional disease either before or
during the course of investigation was excluded from

this series, WMo dietary restrictions were imposed on

: . . . — .
these patients., No patient with a haemoglobin concentration|

of less than 70 per cent. is included in this series.

PIRST SERIES

Total Plasma Protein - The average total plasma protein

level in the 73 cases belonging to the first series was

6.83 gms.per 100 ml.; S.7.@42. This however does not
depict the true state of affairs, for cases in advanced
pregnancy showed spprecisbly Lower values than those in
early pregnancy.

‘As our investigation concerns toxaemia of pregnancy

and as pre-eclampsia is a disease of the last trimester; 4

50 per cent. of our patients were selected from 23 to 40

weeks/
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weeks of gestation., The earliest pregnancy studied in
our series was one of nine weeks. Twenty cases from

this series Were re-examined six or more months after

conflnement and the val ues obtained at this examination
wer e regarded gs their basic plasma nrotein level. The
frequency distributilon of the total proteln concentrat ion
of the plasma observed in these patients are ziven in
Table 10,

Tn this series of cases the average plasma protein
concentration was 6.53 gms.over cent., S.7. 0.42. Thuis
~ however does not indicate the mean value at any particular
state of pregnancy. 1In general, there is a progressive
decline of the protein content of the plasma as gestation
proceeds. ™he lowest value was obtained in the ninth
month (32-36 weeks) of gestation while during the last
four weeks of pregnancy there was a slicht ircrease. The
difference between the individual values obtained at
alfferent months of pregnancy is not always statistically
significant. Between the basic value and that obtained
in the third months of pregnancy (3-12 weeks) the
difference is not significant. During the subsequent
four months the decline‘is consistent and signitficant at
aach stage. The beginning of the last trimester of
gestation causes a further drop in plasma protein but
it is of little significance at this stage. The maximum
fall occurs during the followin: month but statistical

significance/
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Table 10
Lunar months of gestation.
P8 fa. lnasio|3 | als el 7] sl olioa
5.60-5.30] - | - | -1 -{-1-1]-]1]-1
5.30-6,0 | - |- | -1 -{-|-11]2]1]4
6.0-620 | - |- | =t ~1-111 1] 2] 26
6.20-6,40] - |- | - {1 (21| 3| 3| 22
6,40-6.60| - - 112 1212 51 4| 3119
6.60-6.80[ - |- | 1}2 |2 |2 | 2| 2| 213
63070 | 2 |1 |12 {1 1| 1] 1] 20|
2020 |3 |1 |2 t1 11 |- | -] - -5
720-7.400 5 |2 | 2t~ - - | -1 -| -la
407600 8 12 |1 - - |- -} -] -3
7.60-7.30 0 2 |1 | - |- - |- | -1 -| 1]
Total 120 |7 |8 |8 |8 |7 | 13|15 |13|"|
aversge | 7.39|7.34 | 7.01|6.726.63|6. 54| 6. 456,39 [5.50|G63|
Max. ] 7.73[7.67 |7.5917.1617.15|7.G |6.3215. 32 |a95|ney
Min. ' 6.32(6.31 | 6.44(6.24 6,21 |6. 06/ 5.33 (5. &2 |53 | 562
5., 0,24 [0.27 | 0.350.23 10,300,270, 23 |G, 35 [amB| Q42
v, E. | 0.16(0.13 | 0.23(0.19 (6,20 |0 1310.1510.23 [a19 | 08|

significance disappears.

During the last month of

gestation the terminal rise is agairn just € gnificant on

statistical analysis. A critical examination of the table

will indicate that the change in the averase values is

brought/
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brought about by a deviation of the minimum values towards.
the left during the decline, while both the maximum

values as well as their frequency show onleélight change.
As a result from the second trimester onwards the scatter
of individual values becomes greater. In the whole series
of 73 cases, 69.7 per cent. of the values occupied a

range between 6.20 to 7.0 gms. per cent., while the mean
value lies in the range of 6.60 t7 6.30. fompared with
this mean range, 100 per cent. of the values in the

third month of pregnancy were placed above the general
mean. During the succeeding months of gestation the
corresponding values were 75.0, 37.5, 25.0, 14.3, 7.7,

6.6 and 16.7 per cent. respectively. The lowest plasma

protein level in this series was 5.62 gms.per 100 nl.in

e

the ninth month of pregnancy. The moximum fal L ir the

total protein concentration of the plasma amounted to

12.9 per cent, of the val ue in the third month of pregnancy
snd 13.5 per cent. of the basic level.
FOOND_SREIS3 1

