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INTRODUCTION.

“hile traditionally, it has been taught that
preghnancy aliers glucose tolerance there are wide
differences of opinion on this subject. Authors
such as Johnson ana Bosnes (1948), Jackson (1l9bR2)
and Marazzini (1987) claim that carbohydrate
tolerance is not impaired in normal pregnant women;
others, notably Hoet (1964 ; 1887) go so far as to
state that pregnancy ls sctually diabetogenic.

Regolution of this controversy 1s a matter of
conglderable practlcal Lmportance because 1t may
have a bearing not only on the obstetric
management of the establlshed diabsiic, out also
in the recognition of ihé preocisvetlc stage of the
discase. One f{acilor wshich may present difficulties
1s the tendency for glycosurla vo ogccur in a number
of pregnancy states.

wWhen glycosurlia 1s found 1n assoclation with
normal Llood Sugar values, 1L is customarily
ascribed to lowering of Uthe renal cwhreshold as
councelved by Claude Bernard and agsumed Lo be
physiological. ihe luference 1s commonly made

that the urlunsary sugar ln these cases has been
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detected ag a malier of chance (L.e. post-
prandizlly) and that the carbohydrate metabolism
of such ceses conformg to that found in normal
Pregnancys It 1lg obvious from the views quoted
that thlis is not univergally accepted. it
might well be that glycosuria is & manifestation
of some lntrinsic defect pecullar to these women.
Consequently elucidation of this metier has been
ong of the almg of ithese studled.

In adaition 1o diabeites and prediabstes, there
are a number of frankly asbunormal conditiong in
pregunsncy where the finding of urlnary supar is a
common clinical experience. These include
haenmorrhagic shock, hyperemesis gravidarum and
prolonged labour with ketosis.

fh& ggeretion of sugar 1in associatlon with
shoek resulltling from heemorrhaglc condltlons such as
accldental haemorrhage, post-partum haemorvhage,
abortlon and uterine rupture 1ls now understandable.
I1 has been demonstrated that blood sugar levels
are frequently abnormally high where such conditions
obtain (Murdoch, 18563). Horeover, Lindings

comparable Lo thege have been reported in
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gliuations of siress occasloned by severe burn
injuries and acute spec¢lific infectlonsg in the
non-gravid (Lisle and Dick, 1932).

However, the mechanism by which sugar 1s
excreted ln prolonged labour and severe hyperomesis
gravidarum ls clearly guite different. in these
circumstances the agsoclated ketonuria ls an
indication of depleted carbohydraie reserves and
thiere is no hyperglycaemia. The uprinary loss
of sugar ls therefove paradoxical in such cases.

In recent yearsg obstetriclians have become
inoreasingly ilmpresgssed with the importance of
predisbetes ag a clinlcal entitye. Agpects of the
complete syndrome of large babiles, a high rate of
foetal loss, the tendency Lo hydramnios and
toxaemla of pregnancy, as described by Allen (193¢)
have subsequently been remarked by many others
including Miller et al., (1944) ; Rriss and
Futcher (1948) and Gilbert and Dunlop (1949).

Stowera {(196l1), in discussing the hazards
of delay in the recognition and twreatment of

dliabetes, 8siresses the urgency of dlagnosgis in
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the pree-diabetic stage by meonsg of senglilve tesis
for carbohydrate Intolerance. Following the
demonstration by Iugle (1984la.), that coritisone
induces hyperglycaemia and glycosuria when glven
in large and sufficlently prolonged dogage to
experimental sanimals, Berger (1952) sugpeated

the administration of cortisone as the basgls

of such provocative tesisg. As a result, several
authors including Fajang and Conn (1l954) and
Puncan {(18866b.) have c¢lalmed considerable suceess
in the non-gravlid. More recently Berirand and
Russell (196Q) have reported rather equivocal
resulis using prednlsone in parous wonen.

Such tests hsve been digappolinting in
vnmasking the prediabetiec state during pregnancy.
There are two possible explanations for this.

It has been shown that there ig an increage in
cortlcoatereld secretion as pregnancy advances
(Parviainen et al., 1950 ; Bayliss et al.,

1665 ; Schulley 19067 ; Casgsane and Tarantino
1667), so that the doses empirieally employed
may be relaitively ineffectusl. Agaln there 1s,

a8 already lndicated, confuslon and dispute as to
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what constlitules normal behaviour with regard to
carbohydrate telerance in pregnency, and thilg
may well be the more important. As a result,
the dilagnosis of preodiabetes in the gravid
patient remaing laygely speculative, belng based
on the obstetric history rather than on more
procise sclentiflic analyslsa.

According to Peel (1989) the management
of pregnaney in the esgtablished dlabetle s
beeonlng ingreasingly lmportant because of the
ineressing freguency with which the two conditions
are assoglsated. Indeed it would appear that the
problem of feecundlty has now replaced that of
infertility. As Joslin (1959) points out, thig
problem is likely to increase owing to the
transmigsion of a hereditary gene.

While it 1ls true that the maternal mortality
from diabetes mellitus has fallen dramaileally
10 1.4 per cent wlth insulin therapy, (Peel and
Oakley 1¢4¢ ; Oakley, (19863) the disease 1ls 9till
aggoclated with & high foetal wastage in the last
elpht weeks of gestation and in early neonatal

life. With the exception of the unlgue salvage
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rate of 90 per cenl achleved by White (1947 :
1956¥) using cestrogen and progesterone therapy,
which will be considered in greater detalil laier,
the foetal wastage yanges Lrom 16 to 41 per cent
{Oakley 19563 ; Pesl (1955 3 1u59) ; Pedersen and
Brandgtrup 1956). According to ihese authors,
thls depends on the degree of combined medical
and obgtetrlical care.

It is common experience thai the gravid diabetic
may bes extremely diffieuwnlt to stabilige,
particularly in the last trimester, and that even
in apparently well stablliged cases there is no
guarantee of a guccessful auicame as far as the
c¢hild is concerned. AS & presulit, premsiure
delivery at 36 to 38 weeks is the generally
ageepted policy. This inocurs & conslderable
rigk of nseonatal loss from lmmaturity.

dhile it is apreed that changing wetabolic
requirements inherent in the diabeillce state may
be partly responsible for unsueccsssiul
gtabilisation, it is possible that normal

physiologleal changes in carbohydrate utllisation



and excretion may also be concerned. In this
conneetion 1t 18 well recognised that urinary
supar éstimatinns are an unrellable gulde to
stabilisation in pregnancy, but it has never
been altogether clear ag Lo how far this is
due Lo normal physiological metabolic changes.
Por example, the presence of lagtoge in the
urine might result in an erronsous appreciation
of the patients' insulin requlrements.

It wounld appesr from the literaturve that
the incldence of lactose in pregnancy urine is
a subjJect about which there is some uncertalnty.
A minority of writers, ineluding Selye (1947),
claim that lactosuria ig common during lactation
but does not cccur during presgnancy. ihe majority,
however, sgree wlth Lamble (192€) thatl lactose may,
on occaslon, be excreted in very late pregnancy
in addition to the puerperium. Since it seened
possible that both of these views might be too
conservative, the incideace of lactosuria in
reélation Lo the stage of pestation has been

laovestiyated, in these studies.
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The introduction ana wlde adoptlon of glucose-
specific test slrips have to no degpree reduced the
¢linical importance of thls problem. These
oxldase teats are extremely sensitive and
essentially qualltative. Consequently where
positive results have been obtalned, the
coucentrations of sugar must be checked by one of
the accepted non-specific clinical methods
(Jablokow et al., 1957). Hence, should glucose
and lactose occur together, the latter sugar might
slive an exaggerated lmpression of the concentration
of lucose aclually present In the specimen.
Furthermore, it Secemed equally possible that other
Busars might contribute to reductions in the urine
of pregnanit women in a similar fashion.

In view of the divisions of opinion and the
practical importance of establishing the influence
of normal pregnancy on carbohydrate tolerance and
insulin utilisation, a series of studles has been
conducted on normal pravid and non=-gpravid women.
Throughout this seriles paper chromatography has
been employed for the positive identification

of the individual sugars excreted In the urine.
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For the sake of ¢larity the work ls divided
into three main sectlons:

I Preliminary Study.

II The assessment of Carbohydrate Tolerance
by Means of Intravenous "Loads".

III The Assessment of Carbohydrate Tolerance
by Means of Continuous Infusion.

Thereafter the results are discussed and

concluslions drawne.
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SBCTION I. PRELIMINARY 3TUDY.

THE IRFLUBNCE OF AGE, PARITY ARD THE STAGE OF

GUSTATION ON URINARY SUGAR QUIPUT, AND THE

TYPES OF SUGAR EXCRETED IN NORMAL PREGNABCY.

Ag a preliminary study it was declided to
Investiyate the frequency with which clinically
detectable amounie of glucose, lactose, and any
pither reduclng susars are present in normal
pregnancy urine, and o establish whetheyr their
excrotion could be related to age, parity or to
any particular stage of zestatlon.

MATERIAL AND METHODS.

A sample of 21 primigravidae and 20
muliiparous women was obtained in consecutive
order of thelr first attendance at the antee-natal
clinic. Only those having pregnancies of less
than 21 weeks duration were included. Of the
initial 41 cases, & were found subssguently to
be non-gravid. Yhis left 3Y cases consisting
of €l primigravidae and 18 parous women. of

these, 1 aborted at 1¢ weeks, 1 was delivered
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of an anencephalic foetus at 30 weeks and 1
was dellvered of a premature but otherwise
healthy infant in the 38th week of gestation.
Two of the cases had their latier ante-natal
care and confinement elsewhere.

Thus, for purposes of analysisz,; the
final series consisted of 34 cases of whom
18 were primigravidae and 16 were parous.

At thelr inltial and all subsequent
attendanoes & gspecimen of urine was obtained.
This usually was the first Lo be pagsed after
lunch.

The specimen was flrst tested for swugar
by two methods, viz. "Clinltest" and Benedict's
qualitative solution In order that the
lovestipgation would concern itself with only
such quentitiss of reducing substances as wers
detectable by ¢linical methods.

As & meang of differentiating between
reductions caused by glucose and lactose,

fermentation tesits and the preparation of
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osagzones have been recommendod. (Harrison
1947 3 Hawk et al., 1947 ; Varley 1954).
These methods have not In fact proved suitable
in obstetric pracilice. Fermentation is too
elaborate and time-consuming ifor routine work,
particularly when a large number of specimens
have to be exzamined. Furthermore, the
concurreént pregence of glucose and lactose
may render the osagzone test of doubtful value.
Another important objection Lo these tesis was
the possibllity that sugars other than glucose
or laciose - whether from a dietary or metabolic
source = might be present elther individuaslly
or severally. In view of these considerations,
it wag decided to examine all speclimens of urine
by the wmore informative and sensitive method of
paper chromatography, where one or other of the
more conventlional clinical methods had ylelded
& positlive reduction.

For thls purpose the technlque described
by Williams (1954) was eventually selected as

being the most sultable of the methods tried
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(appendlix A). A positive result was accepted
only where the presence of sugar was confirmed
by chromatography. i#hen a sugar other than
slucose, lacltose, or galsctose was detlected,
& second ohromatlogram was run for confirmetion.

In weneral, the patients reported at
monthly intervals until the 28th wesk of
sestation, fortnightly until the 32nd. week,
and then at weekly intervsls until delivery.
This accounits for the increased frequency of
testing in late pregnancy.

In all, 288 specimens of urine were thus
examined.
RESULLS .

the resultis are shown in Tables A (Appendix B)
and X.

False posltive reductions were obtained
in 37 (12.8 per cent) of the testis. All
were obtailned by benealct's gqualitative
method end were for trace gquantities (i.e.
<5 mge. per cent or less). In every case

where "Glinitest" reglstered a reduction, the
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presence of carbohydrate was confirmed by
chromatography.

The earliest positive reduction was
obtalned at 16 weeks. This was of the order
of 20 mg. per cent and was caused by glucose
and lsctose concurrently. The maximum
concentration of sugar recorded in the serles
was 100 mge. per cent. The sugar was identifled
as glucose., The concentratlon of lactose did
not exceed 50 mg. per cent on any occasion.

Only one of the series of 34 women
completed gestatlon without having sugar
detected iln her urine. This pregnancy was
concluded normally.

The results of ths tesits for Individual
patienis are glven gerially under the
corpesponding week of gestation in Table A (Appendix B).

For purposes of anslysls, lhese results
have been grouped into the four periods vizg.,
up to 21 weeks, 21 to 30 weeks, 3L to 35 weeks
and 36 weeks to term (Table I ).

The number of tests 1n each period is shouwn



prveesiio
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and the resulls are tabulated according to

their beiny negative (including false positives,
shown in brackets) or posiilve reduotions. The
positive veductions In each period are further
detalled according Lo the sugar(s) contributing.
Finally, in the same table, 18 the numbsr of

- patients having & parblcular sugsr in theilr
urine at any of the four psriods.

Lactase: glucose and galactosne were the
sugars most commonly detected, and Figure I
illustrates the percentage of caseg in whose urine
these were present as normal pregnancy advanced.

It will be observed that there was a
progressive increase in the 1lncldence of
lactosurlia, f%@m garly pregnaney until term.

The same appsars Lo be true of galacloge. The
trend with regard o glucose exscretlon is less
clear. , The apparent maximum Ineldensce in the
31 - 85 weeks interval, and the fall in the
ﬁﬁ.wa@ks Lo term period, are not supporied by
atatistical amaiyai@.

<~ e—=fith- pegard - 10 the Presence (+) or



PRESENCE (+)

TABLE 2.

ox

1%

ABSENOE (=)

of GLUCOSE.

21 vieeks

2130

vaeks

31-35 weeks

e

i
!
i
1

36 weeks to term

10,
11,
2.
134
144
15
16
7.
18

l9§¢
204
2l
224
234
24,
254
26,
27
28,
29,
30,
3.
324
33
34.
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Abgence (=) of Glucose (lable 2 ), the various

periods may be consldered ag followsi=

(L) Table 3.
2l=30 Up to 21 weeks Total
weeks + -
+ 5 9 14
- 2 18 20
Total 7 27 34

It will be noticed that b causes were ++ (the first
gign refers to the "up to 8L weeks" period) and

18 were e-. Thug 23 cases showed no change. or
the remalning 1l one would expect, 1if only chance
operated, ééfi: = 5.5 in the -+ and .3.-.83:. = 5.5 in the
+ = £roup. We actually obgerve 9 and 2. An

X2 test shows that these observed frequencies

are significantly different from 5.6 and 5.5.

(X% = 429, P<Q.05). Thus the proporition of
rvels, 7 out of 34, in the “up to 21 weeks®

io significantly different from the proportion

of +ve'ls, 14 out of 34, in the 21 ~ 30 weeks

pePiGd.
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(11) Table 4,
31=386 21«30 weeks. Totale
weaks. ' -
+ 8 17
- 5 12 17
Total 20 34

An X® test shows that there is no gignificant

difference between the proportion of +ve's in

the two perilods.

That 1s, there 1s no

significant difference between 14 and 17

34 a4
(111) rable 5.
36 weeks 3le=3D5 weeks Total
L0 Lerme. * .-
+ 10 3 13
- 7 14 21
Total 17 17 34

Agaln there is no sigpnificant difference

betwveen proportions of +ve's.

That is to say

there is no signlificant difference between

17

Wevgirgiiny.

54

13

-

34

and

In short, whereas there is a
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sisnificant lucrease from 3L to 30 weeks, over
the period under Zl weexs (P<0.08), no gignificant
variation occurs thereafter.

This implies that the incldence of glucose
loss reached its meximum between the 2lst. and 30th
week of pregnancy, and thls was malntained until
delivery. It 18 lnteresting o note, however,
that 10 out of 34 cases remoined negyative
throwshout and 3 remained consistently positive.
Ten of the remalinlng 21 cases who had previously
reglstered positive reductiions for urinary glucose,
became negative from 3¢ weeks until delilvery.

In the urine sgpecimens examined, reductions
were found to be caused by the presence elther of
an lndividual sugar or by wroups of 2 or 3 sugars
acting concurrently. Chromatography demonstrated
5 varieties, viz., glucose, lactose, galactose,
pentose and {fructose.

Fructose contributed to relatively few
reductlions so that valld luference is limited.

It 1s probably safe to assume that the ¢ fruciose

reductions, 3 of which were obiained from urine
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gpecimens of the same individual, resulted from
g Gletary course of that sugar. Of these there
are many, since fructose occurs as free hexose
chiefly in sweet frult and honey. Apples are
relatively rich in laevulose and as a component
with glucose of the disaccharlide saccharose, it
is found in relatively large amounis in sugar
beets and In sugar cane.

'Pentose was found on 4 occasions only
({3 cases). One of tihe women gave a history of
vomiting. Soskin and Levine (1955) claim that
the b egrbon atom sugays are much more
important as part of the machinery of the body
in contragt to the important energy materisls,
the hexoses. fihile admittlng that they may
possibly contripute to the pentose content of
the tissues when ingested iIn combined form
(eeg. riboflavin and nucleotides), these asuthors
claim that uncombined pentoses are not utilized
when ingested, but are eliminated in the urins
and faeces.

Lactose excretlion lncreased in frequency as

pregnancy advanced. From the 20th week, this
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was the reducing supgar most frequently present,
although the concentration never exceoeded 50 mg.

per 100 ml. urine in the present series.

Galactose llke glucose and lactose was

detected before the L8O0lh week, and although not
nearly 80 hilgh, its lucidence would appear to
run paerallel to that of lactose.

Glucose. Urinery glucose was detected in
over 75 per cent of the women in this series.

In the majority there was a significant increase
in the incidence of excretion of this sugsr from
the zlst. to the 30th week of gestation. In
general, thls maximal value was malntained during
the lagt four weeks of pregnancy.

During thisg investipatlon the opportunlty
was taken Lo exsmlne the influence of both age and
parity in the incldence of sugar excretlion in
normal pregunancy urine. It has been suggested
that both of these fuclors may influence
carbohyarate tolerance. In the hwnan subject
in general, tolerance 1ls belleved to decrease

with age, while for some time 1t has been suggested
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that Inecreasing parity and tolerance may also
bear an inverse relationship o one another
(Rosenberg 1v24 ; Lamble 1926).

In this series of cases, ithe ages ranged
from 17 to 40 years. It was not, however,
possible 1o establish any significant variation
in the incidence of urlnary sugar attributable
to this factor, owing 10 the generally high
frequency of its excretion.

The same was true regarding the influence
of parity. In this connection, it might be
pertinent to mention that thils {filnding is
consigtent with experience gained during the
later stages of these studies. In the course
of these, it hag been possible to observe a fow
of the patients in a subsequeni pregnancy. As
& result, it has been noted that although
glycosuris of a degree sufficlent to merit full
investigation by standard oral tolerance tests
may be detected in one gestaitlon, this need not
necessarily be a recurreni feature in a further

Pregnancy.



SUMMARY OF RESULES.

1o The uelinary ezepretlon of sugar wap studied
in 18 primigrevid and 16 parous wvomen from before
bhe =18t. wook of Prognsicye.

Ooly one subjeol cempleted gestation without
having sugaey detected iun her urins.

e in descendlng order of frequency, the sugaprs
identified by peper chromatography in the urine
specimens of the other subjects were lactose,
slucose, punlactoso, fructose and ponloge.

Thnese ocourred gliher ladlvidually or in
proups of Lwo o Lhreo.

He There was & progresgive increage in the
logidence of lagtose exeretion from the d0th
wosk untll dolivery.

Yhere wag & parallel lucrease in the
excretion of palactoss, slthough thils sugar was
datested mueh less fyequontly than lagtose.

