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Morpholo~,ical Characteristics of the Secretory 
Granules in Pancreatic/3 Cells from Species with 

Identical Primary Structures of Insulin 

I t  is general ly  accepted  t h a t  the  secre tory  granules  of 
the  pancrea t ic  fl cells represent  t he  s torage form of 
insulin 1-8. The  shape of t he  fl granules  var ies  in d i f ferent  
species, ind ica t ing  a s ignif icant  difference in the i r  in te rna l  
s t ructure.  Whi le  t h e y  are spherical  in the  mouse  and the  
ra t  4,6, t h e y  appea r  as mul t ip le  i r regular  elements,  in the  
dog4,B, pigs  and  manY, s. The  reason for t he  va r i a t ions  in 
the  shape of the  fl granules  is unknown.  The  possibi l i ty  
t h a t  t h e y  m a y  s imply  ref lect  the  p r i m a r y  s t ructures  of 
their  insulins m u s t  be considered.  This  means,  as has  
been recent ly  emphas ized  by  GRODSKY and  FORSHAM 9, 
t ha t  i t  would  be  of in te res t  to compare  the  morpho logy  
of the  ~ granules  in those  species which h a v e  ident ica l  
p r imary  s t ruc tures  of insulin. The  results  of such analyses,  
using pieces of pancreas  f rom dogs and  pigs, are  repor ted  
in the  present  communica t ion .  

Material and methods. Pancrea t i c  mate r ia l  f rom 3 dogs 
and 3 pigs were s tudied.  Smal l  cubes of t issue were  f ixed 
in g lu tara ldehyde~0 fol lowed by  osmium te t roxide ,  and  
processed for e lectron microscopy.  The  his tological  t rea t -  
m e n t  of the  ma te r i a l  was as un i form as possible. Fo r  the  
ident i f icat ion of t he  islets, large, 1-/~-thick sections were  
cut, m oun ted  on slides and  s ta ined wi th  buffered to lu id ine  
blue. Th in  sections f rom selected par t s  of the  blocks 
conta in ing  islets were  t h e n  e x a m i n e d  in an  e lec t ron 
microscope (Siemens E lmiskop  1) a t  60"kV. 6 islets f rom 
each species were  sys temat ica l ly  analysed b y  measure-  
ments  on e lec t ron micrographs  p repared  a t  a f inal  
magni f ica t ion  of × 20,000. The  grea tes t  d i ame te r  and  the  
d iamete r  a t  r igh t  angles to i t  were measured  in the  first  
50 clear ly  ident i f iable  granules  and sur rounding  sacs 

found in each  islet. I n  addi t ion,  the  n u m b e r  of  g ranu la r  
e lements  in each sac was noted.  

Results. In  b o t h  the  pig and the  dog the  secre tory  
granules  of the  fl cells appea red  as mul t ip l e  i r regular  
e lements  (Figure).  The  resul ts  of the  q u a n t i t a t i v e  analyses  
can be seen in the  Table.  Whi l e  no s ignif icant  differences 
were  recorded for the  sizes of t he  secre tory  granules, t h e y  
were  more  e longa ted  in t h e  dog (t = 2.72; P - - - 0 . 0 2 ) .  
I ;u r thermore ,  the  sacs t e n d e d  to be  larger  in the  dogs;  
the  percen tage  of t h e m  being occupied by  granules  was 
28 ~o in th is  an ima l  as compared  wi th  36% in the  pig. 
S imi lar  va lues  were  no ted  in t he  2 types  of animals  for 
the  n u m b e r  of granular  e lements  in each sac. 

Discussion. The  insulin ex t r ac t ed  f rom the  pancrea t i c  
glands of t h e  dog  and  the  p ig  has  an  iden t ica l  p r i m a r y  
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Electron micrograph showing part of a ~ cell in the pig (a) and the dog (b). In both species a similar pattern of secretory granules with 

irregular, cuboidal or polyhedral profiles can be seen. x 20,000. 