‘This consisted of 15 cases examined first in the

early months of pregnancy and then followed to term,

examin at ion being repeated once every month, %Hleven

paflents in this series were first examined when they
were 3 months (3 to 12 weeks) pregnant. The r enaining

4 were first examined ir the fourth month ot prefnanoygyt
The results obtained in these cases are presented in

Table 1l.
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Table 11
, ) Aver Bl n
Total Plasma Protein,gms./100 ml., | -age | iver|Pro-

dur- | -age| tein%
. , , : ing | last| init-
Lunar months of gestation Pregj M | -ial
- nancy | ester | value
Noo| 3 & D 8) d 3 A LU
1 |7.4017.03; 6,74 6.5716.4115, 3¢16,23 6,53 6.37] 6.43115,1 ‘
21 « 7.297.01]6,70}6,45| 54,4016, 25| 6,47} 6.65{6.37114.3
7.6917.47 7.24| 6.9616,75|6.70}6.45| 6. 33} 7.0l 6.63{16,1 \
- 16,34} 6.51| 5. 30{6.17| &6, U516, 03| 6, LC] 6. 271 6, 03{12.3 |
7.1416. 31| 5.63 5. 49| 6.23 6.10]6.0 | 6. 10| 6.44| 6. 05{14.6 |
6.93{6. 54} 6,79} 5. 05{6.C | 5.86]5.3%} 5. 97} 6.19}5.83{14.5
7.4147.191 7. 05| 6, 901 b, 63| 6, 601 5, 41| 6, 74| 6. 37} 5. 53113, 5
7.3217. 07} 6. 35} 6. 69| 6. 501 6. 27| 6. 39| 6. 331 6. 63{6.34112,3 |
7.17 6.83\6.51 6. 3516, 22| 6, 0L|5, 90| 6. 36} 6.42{6.09117.7
10 {7.5817.397.20{7.1017.0 | 6.9116, 701 6.83¢ 7.10}6.33{11. 6 u
11 | - {7.49{7.20|6.92{6.70{7.0 |6.,46]7.0 | 6.96}6.32{13.3 |
12 |7.34{7.2417.14|7.0 |6.75|6.50|6. 42| 6.65 6.83}6.52]12.5
13 ) = 17.0 }16,31] 6,665 62]6.44|6.26| 6, 66 6.63‘6.45 16.5
14 16.9416.9216.33| 6, 546, 50| H, 47 |6, B0} 6. 5UL 6,6316.49| 6.3 i

15 17.5917,3217,2017.0317.0 |7.06{7.G |7.0 ! 7.15{7.02{ 7.8 i

W W 9 o O, o> W

fwer [7.32{7.10{6,37| 6. 67 |6.53|6.45]6.33| 6,54 | 6.7116.44 12,9

, ! i
S |0.260.26|0.33| 0. 3210, 30| 0.37 |0.76| .33 ) G.3110. 37 3.12)
PR |0.17 |6.17]0.22| 0,71 | 0,201 G.25 |G, 17| 0.7 | 0,71 (025 | 209

PR

In both series there is an obvious general agreement

in the values obtained at different perid s of gestat ion.
In /

I
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In every instance in the present series there has been a
fall in the concentration of plasma proteins as pregnancy
advanced. Wxcept in one case (No.4) the lowest level was
reached in the ninth month offregnancy (32-36 weeks), so
that the average value obtained at this period of
gestation was also the lowest in the series. The rate of
decline is however neither constant nor wniform. Tn most
of the cases the maximum rate of fall is néticed up to the
end of the second trimester, whereas during tke two
succeeding months the diminution in the protein concen-
tration becomes less, and at term there is actuslly a
relative increase. The amount of this terminal rise
varied in individual cases from U.1 to G.54 gms.per cent.
In 4 cases in this series, however this increase of plasma
protein concentration before labour was absent. The
maximum drop in the protein level of the plasma, comnared
with the early pregﬁanCy level was on an average 12,9 per
cent. ; 5.7, 3.1%, with a scatter between 6.3 to 17.7 per
cent. The general average of the second series im in
close agreement with that of the first. However, in order
to compare normal pregnancy with toxaemia the average of
the last trimester is important. Tt is of interest to
note that this was identical (6,44 zms.per 10U ml.) in
both series. 1In view of this,these two groups of cases,
in all subsequent descriptions will be considered together.
B.WEliiggggg - Our results, based on 194 estimat ions on
93/
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93 patients were obtained by the estimation of the nitrogen|