%o luense was detwsoied in thoe uvring of over
76 pey sent of the oasedg.
The maximal number of ¢nses excreting slucose

was reached in the perled from 41 to 30 wecks.
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The majority of these coutlnued to excrete
glucose until dslivery.

S Nelther agze oy parity asppeared L0 have any
influence on ithe sxerstion of sugar.

GOMMENLARY

The results of this preliminary ilunvestlgation
sugest that the incidenece of glycosuria 1is high
in normal pregnancy.

{ts occurrence seems to be independent of
age or parity.

Purthermore, since no specific dlet wsas
preseribed, the glycosurla would appear to be
independent of any partlculiar type of diet.

Thege patients were healthy in all repsectis.

it is thus reasonable to suyest thst some
factor or comblnation of factors, 1Influences
carbohydrate metabolism in the gravid state.
Iactoge. ‘YThe patiern of lactose excretion ls
almost certalnly related Lo breast development

and function.

Galactose and Glucose. With regard to the

axcretion of these supars, there are the followlng

possibilities:-
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{a) Placental functlon. It is possible that
pert of the sugar outpul may be derilved as
breakdown products ol such substances as
gonadotrophing. Morris (19565) in discussing
thie chemical and physlco~chemical properties of
choriocnic gonedotrophlin, degeribes it ag a
glyco~protein of high carbohydrate conteunt.
This includes s hexose identifled by Gurin et al.
(1940) as galactose. The kidney during excretion
may lLiberate lhe carbohydrate as the hormone 1is
brolken down. alternatively, urinary gslactose
may represent an uncomblned precursor, or a
breakdown product, of the lacstose molecule.

The signiflicant increase In the incidence
of glucose excretion which tekes pluce after
the 20th week of pregnancy may be related to
the fact that the placenta becomes fully functional
st that time. This inerease appears to be
maintained throughout the peried of placental
maturity, whilch persists ln the majority of
women until juat before delivery. However,

of the 34 ceses, 10 who had previously passed
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gluecose Iin their urine ceased to do so after
the pregnancy had reached the B6th week.
Although thelr records afford no evidence to
support such a hypothssis, 1t might well be
that placental seneseence had begun unusuvally
early in this minority. It must be admitted,
however, that the posglibility of there being
such an index of placental sufflcliency has never,
to thig writer's kuowledge, been investipated.
(b) Blood gugar levels may be abnormal.

{c) Renal handllng of the sugars may be
altered in pregnancy.

Both (b) and {(¢) have been investigated
later in these studies.

It is well known that suger 1s commonly
found In the urine of pregnant women. The high
incldence of its occurrence, as shown in this
preliminary investigation, ls perhaps less
generally appreclated. In view of the
successiul out-come of the pregnancies just
studied, it is obviously unnecessary (1f not,

indeed, harmful) o restrict carbohydrate in
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cases of simple plycosuria. This view is8 in
asgreement with that expressed by Donald (1959)
who states that such capes reguire no treatment.
The present findings ladicate that there
18 a change in the metabolism of glucose from
the 2lst. to 30th weeks which 1s malntailined in
late pregnancy. This may explaln the sxperience
of those elinlcians such as Wilkerson & Remeln
(1667) who have found that those cases pronounced
simple glycosurias in the early months of
gestation mast be retlested io later pregnancy
in order to be ceritaln of excluding dlabetes.
Attentlon must be pald to this factor in
treating the establlshed diasbetic. Furthermore,
these results would suggest that stabilisatlon

cannot be achieved on the basis of urinalysis.

In view of the obscure nature of the mechanlsm
of glycosurla in normal pregnancy, a more detalled
investigation seemed to be necessary. Because of
this and its obvious importance to the practice

of obgtetrics, 1t was decided Lo investigate
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carbohydrate tolerance in normsl gravid women

by meang of a series of "loading" testis.
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3pCLION I1.

Thbh ASBESSMENY OF CARBOHYDRATE TOLEKANCL BY MEANS

OF IHURAVENOUS "rLoaDs".

the object of the present serlies of
investigatlons was to study the utilizatlon and
gxcretion of carbohydrate in normal pregnancy
by means of adminlgtering test loads of sugar,.
Purtheyr, to study csrbohydrate metabolism under
the same experimental conditions in cases of
(a) twin pregnancy, and (b) 1n cases of pregnant
women who had shown glycosuria prlor to the
experimental loading. Finally, to compare
and contrast the results obtained in the normal
sroup with those In the other groups.

Twin pregnancy was examined because the
preliminary investlgation had indleated a
connection between placental development and the
impairment oOFf carvbohydrate tolerance. It was
congldered possible that the larger placental
area of multiple prepunancy might cause greater
impairment.

The ceases of glycosurla hed been detected on

routine urinalysis at the snte-natal clinle when
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thely urinary sugsr concentrations had ranged
from 75 mge to 200 mg. per 100 ml. urine.

The glycosurla had bsen dlagnosed as of renal
origzin followlny standard oral glucose tolerance
testg. These cages were studled with a view to
determining whether their carbohydrate metabolism
differed subgtantially from that of normal
presnant wometl.

To achieve thegse aims 1t was necegsary,
therefore, to perform a stendardised test on four
groups of subjectsi-

(1) Normal non-gravid women of chlld-bearing age.
(2) Hormal gravid women.

(3) Cagses of twin pregnancy.

(¢4) Cases of "renal glycosuria',

The load effects obtalned in groups 1, 3 and
4 were then compsred in turn with those obtained
in group <. ‘

It will be appreciated that considerable
Importance attaches to the method »f load ng.

Iin the prcesent Instance L1 wap declded to load

by meuns of o single intravenous injection of
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dextrose.

The intravenous route of administration has
been employed by numerous workers, and Tunbridge
and Allibone (1¢4¢) describe the individual
methods which have been adopted by some 37 teams
between 19l3 and 138, Since then, intravenous
plucodse tolerance tesis have been described by
several authors including Johnson and Bosnes
(1948), Duncan (1ub56a) and Marazzini (1987) and
the advanlages over the oral route are now
eatnerally agreed.-

L. The oral tests depend upon the degree
of absorptlon of the glucose by the alimentary
canale This Introduces deflinite and
uncontrollable factors, since the two processes of
abgorption and disposal tend to be coincident over
an indefinite period.

2 Alterations in the gaslro-intestinal
tract peculiar Lo pregnancy may complicate
absorption.

This was of psarticular lmportance in the

present study where 1t was necessary to compare
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8 pravid with & non~gyravid series of patients.

S Following Intravenous administration, the
maximal hyperzlycaemia occurs rapidly and the
subsequent Ffall In blood sugar is unlufluenced
by simultaneous absorptilon.

For these reasonsy 1t has been guggested that
narrower limits of normality can be imposed when
the sugar is lnjected Lntravenously (Stowers, 1g6l).

Although there hag been general agreement on
principle, there has been a wide diversity of
oplanion with regard Lo procedure. Duncan (1¢56a)
comments in particulayr on the lack of uniformity
in ithe loading dose of sugur and in the ¢valuation
of resulis. &lth regara to the latter, he
hinself prefers Lo expreds lLolerance as an
"inerement ludex", while lunbridge and Allibone
(L940) made their criterlon the tlme taken for the
blood sugar Lo regain rasting values. Crawford
(L638) used the time taken to reach the velue of
100 mg. per 100 ml. blood, and Lozuner et al.

(141 ) took the =Z-hour value as thelr index.

wulte different atandards were those adopted by
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Jorgenson (l97) and Ross (1938) who measured
the area under the observed klood sugsr curve.

Similarly, there hasg been individual
variation in the selection of times for the wiihe-
Grawal of bHlood. buncan (1gbH6a) took his first
sample four minutes alter completlon of the
injection, since he sstimated that complete mixing
of sugar with the blood would have occurred by
then. This 1is not lv apresment with the views of
Turner and Allibong (1940) #ho found that blood
supgar levels wsre maximal one minute sfter the end
of the injection. {These authorg, however,
reported great differences In this level between
individual subjecta). Johngon and Bosnes (1948)
appear %0 have overeome this alfficulty by
walting 15 minutes after the end of the injection
before taklng thelr {first blood sanple.

In the present study, a load of 20 yx. of
50 per cent dextrose was employed. Thia dose 1is
smaller than that used by many workers, but 1t was
felt that nothlinyg was to be galned by the injection
of larger amounits of asugar. On the countrary, the

louer dosage had the advantage of producing
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appreciable chenges in blood gugnr levels which
were, at the same time, closger Lo the wvornal
physiclogical variationg than those which would
have resulted from hlgher loadsg, It was hoped
that this would add to the practical value of the
subgequent observaiiong.

The firgt LIicod sgample, fosiowing the fasting
specimer, wes taken 30 minvtes afteyr the end of
the injectlon, Iurither specimens were obtailned
at intervals of 30 minutes to glve a coversge
of 2% hours. These tiwss were chogen S0 that
the intermediate snd more remois post-injection
blood sugar levels and theilr effects on urinary
sugar output could be observed.

In addition, the techalque which is later
deseribéd ln detail (page 41 ) differsed from those
already mentloned, in that all the specimens of
urine were analysed guallitatively by wmesas of
paper chromaltosraphy .

Finally, this study was esseniially a
comparlson of the effects of cearbohydratle
aaminlstration on four grroups of paitlents who were

subjected to the same experimentsl conditions.
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Because of this, 1t was possible to svaluate
the resulis stastistleally wlthout adopting any
of the individual criteria advocated by the
authors mentioned previously.

Although from clinleal considerations the
investigation was concerned with the influence
of prégnancy on the metabolism of glucose
particularly, it was felt important to decide
whether any possible changes were specific for
that hexose slone. To do this, it was necessary
to obtain supplies of another sugsay whlch were
suitable for Llatravenous admlaolstraiion.
rurthermore, it was a pre-requlsite that the
hypertonle solution of carbohydrate should have
no barmful effect upon the reéenal tubules. It is
now penerally accepted that such effecis are
liable to occur when, for example, the disaccharide
sucrose is injected in this manner (Anderson 1948 ;
gorard et al, 1¢bHG). #hile Gappel (1958)
considers that the lntense hydrople degensration
80 produced in the renal tubule cells is temporary
ana unlikely to result in serious harm, it will be

appreciated, that any induced changes, even of a
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temporary nature, are likely to lanvalidate
load tests.

In the end it was decided to use fructose
(d=luevulose) which not only satislied the
requirements mentioned above, but offered certain

additional advantagesie-

In 1920 Meclean and de #esselow found that
the ingestlion of fructose, lo contrasti to other
Supars such as glucoae, produced little if any
increase 1ln total blood sugar. ihis is now
understood to be caused by the rapid conversion
of laevulose 1o ylycogen by the liver. (The
works permitting such a conclusion, including
those of Mann and Magath (l%zz) ;3 Corl (lyzd)
ano Kimball (1932), have been reviewed and
commented upon by Stewart et al. (1938). These
aunthors, while conceding the possible lmportance
of direct utilizatlon by the tissues, concluded that
lnevulose metabolism takes place 1o a very large
extent in the liver).

when the fructose iIs administered intravenously,
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in contrast Lo the oral route, there occurs a
significant rise ln total blood sugar, although
it ig still considerably less than that effectied
by intravenous glucose. For practlcal purposes
thig may be expressed simply:i-

Total Blood Sugar = Fasting Blood Sugar + Glucose

(Largely glucose) (Converted
from fructose)

+ Pructose.
The work of Gammeltoft aud Kjerulf-Jensen

(1943) sugpests that ralsing the total blood sugar
mass by the introduction of fructose would provide
competition to ithe glomerular flltration and
re-absorption of glucose. ihese authors concluded
from anlmal experliments, as well as [rom obgervation
on the human subject, that fructose and glucose are
actlvely re-absorbed from ithe proximal renal tubules.
While tentatively sugpestling that thers are
phosphorylating eand dephosphorylating enzyme
systems gpeclfic for each hexese, they advanced the
view thal glucose and fruciose compete wilth each
other as phoaphate acceptors from the common

phosphate donor adenosine triphosphate.
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in view of these considerations, 1t was
decided to perform & fructose load test, in
addition to the glucose test, In each of the
gubjects of the present invesltigation. It was
hoped that the introduction of & competitor to
the renal exocrstion and re-absorptlion of glucose
migzht help to acceniuate any pre~-existing
impairment which pregnancy had occasioned in
that mechanism.

METHOD AND MATERIALS.

A seriles of 10 nonw-gravid women whose ages
ranged from 18 years Lo 38 yoars was obtained in
the Royal Samaritan hospltal for Women. The cases
were seclected Lo exclude endoecrinological
abnormallty and only those of good general health
and nutrition were chosen.

On admission they were glven the ordinary
hospital diet which lncluded approximately 350 ge.
carbohydrate dailye.

The patients were fasted from 10 p.m. on the
evening precedlng the test. The following morning,
a specimen of the "fasting" urine was obtailned and

immediately prlor to the commencement of the test
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at 9 a.m., a self~-retaining catheter was
introduced to the bladder whilch was then emptied.
The entlre volume of urine was discarded snd the
catheter was secured by means of & splgot.

The "fasting" blood sample was then obtailned
and without withdrawlng the Bo. 2 serum needle
from the vein in the antecublital fossa, 40 ml. of
50/ (l.e. 20g.) dexirose solution were intlroduced
in 15 - 2 mlnutes, by means of a 50 ml. all-glass
syringe. Furthor blood speclmens were obiained
from the opposlte medlan basllic veln at
ﬁo—minute intervals until concluslon of the test
150 minutes later. vhe blood specimens were
retained Ln fluoride botiles. At 706 and 136
minutes following the injectlon, the bladder was
drained but not washed out. This pgave the
first and second urine speclimens.

Thus from each test there were slx blood

specimens including the "fasting"

blood, and three
urine specimens lncluding the "fasting" urine.

On each blood specimen total blood supar was
gstimated by the Nelson (1944) mdaptation of the

Somogyl method. Bach urlne speclmen was tested




43.

for sugar by “"Clinitest" tablets and, where a
reduction was rexlstered, by the method of
paper chromatography. (Appendix A ).

aAfter an interval of two or three days
the test was repeated using 40 ml. 50% (approx.)
fructose solutlon. this was prepared by the
addition of 8 ml. sterile water to 32 ml, of
62.5% "Laevosan" concentrate (Calmic Ltd.), thus
giving 20 g« ¢arbohydrate in 40 ml. solution as
for the dexirose toleraunce test.

Parallel tests were performed on 10 cases
of normal pregnancy, 10 cases of twins, and 10
cages of renal glycosuria.

COMPLICALTIONS AfD 81Dl BRFECLS FOLLOWEHG THE

INTHRAVENOUS ADMINISTRATION OI' SUGARS .

The advantapes of assessing carbohydrate
tolerance by the intravenoug adminigtration of
sugars have been discussed carller. It must be
appreclated, however, that previous workers have
vaported complications following the Intravenous
injection of dextrose.

Most frequent among these have besan pyrexia,

rigors, general malalse and headaches.
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Jorgensen (lud7) noted pyrexla in four of hls
first 75 cases. ihereafter, he employed

freshly distillied water for the dextrose

solutions and no furtheyr complicatlons oeccurred.
From thils one might be tempted 1o agsume that

the modern techniques employed in the preparation
of sterile solutions of sugsr, might provide
immumipy from such complications. This, however,
is not entirely true.

Duncan (1956a) reported "slight 11i effects
or complications” foiicuwing the intravenous
adminisgtration of 256 g. H50% dextrose; but when
the dose was lncreased to 50 g. undegirable side
effecis were encountered. These included
considerable pyrexia with malalse, headache and
senerallsed body anc jolnt pains which lasted for
about 1lz hours on the day followlng the test.

In addition, three of hisg Inltiasl five cases
developed venous thromboslis. As & result of thls
complicatlion, Duncan decided not only ithat a dose
of 50 g. dextrose wasg contra-lndicated, but also
that the simultaneous injection of heparin was

desirable as a prophylactic measure.



45 .

Symptoms simllar to those already described
have been reported by Turner and Allibone (1949),
who stressed the oulstanding feature of thelr
having ao complications In those of thelr patients
who were confined to bed. Thig finding was
raendered more gsignificant by the fact that 15 of
their out«patient subjects had complications
including pain ln the arm, phlebltis, malaise,
headache, nausea and pyrexia. Some of these
did not oceur untll several days had elapsed.

All the subjects of the pregent investlgatiouns
wore admitied to hospltsl bscause previous
experience had lndicated that this ensured much
more satlsfactory control. they were permitted
to be ambulant in the periods lmmediately preceding
and after the testa. Prophylactic heparin was
not employed, and indeed proved 0 bes quite
unnecessary. There were no complicatiouns in the
pravid or non-grevid patients from the 40 testis
employlng the relatively small dose of 20 g.

50% dextrose.
In contrast, when the corresponding 40

fructose load tests were performed on the same
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patients, a significant number experienced

gide effecis. While it is true that these were
minimal in the pregnancy gsroup (of whom only
nine were affected), they were well marked in
all of the nou=-gravid subjecis. Indeed the
atrilking difference in the depree of response
shown by the gravid on the one hand, and the
non=-gravid cases on the other, merits a
description of the vehaviour of both gsroups.

It will ve recalled that the fructose load
0f =0 ge (40 ml.) 504 laevulose was injected
intravenously during a period of 1% ~ 2 minutes.

Thoge gravid cases who experienced side
effects, complained of "a feeling of warmth
from head to toes" after sun interval of 2 - 3
minutes. There was an associlated, very
transient, feeling of faintness, but there were
no other symptoms. Meanwhile the obsgerver
could readlly dlscern a gsuffusion oif the face
supestive of a perilpheral vesodllatstion
prﬁducing a curlously mottled appearance.

This sign, whicn persisted for some 7 - 10 minutes,
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was observed in none of the non-gravid subjects.
In these, the following symptoms occurred in
varylong degree:

After an Interval of & - O mlonutes
following the injectlon of fructose, the non-
pgravid women complained of a feelling of warmih
just as Lhe gravid patlients had done. In some
there was a feeling of lasslitude and falntness,
described by one subject as being "like gotiing
88 at the dentlsts". The most dramatic and
congtant side effect was & gensation experienced
In the eplgasirlum. Each poatient indicated with
one finger a polnt situated In the midline just
below the xiphlsteraum. This was the seat of
a "peculiar sensation", in some remaining like
a gense of presgsure, in others developing into
quite severe pain within five minutes of its
onget. None of these symptoms perslsted for
longer than 12 minutes, and apart from o
transient rise of some 20 beats per minute 1n
pulse rate with sn assoclated moderate
tachypnoea, no objectlve slgns were elicited

in Lhese cases.




48,

It has been supygested that these side
eftfects, which dld not occur In any of the
subjects followlng the administration of
dextrose, may be due to modifications in the
Intermedisry metabollsm of fructose, particularly
in the liver (#Williams, 1962). thile the
relative lmmunity of the gravid subjects 1s of
particular interest, it must be emphaslized that
the experlence galned suggests that these side
effects are of no serlous consequence even in
the non-gravid. Certainly they do not contra-
lndicate the intravenous administration of
lasvulose. Indeed, although this was not
posslble in the course of the Investigatlons
becasuse of the necessity of the tests belng
standardised, subsequent sxperlence has shown
that these slde effecis may be elliminated or
rendered minimal by reducing the speed of
fructose adminiatration.

RESULTS.
The results of the 80 tests are presented

in Tables 6 - 9 and the corresponding mean
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TaBLE 7.

NCORMAL FPREGNANCY - DEXTROSE/FRUCTOSE LOADS,

Total Blood Sugar mg. per 100 ml.

1

Time (mins.,)

.."

72

Case Age Gravida Weeks
o, Pregnant 0 30 60 90 120 150
D| 79 124 { 95 | 78 7 76
11 39 4 40 77 | 108 | 96 | 87 78 80
D 80 , 133 92 83 72 75
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LABLE 8.

