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The p a n c r e a s  In moat v e r t e b r a t e  forms c o n s i s t s  o f  an e x o -  

c r i n e  p a r t ,  which e la b o r a te s  c e r t a i n  d i g e s t i v e  j u i c e s : and an 

e n d o c r i n e  p o r t i o n  whose i n t e r n a l  s e c r e t i o n s  p l a y  su ch  an  im

p o r t a n t  r o l e  i n  th© e o n t r o l  o f  t h e  I n t e r m e d i a t e  o s rb o h y d ra t©  

m e ta b o l i s m .  The c e l l s  o f  t h e s e  r e g i o n s  a r e  d i s t i n c t l y  d i f f e r 

e n t ,  a l t h o u g h ,  f r e q u e n t l y  t h e y  may be i n t e r c h a n g e a b l e  a s  f a r  

a s  t h e i r  o r i g i n  i s  concerned .

L i t t l e  seems t o  r e c o r d e d  i n  r e f e r e n c e  t o  o y t o l o g l o a l  

s t u d i e s  o f  t h e  p a n c r e a s  i n  r e p t i l e s *  " P i s o h i n g e r  (1895) was 

t h e  f i r s t  to  i d e n t i f y  the  i s l e t ®  o f  l a n g o r h a n s  i n  t h e  p a n c r e a s  

o f  t h e  r e p t i l e ® .  H is  work was c l o s e l y  f o l l o w e d  by s e v e r a l  r e 

p o r t s  ( G i a n n e l l i  and Gi©comini ,  1 8 9 b |  L a q u o s s e ,  1898;  and 

Plantar©, 1099) which s u b s t a n t i a t e d  and © xtended th e  o b s e r v a 

t i o n s  t o  many a d d i t i o n a l  f o n a t * T h e  w o r k e r s ,  a t  t h a t  t im e ,  

d i d  n o t ,  however,  show any  p a r t i c u l a r  i n t e r e s t  i n  t h e  a c i n a r  

t i s s u e  a s  th ey  t o o k  f o r  g r a n t e d  th e  f a c t  t h a t  i t  d id  n o t  show 

any u n u s u a l  c h a r a c t e r i s t i c s  ©f i n t e r e s t  aria o f  i m p o r t a n c e  

S u b s e q u e n t l y ,  w i t h  t h e  d i s c o v e r y  o f  t h e  im p o r t a n c e  o f  th e  i s l e t s  

o f  I -engerhans  i n  r e s p c io t  to  c a r b o h y d r a t e  'metabolism, l a t e r  and 

more r e c e n t  i n v e s t i g a t i o n s  have been c o n c e n t r a t e d  on mammalian 

forms* T h e r e f o r e ,  a more th o ro u g h  and  c o m p le te  s t u d y  o f  t h e  

r e p t i l i a n  p a n c r e a s  h as  n o t  been  made. The most r e c e n t  work 

on t h e  r e p t i l i a n  p a n c r e a s  i s  t h a t  o f  Thom©a, who ha® i n v e s t i 

g a t e d  tli© c y t o lo g y  o f  t h e  p a n c r e a s  o f  th e  snake?®* K e n d a l l

3* T h u r lo  B. Thomas, wTh© P a n c r e a s  o f  G riakes ,M The Ana
t o m i c a l  B eco rd ,  V ol .  8 2 ,  Ho* 3 ,  P, 3 3 ? ,  M a rc h ,1943*



o b s e r v e s  t h a t  th© p an creas o f  th# li& arda does not show w a ll  

d e f in e d  i s l e t  group®, b u t he fail.®  t o  g iv e  any r e f e r e n c e  f o r  

hi® sta tem en t*  ̂  The a u th o r  ha® beam u n a b le  to  l o c a t e  any o th e r  

r e fe r e n c e  t o  th e  pancreas o f  the lim ard* Our p r e s e n t  knowledge 

o f  th e  r e p t i l i a n  p a n c r e a s t t h e r e f o r e ,  r e s t s  upon s c a t t e r e d  o b ser  

r a t io n s  In  th e  l i t e r a t u r e  and on d e t a i l e d  stud y  on th e  snakes*  

Th® p r e s e n t  I n v e s t ig a t io n  was I n i t i a t e d  to  c o n t r ib u t e  to  

our g e n e r a l  knowledge o f  th® r e p t i l i a n  pancreas by making a 

Study o f  th e  *&or»al” or n o n -a eo r a to ry  c y t o lo g y  o f  the p an creas  

o f  th e  o rd er  T e s tu d in a ta .  s o  th a t  i t  may form th e  b a s i s  f o r  sub

se q u e n t  com parative  end ex p er im en ta l  s tu d ie s *  A® Thome® he® 

p o in te d  o u t  th e  mammal io n  p ancreas i s  p o o r ly  adapted  f o r  expert** 

m en te l s t u d ie s  b eca u se  o f  th e  v a r i a b i l i t y  o f  th e  c e l l  p o p u la t io n  

end he he® s u g g e s te d  th a t  th e  r e p t i l i a n  p ancreas m ight prove  

more s a t i s f a c t o r y  f o r  r e se a r c h  purposes*^  With t h i s  f a c t  in  

mind, i t  was p lanned  to  g iv e  c o n s id e r a t io n  to  th e  p o s s i b i l i t y  

o f  u t i l i s i n g  t u r t l e s  in  la b o r a to r y  i n v e s t i g a t i o n s  o f  the  pan

c r ea s  on th e  basis;, o f  th e  r e s u l t s  o b ta in ed  from t h i s  c u r r e n t  

work*

M James X* K e n d a ll .  The M icroscop ic  Anatomy o f  th e  Ver- 
tc b r o te a  ( P h iL d . lp h la  t l*i"and" SW igfe',' I U ^ , v T x W T -----

3 Thomas, 0£. g i t .  PP. S87-S88.



IM T T R IA L S

The d a t a  p r e s e n t e d  i n  t h i s  p a p e r  i© b as e d  on the s t u d y  o f  

r e p r e s e n t a t iv e s  o f  t h e  o r d e r  T e s t u & t n a t a * From one t o  t h r o e  

i n d i v i d u a l ©  o f  f i v e  d i f f e r e n t  g e n e ra  ware acq u ired  e i t h e r  by 

f i e l d  c o l l e c t i o n  o r  by  p u rch ase*  A ll a n im a ls were r e c e i v e d  

a l i v e  and r e t a i n e d  f o r  th© same p e r io d  o f  t im e i n  t e r r a r i a  

u n d e r  s u i t a b l e  en v iro n m en ta l c o n d itio n s*  The f o l l o w i n g  sped**  

m ens, which ©r© c l a s s i f i e d  a c c o r d i n g  t o  B tejn a g a r  and  B a rb o u r ,  

were  u s e d  i n  t h i s  s u r v e y  

C l a s s  H e p t l l i a

O rd e r  T ea tu d ln a ta  Common Karnes

musk t u r t l e  

p a i n t e d  . t e r r a p i n  

Cumberland n 

box t u r t l e  

s n a p p in g  t u r t l e

4  Leonard s t e j n e g e r  and Thomas B a rb o u r ,  A C h e c k l i s t  o f  
N o r th  American Amphibian© and Hep t i l ©  s. {C a m b r id g e : War v a ' r i  Uni-  
v a r s i t y " ' f m ' s , r i m $ V t  '2nd e d i t i o n ' ;  PP* 1 87f 1 89 ,  150 ,  134 , 15b.

