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Summa~j.  The insulin response to glucose st imulat ion 
has been investigated in vivo and in vitro in suckling rats  
from small or large litters. In  two day old animals from 
small l i t ters there was a marked increase in serum insulin 
levels after an intraperi toneal  glucose injection, while the 
insulin response to glucose in animals from large litters 
was low and sluggish. The weak insulin response to 
glucose in the two day  old rats  from large li t ters w a s  
further substant ia ted in studies in vitro in which the 
insulin release of isolated pancreatic glands was measured 
after incubation in a low or a high glucose concentration. 
On the third and fourth pos tna ta l  days there was an 
increased insulin secretion in response to the glucose 
challenge both in vivo and in vitro in the two groups of 
animals. The results indicate tha t  postnata l  feeding mod- 
ulates the  development of the glucose-mediated insulin 
release. 

Effet de la nutrition post-natale sur la maturation fonc- 
tionnelle des cellules B des ~lots panergatiques chez le rat nou- 
veau-n~ 

Rdsumd. La rdponse de l ' insuline N une st imulat ion par  
le glucose a dtd dtudide in vivo et in vitro chez des rats  
nouveau-ntis de peti tes ou de grandes portdes. Chez les 
animaux des peti tes  portdes, ggds de deux jours, i l y  avai t  
une net te  augmentat ion des t aux  de l ' insuline du sdrum 
apr~s une injection de glucose intrapgritondale, tandis  que 
la rdponse de l ' insuline au glucose draft faible et lente 
chez les animaux des grandes portdes, ggds de deux jours. 
La faible rdponse de l ' insuline au glucose chez les animaux 
des grandes portdes, ggds de deux jours, a dtd confirmde 
par  l 'dtude in vitro darts laquelle a dtd mesurde la sdcrdtion 
d' insuline par  les glandes panerdatiques isoldes apr~s 

incubation dans une concentration faible ou forte de glu- 
cose. Le 3 e ou le 4 e jour aprgs la naissanee, i l y  a une 
augmentat ion de la sdcrdtion d'insuline en r@onse ~ une 
charge de glucose in vivo et in vitro dans les deux groupes 
d 'animaux.  --  Les rdsultats indiquent que la nutr i t ion 
post-natale  influence le ddveloppement de la sdcrdtion 
d' insuline provoqude par  le glucose. La possibilitd d 'une 
influence des faeteurs extra-pancrdatiques sur le procddd 
de matura t ion  est discutde. 

Die Wirkung der postnatalen Fi~tterung auf die funktio- 
helle Reifung der B-Zellen der Bankreasinseln neonataler 
Batten 

Zusammenfassung. Die Insulinsekretion naeh Glucose- 
s t imulat ion wurde in vivo und in vitro an kleinen und 
groBen Wiirfen s~ugender Rat ten  untersucht.  Bei 2 Tage 
alten Tieren aus kleinen Wiirfen war ein starker Anstieg 
des Seruminsulinspiegels naeh intraperi tonealer  Glueose- 
injektion festzustellen, w/~hrend die Insul inantwort  auf 
Glucose bei Tieren eines grol?en Wurfs langsam und gering 
war. Die schwaehe Insulinsekretion naeh Glucose bei 
2 Tage alten .Ratten eines grol3en Wurfs wurde in vitro 
weiter untersucht und die Insulinsekretion in geringer und 
hoher Glueosekonzentration gemessen. Am dri t ten und 
viertert postnatalen Tag wurde eine erh6hte Insulin- 
sekretion in vivo und in vitro bei beiden Tiergruppen 
beobaehtet .  Die Ergebnisse deuten darauf  hin, dab die 
Entwicklung der glueoseinduzierten Insulinsekretion yon 
der postnatMen Fi i t terung beeinfluBt ist. 

Key words : Insulin content, pancreatic weight, glucose 
load, serum insulin, insulin release in vitro, neonatal  
period, postnata l  feeding. 

