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Summary. The  distr ibution of different  celltypes (A, 
B, D and PP  cells) of the endocr ine  pancreas  was 
studied in bo th  the normal  and in the exper imenta l  
diabetic non -p regna n t  and p regnan t  rat. In  the nor -  
mal rat  the head  ( juxta duodena l  part)  of  the pan-  
creas conta ined  m o r e  PP  cells than  the tail (12.5 _+ 
1.1 versus 5.2 _+ 2.2) but  fewer  g lucagon cells (19.0 
+ 3.5 versus 14.3 + 3.6). This difference disap- 
pea red  during pregnancy,  when  the total  B cell mass  
increased (2.05 versus 0.82). In  the diabetic rat no 
difference was found  in the n u m b e r  of endocr ine  cells 
be tween  the tail and the juxta  duodena l  par t  of  the 
pancreas .  Unl ike  the non-d iabe t ic  rat, the n u m b e r  of 
B cells did not  increase in the pancreas  of  the pre-  
gnant  diabetic rat. A n  absolute  increase in the 
n u m b e r  of  g lucagon (A)  cells was demons t r a t ed  in 
the islets of the p regnan t  diabetic rat as c o m p a r e d  to 
the non-d iabe t ic  rat (35 versus 21.2). 
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A n  increased bulk of  endocr ine  tissue, an increased 
amoun t  of  B cells and increased B cell granula t ion 
have been  demons t r a t ed  in normal  p regnancy  in the 
rat [1, 20]. 

These  morpholog ica l  findings m a y  be corre la ted  
with the hyperinsul inism no ted  in animal  and h u m a n  
p regnancy  [3, 6, 8, 12, 15, 17, 18]. 

Howeve r ,  no  morpholog ica l  s tudy of the endo-  
crine pancreas  in p regnancy  has been  pe r fo rmed  
using immunocy tochemica l  techniques;  only a few 
authors  have invest igated whe ther  the ability of the 

endocr ine  pancreas  to adapt  itself to  the increased 
insulin requi rements  during p regnancy  is preserved 
in animals with exper imental  diabetes [1]. 

The  aim of  the present  pape r  was to s tudy the 
relative p ropor t ions  and distr ibution of A,  B, D and 
PP cells during p regnancy  in the normal  and strep- 
tozotocin  diabetic rat pancreas.  

Material and Methods 

Twenty virgin female Wistar rats of comparable age (+ 80 days) 
and weight (_+ 170 gram) were used for the experiments. Group I 
(the controls) comprised 10 rats, 5 of which became pregnant and 
5 remained non-pregnant. Group II comprised 10 rats which were 
each injected with 50 mg streptozotocin/kg body weight; five of 
these rats were mated on the day of the injection. All the rats were 
caged at room temperature and received food and water ad 
libitum. The rats were killed and the pancreas from each was 
removed and weighed on day 20 of the experiment, day 1 being 
the same whether the animals were injected with streptozotocin, 
mated or both. The same starting day was assumed for the controls 
which were neither mated nor injected. 

Mating was performed on the same day. Pregnancy was con- 
firmed by the finding of a copulation plug. Only rats with litter size 
between 9 and 12 fetuses were retained for the study. Reference 
markers were attached at the head and the tail of the pancreas. 
The total pancreas was fixed in Bouin's solution and sections, 3 ~tm 
thick, were cut from tissue embedded in paraffin wax. Guinea pig 
antiserum to bovine insulin was a generous gift of Dr. A. Lambert 
(Universit6 de Louvain, Belgium). Rabbit antiserum to bovine 
pancreatic polypeptide was kindly provided by Dr. R. Chance (Eli 
Lilly, Inc. Indianapolis, Ind. U.S.A.). Rabbit antiserum to gluca- 
gon, somatostatin and the PAP-complex were prepared in our 
laboratory. The immunocytochemical stain of the islet cell hor- 
mones was accomplished by using the unlabelled antibody enzyme 
method of Sternberger et al. [19]. The dilution of the antisera was: 
1/20000 for anti-insulin and for anti-somatostatin, 1/10000 for 
anti-glucagon, 1/40000 for anti-pancreatic polypeptide. The PAP- 
complex was used at a dilution of 1/300. 

