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Summary. Plasma insulin levels and extractable  insu- 
lin of the pancreas of normal  and pregnant  rabbi ts  have 
been studied. - -  The mean plasma insulin of non-pregnant  
controls was 25 #U/ml (range 18 to 33); extractable pan- 
creas insulin was 3.56 #g/100 mg tissue (3.33 to 3.76). --  
The insulin level in the blood increases during late preg- 
nancy to 56 #U/ml (range 37 to 81) and the extractable 
pancreatic insulin decreases to 1.17 #g/100 mg tissue 
(0.65 to 1.73). - -  The fine structure of B and A-cells has 
been studied in pregnancy:  insulin stored in 13 granules 
decreases and the A-cells show definite signs of increased 
act ivi ty.  - -  The above findings might  be interpreted as 
suggesting that in late pregnancy an increased synthesis 
and secretion of glucagon augment  the insulin secre tory  
ac t iv i ty  of the pancreas. 

Diminution de l'insuline dans le pancrgas du lapin 
pendant la gestation avancge. 

Rdsumd. Le eontenu en insuline du plasma de lapins 
normaux et en gestation a 6td 6tudid par  rappor t  ~ la 
quantitd d'insuline qui pouvai t  gtre extrai te  de leurs 
panerdas. --  Le contenu plasmatique moyen en insuline 
des lapins normaux, utilisds eomme t6moins, dtait  de 
25 #U/ml (entre 18 et  33) et l ' insuline extrai te  de leurs 
pancrdas draft de 3.56 /~g/100 mg de tissu (entre 3.33 et 
3.76). - -  Lorsque la gestation draft h u n  stade avancd, le 
contenu en insuline dans le sang s 'dlevait  ~ 56 #U/ml 
(entre 37 et 81), alors que l ' insuline extrai te  du panergas 
tombai t  h 1.17/~g/100 mg de tissu (entre 0.65 et 1.73). --  
L 'u l t ras t ruc ture  des eellules A e t  B pendant  la gestation 
a dgMement dr6 dtudide. La  teneur des granules B e n  

insuline diminue et les eellules A prdsentent des signes 
6vidents d 'une haute aetivit6. --  Les observations prdcd- 
dentes suggdreraient que lors de la gestation avanede, une 
synth~se et une sderdtion de glucagon accrues augmentent  
l 'activit6 sgerdtriee du pancrdas en insuline. 

Abnahme des Pancreas-Insulins beim Kaninchen w(th- 
rend der fortgeschrittenen Schwangersehaft. 

Zusammenfassung. Bei normMen und graviden Kanin- 
chen wurden die Plasma-Insulinspiegel und das aus dem 
Pancreas extrahierbare Insulin gemessen. - -  Die mit t-  
leren Insulinspiegel der normalen Kontroll t iere lagen bei 
25 #E/ml  (zwischen 18--33), das Pankreasinsulin bei 
3.56 /~g/100 mg Gewebe (3.33--3.76). Die Seruminsulin- 
spiegel steigen w//hrend der sp//ten Schwangerschafts- 
stadien auf 56 ~E/ml (37--81) an and  das extrahierbare 
Pancreas-Insulin n immt auf 1.17 /~G/100 mg Gewebe 
(0.65-- 1.73) ab. - -  Wi t  untersuchten die Fe ins t ruktur  der 
Alpha- and  Beta-Zellen w/ihrend der Sehwangersehaft:  
Dabei  nahm das in den Beta-Granula gespeicherte Insulin 
ab and die Alpha-Zellen zeigten eindeutige Zeiehen gestei- 
gerter Aktivit/~t. Die oben skizzierten Befunde k6nnten 
daraufhin deafen, dal3 w~hrend der sp/iten Schwanger- 
sehaftsstadien eine gesteigerte Glucagon-Synthese and  
Sekretion die insulinsekretorisehe Aktivit/~t der Baueh- 
speicheldriise erh6ht. 

Key-words : P lasma insulin, Pancreat ic  insulin, Rabbi t ,  
Pregnancy, A-cells, B-cells, Electron microscopy, Gluca- 
gon. 