Introduction 

I n  the  foetus and  newborn  of several  species the  
s t imula t ing  ac t ion  of glucose on insul in  secret ion is 
poor ly  deve loped  or absen t  [1, 2, 6, 7, 24, 25, 29, 32]. 
This has been t ho rough ly  i nves t i ga t ed  in the  ra t ,  in 
which s tudies  bo th  in vivo [2] and  in vitro [2, 6] have  
shown a l ack  of insul in secre tory  response to  glucose 
up to  the  second p o s t n a t a l  day .  This does no t  seem to 
depend  on a genera l  i m m a t u r i t y  of the  B-cell, since 
foeta l  B-cells i n c u b a t e d  in m e d i u m  conta in ing  bo th  
glucose and  theophyl l ine  show a m a r k e d  increase in 
insul in  release [26, 28]. On the  basis  of these and  o ther  
observa t ions  i t  has  been sugges ted  t h a t  a decreased 
level of cyclic [3', 5'] A M P  in the  fe ta l  B-cell  m a y  be 
the  cause of the  in sens i t iv i ty  to  glucose [28]. 

I t  is no t  known  to wha t  ex t en t  the  neona ta l  func- 
t ion  of the  B-cell  depends  on ex t r apanc rea t i c  factors.  

I n  the  ra t ,  a shif t  to  a glucose-sensi t ive t y p e  of insul in  
secre tory  mechan i sm occurs dur ing  the  first  days  of 
ex t r au te r ine  life [2, 6]. I t  is therefore  possible t h a t  the  
feeding dur ing  ear ly  neona ta l  life influences the  ma-  
t u r a t i on  process of the  B-cell,  e i ther  t h rough  changes 
of the  b lood  glucose levels or th rough  an effect on the  
release of cer ta in  hormones.  The presen t  s tudy  is an  
a t t e m p t  to  de te rmine  whe ther  the  deve lopmen t  of the  
insul in responsiveness  of the  B-cells to  glucose is 
r e la ted  to  the  calorie i n t ake  of the  newborn  ra t .  

Materials and Methods 
Animals  

The offspring of Sprague-Dawley  ra t s  (ob ta ined  
from Ant ic imex ,  Stockholm,  Sweden) were used  
t h roughou t  this  s tudy .  P r e g n a n t  and  l ac ta t ing  mothers  
were rea red  under  uni form condi t ions  and  were a l lowed 
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free access to commercial pelleted food (Anticimex, 
Stockholm, Sweden). The mothers gave birth to litters 
containing 7--13 animals with a mean body weight of 
6 .5~0 .1  g (S.E.M.; n=-34). 

In  order to achieve marked variations in their ca- 
loric intake, the newborn rats were grouped into litters 
of various sizes according to the following technique. 

Within 10 h of delivery the offspring of 2--3  
mothers were collected and randomly regrouped into 
small litters (SL) with 5 animals, and large litters (LL) 
with 15--20 animals in each. The litters were then 
immediately returned to the mothers. 

The investigations were performed on two, three 
and four day old rats, i.e. 36--60 h, 60--84 h, and 
84-- 108 h after delivery. The animals were allowed to 
suckle at  will from birth until 2 h before the start  of 
the experiment, when they were separated from the 
mothers and kept at an ambient temperature of + 32 ~ 
to -b 34 ~ C. 

cubation medium, weighed and transferred without 
slicing to Warburg  vessels (total volume 5--6  ml) for 
incubation. The incubation medium consisted of Krebs- 
Ringer phosphate-buffered salt solution [38] supple- 
mented with 2 mg/ml bovine plasma albumin and 
5 mM each of pyruvate,  glutamate and fumarate [12]. 
Glucose was added to the medium at a concentration 
of 0.6 or 3.0 mg/ml. 

