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E x p e r i m e n t s  on 30 r abb i t s  showed that ad r ena l ec tomy  in tens i f ies  the morphologica l  and func-  
tional changes  in the exocr ine  (especial ly  the ducts) and endocr ine  s y s t e m s  induced by dithi-  
zone. The i n c r e a s e  in the n u m b e r  of smal l  i s l e t s  to twice the control  level ,  andthe  i nc r ea se  
in the number  of A - c e l l s  a s  a r e su l t  both of the i r  hyperp las ia  in exis t ing i s l e t s  and of the 
t r an s fo rm a t i on  of the exocr ine  epi thel ium into A - c e l l s  a r e  evidently c o m p e n s a t o r y  and adap-  
t ive r e a c t i o n s  of the p a n c r e a s  and they con f i rm  the r e s u l t s  of b iochemica l  inves t iga t ions  in-  
dicat ing a l levia t ion of the cou r s e  of d iabetes  in ad rena l ec tomized  an ima l s .  

Morphological  changes  in the p a n c r e a s  in expe r imen ta l  dithizone d iabe tes  coincide with the d i s t u r -  
bance of ca rbohydra t e  m e t a b o l i s m  [2, 3, 5, 7]. The metabol ic  d i s tu rbances  a r e  cons idered  to be connected 
not only with a les ion  of the i s l e t  a p p a r a t u s  but a l so  with r e ac t i ve  changes  in the e f fe ren t  ducts  [4, 6]. How- 
ever ,  the morpholog ica l  changes  in the p a n c r e a s  a f t e r  ad r ena l ec tomy  have not h i ther to  been studied in an i -  
m a l s  with expe r imen ta l  d iabe tes ,  and the p r o b l e m  of the influence of the ad rena l s  on the cour se  of dithizone 
d iabetes  r e m a i n s  unsolved [1, 9-11].  

In the inves t igat ion desc r ibed  below the his tological  s t ruc tu re  of the p a n c r e a s  was  studied in rabb i t s  
a f t e r  b i l a t e ra l  a d r e n a l e c t o m y  and the effect  of ad r ena l ec tomy  on the morphology  of the p a n c r e a s  in an ima l s  
with d iabetes  was examined.  Dithizone was  used to produce  expe r imen ta l  d iabe tes .  

EXPERIMENTAL METHOD 

Thirty rabbits weighing 2-2.5 kg were divided into three groups: i) healthy animals (control), 2) ad- 
renalectomized rabbits (killed 12-60 days after operation), 3) rabbits with diabetes induced by dithizone 
which were adrenaleetomized and killed 12-63 days later. Paraffin sections were stained with paraldehyde- 
fuchsin by Gabe's method and with gallocyanin by Feulgen's method. The number of A- and B-cells (2500- 
3000 in each animal)  was  counted, the vo lumes  of the nuclei  of the A -  and B - c e l l s  we re  ca lcu la ted  in cubic 
mic rons ,  and the ra t io  B/A and pe rcen tage  of B - c e l l s  we re  de te rmined .  The i s l e t s  of Langerhans ,  inwhich 
the ce l l s  were  counted, we re  divided into f ive c l a s s e s :  I) 6-16 cel ls ,  II) 16-30 cel ls ,  III) 31-60, IV) 61-100, 
and V) m o r e  than 100 ce l l s  [8]. 

The blood sugar  was de t e rmined  by the H a g e d o r n - J e n s e n  method.  The n u m e r i c a l  r e su l t s  were  sub- 
jected to s ta t i s t i ca l  ana ly s i s  and d i f f e rences  w e r e  taken a s  significant  for  which P s 0.05. 

E X P E R I M E N T A L  R E S U L T S  

The blood suga r  of the healthy r abb i t s  v a r i e d  between 106 and 129 mg%, 

The i s l e t s  we re  round or  oval in shape.  Af t e r  staining with pa ra ldehyde - fuchs in  speci f ic  g ranu les  
we re  revea led  in the B - c e U s  (Fig. 1). The smal l  number  of A - c e i l s  in the l a rge  i s l e t s  we re  d isplaced as  
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a rule to the periphery.  The smal l  i s l e t s  cons i s ted  mainly  of B - c e l l s .  The ef-  
ferent  ducts cons i s t ing  of three  to eight ce l l s  had no goblet  ce l l s .  The larger  
intra-  and inter lobular  ducts, whose  wal l s  were  lined with high pr i smat i c  epi-  
thel ium, contained goblet  c e l l s  which w e r e  v i s ib le  af ter  staining with paralde-  
hyde- fochs in .  