' t  © m a t  her  us odor e  t u s  (1® t  r e i l l e ) • • * Th©

p i o t a  ( S c h n e i d e r )    The

tns (h l e d T h e  

Terrapen©  Carolina C aro lin a  ( Linn®) . Th© 

O helydra  s e r p e n t i n a  (L ina© ) * • • • • • • • * The



In o rd er  to o b ta in  t i s s u e  from th® a n im a ls  in  as  uniform  

® e y t o l o g l e c l  s t a t e  as p o s s ib le *  th e  t u r t l e s ,  were not fed  p r i o r  

to  the rem oval o f  t h e i r  pancreases*  Ignorenee  o f  the p rev io u s  

f e e d in g s  and d i e t  h a b it  tend to  oon fu se  and c o m p lic a te  th® p io -  

tu re  by y i e l d i n g  t n c x p la ln e b le  d iv er g en ces*  I t  wee f e l t  th a t  

such a p roced u re would e l im in a te  moat o f  th e  unknown f a c t o r s  

and tend t o  e q u a l i s e  th© s e c r e to r y  s t a t e  and b eh av ior  o f  th e  

p a n o r ea t io  ce ll® *  T h is  would a l s o  produce a c y to lo g ;  o e l  p i c 

tu r e  th a t  co u ld  be used  f o r  com parative  o b se r v a t io n s*  4® rep*4" 

t i l e s  n orm ally  go long, p e r io d s  w ith o u t  food  o f  any so r t*  f e e d 

in g  o n ly  o c c a s i o n a l l y  in  e i t h e r  th e  n a tu r a l  or  c a p t iv e  s t a t e ;  

i t  was b e l i e v e d  th a t  such a procedure would n ot le a d  to  s t a r v a 

t io n  e f f e c t s  which m ight occu r  in  h ig h e r  forma# In rem oving  

the  p ancreas from the t u r t l e  fu r th e r  e f f o r t s  were made t o  e x 

c i s e  i t  in  a s t a t e  as *normal* as  p o s s ib l e  f r e e  from eny e f 

f e c t s  o f  a n e s t h e s ia  or d egen© retion  r e s u l t i n g  from an y  pro

lon ged  exp osu re in  the o p e r a t iv e  techn ique*  T h e r e fo r e t th e  

pancreas was removed by v i v i s e c t i o n  made p o s s ib l e  when th e  ca ra 

pace wa© f i r s t  d isp la c e d *  The p an creas  was t r a n s e c te d  in to  

numerous sm e l l  p iece©  ana im m ediate ly  dr©ppad in t o  w a i t in g  con

t a in e r s  f i l l e d  w ith  :-?.enker9•  stand ard  f i x a t i o n  f l u i d . ^  A fte r  

su b seq u en t w ashing and d eh y d ra tio n  the m a te r ia l  was embedded* 

© action ed  a t  8u* and mounted on s l i d e s *

to e n h a n c e  th e  c e l l u l a r  d i f f © r e n t I © t i o n ,  © action s w ere

D rvienoel F, Guyer, Animal Tlorolog^y ( C hicago: The Uni
v e r s ity  o f  Chicago Areas* October^ 19 4 3 }« iP* 8 end 2S>S*



s t a in e d  w ith  Ho id  e n h e i n f s  azooarrain© m o d if ic a t io n  - o f  M a l l o r y ’ s

t r i p ! ©  c o n n e c t i v e  t i s s u e  s t a i n #  The us© o f  t h i s  s t a i n  g iv e s  

th e  f o l lo w in g  c o l o r  r e a c t i o n © |  t h e  n u c l e i  and  th e ir  i n c l u s i o n s ,  

© s p e c i a l l y  c h r o m a t i n ,  s t a i n s  a d a r k  red* Th© c y to p la s m  a p p e a r s  

p i n k ,  w h i l e  t h e  zymogen g r a n u le s  become d eep  r e d .  Tills i s  t h e  

p i c t u r e  f o r  t h e  s t a i n i n g  r e a c t i o n  o f  th e  a c i n a r  c e l l s *  The a d 

j a c e n t  c o l l a g e n  and r e t i c u l a r  c o n n e c t i v e  t i s s u e  assum es  a b r i g h t  

b l u e  c o lo r#  T h is  a t © i n ,  f u r t h e r m o r e ,  ha© s p e c ia l  a f f i n i t i e s  f o r  

t a o  i s l e t  c e l l s  o f  L^ngerhana* whereby t h e  g ranu le©  o f  t h e  e l  pha 

c e l l s  a r e  s t a i n e d  a ru b y  r e d ,  t h e  b e t a  c e l l s  o r a n g e ,  end t h e  

d e l t a  c e l l s  b r i g h t  b lu e  o r  v i o l e t # 7 The c y t o p la s m  o f  t h e  i s l e t

c e l l©  remain© r e l a t i v e l y  u n sta in ed *  A ccord ing  to  bloom, t h i s  i s

t h e  b e s t  © ta in  f o r  th© a c i n a r  c e l l s * 8 T o s t  worker© in  c y to lo g y  

c o n s i d e r  t h a t  t h e s e  r e a c t i o n s  a r e  v e ry  s a t i s f a c t o r y  b e c a u s e  o f  

t h e i r  s p e c i f i c i t y  and t h e  f a c t  t h a t  th© c o lo n ?  do n o t  fed® r e a d 

i ly #  rowe v e r , t h p r e  n ay  be some c o l o r  v a r ia t io n s  due c h i e f l y  t o

t h e  u se  o f  a c i d i c  f i x a t i v e s  end su b seq u en t t r e a t m e n t  w i th  d e h y 

d r a t i o n  a l c o h o l s *  in  t h e s e  i t  i s  n o t  the  s t e i n  «h ic h  i s  a f f e c t e d
9b u t  th e  t e x t u r e  and g r a n u l a r  c o m p o s i t i o n  o f  th© v a r i o u s  c e l l© .

A pp roxirestely  f o u r  h u n d red  s l i d e s  o f  s e c t io n e d  m a t e r i a l

^ h* a. :3am; le y  and o. II* Tens ley*  Han- book; o f  F t s t o l ogrj-  
e s l  end C y t o l o g i o s l  T e c h n iq u e  (C h ic a g o :  The W i v e r s i £ y  o f  ~oSiam£© 
F r@ b b J ~ ~ IT H I 'J " i"  " P i " 7 3 . -------------- '—

7 J* L o u is  Bremer and H aro ld  L* N a a t h e r f o r d ,  A T ex tb o o k  2 t  
H i s t o l o g y  ( P h i l a d e l p h i a  : The 11a x i s t o n  d o . ,  t. cCoder,  1*43}, /A 093.

^ n i l l i a i r  Bloom* f,A Low Typo o f  G r a n u l a r  C e l l  i n  th© i s l e t ©  
o f  I.an«arhana in  i 'asu ** Th® Anatom ical no c o rd  . Vol.  4 7 ,  PP. o©3- 
£-78, 1931. -------------- -— ----------------------’

® s .  H. Jen sley , T io J U ib i l i ty  .Atudie© o f  the " © o r a t i o n  
G ranules o f  th© Guinea P i g . 0 ;fho Anatom loo1 Record f V ol .  7£,
No. 8 , F* 135, O c to b e r  1938 .
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w ere  p r e p a r e  r e p r e s e n t in g  sam ples o f  e l l  o f  th© sssoilmans*

From s p r e l in in a r y  ex a m in a tio n  o f  then®, t h i r t y  aim s e l e c t e d  ■

s  l i d  ©a were  u sed  i n  the  d e t a i l e d  s tudy*  i l l  o f  t h e  a© s l i d e s  

were  examined u s in g  an' o i l  I n v e r s io n  l e n s *  i^u r tho r^o r© # from 

thes®  s l i d e s  d e s i r a b l e  p h o to m ic r o g ra p h s  were made to  dem onstrate  

s o tm o f  th© g r o s s e r  c y t o l o g i c # !  a s p e c ts *  ilueh photom icrographs  

In a d d i t io n  p r o v i d e d  th# means o f  m easuring s e l l s  end t h e i r  

n u c l e i  by  th e  u s e  o f  a c a l i b r a t e d  s c a l e ,  which was p h o to g ra p h e d  

a t  th e  maim m a g n if ic a t io n  a s  t h e  p r e p a r e d  m a t e r i a l  ( l> le te  V II ,  