The pancreatic glands were incubated individually 
at  ~-37~ with constant shaking (108 strokes per rain) 
in a gas phase of pure oxygen. The incubation pro- 
cedure was similar to tha t  described by  Coore and 
gandle  [12]. After preincubation for 30 min at  the low 
glucose concentration, the glands were rinsed in fresh 
medium, transferred to new vessels and incubated for 
a further 30 min period in 0.5 ml of medium containing 
0.6 mg glucose/ml. This was followed by a final in- 
cubation period of 30 rain in medium with a glucose 
concentration of 3.0 mg/ml.  Samples of the incubation 

Table 1. Wet weight and insulin content of the pancreas of newborn rats from small (SL)  and large litters (LL) .  Mean ~ SEM.  
The number of obse~vations are given within parentheses. Insulin content values are not corrected for loss of insulin during 

the extraction procedure 

Age Pancreas weight Pancreatic insulin content Total pancreatic insulin content 
(days) (rag) (~g/mg) (I~g/panereas) 

SL LL SLvsLL SL LL SLvsLL SL LL SLvsLL 

2 30.7&1.3 29.5~1.0 n.s. 0.42~=0.02 0.28~=0.02 /~<0.001 13.1~=0.9 8.3 • P<0.001 
(6) (10) (6) (10) (6) (10) 

3 36,7=~1.5 35.9~=3.0 n.s. 0.37~0.02 0.27-J_0.02 P <  0.01 13.7~=0.8 9.6 • P < 0.01 
O) (7) (9) (7) (9) (7) 

4 42.1~1.7 32.6• P<O.05 0.40• 0.38• n.s. 16.9~2.2 11.7• n.s. 
(S) (6) (8) (6) (S) (6) 

Administration of glucose in vivo 

After the animals had been weighed, a 10 per cent 
sterile glucose solution was injected intraperitoneally 
at a dose of 2.0 g/kg body weight. To prevent leakage 
at the site of injection, vaseline was applied around the 
hypodermic needle before withdrawal. At intervals of 
15, 30 and 60 min after the glucose injection, animals 
were bled to death by cutting the neck vessels, and the 
blood was collected in dry test tubes. The samples were 
put  on ice and after coagulation the serum was sep- 
arated by  centrifugation and stored frozen for subse- 
quent insulin and glucose determinations. Blood 
samples were also taken from control animals (no 
injection) in the same litters for determination of basal 
serum insulin and glucose levels. 

The injection procedure did not appear to affect 
serum glucose or serum insulin levels, since in animals 
injected with 0.9 per cent saline and in control animals 
(no injection) there was no difference in serum insulin 
or glucose levels measured at the post-injection time 
intervals. 

Incubation of pancreatic glands in vitro 

Animals were killed by  decapitation and the 
pancreatic glands quickly excised, rinsed in cold in- 

fluid from the last two incubation periods were im- 
mediately frozen and stored at --  20 ~ C for subsequent 
insulin determinations. 

The degradation of insulin during the incubations 
was estimated in separate experiments as described by 
Mirsky et al. [30]. The recovery of 125I-insulin added to 
the incubation medium was found to be 75 • 2 per 
cent (n • 12) in each of the last two 30 min incubation 
periods. No differences in insulin degradation were 
found with pancreatic tissue from animals of different 
neonatal ages. 

Measurements of insulin and serum glucose 

Insulin determinations on serum or incubation 
media were performed with the double ant ibody 
radioimmunoassay of Hales and lZandle [22]. 

125I-insulin and insulin, binding reagent were 
obtained from The Radioehemical Centre, Amersham, 
England. Crystalline mouse insulin and crystalline rat  
insulin were generously provided by  Dr. J.  Schlicht- 
krull, Novo I~esearch Inst i tute,  Copenhagen, Denmark. 
Bovine plasma albumin (Fraction V) was a product  of 
Armour Pharmaceutical  Co., Eastbourne, England. 
Crystalline mouse insulin was used for standards, since 
it was found to have a similar cross-reactivity as 
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crystalline rat  insulin with the commercial antibody 
preparation. Duplicate determinations were performed 
on each sample, the error for a single determination 
being ~= 11 per cent. 

Serum glucose levels were assayed on 5 btl duplicate 
samples by  the glucose oxidase method of Hjelm & De 
Verdier [23]. The error for a single determination was 
calculated as 4. 4 per cent. 