The results of the quantitative analyses of the ~ granuIes and their surrounding sacs in electron micrographs from the pancreatic islets of pigs 
and dogs. The size of the granules has been expressed as the value obtained by multiplying the greatest diameter (in ram) with that at right 
angles to it. The eccentricity denotes the percentage by which the former diameter exceeds the latter. The figures represent the mean values 

± S.E.M. for the islets studied 

Animals Granules Sacs 

Size Eccentricity No. of elements Size Eccentricity Part occupied 
by granules (~)  

Pig 27.3 :L 3.1 85 :J: 14 1.23 :t: 0.06 78.7 -b 9.2 26 -4- 4 36 -4- 2 
Dog 30.6 + 1.6 140 -4- 14 1.16 -4- 0.02 113.5 -4- 9.9 36 q- 4 28 -4- 2 
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s t r u c t u r e  n,x*. I t  e m e r g e d  f rom t h e  p r e s e n t  s t u d y  t h a t  
t h e  fl g r anu le s  in  t h e  p ig  d i sp l ayed  a s imi la r  p i c t u r e  of 
m u l t i p l e  i r r egu la r  g ranu les  to  t h a t  p r ev ious ly  desc r ibed  
in  t h e  dog  4,s. More  careful  q u a n t i t a t i v e  ana lyses  revea led ,  
however ,  t h a t  t h e  g ranu les  in  t h e  dog  were  more  e l o n g a t e d  
t h a n  those  in  t h e  pig, T h i s  i nd ica t e s  t h a t  t h e  m o r p h o -  
logical  a p p e a r a n c e  of t h e  fl g ranu les  is in f luenced  also b y  
o t h e r  f ac to r s  t h a n  t h e  p r i m a r y  s t r u c t u r e  of t he  insul in .  
W h e t h e r  a n  i d e n t i c a l  c o m p o s i t i o n  a n d  o rde r  of t h e  a m i n o  
ac ids  in  t h e  insu l in  molecu le  m a y  also be  c o m p a t i b l e  w i t h  
t h e  m o r e  s t r i k i n g  species di f ferences  w h i c h  h a v e  been  
e n c o u n t e r e d  in  t h e  fl g ranu les  r e m a i n s  to  be  se t t led .  I n  
t h e  f u r t h e r  e x p l o r a t i o n  of t h i s  m a t t e r  i t  would,  for  
example ,  be  of i n t e r e s t  to  e x t e n d  t h e  q u a n t i t a t i v e  e lec t ron-  
mic roscop ic  ana lyses  also to  o t h e r  species ( spe rm a n d  f in  
whale)  w i t h  iden t i ca l  p r i m a r y  s t r u c t u r e s  of insu l in  xa. 

Zusammen/assung. Die Pr im~Lrs t ruktur  des In su l i n s  is t  
bei  H u n d  u n d  Schwein  ident i sch .  E l e k t r o n e n m i k r o s k o p i s c h  

w u r d e  fes tgeste l l t ,  dass  die s ek re to r i s chen  G r a n u l a e  de r  
p a n k r e a t i s c h e n  fl-Zellen bei  b e i d e n  A r t e n  e ine  unrege l -  
m~issige F o r m  h a b e n .  E i n e  q u a n t i t a t i v e  A n a l y s e  e rgab  
jedoch ,  dass  die ~ - G r a n u l a e  des  H u n d e s  l~nger  s i nd  Ms 
die des  Schweines .  
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R i b o f l a v i n  in  the  B l o o d  S e r u m ,  t h e  S k i n  a n d  t h e  
V e n o m  of  s o m e  S n a k e s  o f  B u r m a  

Some Braz i l i an  s n a k e s  (Bothrops jararaca, Eudryas bi- 
]ossatus) h a v e  b e e n  r e p o r t e d  to  c o n t a i n  s ign i f i can t  
a m o u n t s  of r i b o f l a v i n  in t h e  b lood  p l a s m a  ~,*. However ,  
o t h e r  species l ike t h e  r a t t l e s n a k e  (Crotalus terri[icus terri- 
ficus) a n d  t h e  n o n - v e n o m o u s  Xenodon merrimii, lack  
i l a v i n  in  t h e i r  b lood  a n d  possess  on ly  a b lue  f luorescen t  
p i g m e n t  r e l a t e d  to  p t e r i d i n e s L  I t  is i n t e r e s t i n g  to  n o t e  
t h a t  t h e  v e n o m  of t he  Bothrops is also r ich  in r ibo f l av in  
w h e r e a s  t h a t  of t h e  Crotalus is devo id  of i t  4. T h e  f lav ins  
de t ec t ed  in t h e  p l a s m a  are  free or c o m b i n e d  w i t h  p ro t e in s  
a n d  microb io log ica l ly  ac t ive  a. 

