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INTRODUCTION.
klTiiie traditionally, It has been taught that 

pregnancy alters glucose tolerance there are wide 
differences of opinion on this subject* Authors 

such as Johnson ana Bosnes (1948), Jackson (1952) 
and Marassini (1957) claim that carbohydrate 

tolerance is not Impaired in normal pregnant women; 

others, notably Hoot (1964 ; 1957) go so far as to 

state that pregnancy is actually diabetogenic.

Resolution of this controversy Is a matter of 
considerable- practical importance because It may 

have a bearing not only on the obstetric 
management of the established diabetic, out also 

in the recognition of the preolabetic stage of the 
disease* One factor which may present difficulties 

Is tbs tendency for glycosuria to occur In a number 

of pregnancy states.

When glycosuria is found in association with 

normal olood sugar values, it is customarily 
ascribed to lowering of the renal threshold as 

conceived by Claude Bernard and assumed to be 

physiological. The inference is commonly made 

that the urinary sugar in these cases has been



detected ae a matter of chance (l.e* poet~ 
prandially) and that the carbohydrate metabollam 

of such cases conforme to that found In normal 
pregnancy. It Is obvious from the views quoted 
that this is not universally accepted. It 
might well be that glycosuria is a manifestation 
of some Intrinsic defect peculiar to these women. 

Consequently elucidation of this matter has been 

one of the aims of these studies.
In addition to diabetes and prediabetes, there 

are a number of frankly abnormal conditions in 

pregnancy where the finding of urinary sugar is a 

common clinical experience. These Include 
haeraorrhagie shock, hyperemesls gravidarum and 
prolonged labour with ketoais.

The excretion of sugar In association with 

shock resulting from haemorrhagic conditions such as 
accidental haemorrhage, post«-partum haemorrhage, 
abortion and uterine rupture Is now understandable. 
It has been demonstrated that blood sugar levels 

are frequently abnormally high where such conditions 

obtain (Murdoch, 1955). Moreover, findings 

comparable to these have been reported in



altuatlona of stress oooasJLoned toy severe toura 

injuries and acute specifle infeetiens in the 

non-gravld (Lisle and Dlek, 1952).

However, the mechanism toy which sugar is 

excreted in prolonged labour and sever© hyper©mesla 
gravidarum la clearly quite different. In these 

clrGumstances the associated ketonurla is an 

Indication of depleted carbohydrate reserves and 

there Is no byperglycaemia. The urinary loss 

of sugar Is therefore paradoxical in such cases.

In recent years obstetricians have become 
increasingly impressed with the importance of 

prediatoetea as a clinical entity. Aspects of the 

complete syndrom© of large babies, a high rate of 
foetal loss, the tendency to hydramnios and 
toxaemia of pregnancy, as described by Allen (1959) 
have subsequently been remarked by many others 

including Miller et al., (1944) | Erlss and 
TiltCher (1946) and Gilbert and Dunlop (1949).

Stowers (1961), In discussing the hasards 

of delay In the recognition and treatment of 
diabetes, stresses the urgency of diagnosis in
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the pre^diabetio stag© by moans of sensitive tests 
for carbohydrate Intolerance# Following the 
demonstration by Ingle (1941a#), that cortisone 

induces hyperglycaemla and glycosuria when given 

in large and sufficiently prolonged dosage to 
experimental animals, Berger (1952) suggested 

the administration of cortisone as the basis 

of auoh provocative tests# As a result, several 
authors Including Fajams and Conn (1954) and 
Duncan (1955b. ) have claimed considerable aucoess 

in the non-gravid. More recently Bertrand and 

Russell (I960) have reported rather equivocal 

results using prednisone in parous women#

Such tests have been disappointing in 

unmasking the prediabetic state during pregnancy. 

There are two possible explanations for this#
It has been shown that there is an Increase in 

corticosteroid secretion as pregnancy advances 
(Parvial men et al#, 1950 I Bayliss et al*,

1955 9 Schuller 195? ; Gasoano and Tarantino 

1957), so that the doses empirically employed 
may be relatively ineffectual# Again there is, 
as already Indicated, confusion and dispute as to



what constitutes normal behaviour with regard to 

carbohydrate tolerance In pregnancy, and this 

may well be the more important. as a result, 
the diagnosis of prodiabetes In the gravid 

patient remains largely speculative, being based 

on the obstetric history rather than on more 
precise scientific analysis.

According to Peel (1959) the management 

of pregnancy in the established diabetic la 

becoming increasingly Important because of the 

increasing frequency with which the two conditions 

are associated. Indeed it would appear that the 
problem of fecundity has now replaced that of 
infertility# a s Jos1in (1959) points out, this 

problem is likely to increase owing to the 
transmission of a hereditary gone.

ihll© it is true that the maternal mortality 
from diabetes meXiitue has fallen dramatically 

to 1.4 per cent with Insulin therapy, (Peel and 

Oakley 1949 5 Oakley, (1953) the disease is still 

associated with a high foetal wastage In the last 
eight weeks of gestation and in early neonatal 

life. ^ith the exception of the unique salvage
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rate of 90 per cent acliievecl by White (194? ;
1959) using oestrogen and progesterone therapy, 
which will be oonsldered In greater detail later, 

the foetal wastage ranges from 16 to 41 per cent 
(Oakley 1963 ; Peel (1965 ; 1969) ) Pederaen and 

Brandstrup 1956)# According to these authors, 
this depends on the degree of combined medical 

and obstetrical care#

It Is common experlance that the gravid diabetic 

may be extremely difficult to stabilise, 

particularly In the last trimester, and that even 

in apparently well stabilised cases there Is no 
guarantee of a successful outcome as far as the 
child Is concerned# ns a result, premature 

delivery at 36 to 38 weeks is the generally 
accepted policy* This incurs a considerable 
risk of neonatal loss from immaturity,

While it is agreed that changing ïnatabolio 
requirements Inherent in the diabetic state may 
be partly responsible for aneuocessful 
stabilisation, it is possible that normal 
physiological changes in carbohydrate utilisation



9 .

and excretion may also be concerned* In this 

connection it Is well recognised that urinary 

sugar estimations are an mireliabl© guide to 
stabilisation In pregnancy, but It has never 

been altogether clear as to how far this is 
due to normal physiological metabolic changes#

For example, the presence of lactose in the 
urine might result in an erroneous appreciation 

of the patients* Insulin requirements#

It would appear from the literature that 
the incidence of lactose in pregnancy urine Is 
a subject about which there Is some uncertainty.

A minority of writers, including Selye (1947), 
claim that lactosurla is common during lactation 

but does not occur during pregnancy. The majority, 

however, agree with Lamble (1926) that lactose may, 
on occasion, be excreted In very late pregnancy 
in addition to the puerperlum* Since it seemed 

possible that both of these views might be too 

conservative, the Incidence of lactosuria In 
relation to the stage of gestation has been 
investigated, in these studies-
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The Introduction and wide adoption of glucose- 

specific test strips have to no decree reduced the 

clinical importance of this problem. These 

oxidase tests are extremely sensitive and 

essentially qualitative. Consequently where 

positive results have been obtained, the 

concentrations 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 
give an exaggerated impression of the concentration 

of glucose actually present in the specimen. 

Furthermore, it seemed equally possible that other 
sugars might contribute to reductions in the urine 
of pregnant 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 studies has been 

conducted on normal gravid and non-gravid women. 

Throughout this series 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 clarity the work is divided

Into three main sections ;

I Preliminary Study.

II The Assessment of Carbohydrate Tolerance 
by Means of Intravenous Loads**.

Ill The Assessment of Carbohydrate Tolerance 
by Means of Continuous Infusion*

Thereafter the results are discussed and 

conclusions drawn.
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SECTION I. FKELXMXNAKy BTUDM.

T m  INFLUENCE OF AGE, PARITY AND THE STAGE OF 

GESTATION 01 URINARI SUGAR OUTPUT, AND TIE 
TYPES OF SUGAR EXCRETED IN NORMAL PREGNANCY.

AS a preliminary study it was decided to 

investigate the frequency with which clinically 
detectable amounts of glucose, lactose, and any 
other reducing sugars arc present in normal 
pregnancy urine, and to establish whether their 
excretion could b© related to age, parity or to 

any particular stage of gestation#
MATERIAL AND METHODS#

A sample of 21 primlgravida© and 20 
multiparous women was obtained in consecutive 
order of their first attendance at the antennatal 
clinic. Only those having pregnancies of less 
than 21 weeks duration were included. Of the 
initial 41 cases, 2 were found subsequently to 
be non-gravid# This left 39 oases consisting 
of 21 primigravidae and 18 parous women. Of 

these, 1 aborted at 16 weeks, 1 was delivered
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Of an aneiicephallo foetus at 30 weeks and 1 
was delivered of a premature tout otherwise 
healthy infant in the 36th week of gestation# 

Tv/o of the cases had their latter ante-natal 
care and confinement elsewhere.

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

At their Initial and all subsequent 
attendances a specimen of urine was obtained* 

This usually was the first to be passed after 
lunch.

The specimen was first tested for sugar 

by two methods, viz. "Gllnltest" and Benedict*i 
qualitative solution in order that the 
investigation would concern itself with only 
such quantities of reducing substances as were 
detectable by clinical methods.

As a means of differentiating between 
reductions caused by glucose and lactose, 
fermentation tests and the preparation of



osazoïies have been recommended* (Harrison 
1947 I Hawk et al*, 194? ; Varley 1954)*
These methods have not in fact proved suitable 
in obstetric practice* Fermentation is too 
elaborate and time-consuming for routine work, 
particularly when a large number of specimens 
have to be examined. Furthermore, the 
concurrent presence of glucose and lactose 
may render the osazone test of doubtful value. 
Another important objection to these tests was 
the possibility that sugars other than glucose 
or lactose - whether from a dietary or metabolic 
source - might be present either individually 

or severally. In view of these considerations, 
it was decided to examine all specimens of urine 
by the more Informative and sensitive method of 

paper chromatography, where one or other of the 
more conventional clinical methods had yielded 

a positive reduction.

For this purpose the technique described 

by Williams (1954) was eventually selected as 
being the most suitable of the methods tried
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(Appendix a ). A positive result was accepted 

only where the presence of sugar was confirmed 
by chromatography. When a sugar other than 

glucose, lactose, or galactose was detected, 
a second chromato^^ram was run for oonfIrmatlon.

1x1 general, the patients reported at 

monthly intervals until the 28th week of 
gestation, fortnightly until the 32nd. week, 
and then at weekly intervals until delivery.

This accounts for the Increased frequency of 

testing in late pregnancy.

In all, 288 specimens of urine were thus 

examined.

EESULTS.

The results are shown in Tables A (Appendix B) 

and I.
False positive reductions v/ere obtained 

in 37 (12.8 per cent) of the tests. All 
were obtained by beneoict*s qualitative 

method and were for trace quantities (I.e.

25 mg. per cent or less). In every case 
where **Gllnitest*' registered a reduction, the
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presence of carbohydrate was confirmed by 
chroma tography,

The earliest positive reduction was 
obtained at 16 weeks# This was of the order 
of 2b mg. per cent and was caused by glucose 

and lactose concurrently* The maximum 
concentration of sugar recorded in the series 
was 100 mg* per cent* The sugar was identified 
as glucose* The concentration of lactose did 
not exceed 50 mg* per cent on any occasion*

Only on© of the series of 34 women 
completed gestation without having sugar 
detected in her urine. This pregnancy was 
concluded normally.

The results of the tests for Individual 
patients are given serially under the
corresponding week of gestation in Table A (Appendix B).

For purposes of analysis, these results 
have been grouped into the four periods viz*, 
up to 21 weeks, 21 to 30 weeks, 31 to 35 weeks 

and 36 weeks to term (Table I )*
The number of tests in each period is shown
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and the results are tabulated according to 
their being negative (includixag false positives, 

shown in brackets) or positive reductions. The 
positive reductions in each period are further 
detailed according to the sugar(a) contributing* 
Finally, in the same table, is the number of 
patients having a particular sugar in their 
urine at any of the four periods*

Lactose,' glucose and galactose were the 
sugars most commonly detected, and Figure I 
illustrates the percentage of cases in whose urine 
these were present as normal pregnancy advanced.

It will be observed that there was a 
progressive increase In the incidence of 
lactosuria, from early pregnancy until term*

The same appears to be true of galactose* The 
trend with regard to glucose excretion la less 
clear*  ̂The apparent maximum incidence in the 
31 “ 35 weeks interval, and the fall in the 
36 weeks to term period, are not supported by 
statistical analysis*
- ‘— fith'regard • to'the Presence (+) pp



T a b le  2 .

PBSSEKOE (+) or A B S M B  (^) of GLÎÎ008B

31*35 weeko
Case
NPé Up to 21 woeke 21*30

1, :
2. : 4
3, 1
4. 4'
5. 1 «to
6b 1
7. i 4
8. 1
o

'S* 4
y*

10. 4- +
11.
12.
13 b
14# 4* : 4
15.
16. !
17. 4
18.
19, «to
20. +
21. m 4
22. *# 4
23. «to
24,
25. * 1 4
26.
27. f i
28.
29,
30. M I
31, * toto1
32.
33, ! +
34. * i ^!

•f
•I*

+
4-
+

+
+

+

4

36 weeks to term
f|- I f ir W i ,III I '■ iih iih i

+
+
+
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AbeeaùG (*) of Glucoao (Table 2 the various 
periods may be cousidered as follows;*

(1) Table 3.

21-50 Op to 2:1 weeks Total
weeks + m

5 9 14
- B IB 20

Total 7 27 54

it #111 be uotleed that 5 cases were +4̂  (the first
sl^n refers to the **up to 21 weeks" period) and
18 were Thus 23 cases showed no change. Of
the remaining 11 one would escpect, If only chance
operated, ™  » 5*5 in the *+ and —  - 5.5 In the 

^  £  2

+ * group* We actually observe 9 and 2* An 
test shows that these observed frequencies 

are signifieantly different from 5*5 and 5.6.

(X^ » 4.9, F<0*05)* Thus the proportion of 
fve*9 , 7 out of 54, in the "up to 21 weeks" 
is significantly different from the proportion

of 4ve*s, 14 out of 54, in the 21 * 30 weeks 
period.



(11) Table 4.
31*35
weeks *

21-30 weeks. 
" ♦

Total

t 9 8 17
- 5 IB 17

Total 14 20 34
pAn X test shows that there Is no significant

difference between the proportion of +ve*s in
the two periods. That is, there is no
significant difference between ^  and 17

54 34 '
(111)

36 weeks 
to term.

Table 5.
31-35 weeks 
+ —

Total

10 3 13
7 14 21

Total 17 17 34

Again there is no significant difference 
between proportions of +ve *s. That is to say
there is no significant difference between 

In short, whereas there is aAI and M
34 34
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significant increase from 21 to 30 weeks, over 
the period under 21 weeks (F<0.05), no significant 
variation occurs thereafter.

This implies that the incidence of glucose 
loss reached Its maximum between the 21st. and 30th 
week of pregnancy, and this was maintained until 

delivery. It is interesting to note, however, 
that 10 out of 34 cases remained negative 
throughout and 3 remained consistently positive.
Ten of the remaining 21 casas who had previously 

registered positive reductions for urinary glucose, 

became negative from 36 weeks until delivery.
In the urine specimens examined, reductions 

were found to be caused by the presence either of 
an individual su^ar or by groups of 2 or 3 sugars 
acting concurrently. Chromatography demonstrated 
5 varieties, viz., glucose, lactose, galactose, 
pentose and fructose.

Fructose contributed to relatively few 
reductions so that valid inference is limited.

It is probably safe to assume that the 6 fructose 
reductions, 3 of which were obtained from urine



specimens of the same individual, resulted from 
a dietary course of that sugar. Of these there 

are many, since fructose occurs as free hexose 

chiefly in sweet fruit and honey. Apples are 
relatively rich in laevulose and as a component 
with glucose of the disaccharide saccharose, it 

is found in relatively large amounts in sugar 
beets and in sugar cane.

Pentose was found on 4 occasions only 
(3 cases). One of the women gave a history of 
vomiting. Soskin and Levine (1955) claim that 
the 5 carbon atom sugars are much more 
important as part of the machinery of the body 
in contrast to the important energy materials, 
the bexoses. '̂ hlle admitting that they may 
possibly contribute to the pentose content of 
the tissues when invested in combined form 
(e.g. riboflavin and nucleotides), these authors 
claim that uncombined pentoses are not utilised 
when Ingested, but are eliminated In the urine 

and faeces.

Lactose excretion Increased in frequency as 

pregnancy advanced. From the 20th week, this



was the reducing sugar most frequently present, 
although the concentration never exceeded 50 mg. 

per 100 ml. urine in the present series.
Galactose like glucose and lactose was 

detected before the 20th week, and although not 

nearly so hià>h, its Incidence would appear to 
run parallel to that of lactose.

Glucose. Urinss’y 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 sugar from 
the 21st. to the 30th week of gestation. In 
general, this maximal value was maintained during 
the last four weeks of pregnancy.

During this investigation the opportunity 
was taken to examine the influence of both age and 
parity in the incidence of sugar excretion in 
normal pregnancy urine. It has been suggested 
that both of these factors may influence 
carbohydrate tolerance. In the human subject 

in general, tolerance is believed to decrease 
with age, while for some time it has been suggested
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that Inoreaslrig parity and tolerance may also 

bear an Inverse relationship to one another 
(Rosenberg 1924 ; Lambie 1926).