PWIN PREGNANCY « Dextrose/Fructose Losds,

Lotel Blood Sugar mpts per 100 ml,
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GLYCOSURIA = Dextrose/Fructose Loads

Potel Plood Suger mgs per 100 ml,
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values for each serles of glucosse and fructose
tests are illustrated graphically in

fipse 2 and 3.

STATISTICAL ANALYSIS.

(o) GLUCOSH
Table 10.

GLUCOSE & lobal Blood Sugpar mg. per 100 ml.

Time Non=-gravid Normal Twinsg Glycosurla
Pregnancy

0 82.7 77.1 T2ed 8l.1

30 162.8 128.0 112.4 129.4

60 104.6 9.7 8647 982

00 800 75.2 602 79.2
120 60.4 7063 64.3 729
150 68.5 70.2 65¢3 72.0

Table 1l.

Comblned Fastin§ Blood Suégr Mean Values.

Group Mean Standaprd Number of
peviation Observations

Non=gravid 82,90 4.85 20

Hormal Pregnancies 76.75 6.39 20

‘I,’wlns 71.825 6053 80

Glycosuria 80.46 6.01 20

An spalysis of varisnce leads L0 the conclusion

that for the combined setl of observations, the
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None-gravid is highly signiflcantliy different
from Normal Pregnaney; Twins yleld a significant
difference from Normal Pregnancy; Glycosuria 1is
bordering on being slgnificantly different from
Rormal Pregnancy.

For times 40, 60, 120 minutes it is necesasary
Lo consider each tLime separately for glucose and
fructose. This gives the following resulisgi-
(1) Glucose.
Time 30:= The Normal Pregnancy 1ls 128.0. A
difference of 7.2 18 regqulred for siynificance.

Thus the Nonegravid ls significantly higher, the

Twing are significéntly lower.
Time 60:=~ The Normal Pregnancy is 92.7. Again,

g difference of 7.2 Lls required for significance.

Thus the Non-gravid is significantly higher. The
Twing are bhordering on belng significantly lower.

Time 90:= The Normal Pregnancy 1s 75.2. No
gignificant differences from this value.

Time 1l20:~ Agaln no sgignificant differences from
the Normal Pregnancy.

Time 180:~ As for time 120. No significant

differences.
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1l) Pructose.
Table 12.
FRUCTOSE ¢ Total Blood Sugar (mge per 100 ml).

MBaN VALUES .

Time Non-gravid Normal Twinsg Glycosuria
Prggnancy

0 83.1 76.4 71.3 7.8

30 1l4.4 87 .6 89.8 00.2

60 88.1 82.8 T4.7 84.7

g0 Bl.3 78,3 70.1 T9.2
120 79.1 T3.0 ©8.4 T6el
160 80.8 T3¢9 67.2 76.90

Time 30:= The Normal ?regnancy 1s 97.6. A difference
of 3.9 18 reguirsd to establish significance. Thus

the Nonegravid is slgnificantly higher, the Twins are

slgniflcantly lower.
Time 60:= ‘The Normal Pregnancy 1s 82.8. Any mean
outside the lnterval 82.9+ 3.0, l.es 79.0 to 86.8 1is

significantly different. Thus the Non-gravid is

slgnificantly hilgher, the fwins significantly

Time 90:~ The Bormal Pregnancy is 78.3. Any mean
outside the lntervel 78.%4¢ 3.9 i.e. from 74.4 to
82.8 18 significant. Thus the ITwins are

significantly lowey.
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Time 120:~ The interval 18 75.9& 3.¢ 1.6. from

6Gel Lo TSP Thus Non-gravid 1ls signlficantly

higher and Lfwing significantly lower.
Time 150:- The interval 1ls 73.9+ 3.9 l.e.from

70,0 to 77.8. Thus Nopwgravid ia significantly

higher and Twins significantly lower.

b) Urinary Jupar.

1) GLUCOSE

Tablie 13,

Urinery Sugsar (mg. per 100 ml.) Mean Values.

Specimen. Non-gravid. Normal Twing  Glycosuria.
S Pregnaney '

Fastlng. QeQ 15.0 16.0 27.5
lst. 80.0 60.0 47.56 L12.6
2nd. 38.0 27.8 4Q.0 65.0

(8ince the Non-gravid passed no sugar in the Fasting,
only the lgt. and 2nd. specimens are anclysed).

Pirsi Urinc. The Normal Pregnancy is 60.0. any

mean wihilch devlates at ieasi as much as 25.2 from
60.0 is significantly déifferent. Thus Glycosuria
is significently higher.

Second Urine. The Normsl Pregnancy 1s 27.5. Any

mean outgide the interval 27.5+ Z5.2 i.e. from
2.3 1o BR.7 is significantly differeant. Thus

Glycosuria 1ls signhiflcantly higher.
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11) FRUCTOSE.
iable 14.

Urlnary Sugar (mg. per 100 ml.) Mean Values.

Speclimen. Noun-gravid. Normsal Twlins Glycosurila.
Pregnancy
Fasbing. 0.0 lﬁoa 16.0 225
lst, 80.0 7745 7040 107.5
End. DOLO 4245 47.5 45,0
Firat Urlne. lhe Normal Pregnancy ils 77.5. Any

mean outside the lnterval 77.5+ 13.8, i.e. from
63.7 to SL.3 is significantly different.  Thus
Glycosuria 1s significantly hlgher.

Second Urine. The interval 1g 4<.56+ 13.8, l.e. from

B8B.7 10 5643, No significant differences from

Normal Pregnancy.

To congider ithese resulis furtheri-

l. Glucose.

a) Non-gravid compared with Normael Pregnancy.
Supar wap absent from all the fasting urine

gpecimens obtained from the non-gravid subjects,

although the fasting blood supar levels were

slpnlficantly higher than those of the normal

Presinney gloup. the majority of the fasting

urine specimens obtained from the latter ylelded
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a positive reduction. (Thig was also true of
the cases of twinsg asnd glycosurlal.

Ab 30 and 60 minutes after the Intravenous
injection of glueose, total blood sugar levels
were signliicantly higher in the non-gravid.
Nevertheless, the first urine specimens, which
were collected at TH minutes, showed no difference
in sugar concentrations from those of normal
pregnancy.

although the blood sugar in boilr groups
approxinated to fasting levels throughout that
perlod of the tests which followed the first urines
coilleetlions, 1t was obgerved that each continusd
Lo exRerole SuUgfls

Thus, the final urine speclimens, collected
at 1356 minutes, showed no significant difference
in the concsuntrations of sugar oxcreted during
this perlod of relatively low blood sugar levels.
D) Twin Pregnancy sompared with Normal Pregnancy.

There wag no difference from the noymal
pregunancy c¢ases wlth regard to urinary sugar
concentrations desplie the fact that the fasting,

30 minute and 60 minulte blood sugar lovels were
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lower in the cases of twin prezgnancy.
c) Glycosuris compared with RHormal Pregnancy.

The concentrations of urinery sugsr were
siznificantly higher in the cases of glycosuria,
although the blood sugsy levele showed no
appreciable difference from those of normal
Pregnancy
11) FPFructose.

Followiny the administration of fructose, the
total blood sugar levels for each of the four
groups were inferior to those which had bheen
produced by glucose in thse corresponding group.
This result was o be expecied from theoretlical
gonglderations (paps 39 ).

More pariticularly, the totsl blood sugar
levels of the lructose tLests closely paralleled those
of glucose for each type of subject (Figs. 2,3 )

Indeed, 1t was possible to determine
statisvically significant differences in blood
sugar levels between normal pregunsncy on the one
hand, and nou-gravid cases and twing on the other,

at every interval of the fructose tests. That is
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to say, those differences which had been
gestablished in the more immediate and
intermediate intervals of the glucose load testg
were found, in addition, to be maintained
throughout the more remotie post-infusion pericds
of the fructose load testis.

The cases of plycosuris, ss8 in the glucoss
tests, pagsed mugh higher conceatrations of
vrinary sugar slihough the corresponding blood
Supar vaiues dia aot aiffer Irom thoge of the
normal pregnancy sroup.

1L, Chromategraphl.

The results of the sugar chromalograms are
incorporated in tables 15,16,17,18, in which, for
conciseness, the nemes of the ilndlvidual sugars
are abbreviatsd-Glucose (G), lactose (L),
Gslactose (Gal.), Fructose (¥).

The notations Tr., +, ++, +;*, Frtd, BYC
intended to signifly the lntensity of the stalning
reactlon of any glven sugpar 0n the chromatogram
and, in partlculay, to show the relative amountis

of the individual sugsars when wo or more are
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present. It follows, therefore, that these
glgns need not necessarily correspond to those
commonly employed in clinical practlice to dencte
concentrations of 28 «w=- 200 mg. of sugsr per
100 ml. of urine.

The chromatogrems showed that the admlnistration
of glucese, both to the grevid and non-grevid women,
resulted in the excretion of varying quantitlies of
glucose. This wos found not ounly in the first
urine specimen whilceh wag avsoclated with the period
o1 elevated bilood supar levels, bul alse in the
majority of cases, in the finel specimen which was
a product of blood sBugar values approximating to
the fastin, levels.

The Injection of fructose, howevey, produced
notable qualltative differences in sugsr excretion
both between grevid and non-gravid, and between
the three gproups of preguant women.

when fruetose was administered to the 10
non-gravid subjeets, fructose alone waa excreted
and was present In all 10 of the filrst aud nine

of the gecond specimons of urlae.
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In the pregnant seriles, the patitern of sumar
excretion following the injectlon of fructose was
less predictable, cnd this was most marked in the
final collections of urlne.

Normal Pbeﬁnancy:~ The final speciimen ylelded

fructoge in four of the 1O tests. Glucose wag
present on four occasions.

(Chromatography: Glucose 1, Lactose 3, Glucose
with Lactose 2, Glucose wlth Lactose and Fructose
1, Pructose 3).

Twin Pregnancy: - Pructose was pregent in all

10 specimens. Glucose wag present only once.
(Chromatography: Glucose with Lactose and Fructose
1, Lactose with Fructose 4, Fructoge 5).

Glycosurla:- Fructose occurred 1in elght of thell

gpeclimens. Glucose was present Iln seven specimens.
(Chromatography: Glucose 1, Glucose with lLactose

1, Glucose with Fructose 3, Glucose with Lactose
and Fructose 1, Glucose with Lactose, Fructose

and Galactose 1, Fructose 1, Fructose with
Galactose and Lactose ).

Thus, followlng an intravenous injection
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of fructose, it was possible to demonsirate by
means of chromatography, distinoet qualitative
differences in asugar excretion between non-gravid
and ravid women.

In the case of the non-~gravid, fructose was
excreted with congervatlon of gluocose. In the
gravid serles, twin pregnancy most closely
followed this pattern, but the cases of normal
pregnancy diverged from 1t, and this divergence
was most pronounced in the group of women having
renal glycosuria.

summary of resulis.

%, In normal pregnancy, the fasting blood sugar
was lowey than that of the noun-gravid, and the
ragponge of the individual to the intravenous
adminigstration of pluccse resulted in lower total
blood sugar values tban those similarly obtained in
the non-gravid. Despite the inferlor blood levels,
there was no signlflcant difference in the
concentratlions of urlanary sugar.

2. In cases of twin pregnancy, thils depresslon

of blood sugar levels wag accentuated in both

the fastlng and pogt-injection apecimens, but there
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was no reduction in urinary sugar concentration
from that found in normal pregnancy.

Je The cases of glycosurla showed a oimilar
response to the normal gravid wlth respect to blood
gugar values, bul there was a signlficantly higher
concentration of urinary sugar.

4. In all groups, suger continued Lo be excreted
even after the fasting blood levels had been
regalned.

De The fructose load tests produced results
parallel to those obtalned with glucose in the
respective groups, although as had been expected
from theoretical considerations, the resultant
total blood sugear levels were lower.

Go Qualitatively there was & notable difference
in sugar excretion followlng intravenous fructoge,
not only between non~gravid and gravid, but also
between the three groups of gravid subjects,

COMMENTARY .

These load tests have shown that the intravenous
injection of a fixed mass of supar produced
slgnificantly lower tolal blood sugar levels in

pravid than ln non-gravid womene
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This, however, did not effect a sparing in
urinary sugar 1loss. Indeesd, in ilhe cases of
twin pregnancy, where post-injection levels were
least elevated, there was no difference in the
concentrations of urinary sugar from those obtained
i the normal presnancy prroup.

It is unlikely, therefore, that the depression
of the response, as ilndicated by blood suger levels,
ig effected by a homeostatlce mechanism having the
purpose of consgerving carbohydrate 1ln preguancy.

Althougt the resultant blood supar values were
gssentially the same a8 those of normal pregnancy,
the cases of renal plycosuria excreted higher
concentrationg of sugar in the urine. In addition,
the tendency shown by all the gravid subjects to
axcrete glucose following fructose adminlstration
wag most marked in this group.

The excretion of glucose following the
adminlstration of fructose mlpht be accounted
for in three waysi=-

1) Converaslon of fructose to glucose.

This would postulate not only that the hepatice
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mechanism for converting fructose Lo zlucose is
more generally efficlent In the gravid than in
the non-gravid gstate, but that it Ls most advanced
in cuses of glycosuria and lesst developed in
twin pregnancys

There is no evidence to warrant such a
concluagion.
I1I) The possibility that fructose passes into
storage from the total blood mass more rapidly
than glﬁcase.

dudging by the lower curves (figs. 2 and 3)
tiiis more rapld absorption of fructose mlght be
true in all cases. If, however, the gravid were
preferentially tresated in this respect, one would
not expect parallelism between the respective
curves for plucose and fructose. The relative
differences between gravid and non-gravid are the
same in both instances.
III) Alterations in renal excretion and re-absorption.

Apy differences in the concentration or gquality
of sugar appearing in the urine 1n these cases
must be due not only to quantitative, but also to
qualitative alterations in rensl exoretlon and

re-absorption.
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In general, pregnancy may therefore be said
to affect carbohydrate metabolism in at least
three waysi-

a) Ihe blood supar regulatluy mechanism 1s set

at a lower level, while at the same time

D) the excretion of sugar is permitied at levels
significantly lower than those at which the same
concentrations would be excreted by the non-gravid;
and

¢) by qualitative changes 1n the excretion and
re~abgorption of the kidney.

It would seem veasonable to suggest that
these effects miyht result from adaptive changes
in the endocrine system.

As 1g well known, diabetes mellitus may be
asggravated by other conditions of hormonal imbalance
guch as hyperthyroidism. hypertrophy of the
thyrold gland 18 & common clinleal flunding in
gravld women. Again, 1t has been shown that
glycosuris may be induced, both In the experimental
anlmal and in the human subject, by the exhibition
of one of geveyal hormones. Notable among these

are the adrenal steroclds and the pituitary
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adranccorticotrophle hormone (A.C.THe),

Iogle (le4l) demonatrated adrenal gteproid
dlabetes in normel rats and uwsing the same
exporimental animal, Ingles ot al. {1946) were
able 0 produce a simllar efffect wslng pure
sdrenosorvicotrophic NOrmoNe. In the human
subject, Browne (1u43) and Coun ot al. (1948
iunduced decreased cavbohydrate tolerawncs by
treatment wlih A.C Tk,

While thers ls ample evidence that the
gorticosteroids are preatly increased Ln pregnancy
Venning (1946) 3 Parvisinen et al, {1880) ;
Bayliss et al (19868) ; Schullesr (1857) ; (assano
and Yavantino (1l9867), the effect of pregnancy on
the secretion of sdrenocorticotropule and
thyrotreophic hormones by the pltuitary is still
ungcertain. Indeed, it appesrs that in some
gpecies (e.z. rab, cat, gulnea plg, mouse)
hypophysectomy performed durlung the second half
of gestation is compativle with the maintenance
o pregnancy, presumadly by plasental substilitution:

in other spacien guch as the rabblit, foetsl death
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and abortion occur, (oeclye, 1947}.

These hormones, uowever, which have just been
considered are hyperglyceaemic eagents, and they
produce plycosurlia by elevstilny blood sugar
ievels in excess of the normal physiological
range. The increased secreiion of thase
substances 1s unllkely to account for glycosuria
ln pregnancye. Lt hag been shown in the present
study that followlny the lutravenous administration
of supar, the resuliant blood levels in pregnsancy -
and particularly those of twin pregnancy - are
significantly lower than in the non-gravid., If
the glycosurlia were Lo be ascribed to the increased
cortico-steroids or A.G.T.H., one would expectl the
blood levels in pregnancy tc be higher than those
in the non-gravid.

It mey be that this seeming paradox of
plycosuria In sssoclation with relatively low
blood sugar values, together with the qualltatlve
changes 1n renal excretion and re-absorption,
could be accounted for by hormonal changes pecullar

10 the provid state. Certalnly it is possible that
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the endocrine status of the maternal organism
could be the resultant of an lnteraction between
her own hormones, thoge of foetal origin and
those elaboraited by the placenta.

For example, 1t might be conjectured that
foetal insulin contributed to the relatively low
maternal blood sugar valueS. Baird and Farquhar
(1962), who acknowledge that it 1ls not known
whether unlabelled insulin (either exogenous or
endogenous) crogses the placenta, have estimated
the plasma insulin activity (PeIsd.) in maternal
and cord blood samples taken simulianeously at
delivery. their finding that in normal (as
opposed Lo dlabetic) cases, the P.l.A., 1in cord
blood 1s very much less than in the perilpheral
venous clreculation of the mother, 1ls in agreement
with that of Santos et al. (1858). It is unlikely,
therefore, thal the foetus can make any gignificant
contribution to meternal insuliln.

The role of the placenta 1ln the regulatlon
of the maternal carbohydrate metabollsm is
probably much more active than that played by the

foetus. According to Selye (1947), the decldua
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and placenta are the only structures, apart from
the liver and muscles, in which significant

amounts of carbohydrate are stored. Fur thermore,
this organ ls known, elther by direct or indirect
evidence, to produce various folliculaid hormones,
mamnogenic hormone, lutsotrophin, luteolds and
perhaps even Lestoids. In particular, Selye
points out that "the placentia is an extraordinerily
rich source of gonadotrophing -~ especlally L.H."

The influence of chorionic ponadotrophin
(Lalia) on kidney function hag been made the subject
of an investigation by the Itallan workersge Donato
and Turchetti (1953). &ccording to these suthors,
the edminigtration of chorlionic gonadoirophin
(Lelte ) Lo normal mou-gravic women of childbsaring
2: 8 produces s significant reduction in the tubular
re-absorptlion of plucose.

LE this oluim were correct it might explein
the reedy tendency Lo glycosuria, desplte the
depressed ovlood level responsg to administered
sugar, whiech has been shown by the gravid women
in this investigation. Lt would not, however,

explain why these blood levels wsre depressed.
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Clearly another factor such as ssusitlvity to
Insullin mugt be concerned.

In view of these consideratiouns, i1 was
declded to investigalte the Influentes of (a)
chorionic ponadotrophin and (b} exogenous
iusullin on blood sugar levels and the urinary
output of sugar in the following serlies of

studlies.
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SECTION I11.

THE ASSESSMBNL QF CARBOLYDRATE TOLBRANCE BY

Mbans ObF CONTINUOUS INFUSION.

the superiofity cf the lnlravenous route
for the administration of carbohydrates has been
acknowledyged In the preceding sectlion of thege
studies, It must be recognised, however, that
there may be a alsadvantage lnherent in the
single injection techuigue in that a relatively
masslve dose of carbohydrate is presented to the
mecuanismsg of utillsation and disgposal in
minlmal time. 1t seemed, therefore, that
the tests might be rendered more sensitive if
a more physlologlical situation could be created
by presenting the dose over a longer period.
accordingly, it was declded to administier the
carbohydrate by continuous infusion in the
investligations to be described in this section.