Extraction of insulin 
Rats were sacrificed without preceding fasting 

and the pancreas removed together with the gut. Each 
pancreatic gland was then dissected out in its entirety, 
weighed and immediately subjected to the extraction 
procedure. 

Insulin was extracted by  a modification of the acid 
ethanol technique described by  Scott and Fisher [35]. 
The pancreatic tissue was homogenized in a glass 
tissue grinder with 1.0 ml acid ethanol (75 ethanol: 
25 HeO: 1.5 cone HCl,v/v). The homogenizer was 
rinsed twice with 0.5 ml acid ethanol and the three 
portions of extraction fluid were pooled and allowed to 
stand with the homogenized pancreas at  4. 4~ for 
24 h. The homogenate was then centrifuged and the 
supern~tant was transferred to a plastic tube and 
stored at - -  20 ~ C until assayed for insulin content. The 
efficiency of the extraction procedure was estimated 
by  addition of a2~I-insulin to the first portion of the 
extraction fluid before the homogenization. The reco- 
very of radioactive insulin was estimated to be 90 4- 1 
per cent (n = 7). 

Statistical methods 
The results have been expressed as the mean 

standard error of the mean (S.E.M.). The data were 
subjected to a test  of significance using Student 's  t-test 
and differences were considered significant when 
P < 0.05. Method errors were calculated according to 
Dahlberg's formula [16]. 

Results 
Body weights 

As shown in Fig. 1 the SL animals were already 
significantly heavier than the LL animals on the second 
postnatal  day (P < 0.001). The difference between the 
weights increased during the subsequent period of 
observation, the average weight ratio of SL to LL rats 
being 1.2, 1.3, and 1.5 at  two, three and four days of 
age, respectively. I t  was notable tha t  there was no 
further weight gain of the LL animals between three 
and four days of age. 

Pancreatic weight and insulin content 
As shown in Table 1 similar pancreatic weights 

were recorded in the two groups of animals at  two 
days of age. There was a progressive increase of pan- 
creatie weight in the SL group up to four days of age, 
while the LL rats showed no significant increase during 

this period. At four days of age there was a significant 
difference in pancreatic weights between SL and LL 
animals (P < 0.05). 

During the observation period there was no change 
in the insulin content per mg pancreas of the SL ani- 
mals, whereas in the LL group a significant increase 
(P < 0.05) was recorded between three and four days 
of age. Two and three day old SL animals displayed 
higher insulin content per mg pancreas than the cor- 
responding LL groups. At four days of age this difference 
had disappeared. 

The total  pancreatic insulin content was signif- 
icantly higher in the SL than in the LL animals both 
on the second and the third postnatal  day. An increase 
in total  insulin content during the observation period 
was recorded in both groups of animals. 
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Fig. 1. Body weights in neonatal rats from small (O ..... O ) 
and large litters (0  0) at different ages. Mean values 

SEM 

Basal serum insulin and glucose levels 
The serum glucose concentration of the rats, 

shown at  zero time in Figs. 2--4,  gradually increased 
with age. In  the two day old rats of the SL group the 
glucose concentration was 69 ~ 5 rag/100 ml. rising 
to 93 ~z6 rag/100 ml in the four day old animals 
(P < 0.01). A similar rise was noted in the LL animals, 
in which the serum glucose concentration in the two 
day old rats was 544 .3  rag/100 ml and in the four 
day old animals 7 7 •  rag/100 ml (P<0 .01) .  How- 
ever, at all ages studied the serum glucose concentra- 
tions of the SL animals were significantly higher than 
in the LL animals (P < 0.05 in all three age groups). 