A d r e n a l e c t o m y  led to s ignif icant morpholog ica l  changes  in the insular  ap-  
paratus  and in the exocr ine  part of the pancreas ,  whi le  the blood sugar fe l l  f r o m  
90 to 76 m g ~ .  Two w e e k s  after  adrena lec tomy the granules  had partly o r  c o m -  
plete ly  disappeared,  vacuolat ion  of the cy top lasm w a s  slight, pycnos i s  of so l i -  
tary nuclei  of the B - c e l l s  was  present  and the A - c e l l s  were  hypertrophied (Fig. 2). 
Later  (after 1-2 months)  there w a s  an i n c r e a s e  in the degenerat ive  changes  in 
the i s l e t s  of Langerhans:  the po lymorphism,  pycnos i s  of the nuclei,  and vacuo-  
lation of the B - c e l l s  w e r e  all  increased;  often B - c e l l s  comple te ly  deprived of 
their  B - g r a n u l e s  w e r e  seen .  The vo lume  of the nuclei  of A-  and B - c e l l s  was  
grea ter  than in the control  (Table 1). Just  a s  in the ear ly  s tages  hypertrophy 
and, l e s s  frequently,  hyperplas ia  of the A - c e l l s  were  present .  The number of 
smal l  i s l e t s  ( c la s se s  I and II) was  47% of the total number counted.  By contrast  
with the control  the cy top lasm of the c e l l s  of the ac inar  epithel ium of the exo-  
er ine  port ion of the pancreas  was  often vacuolated.  The duct s y s t e m  of the 
gland showed cons iderable  morpholog ica l  changes .  In the adrena lec tomized  
an imals ,  by contrast  with the control ,  the epithel ium of the intra-  and in ter -  
lobular ducts  w a s  great ly  f lattened. 1)olymorphism and degenerat ion of the ce l l  
nuclei  were  found. Solitary g o b l e t - c e l l s  w e r e  seen  only in the interlobular  ef-  
ferent  ducts .  The tunica propria  of the mucus  membrane  of the ducts was  s c l e -  
rosed  by c o m p a r i s o n  with the control .  New A -  and B - c e l l s  were  formed  in the 
rabbits  of th is  group by trans format ion  of the ac inar  ce l l s .  

In the rabbits  of group 3 (adrenalectomy plus diabetes) the blood sugar 
w a s  350 mg~c. Adrena lec tomy  reduced the percentage  of B - c e l l s  in the diabetic 
a n i m a l s  and a l so  the ratio B/A in al l  c l a s s e s  of i s l e t s  (Table 2). 

Specif ic  granules  w e r e  absent  f r o m  m o s t  of the B - c e l l s  (Fig. 3). The 
large  i s l e t s  had degenerated.  Compared with the an imal s  of group 2 the vo lume 
of the nuclei  of the B - c e l l s  was  increased  in the rabbits  of group 3 (Table 1), 
the hypertrophy of the A - c e l l s  w a s  l e s s  marked,  w h e r e a s  the hyperplas ia  of the 
A - c e l l s  w a s  s een  m o r e  c l ear ly .  Mitotic divis ion among  the A - c e l l s  was  m o r e  
frequent than in the a n i m a l s  of groups  1 and 2. In the smal l  i s l e t s ,  the number 
of which had i n c r e a s e d  to 80% (from 42% in the control; P c  0.05), A - c e l l s  were  
numer ica l ly  highly predominant .  Trans format ion  of the epithel ium of the ter -  
minal  port ions  into endocrine  A - c e l l s  w a s  seen  much more  often than after ad-  
rena lec tomy  a lone .  The act ive  participation of the epithel ium of the pere insu lar  
aeini  in the e x o - e n d o c r i n e  trans format ion  was  noteworthy.  B e s i d e s  this feature,  
the t rans format ion  of central  ac inar  ce i l s  into A - c e l l s  w a s  observed.  The pre -  
dominance  of A - c e l l s  in the smal l  i s l e t s  and the numerous  p ic tures  of t rans for -  
mation of the epithel ium of the exocr ine  portion of the pancreas  into A - c e l l s  
w e r e  ev idence  of inhibition of the regenerat ive  capacity of the B - c e l l s .  

By contras t  with the a n i m a l s  of groups  1 and 2, in the rabbits of group 3 
g o b l e t - c e l l s  appeared in the smal l  efferent  ducts  and their  number in the intra-  
lobular and interlobular  efferent  ducts was  cons iderably  increased .  These  
changes  w e r e  evidently  connected  with the act ion of dithizone.  Adrena lec tomy  
on the diabetic a n i m a l s  led to late (after 40 -60  days) degenerat ive  changes  in 
the ef ferent  ducts charac ter i s t i c  of the a d r e n a l e c t o m i z e d  an imals ,  

The study of the h is to logica l  changes  in the pancreat ic  epithel ium of rab-  
bits  a f ter  adrena lec tomy  per formed  on an ima l s  with exper imenta l  dithizone 
diabetes  showed that the operat ion intensif ied the morpholog ica l  and functional 
changes  in the exocr ine  (especia l ly  the ducts) and endocrine s y s t e m s  induced 
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TABLE 2. Pmtio B/A and Percentage of B-cells in Three Groups 
of Rabbits 

17~c~ . . . .  
~.~ 

1- 3,34__+_0, 73 
2- 1,84• 
3- 1,96• 

76 
66 
64 

16--3o cells 

B/A B 

2,2+___0,48 65 
2,09__+_0,19 64 
!,64• 60 

31 -- 6o c e l l s  

B/A I B 
61--100B/A cellSB I l l  RatiOwholeas a B/A 

2,29~0,10 ~3 2,66~0,45 66 
2,34~0,21 2,76~0,22 
1,47___0,66 60 

2,59• 
2,26• 
1,68• 15 

Fig. 1 Fig. 2 

Fig. 1. Intensive granule formation in B-cel ls  of islets of Langer- 
hans in a control rabbit. Here and in Figs. 2 and 3, paraldehyde- 
fuchsin, 280 • 

Fig. 2. Islet of Langerhans 2 weeks after adrenaleetomy: hyper- 
trophy of A-ce l l s  (on the right). 

Fig. 3. Islet of Langerhans (ad- 
renalectomy plus diabetes): degran- 
ulation of cytoplasm, polymorphism 
of nuclei. 
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by dithizone. The increase in the number of small islets to 80% compared with 42% in the control and the 
increase in the number of A-cells both on account of hyperplasia of the cells in existing islets and of the 
transformation of exoerine epithelium into A-cells, are evidently compensatory and adaptive reactions of 
the pancreas and they confirm the results of biochemical investigations [10] which demonstrated alleviation 
of the course of diabetes in adrenalectomized animals. 
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