GrilRal, MELTHOD,

The selected cases were given a diet which
included 300 g. carbohydrate for three days prior
to testling. They were fasted from 10 pe.m. on

the evenling before each test ana in the morning
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a fasting specimen of urine wag obtalned.
Imnediately preceding the test, a catheter was
inserted and the bladder drained; the catheter
was then secured by means of a spigot. Ihis
srecimen waud discarded.

Standard hospital transfusion eguipment
was used throughout ana 10 per cent dextrose
golution was administered from a bottle orf
540 ml. capacity. The dextrose run through
in priming the giving set was retained and the
volume measured. By addlng thls to the
residual dextrose al the end of the experiment,
1t was posslible o caleculate the volume of fluid
aud the guantity of dextrose infused.

On introducing the transfuslion needle to
a sultlable arm vein, a fasting specimen of blood
was obtained. The drip was then commenced and
the time noted.

1he object was to raise the blood sugar
by 2 slgnif'icant amount. At the same time it
¥as desirable to keep the level within
physiologlcal limits and below the normul

non-pregnaent threghold of 180 mg. per 100 ml. blood.
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From experlence it was estimated that this wsould
require an infusion of 10-15 grammes of dextrose
per hour. This was achieved by regulating the
rate of flow to 40 drops per minutee. Only very
minor uadjustments were permlssible in the course
of the test, sudden accgeleratlon having the effect
of momentary loadings retardation, though of less
serious conseqguence, having the opposite effect.
while thls had the inevitable result of producing
some variation in the volumes infused, 1t did
not procduce a serious obstacle to analysls of the
results.

The infusion was discontinued after
120 minutes, the selt belnyg dlsconnected and ithe
resldusl dextrose In the botible measured.
Specimens of venous blooa were obtained from the
arm opposite to that used for the infusion at
30, 60, %0, 120, 100, 180 and 210 minutes from
the commencement ot the test. Thege, together
with the fasting specimen, were retained.for
total blooa supar estimation (Nelson, 1¢44).
The catheter was released at 75, 135 and 195

minutes snd the volumes of urine meagsured.
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4 sample of sach specimen including the fasting,
was retained and tested for sugar by means of
"Glinitest” tablets. f#here positive reductions
were obtained, chromatograms were run to identlfy
the sugars concsrned.

Any modifications to meet the needs of
incividual investigations are described in detaill

in the LexXi.
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Ae The influence of chorionic wonadotrophin on

dextrose iLolerance.

In 1953 Donato and Turchettl reported that
there was & reduction in the renal tubular abllity
Lo re~as80rb plucose (Im@) following the
adrinistration of chorionic gonadotrophin to
10 normal non~gravid women of child-bearing age.
In four cases 800 il.u. were given dally for eight
days; in slx cases 2,500 lL.u. were given daily
for two doys. they concluded that the effect
appeared to be proportionsl to the dose
aaninisterade. Glomerular filltration rate was
not aifected.

Iln view of these findings, 1t was declded to
luvestipate the action of chorionic gonadotrophin
in norswl non-gravid wsomen subjected to continuous
dextrose Infusion in order Lo establigh:

(1) The effeot on blood sugar levels.
() dhether glycosuria resulted.

(3) <hether the hormone appreciably
affected the volume of urine

passed durling the tests.
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sethod and Materlals.

A serles of elght non-pravid women of
child-pearin, sge, in shom there was no evldence
of endocrinologlcal abnormaslity was oblained from
synaecological patients in the Royal Samaritan
Hospital for domen.

These cases sere submltted to contlinuous
intravenous infuslon of 10 per cent dexirose as
previously described under "General Method"
(page 77).

On completion of this test, the normal diet
was resumed. Tthe next day they were glven an
intramusculayr injection of 1,500 i.u. of
chorionle gonadotrophin ("Pregnyl" - Organon).
ihis was repeated on ilhe three following days.
Thus each patient had four daily iujectlions of
1,500 1.u. chorionic ponadotrophin makin, a
Ltotal dosage of ©,000 units.

On the day followin, the completlion of
the course of hormone (& days after the original
test) the Intravenous infusion of dextrose was

repented.
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the results ere shown in Tables 18y 22.

It may be observed In Table 20 that there
was a 8llghtly higzher mean glucose lnput in the
repeat tests followlns the course of chorionilc
Lhnaadtrophiln. this was fortultous and
simplified statistical analysls:

An analysls of variance in blood supar
levels (Table 21 ) showed that significant
differences occurred (1) between patlients
(F'=52.0, P<0.01), () betacen times (F=s31.8,
P<0.01), (3) between C (control) and G
(ponadotrophin) (F=28.0, P<0.01), and there was
also a significant Interaction between tlme and
type of treatment (F=2.,17, P<0.05).

Slgnificant differences between patlents

were Lo be expected ana reguire no further
dlscusslon.

ihe differences between times, type of
treatment ana lnteractlou can best be sesen by
consiuering the mean velues shown in Table 21
and the corresponding pgrephs (flg 4).

The standard error of a single observation

is equal to Jl6%.% = 14,14 and a difference of



.LLIHi ]

T
i

A

- S G

e

I
1
-

b b Ao

ot b

S

il

SRR SIS

A A
1

n

s
t

I
;-
..+.L+ .

-

'

et 4-- =t

+ 4t

b A ]

el

Lo b

i

=4

-t
R

Ay 4

T

T

I e e SRR

I

4!_.,

4 d — —++

¥

ot A e
L Rt e o

b A

g

[ S (P S ) S R S S

-

e+ ¢

A T

s

—
i

- v J;.,[__l_ i -

4 b —1—4-

U S -

P

PR S

-

PR

AT ﬂ T
X | | ._v _ - mv 1 | )
; - A et — ' . T ; T
!1J|I1.1Am‘ S ﬁw@ wﬁu_. S *, - T+ A e | I i i PELT ; A -
' .,T.Nr i - N “r@_ﬁh . R O T A RIS SN : R i i et
e |1 ; ter T.wl.ﬁ - qm P IR R R - . et 4; 4. -+ #. B : t ! L.;‘”TL.— uﬁ RSN & I R H. {H!J,._ -
L _‘L_%T e e ol JIRRUION NS I A O bbb b1 Ll NI AN B L SR R N A I
N I S N S I e : — - R R
Ny el B S .. SO DRI N B NI USRS oy T
T TR O B 4 I b o b } R R A N H - B I R e T D
B B o O O N B . U B S s RN I IIE IRy
n N ‘m“ _ . W_v . W -- - 4 JEREE S S ; 44 b . 1 N “l_. - L I L . wwm L - b .,wW1 4 . . ;,\ﬁ
, %} % - - — . ” ot : et — — : T ; - ——
Ewﬂ-. .Mm %& crd bl i e R S N 4l
$~6 b gk 8 s + ! [ Loy L [N U P [ -+ i [ P
e [ 3 4 [ N A L { . M- - ‘ | S Lt [t . Dol Lol
, Q Q ! I , 1 L : Vo r
‘u_n,.TA_ . e b L g N . I VR A C P P
T . i ."o» .‘W sl 1 [ I ' 41 Loy B .. . 4 ek (R
.D_ . 'T B Lo b . N : L [ fo
. - Y . | 4 s . . bl P . “ N _ } -
| , 5 W I \ h ' 0 |
w — r L 3o 0
, .pm P o FEEE | f _ . 4W [ o1k + i ¥ 7. ! o
A [ NI I . . S ) P Vo o . ; + I vy
P Lo PN I . } ) I . R . oo . - - :\.’;l. . '
. MN Coy e . , f ' Co ' .4 : N ' . PR 7 I T
.c - Wll»v‘.'ljsl<11‘ RN N S VU N S N SN PIS B -4 arulq
. Ulw - Mm., e - ' - 4 . ‘ . . mw . P
. U o L, Co o Lo ; .. : P .. ~ - -
m S A . ' ik ) h . FEI # .
L.k 4 .V ~ . d, g ‘w v E + ”.~
+ b < ¥
R . f.M...
. - R O o ] . . 4 B B B H
. w V. m . B . ' : T o
e TR W . ol i } ..
- T S o N S A I S . S I
- T . . " - ’ . + 3 0 + +
. M o . H e ;
A . E
. T - e e
. -
e B — i
r : ! O
__,.0, R q g _MQ_Om f‘,d A
B . . g i . o . ' s P * . S P . . -
.- Am/ ﬂ_‘ R I M..‘o/.j_,.B,..;_.v, .
S _ . i P . i ]
‘s PRV SRR SO N L_mﬁf N N ﬁ . N AR ISR
“ | «aoq\.ﬂ.mty Ao TS 49 .Er_ SENNN R
. . ' RSN U ST . i b . S
H" : ; | m . m R | M S _m . o | .
{ i : i P - . . [ .
. ﬂ . . | ” . ! P m Ve : N i . W . _,




87 .

14.0 is requlred In order to establish a
si,nificant difference between any two means
(lable 21 ). Thus considering controls, we
finag that there is o significantl increuase between
0 minutes and 30 minutes. Then the mean values
for 60, 90 and 120 minutes are at much the game level
ag for 30 minutes. Thereafter tnere is a
signlficant feall in blood suygar, untll at 210
minutes it has reached a value of 65.875 which is
lower, bul not significantly lower than the initial
value of 79.0

The hormone treated data show a simlilar
trend. Ithe effect of the interaction between
time and type of treatment is shown In col.(4).
there are no significant differences belween
controls and hormone treated cases at the start
and finish, but there are signlficant differences
in the intermediate stayes where the blood sugar
after hormone itreatment is significantly less
than for the control.

e graphs lllustrate the sume effects.

With regard to urinary output {(Table 22 ),

1t will ve observed that the data are very varisble.
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{The Coefflcient of Variation = 53 per cent).
The only sipnlificant features are the

differences between tlmes as shown by the

following mean vuluesgie

Table 23.

Time Mean Values (ml. Urine).
iminuted ). Gontrol. Gonadotrophin.,
75 148.9 l162.1
1356 170.0 173.4
1956 12844 8l.0

A difference of 77.5 ml. betweén any two
means 1s slgnifilcant. ‘thus, there is no
difference between the three volumes of the
control series, but there 1s a significant fall
in the 1l%d minute mean volume after ireatment
with gonadotrophin.

Sixty~four urines; including 16 fasting
gpecinens, were obtained from the 16 tests.
None ylelded a positive reduction for sugar on
clinlcal testing. The abgence of supni wag
coufirmed by paper chromstography.

To summarise these regsulis:-
1) In non-gravid women of child-bearing age,

total blood sugsar levels were signilficantiy
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Lowered durlng continucus intravepous infusion
of 10 per cent dextrose followling a course of
chorionic ponadotrophiin. Fusting snd poste
Infuglon Bloow sugar velues were not ariecied.
) There was no evidence of plycosuria either
in the conirol series or, more especially, after
trectment sith chorlonic gonadoirophin,
a) in the conirol series of Lenlsd ihers was
ne sppreclable difference in the mean poste
infusion volume of urine (185 minates) from the
two speocimens obtalned at 78 and 138 minutes.
Followlng the course of gonadotrophin, the
post-Infusion volume of urine wes glgnlflicently
reducesd.

COMMLNTARY »

T

‘HJS

>inee the courge of ponadotrophin had no
gffect glither on fastlp, or post-infusion blood
Bugar values, it seems unlinely thav this
hormone is, In iteelf, & hypoglycasmic agent.
During the course of the dextynge infusion,

however, total blood sway lovels weyre

slenificantly reduced compared with those in

the conirol serlos. his suppests that the
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gonadotrophin had modified the action of a

gsecond substance whose presence was evoked by

the ralsed blood sugar levels durling this perilod.
By the same mechanlsm, when these levels were
within normal fasting limits and the siinulus,

in consequence, was wiindrawn, so the interaction
between hormone and hypoglycaemic factor,
presumably ingulin, fell into abeyance.

While the role of oestrogenic hormones as

insulin synerglsts has previously been claimed

(Carnot et al, 1828 ; Barnes et al 1933 ; Glen

and Baton 1%38) and disputed (Collens et al.

1936 ; Jones and MacGrepor L936) it would

appear from the llterature that such claims

have not been advanced for chorlonic gonadotrophin.
These results, which admlttedly were obtained

by a dii'ferent method, although employing a

slightly higher dosage of chorilonic gonadotrophin,

appear 1o be at variance with those of Donato and

furchetbl (1983). For exemple, they found that

the hormone reduced the wvubular re-absorption of

5£LUC08E . The results of the present experiments

suppest quite the opposite effect, in that chorionic
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gonadotrophin assists insulln to reduce blood

Sugar levels, thereby conserving carbohydrate.
Furthermore, the preliminary laovestligation

(Section 1) has shown that urlnary sugar is

minimsl during the first 20 weeks of pre.n:ngy when
chorionlc gonadotrophin is known to have its
maxlmal secretion; tiherafter, when the secretion
of that hormone has declined, renal carbéhydr&te
loss rises to its maxlmum.

It is unlikely, therefors, that chorionic
sonadotyrophin is responsible for glycosuria in
Presnancys

In addition, these authors concluded that
glomerular filtration rate was unaffected by
the course of hormone. It is difficult to
reconcile this finding with the present results
in view of ths signlflcant reductiion in urinary
output during the post-infusion period. Two
explanations for this fluld retention suggest
themselves:~
1) If, as Donato and Tlurcheitl supmppest, the

plomerular flltration rate is uanchanged, then
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tubular re-~absorption of water must be increased
during this period. (Iihis cannot be assessed
from the data obtained from the present
experiments).

2) On discontinuance of the dextrose infusion,
the glomerular filtration rate may be reduced in
the hormone-~treated cases.

There was no signlficant varlation in the
three mean volumed of the urlne specimens in the
control series. In contrast to thls, after
hormone treatment there was a siygnificant fall
in urlinary output on withdrawal of the dextrose
solution. That 18, in the presence of elevated
blood sugar and in consequence, endogenous insulin
levels, chorionlc ponadotrophln did not interfere
wlth urinary outpuil; bdut when the levels of
these Ltwo substances mutually fell, gonadotrophin
had an inhibitory effect on glomerular filtratlon.

Although it is well-known that the steroid
hormones have the property of producing fluld
reitention, 1t is perhaps less generally sppreciated
that chorloale gonadotrophin, a glyco-protein, may

play a simlilar role. There 1s, in fact,
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conglderable evidence that the levels of this
hormone may be elevated in certaln pregnancy
states assoclated with fluid retention and
‘manifest oedema.  According to Scott (1958),
these conditions may include hydrops foetalls,
hydatlidiform mole and hydrsmmios.

furthermore, 1t lg a wellecstablished
observatlon that pregnangy compllcated by dlabetes
mellitus is frequently associated with oedema.
Smith and Smith (1937, 1940)claimed lhal the
ponadotrophin excretion of the pregnanit diabetie
ig relatively high. This claim, gubssquently
confirmed by Loraline (1949%a ; 1%4¢b), is of
particular interest in view of the results of
the present lnvestigation. Ihese supgest that
in addition to promoting fluid retentlion,
choriomic gonadotrophin may take an soilive part

in the reguluation of carbohydrate metabolisam.
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The effects of dextrosa infusion on the total blood

supar levels, urinary outpul and sugar excretion of

normal_gravid WOMEeN.

In the investigation whlch has just been
described, it was observed that the edministration
of chorionic gonadotrophin modifled the response
of the non-gravid woman Lo the ocontinuous infusion
ol dextrose. In particular, the hormone had a
depressant effect on total blood suysyr levels
during the course of infusion. A further effect
was & reduction in urinsry ouiput during the pogte
infusion period of the test. Contrary to the
experlence of Donato and lurchettl (18853), no
gvidonce was obteined to sugxest that the
wonado trophin was capable of induelng glycosuria.

Because of these findings, it was decided to
examine the effects of a similar infusion in normal
pravid women. The objects of this investigation
were to determine whether this procgedure would
produce glycosuria in these subjects; further, to
compare the resultant blood sugar levels and urlnary
volumes with those which had been obtained in the

non-gravid series.
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Method and Materlals.

A geries of elght normal gravid women was
obtained. These subjectis, whose pregnancles
were over 30 weeks duratlon, were given a
continuous Infusion of ten per cent dextrose
as previously described under "General Method"

(pe 77 )»

Results., (a) Total Blood Sugar Valueg.

The resultant total blood sugar values are
shown 1ln Table 24 . the mean values are
contrasted with those obtained from the unon~gravid
series, both before and after treatment with
gonadotrophin, in fig. 5 . (Advice has been
given thet the present resulis approximate so
closely to these obtained in the non-gravid after
ponadotrophin treatment that noe further statistical
analysis 1s necessary).

(b) Urinary Volumes.

the urinary volumes are shown 1iun Table 25.
These resulis are compared with those previously

ocbtained from the non-gravid subjects in the

following analysisi-
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TABLE 25.

HORMAL, PRECHANCY = DEXTROSH INFUSION.
URIHARY VOImius {(ml).

Cese Mo, ist. Speocimen. Znd, Specimen. 3rds Specimen. Total
41, 28 240 140 408
42, 148 108 63 319
43 10 45 24 79
44, 140 o8 30 198
45, 124 124 150 398
46, 32 i2 32 16
47, 14 125 20 289
48. 152 12 23 187

Hean 8845 B6.8 69 2443
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Table 26,

Urlnaery Volumes - Hean Veluos (ml)e.

TH ming. 1356 mins. 195 mins. Overall

Gooen 41l-48 83,50 B6.76 g g 65.00 | 8l.48
Hone-gravid - g
(8C,AM,Jl ote. 148.88 170,00 |} 8+ 120.%8 | 149.08
od 3
Ay v 0

An apalysis of varlange gshowed that there vasg s
Bighly signlflcant dlfference between the overall
ngan 0l.48 and 148.08 (¥ s 14.7, P<0.01).

A Qlifevrence of 2.7V is reguived Lo esteblish
g significant difforence bLstween sny two means of

the above table gxcluding the overall meansg.

Thug, although thero was no diffovence betwoen
the two groups in the mean veluwes of the Iindividusnl
speecimens, the mean total urinery ouvtput of the
gravid subjects was slgnificantly reduced.

g) Urinery Sugnr.

The resultg Tor urlnary super, ag determined
by "Clinitest" and chromatography, ere shoun in
table 27 . Pegplte the relatively low blood supar
valuss, geven of these elght late pregnency cageg

excrated sugay lu ths uring. Lactosg aos present




T T , 1 T .
5 Ge +9 04 3 &2 49 (014 gb
T q o}
T 2 5 &e i 419 T 6z Ly
T 6z T &2 T G2 i G2 *gf
- - - - i &2 % G2 %
o
S T 62 T G2 T a2 T &2 44
T I T T o
+9 414 in 0s 9 1414 3 a2 €h
- - - - T gz g a2 2y
- - - - e - - - ..N.V
* fmoxtrn *UTTO * Raoxus *UTTS * fwoxp *uTIo * fwoayp *UTTO *0;i ege)
*uewtoelg *pal cusutosdg *pUZ *wowtoely *9st ~Sutsenyg

*AYURISORBWOIN) TUDT { “TW OO &8d *JW; ,$S8FTUYIO. TG Toong AXTGIX!

“HOISHANY ESCHEEYET — AONVIDHHE TVIHOH

“L2 TEVT




101.

in all of the 29 gpecilmens which ylelded a reduction.
In ten of these (three cases), plucoses was preseunt
in addition to lactose, and wes the predominant
sugar in six of the specimens.

Summary of Resalts.