content of the clot obtained from reconstituted oxal

plasma. These are presented in Table 12

ated

‘Table 12
Lunar months of gestat ion ngé
/ o [ast
755 .| pasie| 3 5| 6] 7.8 9 |10l bow
02-025| 3 | 2 I R S B R I
W60 8 | 5) 6 6} 31 1| -} -| -12&| -
QA-035| 7 | 9w | 7} 5 4| 5} 14 -{41| 6
o%-a| 2| 2f 4| sj1ele{nl| 7| 2i60{20!
a0l - | -| -| 2| 3} 3| 915 34 |26 |
60| - | - -] -] -{ - 5 | 16 124 |24
0055 - | -| ~| -| -1 -| -{ 2] 7|99}
Total | 20 {18 | 33 | 23 | 23| 22 | 28 | 30 | 27 119485 {
aversge| 0.30 |0.31|G.32]0. 34| 0. 37{ 0. 39| 0. 40 |C. 43 |0.47 Q39|03
ST, | Qo5 faos | 6,047 [6.049 [0 025 G.036| .04 | 0045|0040 |G| azD
Wax. | 0.39{C.40|0.40|0.43|0. 45| 0. 45} 0. 49 0. 52 [, 55 |05 |0
in, | G.24 0. 24| 0,25 | 0. 27 |65 29] 0.30] €. 23 [0, 35 [0, 40 |a2s |@B
Compared with the basic value of our series the
fibrinogen concentration dur ing pregnancy is raised by

0.09 gm.per 100 ml. and this increase is statistically

significant. Jt is gradual and progressive throughout

gesfation. Up to the sixteenth week the increase is slight |

and/
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and hardly noticesble. DTuring the following three months
it is more marked snd steady, while during the last

tr imester it is most evident and exceeds the accepted

limit of normality (G.20 to 0,40 gms.per 100 ml. ). The

e e

change in values Letween the seventi and eighth months

in owr series does mot =zpoear to be statistically significant
although it isfgt all other stages. It is however,
interesting to note that comnarison of Tables 10 and 12

do not show any close psrellelism between decline of the
total protein and increase in the fibrinogen content of
the plasma, except that the pre-parturient rise in total
protein is associated with a maximum plssma fiorinogen
level. The net gain in fibrinogen in the last month of
pregnasncy exc<efs that of anv of the preceeding ver iods of
gestation. While the total plasma protein drops by 13.5
yer cent. of its basic value, the gain in fibrinogen
amounts to 56.5 per cent. The mean for the whole series
occupies the range of 0,36 to 0,40 gms.per cent. The
distribution shows slmost an equal frequency (35.1 per
cent, below, and 34.5 per cent. above) toth above and
below this range. But when only the resulis of the last
trimester sre consifered it is seer that 59,4 per cent.

of the values are above the mean for the whole series
while only 7.1 per cent. ere below.it. This indicates a.
distinct deviation of the values to the right duwing the
last three months of gestation, although a caretul anaiysis
of /
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of the table reveals this tendencyseven in earlier
months. To sum up, the fibrogen shows a steady increase
throughout pregrancy and at term the averags value in
our series was 0.43 oms per 100 ml; S.D, 0,065, 1In

our subsequent discussion of yregrancy tcxaemias the
values obtained will be compared with this figure.

J. Albumin: Globulin Fatio - There is a general agreement

among all investigators that the fall in the plasma
protein concentration in wregnancy is confined principelly
to serum albumin thus causing a drop in the albumin:
globulin ratio, mThe protein fractions were estimated in
‘all our cases. The frequency distribution of the slbumin:
globulin ratio is stvbmitted in Table 13.