I t  is f r equen t ly  held  t h a t  the  changes in the  en- 
docrine sys tem oceuring dur ing  p r egnancy  have  an 
effect on c a r b o h y d r a t e  me tabo l i sm [28]. The f requent  
appea rance  of d iabe tes  dur ing  p regnancy  has  been 
observed  b y  several  inves t iga tors  [1r 

Some workers  bel ieve t h a t  to lerance  for glucose is 
of ten impa i r ed  dur ing  p regnancy  [7,26]. However ,  
JACKS0_~ [9] does no t  subscr ibe to  this ,  hav ing  found  
no evidence of i m p a i r m e n t  of glucose to lerance  in  
no rma l  pregnancy .  I t  is genera l ly  a d m i t t e d  t h a t  dia-  
betes  gets worse dur ing  pregnancy .  On the  o ther  hand,  
the  " t e m p o r a r y  d i abe t e s "  of p regnancy  r ap id ly  im- 
proves  af ter  del ivery.  

JOSIMOVITCK and  MAcLAREN [10] have  suggested 
the  exis tence of a specific d iabetogenic  fac tor  of preg- 
nancy.  These au thors  showed the  presence of a pep- 
t ide  in h u m a n  re t rop lacen ta l  b lood and  ur ine to  which 
t h e y  a t t r i b u t e  hormona l  proper t ies .  KAPLAN and  
G~VMBACI~ [13] have  q n a n t i t a t e d  this  pep t ide  in 
pe r iphera l  p lasma.  

W e  presen t  here d a t a  for the  insulin levels of 
per iphera l  p l a sma  and  pancreas  in i nd iv idua l  non- 
p regnan t  r abb i t s  and  r abb i t s  dur ing  la te  p regnancy .  

Material and Methods 

Immunoassay. The de t e rmina t ion  of insul in was 
carr ied out  following m e t h o d  C of HALES and  RANDLE 
[6]. The bovine  insulin used for s t anda rds  in the  im- 
munologica l  t e s t  was ob ta ined  f rom Eli  Li l ly  Co., 
Ind ianapol i s .  I o d i n a t e d  insulin-125I (Radiochemieal  
Centre) was p repa red  f rom special ly purif ied crysta l -  
l ine ox insulin (Borrough & Co., po t ency  24.3 inter-  
na t iona l  uni ts /mg)  b y  iod ina t ion  wi th  iodine mono-  
chloride. Insu l in -b ind ing  reagen t  was ob ta ined  f rom 
Wel lcome Labora tor ies .  Insul in  concent ra t ion  ex- 
pressed as mierouni t s  or micrograms  is given as 
bovine  equiva len t  since bovine  insulin has  a lways  
been used as the  s t a n d a r d  for different  samples.  

Ten non-p regnan t  female r abb i t s  (1--1 .5  kg b o d y  
weight)  and  nine r abb i t s  in the  l a t t e r  half  of p regnancy  
(2 - -3  kg body  weight)  were s tudied.  R a b b i t s  were 
depr ived  of food for 18 hours  b u t  had  free access to  
water .  Blood  samples  were ob ta ined  f rom normal  and  
p regnan t  r abb i t s  d e c a p i t a t e d  af ter  a blow on the  head.  
Smal l  amoun t s  of hepar in  were a d d e d  to p reven t  co- 
agulat ion,  and  p lasma  was sepa ra t ed  b y  centr i fugat ion.  
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Insu l in  l rom r a b b i t  pancreas  was ex t r ac t ed  and  
pa r t i a l l y  purif ied according to  Coo~E and  I~A~DLE 
[1]. The ex t r ac t  was then  d i lu ted  in 0.04 IV[ phospha te  
buffer, pI-I 7.4 to an  app rop r i a t e  final concentra t ion.  

Light microscopy. F o r  l ight  microscopic studies,  
the  pancreas  was fixed in Zenker -Formol  and  sections 
were s ta ined  wi th  Hematox i l i n -Eos in  and Aldehyde-  
Thionin  [24], and  counte r - s ta ined  wi th  Gomori  [21]. 

Electron microscopy. F o r  e lect ron microscopic 
studies smal l  pieces of the  t a i l  of the  pancreas  were 
fixed in dis t i l led g ln te ra ldehyde  [3] wi th  buffer Mil- 
lonig, washed wi th  the  same buffer and  pos t f ixed for 
2 hours  in 2 % osmium te t rox ide  and embedded  in 
Epon  812 [20]. Sect ions were cut  in the  rou t ine  manne r  
and  s ta ined  wi th  a combina t ion  of u r any l  ace ta te  and  
lead  c i t ra te  [25]. The sections were examined  wi th  an  
e lect ron microscope model  E lmiskop  I.  

