
61 
7. 
8. 
9. 

G. Bohlin, Psychophysiology,  13 ,345  (1976). 
S. E. File,  Psychopharmaco log ia  (Berlin),  32 ,193  (1973)o 
S. Norton and E. J .  De Beer ,  Ann. N. Y. Acad. Sci.,  65 ,249  (1956). 
D~ I. Wil l iams,  Anita. Behav. ,  19 ,365 (1971). 

E F F E C T  O F  P H E N T O L A M I N E  A N D  O B S I D A N  ON 

I N D I C E S  O F  T H E  I S L E T S  O F  L A N G E H H A N S  

I N  B A T S  R E C E I V I N G  A L L O X A N  

T .  Go A n i s h c h e n k o  a n d  O~ V.  A r t e m e n k o  

MORPHOMETBIC 

UDC 612.349.7.014.2.014.46 : 

547.854.6] .014.46 : 615.217.24 

Chronic admin i s t r a t ion  of phentolamine and obsidan to r a t s  p rev ious ly  t r ea t ed  with al loxan 
a l levia ted the des t ruc t ive  action of a l loxan on the B ce l l s  and p romoted  new is le t  format ion .  
It is suggested that  phentolamine and obsidan block one of  the poss ib le  m e c h a n i s m s  of the 
des t ruc t ive  act ion of al loxan on the is le t  t i s sue ,  connected with the intensif icat ion of adrenal in  
secre t ion .  
KEY WOBDS: i s le t s  of  Langerhans ;  alloxan; ad reno recep to r s ;  phentolamine;  obsidan.  

Both the pa r a s ym pa t he t i c  and the sympathe t ic  ne rvous  s y s t e m s  par t i c ipa te  in the regulat ion of the endo-  
cr ine  function of the p a n c r e a s e  [6]. An inhibi tory effect  of  sympathe t ic  ne rve s  on B cell  function has  been found 
in expe r imen t s  with sympathe t ic  denervat ion of the panc rea s  [4, 7] and admin is t ra t ion  of 5 -  and f l - a d r e n o r e -  
cep to r -b lock ing  drugs .  In the l a s t  case  hype remia  of  the i s l e t - ce l l  appa ra tus ,  an i nc r ea se  in the Zn concen-  
t ra t ion  in the cy top lasm of the B ce l l s ,  and the format ion  of new is le ts  of  Langerhans  a r e  obse rved ,  evidence 
of  an inc rease  in insu l in - forming  function during a d r e n o r e c e p t o r  blockade [5]. 

The question na tu ra l ly  a r i s e s  whether this s t imulat ing act ion of chemical  desympath iza t ion  is man i fes ted  
a f t e r  injection of al loxan and whether  admin i s t r a t ion  of blocking agents  would a l lev ia te  to some extent the a c -  
tion of al loxan on the i s le t s  of Langerhans .  

E X P E B I M E N T A L  M E T H O D  

Exper iments  were  c a r r i e d  out on m a l e  albino r a t s  with an initial mean  weight of 250 g. Diabetes  was p r o -  
duced by subcutaneous injection of alloxan in a dose  of 15 m g / 1 0 0  g body weight. In a high propor t ion  of the 
an ima l s  the f i r s t  injection of al loxan did not cause  the development  of  d iabe tes ,  as  re f lec ted  in the level  of the 
d iu res i s  and the appea rance  of suga r  in the urine.  Alloxan was injected again into these  an ima l s  in the s ame  
dose  on the 12th day of the exper iment .  The total  durat ion of the exper iment  was 24 days .  

Phentolamine and obsidan were  injected i n t r amuscu l a r l y  throughout the per iod of the expe r imen t  in doses  
of  2 m g / 1 0 0  g body weight and 2-3 mg  per  r a t ,  r e spec t ive ly ,  daily.  On the days when alloxan was injected,  
phentolamine and obsidan were  injected i n t r amuscu l a r l y  2 h before  the alloxan. 