1. in normal pregnaney, dextrose infusion produced
blood sugar levels closely approximating to those
obtained in non~gravid subjects who had been given
a course of chorionlc gonadotrophin prior to the
infusion.
2 The induced glycaemla was arrested in both of
those groups at an earller stage and at lower
blood sugar levelg than In the control tests performed
on the same non-gravid women prior to treatment with
chorionic gounadotrophin.
B In all three groups, blood sugar levels began
to fall in the course of the infusion. The maxlmum
levels were gsubstentlally below those generally
aacented as the upper physiologlcal limits.

4 hypoglycaemle "rebound" occurred in all cases.
4 Although the resultitant blocd sugar levels of
the pregnant and gonadotrophin-treated cases were

essentially the same, glycosuria resulted only
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in members of the former group.

5. The mean total urlnary output of the pregnant
women wag signiflcantly lower than that of the
non~eravida

Commentary.

It may be seen from Tables 1¢ and 24
and Flge 5 that the mean total blood sugar values
obtalned in the pregnancy series closely approximated
Lo those of the non-gravid cases after these subjects
had been treated with chorilonic gonadotrophin. Not
only are the values for Loth signifilcantly lower then
thiose of the non-gravid controls, but theilr
corresponding graphs dilsplay a notable difference in
pvattern from those of the latter group.

As one might have expected, an immediate
slycaemla was lnduced in all three groups following
commencement of the infusion of the dextirose.
Howevexr, thls glycaemia did not continue to lncrease
throughout the entire twoihours during which the
infusiox was being malntalned. On the contrary,
even although the generally accepisd upper

physioclogical limlts in the non~gravid were never
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attalned,the elevation of blood suger levels was
arrested gome tlme before the Infusion was
digcontinned.

In tue case of the non-gravid conityroel group,
the arrest ocecurred 30 minutes before Lhis event;
but after these subjects had been treated with
chorionle gonadotlrophin, the maximum glycaemia
oeourred 60 minuteg belore dlscontlunuing the
infusilon. A pattern identical to this wasg
obtalned in the pregnhancy group.

Thua, ln all three groups, blood sugar levels
had begun o fall some 30 - 60 minutes before the
infuslon of dextrogse had been dlscontinued.
Thereafter the rate of fall was very much
accelerated so that fasting, or indeed sub-fasting
values, were reached in the ensulng 30 minutes of
the tepise.

Post~infusion hypoglycaemic "rebound" is in
itself = well-known phenomenon. It is generally
acgepted that this is effected by endogenous
insulln, the secrsetion of which has been provoked

in response Lo hyperplycaemla. Failure to malntaln
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the elevation of blood sugar, as may happen for
example when dextrose is glven by a single
injection, will wesult in the release of
excegsive lnsulin in regponse to this stimulus.
{n conseguonce of this excess, a reacltlonary
hypoglysaemic "rebound" may ensue.

Not only has this been illustrated in the
results of these infusions; but in all three
groups a limited Yrebound" had begun even before
the 1nfusion was discontinued. In the pregnancy
cas86s and in the non-gravid followilng breatment
with choxrlonlc &onadoirophin, thils began earlier
ana at significantly lower blood sugar levels
than those of the non-gravid controls. Thisg
£inding indic¢ates that in the two former groups,
there wag a dommnon factor modifying the agtion
of endogenous insulln. That this modifying
influence was effective only while the dexirose
was belnyg infused, is suppested by the fact that
there was no slenifilcant difference beiween thelr
fasting snd more remote post-infusion values, and

those of the non-gravid controls.
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Despite the low blood sugar levels which
were obtalned, ithe mejorlty of the subjects in
the pregnancy group excreled sugar throughout
the testl. flogt of thely spec¢imens of uvine
contained lactose. The ready tendency 10 excrete
lactose has been a prominént feature of the gravid
cases throughout these siudies. Indeed 1t would
geem reasonable Lo conclude that there i8 virtuelly
no threshold for this sugar. sSupport for thils
is glven by Thorpe (1947), who states that the
disaccharides for their utilisation must be
broken down to thelr simplex component supars.
they cannot be hydrelysed in the body. Ag a
result, if they are absorbed Ilunto the blood from
the gut (or, presumably, the wommory gland) they
are treated as forelgn subglances and excreied
unchanged.

In adaition to lacutose, glucose was excreted
by three of the pregnant subjects. (It may be
recalled that sugar was detecited in none of the
urine specimens of the none-gravid, eitﬁer before

or after treatment with choriocnlec gonadotrophin).
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éhe blood sugar levels 1Induced by infusion
in the normal pregunancy cases closely approximated
to those which had been obtained in the
gponadotrophln~treated non-gravid subjects.
Neveriheless, glucose was excreted by members of
the former group only. It is clear, therefore,
that this exeretlon 1s not merely a resultant of
thess levels. & more likely explanation lies in
the fuanctlon of the kidney In normal preghancy.

In thls connectlon it has been found in this
investigation that the mean urinary output in the
pregnancy serles wasg substantlally below that of
the non-preghnant cases. i{here are three ways in
whichh ihils ¢ould have been achlevediw-

(1) Reduction in glomerular filtration rate.

(2) Increaned tubular re-abgorption of water.

(3) By a combinstion orf (1) snd (£).

The slomerwiar litration rates of normal
non-Epravid and uormal pPreésoanty cases have been
compured by ¢eish and Sims (LY60). Their finding
that a significeunt increase in glomerular filtration
rate cccurs in normal pregnancy is in agreement with

that of Sims and Krantz (1968).
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In the ligkt of these resultsg, tho reduction
In the overall wrlinaey oculpuh noted in the nwormal
presnaney cusas of the presont invegstigstion must
be aseribed to an increense in Lhe tubular

raabaorptlon of watsp.



108,

C. Yhe influence of exogencus insulin on the

effects of deztrose infusion in normal gravid women.

I the previous lovegtligatlon Lt was observed
that the continuous infusion of dextrose Lo normal
gravlid women had resulted ln blood sugay levels
wnich were significantly lower than thoge which had
been obtalued in the normal non-gravid.

In contrast, when the non-gravid were again tested
after a course of chorionle gonacotrophin, the
resulisat values were so reduced as Lo be
coincident with those of the preznzncy group.

An additional finding was that the patiern
of the’eurve" had been altered, so that it now
conformad to that of the pregnani subjacts.

Apart from the genersliy lower contours, the
prominent feature was an earlier srrest in the
plycaemia induced by the infusion.

It would seen reagonable to suppose that
thig arrest, and the subseguent fall in blood
supar, had been effected by the releese of
endogenocus lasulin in all three groups of
subjects. Howeveyr, this Ian itself would not

explain the differences exhiblted by the non-gravid
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on tLhe one haend, sana the pregsnant sand hormone-
treated non~gravid on the other. Glearly, a
common factor had modlfled the actlon of the
iasulin in the latter itwo serles. Despite
this modifyilag luflusnce and the consequent
depressant efifecv on blood sugar, boith lactose
and glucoese were excrevsd by members of the
pregnancy sroup.

A a result of these findlnga, 11 was
decided to lnvestlgate the effects of exogenous
insulin on the pregnunt subjects. It seemed
possible that by glving lasulin colncident with
dextrose in the infusion, what has been described
as 4 "nepative foed-back" mechsnism, might be
brought into play. A mechagism analogous o
this has been concelved, for exampls, in the
interaction betwesn tne ovarian hormones and
those of the anterior pituitary (Humilton et el.,
1648). In the present context this would imply
that the exopenour insulin would limit the
slycaemia occasionad by lafusione. This limitation

would then, in turn, reduce the stimulusg to
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endogenous Insulin reloase.

theoretically, the optlmum effects to be
achleved by thls procedure would be represented
graphically by a peneral flattening and lowerlng
of the blood sugsr "ecurve'. One important
consequence of thls would be the ellminatlion of
the hypoglycaemic “"rebound".  The principal effect,
however, might be the prevention of the exeretlion
of lactose and, more egpevially, glucose in the
urine.

It must be made cleer In stallng these
theoretleal considorations, that Lt was never
axpectad that this complete depree of regulation
could be achleveod 1ln those experimenvs. Indeed,
it wap fully spprecisled that the bslance in such
a physiologlcal mechanism, 18 of too {ine a nature
o e attained in such an empirlcal fashion.
nevertheiess, 1t was thought that by pLiving insulin
al the same time as the dextrose, a limlted degres
of such conirol mipht be introduced.

Method and Materialsg.

ihe tests were performed on the sight
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ante-natal cases whe had previously been glven
a continuous infuslon of dextrose. ihe method
was that described under "General Method" (p. 77 )
sxcept that 20 unlits (1 ml.) Insulin B.P. were
Introduced to the bottle of ten per cent dextrosge
by means of aon insulln syringe. The bottle was
then inverted several times to ensure distribution
of the insulin, (l.e. 1L unit of irsulin to every
2.7 g+ dextrose).

fhe influence of the exogenous insulin on
(a) total blood sugar values (b) urinary output
and (¢) excretion of urinery sugar, was then
aggessed by comparing the results of the present
experiment with those which bad been obtained
when dextrose alons had bsen administered to the
game subjeciua.
Resultg.

lhe resulis are pressnted ln Tables 28,30 and 32
(ef. Tables 24,25,27 ) and the mean total blcod sugar
values resulting from the infusion of dextrose
alone, and dextrose wiih insulln, are conirasted
1n £fig. 6.

(a) Total Blood Sugar Values. The corresponding
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TABLE 29.

Ante-natal ~ Dextross (D) and Dextroge .+ Iasulin {D 4+ I).

Total Blood Sugar.

' Time Hean V#luéa (mge per 100 mi).
(mins,) o D D+ I Remarks N
0 124150 734000 Not significant.

30 ; 98,125 83,500 Significant difference
60 % 98,625 80,750 i
90 g 91.750C 77225 "

120 i 85,750 71,500 "

150 73.500 604375 "

180 64,625 57375 "

210 654250 604125 Not Significant,
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mean values obtained with Dextrose alone (D) and
Dextrose + Insulin (D+}) are shown In Table 29
from which the following statistlcal analysis has
been prepared i-

an anglysls of variance gave the
gtondaird error of & slngle observation of 5.81 ;
a differenve grester ihan or egual Lo 5.8
namerically, will give a slgunificant difference
between ény two means of Table 20 (on 5% level
of slgnificance). The coefflicient of variation
is 7e7% = 8 very satisfactory low value. There
is & highly significauntl interaction betwsen the
type of infuslon and time. this 15 shown in the
table oy considering the conclusions that D and
D+l do not differ algnificantly at 0 minutes and
210 minutes, but differ sigelficantiy atl
Intermediste times.

Thus, &8 had deen expecltod, the glycaemia
induced by dextrose infusion was slgnificantly less
when insulin was added. Contrary to expectetion,
this did not reduce the subseguent hypoglycaemlo
reagtlion, Indeed, the post-lnfusion hypoglycaemia

was aceentuated. In short, the addition of 1lnsulin
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to the dextrose resulted in slunificantly lower
blood sugar levels at all stages, than those
ghiliceh had been produced by daxirose alono.

(b) Urinary Output.

Table 31.

sntenatal. Doxtroge (D) snd Dexirose with
Insulin (DeI).

Urinary Volwneg.

Speclimen Hean Values (inl).
D P+1
1st., 28.500 HE.250

An anelysis of varlance shows that there is a
significant difference between D and DI
(B = £.20, P<0.06). If the difference belween
any wwo means of the above table ls grester than,
or equal e, bl aspproximetely, then it is gignificant.
the coefilcient of veriatlon 1s very high with value
78.8% indicsting very varisble measgures.

The compsrlson of two mesns, elther st lst.
or znd. or dré. do not show slgnlficence, but with

T = D.20, PKO.0Q9 there is a slignificant difference
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overall between D snd D+l.

Thusg, the lotal uwrincry output wes signlfieantly
dlaminlshed when losulln was added Lo the solution
of dexivrose. At lrat sigbt one might ascrlibe this
o & greator conservatlon of sugar, Cortalinly
1t would svem reasonable Lo augiest that the
lowering o DlLood sugar levels occasloned by the
sropenoud Lnsulin might have an antiedivretic
effect Dy rsduclng osmosis al the lavel of Lhe
kidney. That this explanation is unlikely to
be correct, ls supgesled by the corresponding
urinary sugpar excretion.

(c) Urinary Excretion of Sugars

the "Clinliesit” and chrometogrsphic results
for urinapry sugsrs are shown in Table 322 (ef.
Table 27 ).

It wilil be seen thet, despite the reduction
in totval blood sugpsr values, all elght patlents
excreted suger in the urine. Exoluding the
fagting specimens, which were all positive for
lactoge, B2 of the 4 test specimens conhained
BUsET e Lactose was avtected in all of these.

Glucoge wag concurrently present in ten and was in
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appreciebly higher concentrations (indicated by

a + glgn in lable 32 ) thar lectome in five of these
urines. Six of Llhe eilght subjecis eéxcreted glucose
in the uwrine when e correspondlng blood levels
were below the fasiling value.

Sumnary 0L Resuite.

{u) in pormal pregnant women, the simmlitaneous
Infuslon of insulin with dextrose, resulted In a
slenificnnt lowering of the total blood suisr
levels at all sleges.

The hypoglieaemis "rebouns

was not abolished but
was accoentuated.

(&) Paapite the lowering of total blood sugar
values, tho urinary excrelion of glucosa snd
lactose was not eliminsted.

{3) The wdaltion of lusulln yesulted In a
sipgniticant reduction in the total urinary

output compared with thet obtained when dextrose

atone had vgen infused,
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D. Comparison of the effects of Dextrose-Insulin

Infusion in ihe late pregnancy and pucrperal states.

It i8 generally agreed among cliniclans that
following parturition there is usually, although
not invariably, an lmmediate and significant fall
in the insulin requirementis oi the diabetic
patient. The cauwse of this reduction is a
matier about which there 1lg still considersble
uncertainty. One might speculate, for example,
that with dellivery of the counceptus, the total
metabolle regquirvementis are proportlonately reduced,
thereby reduclng the need for insulin. Another
explanation for the fall in the insulin
reguirements of the puerperal subject ls suggested
by the work of Burt and Kimel (1¢86).

These authors compared insulin sensitivity in
non=-gravid, normal pregnancy and early puerperal
CRUBS. They found that while sensitivity in the
pregnant cages of less than 26 weeks duration was
similar to that of lhe noﬁ-&ravid, a remarkable
decreess developed in the late stages of normal

Pregnancy . Although ithelr data comparing
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sanbe~naital and puerperal cesos aflforded less
convineing evidence, it supgested that
restoration towards normsl insulin sensitlvity
occurred in the early pusrperium.

A physlological change of thls nature would
help to explsin the reductlon la insullin require-
ments of the puerperal dlabetlc. Because of
thie, it scemed important to substantiste that
normal women showed o Significant difference in
their resgponse to insulin in the puerperal state
from that shown by them in late pregnancy.

In the followlin, siudy, the effects of
continuoue lnfusion of dextrose wiih added iansulin
wers observed on & series of women in the late
stages of normal pregnancy. Using the same group,
the experiment wasg repeatod after dellvery. The
resulis were then compared to determine whether
there was any slgnificant difference in their
response to insulin as indlcated by (a) blood
sugar levels and (L) urinary sugar.

Material and Methods.,

It wlll bhe appreclated that whlle 1Lt is

always difficult to obtaln consent to perform
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TABLEL 33.

Ante-~natal (n) and Pontwnatal (b) Dextroso-Insulin Infusion.

Yotal Blood Susav (mpe per 100 ml. ).

(a)
Pimo (minc. )«
Case Wo. 0 30 60 90 120 150 180 210 Gluconse Infuced (Gmsd),
49. 72 76 60 50 42 48 50 53 29s7T
50, 70 95 99 88 % 66 g1 60 32,5
51, 8c 953 76 73 ¥ 43, 56 69 2245
524 7% 86 78 10 69 60 65 65 270
53 67 906 &9 62 50 65 &7 64 2545
544 g2 99 86 77 67 54 58 64 30,0
lean 74 898 98 0 63 55.3 58s3 62.8 290
®) |
49 8 86 66 %56 4L 39 55 70 2849
* 50 73 81 66 65 65 33 30 4% 3243
51 73 80 69 48 48 42 5G 64 31.5
* He 73 19 66 54 45 30 34 43 23,8
53 70 %5 %6 52 50 40 39 49 24,0
544 73 73 66 54 38 37 45 e 313
Hean Zﬂuf‘} :{2 6{1:8 2&.3 A_'Z_ §6.B 4241 fé&_ _?-9_'_22

* Breast Feeding.
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protracted tests, particularly when these must
be in duplicate, the difficultles are increased
greatly wiith pusrperal cuses. Hor is this
wholly accounted for by the general resistance
in lthe subjects themselves who quite naturally
feel that, with delivery, their object has been
attained. Ovher faclors; such as breast feeding
and general infant care, tend to militate against
the performance of lests8 durlng this period.
Nevertheless, a serles of slx normal ante-
natal cases agreed to be tesited before and after
delivery. The infusion of ten per cent dextrose
with 20 u. insulin added to the boltle was given
in the manner previously described (pp.1ll0, 112).
Using the same patlients as thelr own controls,
the tests were repeated on the fourth or fifth
day of the puerperium.

Results.

(a) Blood Supgar Values.

ihe total blood sugar valueg are shown in
Table 33 and their mean values are

contragted in fig. 7, Although the mean
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TABLE 34.

Antenatal (A) and  Yostnatal (F) Dextrose with Ingulin.

Total Blood Sugar (my. per 100 mie).

Time Hean Veluen
(mine) T A P . Renarks,
0n | 74417 73-33- No signifiaént diffe#anoa.
30. 89.83 79.00 Significant differonce.
60, 18400 64483 "
90, 70.00 54.83 "
120. 63400 47400 "
150, 55433 38,00 o
180, 58433 42417 "
210 62403 54400 Ho significant diffevence
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dextrose Ilnput was essentially the same in the
ante~natal period, as that given in the
puorperiwm (L.e. 29.0 ». as opposed Lo 26.3g.),
the blood sugar velues for the latier are
significantly lower.

an anslysis of variance shows significant
variastions besitween Anile-patsl (a) and Post-Natal
(P) (Table z4 ) and between times. There 1s no
significance in the interaction between type of
treatment and time.  The standard errvor of a
single ohservaiion & JE6C.628 = 8,344 and a
difference of ¢.6 numerically is required between
any two of the means of the above table for
significance (a2t the B% level of signifiecance
P<0.08) The coeffliclent of varviation is
13.35%.

Flve of the slx cases developed glgns and
symptoms of hypoplycasemia when they were tosted
apaln after deliverye. These symptoms, which
included profuse swesitlng, feeling of excessive
warmbh, weakness end spobe before the eyes, all

occurred within 20 - A0 minuwtes of the
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discontinuation of infuslon. This perlod
corresponded to the time of minimal blood sugar
values, and in each case the condition corrscted
lteelf as these values increased sponteneously.
ione of the subjects had developed any of
these symptoms when tested before delivery.

(b) Urinary Ouiput.

The urinary volumes excreted snis-natally
and post-natally are shown in Table 35 , and the
mean values have been analysed:~

Tabhle 3¢,

aptvenatal (A) and Postnatal (P) Dextrose with Insulin

Urinary Volumes {(ml.)

Specimen Mean  Values Remarks
A P.
I1st. 49.00 08.67 Ko significant
daifference.
“nde 102.83 G7.1%9 "
Brd. 454,33 52467 1

An analysls of variance glves the gtanderd
error of a single observatlon, viz. 55,12 with a

coefflicient of variation of 79.6%. This 1s very
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TABLE 37.

ANTT-HATAL (a) AND POSTNATAL (1) DEXTROSE s INSULIN INFUSION,

Urinary Sugay by "Olinitest!
mge pox 100 mi.) and Chromstosraphy,

(a)
i .