In all our estimations plasma albumin was estimated

directly after nrecinitating the ylobulin with 40 per

cent. sodium sulphite (method described in arpendix), and
the value for globulin was obtained by subtiraction.

| ~ The average value for plasma albumin in 194 estimations
in our series was 3.36 gms. per cent.; S.D. 0.30. The
basic value in the 20 cases already referred to was
4.47 gms. per cent. ; S.D. 0,10, There is thus a fall in
the albumin content of the plasma of 0,61 gms. or 13.6 ;
per cent. of thé basic value. The average plasma |

globulin in these cases was 2.47 gms.per cent.; S.D.0. 05,

g fall of 0.15 gms.per 100 ml.plasma or 5.7 per cent.of
the basic value.
The/
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Figure 1, Plasma Proteins in Normal Pregnancy. The
graph shows the variations in the concentration df the
total protein, albumin, globulin and fibrinogen, and
that of the albumin s globulin ratio in different months
of pregnancy. The data are obtained from the cases im
series 1. '
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The results obtained at the various stages of
gestation indicate that there is a steady and progressive
decline of the plasma albumin concentration as pregnancy
advances. This becomes evident as early as the third
month of gestation and continues steadily un to the
middle of second trimester. After that the fall becomes
slightly less marked but continues until the lowest
point is reached between 3% and 36 weeks of pregnancy.
A\s gestation advances to term there sppears to be a
slight but statistically insignificant rise in the pre-
parturient period. At this staze the net fall ir nplasma
gloumin smounte to 21.7 per cernt. of the basic, anc
2C.1 per cent. of the early wregnsncy level.

The maximum f21l in the zlotulin concentration of
the plasme occurs in the earlier part of pregnancy.
After the middle of the second trimester this decline
in globulin concentration is arrested, and infact during
the last three months of pregnancy there is a tendency
for the plasma globulin to rise above the minimum level.
The maximum concentration of globulin during rregnancy
in our series was observed durinz the last four weeks of
gestation and this amounted to an increase of 4.1 per
cent. of the minimum velue. At its lowest point the
concentration plasma globulin was less by 7.6 per cent.
of the bassic, amd &9 per cent. of the early pregnancy-

level .
The/
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The rate of decline of the plasma albumin at all
stages exceeds that of the globulin, As a result the
albumin: globulin ratio is always less than normal. %ven
at the- stage of pre-parturient rise the downward trend
of the ratio is not arrested. Jonsejuently, unlike the
concentration of total protein and nrotein fractions,
the albumin: globulin ratio was lowest, at term.

The average ratio of the albumin and zlobulin
concentration of the plasma for the whole period of
gestation was 1.55; S.D. .14, while that for the last
trimester was 1.44; S.7. G, 10,

The Gecline in the albumin: globulin ratio is due
principally to a fall in the corcentration of the plasma
albumin, The individual vzlues for globulin 2lso show a
slight decrease from the basic level. This may produce
an erroneous impression if the relative concentrations
of the fraotibns are not considered. In the basic state
the plasma proteins consisted of 60,5 per cent. slbumin,
354 per cent, globulin, and 4.1 per cent. fibrinogen,

At term they were made up of 54.1 ner cent. albumin,

33.7 per cent, globulin and 7,2 per cent. fibrinogen,

Thus, the composition of the protein at term is such that
(comparéd with the basiC'stéte) it loses 1C.E per cent.

of its quota of albumin, while those of globulin and
fibrinégen increase by 9.3 and 75.6 per cent. resgectively.
?régnahcy therefore brings on not only a quantitativé

diminution, but also a qualitative change.
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COMLENTS
Most authorities (4,5,5,7,3,9,10) azree that there
is a decrease in the concentration of plasma proteins
dur ing pregnancy. In e follow up studyv Tlass and lathews
(7a, 1926) found that the plasma vroteins commence to fal
during the third lunar month, and sometimes earlier, and =

decrease/

1
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decrease graduslly to a minimum at the ninth ménth of
pregnancy. Thereafter there is a rise but the value at

term ié‘still_beiow normal. Our findings confirm the above
observation.: |

However, values for plasma proteins given by individual
authors appear to vary considerably., - Part of this mav be
due to environmental and dietetic conditions. liost of the
available data have a range of values from 6 to 8.3 gms. per
100 ml.of plasma. Dieckmann and Wegner (4, 1934) observed
that the average‘serum protein’concentration in pregnancy,
based on 17 published reports was 6.5 gms.psr 100 ml. The
average value for "serum” protein in our series, viz. 6,24
gms. may appear to be slightly less; but it cannot be regarded
as abnormal for in 2 of the reports reviewed bv Dieckmann
and Wegner the serum protein concentration was actually
less than 6.20 gms.per 10U ml.

Veryifew follow up studies in which plasma protein
concentration has been studied throughout the period of
gestation, are found in the literature. The contribution
made by Piass and Matthew has already been referred to.