In  contrast to the glucose levels there was a decrease 
of serum insulin concentration with age in both SL and 
LL rats (also shown at zero t ime in Figs. 2--4).  In  the 
SL animals the II%I levels declined from 3.7 4. 0.9 ng/ 
ml at two days of age to 1.2-~ 0.2 ng/ml in the four 
days old rats (P < 0.05). The corresponding values in 
the LL animals were 2.3 + 0.4 ng/ml and 1.1 4. 0.2 ng/ 
ml (P<0 .01) .  Throughout the observation period 
somewhat higher I R I  levels were recorded in the SL 
animals, but  in no case was this difference statistically 
significant. 
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Effects o]" glucose administration in vivo 
I n  the  two d a y  old ra ts  i n t r ape r i tonea l  glucose 

admin i s t r a t i on  caused a lmos t  ident ica l  serum glucose 
curves in the  two groups of an imals  (Fig. 2). B y  
contras t ,  the  insul in response to  the  glucose load  
differed conspicuously  in the  two groups of animals .  I n  
ra ts  ob ta ined  from the  SL group a p ronounced  insul in  
response wi th  a peak  va lue  of 29.2 4-6.5 ng/ml  was 
observed af ter  glucose admin i s t r a t i on  (Fig. 2). I n  the  
L L  animals  the  glucose in jec t ion  p rovoked  a much  
smaller  I R I  response, and  only  the  peak  value  (6.2 4- 
0.9 ng/ml)  recorded af ter  30 min  was s ignif icant ly  
ra ised above  the  pre- in jec t ion  value  ( P < 0 . 0 1 ) .  A t  all  
pos t - in jec t ion  t ime  in te rva ls  s tud ied  the  insul in  values  
of the  SL animals  were s ignif icant ly  h igher  t h a n  those 
ob ta ined  in  the  L L  animals .  
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Fig. 4. Effects of an intraperi toneal  glucose load on serum 
insulin and glucose levels in four days old rats  from small 
and large litters. For  explanation of symbols, see Fig. 2 

W h e n  th ree  d a y  old ra ts  were in jec ted  wi th  
glucose, the  serum glucose curves were of essent ia l ly  
the  same appea rance  in the  two groups of an imals  
dur ing the  first 30 min  af ter  in jec t ion;  the rea f t e r  
the  SL ra t s  showed a more r ap id  decline towards  the  
pre- in jec t ion  value  (Fig. 3). I n  the  SL group this  
glucose level  was reached af ter  60 min,  when the  values 
of the  L L  animals  st i l l  r emained  s ignif icant ly  higher  
t h a n  the  pre- in jee t ion  level (P  < 0.01). A t  this  age, the  

L L  animals  also showed a d i s t inc t  insul in response to 
glucose admin i s t r a t i on  wi th  a five-fold increase of 
serum levels af ter  30 min. However ,  the  serum insul in 
values of the  L L  animals  were st i l l  lower t h a n  in the 
SL animals  a t  all  t ime in te rva ls  s tudied,  the  difference 
being signif icant  a t  15 and  60 min  af te r  the  glucose 
in jec t ion  (Fig. 3). Fu r the rmore ,  the  serum insul in 
curve showed an  earl ier  peak  in the  SL t h a n  in the  LL 
animals .  
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Glucose administration to four day old rats caused 
a peak glucose level of the same magnitude in the two 
groups of animals (Fig. 4). While normoglycaemia was 
recorded 60 min after the glucose injection in the SL 
animals, the serum glucose curve in the LL group 
displayed a considerably slower decline to pre-in- 
jeetion levels. In  the SL group glucose administration 
caused a distinct serum insulin peak 15 rain after the 
injection. The samples obtained at 60 rain still showed 
I R I  levels significantly above the pre-injection values 
(P<0 .01) .  In  the LL animals of the same age, the 
glucose injection provoked a less pronounced insulin 
response than that  recorded in the SL rats. The I R I  
levels of the LL group 60 min after the injection also 
showed a significant elevation above the pre-injeetion 
values (P < 0.001). 

When comparing the serum insulin curves obtained 
from animals of different ages, it emerged that  in the 
two day old SL group a remarkably high insulin peak 
value was recorded 30 min after the glucose injection. 
In the two older age groups the peak value was lower 
and appeared after 15 min. In  the LL groups the peak 
insulin values were observed 30 rain after the injections 
at two and three days of age; the increase in serum 
insulin levels on the second postnatal day was, how- 
ever, considerably smaller than in the older LL rats. 
At four days of age the peak insulin value in the LL 
animals was also recorded 15 rain after the glucose 
injection. 