F i g u r e  H i *  The p h o to m i c r o g ra p h s  w ere  t a k e n  th ro u g h  a lbs: 

o c u la r  and 20 x o b j e c t i v e  len s  sy s te m , g i v i n g  a  m a g n if ic a t io n  

o f  bOOx and th ro u g h  a X5x o c u l a r  ©nd 45x o b j e c t i v e  l e n s  sy s tem  

r e s u l t i n g  . In  a m a g n i f ic a t io n  o f  67bx* The f i n a l  p r i n t s  were 

e n l a r g e d  t o  d o u b le  t h e s e  m a g n i f i c a t i o n s .  To i n c r e a s e  th® d e 

t a i l s  and improve t h e  q u a l i t y  o f  c o n t r a s t  o f  t h e  pho to f t ie . ro -  

g r a p h s ,  s t a n d a r d  ro d  and g r e e n  f i l t e r s  were used*



The pancreas o f  t h a t u r t l e s  la  a r e l a t i v e l y  compact and

ribb on-sh aped  organ ran g in g  in c o l o r  from f l a s h  w h i t e  to p ink

i sh  yellow*. I t  I s  i n  t im e**  l y  a s s o c i a t e d  w i t h  the d u o d e n a l  

p o r t io n  o f  t hm  i n t e s t i n e  and hole- in. t h e  hepatoduodenal l i g a 

ment. The panores® Ik covered  by & a® rose  o f  t h i n  connecttv®

t i s s u e  d e r i v e d  d i r e c t l y  from th® p a r i e t a l  p e r i t o n e u m  m h ich does
10

n o t ,  however, form a d e f i n i t e  f i  brou s capsu le*  A p p r o xlme t e l y

the f i r s t  two th ir d s  o f  th# pancreas l i e s  in  c o n te s t  w ith  the  

s n t e r i o d o r s a l  s u r fa c e  o f  th e  i n t e s t i n e  J u st  d in te d  o f  t i e  py- 

lo r o u s  o f  th® stomach* I t s  l a t t e r  th ird  f l e x e s  so  th a t  i t  is  

d ir e c t e d  p o s t e r i o r l y  and comes to  l i e  a i ong th# l a t e redors&l 

f a c e  o f  th e  c o n cu rr en t ly  curved samel 1 i n t e s t i n e *  -line© v a r io u s  

genera ana ,-pecl e s  were c o n s id er ed  i t  la  not p o s s i b l e  to r i v e  

overage f i g u r e s  o f  the r e s p e c t i v e  l e n g t h  and w idth o f  th e  tu r 

t l e  p en cress*  However, i n d i v i d u a l  m easurements can b© computed 

math ©use t l o e l l y  to  shot' a f a i r l y  cons t e n t  r a t io *  I t  was ob served  

th a t  th e  l e n g th  o f  th e  pancreas  i s  ap prox im ate ly  s i x  t im es us 

grea t as  th<? width* The p a n c r e a t ic  duct  opens near the b i l e

d u c t  i n t o  t h e  d o r s a l  s u r f a c e  o f  t h e  duodenum aa  p re v i  o u s l y  r e -
1 1

ported  Noble and ftoble* * The pen ore a s  i s  f i r m l y  and i n t i m a t e !

A lexander a* %’mxlsmm and f i l l i s m  Bloom, A_ Textbook o f  
{P h ila d e lp h ia  and Pondon i T* D# i> su n d ers and Company, 

February, 1 S 4 3 ) , 4th e d i t i o n ,  P* 446*

H  G lenn  A* noble and Elmer H. Kohl®, A B r i e f  ikna to  my 
o f  th e  'T u r t l e  { C a l i f o r n i a  : The c t e n  f o r d  Univ-e r s i t y  P r e s s ,
Mer̂ rr I35RJ77 PP. C-0.



a d h e r e n t  to  t h e  i n t e s t i n e  and  o n ly  th e  s i n g l e  p a n c r e a t i c  d u e t

m entioned above p e r s i s t s  in  th® a d u lt  con a i t  ion* U n lik e  the

p a n c r e a s  o f  t h e  s n a k e s  a s  o b s e rv e d  by Thomas, th® p a n c re a s  o f

th® t u r t l e s  b e a r s  no r e l a t i o n s h i p  to  the- s p l e e n  e i t h e r  i n  p r o x -
12i m i t y  o r  a s s o c i a t i o n *  The to p o g ra p h y  o f  t h e  p a n c r e a s  may be  

r e a d i l y  o b s e rv e d  i n  P l a t e  I ,  f i g u r e  1 ,  and - l a t e  I I ,  F i g u r e  2> 

which  w ere  p h o to g ra p h e d  i n  s i t u *

mO^OS-O'-'JO AhfikTOUT
M
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The p a n c r e a s  i s  a compound a c i n o u s  g l a n d  bound t o g e t h e r  

by r e l a t i v e l y  l o o s #  c o n n e c t i v e  t i s s u e  th ro u g h  which r u n  b lo o d  

v e s s e l s ,  n e r v e s ,  l y m p h a t i c s ,  mid e x c r e t o r y  d u c t s*  ( P l a t e  XV, 

F i g u r e  b and 6 . )  The i n t e r n a l  s t r u c t u r e  o f  th e  pancree© shows 

th e  r e l a t i v e  d i s t r i b u t i o n  o f  th© a c i n a r  c e l l  g r o u p s ,  and th® 

c o l l e c t i n g  d u c t s ,  w i th  t h e i r  numerous b r a n c h i n g  c o l l e c t i n g  

tu b u le s *  The l e t t e r  anastom ose .throughout th® ex o c r in e  t i s s u e  

and a r e  e a s i l y  d is c e r n ib le .  i t  was o b s e r v e d  t h e t  t h e  c o n n e c t 

i v e  t i s s u e  w hich  accom panies t h e  d u c t s  and  tu b u le s  l a  c o n t i n u e d  

a r o u n d  and d i s t r i b u t e d  among t h e  s e c r e t o r y  a c i n i *  fu r th e r , th® 

c o n n e c t iv e  t i s s u e  'has th e  t e n d e n c y  to  i n s u l a t e  c l u s t e r s  o f  a c 

i n i  i n t o  c h a r a c t e r i s t i c  lo b es*  In most i n s t a n c e s  th© a c i n a r

g ro u p s  have  lum ina  t h a t  a r e  o cc lu d ed  by t h e  c l o s e  a r r a n g e m e n t

o f  t h e  e x o c r i n e  c e l l s *  one few case®, c o m p a r a t i v e l y  s p e a k i n g ,  
n e v e r t h e l e s s  show a s m a l l  lumen w h ich  May b© and u s u a l l y  i s

18 Thomas, 0j>. C i t .  P. 329.

■*3 Maximow and Bloom, Op. C it .  P. 44 7 .



empty* In  no i n s t a n c e  do th e  l a m in a  a p p e a r  to  c o n t a i n  mueoua 

o r  any  o e l l u l i t r  e x t r u s i o n s  o r  d e b r i s *  { P l a t a  I I I ,  F i g u r e  4}* 

P lu g g in g  o f  t h e  lumen w i t h  e e n t r e - s e l n e r  ©all® ©a occur® In  th e  

mammals was  ̂o t  o b s e r v e d  In  any o f  o u r  p r e p a r a t i o n s *

The e x o c r i n e  c e l l s  o f  t h e  a c i n i  a r e  t y p i c a l l y  and c o a r s e l y  

g r a n u l e  tod* On t h e  a v e r a g e  th e y  ©re wore or  l e s s  pyram idal 

m easu rin g  12u a c r o s s  t h e i r  l e s s e r  d iam eter and Shu t h r o u g h  t h e i r  

g r e a t e r  d i a m e te r*  The g ran u le ©  e r e  d isp e r s e d  in  u n i f o r m  f a s h 

io n  r a t h e r  e v e n ly  t h r o u g h o u t  th© e n t i r e  c y to p la s m  o f  ea ch  c e l l *  