Controls for antisera specificity were performed by substituting 
normal serum for a specific antiserum or by absorbing specific 
antiserum with an excess of the related antigen. 
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Table 1. Features of the endocrine pancreas in non-pregnant and pregnant rats (Mean _+ SD) 

Non-fasting Weight animals (g) Weight Endocrine Total number 
blood glucose pancreas tissue of cells 
mg/100 ml before the day 20 of the (mg) (%) per islet 

experiment experiment 

Group I 

Controls 

Group II 

50 mg 
streptozotocin 

a) Non-pregnant 96_+ 7 162_+8 166_+10 411_+37.3 0.9_+0.3 71_+18 
b) Pregnant 85_+10 165_+7 201_+31 432_+43.2 2 .2_+0.5  122+42 

P NS NS 0.005 NS 0.001 0.001 

a) Non-pregnant 389_+27 170_+7 167_+6 417_+33.3 0 .5_+0.1 49_+17 
b) Pregnant 365_+93 168_+6 165_+8 420_+12.6 0.5_+0.06 65_+21 

P NS NS NS NS NS NS 

Table 2. Different cell-types in the non-pregnant and pregnant 
controls (Mean _+ SD) 

Hormone Non-pregnant Pregnant 
%/total %/total 
islet cells islet cells 

Somatostatin tail 12.9+1.3 6.6_+2.1 
(D cells) head 9.6_+2.4 5.8_+2.8 

Pancreatic tail 5.2_+2.2 8.0_+3.3 
polypeptide head 12.5_+1.1 8.2_+2.9 
(PP cells) 

Glucagon tail 19.0_+3.5 17.4_+2.0 
(A cells) head 14.3_+3.6 16.4_+3.2 

Insulin tail 60.6_+7.2 66.8_+ 3.5 
(B cells) head 61.4_+3.9 67.3_+3.3 

Counting of the different celltypes was performed in the islets 
of the juxta duodenal (head) and the caudal (tail) parts of the 
pancreas. At least 200 islets were counted per animal in each 
region. The juxta duodenal part of the pancreas was defined as the 
part which is confined within the duodenal curvature. Three to 
four sections, 15 to 18 ~m apart, were used. The nucleus was taken 
as counting base. Slides were also stained with Ivic victoria blue, 
acid fuchsin method [10] for the demonstration of endocrine and 
exocrine tissue. The volume ratio of endocrine to exocrine tissue 
plus connective tissue was calculated by the morphometric method 
of Chalkley [4]. The volume density for the different celltypes was 
calculated by multiplying the volume density of the endocrine tis- 
sue per total pancreas by the mean percentage of the different 
celltypes per total cells in the islets. This calculation estimates the 
percentage volume per total pancreas occupied by the different 
celltypes. 

The calculation of the volume density was in initially per- 
formed on the assumption that all the endocrine cells are of equal 
size. Secondly, we corrected the volume density, since Hellman [7] 
has shown that the volume of the individual B cell in the normal rat 
is three times the volume of the A cell, using the formula 3 nx 100/ 
2n + 100, where n is the percentage of B cells per total islet cells. 

The number of the different celltypes per islet section was 
calculated from the mean total number of cells per islet section and 
the percentage of the celltypes per total islet cells. 

Glucose concentrations in the blood were determined on day 
20 (0900 h) by the ferricyanide method [9] using the Technicon 

autoanalyser. On day 19, urine was collected for the detection of 
glycosuria using clinitest, (Ames), proteinuria (BM test, 
Boehringer) and acetonuria (Acetest, Ames). The results were 
compared statistically by Student's t-test and differences were con- 
sidered as significant if p < 0.05. 

Results 

1. General Features 

D i a b e t i c  ra ts  showed  inc reased  b l o o d  g lucose  levels.  
A t  day  19 of p r e g n a n c y  a c e tonu r i a  and  p r o t e i n u r i a  
was found.  N o  weight  change  oc c u re d  in the  non -  
p r e g n a n t  rats .  T h e  weight  of the  an imals  i nc reased  
dur ing  n o r m a l  p regnancy ,  bu t  no t  dur ing  d iabe t ic  
p regnancy .  T h e  weight  of the  p a n c r e a s  in the  p reg -  
nan t  ra ts  was not  d i f fe ren t  f rom the  weight  of the  
panc reas  in n o n - p r e g n a n t  ra ts  in b o t h  con t ro l s  and  in 
the  d iabe t i c  animals .  T h e  a m o u n t  of  e n d o c r i n e  t issue 
and  the  to ta l  n u m b e r  of cells p e r  is let  i nc reased  dur -  
ing n o r m a l  p regnancy ,  bu t  no t  dur ing  d iabe t i c  p reg-  
nancy  (Tab le  1). 