Sections through the panc reas  5 # thick were  stained with aldehyde - fuchs in  by G o m o r i ' s  method in Dy-  
ban ' s  modif icat ion.  The following m o r p h o m e t r i c  indices were  used:  the re la t ive  pe rcen tage  of i s le t  t i s sue ,  
the number  of i s le ts  pe r  10 m m  2 a r ea  of sec t ion ,  the mean  a r e a  of an i s le t ,  the number  of B and A ce l l s  pe r  
i s le t ,  the ra t io  between the num ber s  of B and A ce l l s ,  and the a r ea  of  the nuclei  of  the B and A cel ls .  

The p a n c r e a s e s  of  intact  r a t s  s e rved  as  the control .  

Depar tment  of Human and Animal Physiology,  N. G. Chernyshevski i  Saratov Univers i ty .  (Presented by 
Academic ian  of the Academy of Medical Sciences of the USSI~ A. P. Avtsyn.) T rans la t ed  f rom Byulleten '  
Eksper imenta l ' no i  Biologii i Medits iny,  Vol. 84, No. 11, pp. 582-584, November ,  1977. Original a r t i c l e  sub -  
mi t ted  June 7, 1977. 
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TABLE i. Effec t  o f  P h e n t o l a m i n e  and Obs idan  on M o r p h o m e t r i c  I n d i c e s  of  I s l e t s  of  
I_angerhans  in Ba t s  P r e v i o u s l y  B e c e i v i n g  A l loxa n  (M ~ m) 

Group of ~ Islet 
animals ,n ~ tissue, % 

1. Intact 
2. Receiving 

alloxan 8 
3. Receiving 

alloxan and 
phentolamine 
(mild 
diabetes) 2 

4. Receiving 
alloxan and 
shentola mine 
r 
iabetes) 2 

5. Receiving 
alloxan and 
obsidan 
(mild 
diabetes) 3 

6. Receiving 
alloxan and 
obsidan (severe 
diabetes) 

Px-~ 
P~-a 
P2--4 
P2~5 
P2-6 

0,55+0,06 

0,19+0,05 

0,28m0,02 

0,15-----0,1 

0,35+-0,07 

Number 
of islets 
per 10 Area of 
mmz islet mm2 
pamn- 

[ehyma 

10,6----- 1,7 0,0056-~0,0004 

5,2---- + 1,2 0,0045+0,0007 

12,5+--0,9 0,0024-----0,0002 

3,6----- 1,3f 0,0035~-0,001 

1 
12,3----- 1,51 0,0031--'-0,0004 

2 0,20---+0,01 5,3-----0,4 
< 0,01 < 0,05 
>0,05 <0,001 
> 0,05 > 0,05 
>0,05 <0,001 
> 0,05 > 0,05 

