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ABSTRACT 
o f  the l i z a r d  Anolis c a r o l i n e n s i s  were es t ima ted  by radioimmuno- 
assay .  The s p l e n i c  pancreas of  Anolis has a glucagon concentra- 
t i on  nea r ly  a 1000 times g r e a t e r ,  on a weight b a s i s ,  than t h a t  o f  
the mammal ian  pancreas.  G1 ucagon-1 i ke immunoreactivi t y  (GLI) of 
anol ian  plasma var ied  over a wide range, b u t  r e l a t i v e  t o  mammals 
the GLI l e v e l s  were inappropr i a t e ly  e l eva ted  f o r  t he  concent ra t ion  
of  plasma glucose.  The anole may prove valuable i n  s t u d i e s  on the  
r egu la t ion  of glucagon s e c r e t i o n ,  p a r t i c u l a r l y  a s  r e l a t e d  to  alpha 
c e l l  func t ion  i n  t h e  d i a b e t i c  s t a t e .  

Levels o f  glucagon i n  the s p l e n i c  pancreas and in  plasma 

Human d iabe te s  me11 i t u s  i s  accompanied by inappropr i a t e ly  e l eva ted  l e v e l s  

of glucagon r e l a t i v e  t o  the concent ra t ion  of  blood glucose (Unger and Lefebvre, 

'72; Buchanan and McCarroll, ' 7 2 ;  Gerich e t  a l . ,  ' 7 5 ) .  In the p r a c t i c e  of 

medicine, hyperglycemia i s  the _ _ ~ _ _  s i n e  qua non f o r  the d iagnos i s  o f  d i a b e t e s .  

be ta  c e l l s  of p red iabe t i c s  and d i a b e t i c s  a r e  cha rac t e r i zed  by low i n s u l i n  se-  

c r e t i o n  i n  response t o  glucose ( C e r a s i ,  ' 75 ;  Cerasi and L u f t ,  ' 6 7 ;  F u j i t a  e t  

a l . ,  ' 7 5 ) .  Normal, a d u l t  American anoles  (Anol i s  c a r o l i n e n s i s )  a r e  markedly 

hyperglycemic in  comparison t o  mammals and the anol ian  beta c e l l  i s  r e l a t i v e l y  

i n s e n s i t i v e  t o  glucose (Rhoten, ' 7 3 ,  ' 7 4 ) .  The p resen t  f i nd ings  sugges t  t h a t  

t h e  ano le ,  l i k e  the  human d i a b e t i c ,  e x h i b i t s  hyperglucagonemia r e l a t i v e  t o  the 

concent ra t ion  of blood gl ucose. 

The 

MATERIALS A N D  METHODS To determine l e v e l s  of  glucose and glucagon i n  

plasma, t a i l  blood ( 0 . 1  - 0.2 ml) from a d u l t  ano le s  was c o l l e c t e d  i n  heparin- 

ized  c a p i l l a r y  tubes  and dispensed i n t o  c h i l l e d ,  f l uo r ide -coa ted  25O-ul tubes 
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(Beckman Instrument) conta in ing  87.3 ug benzamidine HC1 monohydrate and 100 1-19 

EDTA (disodium s a l t ) .  Af t e r  c e n t r i f u g a t i o n ,  20 pl o f  plasma was removed f o r  

measurement of glucose l e v e l s  (Glucos ta t  U1 t ramicro ,  Worthington Biochem. ) .  

The plasma f o r  the glucagon assay  was d i l u t e d  1:lO o r  1:20 with assay bu f fe r  

of the following composition: 0.05 M Na-K phosphate, 33.4 mM NaC1, 5 mM benz- 

amidine H C 1 ,  0 .5  rnM mer th io l a t e  and 5 mg/ml of bovine albumin, f i n a l  pH 7.40. 

The d i l u t e d  plasma samples were frozen in dry i c e  and acetone and s to red  a t  

-20' C .  

were removed, b l o t t e d ,  weighed and homogenized in  a c i d i c  ethanol conta in ing  

5 mM benzamidine H C 1 .  The homogenate was e x t r a c t e d  f o r  24 hr. Af t e r  c e n t r i f -  

ugation, the e x t r a c t  was decanted and a l i q u o t s  were d i l u t e d  1 : l O O  with assay 

bu f fe r  and frozen a t  -20' C .  

