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Summary .  The  effects of p ro longed  feeding of diets 
containing various ca rbohydra tes  on  the p lasma insu- 
lin response  to glucose (given intravenously)  have 
been  invest igated in 20 -day  pregnan t  rats and com-  
pared  with the effects in non -p regnan t  rats. In  preg-  
nant  animals the insulin response  was similar for  all 
diets; the insulin concent ra t ion  was approximate ly  
120 ~U/ml  for  at least 10 min after injecting glucose. 
In  non -p regnan t  rats, except  those fed glucose, the 
insulin response  was lower  than in p regnan t  rats. The  
mean  insulin concentra t ions  were  80, 70 and 50 ~tU/ 
ml at 2.5, 5 and 10 min after in t ravenous  glucose. 
The  effect of glucose feeding was to increase the 
response  in non -p regnan t  animals so that  it ap- 
p roached  the values found  in p regnan t  animals. The  
m a x i m u m  concent ra t ions  of  p lasma insulin for  glu- 
cose-fed p regnan t  and non -p regnan t  rats were  141 + 
23 and 134 + 15 (SEM) v U / m l  respectively. I t  was 
concluded that  the increased availability of  glucose in 
the diet during p regnancy  plays a role in regulating 
the insulin secre tory  response.  
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insulin response  to glucose. 

Studies in man  and o ther  animals have shown that  
the h o r m o n e s  of  p regnancy  can modi fy  insulin secre- 
t ion [17]. H o w e v e r  it has recent ly  been  shown that  
insulin secret ion during p regnancy  is greatly influ- 
enced  by the diet  of  the p regnan t  animal, and espe- 
cially by its ca rbohydra te  content  [10]. This finding 
agrees with o ther  work  showing that  bo th  the amoun t  
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and the nature  of the dietary ca rbohydra te  affect 
insulin secret ion [10]. The  substi tution of starch by 
sucrose in a high ca rbohydra te  diet leads to an in- 
creased plasma insulin response and a decreased  glu- 
cose tolerance [8, 14]. 

In a previous s tudy we examined  the effects of 
different dietary ca rbohydra tes  on metabol i sm in the 
rat during pregnancy  [3]. The  aim of the present  
investigation was to compare ,  in vivo, the effects of 
bo th  different dietary carbohydra tes  and p regnancy  
on the p lasma insulin response  to in t ravenous  glu- 
cose. A prel iminary repor t  of this work  has been  pub-  
lished [4]. 

Materials and Methods 

The female rats used in these experiments were of the Sprague- 
Dawley ASH/CSE (Scientific Products Farm Division, Charles 
River, U. K. Ltd.). In each experiment the rats were weaned at 22 
days and randomised into two groups. In experiment 1, rats were 
fed for 7 weeks on diets with either sucrose or starch. In experi- 
ment 2, they were fed for 19 weeks on diets with either fructose or 
glucose. The diets consisted of carbohydrate 680 g/kg; casein 230 
g/kg; corn oil 16 g/kg, with appropriate mineral salts and vitamins 
[6]. Control animals were given a stock diet of Oxoid cubes (Lillico 
and Son Ltd., Betchworth, U. K.), containing 49% starch. 

Food and water were given ad libitum. We have previously 
shown that there is no difference in food intake in rats fed these 
diets [6, 7]. Rats on all diets gained weight at the same rate. The 
average weight gain during the first six weeks on the diets was 
140 g. Mating procedures and animal housing conditions have 
been described previously [3]. The first day of pregnancy was 
taken as the day when mating occurred. 

Plasma insulin response to glucose was measured in rats fasted 
overnight. Measurements were performed on rats anaesthetized 
with sodium pentobarbitone (40 mg/kg body weight) administered 
intraperitoneally. The response of pregnant rats was measured at 
day 20 of pregnancy. 

Glucose (0.625 g/kg body weight) was administered into the 
jugular vein over a period of 20 sec. Blood samples (0.6 ml) were 
obtained, via a cannula in the carotid artery, 10 and 2 min before, 
and 2.5, 5, 10, 30 and 60 min after injection of glucose. The 
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Fig. 1. Mean concentrations of plasma insulin and plasma glucose 
before and after an intravenous injection of glucose (indicated by 
arrow) in rats fed (a) sucrose and (b) starch diets. Number of 
animals in each group is indicated on the graph; P indicates 20-day 
pregnant group ( ); NP indicates nonpregnant group ( . . . . .  ); 
vertical bars indicate _+ SEM; significant differences between 
pregnant and non-pregnant values are indicated by asterisks, 
*p < 0.05 
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Fig. 2. Mean concentrations of plasma insulin and plasma glucose 
before and after an intravenous injection of glucose (indicated by 
arrow) in rats fed (a) fructose and (b) glucose diets. P indicates 
20-day pregnant group ( ...... ) NP indicates non-pregnant group 
( . . . . .  ); vertical bars indicate + SEM; *p < 0.05 

animals were left for a period of 30 min after completing the 
surgical procedures before beginning the experiment. This was to 
allow for any possible effects of stress due to surgery. In a prelimi- 
nary study it was established that neither anaesthesia with sodium 
pentobarbitone nor intravenous injection of saline were associated 
with any significant changes in fasting levels of plasma glucose or 
plasma insulin. 