0,0039----- 0,0005 
> 0,05 
< 0,001 
> 0,05 
> 0,05 
> 0,05 

Number Number 
lof B of X 2 
/cells per cells per N 

t 
islet islet 

n~ 

Area of 
nucleus of 
B cell, 
p2 

31-----4,07 6+0,9 t 

14-----2,3 29"-3,6 

22-+-2,0 15+2,2 

11-----2,1 ] 15• 

24~2,5 13-----2,0 

15-----4,6 22+---5,1 
<0,01 <0,001 
<0,05 <0,01 
>0,05 <0,05 
<0,01 <0,001 
>0,05 I >0,05 

5,17 I 

0,48 I 

1,47 

0,73 [ 

1,69 

0,68 

21,22+0,4 

42,25-----0,6 

25,63-----0,46 

30,3m2,3 

22,76~-0,42 

34,5 --+ 3,6 
<0,001 
<0,001 
<0,001 
<0,00! 
> 0,05 

Area of 
~ucleus of 
A cell, 
~t2 

15,89=0,33 

20,4 I--~ 0,36 

16,48-4-0,36 

16,5 ~- i ,4 

15,89-+-0,35 

18,6 + 1,3 
<0,001 
<0,001 
> 0,05 
<0,00I 
> 0,05 

E X P E 1 3 I M E N T A  L B E S U L T S  

A l l o x a n  c a u s e d  s e v e r e  d e g e n e r a t i v e  c h a n g e s  in the  i s l e t s  of  L a n g e r h a n s ,  a s  m a n i f e s t e d  by a s h a r p  d e -  
c r e a s e  in t he  m a s s  of  i s l e t  t i s s u e ,  t he  n u m b e r  o f  i s l e t s  p e r  10 m m  2 of  p a r e n c h y m a ,  and t h e  n u m b e r  of  B c e l l s  
p e r  i s l e t  (Table  1). The  r e m a i n i n g  B c e l l s  w e r e  d e f i c i e n t  in s p e c i f i c  b l u e - v i o l e t  g r a n u l e s  and had  h y p e r t r o -  
ph i ed  n u c l e i ,  e v i d e n c e  o f  t he  i n c r e a s e d  funct ion  of  t h e s e  c e l l s .  A l loxan  a l s o  c a u s e d  a m a r k e d  i n c r e a s e  in the  
n u m b e r  o f  A c e l l s  and  an  i n c r e a s e  in  the  a r e a  o f  t h e i r  n u c l e i ,  p o i n t i n g  to i n c r e a s e d  func t iona l  a c t i v i t y  o f  the  
A c e l l s  and in a g r e e m e n t  wi th  c l i n i c a l  o b s e r v a t i o n s  showing  an  i n c r e a s e  in the  g lucagon  c o n c e n t r a t i o n  in the  
b lood  o f  d i a b e t i c s  [2]. M o d e r n  v i e w s  on the r e l a t i o n s  be tween  B and A c e l l s  [2, 13] i n d i c a t e s  tha t  a c t i v a t i o n  
o f  the  A c e l l s  in a l l o x a n  d i a b e t e s  i s  a c o m p e n s a t o r y  r e a c t i o n  l e a d i n g  to an  i n c r e a s e  in the  i n s u l i n - f o r m i n g  f u n c -  
t ion  o f  the  r e m a i n i n g  B c e l l s .  A c t i v a t i o n  of  the  A c e l l s  in a l l o x a n  d i a b e t e s  m a y  a l s o  be the  r e s u l t  of  an i n -  
c r e a s e  in the  c o n c e n t r a t i o n  of  c a t e c h o l a m i n e s  [3] and  g l u c o c o r t i c o i d s  [10, 11] in r e s p o n s e  to  s h o c k ,  and a l s o  
to l o s s  o f  s e n s i t i v i t y  of  the  A c e l l s  to  the  i n h i b i t o r y  a c t i o n  o f  h y p e r g l y c e m i a  [9]. 

C h r o n i c  a d m i n i s t r a t i o n  of  p h e n t o l a m i n e  and o b s i d a n  a g a i n s t  the  b a c k g r o u n d  o f  a l l o x a n  i n j e c t i o n s  c o n s i d -  
e r a b l y  a l l e v i a t e d  the  h a r m f u l  a c t i o n  o f  a l l o x a n  on t h e  i s l e t s  in m o s t  a n i m a l s  (in 12 o f  14 and in 13 of  15, r e -  
s p e c t i v e l y ) .  

In t he  r a t s  which  r e c e i v e d  p h e n t o l a m i n e  a s  wel l  a s  a l l o x a n  (group 3) the  n u m b e r  of  A c e l l s  p e r  i s l e t  was  
r e d u c e d ,  the  n u m b e r  of  B c e l l s  was  i n c r e a s e d ,  and  the  B / A  r a t i o  was  h i g h e r  than  in the  c o n t r o l  g r o u p  o f  a n i -  
m a l s  wi th  a l l o x a n  d i a b e t e s  (group 2). The  c y t o p l a s m  of  t he  B c e l l s  o f  t h e s e  r a t s  c o n t a i n e d  b r i g h t l y  s t a i n e d  b l u e -  
v i o l e t  g r a n u l e s ,  i n d i c a t i n g  p r e s e r v a t i o n  o f  the  u s u a l  i n s u l i n - f o r m i n g  funct ion of the  B c e l l s .  Th i s  was  a l so  c o n -  
f i r m e d  by  n o r m a l i z a t i o n  of  t h e  a r e a  o f  the  n u c l e i  o f  t h e s e  c e l l s  c o m p a r e d  with  the  c o n t r o l  g r o u p  of  a n i m a l s  wi th  
d i a b e t e s .  The  B c e l l s  o f  t h i s  g r o u p  thus  d i f f e r e d  s h a r p l y  both q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  f r o m  the  B c e l l s  
of the  d i a b e t i c  a n i m a l s  not  r e c e i v i n g  the  b l o c k e r .  T h e s e  d i f f e r e n c e s  s u g g e s t  a p r o t e c t i v e  a c t i o n  o f  p h e n t o l -  
a m i n e  a g a i n s t  the  d e s t r u c t i v e  a c t i o n  of  a l l o x a n  on the B c e l l s .  I t  i s  i n t e r e s t i n g  to  no te  tha t  u n d e r  t h e s e  c o n d i -  
t i o n s  t he  m a s s  o f  i s l e t  t i s s u e  was  no t  m u c h  g r e a t e r  than  in the  a n i m a l s  wi th  d i a b e t e s .  Undoub ted ly  t h i s  was  b e -  
c a u s e  of  the  s h a r p  i n c r e a s e  in the  n u m b e r  of  s m a l l ,  n e w l y  f o r m e d  i s l e t s ,  c o m p a r e d  no t  on ly  wi th  the  d i a b e t i c ,  
bu t  a l s o  wi th  the  i n t a c t  a n i m a l s .  