For measurement of  panc rea t i c  gl ucagon , ind iv idua l  s p l e n i c  pancreata 

Anti-glucagon serum ( l o t  #4, B-9) was t h e  generous g i f t  o f  Doctor Anthony 

S. Pag l i a ra .  Fcrcine glucagon was kindly provided by Doctor Mary Root of  t h e  

L i l l y  Research Labora tor ies .  G1 ucagon radioimmunoassay was accomplished by a 

modi f ica t ion  of t he  ethanol separa t ion  procedure of Heding ( ' 7 1 ) .  Labeled 

glucagon ( l Z 5 I )  was purchased from Cambridge Nuclear. 

s tandards  and samples were made u p  i n  t h e  a s s a y  b u f f e r .  Radioimmunoassay 

was c a r r i e d  o u t  u t i l i z i n g  the following procedure.  

c a t e s ,  200 p1 of s tandard  ( con ta in ing  12.5 t o  200 pg o f  glucagon) o r  sample 

received 100 p1 o f  d i l u t e d  antiserum. Af t e r  add i t ion  of antiserum and subse- 

quent incubation a t  4' C f o r  24 h r ,  100 ~1 o f  1251-glucagon (50 p g )  was added 

and the  tubes  were incubated f o r  another  24 h r  a t  4' C .  

a f i n a l  antiserum d i l u t i o n  o f  1:12000 bound approximately 67% of  the l abe led  

glucagon. 

t o  those used i n  t h e  "back-ti  t r a t i o n "  assay  o f  i n s u l i n  (Makul u e t  a l . ,  '69;  

Doctor Pe te r  H .  Wright, personal communication). 

Antiserum, 1251-glucagon, 

Using d u p l i c a t e s  o r  t r i p l i -  

Under these  condi t ions  

Calcu la t ion  of  t h e  r e s u l t s  and add i t iona l  assay  c o n t r o l s  were s i m i l a r  
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RESULTS The di luted ex t rac ts  of the anolian splenic  pancreas exhibited 

good paral le l ism with standard ( f i g .  1) .  

lowing extract ion was about 92%. 

sayed under the present conditions was 6.25 ng .  This amount o f  glucagon s ig-  

n i f i can t ly  a l te red  the % binding of labeled glucagon (calculated from f ive 

individual standard curves: P<O.01 by - t t e s t ,  d . f .  = 3 ) .  Interassay preci-  

sion was s a t i s f ac to ry  a s  estimated by the standard e r ro r  o f  the mean (SEM) 

( f i g .  1 ) .  The mean immunoreactive glucagon level fo r  seven anolian splenic 

pancreata was 3.39 u g  pcrc ine  equivalents/mg wet weight. The range of values 

was 2.39 t o  4 .98 Fig equivalents/mg with a SEM of 0.34. 

of the splenic pancreas f o r  each l i za rd  was estimated by averaging the porcine 

equivalents obtained a t  four d i lu t ions  of the ex t r ac t  ( f ig .  1 ) .  

Recovery of glucagon standard fo l -  

The smallest  amount of glucagon standard as-  

The glucagon content 

For comparison with plasma glucagon l eve l s  in Anolis, r a t  plasma and plasma 

from a s ingle  human subject were assayed. G L I  l eve ls  of plasma samples from 

the r a t s  and  the human subject  were high ( f i g .  2 ) .  This r e su l t  can be a t t r i b u t -  

ed in par t  t o  the nonspecific r eac t iv i ty  of the antiserum fo r  pancreatic glucagon 

(Doctor Anthony Pagl i a r a ,  personal communication). Measurement of G L I  in human 

plasma was fur ther  complicated by the nonproportional r e su l t s  obtained with 

di lut ion ( f ig .  3 ) .  For the r a t  there was only a s l i g h t  l o s s  of l i n e a r i t y  with 

di lut ion ( f i g .  3 ) .  Since anolian plasma was assayed a t  a d i lu t ion  of  1:lO or 

1:20, nonspecific e f f e c t s  were l i ke ly  t o  be minimal (Yalow and Berson, ' 7 1 ) .  

Although plasma G L I  varied widely in Anolis, the  values tended to  be con- 

siderably higher than those obtained fo r  mammals using the ident ical  assay 

procedure ( f i g .  2 ) .  

of plasma G L I  in association with elevated plasma glucose ( f i g .  2 ) .  

