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ABSTRACT S o m a t o s t a t i n ,  i n s u l i n  and  g lucagon  were l o c a l i z e d  i n  t h e  
p r i n c i p a l  i s l e t s  o f  t h e  a n g l e r f i s h  ( L o p h i u s  amer i canus )  and t h e  
channel  c a t f i s h  ( I c t a l u r u s  p u n c t a t a )  by  means o f  t h e  u n l a b e l e d  a n t i -  
body-peroxidase-antiperoxidase i mmunocytochemical method. B o t h  spe- 
c i e s  showed a s i m i l a r  r a t i o  o f  p o s i t i v e  c e l l s  9 : 6 : 4  ( i nsu1 in :soma-  
t o s t a t i n : g l u c a g o n ) ,  b u t  t h e  i n t e r r e l a t i o n s  o f  t h e  t h r e e  c e l l  t y p e s  
d i f f e r e d  between s p e c i e s .  The l a r g e  number o f  s o m a t o s t a t i n - p o s i t i v e  
c e l l s  may be i n d i c a t i v e  o f  an i m p o r t a n t  r o l e  f o r  t h i s  hormone i n  
t e l e o s t  p h y s i o l o g y .  The p r i n c i p a l  i s l e t s  appear  t o  be a good sou rce  
o f  t i s s u e  f o r  f u r t h e r  work on s o m a t o s t a t i n .  

S ince  t h e  i n i t i a l  d e s c r i p t i o n  o f  s o m a t o s t a t i n  (SRIF)  i n  t h e  i s l e t s  o f  

Langerhans o f  r a t s  and  gu inea  p i g s  ( L u f t  e t  a l . ,  ' 7 4 ) ,  i t s  p resence  has been 

r e p o r t e d  i n  i n s u l a r  t i s s u e s  o f  a number o f  mammalian and a v i a n  s p e c i e s  (Dubo is ,  

' 7 5 ) .  The i s l e t  c e l l  t y p e  i n  w h i c h  s o m a t o s t a t i n  i s  l o c a l i z e d  has been e s t a b -  

l i s h e d  a s  t h e  d e l t a  o r  a l p h a  c e l l  ( H i i k f e l t  e t  a l .  , ' 7 5 ,  O r c i  e t  a l . ,  ' 7 5 ) .  

The d e s c r i p t i o n  o f  s o m a t o s t a t i n  has n o t  been ex tended  t o  t h e  p r i n c i p a l  i s l e t s  

o f  t e l e o s t s ,  even though  s p e c i e s  such as t h e  channel  c a t f i s h  ( I c t a l u r u s  p u n c t a t a )  

have a h i g h  p e r c e n t a g e  o f  d e l t a  c e l l s  i n  t h e i r  i s l e t  t i s s u e  ( B r i n n ,  ' 7 1 ) .  T h i s  

s t u d y  was under taken  t o  see whe the r  t h e s e  p r i n c i p a l  i s l e t s  a l s o  c o n t a i n  soma- 

t o s t a t i n ,  as  w e l l  as t o  e x t e n d  t h e  knowledge o f  s o m a t o s t a t i n ' s  p h y l o g e n e t i c  

d i s t r i b u t i o n .  
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MATERIALS A N D  METHODS Guinea pig anti-SRIF (GP-ASRIF) was obtained using 

Guinea pig anti-bovine-por- a method previously described (Elde e t  a l . ,  ' 7 5 ) .  

c i n e  -glucagon ( G P - A B P G )  was a g i f t  from Doctor Stanley Erlandsen, Department 

of Anatomy, University of Minnesota. 

Rabbit ant i -anglerf ish- insul in  (R-AAI) was generated in response t o  sub- 

cutaneous inject ion of a keyhole 1 impet hemocyanin-insulin conjugate prepared 

in the following manner. Anglerfish insu l in ,  50.0 mg (Novo Lot #2366) dissolved 

in 5.0 ml of 0.02M H C 1 ,  was added t o  150.0 mg of keyhole limpet hemocyanin 

(Calbiochem) dissolved in 5.0 ml of 0.05N phosphate-buffered sa l ine  (PBS),  pH 

7 .2 .  The f inal  pH of the mixture was adjusted t o  7.3  with NaOH. While s t i r -  

r ing,  50 ~1 of 5.6% glutaraldehyde (Ladd) was added, followed 30 min. l a t e r  by 

an additonal 50 ~ 1 .  The solution was s t i r r e d  overnight a t  room temperature, 

a f t e r  which 100.0 mg of glycine (Sigma) was added. 

d ia l ized  against  and di luted with PBS t o  a f inal  concentration of 2.0 mg. of 

insul in  per ml. Antibodies were obtained a f t e r  2 inject ions of a to ta l  of 2 .0  

mg conjugate per animal. 

The conjugate was then 

Principal i s l e t s  from anglerf ish and  channel ca t f i sh  were fixed by immer- 

sion in Bouin's f l u id .  Following paraff in  embedding, the local izat ion o f  soma- 

t o s t a t i n ,  insul in  and glucagon was accomplished on 5-micron t i s sue  sections 

using the unlabeled ant i  body-peroxidase-antiperoxidase technique of Sternberger 

e t  a l .  ( ' 7 0 )  as modified for  use with heterologous an t i se ra  by Erlandsen e t  a l .  