2. The Different Celltypes 

a) Normal Rats. The p e r c e n t a g e  of soma tos t a t i n  
cells d e c r e a s e d  dur ing  p r e g n a n c y  (p < 0.01).  T h e  
p e r c e n t a g e  of pa nc re a t i c  p o l y p e p t i d e  (PP)  cells in the  
is lets  was h igher  in the  h e a d  of  the  panc reas  than  in 
the  tai l  (p < 0.05).  The  p e r c e n t a g e  of g lncagon  cells 
was h igher  in the  tai l  than  in the  h e a d  (p < 0.05).  
This  d i f fe rence  d i s a p p e a r e d  dur ing  p regnancy .  T h e  
p e r c e n t a g e  of  insul in  p r o d u c i n g  B cells in the  islets  
was i nc reased  dur ing  p r e g n a n c y  (p < 0.01)  (Tab le  2). 

The  v o l u m e  dens i ty  of  the  soma tos t a t i n  cells p e r  
to ta l  panc reas  d id  not  inc rease  dur ing  p regnancy .  
T h e  v o l u m e  dens i ty  of the  PP cells i nc reased  four -  
fold  dur ing  p regnancy .  T h e  v o l u m e  dens i ty  of the  
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Table 3. Amount of different cells in non-pregnant and pregnant normal rats taken from the tail of the pancreas 
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Non-pregnant Pregnant 

Hormone %/total Volume Corrected Number of %/total Volume Corrected 
islet ce l l s  density/ volume cells/islet islet cells density/ volume 

total density/ total density/ 
pancreas total pancreas total 

pancreas pancreas 

Number of 
cells/islet 

Somatostatin 12.9 0.11 0.03 9.1 6.6 0.14 0.03 8.0 
Pancreatic 
polypeptide 5.2 0.04 0.01 3.6 8.0 0.17 0.04 9.7 
Glucagon 19.0 0.16 0.04 13.4 17.4 0.38 0.08 21.2 
Insulin 60.6 0.53 0.82 43.0 66.8 1.46 2.05 81.4 

Endocrine tissue (%): non-pregnant 0.9_+0.3 
pregnant 2.2_+0.5 

Number of total cells per islet: non-pregnant 71_+18 
pregnant 122_+42 

Statistics were not performed on these results, since they were calculated from the mean of the results shown below on the table 

Table 4. The different cell-types in the non-pregnant and pregnant 
diabetic rats (Mean _+ SD) 

Hormone Non-pregnant Pregnant 
%/total %/total 
islet cells islet cells 

Somatostatin tail 18.2+ 7.2 15.9+ 1.9 
(D cells) head 15.7_+ 5.1 16.6_+ 2.6 
Pancreatic tail 15.3_+ 4.9 15.5_+ 2.4 
polypeptide head 15.8_+ 3.3 17.8+ 4.7 
(PP cells) 

Glucagon tail 53.5_+ 6.8 53.9_+11.6 
(A cells) head 46.5_+ 12.8 48.8_+ 13.4 
Insulin tail 12.3_+ 1.8 12.6_+ 1.9 
(B cells) head 19.1_+ 2.1 15.3_+ 2.8 

glucagon cells increased two-fold and the volume 
density of the insulin cells increased nearly three- 
fold. The mean  number  of insulin cells per  islet was 
only doubled (Table 3). 

b) Diabetic Rats. The islets in the head and in the tail 
of the pancreas  had the same cytological composi-  
tion, except that in the non-pregnant  rats the B cells 
were more  numerous  in the islets of the head. The 
percentage of the 4 different celltypes was not dif- 
ferent in the non-pregnant  rats (Table 4). 

Neither  the volume density per  total pancreas of 
the 4 hormone  containing cells, nor  the number  of 
cells per  islet changed during diabetic pregnancy, 
whereas  in normal  pregnancy the volume density of 
the B cells increased three-fold (Table 5). 