Even more surpr is ing was the finding of these high leve ls  

DISCUSSION The anolian splenic pancreas contains,  on a weight basis, sev- 

eral  hundred times as much glucagon as mammals. Assan e t  a l .  ( ' 6 9 )  reported 
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1.5 u g  o f  glucagon/g o f  pancreas f o r  man and 1 . 2  u g / g  f o r  the r a t .  

u s i n g  a specimen of  human pancreas obta ined  a t  biopsy, found 9 pg/g. 

imens of  human pancreas obta ined  a t  au topsy ,  e x t r a c t e d  and p a r t i a l l y  p u r i f i e d  

by the method o f  Davoren ( ' 6 2 )  and assayed accord ing  t o  the descr ibed  procedure,  

contained 7 .7  and 6 .6  Lrg glucagon/g (Rhoten, unpublished o b s e r v a t i o n s ) .  The 

predominance o f  alpha c e l l s  ( f i g .  4 )  and t h e  l a r g e  concent ra t ion  o f  glucagon 

in the anol ian  s p l e n i c  pancreas i n d i c a t e  t h a t  t h i s  spec ie s  may be a useful 

model f o r  exp lo r ing  the r egu la t ion  o f  glucagon s e c r e t i o n  and the molecular 

i n t e r a c t i o n  underlying ~1 c e l l  func t ion .  

Unger ( ' 7 2 ) ,  

Two spec- 

Since a1 1 v e r t e b r a t e s  probably have g a s t r o i n t e s t i n a l  GLI (Assan e t  a l .  , 

' 69 ;  Ostberg e t  a l . ,  ' 7 6 )  i t  i s  l i k e l y  t h a t  the plasma values repor ted  here 

inc lude  such a c t i v i t y .  The value obta ined  f o r  t he  human s u b j e c t  i s  well with- 

i n  t h e  range repor ted  by o t h e r  au tho r s  using a nonspec i f i c  antiserum (Luyckx, 

' 7 2 ) .  

those found in  normal mammals, b u t  occur  concomitantly w i t h  e l eva ted  l e v e l s  

In any c a s e ,  the values obta ined  i n  Anolis a r e  no t  only higher than 

FIGURE L E G E N D S  

1 Dose-response r e l a t i o n s h i p s  obta ined  i n  t h e  glucagon assay .  The 
r e fe rence  prepara t ion  was porc ine  glucagon ( 0 , n = 8) .  Ex t rac t s  
o f  a s p l e n i c  pancreas o f  Anolis ( 0 ) and a human pancreas ( A ) 
were d i l u t e d  with assay  bu f fe r .  Values a r e  expressed  a s  porcine 
gl ucagon e q u i v a l e n t s .  Ver t ica l  ba r s  r ep resen t  the s tandard  e r r o r s  
of t he  means (SEM). 

2 Rela t ionships  between plasma glucose l e v e l s  and plasma glucagon- 
l i k e  immunoreactivity (GLI). GLI va lues  f o r  the anole  ( 0 , n = 
1 7 )  were determined a t  a plasma d i l u t i o n  of 1 : l O .  GLI values f o r  
t he  ra t  ( 0 ,  n = 4 )  and t h e  human subject ( A ) were obtained 
from t h e  results a t  t h r e e  d i f f e r e n t  d i l u t i o n s  of  plasma. 

3 Ef fec t  of  plasma d i l u t i o n  on the apparent  l eve l  of plasma GLI. 
Values ( r a t ,  0 ; human, ) a r e  co r rec t ed  f o r  d i l u t i o n  and a r e  
expressed a s  porcine equ iva len t s .  Ver t ica l  bars  i n d i c a t e  SEM. 
Oarkfield micrograph of epoxy sec t ion  (about 1 p m )  o f  s p l e n i c  pan- 
c r e a s  o f  Anolis ( f i x e d  i n  3% glutaraldehyde-2% formaldehyde and 
processed f o r  e l e c t r o n  microscopy) i l l u s t r a t i n g  alpha ( A )  , beta  
( B ) ,  and d e l t a  ( D )  c e l l s .  X 960. 

4 
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o f  blood glucose.  These da ta  sugges t  t h a t  i n  Anolis s e c r e t i o n  of  glucagon i s  

maintained in  s p i t e  of e l e v a t e d  blood glucose l e v e l s .  Such l e v e l s  o f  blood 

glucose s i g n i f i c a n t l y  suppress gl ucagon r e l e a s e  i n  normal mammals. 

a r e  in  progress  t o  examine glucose r egu la t ion  of  ano l i an  a c e l l  s e c r e t i o n .  

hyperglycemia does not s i g n i f i c a n t l y  reduce gl ucagon s e c r e t i o n ,  then another 

p a r a l l e l i s m  between the d i a b e t i c  s t a t e  i n  man and the anol ian  model wi l l  have 

Experiments 

I f  

been i d e n t i f i e d .  
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