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Summary. Pancreat ic  glands of 22-day-old ra t  foe- 
tuses or 0- -12  d a y  old ra ts  were incubated in a Krebs-  
Ringer phosphate-buffered salt solution, and the insulin 
secretion measured a t  a lower (0.6 mg/ml) or a higher 
(3 mg/ml) glucose concentration in the medium. Stimu- 
lat ion of the insulin release by  glucose could not  be de- 
tected until  the second postnata l  day,  when there was a 
marked increase in the  amount  of hormone secreted into 
the  medium. Since the presence of insulin has been de- 
monst ra ted  in the  B-cells of ra t  foetuses, the da ta  suggest 
t ha t  in this species the cellular mechanism for insulin 
synthesis becomes manifest  considerably earlier than  tha t  
for glucose-regulated insulin release. 

Stimulation par le glucose de la sgcrdtiOn d'insuline par 
le 29ancrgas isold de rats foetaux et nouveau-ntis 

l?dsumg. Les glandes pancr6atiques de foetus de rats  
~gds de 22 jours ou de ra ts  ~gds de 0--12 jours ont  dtd 
incubdes dans une solution t ampon  au phosphate  de 
Krebs  Ringer, et la s6crdtion d' insuline a dtd mesurde 
pour une faible concentration de glucose (0.6 mg/ml) ou 
pour une concentration de glucose plus dlev6e (3 mg/ml) 
dans le milieu. La  s t imulat ion de la l ib6ration d' insuline 
par  le glucose ne pouvai t  pas 6tre ddcel6e jusqu 'au  
deuxi&me jour postnatal ,  o~t il y avai t  une net te  augmen- 
ta t ion  de la quanti td d 'hormone sdcrdtde dans le milieu. 

Puisque la prdsence d' insuline a 6t6 d6montrde dans les 
cellules B de foetus de rats,  les donndes suggbrent que 
dans cette esp~ce le mdcanisme cellulaire de la synthbse 
de l ' insuline devient  manifeste beaucoup plus t6t  que 
celui de la lib6ration d'insuline r6gul6e par  le glucose. 

Stimulation der Insulinsekretion mit Glucose aus dem 
isolierten Pankreas yon foetaten und neugeborenen l?atten 

Zusammenfassung. Das Pankreas  yon 22 Tage alten 
Rat tenfoeteu  oder 0--12 Tage al ten Ra t t en  wurde in 
einer Krebs-Ringer-Phosphat-Puffer-LSsung inkubiert ,  
und die Insulin-Sekretion bet ether niedrigeren (0.6 mg/ml) 
oder hSheren (3 mg/ml) Glucosekonzentration der L6sung 
gemessen. Stimulat ion der Insulinfreisetzung durch Glu- 
cose konnte bis zum 2. postnatalen Tag nicht  festgestellt 
werden, an dem ein bemerkenswerter  Anstieg des in die 
L6sung sezernierten Hormons eintrat .  Da  die Gegenwart 
yon Insulin in den B-ZeUen yon Rat tenfoeten  gezeigt 
wurde, lassen die Werte  vermuten,  da2 sich bet dieser 
Spezies der Zellmechanismus fiir Insulin-Synthese be- 
tr~chtlich friiher manifest iert  als die glucoseregulierte 
Insulinfreisetzung. 

Key-words: Insulin secretion, isolated pancreas, pan- 
creas of foetal rats.  