Cuse Ho,. Pasting. 1ot, Specimen. E Z2ad. Spaoimen. 3rde Specimer
49+ 25 L 50 % 1 50 G 25 g
504 - - - - - - - -
5., 25 G | 2 L% ¢ 25 ¢

G §
524 - - 75 5 G4 ¢
| Lo 50 L 25 L
544 &5 L | 25 v 25 I 25 L
(b)
49, 50 L 50 v 50 L 25 L

* 5OQ - Lead - - L) -~ - -
51, 160 L 100 3 100 L 100 L

* 52, - - 25 i d - - e -
53 25 L 25 I 25 | 1 - -
5. | 25 L | 50 . 75 Bt | 50 L

|
| L.

#* Breast Fesding.
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highk, indicatling extremely verlable material.
Little can be expected in the way ol slgnificant
differenced.

(¢) Urinary Sugar.

The vesults of the "Clinitest" and
chromatographlc lnvestigailons of the speclmens
of urine are shown in Tauble 37,

In the antle-natal tests five of the cases
passed sugar ln the urine. Of thelr 15 specimens,
14 contained lactose. Glucose was also present
in eight of these specimens and was the only sugar
detected 1In thres others. lthat ig, four of the
glx patients excreted glucose.

In the post-natal tests, 16 urines (6 cases)
contalined sugar, lacltose being present in all 16
of them. Glucose was also present in & of these
(2 patients), but in contradistinection to the
general anle-natal findings, wag the predominant
sugar in one specimen only (Case No. 54, Specimen
MOeR ). The concentrations of lactose showed
some ingrease ln the pusrperium, but this was not

ag great as had been sxpectied.
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It will be seen that one patient (Case No.50)
did not pass sugar in any of the urine speclmens
either anie- or post-natally. {Incldentally,
this gubject wag the only one in ithe series who
dld not develop hypoglycaemic symptoms when tegsted
in the puerperium).

Summary of Results.

(1) The dextrose~insulin infusion, when repeated
in the puerperium, resulted ln total blood sugsr
lavels which were slanlficantly lower than those
produced in the same subjects in late pregnancy.
{2) Flve of the aix puorperal subjects developed
gymptoms of hypoglycaemla.

None had developed bthese symptomg when tested in
late pregnancy.

{3) It was not possible to establish any
difference in wrinsry output between the 1atev
pregnancy and puerperal states.

{4) In the pusrperiuvm there was a reduction in
tho incidence of urinary glueose.

The Increage in the concentratlions of lactoge in
the puesrperal urlaes was less than had been

expected,
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COMMENTARY »

in the opinion of Cerrington et al. (1958),
(who support the views of Hoet (1eb4), that
placental production of cortlcotrophin (A.C.T.H)
may coatribute 1o reduced carbohydrate tolerance
in late pregnancy)}, tolerance ig usually ilncreased
prompily after the placenta is delivered. While
this may be true, Burt et al, (1987) noted considerable
individuel difference in recovery rates from the
gestational changes which they hed detected in
carbohydrate metabollsm. In many of thelir
patients reversgion to the non-pregnant staie was
incomplete by ithe fourth or fifth dey followlny
delivery. Yhisg factor may ada to tbe practical
difficulties encountered in ihe performance of
tests on patients during the puerpsrium.

In addition to those difficultles slready
mentioned (pe. 121 ). there 1ls therefore the
lmportant problem of selecting & Tavourable hime
interval following dellvery, when Lasts may be
expected Lo reveal slgnificant physlologleal
CLANLES . Al the game Time, this intervel must

be relatively short because the vast majority
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of nermal c¢ases are dismissed from hospital on
the seventh day of bthe pusrperium. Bearlng these
factors in mind, 1t was daclded that the tests in
the present lnvestization would be performed on
the fourinh or fifth day after delivery. It was
appreciated, however, that & longer interval
might well have permitted the eatablishment of
greater differences between the wregnant and
puerperal states.

Deaplitve these limitations, 1t wasg possible
Lo determine marked differencen in the responses
to dsxbtrose~insulin infusion, which ithese cases
showed in late pregnancy Lfrom those which they
latey showed in the puerperium. Hot only were
thely blood sugar levels gignificently lower
when tested after deolivery, but this dspression
was of such a magnliuds as Lo produce celinical
evidence of hypoglyceemlsa ln five of the gix cases.
in contragt to this, asliher they nor the eight
subjiects {(cases 41 - 48) who were given . similar
infusion 1n the lete snie-natal period, developed
aymptoms of hypoglycaemia.

Only three pusrperal urlne specimens
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(2 patients) as opposed to eleven ante-natal
specimens (4 patlents) contained glucose.

It is possaible that had the interval between
delivery and the second test besen longer, Lthese
dlfferences might have been amplifled.

Th.e results of these experiments indicate
that there 1ls & substantial ilncrease in Insulin
gensitivity in the puerperal subjeat. The
work of Purt & Eimel (1¢56), to which reference
hus already bLeen msde, supgests thatl thisg increase
may e a relative one following & yreduciion in
sensitivlity in late pregnancy. If this were
50, then it might be Interpreted as a
manifestation of recovery to the normal noun-
gravid status. There 1s, however, a posgsible
alternative exzplanation. It might be that the
gensitivity to laosulin ls lancressed asbeolutely
anada 1s In fact preater in the puerperal than
in the non-gravid woman.

Since this passibiliﬁy had not hitherto
been lnvesitlgated In these studles, it was made

the principal subject of the next investigstion.
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e Comparison of the insulln sengitivity of

nopmal nopn-gravid and normal puerperal Women.

The princlipal object of this lavestlgation
was Lo exemine the possibllity that puerperal
women might be more sensltive than the normal
non-gravid Lo the effects of exogenous lnsulin.
For this purpose, a group of normal non~gravld
women were glven a continuous dextrose-ilnsulin
infusion. The effects on total blood sugay
levels and ou the urinary excretlon of sugar
were then compared with those which had been
obgerved in the puerperal cases followlng the
Bams procedure.

A further object was sugpested by those
resulls, proviously obtained in the late
pregnaney subjeets, which had indiceted that
insulin had an anti-diuretic effect. To determine
whether thisz was pecullar Lo pregnancy, the
uplinary output of these non-xravid cases wasg
compared with that recorded when dextrose alone
had been administered to a simllar series of

non-gravid women.
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Method and Materials.

Six normal none-gravld women were gliven
a dexutroge~insulin infusion as previously
descxribed (P« 110 ). The resultont total blood
sugar levels and the urinary sugar exoretion
were then compared with those of the puerperal
Cases.

To determine whether exogenous insulln had
an anti-diuretio effect; the urinary volumes
were compared with those obtalned from gix of
the sight non-zravid cases who had been given
an infusion of dexitrose alone (Section 1IIA).
These s8ix controls were selected on the basgls
of the mass of dextrose which each had recelved,
i.e. where thig amount mosgt closely approximated
to the mean dextroze luput (27.3g5.) of the present
best group. (Altbhough such a ¢lose approximation
was not aliogether necessary, Lt happensd that
the mean dexirosgse lnput of the controls, so
gelected, was 8lso 27.3g« ).
Results.

(a) Total Blood Sugar Values.
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Thne vesultant total blood sugsar values are
ghown iln Table zg, he mean values are
contrasted with thoss previously obtained in
the puerperal subjects (Cases 45-54) in

fige 8 and Table 30.
Table 3g.

Non-gravid and Pusrperal Dexitroge-iusulln Infusions

Mean Values of Total Blood Sugar (mg. per 100 ml.).
Timo (mins. ).

Q 30 60 90 120 180 180 210

Gages A=T T2.8 645 4C.
Gases 49"5& 73-3 7900 4:7-

oo
ol
@@
- o
O«
B O
TS
* @
200
0o
)
L ] L

L 4+)

2
o8

Analysis of these results shows that there is
no significant difference at times O mius.,
30 minge, ==~« 210 mins. There is no significant
difference betwoen the itype of patient.

In short, both gets of patients behave in a
gimilayr fashlon.
{(b) Urinary Sugar.

Sugey was detected in none of the urline
gpecimens.

{c) Urinary Output.
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The urlnayy output of the non-gravid
subjects (A-I'), who were given the dextrose-
insulin infusion, are shown together with those
of the control group (8C =-- Jl), who had
dextroge alone, in Table 40.

The followiny statlstleal asnalysis of
these figures has been providedi-

Table 41,

Urinavy Output - Mean Valueg (ml).

75 ming. 155 ming. 195 mins. Overall.

Cagegs A=F 66.0 110.7 50.8 T68.83
Controls (SCG-~Jii) 154.0 182.8 143.5 165.83

There is a highly significant difference between

Cases A-~F and Controls (F = 18.0, PKO.0L1).
(Execluding the overall means, a difference of TL.9
is required for a slignificant difference between

WO meens).

Thug, the addition of insulln to the dextrose
infuslon resulted in a significant reduction in the
urinary owiput of these non-gravid subjects from
that of the non-gravid conitrels who had been glven

dextrose alone.
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These results indicate that the antie
dluretic effect of ilnsulin, preoviously noted
in the late pregnaney casges, 18 net peculiar
to the gravid state.

Summary 0Ff Results.

1. LThere wag no significant difference in the
total blood sugar levels prodused by dextrosew
ingulin infusion in normal non-gravid women,

from those which had been produced in normal
puerperal subjecis.

2._ None of the nonegravld subjects showed evidence
of hypoglycaemla, while this had been observed in
five of the six puerperal cases.

S In contrast Lo the puerperal subjects, none
of the unon-gravld cases excreted glucose in the
urine.

4 The additlon of insulin to the dextrose
infusion resnlted In a gignificant reduction in
urinary outpul from that of the non~gravid
control group who had been glven dextrose alone.

Commentary.

in the pregent study, there was no significant

difference in the blood sugar levels induced by
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dextrose~linsulin infusion lun puerperal subjecits,
from those induced in the nonw-gravid control
Sroup. Nevertheless, the response of the two
groups Lo these levels was qulte different.

None of the controls showed elinical evidence
of hypoglycaemin, in contrast; there was
objective as well as subjective evidence of
hypoglycaemia in five of the s8ix puerperal
gubjecta.

These results suggest that it mey be
insuffiecient to judge insulin sensltivity solely
on the degpree of depresslion produced on the blood
sugar levels. It is obvious that subjective and
more rellably, objective signs musgt be taken into
account in this assegsment. ithen thesge c¢riteria
are applied to tha pregent findings, it must be
concluded that the normal puerperal women is more
gensitive than the normel non-gravid subject, s}
the effeccts of exogenous insulin.

In the previous siudy {(Section IIID), it was
coufirmed that the normal woman showed an

increesed senslitivity to Insulin when in the
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puerperel state, compared with that shown by her
in late preglancys The results of the present
study suggest that this is not merely & pertlal
recovery to the normal pre-gravid sensltivity.
On the contrary, they suggest that durlng thege
early days following delivery, the sensitivity
to insulin in fact 1s increased above that of
the normal non-gravid women. This helghtened
gsensitivity may have a bearing on the decreass
in lusulin requirements which is commonly shown
by the puerperal dlabotlc.

In the opinion of Skipper (1833) a galn in
carbohydrate toleraunce often occurs after
childbirth, paxtlceularly where the diubetesg is
Severs.

This gain was demongtrated in 19 of hisg 33
cagses who got to, or near, term. Insulin
reactions, waunally occurring in the firat few days
of the puerpeprium, were observed in 17 of the 23
women who had been recelving lnsulln at delivery.
Hypoglycaemic coma occurved in three patienls:

i one of these there had been an aceidental
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overdosage of insulin. A8 a result of these
personal experiences, Skipper, attributed the
maternal death reported by Kaufmann and Kusgter
(1926) to hypoglycaemia.

The occurrence of hypoglycaemla in the
pusrperal dlabetic has sometimes been ascrilbed
to the effectis of lactation. Accopding to thils
theory, the lmbalance is consequent upoﬁ glueoge
being withdrawn from the blood by the breast 1In
the proéess of milk formation. Asalnst thils,
Skipper polnts out that lacltation had been
suppregsed in gsome of hils cases who nevertheless
developed hypoglycaemia. This argument is
gupported by the presenti findings ln normal women.
Lactation had been artiflclally suppressed ln four
of the five puerpersl subjects who exhiblted signs

of hypoglycaemle.
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DLSCUSBION AsD CONULUSLONS.

In the Introductlon to these gtudles, reference
was made to the diversity of opinion regarding the
influence of normal preghsncy on carbohydrate
tolerance. Lhe imporiance of elucidating thils
problem was stressed not only because of iis
seneral physiologlcal lmportance, but more especlally
since it might have a considerable bearing on the
early recognitlon and treatment of the pre-diabetic
state and of the gravid woman wlth established
disbetes. The need for a further improvementl in
the management of the pregnant diabetic wasg
indlcated by the fact that while the use of insulin
had produced & dramatic fall in maternal mortality,
there gtill perslisted a gignificantly high perinatal
mortality. +hile thils had been reduced with the
gvolution of hlghly skilled obststric teams, tLhere
remained room for counsiderable lmprovement. It
was thought that some eluecidation of possaible
physiological changes affected by normal pregnancy
on carbohydrate Lolerance and insulin sensitivity,

might help to throw some light on these problems.
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A3 a Preliminary Investligation a series of
primigravidae and psrous women werg observed from
garly pregnancy until delivery. This was done o
determine the influence of age, parity and the
sltage of gestation on urinary sugsr excretion.
while 1t was generally accepted that glucose might
be excreted in the urine at practically anj gtage
of normal pregnancy, there appeared from the |
literature to be some uncertalniy as to the staue
at which lactlosuria might oceur. According Ho some
authors 1is excretlion was confined to the
puerperium, while it was the oplnlon of the majority
that lactose might on occasion be excreted In very
late pregnancy, in addition to the pusrperium.
Furthermore, there was ithe posslbllity that sugars
other than pglucose or lactose might from tlme to
time coniribute to reductions in the c¢linieal
tegting of pregnancy urlnes.

“o resolve these problems 1t was necessary
to adopt a simple qualitative analytical method
capable of the positive ldentification of

individual supars. The method of paper chromatography
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described by williams (1954) was found to be
ideally suited to thig purpose, (appendix A).

In order tLhat the investigatlon would be
concernea #ith sugar concenirations sufficlently
high to be appreciable by clinical methods, the
urine specimens were tested firat by means of
"Clinitest" tablets, snd then by Benedict's
yuaslltatlve solution. where a positive test
Was regilstered with elther or voth of these,

2 chromatogpram was run for the ldentilfication of
the sugar(s) conbtributing to the reduction. A
number of the specimens yleloling a reauction with
seneaict's solution, failea to do so shen tested
with "Clinitest" tableus. Invariably the ubsence
ol sugar in these specilmens was conflirmed by
chromatography. From this 1t was concluded that
these tablels gave s more reliable indlication of
the presence of supar.

In this preliminary stludy it was found that
five varieties of sugar were excreted in the urine
auring normal pregnsancy. LTiese supgars, which
oceurrea either inaiviouwally or ln gsroups oif Lwo

or three, were lactose, plucose, galactose, fructose
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and pentose. The latter two occurred very
rarely and were presumed to be from a dietary
BOUrCE.

l.actose wag detected ag ¢arly sg the 1l6th
week of gestatlon. The number of patisnis having
lactosuris showed & progressive increase until
term. This findlng suggested that the carbohydrate
was abgsorbed into the bloed from the breast, as ilhe
latter organ undervent éevalopment in preparation
. for lactation. In the present series the
concentration of urinary lactose never exceesded
50 mge per 100 ml.

The excretion of galactose showed a progressive
increase parallel to that of lactose, but this sugar
was detected less frequently. ihile the work of
Gurin et al., (19v4l) sugpests that Lt is posgslble
that part of the urlnary palactose may be derived
from chorionic gonadotrophin, it is more likely
that the greester part of thisg sugsr represeants a
precursor or break-down produect of the lactose
molecule. Since this molecule cannot be hydrolysed
In the body, the only alternative site where this

could concsivably happen would be in the urine
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Ltself, It is questionable whether this could
occur in fresh or refrigerated spaclimens. On
balance 1t must therefore be conceded that the

bulk of the gulactose found In the urine represents
a precursor of lactbsa‘

Glucose was debected in the urine specimens
of over 7H per cent of tLhe women investlgzted.

The majority of these women began o excrete glucose
between the 2lgt. and 30th weeks of gestatlon.

Most of them continued Lo do 8o uniil delivery.
These findings may Ilndicate that the sexceretion of
slucose ig related to Lhe completion of placental
development and 1ts mature function.

Accoxding to Miller et al., (1944), "the presence
of slycosuria in the last months of prewnancy in
women whoge carbohydrate metabolism is otherwlse
apparently normal, ls associated with a foetal and
neonatal mortallity that ls as high as that among
the offsprlng of women with definite signs and
symptoms of diabetes". Il must be stated that the
regults of the pressnt investigation have afforded
no support for this claim.

While it was found that the stage of gestation
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had & marked influence on the excerevlion of lactose,
galactose and glucose, neither apye or parity
appeared to influence the sxcretion of supar.

With regxard L0 age, this rosult probably was

¢ have been expecled, ginee the childbearing period
of woman 1lg reletively short io enable significant
differences on this eaccounit to be detormined.
However, the failure to find an influence exerted
by parlty runsg coutrary to ithe views of others

who have written on ithis subject. Among these,
Lebbd and Cheviki (1926) claimed not only that the

olyeo-regulation” recurred in each

upset ln
prepnancy but also that, to a certaln degree, it
was acgentuasted in sach successlve pregnancy. AB
has been mentioned in the Introduection,

Hoet (1954 ; 16H7) expresses a gimilar opinion.
fihile Lt is sprsed thalt thls msy, in feect, occur
lu some cases the gensral gtatement ssems much too
dogmabic, Ceritalnly 1t is inconsistent with
gxperience palned durlng these studles. In the
course of these 1t hag besn posglble 1o observe

a few women wlth marked glycosurla in one pregnancy,

have a subsequent gestatlion when glycosuris has not
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been detected.

In Section 1I, the ¢arbohydrate tolerance of
normal pregnant women was compared wiith that of
the normal non-gravid, cases of twin pregnancy
and gravid women who had been pronounced cases
of "renal glycosuria" following standaurd oral
slucose tolerance testdy. These stlendard tests
had been conducted at the regqusst of several
clinicians who had considered that the urlnary
sugar councentrations reglstered on routine
urinalysis at the ante~natal clinle, had been
sufficiently greal bo requlre lavestigsation to
exclude dlabetes. The comparison betwsen normal
and twin pregnancy was made because the results
of the prelliminary lovestigation had ladlcated a
conngction between placentsl function and the
impairment of carbohydrate Lolerance. It was
considered posslble lthat this lmpairment might be
incresased by the larger placental area of the
twinsg.

To effect these comparisonsg, it was declded to

asseys tolerance by means of a single intravevous
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injscilon of dextrose. The advantages of the
intravencuy over the oral route have already been
conaiderad in detall {(pe. 34 )«

1he results of these tests showed that the
fasting and more lmmediate post~infusion toital
blood sugar levels of the cases of normal pregnancy
and renal glycosuria were the same. Those of
the normal non-gravid Qere significantly higher,

while thoge of the cases of twin pregnancy were

)43

L3

slenlflicantly lower, Desplite the differentlials
i the blood suger levels induced by the injection
of dextrose in the non~gravid, normal pregnsncy
ang coBsg of twing, the urinary sugar concentrations
were the saﬁe. In contrast, the caseg of renal
slycosuria excreted significantly higher
concentrations than all of the other subjects,
although the corresponding blood lsvels were the
same 28 Whose of the normal pregnancy group.
Gonfirmation of these findings was obtalned
from the resulits of the fructose load test which
was performed ln addltlion to the intravenous
dextrose toleranceé test on each of the subjects.

fthen fructose was admlnistered intravenously to the




152,
four groups, the resuliant total blood supar
levels, although ag had been ezpected lower than
those obtalned with dexirose, were parallel to
the latter. Thus the differences between the
four groups were again established. In addltion,
it was obgserved that whereas the non-gravid
sglectively excreted ifructose, the pregnant tended

to excrete glucose in addition. This was most

marked ln the cases of renal glycosuria suggesting
not only that the impairment in these csses lay at
the level of the kidney, but that this impsirment
was gualitative 28 well 28 guantitative.