I t  l a  e h se r v e d , how ever, t h a t  t h e r e  i a  a s l i g h t l y  g r e a t e r  con

c e n t r a t i o n  o f  g ran u le®  between th® n u c l e i  and th© su p e r n u c le a r  

p o r t i o n  o f  t h e  c e l l  o p p o s i t e  th e  lumen o f  th© a c in u s *  Thee© 

may be c o n s i d e r e d  ©a zymogen g r a n u le s '  which  arc prob ab ly  i n  an 

i n a c t i v e  s t a t e *  ( P l a t e  Vt f i g u r e  B}» Oowclry s t a t e s  -th a t when 

th e r e  i s  a r e t e n t i o n  o f  th© s e c r e t i o n ,  t h e n  th® c y to p la s m  b e 

comes f i l l e d  w i th  them#^*

The n u c l e i  o f  th© s e c r e to r y  c e l l s ,  w hich  a r e  s i m i l a r  both, 

i n  t y p e  and appearance, t o  t h o s e  o f  th® t u b u l a r  e p i t h e l i a l  c a l l s ,  

a r e  ro u n d  o r  b r o a d l y  s p h e r ic a l  i n  5 hup® and l i e  i n  or n e a r  t h e  

b a s a l  p o r t io n  o f  ea c h  c e l l *  On t h e  a v e r a g e  th e y  m easure a p p ro x 

i m a t e l y  l l u  a c r o s s  t h e i r  g r e a t e s t  d ia m e te r*  In t h e  p e r i p h e r a l  

r e g i o n  o f  th e  n u c le u s  J u st I n s i d e  t h e  n u c l e a r  membrane t h e r e  i s  

an a b u n d a n t  c o n c e n tr a t io n  o f  d e e p ly .s t a in in g  c h r o m a t i n  g r a n u le s  

which a p p e a r  to  form  a m eshvork which t e n d s  to  fo rm  r a d i a l  e x 

te n s io n s  toward  the  n u c le o lu s*  O c c a s io n a lly  eoa® o f  t h e  n u c l e i  

show s u c h  m h ea v y  c o n c e n tr a t io n  o f c h r o m a t in  t h a t  i t  g i v e s  them

1 4  S. V. Oowdry, A Taxtbopk o f  ’UotgA.ogar ( rh tX o.-^ lp iU e: 
:.,®a and F e b lg e r , X0 5 8 ) , End " ed itio n , IV 217*
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th e  c h a r a c te r  ©f a m a ss iv e  o r  compact n u c le u s  a s  viewed from 

th e  s u r f a c e  or  on a tangent*  In  those n u c l e i  which p o s s e s s  th#  

more c h a r a c t e r i s t i c  v e s ic u la r  s t r u c tu r e  th# chrom atin  ee.-urnes a 

r a d ia l  p a t te r n  s u g g e s t iv e  o f  sp o k e - l ik e ,  co n n ec t io n #  between the  

p e r ip h e r y  and th e  c e n t r a l  p o r t io n  o f  th e  n uc leu s*  In to e  -.ret# 

fo rm a tton o f  t h i s  chrom atin  m a t e r i e l  the in n er  term in i o f  th e s e  

s tr a n d s  c o a le s c e  over th e  s u r f a c e  o f  th e  n u c le o l i*  T his d i s t r i 

b u tio n  o f  .the chrom atin  g r a n u le s  Is  s i m i l a r  to  th a t  observed  In 

th e  n u c le i  o f  p a n c r e a t ic  c e l l s  o f  o th er  v e r te b r a  t#  fort as end was

©Iso shown by Thomas a® occurring in  th e  n u c le i  o f  th e  c a l l s  .o f
ISthe pancreas o f  t h e  snakes, (P lat#  Tf Figure $ )•  As these  

chromatin granules s ta in  a deep red with a&oeanfilne t f 'my arc to 

be consto<.*red as a c id o p h il ic  structures#  (PI©ta IV, Figure 6 

and Plat® V, f igu re  V}*

The n u c le o l i  o f  t h e  v e s i c u l a r  n u c l e i  e r e  e c c e n t r ic  in  p o s i 

t i o n  end o f  two m a jo r  t y p e s ,  m assive end v e s i c u l a r  in  -ch a ra c ter t 

w i t h  a s c r i e s  o f  v a r i a b l e  g r a d a t i o n s  from one  to  t h e  o t h e r *  l i k e  

t h e  p a r e n t  n u c l e i ,  they  a te  in  d a r k  r e d  w ith  aaoearm ine and a r e ,  

th ere  fo r e  9 a c i d o p h i l i c  in  c h a r a c t e r *  its i n  t h e  r e t ,  © c e n t r a l  

gremul® Has bean  o b s e rv e d  by t;«e au th or q u i t e  f r e q u e n t l y *  T h is  

g r a n u l e ,  t h e  s i g n i f i c a n c e  o f  w h ich ,  i f  e n y ,  i s  undeterm ined* i t  

may be n o t h i n g  more th e n  an a g g r e g a t i o n  o f  ch rom a t in*  Whether 

t h e  p re se n ce  o f  t h e s e  g r a n u l e s  depends  on the r e t i c u l a r  ©tat® 

o f  t h e  i n c l u s i o n s  o r  n o t ,  he© been undetermined* ( P l a t e  v ,  -r * g -  

ure V and  'P late VI, f i g u r e  10)*

TH® cy top lasm  o f  the acinar c e l l s  c o n ta in s  granule®, th lo h

i b  .  ■Thomas, ujSf* O it • *■J# •
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a r e  q u i t e  u n i f o rm  i n  d i s t r i b u t i o n ,  noted  ab o v e .  On th e  b a s i s  

o f  t h e  s t a i n i n g  r e s e t ion which th e y  g i v e ,  red. w i t h  az o o a r ra in e ,  

t h e y  may be c o n s i d e r e d  a s  zymogen g r a n u l e s .  They e x t e n d  i n t o  

t h e  b a s a l  p o r t i o n  o f  t h e  c e l l s  unham pered  by the p r e s e n c e  o f  t h e  

n u c l e u s  i n  th a t  a r e a .  w h ile  i t  may be o b s e rv e d  t h a t  some c e l l s  

a p p e a r  t o  have  more g r a n u le s  t h a n  o t h e r s ,  i n  g e n e r a l  the  d i s t r i 

b u t i o n  a p p e a r s  t o  be  u n i fo rm  th r o u g h o u t  a l l  of t h e  a c i n a r  c e l l s .

Ko c e l l s  were o b s e r v e d  to  b e  d e v o id  of  g r a n u l e s  o r  to have  m arked 

l y  f e w e r  g r a n u l e s  th a n  av e rag e*  To a c e r t a i n  e x t e n t ,  I t  a p p e a r s  

a s  i f  t h e  number o f  g r a n u l e s  p r e s e n t  t e n d  to  i n f l u e n c e  t h e i r  own 

d i s t r i b u t i o n  w i t h i n  t h e  c e l l *  There  i s  no t e n d e n c y  tow ard  clump

i n g  o r  undue a g g r e g a t i o n  o f  g r a n u l e s  which m igh t  s u g g e s t  m u e -  

g e n e r a t i n g  c o n d i t i o n .  f p l a t e  I I I ,  F ig u r e  4 end P l a t©  V, F ig 

u r e  8 ) .  tx o e s it iv e  a c c u m u l a t i o n  o f  t h e s e  i n d i e s  t e a  a r® t h e r
16

l a t e n t  o r  n o n a c t i v e  s t a t e  o f  s e c r e t i o n *  T h e re  is ,  i n  a d d i t i o n ,

no e v i d e n c e  o f  g ran u le©  h a v in g  b e e n  e x t r u d e d  i n t o  a d j a c e n t  l u a -

i n a  o f  t h e  a c i n i  o r  t u b u l e s .  Thomas o b s e rv e d  t h a t  some o f  th®

a c in a r  c e l l s  o f  t h e  p a n c r e a s  o f  s n a k e s  showed a t e n d e n c y  tow ard

v a c u o l i z a t i o n  i n  th e  t o p lasm  which he i n t e r p r e t e d  a s  i n d i o a -

t i v e  o f  a d e g e n e r a t in g  c o n d i t i o n  o f  t h e  p a n c r e a t i c  c e l l s  a f t e r
17e x t r u s i o n  o r  c o l l a p s e  o f  t h e  zymogen g r a n u le s *  Bo s i m i l a r  

c o n f i g u r a t i o n  a p p e a r s  i n  th© a c i n a r  c e l l s  o f  t h e  t i s s u e  u se d  

i n  t h i s  s tudy* R e g a r d l e s s  o f  t h e  d i s p o s i t i o n  o f  the zymogen 

g r a n u l e s  t h e r e  i s  no mean, by which  we may i n t e r p r e t  t h e i r  me

t a b o l i c  s t a t e  upon t h e  p o s i t i o n  o r  c h a r a c t e r  o f  t h e  n u c l e u s ,

16 Covsdry, C£. C i t .  PP. 322-S35

17 Thomas, 0£. C it .  T>. 331.
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s i n c e  t h e  l a t t e r  appeal*© to  rem a in  i n  a c o n s t a n t  p o s i t i o n .