I t  s e e m e d  t h e r e f o r e  w o r t h w h i l e  to  s t u d y  w h e t h e r  some  
of t h e  c o m m o n  snakes  of B u r m a ,  I n d i a  a n d  S o u t h - E a s t  
Asia,  of d i f f e ren t  species n o t  f o u n d  i n  S o u t h  Amer ica ,  
c o n t a i n  r a v i n  in t h e i r  b lood  se rum.  T h e  v e n o m o u s  
species w h i c h  we w o r k e d  w i t h  were  t h e  cobra,  t h e  v ipe r  
a n d  t h e  k r a f t ;  t h e  n o n - v e n o m o u s  were  t h e  p y t h o n  a n d  
two  o t h e r  sma l l e r  species  (Oligodon cyclurus a n d  Cercerus 
rynchops). R i b o f l a v i n  was  f o u n d  in  m e a s u r a b l e  a m o u n t  
in  on ly  two  v e n o m o u s  s n a k e s  (k ra f t  a n d  v iper )  in  t he  
b lood  s e r u m  as well  as  in  t h e  sk in ;  t h e  p y t h o n  showed  t he  
l a rges t  r i b o f l a v i n  c o n t e n t .  Th i s  f l av in  was  n o t  found  in 

Riboflavin in the blood serum and skin of some Burmese snakes 

Snakes Flavin as riboflavin Flavin io 
in/zg/100 rnl serum a /zglg dry 

weight 
skin 

Naia na'~a (cobra) - - 
Bungarus coeruleus (viper) 18 (12, 15, 17, 22, 27) 17 
Bungarus ]asciatus 
(banded kraft) 50 (22, 37, 82, 86, 120} 210 
Python molurus 257 (250, 285) 315 
Oligon cyelurus 
Cerberus rynchops 25.5 (21, 24, 27, 28, 28) 42 

a Average of pooling sera and of some individual determinations. 

t h e  v e n o m  of t h e  c o b r a  or t h e  v i p e r  a n d  on ly  in low con-  
c e n t r a t i o n  (38 # g / g  d r y  weigh t )  in t h e  v e n o m  of t h e  k ra f t  
(Bungarus [asciatus). T h e  sMn is gene ra l ly  r i c h e r  in  all  
t h e  species s tud ied ,  e x c e p t  t h e  c o b r a  a n d  Oligodon cyclurus 
w h i c h  do n o t  c o n t a i n  a m e a s u r a b l e  a m o u n t .  I t  is in t e re -  
s t ing  to  no t e  t h a t  t h e  sk in  of t h e  k ra f t  c o n t a i n s  f l av in  on ly  
in t h e  yel low b a n d .  I t  h a s  b e e n  r e p o r t e d  b y  BLAIR a n d  
GRAHAM t h a t  t he  sk in  of some Af r i can  g reen  s n a k e s  
(Philothammus semi-variegatus a n d  Dispholidus typus) 
also c o n t a i n  r i b o f i a v i n L  T h e  T a b l e  s u m m a r i z e s  ou r  
resul ts .  

T h e  b lood  was col lected in large  t e s t  t u b e s  i m m e d i a t e l y  
a f t e r  d e c a p i t a t i o n  of t he  a n i m a l  a n d  t h e  s e r u m  s e p a r a t e d  
b y  cen t r i fuga t ion .  I n  a few cases (py thon)  t h e  d e t e r m i n a -  
t i ons  were  p e r f o r m e d  w i t h  cold b lood  p l a s m a  t h a f t e r  t h e  
d e c a p i t a t i o n  of t h e  snake .  T h e  t e c h n i q u e  of VILLELA a n d  
PRADO was  fol lowed for  t h e  e x t r a c t i o n  a n d  t h e  I l av in  was  
e s t i m a t e d  v i sua l ly  b y  c o m p a r i n g  t h e  i n t e n s i t y  of t h e  
g reen  f luorescence  of t h e  c lear  e x t r a c t s  w i t h  r i b o f l a v i n  
s t a n d a r d  so lu t i onsL  A n  U V - l a m p ,  a d a p t e d  to  a special  
dev ice  in which  t h e  l igh t  p a t h  h i t s  t h e  so lu t ion  t h r o u g h  a 
f i l te r  a t  a n  ang le  of 45 °, was  used as  c o m p a r a t o r %  T h e  
h y d r o s u l p h i t e  t e s t  was  p e r f o r m e d  acco rd ing  t o  NAJJAR e, 

Zusammen[assung. Es  w u r d e n  sowohl  gift ige als auch  
ung i f t ige  S c h l a n g e n  aus  B u r m a  auf  den  G e h a l t  a n  F lav i -  
h e n  in  B l u r  u n d  H a u t  u n t e r s u c h t .  
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