I n su l i n  release in  vitro 

As shown in Fig. 5 the insulin output of pancreatic 
glands incubated at a low glucose concentration dis- 
played small variations between animals of different 
ages and between animals obtained from the SL and 
LL groups. A stimulatory effect of a high glucose con- 
centration in the incubation medium was recorded in 
the SL rats at two, three and four days of age. By 
contrast, the pancreatic tissue of two day old LL rats 
did not respond to glucose stimulation with an in- 
creased I R I  secretion. At three and four days of age, 
however, the high glucose concentration caused a 
marked increase in insulin secretion. 

Discussion 

The present approach to the study of the develop- 
ment of the insulin response to glucose in newborn rats 
was chosen because it allowed for large differences in the 
caloric intake between the SL and LL animals, yet they 
remained in a relatively physiological environment. I t  
has been shown that  the litter size in the range observed 
in our delivering rats (7--13 per litter) has little or no 
influence on prenatal growth as reflected in the birth 
weights [8]. Any possible influence of differences in 
caloric supply during foetal life was, however , eliminat- 
ed by random redistribution of the newborn animals 
into small and large litters. 

During postnatal life, it is possible that the reduced 
access to food in the LL groups might have caused 
more stress reactions in these animals than in the SL 
groups. A lower insulin response of the LL animals to 
glucose might therefore merely have reflected high 
circulating levels of catecholamines, which are known 
to inhibit insulin release [12]. I t  may also be argued 
that  differences in the resorption of glucose from the 
injection site, or in insulin removal from the circulation, 
could have accounted for at least some of the obser- 
vations from the experiments performed in  vivo. I t  
was therefore necessary to extend the investigations 
to include measurements of insulin release in  vitro. 
The results of these studies support the observations 
in  vivo that  there is a low insulin response to glucose 
in the two day old LL animals. In  three and four day 
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Fig. 5. The rate of insulin release in vitro from the pancreas 
of neonatal rats from small and large litters in the pre- 
sence of glucose at a concentration of 0.6 mg/ml (open 
bars) or 3.0 mg/ml (filled bars). The number of obser- 
vations is given at the top of each bar, which represents 
results from animals obtained from at least three litters. 
The values are not corrected for degradation of insulin 
during the incubation. The asterisks denote levels of 
sig~aifieance calculated on the differences in insulin release 
at a low or a high glucose concentration in the incubation 

medium (xx = p < 0.01 ; xxx = p < 0.001) 

old rats the effects of glucose on insulin secretion were 
also qualitatively similar in vivo and in  vitro. I t  
therefore seems reasonable to conclude that  the results 
obtained in the intact animals reflected variations in 
the pancreatic insulin release and that  the low insulin 
response to glucose in two days old LL rats was 
unlikely to be caused by  circulating inhibitors of insu- 
lin secretion like catecholamines. 

The possibility that  the delayed, and low, glucose- 
induced insulin secretion in the two day old LL 
animals might have been due to a diminished pan- 
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creatie insulin content was also considered. The pre- 
sent data  shows a progressive increase in the total  
pancreatic insulin content between two and four days 
of age in both SL and LL animals, but  the insulin 
content in LL animals is significantly lower than in 
SL animals on the second and third postnatal  days. 
The fact that  insulin release from the pancreatic 
B-cell of neonatal rats responds to stimuli such as 
tolbutamide [4], amino acids [3, 18], and glucagon plus 
theophylline [19] during the glucose-insensitive period 
also makes it unlikely tha t  insufficient stores of 
insulin account for the low insulin response to glucose 
in the two days old LL rats. Other workers have also 
shown increases in total  pancreatic insulin content in 
the first days of extrauterine life [26, 27, 34]. The 
values for pancreatic insulin content recorded in the 
present study correlate well with the levels reported 
by Lamber t  [26]. The figures for pancreatic weights 
given here, however, exceed those reported by other 
authors, who have used both Wistar [9, 26] and Spra- 
gue-Dawley rats [34]. This may  par t ly  be due to the 
smaller size at birth of the Wistar rat  compared to the 
Sprague-Dawley rat  [8, 36] or to the careful dissect- 
ion technique employed in the present study. 