Dieckmamm and Wegner found that the fall in the‘serum

protein’ concentration commences early in pregnancy and reaches |

4
LJ
i

i

i

a maximum at about thirtv weeks. These authors stated éﬁéﬁ

the decrease in the protein concentration of the plasma 1s

only relative, for they found that the amount of total uratann %

in the plasma at term was actually 13 per cent. more than

that in early pregnsnev.

i
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Our study demonstrates that the decrease in the
concentration of proteins per 100 ml. of plasma in the first
trimester of gestation is only slight, although significant,

and amounted to less than 1 per cent. of what we accepted

as the basic value. Muring the second trimester the fall
became. anvreciable snd was equivalent to about 10 per cent.
The third trimester brought on further change snd plasma
vroteins were now a little over 12 per cent. less than that
observed in the early months of pregnancy. The lowest
level attained by the plasma proteins in our serieé, which
was 12.9 per cent. below that in early pregnancy, appears
tc be less than}gggéﬁgf the published reports. The average
observed by Plass and Matthew (7a), Dieckmann and Wegner
(4) and Reinhart (11, 1945) is little over 7 per cent. of
the early pregnancy level. The greater fall noticed in our
patients is apnarently connected with the basic nutritional
state of these patients, and the amount of protein reserve
of the body at the commencement of gestation. It is
obvious that inspite of a relative fall in plasma proteins
during pregnancy there is actually more protei n in the
circulation than in the non-pregnant state. The investigations
of Dieckmann and Wegner demonstrate this.Me¥ Further
evidence is found from the fact that inspite of an increase-

in the plasma volume dwr ing pregnsncy by 25 per cent, the

max imum fall in the protein concentration of the plasma,%%%;,'
dufing pregnancy has not been found by investigators i

(Dieckmann)/ .
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(Dieckmann) to exceed 15 per cent. The difference must
necessarily have been made up by mobilising stored proteins.
Yhen the reserve of this store is low, the amount mobilised
is also low, and consequently the fall in the relative
concentration is greater. Scott and Govan (2a, 1949)
working on anaemias in patients attending the same ante-
natal clinic found that the incidence of anaemia during
pregnancy was higher than that reported by investigators
from Bdinburgh, Aberdeen and London. Scott (12) in an
anaemia survey on patientsfattending tne same clinic in

1946 and 1947 further observed that almost 50 per cent. of

them had haemoglobin values which were either low normal
or bdow normal levels. These investigations also suggest
the existence of a state of low protein reserve in most of
the patients seen in this hospital. Thus, a comparalively
large drop in the concentration of plasma proteins in our
series of cases is not an altogether unexpected finding.

The cause of this "physiological® drop in the con-
centration of plasma proteins has been rather inadequately
explained. Plass and Bogert (7, 1924) suggested that the
fall was caused by haemodilution and increase in plasma
volume. Tt has already been pointed out tnat this explanation
is wnsatisfactory since the decline in the protein levd is
much less than the increase in the volume of circulatingrﬁ,£ 
plasma. Dijeckmann and Wegner (4, 1934) point out that.iﬁgfgf
level of plasmgprotein observed is the expression of thé{
balance/ |
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balance between haemodilution and Wature's effort to
compensate for the effects of increase in the volume of
plasma, the compensation being of an inadequate nature.
fomparison of haematocrit and plasma vroteins undoubtedly
support this assumption, but fails to indicate why the
compensatory mechanism falls short of its reguirements

in every patient, irresypective of her nutritional status.
Apart from the hydraemia referred to above, om outstandiné
feature of pregnancy is an increase in the nitrogen balance
which often amounts to well over 12.5 gms.of protein

(2 gmnitrogen) per day. The mechanism responsible for this,
1s probably connscted with the activity of the anterior
pltuitary, for Gaebler (13, 1933) succeeded in producingzg
hydraemia and greatly increased nitrogen balance in
experimental animals with injections o{ anterior pituitary
extmcts.