Results 

Pla sma  insulin of normal  and  p regnan t  r abb i t s  
has  been s tud ied  and  compared  wi th  the  ex t r ac t ab le  
insulin of the i r  pancreas .  As shown in Table  1 the  

The insul in levels in the  blood increase dur ing  ]ate 
p regnancy  to 56 #U/ml .  The  ind iv idua l  values  given in 
the  tab le  show t h a t  the  p ropor t ion  of ex t r ac t ab le  
pancrea t ic  insulin decreases in each p regnan t  r a b b i t  
despi te  a small  increase in the  t o t a l  weight  of the  
pancreas .  

B y  l ight  microscopy mos t  of the  islets were of 
the  usual  size. Occasional ly  some t h a t  were larger  
t han  usual  were encountered.  W i t h  a ldehyde- th ion in  
the  B-cells s ta ined  ve ry  l igh t ly  in re la t ion  to  control  
islets. The A-cells, s ta ined  wi th  the  Gomori ,  were 
found in some islets to  be of larger  size t h a n  usual.  
No o ther  a l te ra t ions  of the  islets could be detec ted .  

Electron microscopy -- Normal rabbit pancreatic 
islets 

Fine structure of A-cells: The A-cell  of the  r a b b i t  
pancreas  has been descr ibed prev ious ly  [22]. The A- 
cells t end  to  be loca ted  near  the  pe r iphe ry  of the  islet  
(Fig. 1). I n  electron micrographs  A-cells can easi ly be 
d is t inguished f rom B-cells on the  basis of the  s t ruc ture  
of the  cy top lasmic  granules as descr ibed b y  LAcy  [15]. 
The A-granules  possess a dense in te rna l  por t ion  se- 

Table 1. Relationship between plasma insulin and extractable pancreatic insulin in normal and 
pregnant rabbits 

Group non-pregnan t  10 6 • Cohen. of  Couch. of  pancreas  pancreas  
A (controls) p lasma- insu l in  pancreas- insul in  total  we igh t  total  insul in 

Exp .  (i. /x/ml) /~g/100 m g  t issue) g /~g 

I 25 3.54 1.09 38 
II 30 3.76 1.20 45 
III 33 3.57 1.30 46 
IV 24 3.73 1.02 38 
V 20 3.41 0.96 33 
VI  32 3.33 0.80 27 
VII 18 3.49 0.54 29 
VIII 21 3.45 1.05 36 
I X  28 3.73 1.30 48 
X 18 3.65 0.70 26 
mean 25 i 5 3.56 ~: 0.15 0.99 • 0.25 37 •  

Group d u r i u g l a t e  
B p regnancy  

I 53 1.22 1.37 17 
I I  44 0.80 1.09 9 
I I I  45 1.61 1.40 23 
IV 60 1.05 1.37 14 
V 81 1.28 1.32 17 
VI 62 1.10 1.35 15 
V I I  37 1.73 1.15 20 
VIII 48 0.65 1.05 7 
IX 74 1.05 1.32 14 
mean 56 4- 14 1.17 =J_ 0.32 1.26 -b 0.13 15 ~:5 

p1 between A and B < 0.001 < 0.001 = 0.01 < 0.001 

Insulin values are given as equivalents of bovine insulin (potency 25 international  units/mg) 
I Student's "t tes~". 

mean  p lasma  insulin of non-p regnan t  controls  was 
25 r ex t rac tab le  pancrea t ic  insulin was 3.56 
#g /100  mg tissue. 

p a r a t e d  b y  a less dense space f rom the  dis t inct ,  
closely appl ied,  l imi t ing m e m b r a n e  (Fig. t and  2). 
Nos t  normal  A-cells conta in  large numbers  of such 



F i g .  i .  N o r m a l  i s l e t  o f  t h e  r a b b i t .  B - c e l l s  (B)  - -  B - s e c r e t o r y  g r a n u l e s  (Gr)  - -  N u c l e i  ( N u )  - -  G o l g i  (Go)  - -  A - c e l l  (A) 
- -  D - c e l l s  (D)  - -  C a p i l l a r y  (Ca)  - -  A c i n a r  c e l l  (Ae)  - -  • 6 000  



F i g .  2. N o r m a l  A-ce l l s  of t h e  r a b b i t .  N u c l e i  (NU) --  L a m e l l a r  E r g a s t o p l a s m  (Er)  - -  A - s e c r e f o r y  g r a n u l e s  (Gr) - -  Mi fo -  
e h o n d r i a  (Mi) - -  M i e r o v i l l i  (Mv) --  Go lg i  (Go) --  D e n s e  b o d i e s  (Db)  --  R i b o s o m e s  (Ri)  - -  • 16500  