During the first day of extrauterine life in the ra t  
there is a rapid decline in basal serum insulin levels 
[2, 9], and this decrease continues until the fifth post- 
natal  day [9]. The present results agree with these 
observations, in tha t  a progressive fall in basal serum 
insulin levels between the second and the fourth post- 
natal  day was observed in both the LL and SL groups. 
I t  was also shown that  restriction of food intake, 
reflected in a very small weight gain of the LL animals, 
did not impede a gradual rise of serum glucose levels 
from the second to the fourth postnatal  day. 

In  adult rats, starvation has been shown to pro- 
duce an impairment of glucose-stimulated insulin 
secretion [21]. There is also evidence to suggest that  
the restoration of a glucose-sensitive insulin releasing 
mechanism when refeeding the starved animals on a 
high carbohydrate diet reflects changes in a glucose 
inducible enzyme system in the pancreatic B-cell [21]. 
In  the present study the LL animals developed a 
glucose-sensitive type of insulin release in spite of sus- 
tained caloric restriction. Whether  the moderate rise 
in serum glucose levels during the present observation 
period is of any significance for the maturat ion process 
of the B-cells remains to be elarified since the serum 
glucose levels at this t ime are still low when compared 
to the values obtained prior to parturit ion [33] or 
during later postnatal  development [3]. Furthermore,  
the proportional contribution of carbohydrates to the 
calorie supply is high during fetal life [13] but markedly 
reduced when the newborn rat  becomes dependent on 
milk for its nutrition [15]. 

An alternative explanation is tha t  the appearance 
of glucose sensitivity of the B-cells of neonatal rats 
could be due to an increased release of gut factors, 
some of which have been shown to be potent insulin 

secretagogues [14, 31]. In  a recent report Gentz et al. 
[17] have demonstrated a lower insulin response to 
intravenous glucose loading in starved piglets during 
the first day of life when compared to fed animals of 
the same age. These authors propose tha t  gastro- 
intestinal hormones, released upon feeding, might 
account for the insulin responses observed in the fed 
animals. However, the results presented here and in 
earlier communications [2, 4] demonstrate that  the 
ability to respond to a glucose challenge with increased 
insulin release at different stages of development is the 
same whether examined in vivo or in  vitro. This fact 
suggests that  the effect of feeding on the glucose- 
stimulated insulin release from the B-cell is not medi- 
ated by  the appearance of an extrapancreatic factor 
capable of promoting insulin secretion. This does not 
exclude the possibility tha t  extrapancreatic factors 
could influence the postnatal  metabolic differentiation 
of the islets [5], as they do in the liver of perinatal rats 
[20]. 

There was a close resemblance of the blood glucose 
curves of the two groups of animals on the second 
postnatal  day, in spite of the very different appearance 
of the two insulin curves. This supports the observation 
by Sutter et al. [37] tha t  in the ra t  there is a lack of 
sensitivity of the peripheral tissues towards the action 
of insulin at  this stage of development. Alternatively, 
a large proportion of the immunoreactive insulin in 
blood may  be made up of a biologically less active 
form of insulin such as proinsnlin [11]. At three and 
four days of age, however, the more pronounced insu- 
lin response to glucose in  vivo in the SL animals was 
accompanied by a faster rate of glucose disappearance. 
In  the piglet there is evidence to suggest some insulin 
resistance on the first postnatal  day [17]. However, 
controversy still exists on these matters,  since other 
authors have concluded that,  in the rat,  the insulin 
sensitivity of the peripheral tissues appears already at 
birth [10, 33]. 

Note added in proof. After this paper was submitted 
for publication Sodoyez-Goffaux et al. (Diabetes 2@, 586-- 
591 (1971)) reported that postnatal feeding may enhance 
the insulinogenie response to glucose in vitro. 
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