Plasma glucose was assayed by a modification of a glucose 
oxidase method. Plasma insulin was measured by a radioim- 
munoassay technique [11]. Assay materials were obtained from 
the Radiochemical Centre, Amersham (U.K.). Insulin of human 
origin was used as standard, and values of plasma insulin are 

expressed in equivalents of human insulin. Between-assay preci- 
sion was assessed by using samples from a plasma pool; mean 
value (10 assays) 50.0 4-- 2.2 (SD) gU/ml. The assay was sensitive 
to less than 5 ~tU/ml. Statistical analysis was carried out by the 
Student t test. 

R e s u l t s  

In experiment 1 the mean body weights before mat- 
ing were: sucrose 202 _+ 4 g; starch 199 + 4 g (_+ 
SEM). In experiment 2 the weights were: fructose 
271 _+ 4 g; glucose 278 4- 5 g. There was no differ- 
ence in the gain in body weight during pregnancy 
between dietary groups within experiments. The 
average weight gained during pregnancy was 103 g 
(experiment 1) and 72 g (experiment 2). 

In 20-day pregnant rats the insulin response to 
intravenous glucose was similar for all diets. In non- 
pregnant rats, except those fed glucose, the response 
was considerably lower than in pregnant rats (Fig. 1 
and 2). The effect of prolonged glucose feeding was 
to increase the response so that it approached the 
values found in the 20-day pregnant rats (Fig. 2b). 
The results for animals fed the stock diet were similar 
to those fed sucrose, starch, and fructose diets. 

Experiment 1: Sucrose Versus Starch Diet 

The results were similar for both sucrose-fed and 
starch-fed rats. The insulin response was greater dur- 
ing pregnancy (Fig. 1). The fasting insulin values 
were about 20 ~tU/ml in the non-pregnant rats and 
about 30 #U/ml in the 20-day pregnant rats, but 
these differences were not significant (p > 0.05). In 
pregnant animals the mean concentration of plasma 
insulin remained elevated at about 120 ~U/ml for at 
least 10 min after injection of glucose. In the non- 
pregnant rats the concentrations were approximately 
80, 70 and 50 ~tU/ml at 2.5, 5, 10 min after glucose 
administration. The mean values for plasma insulin 
were significantly higher (p < 0.05) in pregnant 
groups at 5 and 10 rain. 

The concentrations of plasma glucose were simi- 
lar in both dietary groups. In pregnant animals the 
concentrations were lower than in non-pregnant ani- 
mals both before and after glucose injection (Fig. 1). 

Experiment 2: Fructose Versus Glucose Diet 

The results for the fructose-fed rats were similar to 
those for the starch-fed and sucrose-fed rats (Fig. 2). 
However, the results in the glucose-fed rats differed 
in some respects from those in rats on the other diets 
(Fig. 2). Thus, there was no difference in glucose-fed 
rats between the concentrations of plasma insulin in 
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pregnant and non-pregnant rats; the maximum con- 
centrations were 141 + 23 ~tU/ml and 134 + 15 ~tU/ 
ml (mean _+ SEM). Again, pregnancy made no dif- 
ference to the fasting concentration of plasma glu- 
cose. On the other hand, the maximal concentration 
of plasma insulin in pregnant rats was no different in 
glucose-fed animals from that in animals fed the 
other carbohydrates. 

In pregnant animals on all diets there was a ten- 
dency for the insulin response in the pregnant rats to 
remain at peak concentrations for a longer period 
after iniecting glucose. In the non-pregnant rats there 
was a fall in the mean concentration of plasma insulin 
between 2.5 and 10 min after injection of glucose 
(glucose- and fructose-fed rats, p < 0.05; starch- and 
sucrose-fed rats, p < 0.1). In pregnant rats plasma 
insulin remained at or near the maximal concentra- 
tions for at least 10 min. 

Discussion 

During pregnancy there is an increased plasma insu- 
lin response to glucose. In pregnant women this 
response increases gradually from early gestation 
onwards [19]. In the rat there is no evidence of any 
increase in response at day 12 of pregnancy although 
an increase is evident at day 20 [5]. In the present 
study 20-day pregnant rats on all diets, excepts glu- 
cose, had a greater insulin response to intravenous 
glucose than did non-pregnant rats. Costrini and 
Kalkhoff [9] showed similar differences between 
pregnant and non-pregnant rats, although their ear- 
liest measurement of plasma insulin was 10 min after 
glucose injection. In the present experiments the 
measurement of plasma insulin 2.5 and 5 min after 
glucose injection revealed a difference in the pattern 
of response between the pregnant and non-pregnant 
animals. The peak of the insulin response was spread 
over a longer period in the pregnant animals (Figs. 1 
and 2). This difference in response suggests that dur- 
ing pregnancy the biphasic mechanism for insulin 
release is modified so that the initial phase of the 
response in enhanced. It has been reported that pen- 
tobarbitone anaesthesia causes some exaggeration of 
the insulin response to intravenous glucose, although 
the total insulin area, up to 30 min, is not affected [2]. 
In the present study we have assumed that any such 
effect is constant between diets. 