Introduction 

There  is much  evidence to  ind ica te  t h a t  synthes is  
of insul in  occurs in the  panc rea t i c  B-cells a t  a r a the r  
ea r ly  s tage of m a m m a l i a n  foeta l  deve lopment .  Mor- 
phologica l  s tudies  in m a n  have  d e m o n s t r a t e d  s torage  
of t he  hormone  as cy top lasmic  secret ion granules  al- 
r e a d y  a t  a foeta l  age of a b o u t  10- -12  weeks [2, 3, 12], 
a n d  insul in  is p resen t  in  t he  B-cells in foetuses  of the  
ra t ,  guinea-pig ,  sheep and  mouse before the  l as t  t h i r d  
of the  ges t a t iona l  pe r iod  [1, 8, 10, 17, 19, 20]. The 
corre la t ion  be tween  the  morpholog ica l  m a t u r a t i o n  of 
the  B-cell  a n d  the  deve lopmen t  of t he  mechan i sms  for 
r egu la t ion  of insul in release is, however ,  poo r ly  under-  
s tood.  A n  a p p r o a c h  to  th is  ques t ion has  been  m a d e  
in  the  p resen t  s t u d y  b y  measur ing  the  insul in  release 
f rom foeta l  a n d  neona t a l  r a t  pancreas  i n c u b a t e d  in 
med ia  wi th  different  glucose concent ra t ions .  

Materials and Methods 

~ o e t a l  a n d  neona t a l  Sp rague -Dawley  ra t s  of bo th  
sexes were used.  The  foe ta l  age was e s t i m a t e d  wi th  
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an  accuracy  of ~= 5 h, and  the  9 o s t - p a r t u m  age was 
de t e rmined  on the  basis  of wi tnessed  del ivery .  The  
neona t a l  ra t s  r ema ined  wi th  the i r  mo the r s  un t i l  the  

T 

s t a r t  of the  exper iment .  
Af te r  decap i t a t i on  of the  an ima l  the  pancreas  was 

qu ick ly  excised,  r insed  in i ncuba t ion  med ium,  b l o t t e d  
on filter pape r ,  weighed and  suspended  in ice-cold 
med ium.  The subsequent  incuba t ions  were pe r fo rmed  
m a i n l y  as descr ibed  b y  Coo~n and  RA~DLE [4]. The  
incuba t ion  m e d i u m  consis ted of K r e b s - R i n g e r  phos-  
pha te -buf fe red  sal t  so lu t ion  [21] s u p p l e m e n t e d  wi th  
bovine  serum a lbumin ,  2 mg /ml  (Frac t ion  V;  A r m o u r  
P h a r m a c e u t i c a l  Co. L td . ,  Eas tbourne ,  Eng land) ,  to-  
ge the r  wi th  p y r u v a t e ,  g l u t a m a t e  and  f u m a r a t e  each 
a t  a concen t ra t ion  of 5 mM [4]. Glucose was a d d e d  to 
the  m e d i u m  a t  a concen t ra t ion  of 0.6 or 3.0 mg/ml .  

The  pancrea t i c  g lands  (10--20  mg wet  weight)  were 
i n c u b a t e d  wi thou t  sl icing a t  + 37 ~ C in W a r b u r g  vessels 
wi th  cons tan t  shaking.  The  gas phase  consis ted of pure  
oxygen.  Af te r  p re incuba t ion  for half  an  hour  a t  the  
lower glucose concent ra t ion ,  t he  g lands  were r insed  in  
fresh m e d i u m  a n d  i ncuba t ed  for a fur ther  30 mil l  in  
new vessels conta in ing  0.5 ml  of med ium wi th  the  same 
glucose concent ra t ion .  This was fol lowed b y  a final 
i ncuba t ion  pe r iod  of the  same length  a t  the  h igher  
glucose concent ra t ion .  Samples  of the  med ia  f rom the  
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two last incubation periods were immediately frozen 
for subsequent insulin determinations according to 
HALES and RA~DLE [11]. Crystalline mouse insulin 
(approx. 23 IU/mg) was used as a standard. Antibody 
and 125I-insulin were obtained from The Radiochemical 
Centre, Amersham, England. Duplicate assays were 
carried out, the error of a single determination being 
-4-12%. Absolute rates of insulin release have been 
expressed as ng/mg wet weight per 30 rain. 