It was observed in the course of these load
vesty that a conslderable number of the subjects
continued to excrete supar - and particularly
glucose - even after the blood levels had reached
fastioyg or eéven sub~fosting values. One has made
the same abservatlon frequently in the course of
the sBtandard oral glucese tolersnce tests on gravid
patients.

These {indlngs supgest that the conception

of a fixed renal threshold for glucose may bhe
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misleading. In this connection, Johns (1930)
coneluded from a study of 1,100 glucoge tolerance
teats that there was no such thing as a normal
thresheld, end expressed the opinion that for all
individual&.there is an lndividual threghold.
Campbell 8t 8l., (19%2) went further, These
authors belleved that the threshold varies in
the s=me¢ person and concluded from thelr
experiments, "it seems that something more than
a mere lowersd threshold is present in renal
sLlycosuria'.

A pogslble resolutlon of this problem has
been Bug.ested by Govaerts and Lambert (1949).
In the view of these authors, 1t is necessary
to define a minlmal and a maxlmal threshold in
order to understand the laws governing the
exeretion of glucose in the pregence of a
moderate hypeaerglycaemia. This, they clalm, is
due bto thie fact that the nephrons being
strooturally uvnequel in slze and surface ares,
ars undgual in their reabsorptlve capaclty.
Henece they recognlse the maximal threshold as the

level of hyperglycaemla at which enough glucose
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i filtered Lo saturste thse nephrons ith the
préstest reabsorptive power. It follows that

the minimal threshold ls the level of
hyperglycasnia at whigh enouh slucose is

filtered Lo saturate the nephrons wlth the smallest
reabsorpilve cuspacliy.

Thus Govaerts and Lamberit asceribe the
ocourrence of glycosuria in the presence of normal,
or nearly unormal, blocd supar levels to a lowering
Gf the minlmal threshold. However, they
observed lu the course of thelyr experliments that
the vreabsorption of phogphorus and amlno-acids
was not affected, although these processes are
known to ocecur at hthe sfame level of the proximal
tubule at which glucose ig reavsorbed. AS & result,
they concludad thet the czuse of glycosuria in
agsocistion witlh relatively low blood suxar levels
was llkeily 1o be a digturbence in ithose enzymatlc
progessoes whieckh make possible the reabsorption
and trausfoxr of glucose through the cells.

fo relate thls theory ln 1is entirety to the

present findings, one wsould have to0 concelve of
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the cases of renal glycosuria having & greatexr
proportion of smaller, anc ithereicre more readily
exhaustible nephrons, than lue normal pregnant
WOMEN o Similarly, in general, those of the
non-gravid would have to be larger, while ithose
of the cages of twin pregnancy would reqguirs to
be smaller than the nephrons of the normal gravid.

iWhile the evidence ls thus sgaingst a
morphological explanatlion for the exlstence of
a minlmal threshold, 1t in no way precludes the
possibility of a partial saturation of the enszymatic
processes regponsibie for ithe rsabsorpilon of
£lucose.

According to Homer Smith (1951), slucuresls
in glomeruvlar forms lg attributable Lo incomplete
tubular reabsorptlion under clrcumstences in which
the load of filtered glucose exceeds the maximal
reabgorptive capacity of the tubules. A partial
saturation of these processes might well create
such circumsiances.

Some support for this is given by the results

of the fructose load tesbts. It 1s interesting to
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compars these results with those of Hansen et al.,
{1043), These authors found that in the dog a
conslderable fructosuria ls not accompanied by

an lnereased excretion of glucose. They concluded,
therefore that in so far as the two hexoses shere
a common reabsorptive system, it is not that
component which determines the maximal rate of
reabsorplion of elther one. In the present
investigatlons it was found that like the dog,

the non-zgravid subjeets did not reapond to the
fructopge load by excreting glucose. In contrast
to this, a number of the gravid cesesg did so

and this execretion of glucose wag most marked

lo the esges of renel glycosuria. These findings
may indicate that, in the concept of Gammeltoft
ana Kjexruli'-densen (1le4?), adenosline triphosphate
was al g more gevere premium ln these cases.

The relative deflclency In this energy system
counld well be due to partlal saturation by asome
subgatance other than the cowmon hexoses, The
nature of this substance can only be a matter for

conjeciture. However, it obviously must be produced
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in largs guantitles during pregnancy, and must
also be reabsorbed lv the first part of the
nephrolis

1t is possible, therefore, that as a result
of the laotravenous loads of supar, a degpree of
gsaturation of the renal ituoular mechanism for
the reabsorption of glucose ocourred in all proups,
both gravid and non-gravid. In goneral, the
reabgorption was moest impalred in the pregnancy
caped, nol only becawse of tﬁair tendency to
excrele glucose in both the dextyrose and the
fructose tests, but also iln view of ithe
gipnificantly lower totel blood sugar levels
at which this exereillion occurred. In particular,
the ecases of rensl plycosurlia extiiblted most
evidence of thls disorder. Lt 18 also councelvable
that this saturation, persisting from the initial
stages of moderate hyperglycaemla, could pive rise
to the subsequent paradox of glycosuria in the
prepsence of fagting and Sub-fasting blood gugar
values. This has been noted frequently during

the pregent lnvesgtigations and has veen obssrved
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in clinical practice 1ln ithe treatment of
hyperemesis gravidarum anc csges of prolonged
labour with ketoslis. In adaitlon, thlsg concept
woulda eéxplaln the fallure of exogenous insulin
to aboligh glycosuria in late pregnancy cases where
it had nevertheless effected a significant reduction
in thelr total blood supar values (Section IIIC).

It hag been Buggesied by Berggvist (1854)
that thls tendency of pregnant waomen to excrete
glucose mizht be due Lo excess secretion of
A«CoeTeHe interfering with renal reabsorption.
Certainly there is no evidence afforded by the
present data to suggest that such a cause could
be responsible. One woula expect the pregnant
cases Lo show a hyperplycaemia rather than a
sipnlficant lowerln, of blood sugsr values
compared with the non-gravid if this were the
Cag8.

A possible solutlion L0 the differsentials
in the total blood sugar levels resulting from
the sugar loads has been sugpgested by the resulis

obtained from the experlilments described in
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Jection I1l. In this section of the studies,
Lhie dextrose was a2anlinistered by continuous
infusion. It was considered thalt Oy spresdiug
the load over & Loaesr pesriod; a more senusltive
index of ithe response could thus be oblained by
reduclag the smount of sugaer presented ln unlt
tLime. In the gvent, this mothod proved guite
gatlafactory. It magt e remerkod, howaver,
that there 1s oung possible llmltatlon to its

ugs a8 s rourine test for indlvidual patlents.
Ghig lies 1ln the difficulty of repulalting the
infusion so that a flxed doge of dextrose is
siven uniformly la o preserloed interval of tlue.
It is tyrue bhat In the cese of the iansulin
component of the dextroge-insullin infusion

these varlaltlons muy e of much lesa importance.
This L9 aus Lo ine fact that the durstlion of
aoclion of lnaulin i nol proportional o the size
of the doge but ls, kb fachk, a glmple funetion of
the Llogarlthm of the dose (Eest and Taylor, 1950).
Bowever, Iin the present investipstions these

objections were overcoms by the method of using
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sroups, or bHlook samples, of subjecls. AB B
reault, it wes possible, by statlistlesld analysis,
Lo Lake aceount of inelvidual veriastions in iho
amounts infuscde.

in the initial lnvestigatious descoribed in
Sactlion 11X, 11U weg found thai the glyconemis
lunduesd by dextirose lnfusion in non-gravid women
pas meprkedly reducod after they had been plven @
course of enorionlec gonadotrophin. Lndead,
following thlg course of hormong, there wns no
gignificant difference In ithe resultent totawl blood
sugar values from those lnduced by simller infusion
in the normel gravid subject. At the asme timg,
slycosuria ocourrad in wmenbers o the pregusnt
BIOUP ONlye These findings Indleate thal while
chorionle gonadotrophin 1s not a causal fagior
L the promotion o Jlycosurls, 1t may taks an
active part io the reégulatlon of carbohydrate
me tabolism. Furthermors, they wmay help to
axplala the different responses lu total blood
supsr lovels ¢hlch werc acted in the sormal

non-gravid on the One hagd,; and ln the pregnanqy
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cages on the other, followlng the intravenocus
load tests described in Ssction IX. The
depressed response obgerved in the pregnancy
groups in general, and in the cages of twin
pregnancy in particular, could concelvably have
been effected by the corresponding levels of
placental gonadotrophin.

While one has been unable to {ind any
reference in the literature 1o suggest that
chorionlce gonadotrophin hag been lnvestigated
in this particular relatlonship to the regulation
of carbounydrate metabollism, 1t would appear that
the effects of other sex hormones have been studied
extensively. However, the resultg of lhese
studies are very conflicting and it is difficult
to make a final apsoessment. oy exeample, there
have been conitroversial reporis regsarding the
aeffecta of oegtrogens on carbohydrale metaboligm.
In thile connection, a number of authors have
produced evidence that the glycosuria of elther
experimental or cliunlcal disbetes mellitus can

be reduced by ocestrogens (Barnes ev al., 1933 ;
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Helson and Qverholser, 1936 ; Mazer et al., 1935 3
Gessler et al., 193¢ ; Splegelman, 1940). This,
however, has besen questioned (Collip et al., 1937).

Working on the experimenital animal Ingle
(1941b) reported ithat the diabetic state of the
partially depancyeatlzed rat can be intensirfied
by the adminisiration of Stilboesgirol. Mutually
supporting results to these were reporied by
Dolin et al., A941) who used partially
depanereatlzed ferrets. At the same time, these
authors obtalned completely negative results using
progeaterone. |

In contrast, Cantilo (1941l) reported that
large doges of ocestrogen and progesieronse had
effected the diabsetle control of his entire series
of 40 menopaugal and postmenopausal womene. in
these, lnsulin treatment and diet had been relatively
Ineffectual. fle ascrlbed these successes o
the Inhibiting 1nfluénce of these hormones on
the anterlor pitultary.

With regard to the lnhibltlon of the

pitultary, reference has already been made
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Lo the work of Glen and Katon (1938) in the
commentary to Section ILIia. Thege authors
reported a case in which insulin produced a
greatey degree of carbohydrate lntolerance and
glyeosurla than glucose alone. They clite a
similayr case which was reported by Falta {1924)
and refer to the finding of Barnes et al., (1933)
that emnlotonin (ketohydroxyoestrin) diminished
glycosuria in depancreatiged dogs. This Lfinding,
with that of Tuchman (1937), that the injection of
ketohydroxyoestrin diminishes the hypertrophled
pitultary glands of custrated animals, sugpested
to Glen and Laton thal excess pltultary secretion
mieht be responsible for thelr patienti's unexpected
reactlon to insulin. They therefore considered
1t rational that ovarian extract might be expected
0o have a synerglc action with insulin. In the
event, when the patlent was given dihydroxyoestrin
in addition to glucose and insulin a greater
roduction occurred In the blood sugar levels.
Slmilar success with ogstrogeuns was reported

by Carnot et al., (1928) and Rathery and Rudolph
(1928} .
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The latter two aunthors suggested that for
each dose of insulin, there was an optimal dose
of oestrogen, and tentetively suggssted that on
equilibrium between these hormones wmay be
necogsary for normal earbohydrate metabolism.

hile 1t must be appreclated that thers
remaing a conslderable conflict of opinion
regarding the influence of oestrogens on carbohydrate
tolerance, thege successes ars of particular interest
in view of the results obtasined by wWhilte
(1947 3 1969) In the man&gemeht of the pregnant
diaboetlie. Ag lg well known, this management 1s
based on the theory claborsted by Smith and Smlth
(1947) to account for the raised levels of serum
chorlonlc gonadotrophin in assoclation with a
reduction In gerum oestrogens and urinary
pregnanediol which they had found o be present in
pregnant diabetics. The theory postulates that
while, under normal circumstances, the chorionie
gonadotrophin ig utilized by the placenta in the
formation of oestrogen and progesterong, in pregnant

diabetles, this mechanism is deranged. Aceordingly,
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ghite glves her diabetic patlents a dose of
stilboestrol and progesterone based on the
severity of the disease. Vwhile it is generally
agreed that her foetal survival rate of 90 per
cent 1s quite remarksble, the actual ocaunse of
this salvage 1s much dlsputed. Gertalnly the
resulits of other workers who have employed
hormone replacement therspy have been less
encouraging (Given ot al., 1¢50 ; Rolland 1954).
Thusg, many are inclined 4o the view that the
gxcellent resulits obtainesd by Whlite are due to
the care taken by the obstetric team in general,
rather than to hormone itherapy in particular
(Lewlig, 1ub6). HHowever, one cannot but feel
that a weakness in this argument of the seeptics
ls the widely recognised faclt that, even where
the general care Ls of the hlghsst order, the
foetal loss is gtlill counslderably higher than
the 10 per cent reported by Uhite {(Introduction).
It is possible that the worklng hypothesis
uged by Smith and Smith to explain their findings

may, in fact, be qulite erroneoun. It might be
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that the exhibitlon of oestrogen and progesterone
ig effactive in these cases as the result of a
syneyrgism with endogenous insulin, Iuxrthermore
1t has bgen found in these studleg that chorionic
ponadotrophln appears to play an ncetive parit in
carbohydrate metabelism in the presence of
hypeyrgiyoaemias It is just possible that the
elevated levels of this hormone found by the
Smiths in the pregnant disbetlc mey alsgo. have
exerted some controlling influence on the
asgsociated hyperglyecaemia.

Sincé it was considered possible that
physlologlecal changes peculiar to pregnancy might
affect the rosponse of the established diabetiec
10 lnsulln therapy, the lnfluence of insulin on
normal late pregnancy and puerperal cagses wag
lnvestigated (Section ILIIC,D). It was confirmed
that the subjecta showed a significant 1lncreage
in thelr sensitivity to insulin when in the
puerperal state compared with the late stages of
normal pregnancy. This linding was not

unexpected, having been indicated by Burt and
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Kimel (1956). Hevertheless there remainsd
unveanlved the problem of whether the

sensltivity of the early puerperal subject wag

part of a graduated return to that of the normal
non-gravid state or whether she wasg, in fact,

moyre senslitive to the effects of exogenous 1nsulin
than the none-gravid. This matter waa Invesilgated
in the final study (Section ILILE).

The results obtalned from thls study indlicated
that, In termg of the blood sugar levelg lnduced,
there was no signiflcant difference In the response
of esrly puerperal subjects from that of the normal
non-pravid. AL the same tiwme flve of the six
puerperal subjects exhiblted signs of hypoglycsemia.
These were entirely absent in the non-gravid group.
Tt would geem ressionable that such clinical evidence
should be taken into account in the agsegsment of
longulin sensitivity. Therefore 1L must be
concluded that the normal puerperal subject hag a
greater gensitivity to the effects of exogenous
insulin than the normal nonw~gravid subject.

farthermore, sinece lactation had been artificially
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suppressed in four of the five cases who showed
this evidence of hypoglycaemla, it 18 c¢lear ithati
diversion of blood glucose for the purposes of
lactogenesis is not a major contributing factor
in the production of these symptoms.

In Section IIIC it was found that, compared
with the volumes of urine passed when dextrose
had been given slone, a significant reduction
ocourxed in the urinary output of the late
pregnancy szjﬁcts when insulin was added to the
dextrose Lnfuslon. Indeed this reductlion wag
more striking than that which had been observed
in the pogteinfusion volumas of the non-gravid
cages after ithey had been glvea a course of
chorionic gonadotrophine. Lt was considered
possible at that time that the ralsed blood sugar
and, lncidentally, endogenous insulin lsevels,
had in some way counteracted the snti~dluretic
affect of the gonadotrophlin (Commentary, Section
IIia)e Thus it was inferred that as a pesult of

this possible lunteraction the anti~diuretic effect

of the gonadotrophin had become manlfest only
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when the blood suger and endogenocus insulin levels
had fallen on discontinuance of the infusion.
This ambseqaen@ finding that the simulianeous
administration of lnsulin with dextroge produces
a mariked fall In urlianary output indlicates that
the agsumpition of an auntsgonism of this kind
batween insulin and the gonadotrophin wag quite
WO e

While no satisfactory explenstion can be
given at pvaaént for thls unexpected flwding,
i1t can be concluded qulte safely that the
anti-dluretic effect of insulln is not atiributable
10 an lnterplay betwsen this hormone and those
peculliar 10 prognancy. The results obtained
in Section IILE clearly domonsgtrate that insulin
has a similar resitrictive effecl on the urinary
ouvtput of the non-gravid.

| From the resulis of these studles the following

gonclusions would appear to be justified:~
(L) A wvapriety of pugars including lactose, glucose,
galactose and more rarely, fructose and penizge

may be detected in the urineg Iin the course of



170.

NOYMmal Presnancy.

These may occur elther individuaslly or 1n
oroups of two or thr@é.
(2) From early prépnancy, there 1s a progressive
increase Ln the incidence of lactosuria.
(3) ‘therse is also & progresslve lnereage 1n the
incidence of ihie excretion of galactose bhul this
sugay occures much less frequently than lactose.
(4) Over 75 per cent of women execrete glucose
in the course of normal pregnancy. this appears
to bz quite ilundspendeut of sltiher ags or parlily.

dhile soms women may excereve glucose in eavly
pregnancy, the majority begln to do so between
thne 2lgt. and 30th weeks of gestatlon. In most
of thege, this continues until dslivery.
(5) The fasting blood sugar level of the-normal
non=gravid 1s higher than that of the normal
pregnancy subject, while that of twin pregnancy
ig lower.

Theass differences are malntalned in the
veaponge of the tnree proups to the intravenous

administration of a fixed load of sugar.
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Nevertheless Llhwe resultant concentrations
of urinary sugar are essentially the same.
(6) In contrast to the above, pregnant cases

Fal

of "venal glycosuria' while having the same
fasting blood levels and showing the same pesponse
10 the sSugar load ag wormal pregnant subjects, pass
slgnlflicantly higher concentrations of sugar in
the urine.

(7) ‘the concepltion of a fixed threshold may be
misleading, since all groups muy contluue to
excrete supar at rastlipg or sub-fagting blood

sugar levels.

(8) Folilowling a course of chorionic gounadotrophin,
there 1s & slgniflcant reauctlon in the glyocaemlia
induced by dextrose infusion in normal non-gravid
WOMESIL»

It is to be noted that the concentration of
chorionlce gonadolrophlin is frequently much increased
in preguant alavetles. Durlng a glucose bLolerance
Lest, the ilncrease may nave the effect of holding
the blood sugar at a lower level than might be found

in the non-pregnant gtates. this could be misleading
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in & mild case of disbetes. Furthermore, it
gould explain those equivocal results obtained
from glucose tolerance tests peyrformed on
subjec¢ts subsequently proved to be in the
prediabetic state.

A secondary effect of the chorionic
sonadotrophin is a reduction in the urinary
putput iln the periou immediately following the
discontinuance of the infusion.