Recently Green and Taylor [10] have questioned 
the assumption that changes in insulin secretion dur- 
ing pregnancy occur mainly due to the action of 
pregnancy hormones. They suggest that the carbo- 
hydrate content of the diet exercises an important 
role in regulating the insulin secretory response dur- 
ing pregnancy. 

It is well established that diets rich in carbohy- 
drate lead to an increase in insulin response to glu- 
cose [12]. However the extent of the increase 
depends upon the nature of the carbohydrate. Feed- 
ing rats on a sucrose diet produces a greater increase 
in glucose-induced insulin secretion than does feed- 
ing starch [8, 14]. In the present study we found no 
difference between feeding starch or sucrose in either 
pregnant or non-pregnant rats. This discrepancy be- 
tween our results and those of Laube et al. [14] 
appears to be resolved by a later study in which it was 
shown that only the later phase of insulin release is 
elevated by sucrose feeding, and that the early insulin 
response is not different in sucrose-fed and starch- 
fed rats [15]. The considerable elevation of the late 
'plateau-like' response of insulin to an increased glu- 
cose concentration, which results from sucrose feed- 
ing [15], may be involved in producing at least some 
of the various metabolic changes that are found in 
animals fed on this diet [1, 16]. The fructose moiety 
in sucrose is thought to be responsible for these 
changes [3]. Thus in the present study we have also 
compared fructose and glucose diets. 

The insulin response to glucose in 20-day preg- 
nant rats was similar for all diets. However the insulin 
response in glucose-fed nonpregnant rats was greater 
than in non-pregnant rats fed the other carbohy- 
drates. This might be explained if there is a more 
rapid absorption of glucose following a glucose meal 
compared with other carbohydrate meals as reported 
by Naismith and Rana [18]. It appears that the glu- 
cose-fed rats adapt by an increase in the sensitivity of 
the pancreatic p-cell to a rise in plasma glucose [12]. 
In the present study our main purpose was to com- 
pare the effects of different dietary carbohydrates. 
For this reason we have not included a low carbohy- 
drate diet. However we have measured the insulin 
response in rats fed a stock diet containing 49% 
starch. The results were substantially the same as 
those for the sucrose, starch, and fructose diets. In 
the experiments of Costrini and Kalkhoff [9] the rats 
were fed a stock diet which contained 58% carbohy- 
drate. 

If the effects of diet and pregnancy on insulin 
response are independent then one might expect that 
the response in glucose-fed rats would show a further 
increase during pregnancy. Although there was a 
slight increase it was not significant. This suggests 
that these effects are, at least in part, related. Furth- 
ermore the increased insulin response produced by 
glucose feeding appears to be able to deal with the 
metabolic demands of pregnancy without any further 
substantial increase in response, since there is no 
obvious impairment of glucose tolerance in pregnant 
glucose-fed rats (Fig. 2). It has been reported that in 
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the  rat ,  p r e g n a n c y  increases  act ive t r a n s p o r t  of  glu- 
cose  across  the  in tes t ine  [13]. This  is t hough t  to  be  
the  resul t  of the  i nc reased  food  in t ake  dur ing  p reg -  
nancy.  I t  is poss ib le  t he r e fo re  tha t  the  inc rease  in 
insul in r e sponse  to  g lucose  which  occurs  dur ing  bo th  
p r e g n a n c y  and  g lucose  f eed ing  is l a rge ly  due  to  the  
m o r e  r a p i d  en t ry  of  g lucose  into  the  c i rcu la t ion  fol-  
lowing a meal .  W e  suggest  tha t  this i nc reased  avai l -  
ab i l i ty  of  g lucose  occurs  in p r e g n a n t  ra ts  r ega rd les s  of  
the  type  of c a r b o h y d r a t e  in the  die t  (s ince it is due  to 
the  effect  of  i nc reased  food  in take) ,  and  occurs  in 
n o n - p r e g a n t  rats  only  when  fed  glucose  diets .  Thus  
the  nu t r i t iona l  changes  dur ing  p r e g n a n c y  m a y  p lay  an 
i m p o r t a n t  ro le  in increas ing  insul in r e sponse  to glu-  
cose,  as G r e e n  and  T a y l o r  [10] have  sugges ted .  
A l t h o u g h  this is p r o b a b l y  no t  the  on ly  inf luence  on  
the  panc rea t i c  B-cell dur ing  p r e g n a n c y  as shown by  
inves t iga t ions  in to  the  effects  of  p r e g n a n c y  h o r m o n e s  
[17]. 
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