Results 

As shown in Table 1 the rate of insulin release at 
the lower glucose concentration displayed small vari- 

Table 1. Mean insulin secretion (4- S .E .M. )  from incubated 
pancreatic glands of foetal and newborn rats. The signifi- 
cance of the difference between the secretion rates at lower 
and higher glucose concentrations in the incubation media 

is also shown 

Age Number of Insulin secretion P 
Days observations (rig/rag pancreas/30 nain) 

(Number of 0.6 nag 3.0 nag 
litters) glueose/nal glucose/nal 

--1/2 7 (3) 1.5 • 0.3 1.5 4- 0.3 > 0.05 
8 (3) 1.5 4- 0.3 1.1 -4- 0.3 > 0.05 

1 6 (3) 1.8 i 0.7 0.7 4- 0.2 > 0.05 
2 11 (2) 1.4 4- 0.3 3.8 4- 0.8 <0.05 
3 11 (2) 1.7 4- 0.2 5.6 4- 0.9 < 0.001 
5 6 (2) 1.4 4- 0.3 3.9 4- 0.3 < 0.01 
6 9 (3) 1.7 4- 0.3 4.1 4- 0.9 < 0.05 

i2 7 (i) 1.1 4- 0.3 3.0 4- 0.3 < 0.00l 

ations between animals of different postnatal ages. 
This basal rate of insulin secretion was also of the same 
order as that  observed just before birth. A stimulation 
of the insulin release by glucose could not be detected 
until the second postnatal day, when in most experi- 
ments there was a very marked increase in the amount 
of hormone secreted into the medium. I t  is worthy of 
note, however, that  also on the second postnatal day 
4 out of 11 glands remained unaffected by glucose. In  
the older animals only occasional specimens showed 
this lack of response. The great majority of pancreatic 
glands at these ages contained B-cells displaying a 2- 
to 6-fold increase of the insulin release during incuba- 
tion with the higher glucose concentration. 

Discussion 

The present data indicate that  stimulation in  vitro 
of insulin release from the rat pancreas by glucose does 
not occur until the second postnatal day. Previous 
studies with morphological, histoehemical and bio- 
chemical methods have conclusively demonstrated the 
presence of insulin in the B-cells of rats at  about the 
18th intrauterine day [5, 6, 8, 18, 20]. I t  seems prob- 
able, therefore, that  the cellular mechanism for insulin 
synthesis becomes manifest considerably earlier than 
that  for glucose regulation of insulin release. There is, 

however, some evidence to suggest that  the insulin 
storage of the B-cells is considerably raised by glucose 
administration to one-day-old rats [15]. Glucose might 
therefore enhance the synthesis of insulin before it 
becomes able to stimulate the release of this hormone. 

The rate of morphological maturation of mamma- 
lian B-cells differs a great deal between various species. 
Whereas distinct secretion granules can be seen in the 
light microscope in man very early during the foetal 
life [2, 3, 12], they have not been detected until the 
second half of gestation in the rat. I t  seems probable 
that  corresponding differences exist in the deve- 
lopment of the mechanism for the regulation of 
insulin release. In  fact, recent data have shown that  
in the human newborn, glucose administration 
through the umbilical cord increased the blood level 
of immunoreaetive insulin already a few hours after 
birth [13]. This increase was, however, much slower 
than that  reported to occur upon intravenous adminis- 
tration of glucose in adult life and also in newborns 
of diabetic mothers [13]. The latter observation sug- 
gests that  maternal diabetes may accelerate the func- 
tional maturation of the foetal B-cell. 

Since insulin has been found not to penetrate the 
placental membranes of rats [2a, 7], the possible 
demands for this hormone must be met by the foetal 
endocrine pancreas itself. I t  is, however, still obscure 
to what extent the foetus depends on a supply of in- 
sulin for its normal development. Insulin sensitivity 
(in terms of a facilitated glucose entry across cellular 
membranes) seems to develop gradually during in- 
trauterine life [9]. Further studies are required to 
evaluate, to what extent insulin is present in the foetal 
blood circulation before the B-cell can respond to 
glucose, and what mechanisms are responsible for its 
secretion. In  recent studies VECCHIO et al. [22] and 
LAMBERT et al. [14] have shown that  insulin secretion 
from the cultured foetal pancreas of rats may be sti- 
mulated by a number of factors other than glucose. 
In  addition, Mn~NE~ and W~mKT [16] reported a 
prompt rise in the plasma insulin level after adminis- 
tration of glucagon in one-day-old human infants. 
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