In this series of cases, the ages ranged 
from 17 to 40 years. It was not, however, 
possible to establish any significant variation 

in the Incidence of urinary sugar attributable 
to this factor, owing to 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 this finding Is 

consistent with experience gained during the 
later stages of these studies. In the course 
of these, it has been possible to observe a few 
of the patients in a subsequent pregnancy. As 

a result, it has been noted that although 
glycosuria of a degree sufficient to merit full 
investigation by standard oral tolerance tests 
may be detected in one gestation, this need not 
necessarily be a recurrent feature in a further 

pregnancy*
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_ of asau xM  3 .
le The urinary excretion of sugar vma studied 
in IS prlmigravtd and 16 paroua women from before 

the 2iet* week of pregnancy.

Only one oubjeot completed geetatton without 

having eugar detected in her ui4ne.
2 . Xn descending order of frequency, the sugars 
Identified by paper chromatography in the urine 
Bpeolmens of the other Bubjeeis were lactose, 
;̂jluooao, galaotoeo, fructoeo and pentose.

These occurred either individually or In 
groups of two or three.
3. There was a progresolve increase In the 
incidence of lactose excretion from the 80th 
week until delivery.

There was a parallel increase in the 

excretion of galactose, although this sugar was 
detected much less frequently than lactose.
4. Glucose was detected in the urine of over 

75 per oant of the cases.

The maximal number of cases excreting glucose 

was reached in the period from 21 to 30 weeks*
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The majority of these continued to excrete 
glucose until delivery.
5 . i^elther age or parity appeared to have any 

influence on the excretion of sugar.
COMMEi^TAia.

The results of this preliminary investigation 
suggest that the Incidence of glyooaurla ie high 
in normal pregnancy.

Its occurrence seems to he Independent of 
age or parity.

Furthermore I since no specific diet was 
prescribed, the glycosuria would appear to be 
independent of any particular type of diet.

These patients were healthy in all repseots. 
It is thus reasonable to suggest that saae 

factor or combination of factors, influences 
carbohydrate metabolism in the gravid state. 
Lactose. The pattern of lactose excretion istl\̂ nuiiniiF I i iL.1

almost certainly related to breast development 
and function.

Galactose and Glucose. fith regard to the 

excretion of these sugars, there are the following 
possibilitiesÎ-
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(a) Placental function. It Is possible that 
part of the sugar output may be derived as 
breakdown products of such substances as 
gonadotrophins. Morris (1955) in discussing 
the chemical and physico-chemical properties of 
chorionic gonadotrophin, describes it as a 
glyaO"protoin of high carbohydrate content.
This includes a hexose Identified by Gurln et al,
(1940) as galactose* The kidney during excretion 
may liberate the carbohydrate as the hormone Is 

broken down* Alternatively, urinary galactose 
may represent an uncombined precursor, or a 

breakdown product, of the lactose molecule.
The significant Increase In the incidence 

of glucose excretion which takes place after 

the 2 0th week of pregnancy may be related to 
the fact that the placenta becomes fully functional 
at that time. This increase appears to be 

maintained throughout the period of placental 
maturity, v̂ fhieh persists in the majority of 

women until just before delivery. However, 

of the 34 oases, 10 who had previously passed
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gluGOSG In their urine ceased to do so after 

the pregnancy had reached the 30th week*
Although their records afford no evidence to 
support such a hypothesis, it might well be 
that placental aenescence had begun unusually 
early In this minority* it must be admitted, 

however, that the possibility of there being 
such an index of placental sufficiency has never, 
to this writer's knowledge# been investigated*
(b) Blood sugar levels may be abnormal.
(c) Renal handling of ttm sugars may be 
altered in pregnancy.

Both (b) and (c) have been investigated 

later in these studies.
It Is well known that sugar is commonly 

found in the urine of pregnant women* The high 
incidence of Its occurrence, as shown in this 
preliminary investigation, is perhaps less 
generally appreciated. In view of the 
successful out-come of the pregnancies just 
studied, it Is obviously unnecessary (if not, 
indeed, harmful) to restrict carbohydrate In
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cases of simple glycosuria* This view is in 

agreement with that expressed by Donald (1959) 
who states that such cases require no treatment.

The present findings inuicate that there 
is a change in the metabolism of glucose from 
the 21st. to 30th weeks which is maintained in 
late pregnancy. This may explain the experience 
of those clinic lane such as ‘iilkeraon & Remein 
(1957) who have found that those cases pronounced 
simple glycosurias in the early months of 
gestation must be retested in later pregmnoy 
in order to be certain of excluding diabetes. 
Attention must be paid to this factor in 
treating the established diabetic. Furthermore, 
these results would suggest that stabilisation 
cannot be achieved on the basis of urinalysis.

In view of the obscure nature of the mechanism 
of glycosuria in normal pregnancy, a more detailed 
Investigation seemed to be necessary* Because of 
this and its obvious importance to the practice 
of obstetrics, it was decided to investigate
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carbohydrate tolerance in normal gravid women 
by means of a series of "loading" teste.
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OP IRïRAVEilOUS "LOADS".
Th© object of the present series of 

investigations v/as to study the utilization and 
excretion of carbohydrate In normal pregnancy 
by means of administering test loads of sugar. 

Further, to study carbohydrate metabolism under 
the same experimental conditions in cases of 
(a) twin pregnancy, and (b) In cases of pregnant 
women who had shown glycosuria prior to the 

experimental loading. Finally, to compare 
and contrast the results obtained in the normal 
group with those In. the other groups.

Twin pregnancy was examined because the 
preliminary investigation had indicated a 
connection between placental development and the 
Impairment of carbohydrate tolerance. It was 

considered possible that the larger placental 
area of multiple pregnancy might cause greater 
impairment.

The cases of glycosuria had been detected on 
routine urinalysis at the ante*natal clinic when



their urinary sugar concentrations bad ranged 

from 75 mg. to 200 mg# per 100 ml. urine.
The glycosuria had been diagnosed as of renal 
origin following standard oral glucose tolerance 

tests- These cases were, studied with a view to 
determining whether their carbohydrate metabolism 
differed substantially from that of normal 
pregnant women.

To achieve these aims it was necessary, 

therefore, to perform a standardised test on four 
groups of subjects;-
(1 ) normal non-gravid women of child-bearing age.

(2 ) liormal gravid women.

(3) Gases of twin pregnancy.
(4) Cases of "renal glycosuria".

The load effects obtained in groups 1, 3 and 
4 were then compared in turn with those obtained 
in group 2 .

It will be appreciated that considerable 
importance attaches to the method of loadi ng.

In the present instance it was decided to load 
by means of a single Intravenous injection of
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dextrose.
The lnt.ray©oous rout© of administration has 

been employed by numerous workers, and Tunbridge 
and All1bone (1949) describe the individual 
methods which have been adopted by some 37 teams 
between 1913 and 1938. Since then, intravenous 
glucose tolerance tests have been described by 
several authors including Johnson and Bosnes 
(1948), Dune6m  (1956a) and Marazzlni (1967) and 
the advantages over the oral route are now 
generally agreed:*

1. The oral tests depend upon the degree 
of absorption of the glucose by the alimentary 
canal# This introduces definite and 
uncontrollable factors, since the two processes of 
absorption and disposal tend to be coincident over 
an indefinite period.

2. Alterations in the gastro-Intestinal 
tract peculiar to pregnancy may complicate 
absorption.

This was of particular importance in the 
present study where it was necessary to compare
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a gravid with a non-gravld series of patients.
3. Following intravenous administration, the 

maximal hyperglyc.aemla occurs rapidly and the 
subsequent fall in blood sugar is uninfluenced 
by simultaneous absorption.

For these reasons it has been suggested that 
narrower limits of normality can be imposed when 
the sugar is injected intravenously (Stowers, 1961).

Although there has been general agreement on 
principle, there has been a wide diversity of 
opinion with regard to procedure. Duncan (1956a) 
comments in particular on the lack of uniformity 
in the loading dose of sugar and in the evaluation 
of results. with regard to the latter, he 
himself prefers to express tolerance as an 
"Increment Index", while Tunbridge and Aiiibone
(1940) made their criterion the time taken for the 
blood sugar to regain fasting values. Crawford
(1938) used the time taken to reach the value of
100 mg. per 100 ml. blood, and Lozner et al,
(1941) took the 2-hour value as their index,
viuite different s tandai'ds ware those adopted by
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JorgGUBon (1927) and Hobb (1938) who measured 
the area under the observed blood sugar cur̂ ve.

Similarly, there has been individual 
variation in the seleetion of times for the with
drawal of Dlood. Duncan (1956a) took his first 
sample four minutes after completion of the 
injection, since he estimated that complete mixing 
of sugar with the blood would have occurred by 
then. This Is not in agreement with the views of 
Turner and Aiiibone (1940) who found that blood 
sugar levels were maximal one minute after the end 

of the injection. (These authors, however, 
reported great differences in this level between 
individual subjects). Johnson and Bosnes (1948) 
appear to have overcome this difficulty by 
waiting 15 minutes after the end of the injection 
before taking their first blood sample.

In the present study, a load of SO g. of 
50 per cent dextrose was employed* This dose is 
smaller than that used by many workers, but it was 

felt that nothing was to be gained by the injection 

of larger amounts of sugar* On the contrary, the 
lower dosage had the advantage of producing
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appreciable changes in blood sugar levels which 
were, at the same time, closer to the normal 
physiological variations than those which would 
have resulted from higher loads* It was hoped 
that this would add to the practical value of the 
subsequent observstions *

The first blood sample, lowing the Ikisting 
specimen, vv̂as taken 30 minutes after the end of 
the injection* Further specimens were obtained 
at intervals of 30 minutes to give a coverage 
of hours. These times were chosen so that 

the intermediate and more remote post-injection 
blood sugar levels and their effects on urinary 
sugar output could be observed.

In addition, the technique which is later 
described in detail (page 41 ) differed from those 
already mentioned, in that all the specimens of 
urine were analysed qualitatively by means of 
paper chromato^raphy.

Finally, this study was essentially a 

comparison of the effects of carbohydrate 
administration on four groups of patients who were 
subjected to the same experimental conditions.
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Because of this, it was possible to evaluate 
the results statistically without adopting any 

of the individual criteria advocated by the 
authors mentioned previously.

Although from clinical considerations the 
investigation was concerned with the influence 
of pregnancy on the metabolism of glucose 
particularly, it was felt important to decide 
whether any possible changes were specific for 
that hexose alone. To do this, it was necessary 
to obtain supplies of another sugar which were 
suitable for intravenous administration. 
Furthermore, it was a pre-requisite that the 

hypertonic solution of carbohydrate should have 
no 1'armful effect upon the renal tubules. It is 
now generally accepted that such effects are 
liable to occur when, for example, the disaccharide 
sucrose is injected in this manner (Anderson 1948 ; 
Morard et al., 1956). Ĵiile G appal (1958) 

considers that the intense hydropic degeneration 
BO 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 Invalidate 
load tests*

Xn the end It was decided to us© fructose 
(d-laevulOB©) which not only satisfied the 
requirements mentioned above, but offered certain 
additional advantages;*

In 1920 Maclean and de 'ifmsselow found that 
the ingestion of fructose, in contrast to other 
sugars such as glucose, produced little if any 
increase in total blood sugar. This is now 
understood to be caused by the rapid conversion 
of laevulose to glycogen by the liver. (The 
works permitting such a conclusion, including 
those of Mann and Magath (192k: ) ; Corl (1925) 
ana Kimball (1932), have been reviewed and 
commented upon by Stewart et al. (1938). These 
authors, while conceding the possible importance 
of direct utilization by the tissues, concluded that 
laevulose metabolism takes place to a very large 

extent in the liver).
when the fructose is administered intravenously.
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in contrast to the oral route, there occurs a 
significant rise in total blood sugar, although 
it is still considerably less than that effected 
by intravenous glucose. For practical purposes 
this may be expressed simply:-
Total Blood Bugar » Fasting Blood Sugar + Glucose

(Largely glucose) (Converted
from fructose)

-f Fructose.
The work of Gamneltoft and Kjerulf-Jensen 

(1943) suggests that raising the total blood sugar 
mass by the introduction of fructose would provide 
competition to the glomerular filtration and 
re-absorption of (glucose. These authors concluded 
from animal experiments, as well as from observation 
on the human subject, that fructose and glucose are 
actively re-abaorbed from the proximal renal tubules. 
While tentatively suggesting that there are 
phosphorylatlng and dephosphorylating enzyme 
systems specific for each hexose, they advanced the 
view that glucose and fructose compete with each 
other as phosphate acceptors from the common 
phosphate donor adenosine triphosphate*
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Xn view of thee© consiaerations, it was 
aeolded to perform a fructose load test, in 
addition to the glucose teat, in each of the 
subjects of the present investigation. It was 
hoped that the introduction of a competitor to 
the renal excretion and re-absorption of glucose 
might help to accentuate any pre-existing 
impairment which pregnancy had occasioned in 
that mechanism.
METHOD A W  MATERIALS.

Â series of 10 non-gravid women whose ages 
ranged from IB years to 38 years was obtained in 
the Royal Samaritan Hospital for Women. The cases 
were selected to exclude endocrinological 
abnormality and only those of good general health 
and nutrition were chosen.

On admission they wore given the ordinary 
hospital diet which included approximately 550 g. 
carbohydrate daily.

The patients vfore fasted from 10 p.m. on the 
evening preceding the test. The following morning, 

a specimen of the "fasting" urine was obtained and 
immediately prior to the commencement of the test
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at 9 a.m., a self-retaining cathéter was 

introduced to the bladder which was then emptied. 

The entire volume of urine was discarded and the 

catheter was secured by means of a spigot*

The "fasting" blood sample was then obtained 

and without withdrawing the Ho. 2 serum needle 

from the vein in the anteoubital fossa, 40 ml. of 

(i.e. 20g. ) dextrose solution were introduced 

in 1& - 2 minutes, by means of a 50 ml. all-glass 

syringe. Further blood specimens were obtained 

from the opposite median basilic vein at 

30-mlnute intervals until conclusion of the test 

150 minutes later. The blood specimens were 

retained in fluoride bottles. At 75 and 135 

minutes following the Injection, the bladder was 

drained but not washed out. This gave the 

first and second urine specimens.

Thus from each test there were six blood 

specimens Including the "fasting" blood, and three 

urine specimens including the "fasting" urine*

On each blood specimen total blood sugar was 

estimated by the Helson (1944) adaptation of the 

Somogyl method. Each urine specimen was tested
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for sugar by "Glinitest" tablets and, where a 
reduction was registered, by the method of 

paper chromatography. (Appendix A ).
After an interval of two or three days 

the test was repeated using 40 ml. 50^ (approx*) 

fructose solution. This was prepared by the 

addition of 8 ml. sterile water to 32 ml* of 
62.6^ "Laevosan" concentrate (Oalmlc Ltd.), thus 
giving 20 g. carbohydrate In 40 ml. solution as 

for the dextrose toleravjice test.
parallel tests were performed on 10 cases 

of normal pregnancy, 10 cases of twins, and 10 
oases of renal glycosuria.
G0MPLXGATX0H8 Alii) 8 IDE 13FEGT8 FOLLOWING THE 
IKTKAVBHQUS APMXIUSTHATXOH OF SUGARS.

The advantages of assessing carbohydrate 

tolerance by the intravenous administration of 
sugars have been discussed earlier. It must be 
appreciated, however, that previous workers have 
reported complications following the intravenous 

injection of dextrose.
Most frequent among these have bean pyrexia, 

rigors, general malaise and headaches.
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Jorgensen noted pyrexia in four of his

first 71? cases. l'hereafter> he employed 
freshly distilled water for the dextrose 
solutions and no further complications occurred. 
Prom this one m%ht  be tempted to assume that 
the modern techniques employed in the preparation 
of sterile solutions of su^ar, might provide 
Immunity from such complications* This, however, 
is not entirely true.

Duncan {1950a) reported ”slight ill effects 
or complications^' following the intravenous 
administration of 25 g, 50^ dextrose; but when 

the dose was Increased to 60 g. undesirable side 
effects were encountered, These included 
considerable pyrexia with malaise, headache and 

generalised body and Joint pains which lasted for 
about lid hours on the day following the test.
In addition, three of his initial five cases 

developed venous thrombosis. As a result of this 
complication, Duncan decided not only that a dose 

of 50 g. dextrose was contra-indicated, but also 
that the simultaneous injection of heparin was 
desirable as a prophylactic measure.
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Symptoms similar to those already described 
have been reported by Turner and Allibone (1949), 
who stressed the outstanding feature of their 
having no complloations in those of their patients 
who were confined to bed# This finding was 
rendered more significant by the fact that 15 of 
their out-patient subjects had complications 
including pain In the arm, phlebitis, malaise, 
headache, nausea and pyrexia# Some of these 
did not occur until several days had elapsed.

All the subjects of the present investigations 
were admitted to hospital because previous 
experience had indicated that this ensured much 

more satisfactory control# They were permitted 
to be ambulant in the periods immediately preceding 
and after the teste* Prophylactic heparin was 
not employed, and indeed proved to be quite 

unnecessary* Theẑ e were no complications in the 
gï^avld or non-gravid patients from the 40 tests 
employing the relatively small dose of 20 g.