Hichel ( juoted by Bden and Folland (14, 1948) found
that the daily protein requirement of the foetus is 6 gms.
The growth of the uterus, placenta, and breasts require
about 1.4 gm. of protein per day. The net daily storage thus
appears to be about 5 gms.of protein or about 1400 gms.of
protein for the whole period of gestation. For the plasma
proteins to be maintsined in the sane conceniral i as
before pregnancy the level requires to be raised by 25 per -

cent., which is the extent of hsemodilution. On the basiSi 

of/
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of average data,this requires an additional 35 to 40 gms.of
protein in the circulation. Considering the amount of pro- ‘
tein stored as reserve, this is indeed a smsll amount, and
is less than 3 per cent. of the total storage. The amount ‘
of protein supplied to the plasma falls short of that ‘
‘required for maintaining tie normal concentration by only
about 10 gms.for the whole period of gestation, or U.3 gms.

of protein per day. Tven if allowances are made for the

early lactation period it is difficult to explain why Nature
should be so reluctant to provide the plasma with an amount

of protein which is almost negligible compared to the huge
storage built up by the body. |

Two important provisions must be made by the body on

the advent of pregnancy. These are to provide for (1) an
added area of sinusoidal circulation of a highly specialised
type, and (2) a demand for increased provision of protein ‘
for the foe tus and organs associated with pregnancy. As \
has been pointed out these call for an increase volume of
‘ circulatdry fluid and a higher level of nitrogen storage, ‘

both of which demend an exireme economy in protein metabolism
and storage. The position can be explained by giving an ‘

example.® A woman having a plasma volume of 2000 ml. becomes \

# The figures used in this calculation are based on the aver-
ages obtained in our series of cases already described., Data
provided by Plass and Mathew, Dieckmann and Reinhart iAmérica)
and Coetzee and Marrack éLon&on\ were also subjected to

similar analysis and produced almost identical results. ‘

pregnant/
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pregnant. At the commencement of pregnancy her plasma is
found to contain 4.42, 2,60and C.31 zms.per cent. respect-
ively of albumin, globulin and fibrinogen. The total
amount of plasma protein in circulation thus amounts to
33.4 gms.of albumin, 52,0 gms.of globulin and 5.2 gus.of
fibrinogen. Ry the end of the gestation the plasma volume
has increased by 25 per cent. (Dieckmann), and her vlasma

&

now is found to contain 3.54, 2.46 and Ued3 gms.per cent.of
albumin, zlobulin and fibrinogen respectively. The Gom-
position of the total circulatating protein at this stage
is, herefore,-BE.S gms.cf albumin, 61.5 gms.of glooulin
and 10.75 gms.of fibrinogen. Thus consegjuent upon pre-
gnancy the total amount of protein of the plasma increases
from 146.6 to 160,75 ams., a little under 10 ner cent. of
the early pregnancy level., 'hen this is compared with an
increase in plasma volume of 25 per cent., the natural con-
clusion is that nrotein regeneration during jsregrancy is
inadequate.

The position however requires further scrutiny. mhe
immediate results of haemodilution are (1) alteration of
the oncotic pressure of the nlasma snd (2) change in the
physical character of the fluid in circulation involving
viscosity and resistance to the flow of blood. F¥rom the
physical point of view the proteins behave differently from

the caystalloids present in the plasma, in as much as they

cause a displacement of the water in which they sre maintaing

as/
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as 2 colloidayéol. The amount of water displaced depends
upon the protein, and consequently varies with the size
of the molecules of the different proteins

The relative size of the molecules of plasma,-aloumin,
¢lobulin and {ibrinogen is gproximsiely 1:1.5:4.3. 1In
terms of water disglacement therefcre, at the beginning
of pregnancy the plasma contained an equivalent of
(33.2 X I+ 020X .o+ 6.2 X 4.3) or 186.2 gms.of albumin.
Towards the end of pregnancy the protein content of the
plasma was equivalent to (3.5 X T+3L5 X L5 +I0.75 X 4.3)
or 23%.15 gms.of albumun. In other words during pregnancy
the plasme has been donated with an amount of mrotein whose
mass 1s quantitatively equivalent to (232.15 - 186.2) or
45.95 gms.of albumin. On these data the “protein-mass” of
the plasma increases by 4.9 per cent. of the early nre-
gnancy level , which is identical with the increase in
plasma volume. '

Tt is thus evident that from the point of view nf the
physical character of the plasma Nature has infact
established equilibrium in a most efficient msnner.

However, the chemical character -of the plasma is an
entirely differept matter. We shall again take the same
example. Tn absence of regeneration of plasma vroteins, the
immediate effect of hsemodilution would have e en a lowering
of the concentration of the plasma proteins to a level
25 per cent. below that of early pregnancy. In order to

counteract/












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