C o m p a r i s o n  o f  t h e s e  l a s t  i n d i c e s  s u g g e s t e d  tha t  fo l lowing  a d m i n i s t r a t i o n  of  p h e n t o l a m i n e  the p r o c e s s  of  
new i s l e t  f o r m a t i o n  took  p l a c e  i n t e n s i v e l y  in the  a n i m a l s  wi th  d i a b e t e s .  Th i s  e v i d e n t l y  c o m p e n s a t e d  to s o m e  
ex t en t  t he  e f f ec t  of  t he  d e s t r u c t i v e  a c t i o n  of  a l l o x a n  on the  B c e l l s .  Only in two a n i m a l s  w a s  such  c o m p e n s a -  
t ion  not  o b s e r v e d  (group 4). The  b a s i c  m o r p h o m e t r i c  i n d i c e s  in t h i s  g r o u p  w e r e  s i m i l a r  to t h o s e  in the  c o n t r o l  
d i a b e t i c  a n i m a l s .  
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After injection of obsidan into the animals  receiving al!oxan the same general  pa t tern  was observed  as 
a f te r  injection of phentolamine.  In mos t  animals  (group 5) obsidan al leviated the des t ruc t ive  action of alloxan 
on the B cel ls  and promoted new islet  formation.  Only in two animals  was this p ro tec t ive  action of obsidan not 
observed  (group 6). The protec t ive  action of the adrenoblockers  descr ibed  above explains the considerable  
al leviation of  alloxan diabetes observed  in the w r i t e r s '  l abora to ry  even af te r  a t r ip le  blockade of the a - a d r e n o -  
r ecep to r s  by phentolamine (a sharp dec r ea se  in the mor ta l i ty  among the animals ,  a sm a l l e r  d ec r ea se  in body 
weight,  and a higher  percentage  of animals  without glycosur ia  and polyuria) [1]. 

The mechanism of the protec t ive  action of the adrenoblockers  a f te r  adminis t ra t ion  of alloxan can be r e p -  
resen ted  as follows. Alloxan evidently acts  on the B cel ls  not only d i rec t ly ,  but also indi rec t ly ,  by intensifying 
adrenal in  secre t ion .  Adrenal in,  which acts  on 5 -  and f l - ad renorezep to r s  through cycl ic  AMP, inhibits the s e -  
cre t ion  of insulin, s t imulates  the sec re t ion  of  glucagon [12], and reduces  the ability of the pancreas  to form 
new is le ts .  Natural ly blockade of the a -  and f l - adrenoreeep to rs  abolishes a l l t he se  influences of  the ca techol -  
amines on the i s le t -ce l l  apparatus  a f te r  alloxan adminis t ra t ion.  Adrenobloekers  thus s t imulate  the insul in-  
forming function not only in animals  with an intact pancreas ,  but a lso,  as  was shown previous ly  [5], af ter  in-  
ject ion of al loxan,  i .e . ,  in the pathologically changed pancreas .  This p ro tec t ive  action of the adrenoblockers  
may  be in teres t ing  in connection with the sea rch  for  substances alleviating the seve r i ty  of diabetes [8]. 
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