Thus,  t h e  v a r i a b i l i t y  o f  the  aymogen g r a n u l e s  may be n o t h i n g  

more th a n  t h e  normal appearance e n c o u n t e r e d  in  c e l l s  d i f f e r i n g  

o n ly  in  t h e  s t a t e  o f  t h e i r  a c t iv i t y *

The a c i n a r  c e l l s  o f  t h e  t u r t l e  p a n c r e a s  ao n o t  show e i g n e  

o f  d e g e n e r a t i o n  o r  c o l l a p s e  n o r  do t h e  n u c l e i  show any l o s e  o f  

n u c l e a r  c o n t e n t s  o r  d e s t r u c t i o n  o f  n u o l e o r  membranes. O c c a s io n 

a l l y  such e l e m e n t s  a r e  i n v o lv e d  i n  t h e  f o r m a t i o n  o f  a "Hebenkern'* 

o r  a p a r a n u c l e a r  s t r u c t u r e .  F u r th e r*  t h e r e  i s  no t .  any  b r e a k 

down o f  t h e  r e t i c u l a r  s t r u c t u r e  o r  g r a n u l a r  i n c l u s i o n s  which 

p r e c l u d e  th e  u se  o f  a 2 0 carmine* The re  i s  no e v id e n c e  to  i n d i 

c a t e  t h a t  any c o l l s  o r  c e l l  c o n t e n t s  have  been e x t r u d e d  i n t o  

t h e  lum ina  a t  any time* - U s e ,  i t  was n o t  ob served  t h a t  t h e r e  

i s  any i n d i c a t i o n  t h a t  the  a c i n a r  groups o r  i n d i v i d u a l  c e l l s  

a r e  c o m p ressed  o r  d i s t o r t e d  .y a d j a c e n t  c e l l u l a r  s t r u c t u r e s ,  

t h e r e b y  c a u s i n g  th e  e l i m i n a t i o n  o f  th® f o rm e r .  I t  aecms r e a s o n 

a b l e  t o  c o n c lu d e ,  t h e r e f o r e ,  t h a t  t h e  s t r u c t u r e ®  d e s c r i b e d  a r e  

o f  © d e f i n i t e  and c o n s t a n t  n a t u r e  r a t h e r  th an  a r t i f a c t s  r e s u l t 

i n g  from f i x a t i o n *

In t h e  c h o i c e  o f  m a t e r i a l s  u se d  f o r  t h i s  i n v e s t i g a t i o n ,  car® 

moB t a k e n  to  i n s u r e  a d e q u a t e  r e p r e s e n ts  l io n  o f  t h e  h ea d ,  body, 

end t a i l  p o r t i o n s  o f  th© p an c re a s*  I t  seems f a i r  t o  s t a t e ,  

t h e r e f o r e ,  t h a t  t h e  c e l l u l a r  p ic tu r e  o f  th e  a c i n i  o f  t h e  p a n c r e a s  

o f  t h e  t u r t l e  p r e s e n t s  a more o r  l e s s  u n i v e r s a l l y  s i m i l a r  o y t o -  

l o g i c a l  p i c t u r e  w i t h i n  th© v a r io u s  g e n e r a  examined*

The e p i t h e l i a l  l i n i n g  o f  t h e  tubu le©  i s  made up o f  c e l l s  

h av in g  a p p r o x i m a t e l y  the same h e i g h t  and g e n e r a l  c y t o l o g i e s !  

a p p e a r a n c e  ©o th o s e  o f  th© a c i n i .  I t  may seem t h a t  t h e  e e l l a
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o f  t h e  &©lxiar t u b u le © » however* a r e  sp a a e d  somewhat a p a r t  hy 

> ha  lavag in®  t i o n a  o f  th© basement mambrnne* I t  s h o u ld  a l s o  bo 

• m e n t io n ed  t h a t  th© c e l l u l a r  e le m e n te  making up t h e  e p i t h e l i a l  

l i n i n g  o f  th o  tubule*?.- c o n t a i n  g r a n u l e s  s i m i l a r  i n  p o s i t i o n ,  

d i s t r i b u t i o n ,  and s t a i n i n g  r e a c t i o n ;  b u t  f o « e r  i n  number,  to  

t h o s e  o f  th e  a c i n a r  t i s s u e *  -'vine© th© n u c l e a r  s t r u c t u r e  o f  th e ;  

e p i t h e l i a l  c e l l s  o f  t h e  t u b u l e s  i s  e s s e n t i a l l y  th e  a* t h a t

o f  th e  c o i n e r  c e l l s ,  i t  d o e r  no t  seem d e s i r c b l ©  to  r e p e a t  t h a t  

I n f o r m t X o n  a t  t h i s  p o in t*  The complex h i s t o l o g i c a l  d i f f c r e a 

t i o n  o f  t h e  t u b u l e s  e h a y e o t e r l s t l e  .o f  t h e  mammalian p ancreas  l a  

n o t  o b s e r v e d  i n  t h e  t u r t l e  p e a e r e a s .  Thus, t h e  tubule® p r e s e n t  

t h e  a p p e a r a n c e  o f  ex p en d in g  a t  th e  ends  t o  form  a c i n i  mace up o f  

s i m i l a r  c e i l s - w h i c h  ©re,  how ever,  'p y ra m id a l  In  shape  * i t h  t h e i r  

d i s t a l  ends com pressed  a round  th e  lumen of e a c h  a c in u s *  ( F l a t© 

I I I ,  F i g u r e  3 and Flat© v ,  F igure o ) .  whenever a c i n i  e r e  form

ed they  do n o t  tend to  expand nor to  e n c l o s e  some o f  t h e  no at  

t e r m i n a l  d u c t  c e l l s *  E x am in a t io n  o f  s e v e r a l  f ig u re ©  w i l l  ©how 

t h a t  n o t  ©11 t u b u l e s  end i n  a t y p i c a l  a c i n u s ,  a s  some show 

s im p le  b l u n t  ©adinga i n s t e a d  o f  t y p i c a l  a c i n i *  In thee©, th® 

e e l . a a r c  v ^ ry  & t a i l©  r  to. t h o s e  o f  t h e  e p i t h e l i u m  o f  th e  t u b u l e s  

m um  t i n g  mlt ':9T  an in o o m p le te d  a c i n u s  o r  <* v a r i a b l e  type*

(• l a t e  T I ,  F ig u r e  9J* I t  i s  a t  th e s e  p o i r t s  t h a t  '^hom©;, r e p o r t s

%im% e v i d e i . e e  f o r  e d o c r l n e  c e l l  groups i s  o b s e rv e d  i n  the p en -
18c r e s s  o f  tho snake*