50^ dextrose.
In contrast, when the corresponding 40 

fructose load tests wore performed on the same
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patients, a significant numbez’ experienced 
side effects. while it is true that these were 
minimal in the pregnancy group (of whom only 
nine were affected), they were v/ell marked in 

all of the non-gravid subjects. Indeed the 
striking difference in the degree of response 
shown by the gravid on the one hand, and the 
non-gravid cases on the other, merits a 
description of the behaviour of both groups.

It will oe i’ecalied that the fructose load 
of idO g. (40 ml.) 50ÿ& laevulose was injected 
intravenously during a period of l|- • 2 minutes.

Those gravid cases who experienced side 
effects, complained of ''a feeling of warmth 
from head to toes'* after an Interval of 2 - 3 
minutes. There was an associated, very 
transient, feeling of faintness, but there were 
no other symptoms. Meanwhile the observer 
could readily discern a suffusion of the face 
suggestive of a peripheral vasodilatation 
producing a curiously mottled appearance.
This sign, which 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 

varying degree :
After an interval of 2 - 5 minutes 

following the injection of fructose, the non- 
gravid women complained of a feeling of warmth 

just as the gravid patients had done. In some 
there was a feeling of lassitude and faintness, 
described by one subject as being "like getting 

gas at the dentists". The most dramatic and 
constant side effect was a sensation experienced 
in the epigastrium. Each patient indicated v̂ lth 
one finger a point situated in the midline just 
below the xiphisternum. This was the seat of 
a "peculiar sensation", in some remaining like 
a sense of pressure, in others developing Into 
quite severe pain within five minutes of its 
onset. Dioue of these symptoms persisted for 
longez» than 12 minutes, and apart from a 
transient rise of some 20 beats per minute in 

pulse rate with an associated moderate 
tachypnoea, no objective signs were elicited 
in these cases*
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It has been suggested that these side 
effects, which did not occur in any of the 
subjects following the adrninistration of 
dextrose, may be due to modifications in the 
intermediary metabolism of fructose, particularly 
in the liver (/Williams, 1962). ^hile the 
relative immunity of the gravid subjects is of 
particular Interest, it must be emphasized that 
the experience gained suggests that these side 
effects are of no serious consequence even in 
the non-gravld. Certainly they do not contra
indicate the intravenous administration of 
laevulose. Indeed, although this was not 
possible in the course of the investigations 
because of the necessity of the tests being 
standardised, subsequent experience has shown 
that these side effects may be eliminated or 
z»endered minimal by reducing the speed of 
fructose administration*
RESULTS.

The results of the 80 tests are presented 
in Tables 6 - 9  and the corresponding mean
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TABLE 7.

N0RÏ.L4L PRÏÏGITMCY - DEXTROSE/FRUGTOSE LOADS. 

Total Blood Sugar mg. per 100 ml.

Case 
Ro.

11

12

13

14

15

16

17

18

19

20

Age

39

31

30

27

27

24

24

23

22

21

Gravida

4

Ail

Weeks
Pregnant

40

34

33

34

40

33

39

34

34

40

Time (mins.)

0 I 30
D

D
F

D
F

D
F

B
F

D
F

D
F

D
F

B
F

B
F

79 I 
77 Ir80 
80

124
108

70
80

82
70

72
66

86
90

65
67

80
77

80
79

77
76

133
94

120
97

104
77

137
99

126
114

114
91

157
95

145
103

120
98

60
95
96

92
87

81
80

73
74

102
84

99
84

86
78

115
87

99
82

85
77

90
78
87

83
83

70
80

62
73

83
77

79
80

68
71

87
82

74 
I 75 
1
i 68
I 75

120

77
78

72
77

66
72

68
69

73
70

72
78

56
68

82
73

73
78

64
67

150
76
80

75
77

70
70

68
65

70
70

75
83

60
65

68
77

73
80

67
72
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TABLE 8 .

TWIN PREGHMQY ## jDexfcrose/Fruotpae Loads, 
Total Blood Sûa'j? per IQO ml.

3) 83
F I 61

Oasa
No*; Age,

Weofco
H*egnant

4̂.4 : 31. : 3. ! 31-

25ti : 22*. I 3# ! 34*

26.1 ' 25,. I 1, I 38*
m u  j| * « « « a w l . , # # m M i f . XM#  . i - m ’ijo  K,i„ „w  I 'MWT **

30. ; 3* ! 37
! i

29* 26* : 1*

• bttj- (Tlme mlns # )
0 30 60 90

D ! 70 
F i 71

D ; 77
F ' 70
D
F

D
F

75
68

70
73
6760

W i W m

112

119
gR

10390
114
86

113
91
108
89
111
78

8380
83

80
80
83
74
93
72
90
Ii
78
70

62 129 101
F 71 n 71
B 77 126 98
F 77 97 83
1) 66 98 68
F 62 84 62

72
81
73
80
70
76
73
72

72
65
69
67

60
7266
74
78

54

70
77

75
81

60
70

74
P
75 
2  
66 
73.

65
72

63
70
6866

60 5!
I j.Li> iu )  ' I ̂

64
64

66

55

70
74

54

58ii
64 
63Î
I
5456

jifipn>j fum 1



52 .

TABLE 9 .

GLYGOStlîilA - Bextrose/Fï’uotose Loads 

Total Blood Sugar mg# per IQO ml#

Case: Age 3 Weeks 
No# % Pregnant

o i
•  ̂ ! s? ' 0M  CO i 30 60
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31 28 1 1 36 B ! 82
F  ̂ 79
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111

108
105
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87
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: ' j
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: . !
D 76 
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values for each series of glucose and fructose 

tests are illustrated graphically In 

fit&S# 2 and 3.

STATISTICAL AMLYSIS.

(a) GLUCOSE 
Table lO.

GLUCOSE i Total Blood Su^ar i%. per 100 ml#

Time j^on-gravid Normal
Pregnancy

Twins Glycosuria

0 82.7 77.1 72.4 81.1
30 152.8 128.0 112.4 129.4
60 104.6 92.7 85.7 98.2
90 80.0 75.2 69.2 79.2
120 69.4 70.3 64.3 72.9
150 68.5 70.2 65.3 72.0

Table 11.
Combined Fasting Blood Sugar Mean Values.

Group Mean Standard
Deviation

Number of 
5'bs e rva t i ons

Non-gravid 82.90 4.86 20
Normal Pregnancies 76.75 6.39 20
Twins 71.85 6.53 20
Glycosuria 80.45 6.01 20

An analysis of variance leads to the1 conclusion
that for the combined set of observations, the
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Non-gravld Is hl^hiy significantly different 
from Normal Pregnancy; Twins yield a significant 
difference from Normal Pregnancy; Glycosuria is 
bordering on being signifioantly different from 

Normal Pregnancy.
For times 30, 60, 120 minutes it is necessary 

to consider each time separately for glucose and 
fructose. This gives the following resultsî-
(1) Glucose.
Time 30Î- The Normal Pregnancy Is 128.0. A

difference of 7.2 is required for signifloanee. 
Thus the Non-grayid is signlfleantly higher, the 
Twins are significantly lower.
Time 60s- The Normal Pregnancy is 92.7. Again,
a difference of 7.2 is required for significance.
Thus the Non-^ravid is significantly higher. The 

Twins are bordering on being significantly lower. 
Time 90;- The Normal Pregnancy Is 76.2. No
significant differences from this value.
Time 120:- Again no significant differences from 

the Normal Pregnancy.
Time 160:- As for time 120. No significant 
differences.
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11) Fructose.
Table 12.

FRUQTOSB i Total Blood Bugar (mg, per 100 ml).

MEAN VALUES.
Time Non-gravid Normal Twins Glycosuria

Pregnancy

0 83.1 76 .4 7 1 .3 79 .8
so 114*4 97.6 8 9 .8 99.2
60 88.1 82.9 74.7 8 4 .7
90 81 .3 78.3 70.1 79.2

120 79.1 73 .0 68.4 76.1
150 80 .8 73.9 6 7 .2 75 .9

Time SO;- The Normal Pregnancy Is 97.6. A difference 
of S.9 is required to establish significance. Thus 
the Hon-gravid is slgnificantiy higher, the Twins are 
significantly lower#

Time 00:- The Normal pregnancy is 80.9. Any mean 
outside the interval 80.9jf 3.0, i.e. 79.0 to 36.8 is 
slgnifioantly different. Thus the Non-gravid is 

signlfIcantly higher, the Twine significantly 
lower.
Time 90:- The Normal Pregnancy is 78.3. Any mean 

outside the interval 78.34^ 3.9 i.e. from 74.4 to 
82.2 is significant* Thus the Twine are 
significantly lower.
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Time 120:- The interval Is 73.Oĵ  3.9 i.e. from 
69.1 to 76.9. Thus Non-grayid is significantly 
higher and Twins significantly lower.
Time 150;- The interval is 73.9+^ 3.9 i.e.from 

70.0 to 77.8. Thus Non-yavlcS Is significantly 
higher and Twins significantly lower, 
bj Urinary Sugar.

1) glucose;
Table 13.

Urinary Sugar (mg. per 100 ml.) Mean Values.
Specimen. Non-gravld. Normal Twins Glycosuria.

Pregnat'icy

Fasting. 0.0 15.0 15.0 27.5
1st. 80.0 60.0 47.5 118.5

35.0 27.5 40.0 65.0

(Since the Hon-gravld passed no sugar In the Fasting, 
only the 1st. and 2nd* spoclmens are analysed).
First Urine. The Normal pregnancy Is 60.0. any
mean which deviates at least as much as 25.8 from

60.0 is significantly different. Thus Glycosuria
Is significantly higher.
Second Urine. The Normal Pregnancy is 27.5. Any 

mean outside the Interval 27.5+_ 25.2 i.e. from 
2.3 to 52.7 Is slgnifIoantly different. Thus 
Glycosuria is significantly higher.
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11) FRUCTOSE.
Table 14.

Urinary Sugar (mg. per 100 ml*) Mean Values.
Specimen. Non-gravid. Normal Twins Glycosuria

Pregnancy
Fasting. 0.0 16.0 15.0 88.6

1st. 80.0 77.5 70.0 107.5
50.0 48.5 47.5 45.0

First Urine. The Normal Pregnancy is 77.5. Any 
mean outside the interval 77.5+ 13.8, i.e. from
63.7 to 91.S is slgnifioantly different. Thus 
Glycoauria is slgnificantly higher.

Second Urine. The interval is 48.5+ 13.8, i.e. from
28.7 to 56.3. No significant differences from 
Normal Pregnancy.
To consider these results further;-
1. Glucose.

a) hon-gravld coiBpared with Normal pregnancy.
Sugar was absent from all the fasting urine 

specimens obtained from the non-gravld subjects, 
although the fasting blood sugar levels were 

significantly higher than those of the normal 
pregnancy group. The majority of the fasting 
urine specimens obtained from the latter yielded
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a positive reduetlorn. (This was also true of 
the ease© of twins and glycosuria)#

At 30 and 60 minutes after the Intravenous 
injection of glucose, total blood sugar levels 
were slgulfIcaxitly higher in the non-gravid. 
Nevertheleas, the first urine speoimena, which 
were collected at 75 minutes, showed no difference 
in sugar concentrations from those of normal 
pregnancy.

Although the blood sugar in both groups 
approximated to fasting levels throughout that 
period of the tests which followed the first urine 
collections, it was observed that each continued 
to excrete sugar.

Thus, the final urine specimens, collected 
at 135 minutes, allowed no significant difference 

in the concentrations of sugar excreted durlrag 
this period of relatively low blood sugar levels. 
Ù) Twin Pregnancy compared with Normal Pregnancy 

There was no difference from the normal 

pregnancy cases with regard to urinary sugar 
concentrations despite the fact that the fasting, 
30 minute and 60 minute blood sugar levels v̂ ore
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lower In the oases of tv/in pre^^aanoy* 
c ) Glycosuria compared with Normal Pregnancy.

The concentrations of urinary sugar were 
significantly higher in the cases of glycosuria, 
although the blood sugar levels showed no 
appreciable difference from those of normal 

pregnancy.
11) Fructose.

Following the administration of fructose, the 

total blood sugar levels for each of the four 
groups wore inferior to those which had been 
produced by glucose in the corresponding group.
This result was to be expected from theoretical 
c o n s i d e r a t i o n s  (page 39 ).

More particularly, the total blood sugar 
levels of the fructose tests closely paralleled those 
of glucose for each type of subject (Figs# 2,3 )•

Indeed, it was possible to determine 
statistically significant differences in blood 
sugar levels between normal pregnancy on the one 

hand, and non-gravid oases and twins on the other, 
at every interval of the fructose tests. That is
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to say, those differences which had been 

established in the more immediate and 

intermediate Intervals of the glucose load tests 

were found. In addition, to be maintained 

throughout the more remote post-infusIon periods 
of the fructose load tests.

The oases of glycosuria, as In the glucose 

tests, passed mugh higher concentrations of 

urinary sû âr although the corresponding blood 
sugar values did not differ from those of the 

normal pregnancy group*

III. Chromatography.
The results of the sugar chromatograms are 

Incorporated in Tables 15,16,17,18, in which, for 

conciseness, the names of the individual sugars 

are abbreviated-Glucose (G), Lactose (L), 
Galactose (Gal.), Fructose (F).

The notations Tr., +, ++, +++, ere

intended to signify the intensity of the staining 

reaction of any given sugar on the chromatogram 

and, in particular, to show the relative amounts 

of the individual sugars when two or more are
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present. It foilowe, therefore, that these 

signs need not necessarily correspond to those 
commonly employed in cXlnioal practice to denote 
couoentratlons of 25 ---- 200 mg. of sugar per 

100 ml. of urine*
The chromatograms showed that the admlnistration 

of glucose, both to the gravid and non-gravid women, 
resulted in the excretion of varying quantities of 
glucose. This was found not only in the first
urine specimen which was associated with the period 
of elevated blood sugar levels, but also in the 
majority of oases, in the final specimen which was 
a product of blood sugar values approximating to 
the fasting levels*

The injection of fructose, however, produced 
notable qualitative differences in sugar excretion 
both between gravid and non-gravld, and between 
the thî oe groups of pregnaut women*

when fructose was administered to the 10 
non"gravid subjects, fructose alone was excreted 

and was present in all 10 of the first and nine 
of the second specimens of urine*
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in the pregnant series, the pattern of sugar 
excretion following the injection of fructose was 
less predictable, and this was most marked in the 
final collections of urine.
Normal Pregnancy;- The final specimen yielded 
fructose In four of the 10 tests. Glucose was 
present on four occasions.
(Ohromatography; Glucose 1, Lactose 3, Glucose 
with Lactose 2, Glucose with Lactose and Fructose 
1, Fructose 3).

Twin Pregnancy;- Fructose was present in all 
10 specimens. Glucose was present only once. 
(Chromatography; Glucose with Lactose and Fructose 
1, Lactose with Fructose 4, Fructose 5).
Glycosuria;- Fructose occurred in eight of the10 
specimens. Glucose was present in seven specimens 
(Chromatography; Glucose 1, Glucose with Lactose 
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 2).
Thus, foliov/ing an intravenous injection
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of fructoseit was possible to demonstrate bj 
means of chromatography^ distinct qualitative 
differences in si%ar excretion between nori-gravtd 

and ^ravid women*
In the case of the non-gravld, fructose was 

excreted with conservation of glucose* In the 

gravid series, twin pregnancy most closely 
followed this pattern, but the cases of normal 
pregnancy diverged from it, and this divergence 
was most pronounced in the group of women havli% 
renal glycosuria.

Summary of results.
1*. In normal pregnancy, the fasting blood sugar 
was lower than that of the non-gravid, and the 
response of the individual to the intravenous 
administration of glucose resulted in lower total 
blood au^ar values than those similarly obtained in 
the non-gravid* Despite the inferior blood levels, 
there was no significant difference in the 
concentrations of urinary sugar*

2. In cases of twin pregnancy, this depression 
of blood sugar levels was accentuated in both 
the fasting and post-injection specimens, but there
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v/as no reduction in urinary sugar o one entrât ion 
from that found in normal pregnancy.

3$ The cases of glycosuria showed a similar 
response to the normal gravid with respect to blood 
sugar values, but there was a significantly higher 
concentration of urinary sugar.
4. In all groups, sugar continued to be excreted 
even after the fasting blood levels had been 
regained•
6 . The fructose load tests produced results 
parallel to those obtained with glucose in the 
respective groups, although as had been expected 

from theoretical considerations, the resultant 
total blood sugar levels were lower*
0. Qualitatively there was a notable difference 
in sugar excretion following intravenous fructose, 
not only between non-gravid and gravid, but also 
between the three groups of gravid subjects. 
QOmmUTARJ.

These load tests have shown that the intravenous 

injection of a fixed mass of sugar produced 
significantly lower total blood sugar levels in 
gravid than in non-gravid women*
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This, however, did not effect a sparing in 
urinary sugar loss. Indeed, in the cases of 
twin pregnancy, where post-Injection levels were 
least elevated, there was no difference in the 
concentrations of urinary sugar from those obtained 
in the normal pregnancy group.