(¢) In the normal late pregnancy cases, bthe
addlition of insulin to dextrose infusion, while
producing a significant reduction in the resultant
levelg of blood supar, does not abolish the
urinary loss of elther lactose or glucosge.

Thus the employment of urinalysis ag an index
of the response of the pregnant diabetie to insulin
therapy may be dangerous, and could lead to
complications from hypoglycaemic eplsodes.

(10) Normsl women, when In the early puerperal
state, show an increased sgsensitiviuvy to the effects
0f exogenous insulin compared wiih Uthat shown by

them in lale pregnancy.
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(11) vihen the samo amount of dextrose~-insulin

gsolution is admlnistered to early puerperal

and normal non-gravid womsn, the rvesulitant total

blood sugar valuss are the game in both groups.
hevertneless, the findlng that symptoms of

hypoglycsemia occuy only in the former proup

at these levels, indicatles that the gensitivity

of the normal puerperal subject is grealter than

that of the normal non-grsvid womarn.

On the basis of the above, the dose of insulin
pas o be readjusted very carefully in the
puerperium if hypoglycamemlc criges are to be avolded.
(l2) the adgultion of luosulin to dextrose infusion
results 1n a significent reductlion in the overall
urinary output of both normal non-gravid and
normal pregnant women.

Since the glycosurlia In pregnant patients was
not abolished by insulin, this result cannot be
agseribed to reduction In the osmotic effect of
urinagcy sugal. It would therefore appear that
this is a specific effect of insulin on kidney

function.



BIBLIOGRAPHY,




174.

ALLEN, E. (1939) : Ame J. Obstet. Gynaec, 38,
082,

ANDERSQN, We.Ao.De (1948} : Pathology, London,
KIMPTON, p.635.

BAIRD, J.De and FARQUHBAR, J.W. (1962) : Lancet
1, 71.

BARNES, B.O., REGAN, J.F. and NBISON, W.0. (1033) :
Je Amer. Med. AS80C. igl, DEG.

BAYLISS, ReIeS., BROWNE, J.C. HMeG., ROUND, B.P.
and STEINBECK, A.W. (1953) : Lancet 1, 62.

BERGER, H. (1852) : J. amer. Med. Assoc. 148, 364.

BERGQVIST, Ne (1954) : Aota. Indocrin. 15, 166.

BERTHAND, NeH. and GLLBERT, JeAsL. (1960) : Canad.
fied. ASs. J. 83, 753,

BEST, G.R. and Ta¥LOk, BeBe. (LYBC) : The Physiologleal
Bagsls of Medical Pracilce Oth Ed., Baltimore,
Willisms and #ilkins, p. 672,

BROGNE, JeSelLe (1843) : Josiah Macy Jr. Foundation
Conference, cited by Best and Taylor (195(.9.

BURT, ReL. and KLMEL, GC.a. (1O0B6) : Obstet. and

Gynacc. Z, 658,



175

BURT, Relie, WINSTON-SALEM, N.C. and JULIAN, N.
(1967) i aAm. J. Obstet. & Gynaec. 74, 58l

CAMPBELL, Reho, 08GO0D, E.B. and NASKINS, H.D.
(1932) : Arch. Int. Med. 80, 982.

CANTILO, E. (1941) : Endoerinology 28, 20.

CAPPELL, D.F. (1988) : Muir's Textbook of Pathology,
Tth. BEd., London, Arnold, p. 636.

GARNOT, TERRIS and CAROLI (1928) : Bull. et mém
Soc. méd. hdp. de Paris bR, 738,
CARRINGTION, E.R., REARDON; B.S5. and SCGIUMAN, C.R.
(1968) ¢ J. Amer. Med. Assoe. 166, 245.
CASSANO, ¥. and TABANTINOG, G. (16567) : Riv. ostet.
glu., Fly. 12, 471,

COLLENS, W.S., SLO«BODKIN, S.G., ROSENBLIETT, S and
BOAS, LeG. (lU36) : J. Amer. Med Assgoc. 106,
G78.

OLLIP, JeBe, HDALYE, H. and NEUFBLD, A. (1987) :
sme Jd. Physlol. 119, 289,

CONN, JeWe, LOULS, Le¢B. and JOHNSTON, M.W. (1948) :
Proc. am. Dinbetes sssoc. B, 213,

CORL, C.F. (1025) : J. Biol. Chem. 6G, 69l.

CRAWEORD, 2. {1938) : Arch. Dis. Childh., 13, 69.



176.

DOLIN, G., SayMUBL, J. and GaUNT, R. (1941) :
Endocrinology, =28, 840.

DOHALD, I. (1959) : Practical Obstetric Problems,
‘End, Bd. London, Lloyd~Luke, p. 84.

DONAYO, Le and TURCHELNL, G. (Lob3) ¢ Boll. 3o0c¢.
Ital., Blol. Sper., »9, 1L66.

DUHCAN, LedePe (1986a) : wuart. 4. Exp. Poyslol., 41, 86.

- - (1956b) Ibid » D453,

o

FAJANS, S.35. and GONN, J.w. (Lud%) : Diabstes 3, 2906,

Falia, W. (1924) : Klip. dehnscehy. 13, 1315, clted by
Glen and Faton (1938).

GAMMELIOFT, A. and KJERULP-JENSAEN, K. (1843) : Acta
physiol. scandinav. &, 568.

GaSSLEK, Cide, HALSLLD, ded.s ana SLBISON, K.Po (1938)
Jo CGllin. Invest., 18, 7lb,

QILBERY, JeAsL. and DUNLOP, D.ls (1949) : Brit. ied,

Je, 1, 48.

GIVIEN, WePe, DOUGLAS, KeGo and TOLSTOL, L. (1050) :
hmsre Jo Obstet. Gynaec. 99, 720.

GLEN, A. and BATON, J.C. (1938) : Quoart. J. Hed.

7, 271



177.

GQVAERTS, P. and LAMBERT, P=P. (1949) : Acta.
cline. bolg. 4, 341,

GURIN, S., BACHNAN, C. and WILSON, D.®W. (1940) :
do Blol. Chem., &gﬁ, 467,

FamiLPON, Wede, BOYD, JeD. and MOSSMAN, Hed.
(194H) : Human Embryology, Cambridge,
Helfer, p. 206.

BANSEN, P«G., JACORSEN, E.A. and PELERSEN, M.F.
(19&3} o Acha. phyéidlo scaninav., 6, 195.

BARRISON,. Gea. (1947) : Chemical Methods in
Clinical Medicine, Brd. Ed., London, Churchill,
pe 121

HAWNK, P.B., CSER, B.L. and SUMMERSON, W.H. (1947) :
Practical Physlologlecal Chemistry, l2th hd.,
London, Churchill, p. 779.

IOET, J.P. (1954) : Diabetes 3, 1.

- - (1957) : W.l.0. Symposium on the Public

Health aspects of Chronle Discage, Amsterdam.

HURATLZ, D. and JENSER, D. (1946) : New EBngland J.

Mod. 234, B327.




178,

INGLE, D.J. (1941a) : Endocrinology 29, 649.

- - (1941b) : Am. J. Med. Seil. 201, 153,
- -, Lis Coll, and BVAKS, HeM. (1946) :

Endocrinology 39, d2.

JABLORKOVW, V., HUECHINS, M. sand KNIGHIS, E.M.
(1987) & Diabetes 6, 426.

JACKSOH, W.PeUs (1l902) : Brit. Med. J., 2, 690.

JOHN, Hed., (1930) : M. J. and Rec. 131; 287, 361,
598,

JOHNSOR, D.G. and BOSNES, ReW. (1948) : J. Clin.
Investe. EZ, 745,

JONES, Med. aud MACGREGOR, T.8. (1l936) : Lancet,
2, 974.

JORGENSIN, 5. (1627) : Acte. med. scand., €5, 116,

JOSLIN, L.P. (198%) : Yhe Treatment of Diabetes
pellitus, 10th &d., London, Rimpton, p. 1ll.

KAURFMANN, M. and Kﬁ&%ﬁﬂs e (LERG) ¢ Deutsche med.
Wehnschr. 2, 1722 ; cited by Skipper, (1933).

KELMBALL, S. (1932) : Guy's Hosp. Rep. 82, 157,

KRISS, J«P. and FULCHLR, P.hie (1.848) ¢ J. Glin.

indoecrinol. 8, 380.




179.

&ABBE, Mo and CHEVKIL, M. (1926) : Comp. rend. soc.
biol. 94, B02.

LARBIL, C.G. (1826) : J. Obstet. Gynaec. Brit. Bmp.
33, 565,

LEWIS, TeLsTe (19856) @ Progress in Clinical
Obstetricyg and Gynaecoleogy, Londen, Chunchill,
pe 1ll.

LISLE, Wed. and DICK, G.F. (1932) : Arech. Int. ied.
50, 801,

LORALME,; JeAs (1640a) ¢ Jd. Obstel. Gynaec. Brit. Emp.
56, 1051,

- - (L9480) & Brit. med. Jd. z, 1496,

LOZRER, Yelie, WINKLER, A.We, TAYLOR, P.H.L. and
PEYERE, J.P. (1941) : J. Glin. Iavest., £3, 507.

MACLEAN, W. and de WESSELOV, 0.L.V. (1980-1) :
Quart. J. Med., 14, 103.

MANN, F.0. ana saGATR, T.3. (1G22) ¢ Areh. Iat.
Wed. B0, 73.

MARAZLTINL, Be (1887) ¢ Ann. Obstet. Ginec., 75, 63.

MAZER, C., MERANZE, D'R. apd ISRBEL, S.5L. {1635)
do Amer. ied. hsdoc., 100, 287,

MILLER, ﬁ.C.,.hURﬁITZ, D. and EUDEL, K. {(1944) :

Jde Lmer. ied, Assoc., l&e, 271



180.

MORARD, Je. Gl., RUTISHAWER, ¥®., snd CHATILLON,
Je (1986) 3 J. urol. med. et chlr. 61, 612,

MORRIS, Ge«J.0.Re (1655) i Brit. med. Bull., 11,
101.

MURDOGH, R. (1983) . J. Obgtet. Gynaec. PBrit. Emp.
60, T85.

NELSON, N. (1944) : J. Biol. Chem. 153, 376,

NBELSON, WeQ. and OVERHOLSER, M.D. (1636)
ERAOerinology . §g} 473,

OAKLBY 3 w. (LUB3) 5+ Brit. med. dJ. }.;_, 1413,

PARVIALNEN, 5., S0IVa, K. and VARTTAWEN, S. (180) :
Acte . obgtel. gyneec. gcand. 29, supplemsnt 5.

PUDBRSEN, J. and BRANDSTRUP, B. (1968) & Lancet‘i,
607,

PELL, JM. and OaKLEY, «. (LS4b) : Trans. 128th. Brit.

Coapre D05« GYite

PF.:EI-;; J O}L ‘.1%'5{)) ; Bgf:‘lt« m@d L] !]-e '!'51, 870.
- {LEBG) ¢« Britlieh Ubstet. and

CGy.aecological Prectice (Obstetrics) &dit. Holland,
2ud. Ed., London, helnemath, p. DI7.
RALHERY, F. and RUDOLFr, #. {1528 . Bull. et mém. Soc.

-~ "~ o - Ry
med. hop de Paris, 62, T4l.




181.

ROLLAND, G. (1954) : Bdln. med. J. 61, 257.

ROSENBERG, M. (1924) : Klin. Wehnschr. 3, 1561,
cited by Skipper (1633).

ROSS, G.W. (1938) : Arch. Dig. (hildn., 13, 289.

SANTOS; ReFo, MeCANCGLE,; Rost. snd RANDLE, P.d.

(1955) + Nature, 176, 115,
SCHULLER, E. (1657) : Acta. Ludocrin. 25, 545.
SCOYT, J.8. (1068) : Jd. Obste. Gyneec., Brit. Emp.
65, 68¢.

ShLxik, H. (1947) : Uexrntbook of Indocrinology,
Univeraity of Montresl, p. 495 ot seq.

SIM3, BeAJle. and KRANTZ, K.E. (1268) : J. Clin.
invest. 37, 1764.

SKIFPER, E. (1933%) : «uart. J. #ed. ¢, 3563,

SMITH, homer W. (l¥5B1) : The Kidney - Structure and
Function in Realth and Disease; Noew York, Oxford
Univeraity Press, p. 82 et seq.

SHMILH, Qede and Slilh, G van 3. (137} ¢ Aner. d.
Obstet. Gynagc. 33, 368,

- - - (1940) ¢ Amer. J.

Obgtet. Gynaec. 989,400

v




182,

SOSKIN, 5. ond LEVINE, R. (195885) : Modern Nutrltion
in Mealth and Disease, dit. wohl and Goodhart,
Philadelphils, Lea and PFeblger, p. 160,

SPIRGRLMAN, A.R. (1940) : Am. J. Hed, Scl. 200, 228.

STEJART, G.F. SCARBOROUGH, H. and DAVIDSOUW, J.N.
(1938) + Quart. d. Med. 7, 226.

STOHERS, d.M. (1861) ; Brit. J. Glin. Pract. 15,
65

THORPL, W.V. (1947) : Bilochemisgtry for iedicsl
Students, 4th d. Loundon, Churcnill, p.217.

TUCHmaNn, ke (L8¥7) o Compt. rend. soce. Llol. 125,

635,
l-’.'umﬁ;;illﬂi‘;p Kok &n1d l‘l.LJ,J:CBONE, BeCGo (194’9) ; Quax‘t.

Jo Med., 9, 11.
VARLEY, H. (1984) ¢ Praculcal Clinical Blochemistiry,
London, Heinemann, p. D7.
VENNING, l.oHe. (1046) ¢ Endocrinology, 38, 203.
WELSH, G.W. and SIMS, B.A.H. (1960) @ Diabetes, 9, 563,
WHITIE, P. (1947) : Penn. ¥.J. BQ, 705,
(1985, ¢ The Treestment of Dlabetes liellitus,
10th ®d., Edlt. Joslin, London, Kimpton, p.680.
WILKERSON, H.L.C. and REUBEIN, Q.R. (19587) : Diabetes
G, B24.

FILLIANS, d. (L962) : Personal communication.



183.

APPENDIX A,

The method of paper chromatography used for
the ldentification of urinary sugars thrbughout
thls investigatlon, is that descrlbed by
%illlams (1604). The followlng description
consists largely of extracta from the original
artlele and the debl to the author is fully
acknowledged:-

One invaluable application of chromatographic
procedures is the ldentiflcation of reducing supar
in urine. Most techniques, although simple, have
the common disadvantage that solvents must be run
for a lon, period in order to completely separate
the carbohydrates which are most likely to be
present, li.e. lactose, galactose, pglucoss, fructose,
pentose. The following are detalls of an ascending
technique adoptied in this laborastory, (Rainhill
Hospital, Near Liverpool), to reduce this tlime
factor and yet to obtain complete separation of
he guspected suparsSe It is of interest because
Itie

(a) Utilizes triangular shaped filter paper.



184

(b) 4affords complete separation of
reducing sugars within the
comparatively shorti time of
10 hours.

(¢) Requires a solvent front run of
only 18 cm.

Equipment and Keagents Required.

Pipettes - Small plpettes callbrated to dellver
5 and 10 pl.
Apparatus - & duralumin frame which can support
one dozen 20 x 20 cm. filter paper squares. The
frume consists of two duralumlin plates 20 x 20 cm.
square, Jjoined by four rods, 30 cm. long, which
pass through holes drilled into the corners of
each plate ; the latter are locked on to the rods
with small nuts. Thirteen 2 cm. long duralumin
rings are placed along each of the two upper rods
in order to separate filter papers when the frame
is 1n use.

A sultably sized, enclosed cablinet or glass
aquarium tank 1s required to housge the duralumin
frame.

¥ilter Paper - Whatman No. 1 has been found qguite

sultable. A triangle ls cut from a 20 x 20 cm.

square as in Flg. 9.
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Solvent = This 1s prepared by mixing three
volumes of l-butanol with two volumes of
pyridine and 1.5 volumes of distilled water.

Developer - Benzidene reagent - a knifepolnt

of benzidene is dlssolved Iin 2 to 3 ml. glacial
acetic acld and volume made up to 20 ml., with
absolute alcohol.

Control Solution:-

Lectose 1 gramme.
Galactose 1"
Glucose 1"
Laevulose 1"
Xylose i "

Saturated benzolc acid 100 ml.
lie thod.

Urine 1s dlluted with distilled water to
approximately 1 per cent. concentration of reducing
SUEAL. If suger is less concentrated than 1 per
cent. then a greater volume of urine is applied to

the filter paper.
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2:.06m .

Five pl. amounts of urine and control solutions
are applled on Lo separate papers ai line B. The
fluids must be applied in a coutinuous line and
must touch both edges of ilhe paper. Filter papers
are allowed to dry at room temperature. The filter
papers are gupported on frame by passing upper bars
throuph holes A.A., papers beln, separated by
duralumin rings. The frame 1s placed in the cablnet
and tips of the filter papers are dipped into solvent
mlxture contalilned in petri dish 1id ; the solvent
moves slowly up the flltier papsr, reaching the top
edge within approximately 10 hours. Por the sake
of convenience psaspers may be left 1in the solvent

from late afternoon until early next moruing, when
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they are removed and dried In a warm currenit of alr.

To develop the spots the papers are thoroughly
wetted by rapid immersion in benzidene-alcohol
mixture and dried in a warm current of air.
After drylng they are placed in a hot alr oven
at 1009C. for 10 minutes when reducing supars
appears as brown arcs spreadlng from edge to edys
of paper.

Urine supar ls identified by comparing its
position with thait of contrel supars.

Shortly after this method was firsi adopted
in the Research Laboratory of the Glasgow Koyal
Maternity Hospital, a sllight modlificatlon was
introduced. Thls conslgted of mixing the urine
with half its volume of Permutit "Bio-Deminrolit"
mixed bed resin. The mixture was then
centrifuged for tho purposes of de-galting and to
a lesser extsnt, for the removal of plgment.
liowever thls process made no appreciable difference
to the resuliant chromatograms and the modification
was considered quite uncecessary and consequently

discontinued.



PIG. 10..

CO1dPLSTED CONTROL AND TSST CHROMATOGRAMS A. & B.
(described opposite).
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Resultsg

Fig. ¢ shous the completed chromatogran
prepared with the control solution. The reducing
Sugars are completely separated and appear on the
chromato§ram, from the point of origin B, in the
following order : Lactose, galactose, glucose,

lagvulose and pentose..

Fig.10 shows 3 chromatograms whilech have been
prepared in the manuner descrlbed above. By

applying Test 3Sheets A and B lndividually to the

Control, the following sugars are identifiedie

Aa 1. Lectloss.

2. Glucosg.

Be. 3. Glucose.
4, F?uatﬁse.

Reference.

#illiams, R. (1954) i J. Med. Lab. Tech. 12, 43.
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APPENDIX B.

Explanatory Hote to Table A

The results of ihe Lndividusl tests for urinary
Sugpar described in the Prellminary Investigation
(section I) are reported serislly under the
corvesponding week of pestation:

Negative resulls are shown O
False positive resultis P

The results obtained using either "Clinitest" (C)
or Benedict's qualitative solution (B) are shown:-
Negpatlive « ;5 slight trace, sl.tr. ; trsce, tr., and
+ 5 +t+o.., 8ignifying sugar concentrations of
approximately 50, 75 ete., mg. per 100 ml.

The results from Ghromatography (Ch) are shown
according to the supar(g) preseni

Glucose (G), lactose (L), Galactose (Gal.),

Fructose (") and Pentose (P).

fhere there are two or more sugars present
concurrently and one of them ig In 2pprecilably higher
concentration, this is slgnified by a 4+ gign

ew. Oh(Ft .
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