18 Ib id ,  p . a<3.
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In h i s  su r r e y  o f  tho  p ancreas o f  the O lder O phid la , t h o m s  

r e p o r te d  t h a t  i s l e t  t i s s u e  i s  p resen t  a s  a m a s s i v e  u n i t  or s e v 

e r a l  s m a l le r  i s l e t  groups in  that p o r t io n  o f  th e  p ancreas  it*tab  

i s  e n jo in e d  by th e  sp leen *  These I s l e t s  are  lo c a te d  more or  

l e s s  c l o s e l y  to  th e  s p l e n i c  f im b r ia e  which e n t e r  I n to  the  pan

c r e a s  o f  th e  sn a k es  in  th a t  r e g io n .  Other i s l e t s  have been d e

s c r ib e d  by Thomas and la q u e s s e  as  b e in g  s c a t t e r e d  throughout

the  a n te r io r  h a l f  o f  t h e  pancreas in  c o n ta c t  w ith  th e  © p ith e -  
19H a l  ducts*  The l a t t e r  were c o n s id e r e d  by them to  be temp

orary  i s l e t ©  o f  a c in a r  o r i g i n  which e v e n t u a l ly  r e tu r n  to  t h e i r  

form er s t a t e .  However, d u r in g  t h e i r  t r a n s ie n t  e s ta b l i s h m e n t  

th e y  m ig r a te  away from t h e i r  p o in t  o f  o r i g i n  and e r e  bounded by 

c o n n e c t iv e  t i s s u e ,  i ie n d a ll  shows p h o to g ra p h ic  e v id e n c e  o f  the
2Q

appearance o f  i s l e t  t i s s u e  so  I s o la t e d  amid th e  a c i n i .  c a r e 

f u l  exam in ation  was nade to  d eterm in e th© p re se n c e  o f  i s l e t  

t i s s u e  in  th e  p ancreas o f  th e  t u r t l e s .  In e a c h  and e v e ry  s e c 

t i o n  o f  prepared m a t e r i e l ,  r e g a r d le s s  o f  th e  specimen in v o lv e d ,  

th e r e  was n © .ev id en ce  th a t  i s l e t  t i s s u e  was p r e s e n t  e i t h e r  in  

i s o l a t e d  c l u s t e r s  o r  in d iv id u a l  i s l e t  c e l l s *  In mammals, hsiet 

t i s s u e  i s  f r e q u e n t ly  a s s o c ia t e d  w ith  Idle a c i n i  or th© pancre*  

a t l e  tu b u le s  or d u c ts ;  however, a t  t h e s e  f o c i  in  the t u r t l e  

p a n crea s  th e r e  was no in d i c a t io n  t h a t  such i s l e t  t i s s u e  was

p resen t*  I t  was im p o s s ib le  t o  l o c a t e  even  t r a n s i t o r y  rem ains  
or v e s t i g e s  o f  i s l e t  t i s s u e *

"  I M A ,  p* -3M.

James I* K e n d a ll ,  The M icro sco p ic  Anatomy o f  the  Vert© 
bra te a  ( P h i la d e lp h ia  t te a  sn d T eB Ig S rT ^ ^ iS T T " '^



As h as  been p r e v i o u s l y  n o t e d ,  Thornes r e p o r t e d  t h e  o c c u r -

enoe o f  i s l e t  t i s s u e  a t  th e  end o f  an uncom ple ted  a c i n i  in. the

p a n c r e a s  o f  t h e  s n a k e s .  Th® p r e s e n c e  o f  t h e s e  e n d o c r i n e  c e l l

g ro u p s  was o b s e rv e d  c h i e f l y  be tv s e n  t h e  b asem e n t  membrane and
21t h e  a c i n u s  o r  i t s  d u c t .  In  t h i s  s t u d y  i t  h a s  n o t  been  p o s s i 

b l e  t o  o b s e r v e  any  c o n f i g u r a t i o n  i n  t h e  t u r t l e  p a n o re-s  i n  

t h e s e  r e g i o n s  t h a t  would l e n d  i t s e l f  to  in t e r p r e t a t io n  a s  e n d o 

c r i n e  t i s s u e *  In  ©11 i n s t a n c e s  t h e  a c i n i  and t h e i r  t u b u l e s  

w ere  o l r e c t l y  su pp orted  by a b asem en t  laaj&brane a l l o w i n g  no i n 

t r u s i o n s  o f  o t h e r  c e l l s .  .it p o i n t s  o f  c o n t a c t  betw een t h e s e  

e l e m e n t s  th e  g r a d a t i o n  o f  c e l l s  was to o  u n i fo rm  t o  a l lo w  t h e  

p o s s i b i l i t y  t h a t  t h e  e n d o c r i n e  c e l l s  m ig h t  a r i s e  e i t h e r  from  

th® a c i n i  o r  t h e  t u b u l a r  e p i t h e l i u m .  In  s h a r k s  t h e  I s l e t  t i s 

su e  r e t a i n s  i t s  p r i m i t i v e  r e l a t i o n s h i p  to- th® d u c t  s y s t e m .  In 

t h e s e  i n s t a n c e s ,  t h e  s p e c i a l i s e d  e n d o c r i n e  c e l l s  fo rm  an i r r e g 

u l a r  row on t h e  o u t e r  s u r f a c e  o f  t h e  d u c t  e p ith e liu m .

S i n c e  th e  i s l e t s  i n  th e  sn a k e  seem more p e rm an en t  i n  t h o s e  

a r e a s  where th e  s p l e e n  makes c o n ta c t  w ith  t h e  p a n c r e a s ,  i t  i s  

o b v io u s  t h a t  such  a c o n d it io n  c o u ld  n o t  e x i s t  i n  th e  t u r t l e s  

b e c a u s e  the  s p l e e n  i s  c o m p l e t e l y  u n a t t a c h e d  and d i s t i n c t l y  r e 

moved from t h e  p a n c r e a s  i n  th e  l a t t e r *  f u r t h e r ,  no t r a c e  o f  

i s l e t  c e l l s  was found i n  r e l a t i o n  to .the v a s c u l a r  sy stem , which 

i s  a n o t h e r  w e ll  known f o c u s  f o r  i s l e t  t i s s u e  i n  th e  v e r t e b r a t e s .

I t  i s ,  t h e r e f o r e ,  n e c e s s a r y  t o  c o n c lu d e  t h a t  no c e l l u l a r  e v i 
d en c e  e x i s t s  f o r  t h e  p r e s e n c e  o f  i s l e t  t i s s u e  In  t h e  p e n o re s a  o f  
th® t u r t l e s .

31 Thomas, 0j>. Cit# P. $52.

T h u r lo  B. Thomas, " I s l e t  T i s s u e  i n  t h e  P a n c r e a s  o f  
a o s m o b r s n c h s . n I&a A M l f l m i m l  M m M.# V o l .  76, PP. 1 - 1 8 ,  1940.
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T h is  s tu d y  ©** th© pancreas o f  th© order T e stu d in a ta  has  

brought o u t  c e r t a in  f e a t u r e s  t h a t  a re  o f  c o n s id e r a b le  i n t e r e s t  

fro® © p o in t  o f  v i e s  o f  com parative m orphology, a s  w e l l ,  a s  

o t h e r s  b ea r in g  on th e  en d o cr in e  b eh a v io r  o f^ th e  organ* In i t s  

g e n e r a l  m orphology, th e  t u r t l e  p an creas  i s ,  a s  would be e x p e c te d ,  

s im i la r  to  th a t  o f  a l l  th© o th e r  v e r t e b r a t e s  in  t h a t  i t  a r i s e s  

m& a d iv e r t ic u lu m  from the in t e s t i n e *  This d iv e r t ic u lu m  forms 

th e  e x c r e to r y  o r  p a n c r e a t ic  duct which d iv id e s  in t o  th© i n t e r 

lo b u la r  d u c ts  th a t  in  turn s u b d iv id e  to  form the in tr a lo b u la r  

tu b u le s ;  whose sm a ll  branches form th e  s e c r e t o r y  d u c t s ,  each  o f  

which en d s in  an a c in u s  or  a s im p le  JiLuat tubule* The e n t i r e  

g lan d  i s  su pp orted  by a very  th in  c o v e r in g  o f  c o n n e c t iv e  t i s s u e  

which d o es  n o t  for® a d e f i n i t e  cap su le*  Klements o f  t h i s  c o n n e c t

iv e  t i s s u e  sh e a th  c o n t in u e  in t o  the  g lan d  and ram ify  so a s  t o  