It is unlikely, therefore, that the depression 
of the response, as indicated by blood sugar levels, 
is effected by a homeostatic mechanism having the 
purpose of conserving carbohydrate in pregnancy.

Althougu the resultant blood sugar values were
essentially the same as those of normal pregnancy,
the cases of renal glycosuria excreted higher 
concentrations of sugar In the urine. In addition, 
the tendency shown by all the gravid subjects to 
excrete glucose following fructose administration 
was most marked in this group.

The excretion of glucose following the 
administration of fructose might be accounted 
for in three ways : -

1 ) Conversion of fructose to glucose.
This would postulate not only that the hepatic
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mechanism for converting fructose to glucose is 
more generally efficient in the gravid than in 
the non“gi'*avld state, but that it is most advanced 
in cases of glycosuria and least developed In 
twin pregnancy.

There is no evidence to warrant such a 

conclusion.
XI) The possibility that fructose passes into 

storage from the total blood mass more rapidly 
than glucose.

Judging by the lower curves (figs. 2 and 3) 

this more rapid absorption of fructose might be 
true in all cases. If, however, the gravid were 
preferentially treated in this respect, one would 
not expect parallelism between the respective 
curves for glucose and fructose. The relative 
differences between gravid and non-gravid are the 
same in both instances*
III) Alterations in renal excretion and re-absorption.

Any differences in the concentration or quality 

of sugar appearing in the urine In these cases 
must be due not only to quantitative, but also to 
qualitative alterations in renal excretion and 
re-absorption.
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In general, pregnancy may therefore be said 
to affect carbohydrate metabolism in at least 
three ways;-

a) The blood sugar regulating mechanism is set 
at a lower level, while at the same time
b) the excretion of sugar is permitted at levels 
signifioantly lower than those at which the same 
concentrations would be excreted by the non-gravid; 
and
c) by qualitative changes in the excretion and 
re-absorption of the kidney.

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

AS is well known, diabetes mellltus may be 
aggravated by other conditions of hormonal Imbalance 
such as hyperthyroidism. Hypertrophy of the 
thyroid gland is a common clinical finding in 
gravid women. Again, it has been shown that 
glycosuria may be induced, both in the experimental 

animal and in the human subject, by the exhibition 
of one of several hormones. Notable among these 

are the adrenal steroids and the pituitary
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adrenoeortieotrophlc hormone (A.G .T.11. ).

I Ogle do mo a 8 bra ted adrenal steroid
diabetes In normal rats and using the same 
experimental animal, Ingle et al,(1940) were 
able to produce a similar effect using pure 
adronocortlcotrophlo hormone. Xn the human 
subject, Browne (1945) and Oonn ot al. (1948}
Induced docreaeed carbohydrate tolerance by 
treatment with A.G.T.H.

ïVhile thers is ample evidenoo that the 
oorticoatoroids are greatly increased in pregnancy 
Venning (1946) ; Parvlalnen et al.(1950) ;
Baylies et al (1955) j Schuller (1957) > Gaesano 
and Tarantino (1957), the effect of pregnancy on 
the sécrétion of adronocorticotrophic and 
thyrotrophic hormones by the pituitary is still 

unoertaln® Indeed, It appears that in some 
species (e.g. rat, eat, guinea pig, mouse) 
hypophyeectomy performed during the second half 
of gestation Is compatible wltXi the maintenance 

of pregnancy, presumably by placental substitution; 
in other species such as the rabbit, foetal death
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and abortion occur, 1947).
These hormones, however, which have just been 

oonslaez^ed are hyperglyoaemic agents, and they 
produce glycosuria by elevating blood sugar 

levels in excess of the normal physiological 

range. The Increased secretion of these 

substances is unlikely to account for glycosuria 

in pregnancy. It has been shown in the present 

study that following the intravenous administration 

of sugar, the resultant blood levels in pregnancy - 

and particularly those of twin pregnancy - are 

slgnifIcantly lower than in the non-gravid. If 

the glycosuria were to be ascribed to the increased 

cortioo-steroids or a .G.T.B., one would expect the 

blood levels in pregnancy to be higher than those 

in the non-gravid.

It may be that this seeming paradox of 

glycosuria in association with relatively low 

blood sugar values, together vfith the qualitative 

changes in renal excretion and re-absorption, 

could be accounted for by hormonal changes peculiar 

to the gravid state* Certainly it is possible that
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the endocrine statua of the maternal organism 
could be the resultant of an Interaction between 
her own hormonee, those of foetal origin and 

those elaborated by the placenta#

For example, it might be conjectured that 
foetal insulin contributed to the relatively low 

maternal blood sugar values# Baird and Farquhar 
(1962), who acknowledge that It is not known 
whether unlabelled insulin (either exogenous or 
endogenous) crosses the placenta, have estimated 
the plasma insulin activity (P#X*A.) In mateî^nal 
and cord blood samples taken simultaneously at 
delivery. Their finding that in normal (as 
opposed to diabetic) eases, the P.I.A., in cord 
blood is very much less than In the peripheral 
venous circulation of the mother, is in agreement 
with that of Santos et al. (1955)# It is unlikely, 
therefore, that the foetus can make any significant 

contribution to maternal Insulin.
The role of the placenta in the regulation 

of the maternal carbohydrate metabolism Is 

probably much more active than that played by the 
foetus. According to Selye (1947), the decidua
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and placenta are the only structures, apart from 

the liver and muscles, in which slgnifioant 
amounts of carbohydrate are stored. Furthermore, 

this organ is known, either by direct or indirect 

evidence, to produce various folliculeid hormones, 

mammogenic hormone, luteotrophln, luteolds and 

perhaps even testoicts* Xn particular, Selye 
points out that "the placenta is an extraordinarily 
rich source of gonadotrophins - especially L.E."

The influence of chorionic gonadotrophin 

(L.H.) on kidney function has been made the subject 

of an investigation by the Italian workers Donato 

and Turchetti (1953). According to these authors, 

the administration of chorionic gonadotrophin 
(L.h.) to normal non-gravid women of childbearing 

age produces a significant reduction in the tubular 

re-absorption of glucose#

if this claim were correct it might explain 
the ready tendency to glycosuria, despite the 

depressed blood level response to administered 
sugar, which has been shown by the gravid women 

in this investigation. It would not, however, 

explain why these blood levels were depressed.
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Clearly another factor such as sensitivity to 
insulin must he concerned.

In view of these considerations, it was 

decided to investigate the influences of (a) 
chorionic gonadotrophin and (b) exogenous 
insulin on blood sugar levels and the urinary 
output of sugar in the following series of 
studies.
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s e c t i o n III.
TEE ASSESSmNT OF GAKBOhlDKilTE TOLERANCE BY 

means 01 CONTINUOUS INFUSION.

The superiority of the intravenous route 
for the administration of carbohydrates has been 

acknowledged in the preceding section of these 
studies. It must be recognised, however, that 
there may be a disadvantage inherent in the 
single injection technique in that a relatively 
massive dose of carbohydrate la presented to the 
mechanisms of utilisation and disposal in 

minimal time. It seemed, therefore, that 
the tests might be rendered more sensitive if 
a more physiological situation could be created 
by presenting the dose over a longer period. 
Accordingly, it was decided to administer the 
carbohydrate by continuous infusion in the 
investigations to be described in this section. 
GeNEKaE &1ETHQ0.

The selected cases were given a diet which 

included 300 g. carbohydrate for three days prior 
to testing. They were fasted from 10 p.m. on 

the evening before each test ana in the morning
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a fasting specimen of urine was obtained. 

Immediately preceding the test, a catheter was 
inserted and the bladder drained; the catheter 
was then secured by means of a spigot. This 
specimen was discarded.

Standard hospital transfusion equipment 
was used throughout and 10 per cent dextrose 
solution was administered from a bottle of 
540 ml. capacity. The dextrose run through 
in priming the giving set was retained and the 
volume measured. By adding this to the 
residual dextrose at the end of the experiment, 
it was possible to calculate the volume of fluid 
and the quantity of dextrose infused*

On introducing the transfusion needle to 

a suitable arm vein, a fasting specimen of blood 
was obtained. The drip was then commenced and 
the time noted.

The object was to raise the blood sugar 
by a significant amount. At the same time it 

was desirable to keep the level within 

physiological limits and below the normal 
non-pregnant threshold of 180 mg. per 100 ml. blood
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From experience it was estimated that this would 
require an infusion of 10-15 grammes of dextrose 
per hour. This was achieved by regulating the 
rate of flow to 40 drops per minute. Only very 
minor adjustments were permissible in the course 
of the test, sudden acceleration having the effect 
of momentary loading; retardation, though of less 
serious consequence, having the opposite effect, 
while this had the inevitable result of producing 
some variation in the volumes infused, It did 
not produce a serious obstacle to analysis of the 
results.

The infusion was discontinued after 
120 minutes, the set being disconnected and the 
residual dextrose in the bottle measured.
Specimens of venous blooa ware obtained from the 
arm opposite to that used for the infusion at 
30, 60, 90, 120, 150, 180 ana 210 minutes from 
the commencement or the test. These, together 
with the fasting specimen, were retained for 
total blooa sugar estimation (Nelson, 1944).
The catheter was released at 75, 135 and 195 
minutes and the volumes of urine measured.
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A sample of each specimen Including the fasting, 
was retained and tested for sugar by means of 
"Ollnitest" tablets* àliere positive reductions 
were obtained, chromatograms were run to identify 
the sugars concerned.

Any modifications to meet the needs of 
inolvidual investigations are described in detail 
in the text*
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A. The influence of chorionic gonadotrophin on 
dextrose tolerance.

In 1953 Donato and Turchetti reported that 

there was a reduction in the renal tubular ability 
to re-asorb glucose ITmG) following the 
administration of chorionic gonadotrophin to 
10 normal non-gravid women of child-bearing age.
In four cases 500 l.u. were given daily for eight 

days; In six cases 2,500 i.u. were given daily 

for two days. They concluded that the effect 
appeared to be proportional to the dose 

aominlatered. Glomerular filtration rate was 
not affected.

in view of these findings, it was decided to 
investigate the action of chorionic gonadotrophin 
in normal non-gravid women subjected to continuous 
dextrose infusion in order to establish;

(1) The effect on blood sugar levels.
(2 ) «%hether glycosuria resulted.

(3) whether the hormone appreciably 
affected the volume of urine
passed cUu'ing the teats.
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Method and Materials.
A series of eight non-gravid women of 

child-Deariiig age, in whom there was no evidence 
of endocrinological abnormality was obtained from 
gynaecological patients in the Royal Samaritan 
Hospital for tVomen.

These oases were submitted to continuous 
intravenous infusion of 10 per cent dextrose as 
previously described under "General Method"
(page 77).

On completion of this test, the normal diet 
was resumed. The next day they were given an 

intramuscular injection of 1,500 i.u. of 
chorionic gonadotrophin ("Pregnyl" - Organon). 

This was repeated on the three following days. 
Thus each patient had four daily injections of 
1,500 i.u. chorlonio gonadotrophin making a 
total dosage of b,000 units.

On the day following the completion of 
the course of hormone (5 days after the original 
test) the Intravenous infusion of dextrose was 
repeated.
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The results are shown in Tables 19» 22.
It may be observed in Table 20 that there 

was a slightly higher mean glucose input in the 
repeat tests following the course of chorionic 
gOnauoLrophia. This was fortuitous and 
simplified statistical analysis;

An analysis of variance in blood sugar 
levels (Table 21 ) shOv^ed that significant 
differences occurred (1 ) between patients 
(F=52#0, P<‘0*01), (2) between times (F*^31.8,
0$01), (3) between C (control) and G 

(gonaootrophin) (F»2B#0, P<0.01), and there was 
also a significant interaction between time and 
type of treatment (F-2.17, P<0.05)#

Significant differences bet we©n patiente 
were to be expected ana require no further 
discussion.

The differences between times, type of 
treatment ana interaction can best be seen by 
consiaering the mean values shown In Table 21 

and the corresponding graphs (fig* 4).
The standard error of a single observation 

is equtil to //199.9 14.14 and a difference of
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14.0 Is required in order to establish a 
slt^niricaat difference between any two means 
(latale 21 )* Thus considering^ controls, we 
find that there is a si^^nlfleant Increase between 

0 minutes and 30 minutes. Then the mean values 
for 60, 90 and 120 minutes are at much the same level 
as for 30 minutes. Thereafter tnere is a 
si^nifleant fall in blood su^^ar, until at 210 
minutes it has reached a value of 65.875 which is 
lower, but not significantly lower than the initial 

value of 79.0
The hormone treated data show a similar 

trend. The effect of the interaction between 

time and type of treatment is shown in col.(4).
There are no si^nifleant differences between 
controls and hormone treated cases at the start 
and finish, but there are si^^nlfleant differences 

in the intermediate stages where the blood sugar 
after hormone treatment is significantly less 
than for the control.

The graphs illustrate the same effects.
With regard to urinary output (Table 22 ), 

it will be observed that the data are very variable.



88.

cvïM
3OQ i

#

g
'S

aI

I

B

g

i
I
%I

S8 stslH! I8« g®H CO S\ g-

O Q55 8 & M O <M5S1 o o I o w^5 H38 :
i

iH H il

ii

;

O if\ M il 8% LT\

S

•3*1
êê f * iO o o e # «O ̂ • # :O o O kS o câ ô ô

g g s MW a a g



89.

(The Coefficient of Variation - 53 per cent).
The only slgnifleant features are the
differences between times as shown by the

following mean values
Table 2 3.

Time Mean Values (ml. Urine).
\ minute a )._________Control. Gonadotrophin.

75 148.9 162.1
135 170.0 173.4
195 128.4 81.0

A difference of 77.5 ml. between any two 
means is significant* Thus, there Is no 
difference between the three volumes of the 
control series, but there is a significant fall 
in the 195 minute mean volume after treatment 
w1th gonado trophin.

Sixty-four urines, including 16 fasting 
specimens, were obtained from the 16 tests, 
hone yielded a positive reduction for sugar on 
clinical testing. The absence of sttgui' was 
confirmed by paper otoomatography.
To summarise these results ; «

1) In non-gravid woman of child-bearing age, 

total blood sugar levels were significantly
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iOvaSied üurlng ©ontinaous Intravenous infusion 
of 10 per cent dextrose following a course of 
chorionic Fasting and post-
infusion olooo su^ar values were not affected*
2 ) There was no evidence of f^^lycosurla either 
In the control aeries or, more especially, after 
treatriient with chorionic gonadotrophin*
3) in the control aeries of teats there was 
no appreciable difference In the mean post- 

infusion volume of urine (195 minutes) from the 
two specimens obtained at ?6 and 135 minutes.

Following the course of gonadotrophin, the 
post-Infusion volume of vû ine was significantly 
reduced*

Since the course of gonadotrophin had no 
effect olther on fasting or post-infusion blood 
sugar values, It seems unliiiely that this 
hormone is, in itself, a hypoglyouemlo agent. 
During the course of the dextrose infusion, 
however, total blood sugar levels were 
slg^,nlficantly reduced compared with tlioae In

the control series * This suggests that the
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gonadotrophin had modified the action of a 
second substance whose presence was evoked by 
the raised blood su^ar levels during this period.
By the same mechanism, when these levels were 
within normal fasting limits and the sttiunius, 
in consequence, was withdrawn, so the Interaction 
between hormone and hypoglycaemio factor, 
presumably insulin, fell into abeyance.

While the role of oestrogenic hormones as 
insulin synergists has previously been claimed 
(Carnot ©t al,1928 ; Barnes et al 1933 ; Glen 
and Eaton 1938) and disputed (Gollens et al.

1936 ; Jones and MacGregor 1936) it vmuld

appear from the literature that such claims

have not been advanced for chorionic gonadotrophin.
These results, which admittedly were obtained 

by a different method, although employing a 

slightly higher dosage of chorionic gonadotrophin, 
appear to be at variance with those of Donato and 
Turchetti (1953). For example, they found that 

the hormone reduced the tubular re-absorption of 
glucose. The a?esults of the present experiments 
suggest quite the opposite effect, in that chorionic
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gonadotrophin assists insulin to reduce blood 
sugar levels, thereby conserving carbohydrate. 

Furthermore, the preliminary investigation 
(Section I) has shown that urinary sugar is 
minimal during the first 20 weeks of prê .̂n̂ -.noy when 

chorionic gonadotrophin is known to have Its 
maximal secretion; therafter, when the secretion 
of that ho%''mone has declined, renal carbohydrate 
loss rises to its maximum*

It is unlikely, therefore, that chorionic 
gonadotrophin is responsible for glycosuria in 

pregnancy.
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 the significant reduction in urinary 
output during the post-infusion period. Two 
explanations for this fluid retention suggest 
themselves;-

1) If, as Donato and Turchetti suggest, the 
glomerular filtration rate is unchanged, then
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tubular re-absorption of water must be Increased 

during this period* (This 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 oases*

There was no significant variation in the 

three mean volumes of the urine specimens in the 

control series. In contrast to this, after 
hormone treatment there was a significant fall 
in urinary output on withdrawal of the dextrose 

solution. That Is, in the presence of elevated 

blood sugar and in consequence, endogenous insulin 
levels, chorionic gonadotrophin did not interfere 

with urinary output; but when the levels of 
these two substances mutually fell, gonadotrophin 
had an Inhibitory effect on glomerular filtration.