3. Comparison of  the Pancreas of  the Normal 
and Diabetic Pregnant Rat 

Comparing the non-diabetic pregnant  rats with the 
diabetic pregnant  rats it is clear that the percentage 
of insulin cells was significantly (p < 0.001) 
decreased in the diabetic state. The percentage of the 
other  celltypes was increased. The most pronounced 
increase was in glucagon cells (p < 0.001) (Fig. 1, 
Table  2, 4). 

The mean number  of B cells per  islet decreased, 
whereas the mean  number  of A cells per  islet 
increased (Fig. 1, Table 3, 5). 

Discuss ion  

Our  study has confirmed that the normal  endocrine 
pancreas is able to adapt  to the metabolic  changes of 
pregnancy by islet hypertrophy.  The enlargement  of 
islet volume is mainly due to an increased number  of 
B cells, but also to an hyper t rophy of the individual B 
cell. Indeed the volume density of the B cells per  
total pancreas was nearly trebled, whereas the mean 
number  of B cells per  islet was only doubled. The 
percentage endocrine tissue in the diabetic rat was 
about  half that in the non-pregnant  normal  rat, 
whereas the total number  of cells per  islet was simi- 
lar. This can be explained by the fact that the volume 
of the B cells is greater  than that of the other  islet 
cells. 

Orci et al. [14] have repor ted an irregular dis- 
tribution of the PP cells and glucagon cells, the pro-  
port ion of PP cells being higher in the islets of the 
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Table 5. Amount of different cells in non-pregnant and pregnant diabetic rats taken from the tail of pancreas 

Non-pregnant Pregnant 

Hormone %/total Volume Corrected Number of %/total Volume Corrected Number of 
islet cells density/ volume cells/islet islet cells density volume cells/islet 

total density/ total density/ 
pancreas total pancreas total 

pancreas pancreas 

Somatostatin 18.2 0.09 0.07 8.9 15.9 0.08 0.07 10.3 

Pancreatic 
polypeptide 15.3 0.07 0.06 7.4 15.5 0.07 0.07 10.0 

Glucagon 53.5 0.27 0.21 26.2 53.9 0.25 0.23 35.0 

Insulin 12.3 0.06 0.16 6.3 12.6 0.05 0.13 8.1 

Endocrine tissue (%): non-pregnant 0.5 2 0.1 
pregnant 0.5• 

Number of total cells per islet section: non-pregnant 49217 
pregnant 65 • 

Standard deviation and t-test were not performed on these results, since they were calculated from the mean of the results shown below on 
the table 

100 100 

75 ~ 75 

50 50 

2 5  25 

0 O 
Non - Diabetic Diabetic Non-Diabetic Diabetic 

Fig. 1. Comparison between non-diabetic and diabetic pregnant 
rats (tail of the pancreas) [] Somatostatin - [] P.P. - [] Glucagon - 
�9 Insulin 

head than in the islets of the tail and the proportion 
of glucagon cells being higher in the islets of the tail 
than in the islets of the head. Our study confirms 
these data, but reveals also that the differences tend 
to disappear during pregnancy. 

It is therefore important to mention that sampling 
in different areas of the pancreas is necessary in a 
morphometric study. The anabolic condition of pre- 
gnancy could be enhanced by the high ratio of the 
volume density between insulin and glucagon cells 
[13]. 

The fact that the islet tissue and the insulin cells 
fail to develop during diabetic pregnancy confirms 
that the endocrine pancreas of pregnant rats with 
experimental diabetes is no longer able to meet the 
increased insulin requirements of pregnancy. This 
observation could be explained in the light of the 
observation of Logothetepoulos [11] that the B cell 

has a limited capacity to replicate. On the other hand 
the B cells require a normal metabolic environment 
to proliferate [5, 16]. It is also possible that the 
residual B cells have been damaged, but not de- 
stroyed, by streptozotocin and are consequently 
unable to replicate. 

The lower percentage of insulin cells in the preg- 
nant diabetic rats compared with the pregnant non- 
diabetic rats is not unexpected. The percentage of the 
other cell types increased. The increase is relative for 
the PP cells and for the somatostatin cells, whereas it 
is absolute for the glucagon cells. The decreased ratio 
of the volume density of insulin cells to glucagon cells 
fits with the catabolic conditions of severe ketotic 
diabetes and pregnancy. Indeed the fetuses of these 
pregnant rats show intrauterine growth retardation 
[2]. 
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