form th© basem ent membranes and a u a t e n t a t iv e  t i s s u e s  about the  

d u c ts  and t h e i r  end p ie c e s*  T h e r e fo r e ,  i t  may be s a id  d e f i n i t e 

l y  th at  th® g r o s s  anatomy o f  th e  g land f o l lo w s  th© g e n e r a l  p i c 

tu r e  that  i s  r e c o g n iz e d  fo r  a l l  o th e r  v e r t e b r a t e  anim als* I t  

d i f f e r s  somewhat from the mammalian p ancreas  in  th e  d egree  to  

which in t e r n a l  lo b u le s  den be recogn ized*  U n lik e  the p an creas  

o f  th e  sn a k e , m entioned p r e v io u s ly ,  th e  t u r t l e  p an creas b ea rs  

no In t im a te  r e l a t i o n s h i p  to  the  s p le e n  or any o th e r  v i s c e r a l  

organ e x c e p t  th e  duodenum* fu rth erm ore , th e  t u r t l e  p ancreas  

may be c o n s id e r e d  a s  a compact s t r u c t u r e  n ever  to  be eon fu sed  

w ith  th e  d i f f u s e d  co m p o sit io n  o f  the  p an creas  in  the  t e l c o s t



f i s h e s .  As o b s e rv e d  by MacLeod, t h e  t e l e o s t  p a n c r e a s  o c c u r s

a s  n a r ro w  and l o o s e l y  h e l d  b an d s  i n  t h e  m e s e n t e r y  o f  t h e  i n t e r -

c a e c a l  s p a c e s  and f r e q u e n t l y  m i c r o s c o p i c  e x a m in a t io n  i s  r e q u i r e d
23t o  a s c e r t a i n  i t s  p r e s e n c e .  In  th e  b i r d s  t h e  p a n c r e a s  i s  

s u p p o r t e d  i n  t h e  mesoduodenum and o c c u p i e s  th e  s p a c e  c r e a t e d  

by t h e  d u o d e n a l  lo o p  b e i n g ,  t h u s ,  somewhat removed from th e  

p y l o r u s .  E x t e r n a l l y  the  t u r t l e  p a n c r e a s  i s  smooth and  d o es  n o t  

p o s s e s s  any a u x i l i a r y  m o d i f i c a t i o n s :  f o r  exam ple ,  a p a n c r e a t i c
24b l a d d e r  w h ich  h as  been  s e e n  and d e s c r i b e d  i n  t h e  c a t  by Boyden.

I t  i s  o f  i n t e r e s t  to  c o n s i d e r  th e  c o n t r a s t i n g  r e l a t i o n s h i p  o f  

t h e  t u r t l e s  and s n a k e s  b e c a u s e  o f  th e  f a c t  t h e y  a r e  members o f  

t h e  same c l a s s .  D i f f e r e n c e s  be tw een  t h e i r  p a n c r e a s e s  s e r v e  to  

l e n d  a d d i t i o n a l  w e ig h t  to  t h e  g e n e r a l l y  a c c e p t e d  o p i n i o n  o f  

c o m p a r a t iv e  m o r p h o l o g i s t s ; t h a t  t h e  c l a s s  R e p t i l i a , w h i l e  b e i n g

one o f  t h e  m o s t  homogenous i n  m a jo r  c h a r a c t e r i s t i c s ,  i s  one o f

t h e  m ost  h e t e r o g e n o u s  a s  r e g a r d s  s p e c i f i c  s y s te m s  and o r g a n s .

M i c r o s c o p i c a l l y  th e  g e n e r a l  p i c t u r e  o f  t h e  g l a n d  i s  s im 

i l a r  to  t h a t  o f  a l l  o t h e r  v e r t e b r a t e s  i n  h a v i n g  a t u b u l o - a l -  

v e o l a r  s t r u c t u r e ;  b u t  h e r e  a g a i n ,  s u f f i c i e n t  d i f f e r e n c e s  a r e  

a p p a r e n t  so t h a t  i t  i s  j u s t i f i a b l e  to  c o n s i d e r  t h e  d e m o n s t r a t e d  

c y t o l o g y  a s  p e c u l i a r  to  t h e  T e s t u d i n a t a .

In  mammals, t h e  v a r i o u s  p o r t i o n s  o f  t h e  t u b u l a r  s y s t e m  may 

be r e a d i l y  r e c o g n i z e d  by d i f f e r e n c e s  i n  t h e  c y t o l o g y  o f  t h e  c e l l s .

23 J .  J .  R. MacLeod, "The S o u rce  o f  I n s u l i n . "  The J o u r 
n a l  o f  M e ta b o l i c  R e s e a r c h , V o l .  2, ? .  15, 1922.

24 Edward Boyden, "The P rob lem  o f t t h e  P a n c r e a t i c  B l a d d e r . " 
The A m erican  J o u r n a l  o f  Anatomy, V ol .  36,  No. 1,  PP. 151 -1 8 3 ,  
S e p te m b e r ,  1925.

23 Bremer and W e a th e r f o r d ,  Op. G i t . P. 391.
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One o f  th© most s t r i k i n g  f e a t u r e s  o f  th© t u r t l e  p a n c r e a s  i s  th e  

s i m i l a r i t y  of  t h e  © e l l s  which Mk@ up th e  t u b u l e s  and a c in i* .

As h a s  been n o t e d ,  i n  th© o b s e r v a t i o n s  of  t h i s  s t u d y ,  a l l  o f  

th© c e l  l a  i n  t h e  t u r t l e  p a n o rn a a  a r e  s i m i l a r  in  h e i g h t  a d  

a l i k e  i n  e y t o l o g i c a l  and n u c l e a r  s t r u c t u r e  w i th  the  e x c e p t i o n  

o f  th e  f a o t  t h a t  t h e  t u b u l a r  c e l l s  have a f ew e r  number o f  cy 

t o p l a s m i c  g r a n u le s *  In  f a c t ,  t h e  e n t i r e  o n t o l o g i c a l  s t r u c t u r e  

o f  the  p a n c r e a s  o f  th© t u r t l e ®  p r e s e n t s  an  u n u s u a l l y  u n i f o r m  

ap p earan ce. o n l y  i n  t h e  &v es  da we f i n d  a s i m i l a r  c o n d i t i o n  

e x i s t i n g *  In  t h i s  g ro u p  B a t t  has  r e p o r t e d  f o r  th© d o m e s t i c  

hen t h a t  o y t o l o g i e a l l y  t h e  e p i t h e l i u m  o f  th© t u b u l e s  i s  mor

p h o l o g i c a l l y  th© same a s  t h a t  o f  t h e  a c i n a r  c e l l  g r o u p s * i n  

o b s e r v i n g  th© r e l a t i o n s h i p  o f  th e se  same s t r u c t u r e ©  in  th© 

s n a k e s  i t  he© b e e n  o b s e rv e d  by Thomas t h a t  th© d u c t  and s e c r e 

t o r y  c e l l s  a r e  o f  th e  .same h e i g h t  and b o th  r e s t  on th e  b a s e 

ment mem bran©; b u t  a s  th e  e x o c r i n e  c e l l®  d i f f e r e n t i a t e  and i n 

c r e a s e  in  sij,© they  a p p e a r  t o  com press th© r o s t  t e r m i n a l  d u c t

c e l l s  i n t o  t h e  lumen so t h a t  t h e  l e t t e r  r e s e m b le  th© c e n t r e 
s 'a c i n a r  c e l l s  o f  mmmm Is*

-n r e g a r d s  t h e  g e n e r a l  c y t o l o g y  o f  t h e  a c i n a r  c e l l s  o f  

th© t u r t l e  c e r t a i n  a s p e c t s  s h o u ld  be d i s c u s s e d *  In  i n t e r p r e t 

i n g  t h e s e  o b s e r v a t i o n *  i t  may be i n f o r m a t i v e  to  comp© r e  them 

to the  c y t o l o g y  o f  th e  mom o l i e n  p a n c r e a s  and t h a t  o f  t h e  o t h e r  

fo rm s .  i i t t l e 9i f  a n y t h in g  would be g a in e d  by e x t e n d i n g  t h i s

H. X* ■ P a t t ,  ' "The n o rm a l  H i s t o l o g y  o f  th© In d o o r  in© 
G lands  o f  C a l l u s  B m es t icu a .  ** R e p o r t  o f  t h e  O n t a r i o  Y e t e r l n -  
a r y  C o l l e g e * ' O n t a r i o ,  ' Canada ,  P F v T ^ l B ,  1904*

^  T h u r lo  3. Thomas, * Th© P a n c r e a s  o f  Pmakes* ** The 
a n a t o m i c a l  Record * Vol.  8 2 ,  Ho* 5 ,  P* 350, P a r c h ,  1942*



19

com parison f u r t h e r ,  s i  r?o© to o  l i t t l e  I n  the  way o f  d e f i n i t e  

in fo r m a tio n  i s  a v a i l a b l e  in  regard  to  th® c y to lo g y  o f  many o f  

the low er form s.