Although it is we 1 1 known that the steroid 
hormones have the property of producing fluid 

retention, it is perhaps less generally appreciated 
that chorionic gonadotrophin, a glyco-protein, may 
play a similar role. There Is, In fact.
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considorabXe evidence that the levels of this 
hormone may be elevated in certain pregnancy 
states associated with fluid retention and 
manifest oedema. According to Scott (1958), 
these conditions may Include hydrops foetails, 

hydatidiform mole and hydramuios.
Furthermore, it is a well-established 

observation that pregnancy complicated by diabetes 

mellitua is frequently associated with oedema. 

Smith and Smith (1937, 1940)claimed that the 
gonadotrophin excretion of the pregnant diabetic 
Is relatively high. This claim, subsequently 
confirmed by Loraine (1949a | 1949b), Is of 
particular interest in view of the results of 
the present investigation. These suggest that 
in addition to promoting fluid retention, 
chorionic gonadotrophin may take an active part 

in the regulation of carbohydrate metabolism.
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B.

The effects of dextrose infusion on the total blooci 

sugar levels, urinary output and sugar excretion of 
normal gravid women.

In the investigation which has just been 

described, It was observed that the administration 

of chorionic gonadotrophin modified the response 

of the non-gravid woman to the continuous infusion 

of dextrose. In particular, the hormone had a 

depressant effect on total blood sugar levels 

during the course of infusion. A further effect 

was a reduction in urinary output during the post

infusion period of the test. Contrary to the 

experience of Donato and Turchetti (1953), no 

evidence was obtained to suggest that the 

^onadotrophin was capable of inducing glycosuria.

Because of these findings, it was decided to 

examine the effects of a similar infusion in normal 

gravid women. The objects of this investigation 

were to determine whether this procedure would 

produce glycosuria in these subjects; further, to 

compare the resultant blood sugar levels and urinary 

volumes with those which had been obtained in the 

non-gravid series.
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Method and Materials.
A series of eight normal gravid women was 

obtained* These subjects, whose pregnancies 

were over 30 weeks duration, were given a 
continuous Infusion of ten per cant de:%trose 

as previously described under "Oenaral Method**

(p. 77 )•
Results, (a) Total Blood Sugar Values*

The resultant total blood sugar values are 
shown in Table 24 . The mean values are 

contrasted with those obtained from the non-gravid 
series, both before and after treatment with 
gonadotrophin, in fig. 5 • (Advice has been 
given that the present results approximate so 

closely to those obtained in the non-.-gravid after 
gonadotrophin treatment that no further statistical 

analysis is necessary).
(b) Urinary Volumes.

The urinary volumes are shown in Table 25 . 
These results are oompared with those previously 

obtained from the non-gravld subjects in the 
following analysisÎ-
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TABLE 25.

HOBHAI. PBEGHAiroy - DBXTBOSB IHFPSIOH. 
tffilMRY v o i m m s  (ml).

Oeee Ho» 1st# Spuoimen» 8nâ# Spaciman# 3r&# Spaolman, T&tol

41. 88 840 140 408
42» 148 108 ^3 m

43# 10 45 84 19
44# 140 88 30 Ï.98

45# 124 124 150 398
46* 38 18 38 ?6
47# 74 185 9Q 28?
48. 152 18 83 mi

M#an 88 #5 8€#8 m 2443
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Table 26.
Urinary Volumes Mean Values (ml ) *

%  mime # 135 mine 195 mine Overall

Cases 41-48 Hon-gravld (SG.AM.Jfl Qto
88.50 86.75
148.88 170.00

l! V Ü i r ' A

fî ^ 60.00O Ü)*'■* SI CQ *H Om (H Q)O Ü ApH *H CQ
I' wwimiwiiii «.inimr

1:38.38
81.48
149.08

An analyala of variance showed that there was a 
highly eignlfleant difference between the overall 

mean 81.48 and 149.08 {f « 14.7, f^O.Ol).
A difference of 62.7 le required to ostablloh 

a significant dlfforenco between any two means of 
the above table excluding- the overall moans.

Thus, although there was no difference between 
the two groups In the moan values of the Individual 
specimens, the mean total urinary output of the 
gravid subjects was significantly reduced.

The results for urinary augur, as determined 
by **93.inlteat" end chromaiography, are shown in 

Table 27 • Despite the relatively low blood sugar 
values, seven of these eight late pregnancy cases 
excreted sugar In the urine. Lactose was present
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ill all of the 29 specimens which yielded a reduction. 
In ten of these (three cases), glucose was present 
In addition to lactose, and was the predominant 

sugar in six of the specimens.
Summary of Results.

1 . In normal pregnancy, dextrose Infusion produced 
blood sugar levels closely approximating to those 
obtained In non-gravid subjects who had been given 
a course of chorionic gonadotrophin prior to the 

infusion*
2* The induced glycaemia was arrested in both of 

those groups at an earlier stage and at lower 

blood sugar levels than In the control tests performed 
on the same non*gravid women prior to treatment with 
chorionic gonadotrophin.
3. In all three groups, blood sugar levels began 

to fall in the course of the infusion* The maximum 
levels were substantially below those generally 
accepted as the upper physiological limits.

A hypoglycaemlc "rebound" occurred in all cases* 
4* Although the resultant blood 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 moan total urinary output of the pregnant 
women was alü^nlf ioantly lower than that of the 
non-f^ravld,
Gommantary.

It may be seen from Tables 19 and 24 

and Fig. 5 that the mean total blood sugar values 
obtained in the pregnancy series closely approximated 
to those of the non-gravid cases after these subjects 
had been treated with chorionic gonadotrophin. Rot 

only are the values for both significantly lower than 

those of the non-gravid controls, but their 
corresponding graphs display a notable difference in 
pattern from those of the latter group.

As one might have expected, an immediate 
glyeaemia was Induced in all three groups following 
commencement of the infusion of the dextrose, 
however, this glyeaemia did not continue to increase 
thr*oughput the entire two hours during which the 

infusion was being maintained* On the contrary, 

even although the generally accepted upper 
physiological limits in the non-gravld ŵ ere never
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attained,the elevation of blood augar levels was 

arrested some time before the infusion was 

discontinued.
In the case of the non-gravid control group, 

the arrest occurred 00 minutes before this event; 

but after these subjects had been treated with 
chorionic gonadotrophin, the maximum glyoaomla 

occurred 60 minutes before discontinuing the 
infusion. A pattern Identical to this was 

obtained in the pregnancy group.

Thus, in all three groups, blood sugar levels 
had begun to fall some 00 - 60 minutes before the 
Infusion of dextrose had been discontinued. 

Thereafter the rate of fall was very much 

accelerated so that fasting, or indeed sub-fasting 
values, were reached in the ensuing 00 minutes of 

the tests.
Post-infusion hypoglycaemic "rebound** Is in 

itself a well-knovm phenomenon. It is generally 

accepted that this is effected by endogenous 

insulin, the aecretion of which has been provoked 

in response to hyperglycaemla. Failure to maintain
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the elevation of blooci sugar, as may happen for 
example when dextrose is given by a single 

Injection, will result in the release of 

excessive Insulin in response to this stimulus.

In conseciuenco of this excess, a reactionary 
hypoglycaemic "rebound" may ensue.

not only has this been illustrated in the 
results of these Infusions, but In all three 
groups a limited "rebound" had begun even before 

the infusion was discontinued. In the pregnancy 
cases and in the non-gravld following treatment 
with chorionic gonadotx^ophin, this began earlier 
ana at significantly lower blood sugar levels 

than those of the non-gravid controls. This 
finding indicates that in the two former groups, 
there was a common factor modifying the action 

of endogenous Insulin. That this modifying 
influence was effective only while the dextrose 
was being infused, is suggested by the fact that 

there was no significant difference between their 

fasting and more remote post-infusion values, and 
those of the non-gravid controls.
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Despite the low blood sugar levels which 
were obtained, the majority of the subjects in 
the pregnancy group excreted sugar throughout 

the test. Most of their specimens of urine 
contained lactose. The ready tendency to excrete 

lactose has been a prominent feature of the gravid 
cases throughout these studies. Indeed it would 
seem reasonable to conclude that there Is virtually 
no threshold for this sugar. Support for this 

is given by Thorpe (1947), who states that the 

disaccharides for their utilisation must bo 

broken down to their simpler component sugars*

They cannot be hydrolysed in the body. As a 
result, if they are absorbed Into the blood from 

the gut (or, presumably, the mammary gland) they 
are treated as foreign substances and excreted 
unchanged.

In adaition to lactose, glucose was ©xoï^eted 
by three of the pregnant subjects. (It may be 

recalled that sugar was detected in non© of the 

urine specimens of the non-gravid, either before 
or after treatment with chorionic gonadotrophin).
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The blood sugar levels induced by infusion 

in the norîîial pregnancy cases closely approximated 
to those which had been obtained in the 
gonadotrophin-treated non-gravid subjects, 
nevertheless, glucose was excreted by members of 

the former group only. ft is clear, therefore, 
that this excretion is not merely a resultant of 

these levels. A more likely explanation lies in 
the function of the kidney In normal pregnancy.

In this Gonneotlon it hae been found in this 
investigation that the mean urinary output in the 

pregnancy series was substantially below that of 

the non-pregnant cases. There are three ways in 
which this could have been achievedï-

(1) Reduction in glomerular filtration rate.
(2) Increased tubular re-absorption of water.
,(3) By a combination of (1) and (2).
The ^lomei'ular filtration rates of normal 

non»gravid and normal pregnancy cases have been 
compared by #^lsh and Sims (1960). Their finding 

that a significant incî»easo in glomerular filtration 

rate occurs in normal pregnancy is in agreement with 
that of Sims and Krants (1958).
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In the light of these roaults, iho reduction 
la the overall ui'lnary output noted la the tiarmal 

pregnancy c#ses of the preaont investigation must 
be ascribed to an increase In the tubular 

reaboopption of water.
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G, The InfluenoG of exogenous insulin on the 

effeota of dextrose infusion in normal gravid v/omen.

Ill the previous investigation it was observed 

that the continuous infusion of dextrose to normal 
gravid women had resulted in blood sugar levels 

which were significantly lower than those which had 

been obtained in the normal non-gravid.

In contrast, when the noii-gravld were again tested 

alter a course of chorionic gonaootrophln, the 

resultant values wei'o so reduced as to be

0 0incident with those of the pregnancy group*
An additional finding Was that the pattern 

of the"curve" had been altered, so that it now 

conformed to that of the pregnant subjects.
Apart from the generally lovier contours, the 
prominent feature was an earlier arrest in the

glyeaemia induced by the infusion.

It would seem reasonable to suppose that 
this arrest, and the subsequent fall in blood 

sugar, had been effected by the release of 

endogenous insulin in all three groups of 
subjects. However, this in itself would not 

explain the differences exhibited by the non-gravid
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on the one hancl, ana the pregnant and. hormone- 

treated non-gravid on the other* Clearly, a 

common factor had modified the action of the 
insulin in the latter two series* Despite 
this modifying influence and the consequent 
depressant effect on blood sugar, both lactose 
and (.glucose were exorecad by members of the 

pregnancy ^roup*
AS a result of these findings. It was 

decided to investigate the effects of exogenous 

insulin on the pregna/it subjects* It seemed 

possible that by giving insulin coincident with 

dextrose in the infusion, what has been described 
as a "negative feed-back" mechanism, might be 

brought into play* A mechanism analogous to 

this has been conceived, for example, in the 

Interaction between the ovarian hormones and 
those of the anterior pituitary (Hamilton et al*, 

1945). In the present context this would imply 

that the exogenous ineulin would limit the 
glyeaemia occasioned by infusion* This limitation 

would then, in turn, reduce the stimulus to
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endogenous Insulin release.
Theoretically, the optimum effects to be 

achieved by this procedure would be represented 

graphically by a general flattening and lowering 

of the blood sugar "curve". One important 
consequence of ibis would be the elimination of 
the hypoglyoaemlo "rebound". The principal effect, 

however, might be the prevention of the excretion 

of lactose and, more especially, glucose in the 

urine.

It must be made c3.©ar in stating those 

theoretical considerations, that it was never 

expected that this complete degree of regulation 
could be achieved in. these experiments* Indeed, 

it was fully appreciated that the balance in such 

a physiological mechanism, is of too fine a nature 

to be attained in such an empirical faahion. 

iMovertheless, it was thought that by giving insulin 

at the same time as the dextrose, a limited degree 

of such control might be introduced.
Method and Materials.

The tests wei*© performed on the eight
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an te-natal cases uvho had previous been ^Iven
a continuous infusion of dextrose. The method

ivas that described under "General Method" (p. 77 )
except that BO units (1 ml-) Insulin B*P* were 
introduced to the bottle of ten per cent dextrose 
by means of an insulin syringe. The bottle was 
then inverted several times to ensure distribution 

of the insulin, (i.e. 1 unit of insulin to every 

B»7 g. dextrose).
The influence of the exogenous insulin on 

(a) total blood sugar values (b) urinary output 

and (c) excretion of urinary sugar, was then 
assessed by comparing the results of the present 
experiment with those which had been obtained 

when dextrose alone had been administered to the 
same subjects.
Keaults.

The results are presented In Tables 28,30 and 32 

(cf. Tables 24,25,27 ) and the mean total blood sugar
values resulting from the infusion of dextrose 

alone, and dextrose with insulin, are contrasted 
in fig. 6 .

(a) Total Blood Sugar Values. The corresponding
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TA B LE  2 9 .

Ant»-n&taX Dextroa# (d) and Dextrose 4- Insulin (P + l).

Total Blood

lima itean Values (mg« pax> 100 ml).
(mina,) D 3 + 1 Remarks

0 71.750 73.000 îîot significant*

30 98.125 83.500 Significant difference

60 98.625 80.750 w

90 91.750 77.125

120 85.750 71.500 w

150 73.500 60.375 w

180 64.625 57.375 \\

210 65.250 60*125 Hot Significant*
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mean values obtained with Dextroae alone (D) and 
+ Insulin (D+Ï) are Bhown in liable 29 

from which the following statistleal analysis has 

been prepared ; -
An analysis of variance ^ave the 

standard error of a sl%le observation of 5*81 ; 

a difference greater than or equal to 5.8 
numerically^ will give a significant difference 

bety7eeu any two means of Table 29 (on b% level 
of significance). The coefficient of variation 
is 7.7% " a vex̂ y satisfactory low value. There 
is a highly sig,n if leant interaction between the 

type of infusion and time. This is shown in the 
table by considering the conclusions that D and 
D-*-X do not differ significantly at 0 minutes and 
210 minutes^ but differ significantly at 
intermediate times.

Thus * as had been expected, the glyoaernla 
induced by dextrose infusion was slgnifioaritly less 
when Insulin was added. Contrary to expectation, 
this did not reduce the subsequent hypoglycaemio 

reaction. Indeed, the post-infusion hypoglycaemia 

was accentuated. In short, the addition of insulin
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to the dextrose resulted in significantly lovær 

blood sugar levels at all stages, than those 

which had been produced by dextrose alone.
(b ) Urinary Output•

Table 51.

Antenatal. Dextrose (D) and Dextrose with 
Y)^g^xX^^'(P4xT. '

Ur inar y Volume s•

Spec ime rv Me an V a lue s ( ml ).
D D»I

1st. 88.500 52.250
2nd. 85.750 40.000
3rd. 09.000 51.575

An analysts Of v&iriance shows that there is a 

significant difference between I) and D+1 

(F = 5*20, P<0.06). If the difference between 
any two means of the above table is greater than, 

or equal to, 51 approximately, than it is significant 
The OQefflclont of variation Is very high with value 
78*8^ indicating very variable measures.

The comparison of two means^ either at 1st. 
or 2nd. or 3rd* do not show algnificance, but with 
f = 5.20, ?<0.05 there is a significant difference
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overall botv/ean D and D-f-X*
Thus, the total urinary output was significantly 

dl/uxnishad vuhexi Insulin was added to the solution 

of dextrose. At first sight one might ascribe this 

to a greater conservation of sugar* Certainly 
it would Buem reasonable to suggest that the 

lowering of blood sugar levels occasioned by the 
exogenous insulin might have an anti^diuretic 
effect by reducing osmosis at the level of the 

kidney. That this explanation is unlikely to 
be correct, is suggested by the correspondIng 
urinary sugar excretion.
(c) Urlxiary Excretion of Sugar.

The ini teat" and oh}:’omatographio results 
for urinary sugars are shown in Table 32 (of.
Table 27 ).

It will be seen that, despite the redaction 
in total blood sugar values, all eight patients 

excreted sugar In the urine. Excluding the 

fasting specimens, wh1ch were all positive for 
lactase, 22 of the 24 test specimens contained 
Bugar. Lactose was detected In all of these.
Glucose was concurrently present in ten and was in
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appreciably higher concentralions (indicated by 
a + sign in Table 32 } than lactose In five of these 

urines. of the eight subjects excreted glucose
in the urine when the coin'*esponding blood levels 
were dolow the fasting value.
Bummaï'/ of Results.
(1 ) in normal pregnant women, the simultaneous 

infusion of Insulin with dextrose, resulted in a 
sie:,nil leant lowering of the total blood sugar 
levels at all stages.