Fig.  3. l~abbi~ A-cells in  late  preg~aaney. Nuclei  (Nu) --  Secre tory  granules (Gr) - -  Mi toehondr ia  (Mi) --  Golgi (Go) 
- -  Secre tory  granules in agranular  sacs of Golgi ( ~ )  --  Lamel la r  e rgas top lasm (Er) - -  • 32000 



Fig.  4. l~abb i t  B-cell  in  la te  p r e g n a n c y .  Nuc le i  (Nu)  - -  E p i t h e l i a l  f i l amen t s  (F) --  E r g a s t o p l a s m i c  sacs  (Er)  - -  
S e c r e t o r y  g r a n u l e s  (Gr) --  M i t o c h o n d r i a  (Mi) Golgi  (Go) --  A-cells (A) - -  x 30000 
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secretory granules filling the cytoplasm (Fig. 2). Other 
typical cytoplasmic organelles are present, consisting 
of a few flattened ergastoplasmic sacs, rod-shaped 
mitoehondria ; and dense bodies are quite often noticed. 
Bundles of delicate filaments are dispersed through- 
out the cytoplasm of the A-cells (Fig. 2). 

Fine structure of B-cells: The fine structure of the 
B-cells has been described previously [16, 23, 4]. The 
cytoplasm of B-cells contains many secretory granules 
of uniform appearance. Epithelial filaments are usually 
present in a prominent band near the nucleus with no 
apparent relation with any of the organelles of the 
cell (Fig. 1). The other components of the cell are 
small distinct mitochondria, and ergastoplasm and 
prominent Golgi complexes. 

Rabbit pancreatic islet in late pregnancy 
Fine  structure of A-cells: In  this material many of 

the A-cells were lightly or moderately degranulated. 
These cells also showed ~ marked increase in the 
number of ergastoplasmic sacs and many granules 
could be detected in the agranular sacs of the Golgi 
apparatus (Fig. 3). No other changes could be noted. 

Fine structure of B-cells: The major part of the 
B-cells in pregnant rabbits contained a smaller num- 
ber of secretory granules than usual (Fig. 4). At the 
same time many showed an increase in ergastoplasmic 
sacs. No other changes could be detected except that  
in a few of the B-cells there was an increase in the num- 
ber of mitochondria, which were occasionally of a 
larger size than average. 

Discussion 

The total insulin of the pancreas of pregnant 
rabbits is about one third of that  of non-pregnant con- 
trols. Contrariwise the plasma insulin increases sig- 
nificantly during pregnancy. 

The increase of circulating insulin observed during 
pregnancy in rabbits, confirms the results of LEAKE 
et al., [18]. The concomitant decrease of insulin in the 
pancreas indicates that  in pregnancy this gland is in 
a state of continuous stimulation. This is consistent 
with the weight increase of the pancreas observed 
here, and with the finding [5] that  in pregnancy the 
islets are enlarged or increased in number. S~ELLACY 
and GO~TZ [27] reported that  pregnancy regularly 
antagonizes the action of insulin and furthermore in- 
creases the insulin secretory capacity of the pancreas. 

Since growth hormone produces degranulation 
and vacuolization of the B-islet cells [29] it is perti- 
nent to consider here if the increase of growth hor- 
mone occurring in pregnancy plays a role in the de- 
crease of insulin found in the pancreas. According to 
DAVGXADAY and KI~sis  [2] many of the changes in 
carbohydrate metabolism that  occur in pregnancy are 
remarkably similar to those described in acromegaly. 

KAPLAN and GRUMBACI~ have reported that  a 
placental diabetogenic polypeptide is increased during 
pregnancy [12], but according to DAUGI-IADAu and 

KIe~Is [2] the development of gestational diabetes 
does not seem to be an immediate consequence of 
an exeesive increase of the placental growth hormone- 
like diabetogenie factor in plasma. However, this 
diabetogenie polypeptide has been suggested as the 
possible insulin antagonist in pregnancy [2, 11]. 

A characteristic degranulation of B cells with the 
consequent decrease in the amount of insulin present 
in the pancreas is known to occur after the admini- 
stration of glucagon to rabbits [17]. At present we 
do not know whether pregnancy influences the con- 
eentration of circulating glucagon. In  this respect, the 
activity of the A cells observed in our experiments 
would indicate that  the synthesis and secretion of 
glueagon are increased. This could then stimulate the 
secretion of insulin. These findings might suggest a 
role of glucagon as an insulin antagonist during 
pregnancy, since it has been shown that  intraportal 
infusion of glucagon increases the plasma FFA levels 
in the peripheral blood [19]. 
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