( ' 7 5 ) .  The spec i f i c i ty  of the an t i se ra  was tes ted  on adjacent t i s sue  sect ions.  

Controls included (1) the addition of an  excess of appropriate antigen t o  the 

immune sera  pr ior  t o  t h e i r  application t o  the t i s sue  sect ions,  ( 2 )  the use of 

non-immune guinea pig and rabbi t  sera as f i r s t  antibody, and ( 3 )  the omission 

of the f i r s t  antibody. The d i lu t ions  of an t i se ra  used were GP-ASRIF 1/100, 

GP-ABPG 1/50 and  R-AAI  1/4000. 
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RESULTS Localization of a l l  three hormones was accomplished in b o t h  the 

anglerf ish and the ca t f i sh .  

each antiserum for  the spec i f ic  hormone against  which i t  was produced. 

sect ions on which the f i r s t  antibody was omitted or non-immune serum was used 

showed no spec i f ic  ce l lu l a r  s ta ining.  

arrangement of ce l l  types. There were large areas  of somatostatin-posit ivity 

surrounded f i r s t  by a rim of glucagon-positive c e l l s  and second by insul in-  

posi t ive c e l l s .  The arrangement o f  the ca t f i sh  i s l e t  was n o t  as  regular as 

tha t  of the anglerf ish.  Somatostatin-positive c e l l s  were present in large 

numbers, b u t  a l l  three c e l l s  types were intermingled within the endocrine t i s -  

sue. Prel iminary quant i ta t ion using 1 inear scanning (Carpenter e t  a l .  , ' 6 2 )  

revealed an approximate r a t i o  of 9 :6 :4  (insu1in:somatostatin:glucagon) i n  b o t h  

animal s .  

Absorption controls  ver i f ied the spec i f i c i ty  of 

Tissue 

The anglerf ish showed a most s t r ik ing  

DISCUSSION Hypothalamic somatostatin has been reported in a number of 

vertebrate species (Dubois e t  a ., ' 7 4 ) ,  b u t  the description of somatostatin 

in the i s l e t s  of Langerhans has been l imited to  mammals and birds .  This study 

confirms i t s  presence in the pr ncipal i s l e t s  of two representative t e l eos t s ,  

and es tabl ishes  i t s  coexistence with insul in  and qlucagon over a wide phylo- 

genetic range. The large number of somatostatin-positive c e l l s  in these two 

species i s  cer ta in ly  of i n t e re s t  considering the generally low number of similar 

c e l l s  in mammalian i s l e t s .  In t e l eos t s ,  the physiologic roles  of the principal 

i s l e t s ,  as  well a s  of insul in  and glucagon, have been d i f f i c u l t  t o  e lucidate .  

T h o u g h  s imi l a r i t i e s  do e x i s t ,  most work in the f i e l d  has served t o  point o u t  

the differences between insular  function in f i sh  as compared t o  mammals (Brinn, 

' 7 3 ;  Epple, ' 6 9 ) .  Since te leos t  principal i s l e t s  appear t o  be regulated by 

factors  d i f fe r ing  from those which regulate i s l e t  function in higher forms, 

the presence of large amounts of somatostatin, known t o  influence insul in  a n d  

121 



g l  ucagon r e l e a s e ,  i s  i n t r i g u i n g .  S o m a t o s t a t i n  may be an i n t e r m e d i a t e  between 

t h e  p r i m a r y  r e g u l a t i n g  f a c t o r  i n  f i s h  and  t h e  f i n a l  i n s u l i n  o r  g lucagon  response .  

S o m a t o s t a t i n - c e l l  s may n o t  o n l y  be i n v o l v e d  i n  l o c a l  r e g u l a t i o n .  T h e i r  p resence  

i n  such l a r g e  n u m b e r s ( t w 0 - t h i r d s  a s  many as b e t a  c e l l s  and one and o n e - h a l f  

t i m e s  t h e  number o f  a l p h a 2  c e l l s )  may i n d i c a t e  an i n v o l v e m e n t  i n  t h e  homeos tas i s  

o f  t h e  e n t i r e  organism. 

S o m a t o s t a t i n  i s  known t o  i n h i b i t  t h e  r e l e a s e  o f  i n s u l i n  and g lucagon 

( A l b e r t i  e t  a l . ,  ' 7 3 ;  E r i c h  e t  a l . ,  ' 7 4 ) ,  b u t  n o t h i n g  i s  known abou t  r e g u l a t i o n  

o f  i t s  s y n t h e s i s  o r  r e l e a s e .  The p r i n c i p a l  i s l e t s  i n  t e l e o s t s ,  l o n g  used as 

a source o f  t i s s u e  f o r  i s l e t  e x p e r i m e n t a t i o n ,  now appear  t o  be an e x c e l l e n t  

source o f  t i s s u e  f o r  t h i s  t y p e  o f  work on s o m a t o s t a t i n .  E x p e r i m e n t a l  systems 

u s i n g  t h i s  t i s s u e  may w e l l  g i v e  i n s i g h t  i n t o  t h e  complex i n t e r a c t i o n s  between 

t h e  d i f f e r e n t  c e l l  t y p e s  f o u n d  i n  i s l e t  t i s s u e .  
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