The hypogl/oaemlo "rebound" v;as not abolished but 

was accentuated.
(2) 1)0spite the lowering of total blood sugar 
values, the urinary exorotion of glucose and 
lactose was not eliminated.
(3) The f̂ ,aaltion of Insulin i-esuited in a 
significant reduction in the total urinary 
output compared with that obùainea when dextrose 
alone had oeern infused,
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p. Comparison of the effects of Dextrose-Insulin 

Infusion la the late pregnancy and puerperal states

it iB generally agreed among clinicians that 
following parturition there is usually, although 
not invariably, an Immediate and significant fall 
in the Insulin requireiuents of the diabetic 
patient. The cause of this reduction is a 

matter about which there is still considerable 
uncertainty. One might speculate, for example, 
that with delivery of the conoeptus, the total 

metabolic requirements are proportionately reduced, 
thereby reducing the need for Insulin. Another 

explanation for the fall In the insulin 
requirements of the puerperal subject is suggested 
by the work of Burt and Kimel (1956).

These authors compared insulin sensitivity in 
nou-gravid, normal pregnancy and early puerperal 
oases. They found that while sensitivity in the 
pregnant oases of leas than 26 weeks duration was 
similar to that of the aon-gravid, a remarkable 
decrease developed In the late stages of normal 

pregnancy. Although their data comparing
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ante-natal and puerperal caooa afforded less 
convincing evidence, it suggested that 

reetoratlan tovmrds normal insulin sensitivity 
occurred in the early puerperlura.

A physiological change of this nature would 

help to explain the reduction in insulin require
ments of the puerperal diabetic. Because of 

this, it seemed Important to substantiate that 
normal women showed a significant difference in 
their response to Insulin in the puerperal state 

from that shown by them in 1st© pregnancy.

In the following olady, the effects of 

continuous infusion ox* dextrose with added insulin 
wero observed on a series of women In the late 

stages of noivnal pregnancy. Using the same group, 
the experiment was repeated after delivery. The 
results were then compared to determine whether 

there was any significant difference in their 

response to insulin as Indicated by (a) blood 
sugar levels and (b) urinary sugar.

Material and Methods.

It will be appreciated that while it is 
always difficult to obtain consent to perform
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TA B LE  33

AntiîHïiatal (a) and Poot-nataZ (b) Daxtrosonlnsulin Infusion*
m » Wrmaf  # -#  ■ wW!vwk.i * m # i # d # e w ,^ r  #  r* ,w h## <# fc^T n iA ijjéf if » n  f ié . 111 i W i iW fW Jn

Total Blood 8%r<a3y (mg. .100 ml# )*
(»)

X e * * * r  à # # p e  $’ V £. j p s i t  jrodZît A r S #  A

Case îTo* 0 30 60
Tlmo (mlno*)*
90 120 150 180 210 Oluooae Infueed

49. 71 76 60 50 42 46 50 53 29.7
i50* 70 99 99 08 75 66 54 60 32.5
51. 80 93 76 73 67 41 56 69 29*5

52:* 79 86 78 70 69 60 65 65 27,0
93. 67 90 49 62 50 65 67 66 25.5
94. 02 99 86 77 67 54 58 64 30.0

Mea#
.
'

: a % È M s à 62iâ 29.0

N

49 76 86 66 5<î 4:1 39 55 70 23.9
i * 90 73 81 66 6r> 60 33 30 45 32.3
1 91 73 80 69 48 48 42 50 65 31.5
# 52 73 79 66 54 45 30 34 43 28,8

93 70 75 96 52 50 40 39 49 24.0
94* 73 73 66 54 38 37 45 52 51*3

Mean I W L 47 36.8
« w tm w K iF H *

42.1 M . m i l

* Broaot Peodin̂ *
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protracted tests, particularly when these must 

be in duplicate, the difficulties are increased 

greatly with puerperal cases* her Is this 

wholly accounted for by the general resistance 

in the subjects themselves who quite naturally 

feel that, with delivery, their object has been 

attained* Other factors, such as breast feeding 

and general infant care, tend to militate against 

the performance of tests during this period*

D^evertheless, a series of six normal ante

natal oases agreed to be tested before and after 

delivery. The infusion of ten per cent dextrose 

with 20 u* Insulin added to the bottle was given 

in the manner previously described (pp.no, 112). 

Using the same patients as their own controls, 

the tests were repeated on the fourth or fifth 

day of the puerperlum*

Results*
(a) Blood Sugar Values*

The total blood sugar values are shown In 

Table 33 and their mean values are 

contrasted in fig. 7* Although the mean
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TA B LE  3 4 .

Antoî iatal W  and l̂ gtnatal (P) Xtextypge v?lth Inenlin, 
Total BXood ï>eg 3.00 ml*) #

Time «•an Velues
Bemarke.(mine) A. P.

0. 74.17 73.33 He elgnlfloant âlffeveùoe.

30. 89.83 79.00 Slgnlfloant dlffeïenos.

60. 78.00 64*63 U

90. 70.00 54.83 (}

120. 63.00 47.00 tt

150. 55.33 38.00 il

180. 58.33 42,17 u

210 62.83 54.00 Ho eignifioant dlffeyen<^#
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dextrose input was essentially the same in the 

ante-uatal periodas that ^^Iven in the 

puerperlum (i»e = 89*0 as opposed to 89«3g.), 
the blood values for the latter aî e

8%nlficantly lower*

Ati analysis of variance shows significant 

variations between Ante-hatal (a) and Post-i'̂ atal 

(P) (Table 34 ) and between times* There is no

si^nifIcjance in the interaction between type of 
treatment and time*- The standard error of a 
single observation » 97688 * 8*344 and a

difference of 9*6 numericall;y is required between 

any two of the means of the above table for 
significance (at the 5^ level of slgnlfioance 
P<0*05)# The coefficient of variation Is 
13*3$.

Five of the six cases developed signs and 

symptoms of hypoglyoaemia when they were tested 

a^ain after delivery* These aymptoms, which 
included profuse sweating^ feeling of excessive 

warmth, weakness and spots before the eyes, all 
occurred within SO •* 30 minutes of the



126.

to
CO

a
nQ

i
a

1
i
I
cS

I



127.

discontinuation of Infusion. This period 
corresponded to the time of minimal blood sugar 
values, and In each case the condition corrected 

Itself as these values increased spontaneously.
hone of the subjects had developed any of 

these symptoms when tested before delivery.

(b ) Ur iriÊtM Output *
The urinary volumes excreted anteTiatally 

and post-natally are shown in Table 35 ? and the 

mean values have been analysed;-

Table 3 0,

Antenatal (a ) and Postnatal (P) Dextrose with Insulin

Urinary Volûmes (ml.)

Specimen Mean
A #

Values
P .

Remarks

1st. 49.00 98.67 Mo Bignlfleant
difference.

8nd. 102.83 67.17 ft

3rd. 45.33 52,67 \i

An analysis of variance gives the standard 
error of a single observation, viz# 65#IS with a 

coefficient of variation of 79#6$. This is very
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TABLE 37.

AHgB-HA'ElL (a ’) M 3 (la) mgROSE « IHSPLra IHPïïSIQM,

Uplnaasr
(mg.. £9? 100 ml.) ami Ohromatagrajhy.

(a)

Oase Fe# Pasting* lot# Specimen# 1 rg?t<3. e Spec 1 m m . 3 # . Si^olme?

49* 25 3ti 50 0+
L 1 50 Of

h 25 0
t

50. W. ## #» # *#.

51# 25 e 25 L 25 G
L 25 a

L

52# *m 75 Of
h 50 Of

II 25 G
h

53# 25 0 50 0 # **

54# 25 II 25 ït ; 25
1

L 25 L

;
49# 50 L 50 G

Ilf 1 50 ÎI 25 Ii

* 50# •m M» *# ! ^! •m 4»

51. 100 L 100 L 1 100 L 200 II

* 52. ## 25 L 1
m .**

53. 25 L 25 L I 25 I #»

54. 25 L 50 a
Lf 1 75 Off

ÏI 50 il

* Breast feeding,
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hlghj iiidloatlï% extremely variable material.

Little can be expected In the way of si^ïiifleant 

differencea#
( inary Sugar.

The results of the "Olinitest" and 

chromatographic investigations of the specimens 

of urine are shown in Table 37.
In the ante-natal tests five of the cases 

passed sugar in the urine. Of their 15 specimens, 

14 contained lactose. Glucose was also present 

in eight of these specimens and was the only sugar 
detected in three others. That is, four of the
six patients excreted glucose.

In the post-natal tests, 16 urines (5 oases) 

contained sugar, lactose being present in all 16 

of them. Glucose was also present in 3 of these 

(2 patients), but in contradistinction to the 
general ante-natal findings, was the predominant 

sugar in one specimen only (Case No. 54, Specimen 
No.2 ). The eoncex'itrations of lactose showed 

some increase in the puerperlum, but this was not 
as great as had been expected.
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It vvill be seen that one patient (Case No.50) 

did not pass sugar in any of the urine specimen© 

either ante- or poat-nataXly. (Incidentally, 
this subject was the only on© In the series vfho 

did not develop bypoglycaemlc symptoms when tested 

in the puerperlum).
Summary of Results.

(1 ) The dextrose-insulin Infusion, when repeated 
in the puerperlum, resulted in total blood sugar 
levels which were significantly lower than those 

produced in the ©am© subject© in late pregnancy.
(2) Five of the six puerperal subjects developed 
symptoms of hypoglycaemla.

None had developed these symptoms when tested in 
late pregnancy *

(5) Xt was not possible to establish any 

difference in urinary output between the late 
pregnancy and puerperal states.

(4) In the puerperlum there was a reduction in 
the incidence of urinary glucose.

The Increase in the concentration© of lactose in 
the puerperal urines was less than had baoii 
expected.
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coiOîEiiïAra.
Xn the opinion of Carrington et al.(1958),

(who support the views of float (1954), that 
placental production of corticotrophin (A.C.T.ÏÏ) 

may contribute to reduced carbohydrate tolerance 
in late pregnancy), tolerance la usually increased 
promptly after the placenta is delivered. %ile 

this may be true, Burt et al. (1957) noted considerable 

individual difference in recovery rates from the 

gestational changes which they had detected in 

carbohydrate metabolism. In many of their 

patients reversion to the non-pregnant state was 
incomplete by the fourth or fifth day following 

delivery. This factor may ada to the practical 
difficulties encountered in the performance of 

tests on patients during the puerperlum.
In addition to those difficulties already 

mentioned (p. i2l ), there is therefore the 
important problem of selecting a favourable time 
Interval followin*^ delivery, v/hen tests may be 

expected to reveal significant physiological 
changes. At the aume time, this interval must 

be relatively short because the vast majority
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of normal casae are dismissed from hospital on 
the seventh day of the puerperiumu Bearing these 
factors in mind, It was decided that the tests In 
the present Investigation would bo performed on 

the fourth or fifth day after delivery. It was 

appreciated, however, that a longer Interval 
might wall have permitted the establishment of 
greater differences between the pregnant and 
puerperal states.

Despite those limitations, it vms possible 
to determine marked differ©neea in the responses 
to dextroS0-insulin Infusion, which these oases 

shov/ed In late pregnancy from those which they 
later showed In the puerperlum. hot only were 
their blood sugar levels significantly lower 

vjhen tested after delivery, but this depression 
was of such a magnitude as to produce clinical 
evidence of hypogiycaemla in five of the six cases 

In contrast to this, nelthex'' they nor the eight 

subjects (cases 41 - 48) v̂ ho were given a similar 
infusion In the late snte-natal period, developed 
symptoms of hypoglyoaemia.

Only three puerperal urine specimens
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(2 patients) as opposed to eleven ante-natal 

Bpecimens (4 patients) contained glucose.

It is possible that had the interval beUveen 

delivery and the second test been longer, these 

differences might have been amplified.

Tte results of these experiments indicate 

that there is a substantial increase in insulin 

sensitivity in the puerperal subject. The 

work of Burt & Kimel (1956), to which reference 

has already been made, sug<^ests that this increase 

may be a relative one following a reduction in 

sensitivity in late pregnancy. If this were 

so, then it might be interpreted as a 

manifestation of recovery to the normal non- 

gravid status. There is, however, a possible 

alternative explanation. It might be that the 

sensitivity to insulin is increased absolutely 

and is in fact greater in the puerperal than 

in the non-gravid woman.

Bince this possibility had not hitherto 

been investigated in these studies, it v/as made 

the principal subject of the next Investigation.



134.

K# Comparison of the Insulin sensitivity of 

normal non-grayjd and normal puerperal woman*
The principal object of this investigation 

v/as to examine the possibility that puerperal 
women might be more sensitive than the normal 
non-gravid to the effects of exogenous Insulin.

For this purpose, a group of normal non-gravld 
women were given a continuous dextrose-insulln 
infusion. The effects on total blood sugar 
levels and on the urinary excretion of sugar 
v/ere then compared with those which had been 
observed in the puerperal oases following the 

same procedure.

A further object was suggested by those 
results, previously obtained In the late 

pregnancy subjects, which had Indicated that 
Insulin had an anti-diuretic effect. To determine 
whether this was peculiar to pregnancy, the 
urinary output of these non-gravld cases v/as 
compared with that recorded when dextrose alone 

had been administered to a similar series of 
non-gravid women.
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Method and Materials.
Six normal non-gravld women were given 

a dextrose-insulin infusion as previously 
described tp*iio )# The resultant total blood 
sugar levels and the urinary sugar excretion 
were then compared with those of the puerperal 
cases*

To determine whether exogenous insulin had 

an anti-diuretic effect, the urinary volumes 
were compared with those obtained from six of 
the eight non-gravid oases who had been given 

an infusion of dextrose alone (Section XIIA).
These six controls were selected on the basis 

of the mass of dextrose which each had received, 

i.e. where this amount most closely approximated 
to the mean dextrose input (27*3g.) of the present 
test group* (Although such a close approximation 

was not altogether necessary, it happened that 
the mean dextrose input of the controls, so 
selected, was also 27* %.)*

Results*
(a) Total Blood Sugar Values.
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^he resultant total blood sugar values are 

shoivu in Table 3 8. 'Ibe mean values are 
contrasted vwlth those previously obtained in 
the puerperal subjects (Cases 49.^54) iu 
fig* 6 and Table 39.

Table 3 9.

Ëon"gravid and Puerperal Dextrose-lnsulin Infusions 

Mean Values of Total Blood Sugar (m^* per 100 nil* ).

Time (mine# )*
0 30 60 90 180 160 ISO 810

Gases A-F 7B.B 64.5 53.3 49.8 49.5 48.3 64.8 68.8
Cases 49-64 73.3 79.0 64.8 64.8 47.0 38.0 48.8 54.0

Analysis of these results shoivs that there is 
no significant difference at times 0 rains. >

30 rnlns*> — - 810 mine. There is no significant 
difference between the type of patient.

In short, both sets of patients behave In a 
similar fashion.
(b) Urinary Sugar.

Sugar was detected in none of the urine 
specimens*

(G ) Urinary Output.
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The urinary output of the non-gravid 

subjects (A-F), who v/ere given the dextrose- 
insulin infusion, are shown together with those 
of the control group (SO JM), who had 

dextrose alone, in Table 40.
The following statistical analysis of 

these figures has been provided;-

Table 41.

76 mins. 155 mine* 195 mins. Overall.

Gases A-F 66.0 110.7 59.8 78.83
Controls (SG--dm) 164.Ô 188.8 143.5 163.83

There is a highly significant difference between 

Gases A-F and Controls (F - 18.0, P<0.01).
(Excluding the overall means, a difference of 71.9 
is required for a significant difference between 

two means).

Thus, the addition of insulin to the dextrose 
infusion resulted In a significant reduction in the 

urinary output of these non-gravld subjects from 
that of the non-gravid controls who had been given 

dextrose alone.
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These results Indicate that the anti- 
dluretic effect of insulin, previously noted 
in the late pregnancy cases. Is not peculiar 
to the gravid state.

Summary of Results♦
1. There was no significant difference in the 

total blood sugar levels produced by dextrose- 
insulin infusion In normal non-gravld women, 
from those iûrloh had been produced in normal 
puerperal subjects.

8 . tone of the non-gravid subjects showed evidence 
of hypoglycaemia, while this had been observed In 
five of the six puerperal cases.

3. In contrast to the puerperal subjects, none 
of the non-gravid cases excreted glucose in the 
urine.
4. The addition of Insulin to the dextrose 

infusion resulted in a significant reduction In 

urinary output from that of the non-gravid 

control group who had been given dextrose alone* 

Commentary.
In the present study, there was no significant 

difference in the blood sugar levels induced by
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dextrose-insulin infusion in puerperal subjects, 

from those induced In the non-gravid control 
group. Nevertheless, the response of the two 

groups to these levels was quite different.
None of the controls showed clinical evidence 
of hypoglycaemia. In contrast, there was 

objective as well as subjective evidence of 

hypoglycaemia in five of the six puerperal 

subjects.
These results suggest that It may be 

Insufficient to judge insulin sensitivity solely 

on the degree of depression produced on the blood 

sugar levels. It is obvious that subjective and 

more reliably, objective signs must be taken into 

account in this assessment* #ien these criteria 

are applied to the present findings. It must be
concluded that the normal puerperal women is more

sensitive than the normal non-gravid subject, to

the effects of exogenous Insulin*
In the previous study (Section IIID), it was 

confirmed that the normal woman showed an 

increased sensitivity to insulin when in the
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puerperal state, compared with tliat shown by her 
in late pregnancy. The results of the present 

study suggest that this Is not merely a partial 

recovery to the normal pre-gravid sensitivity*

On the contrary, they suggest that during these 
early days following delivery, the sensitivity 

to insulin in fact is increased above that of 

the normal non-gravid women. This heightened 
sensitivity may have a bearing on the decrease 

in insulin requirements which Is commonly shown 

by the puerperal diabetic.
In the opinion of Skipper (1933) a gain in 

carbohydrate tolerance often occurs after 

childbirth, particularly where the diabetes is 

severe*

This gain was demonstrated in 19 of his 33 

cases who got to, or near, term* Insulin 

reactions, usually occurring in the first few days 

of the puerperlum, were observed in 17 of the 83 

vmmen who had been receiving insulin at delivery. 

Bypoglyoaemlo coma occwred in three patients? 
in one of these there had been an accidental
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overdosage of Insulin. as a result of these 

personal experiences. Skipper, attributed the 

maternal death reported by Kaufmann and Kuster 
(1980) to hypoglyoaemla.

The oceurrenoe of hypoglyoaemla In the 

puerperal diabetic has sometimes been ascribed 

to the effects of lactation. According to this 

theory, the imbalance Is consequent upon glucose 
being withdrawn from the blood by the breast in 
the process of milk formation. Against this, 
Skipper points out that lactation had been 

suppressed in some of his cases who nevertheless 

developed hypoglyoaemla. This argument is 
supported by the present findings in normal women. 
Lactation had been artificially suppressed In four 

of the five puerperal subjects who exhibited signs 
of hypoglyoaemla.
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DISCUSaXQN AND CONOLUaXQNS.

In the Introduction to these studies, reference 

was made to the diversity of opinion regarding the 

influence of normal pregnancy on carbohydrate 

tolerance. The importance of elucidating this 

problem was stressed not only because of its 

general physiological importance, but more especially 

since it might have a considerable bearing on the 

early recognition and treatment of the pre-diabetic 

state and of the gravid woman with established 

diabetes. The need for a further Improvement in 

the management of the pregnant diabetic was 

indicated by the fact that while the use of insulin 

had produced a dramatic fall in maternal mortality^

there still persisted a signlficantly high perinatal 

mortality. While this had been reduced with the 

evolution of highly skilled obstetric teams, there 

remained I'̂ oom for considerable improvement. It 

was thought that some elucidation of possible 

physiolOe,ical changes affected by normal pregnancy 

on carbohydrate tolerance and insulin sensitivity, 

might help to throw some light on these problems.
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AB a Preliminary Investigation a series of 

primigravidae and parous woman were observed from 

early pregnancy until delivery. This was done to 

determine the influence of age, parity and the 

stage of gestation on urinary sugar excretion, 
while it was generally accepted that glucose might 

be excreted in the urine at practically any stage 

of normal pregnancy, there appeared from the 

literature to be some uncertainty as to the stage 

at which lactosuria might occur. According to some 

authors its excretion was confined to the 

puerperium, while it was the opinion of the majority 

that lactose might on occasion be excreted in very 

late pregnancy, in addition to the puerperium. 

Furthermore, there was the possibility that sugars 

other than glucose or lactose might from time to 

time contribute to reductions in the clinical 

testing of pregnancy urines.

To resolve these problems it was necessary 

to adopt a simple qualitative analytical method 

capable of the positive identifieation of 

individual sugars. The method of paper chromatography
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described by williams (1954) was found to be 

ideally suited to this purpose, (Appendix a).

In order that the Investigation would be 

concerned with sugar concentrations sufficiently 

high to be appreciable by clinical methods, the 

urine specimens were tested first by moans of 

"Clinitest*’ tablets, and then by Benedict ̂ s 

qualitative solution# vhiere a positive test 

was registered with either or both of these, 
a chromatogram was run for the identification of 

the sugar(s) contributing to the reduction# A 

number of the specimens yieiaing a reauction with 
heneuict*s solution, lAilea to do so when tested 

with "Clinitest" tablets. invariably the absence 

of sugar in these specimens was confirmed by 
chromatography. From this it was concluded that 

these tablets gave a more reliable indication of 

the presencG of sugar.

In this preliminary study it was found that 

five varieties of sugar were excreted in the urine 

Gurliig normal pregnancy. Ti.ese sugars, which 
occurroQ either iriQiviaually or in groups of two 

or three, were lactose, glucose, galactose, fructose
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and pentose. Tho latter two occurred very 

rarely and were presumed to be from a dietary 

source.
Lactose was detected as early as the 16th 

week of gestation. The number of patients having 

lactosurla showed a progressive increase until 
term. This finding suggested that the carbohydrate 
was absorbed into the blood from the breast, as the 

latter organ underwent development In preparation 
for lactation. In the present series the 

concentration of urinary lactose never exceeded 
50 mg. per 100 ml.

The excretion of galactose showed a progressive 

increase parallel to that of lactose, but this sugar 

was detected less frequently. While the work of 
Ourin et al., (1941) suggests that it is possible 

that part of the urinary galactose may be derived 

from chorionic gonadotrophin, it is more likely 

that the greater part of thie sugar represents a 

precursor or break-dovm product of the lactose 

molecule. Since this molecule cannot be hydrolysed 

in the body, the only alternative site v/here this 

could conceivably happen would be in the urine
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itself. It is questionable whether this could 
occur in fresh or refrigerated specimens. On 

balance it must therefore be conceded that the 

bulk of the galactose found in the urine represents 
a precursor of lactose.

Glucose was detected in the urine specimens 

of over 7b per cent of the women investigated.

The majority of these women began to excrete glucose 

between the 21st. and 30th weeks of gestation.
Most of them continued to do so until delivery.

These findings may indicate that the excretion of 

glucose is related to the completion of placental 

development and its mature function.
Aocoï’ding to Miller et al., (1944), "the presence 

of glycosux'ia in the last months of pregnancy in 
women whose carbohydrate metabolism is otherwise 
apparently normal, is associated v/lth a foetal and 

neonatal mortality that is as high as that among 

the offspring of women with definite signs and 

symptoms of diabetes**. it must be stated that the 

results of the present investigation have afforded 

no support for this claim.

While it was found that the stage of gestation
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had a marked influence on the excretion of lactose, 
galactose and glucose, neither age or parity 
appeared to influence the excretion of sugar.

With regard to age, this result probably was 

to have been expected, since the childbearing period 

of woman is relatively short to enable significant 

dlffwences on this aocamt to be determined. 

However, the failure to find an influence exerted 
by parity runs contrary to the views of others 

who have written on this subject. Among these, 
Labb^ and Chevki (1986) claimed not only that the 

upset in **£^lyoo-regulation*‘ recurred in each 
pregnancy but also that, to a certain degree, it 

was accentuated in each successive pregnancy. As 

has been mentioned in the Introduction,
Host (1954 3 1957) expressea a similar opinion.
While it Is agreed that this may, in fact, occur 
in some caaas the general statement seems much too 

dogmatic. Certainly it is inconsistent with 
experience gained during these studies. In the 

course of these it has been possible to observe 
a few women with marked glycosuria in one pregnancy, 
have a subsequent gestation when glycosuria has not
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been detected.
In Section XI, the carbohydrate tolerance of 

normal pregnant women was compared with that of 

the normal non-gravid, oases of twin pregnancy 
and gravid wo/nen who had been pronounced cases 
of **renal glycosuria*' following standard oral 

glucose tolerance tests. These standard tests 
had been conducted at the request of several 

clinicians who had considered that the urinary 

sugar concentrations registered on routine 
urinalysis at the ante-natal clinic, had been 

sufficiently great to require investigation to 

exclude diabetes. The comparison between normal 
and twin pregnancy was made because the results 

of the preliminary investigation had Indicated a 
connection between placental function and the 

impairment of carbohydrate tolerance. It was 

considered possible that this impairment might be 

increased by the larger placental area of the 

tv/ins.

To effect these comparisons, it was decided to 

assess tolerance by means of a single intravenous



151.

injection of dextrose. The advantages of the 

Intravenous over the oral route have already been 

considered in detail (p. 34 )*

The results of these tests showed that the 

fasting and more immediate post-infusion total 

blood sugar levels of the oases of normal pregnancy 

and renal glycosuria were the same. Those of 

the normal non-gravid were significantly higher, 

while those of the cases of twin pregnancy were 

significantly lower. Despite the differentials 

in the blood su^ar levels induced by the injection 

of dextrose in the non-gravid, normal pregnancy 

and cases of twins, the urinary sugar concentrations 
were the same. In contrast, the cases of renal 

glycosuria excreted sig,niflcantly higher 

concentrations than all of the other subjects, 
although the corresponding blood levels were the 

same as those of the normal pregnancy group.

Gonfirmatlon of these findings was obtained 

from the results of the fructose load test which 

was performed in addition to the intravenous 

dextrose tolerance test on each of the subjects.

When fructose vms administered Intravenously to the
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four groups, the resultant total blood sugar 

levels, although as had been expected lower than 

those obtained with dextrose, were parallel to 

the latter. Thus the differences between the 

four' groups were again established. In addition, 

it was observed that whereas the non-gravid 

selectively excreted fructose, the pregnant tended 

to excrete glucose in addition. This was moat 

marked In the cases of renal glycosuria suggesting 

not only that the impairment in these cases lay at 

the level of the kidney, but that this impairment 
was qualitative as well as quantitative.

It was observed in the course of these load 

tests that a considerable number of the subjects 

continued to excrete sugar - and particularly 

glucose - even after the blood levels had reached 

fasting or even sub-fasting values. One has made 

the same observation frequently In the course of 

the standard oral glucose tolerance tests on gravid 

patients.

These findings suggest that the conception 

of a fixed renal threshold for glucose may be
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misleading# In this connection, Johns (1930) 

con elude cl from a study of 1,100 glucose tolerance 

tests that there was no such thing as a normal 

threshold, end expressed the opinion that for all 

Individuals there is an individual threshold# 
Campbell et al*, (1932) went further# These 
authors believed that the threshold varies in 

the same person and concluded from their 

experiments, "it seems that something more than 

a mere lowered threshold is present in renal 

glycosuria"#
A possible resolution of this problem has 

been suggested by Covaerte and Lambert (1949)#

In the view of these authors, it is necessary 

to define a minimal and a maximal threshold in 

order to understand the laws governing the 

excretion of glucose in the presence of a 

moderate hyperglycaemla# This, they claim, is 

due to the fact, that the nephrons being 

structurally unequal in si%e and sui-'face area, 

are unequal in their roabsorptlve capacity# 

hence they recognise the maximal threshold as the 

level of hyperglycaemla at which enough glucose
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iB filtered to saturate the nephrons with the 

greatest reabsorptlve power. It follows that 

the minimal threshold is the level of 

hypex^glyoaemia at which enough glucose is 

filtered to saturate the nephrons with the smallest 
reabsorpti've oapaoity.

Thus Govaorta and Lambert ascribe the 
occurrence of glycosuria In the presence of normal, 

or nearly normal, blood sugar levels to a lowering 

of the minimal threshold. however, they 
observed in the course of their experiments that 

the reabsorption of phosphorus and amino-aclds 

was not affected, although these processes are 
known to occur at the same level of the proximal 
tubule at which glucose is reabsorbed. As a result, 
they concluded that the cause of glycosuria in 
association vjlth relatively low blood augaj* levels 

was likely to be a disturbance in those ensymatio 
processes which make possible the reabsorption 
and transfer of glucose through the cells.

To relate this theory in its entirety to the 

present findings, one would have to conceive of



155.

the oases of renal glycosuria having a greater 

proportion of smaller, ana therefore more readily 

exhaustible nephrons, than the normal pregnant 

women* Similarly, in general, those of the 
non-gravid would have to be larger, while those 

of the oases of twin pregnancy would require to 

be smaller than the nephrons of the normal gravid* 
While the evidence is thus against a 

morphological explanation for the existence of 

a minimal threshold, it in no waiy precludes the 

possibility of a partial saturation of the enaymatic 

processes responsible for the reabsorption of 

glucose.

According to Homer Smith (1951), glvicureeis 

in ^^lomerular forms is attributable to incomplete 

tubular reabsorption under circumstances in which 
the load of filtered glucose exceeds the maximal 

reabsorptlve capacity of the tubules* A partial 
saturation of these processes might well create 
such circumstances*

Some support for this is given by the results 

of the fructose load tests. It is interesting to
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compare these results with those of Banson et al., 

(1943). These authors found that In the dog a 
considerahie fruotosurla Is not accompanied by 

an Increased excretion of glucose* They concluded, 

therefore that in so far as the two hexoses share 

a common reahsorptive system. It is not that 
component which determines the maximal rate of 
reabsorption of either one. In the present 

investigations it was found that like the dog, 

the non-gravid subjects did not respond to the 

fructose load by ex.crotir% ^^luoose. In contrast 

to this, a number of the gravid cases did so 
and this excretion of glucose was most marked 

in the cases of renal glycosuria. These findings 

may Indicate that, in the concept of Oammeltoft 

ana lijorulf-densen 11943), adenosine triphosphate 
was at a more severe premium in these oases.

The relative deficiency in this energy system 

could well foe duo to partial saturation by some 

substance other than the common hexoses. Tho 

nature of this substance can only be a matter for 

conjecture. However, It obviously must be produced
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in large quantities during pregnancy, and must 

also be reabsorbed in the first part of the 

nephron.
it is possible, therefore, that as a i^esult 

of the intravenous loads of sugar, a degree of 

saturation of the renal tubular mechanism for 

the reabsorption of glucose occurred in all groups, 

both gravid and non-gravid. In general, the 

reabsorption was most impaired in the pregnancy 

cases, not only because of their tendency to 

excrete glucose in both the dextrose and the 

fructose tests, but also In view of the 
significantly lower total blood sugar levels 

at which this excretion occurred. in particu3.ar, 

the cases of renal glycosuria exhibited most 

evidence of this disorder. It is also conceivable 

that this saturation, persisting from the initial 

stages of moderate hyperglycaemla, could give rise 
to the subsequent paradox of glycosuria in the 

presence of fasting and sub-fasting blood sugar 

values. This has been noted frequently during 

the present investigations and has been observed
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in clinical practice in the treatment of 

hyperemeals gravidarum ano casee of prolonged 

labour with hetoais* in adaition, thin concept 

woula explain the failure of exogenous insulin 

to abolish glycosuria in lata pregnancy cases where 

it had nevertheless effected a significant reduction 

in their total blood sugar values (Section IIXG).

It has been suggested by Bergqvlst (1954) 

that this tendency of pregnant women to excrete 

glucose might be due to excess secretion of 

A#G*T.h# interfering with renal reabsorption. 
Certainly there is no evidence afforded by the 
present data to suggest that such a cause could 

be responsible. One would expect the pregnant 

cases to show a hyperglycaemla rather than a 

significant lowering of blood sugar values 

compared with the non-gravid if this were the 

case.

A possible solution to the differentials 

in the total blood sugar levels resulting from 

the sugar loads has been suggested by the results 

obtained from the experiments described in
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Section III. In this sectioa of the studies, 

the dextrose was &oministered by continuous 
inruBlon. Xt was coasldered that by spreading 

the .load over a longer period, a more sensitive 

index of the response could thus be obtained by 

reducing the amount of sugar presented In unit 

time. In the event, this method proved quite 
satisfactory. It must be remarked, however, 

that there is one possible limitation to its 

use as a rouv.lne test for individual patients#
This lies in the dlfl'ieulty of regulating the 

infusion, so that a fixed dose of dextrose is 

given uniformly In a presoriDed interval of time# 

It is true that in the ceso of the Insulin 

component of the dextrose-insulin Infusion 

these Varialione may be of much less importance# 
This is QUO to the fact that the duration of 

action of Insulin is not proportional l o the sise 

of the doso but is, in fact, a simple function of 
the logarithm of the dose (Beat and Taylor, 1950). 

However, in the present investigations these 

objections were overcome by the method of using
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groupe, or block samplea, of aubjeota* as a 
reault, It was poeBible, by aiabietie&l analyole, 
to Laaa account of luolvldual variatIona In tho 

amounts inîmûû•

111 tho initial inveatlgatlona descrlbad In 

hoctIon III, It was found thet the glycaomla 
inducGd by dextroso Infusion In non-gravid women 

v;as markedly reduced after they had been given a 

course of ohorlonlc gomiàotropbin# Indeed, 
following this 0 our so of hormone, there v/as no 
significant difference In the resultant total blood 

sugar values from those induced by similar Infusion 
In the normal gravid subject. At the same time, 
glycosuria occurred in members of the pregnant 

group only. Those findings indicate that while 
chorionic gonadotrophin Is not a causal factor 

In the promotion of glycosuria, it may take an 
activa part In the roaulation of carbohydrate 
metabolism. Furthermore, they may help to 
explain tho different responses In total blood 
sugar lovais which were noted in the normal 

non-gravid on tho one hand, and in the pregnancy
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oaaos on the other, following the Intravenous 

load testa described In Section 11$ The 

depressed response observed in the pregnancy 

groupa In general, and in the eases of twin 

pregnancy In particular, could conceivably have 
been effected by the corresponding levels of 

placental gonadotrophin*

While one has been unable to find any 

reference in the literature to suggest that 

chorionic gonadotrophin has been investigated 

in this particular relationship to the regulation 

of carbohydrate metabolism, Ü  would appear that 
the effects of other sex hormones have been studied 

extensively. however, the results of these 

studies are very conflicting and it is difficult 

to make a final assessment. For example, there 
have been controversial reports regarding the 

effects of oestrogens on carbohydrate metabolism.

In this connection, a number of authors have 
produced evidence that the glycosuria of either 

experimental or clinical diabetes mellitus can 

be reduced by oostrogens (Barnes et al., 1933 ?
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Helson and Ovorholsw, 1936 ; et al., 1935 |

aessler et al., 1939 ; Spiegelimn, 1940). This, 
however, has been questioned (Collip et al., 1937).

forking on the experimental animal Ingle 
(1941b) reported that the diabetic state of the 

partially depancreatised rat can be intensified 

by the administration of stilboestrol. Mutually 

supporting results to these were reported by 
Dolin et al., (1941) who used partially 

depariereatised ferrets. At the same time, these 

authors obtained completely negative results using 

progesterone.
In contrast, Gantllo (1941) reported that 

large doses of oestrogen and progesterone had 

effected the diabetic control of his entire series 

of 40 menopausal and postmenopausal women. In 

these, insulin treatment and diet had been relatively 

ineffectual* He ascribed these successes to 

the inhibiting influence of these hormones on 

the anterior pituitary.

vïith regard to the inhibition of the 

pituitary, reference has already been made
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to the work of Glen and Eaton (1938) in the 

commentary to Section XIIA* These authore 

reported a case In which Insulin produced a 
greater degree of carbohydrate Intolerance and 

glycosuria than glucose alone. They cite a 

similar ease which was reported by Falta (1924) 

and x'̂ efer to the finding of Sarnes et al., (1933) 

that amnlotonin (ketohydroxyoestrln) diminished 

glycosuria In depanoreatised dogs. This finding, 

with that of Tuchman (1937), that the injection of 

ketohydroxyoestrin diminishes the hypertrophied 
pituitary glands of castrated animals, suggested 

to Glen and Eaton that excess pituitary secretion 
might be responsible for their patient’s unexpected 

reaction to insulin* They therefore considered 
it rational that ovarian extract might be expected 

to have a synergic action with insulin. In the 

event, when the patient was given dihydroxyoestrin 

In addition to glucose and insulin a greater 
reduction occurred in the blood sugar levels. 

Similar success with oeatrogens was reported 

by Garnot et al*, (1928) and Rathery and Rudolph 
(1928).
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The latter two authors suggested that for 

each dose of Insulin, there was an optimal dose 

of oestrogen, and tentatively suggested that an 

equlllhrlum between these hormones may be 

necessary for normal carbohydrate metabolism*

While It must be appreciated that there 

remains a considerable conflict of opinion 
regarding the influence of oestrogons on carbohydrate 
tolerance, these successes are of particular Interest 

in view of the suits obtained by White 

(194? I 1959) in the management of the pregnant 

diabetic. As is well known, this management is 

based on the theory elaborated by Smith and Smith 

(1947) to account for the raised levels of serum 

chorionic gonadotrophin in association with a 
reduction in serrnii oestrogens and urinary 

pregnanediol which they had found to be present In 

pregnant diabetics* The theory postulates that 

while, under normal elx^cumstances, the chorionic 
gonadotrophin Is utilized by the placenta in the 

formation of oestrogen and progesterone. In pregnant 

diabetics, this mechanism is deranged* Accordingly,
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White gives her diabetic patients a dose of 

stilboestrol and progesterone based on the 

severity of the disease. While It is generally 

ü^rOQù that hex’ foetal survival rate of 90 per 

cent is quite x’eniarkable, the actual cause of 

this salvage is much disputed. Oertalnly the 
i’esults of other worker’s who have employed 

hormone replacement therapy have been less 

encouraging (Given et al,, 1960 g Holland 1954). 

Thus, many are inclined to the view that the 

excellent results obtained by ?Aiite are due to 

the care taken by the obstetric team In general, 

rather than to hoi’mono thex’apy In particular 

(Lewis, 1966). However, one cannot but feel 

that a weakness in this argument of the sceptics 

is the widely recognised fact that, even where 

the general care is of the highest order, the 

foetal loss Is still considerably higher than 

the 10 per cent reported by ithlte (Introduction).
It is possible that the working hypothesis 

used by Smith and Smith to explain their findiuga 

may, in fact, b© quite erroneous. It might be
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that the exhibition of oestrogen and progestei’one 
is effective In iheae cases as the result of a 

synergism with, endogenous insulin. Furthermore 

it has been found in these studies that chorionic 

gonadotrophin appeal’s to play an active part In 

carbohydrate metabolism in the presence of 
hypex’̂glyoaemla. It is just possible that the 

elevated levels of this hormone found by the 

Smiths in the pregnant diabetic may also-have 

exerted some control1 1 %  influence on the 

associated hyperglycaemta*
Since it was considered possible that 

physiological ehan^^es peculiar to pregnancy might 

affect the response of the established diabetic 

to Insulin thex’apy, the influence of insulin on 
noxmial late pregnancy and puerperal oases was 

investigated (Section IIIG,D). It was conflxvnod 

that the subjects showed a significant increase 

in theii’ sensitivity to insulin when in the 

puerperal state compared with the late stages of 

normal, pregnancy. This finding vms not 

unexpected, having been indicated by Burt and
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KlmoX (1956)* Nevertheless there x’omalned 

unresolved the problem of whether the 

sensitivity of the early puerperal subject was 

pai’t of a graduated re turn to that of the normal 

non-gravid state or whother she was, In fact, 

more sensitive to the effects of exogenous Insulin 

than the non-grav:ld* This matter was investigated 

in the final study (Section XXXE).
The results obtained from this study indicated 

that, in terms of the blood sugar levels Induced, 
there was no significant difference in the response 

of early puerperal subjects from that of the normal 

non-gravid. At the same time five of the six 

puerperal subjects exhibited signs of hypoglycaemia. 

Those were entirely absent in the non-gravid group. 

It would eaem reasonable that such clinical evidence 

should be taken into account in the assessment of 
Insulin sensitivity. Therefore it must be 

concluded that the normal puerperal subject has a 
greater sensitivity to the effects of exogenous 

Insulin than the normal non-gravid subject. 

Furthermore, since lactation had been artificially
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suppressed In four of the five oaaes who showed 

this evidence of liypoglycaemia, It 1b clear that 

diversion of blood glucose for the purposes of 

laotogenosls is not a major contributing factor 

in the production of these symptoms.

In Section IIIO it was found that, compared 

with the volumes of urine passed when dextrose 

had been given alone, a significant reduction 

occurred in the urinary output of the late 

pregnancy subjects when insulin was added to the 

dextrose infusion. Indeed this reduction was 

more striking than that which had been observed 

in the post-infusion volumes of the non-gravid 

cases after they had been given a courBO of 

chorionic gonadotrophin. It was considered 

possible at that time that the raised blood sugar 

and, Incidentally5 endogenous insulin levels, 

had in some way counteracted the anti-diuretic 

effect of the gonadotrophin (Commentary, Section 

XXI/U* Thus it vms inferred that as a result of 

this possible interaction the anti-diuretlo effect 

of the gonadotrophin had become manifest only



169.

when the blood sugar and endogenous Insulin levels 

had fallen on dlscontlmianoe of the infusion.

This subsequent finding that the simultaneous 

administration of insulin with dextrose produces 
a marked fall In urinary output indicates that 

the assumption of an antagonism of this kind 

between insulin and the gonadotx»ophln was quite 

wrong*

&ile no satisfactory explanation can be 

given at present for tble unexpected finding, 

it can be concluded quite safely that the 

anti-diuretic effect of insulin is not attributable 

to an interplay between this hormone and those 

peculiar to pregnancy. The results obtained 

in Section IIIE clearly demonstrate that insulin 

has a similar restrictive effect on the urinary 

output of the non-gravid*
From the results of these studies the following 

conclusions v/ould appear to be Justified;-

(1) A variety of sugars Including lactose, glucose, 
galactose and more rarely, fructose and pentose 

may be detected in the urine in the course of
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normaX pregnancy.

These may occur either Individually or in 

groups of two or three*
(£) From early pregnancy, there is a progressive 

increase in the incidence of lactOBuria.

(3) There is also a progressive Increase in the 

incldono© of the excretion of galactose but this 

sugar occurs much less frequently than lactose*

(4) Over 75 per cent of women excrete glucose

In the course of normal pregnancy* This appears 

to be quite independent of either age or parity.

y?hlle some women may excrete glucose in early 

proenancy, the majority begin to do so between 

the 21st. and 30th weeks of gestation. In most 

of those, this continues until delivery.

(5) The fasting blood sugar level of the normal 

non-^ravid is higher than that of the normal 

pregnancy subject, while that of twin pregnancy 
is lower.

These differences are maintained in the 
response of the three groups to the intravenous 
administration of a fixed load of sugar.
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Nevertheless the resultant concentrations 

of urinary sugar are essentially the same.

(6) In contrast to the above, pregnant cases 

of "renal glycosuria" while having the same 

fasting blood levels and showing, the same response 
to the su^ar load as noimial pregnant subjects, pass 

significantly higher concentrations of sugar in 

the urine.
(7) The conception of a fixed threshold may be 

misleading, since all groups may continue to 

excrete sugar at fasting or sub-fasting blood 

sugar levels*
(8) Following a course of chorionic gonadotrophin, 

there is a significant reduction in the glycaemia 

induced by dextrose infusion in normal non-gravid 
women.

It is to be noted that the concentration of 

chorionic gonadotrophin is frequently much increased 

in pregnant olabetics* During a glucose tolerance 
test, the iitcrease may have the effect of holding 

the blood sugar at a lower level than might be found 

in the non-pregnant states. This could be misleading
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in a mild case of diabetes. Furthermore, it 

could explain those equivocal results obtained 

from glucose tolerance tests performed on 

subjects subsequently proved to be in the 

prediabetlc state.

A secondary effect of the chorionic 

gonaüotrophln is a reduction in the urinary 
output in the perioa immediately following the 

discontinuance of the infusion*

(9) In the normal late pregnancy cases, the 

addition of insulin to dextrose infusion, while 
producing a significant reduction in the resultant 

levels of blood sugar, does not abolish the 

urinary loss of either lactose or glucose.

Thus the employment of urinalysis as an index 

of the response of the pregnant diabetic to insulin 

therapy may be dangerous, and could lead to 

complications from hypoglycaemic episodes*

(10) Normal women, when in the early puerperal 

state, show an increased sensitivity to the effects 

of exogenous insulin compared with that shown by 

them in late pregnancy.
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(11) if̂Jhen the same amount of dextrose-insulin 
solution is administered to early puerperal

and normal non-gravld women, the resultant total 

blood sugar values are the same In both groups.

Nevertheless, the finding that symptoms of 

hypoglycaemia occur only in the former group 

at these levels, indicates thait the sensitivity 

of the normal puerperal subject is greater than 

that of the normal non-gravid woman.

On the basis of the above, the dose of insulin 

has to be readjusted very carefully ia the 

puerperium if hypOglycaemic crises are to be avoided

(12) The a00ition of insulin to dextrose infusion 
results in a significant reduction in the overall 

urinary output of both normal non-gravld and 

normal pregnant women.

Since the glycosuria in pregnant patients was 

not abolished by insulin, this result cannot be 

ascribed to reduction in the osmotic effect of 

urinary sugar. It would therefore appear that 
this is a specific effect of insulin on kidney 

function.
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a PPMDIX A.

The method of paper chromatography used for 

the identification of urinary sugars throughout 

this investigation, is that described by 
lAi ill lams (1554). The following description 

consists largely of extracts from the ox’iginal 

article and the debt to the author is fully 
acknowledged :-

One invaluable application of chromatographic 

procedures is the identification of reducing sugar 

in urine. Most techniques, although simple, have 

the common disadvantage that solvents must be run 

for a long period in order to completely separate 

the carbohydrates which are most likely to be 

present, i.e. lactose, galactose, glucose, fructose, 

pentose# The following are details of an ascending 

technique adopted In this laboratory, (Rainhill 

Hospital, Hear Liverpool), to reduce this time 

factor and yet to obtain complete separation of 

the suspected sugars# It le of interest because 
it ; -

(a) Utilizes triangular shaped filter paper.



(b) Affords complete separation of 
reducing sugars within the 
comparatively short time of
10 hours.

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

Equipment and Reagents Required.

Pipettes - Small pipettes calibrated to deliver
6 and 10 pi.
Apparatus - A duralumin frame which can support 

one dozen 20 x 20 cm. filter paper squares* The 

frame consists of two duralumin plates 20 x 20 cm, 
square, joined 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 in use.

A suitably sized, enclosed cabinet or glass 

aquarium tank is required to house the duralumin 

frame•

Filter Paper - fcatman Ho. 1 has been found quite 

suitable. a  triangle is cut from a 20 x 20 cm. 

square as in Fig. 9.



m .

Solvent - This is prepared by mixing three 
volumes of 1-butanol with two volumes of 

pyridine and 1.5 volumes of distilled water. 

Developer - Senzidene reagent - a knifepoint 

of benzidene is dissolved in 2 to 3 ml. glacial 
acetic acid and volume made up to 20 ml. with 

absolute alcohol.

Control Solution;-

Lactose 1 gramme•
Galactose 1 H

Glucose 1 If

Laevulose 1 fl

Xylose 1 tt

Saturated benzoic acid 100 ml.

Method.
Urine is diluted with distilled water to 

approximately 1 per cent, concentration of reducing 

sugar. If Sugar is less concentrated than 1 per 

cent, then a greater volume of urine is applied to 
the filter paper.



Z.O&m.

ZOçm

Fie. q.

Five jil* amounts of urine and control solutions 
are applied on to separate papers at line B. The 

fluids must be applied in a continuous line and 

must touch both ed^es of the paper* Filter papers 

are allowed to dry at room temperature* The filter 

papers are supported on frame by passing upper bars 

throui^h holes A*A., papers bein^ separated by 

duralumin rings. The frame is placed In the cabinet 

and tips of the filter papers are dipped into solvent 

mixture contained in petri dish lid ; the solvent 

moves slowly up the filter paper, reaching the top 

edge within approximately 10 hours. For the sake 

of convenience papers may be left in the solvent 

from late afternoon until early next morning, when



19?

they are removed and dried in a warm current of air.

To develop the spots the papers are thoroughly 

wetted by rapid immersion in benisidene-alcohol 

mixture and dried in a warm current of air.

After drying they are placed in a hot air oven 
at 100%. for 10 minutes when reducing sugars 
appears as brown arcs spreading from edge to edge 

of paper.

Urine sugar is identified by comparing its 

position with that of control sugars.
Shortly after this method was first adopted 

in the Research Laboratory of the Glasgovi Royal 
Maternity Hospital, a slight modification was 
Introduced. This consisted of mixing the urine 
with half its volume of Per mut it **Bio**Deminrolit** 

mixed bed resin. The mixture was then 

centrifuged for the purposes of de-salting and to 

a lesser extent, for the removal of pigment.

However this process made no appreciable difference 
to the resultant chromatograms and the modification 

was considered quit© unnecessary and consequently 

discontinued.



PIG. 10..
COldPLSTED CONTROL AND TSST CHROMATOGRAMS A. & B. 

(described opposite).
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Results.

Fig. g shows the -completed chromatogram 
prepared with the control solution. The reducing 

sugars are completely separated and appear on the 

chromatogram, from the .point of origin B, in the 

following Order • Lactose, galactose, glucose, 
laevulOB© and pentose..

Fig. 10 shov/s S chromatograms which have been 

prepared In the manner described above. By 

applying Test Sheets A and B individually to the 

Control, the following sugars are identifledi*^

A. 1. Lactose#
2. Glucose.

B* B. 01UCOS©.

4. Fructose.

Reference.
iilliama, R. (1954) ; d # Med. Lab. Tech, 12, 43*
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aPPEMDIK. b .

Explanatory Note to ïable a
n  lUijiii IT  in iin a i ii ii " ~ i ' iir i-  ' r  ' ' ' - - - - - - - - - — — — ^

The results of Ihe individual tests for urinary

su^ar described In the Preliminary Investigation

(Section I) are reported serially under the
corresponding week of gestation;

î4Ggative results are shown 0

False positive results F.P.
The results obtained using either "Cllnitest*' (C)

or Benedict’s qualitative solution (B) are shown:-

negative * i slight trace, sl.tr, | trace, tr., and

+ , ++..., signifying sugar concentrations of
approximately 50, 75 etc., mg. per 100 ml.

The results from Chromatography (Ch) are shown
according to the sugar(2 ) present :

Glucose (G), Lactose (L), Galactose (Gal.),
Fructose (P) and Pentose (p).

^bere there are two or more sugars present

concurrently and one of them is in appreciably higher

concentration, this is signified by a f sign 
IG4.ego Gh(L .
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