Comparison o f  th® s e c t i o n s  o f  the t u r t l e  p a n a r e a s  w ith  

t h e  s e c t i o n  o f  th® g u in e a  p i g  p a n c r e a s  show t h a t  o y t o l o g i e s l l y  

t h e  e x o c r i n e  p o r t i o n  o f  b o th  o rg a n s  i s  comparable* However,
j

i t  was observed  by the au th or th a t  th e  zymogen g r a n u le s  o f  the  

p a n crea s  o f  the g u in ea  p i g  were c o m p a r a t iv e ly  more f lo o o u l e n t  

end l e s s  d is c e r n ib le *  As th© c y to lo g y  o f  a l l  o f  the  t u r t l e

p a n c r e a s e s  i s  i d e n t i c a l ,  i t  i s  l o g i c a l  to  assume t h e t  a l l  w e re ,  

t h e r e f o r e ,  i n  th e  same m e t a b o l i c  s t a t e #  S in c e  t h e  g r a n u l e s  

a r e  w e l l  d e f i n e d  and p r e s e n t  i n  r e l a t i v e l y  l a r g e  num bers ,  i t  

a p p e a r s  s a f e  t o  assume t h a t  th© a t t e m p t s  to  o b t a i n  t h e  p a n c r e s s  

in  a s t s t e  o f  r e s t  o r  non*zymogenic a c t i v i t y ,  by a l l o w i n g  th e  

a n n i m a l s  t o  go w i t h o u t  food b e f o r e  s a c r i f i c i n g  the© was s u c c e s s 

fu l*  l in o ©  i t  i s  not s t a t e d  by Thomas j u s t  whet ooLdi t i o n a  

p r e v a i l e d  p r i o r  t o  o b t a i n i n g  t h e  p a n c r e a s e s  o f  t i e  snake®,h© 

u s e d ,  i t  i s  q u e s t i o n a b l e  how v a l i d  any co m p ar iso n  w i th  o u r  d a t e  

w i l l  be* However, t h e  g r a n u l e s  i n  th® p a n c r e a s  o f  th® s n a k e s ,  

in  g e n e r a l ,  may l>© s a i d  to  be s i m i l a r  t o  those-  o f  th© t u r t l e s *  

i n  h i s  o b s e r v a t i o n s , i t  was no ted  t h a t  more g r a n u le  s were p r e 

s e n t  i n  th e  d i s t a l  p o r t i o n  o f  th© c e l l  th an  were o b s e r v e d  i n  t h e  

a sane r e g i o n  o f  t h e  a c i n a r  c e l l s  o f  t h e  t u r t l e  p a n c re a s*  \b  i s  

v.©ll known, t h i s  d i f f e r e n c e  m ig h t  bo due s o l e l y  t o  the v a r ia b le  

s t a t e  o f  s e c r e t o r y  a c t i v i t y  i n  t h e  p a n c r e s t i ©  t i s s u e  i n v e s t i 

g a t e d  by him.

As t h i s  s tu d y  was s o l e l y  an a ttem p t to d eterm in e the "nor

mal" or r e s t i n g  c y to lo g y  o f  the t u r t l e  pancreas e f f o r t s  were not
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mad® to  d e m o n s t r a t e  m i t o c h o n d r i a  o r  th® g o g l i  a p p a r a t u s ,  ob

s e r v a t io n s  by th® a u t h o r  i n d i c a t e  t h a t  t h e  c y to p la s m  o f  th® 

a c i n a r  c e l l s  seems r e l a t i v e l y  uniform  and homogenous i n  t e x t 

u r e  i n  r e s p o n s e  t o  t h e  s t a i n i n g  t e c h n i q u e  em ployed,  Tor ex 

am ple ,  mammalian a c i n a r  c e l l s  s t a i n e d  w i th  J a n u s  Green B show 

n o t i c e a b l e  m itoch on d ria  in  t h e  b a sa l r e g i o n  o f  t h e  c e l l  t o  

which th e y  i m p a r t  a c h a r a c t e r i s t i c  s t r i a t e d  appearance* The 

m itoch on d ria  f r e q u e n t l y  o xten d  i n t o  t h e  su p ern u o lea r  r e g i o n  

o f  th® c e l l  i n  which a r e  found the  zymogen g r a n u l e s ,  Covdry 

s t a t e s  t h a t  t h e  to p o g ra p h ic  a r r a n g e m e n t  and' s u b s e q u e n t  ab sen ce

o f  t h e  m i t o c h o n d r i a  may be due to  some p a r t i a l  r o l e  th e y  p l a y
28a© a n t e c e d e n t s  of  t h e  zymogen g r a n u l e s ,  fo r k in g  w i th  th©

t o a d ,  Key o b s e r v e d  t h a t  t h e  number,  s i z e ,  and  a r r a n g e m e n t  o f  ■

m itoch on d ria  t e r e  In d e p e n d e n t  o f  th e  f o r m a t i o n  and f u n c t i o n  o f
29th e  zymogen g r a n u l e s ,  Th© same c o n s i d e r a t i o n s  can  be made in  

r e g a r d  t o  t h e  g o l g i  a p p a r a t u s  and  i t s  r o l e  w i t h  r e s p e c t  to  th e  

o r i g i n  o f  zymogen g r a n u l e s  and  t h e i r  c o n t e n t  and d i s t r i b u t i o n  

in  th© a c i n a r  c e l l s .  However, s ine© th® o r i g i n  and s o u r c e  o f  

t h e  zymogen g r a n u l e s  h s r ,  a t  one tim e o r  another^  been a t t r i 

b u t e d  to  e v e r y  c e l l  i n c l u s i o n ,  in  whole o r  in  p a r t ,  and b e 

c a u s e  t h i s  m a t t e r  i s  o f  e x p e r i m e n t a l  n a t u r e ' n o t  c o n s i d e r e d  h a r e ,  

no f u r t h e r  comment need  be mad© a b o u t  i t .  In  t o t o ,  t h e  p re 

se n c e  o f  t h e  many zymogen g r a n u l e s  in  th e  b o s a l  r e g io n ,  o f  t h e

c e l l s  s u g g e s t s  t h a t  th© d i g e s t i v e  s e c r e t i o n  i s  a t  a v e r y  low 
o r  l a t e n t  l e v e l ,  n o rm a lly , i n  a c t i v e  s e c r e t io n ,  most o f  th©

Cowdry, rju  c i t . FP* 3 1 7 -3 1 8 ,

29 J . A lb ert Key, *Gn th® H a la tio n  o f  ??ltoeh ron d rle  t o  
Zymogen G ranules*" Th© A n a to m ica l  He c o r d , Vol., 10, PP, 215 -316 ,  1914
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zymogen g r a n u l e s  would be c o n f in e d  i n  th© d i s t a l  p a r t  o f  the  

c e l l s  n n d , t h e r e f o r e ,  i t  seems t h a t  t h i s  e x c e s s i v e  f o r m a t i o n  

o f  s e c r e t i o n  g r a n u l e s  a t  the e x p e n s e  o f  th e  homogenous b a s a l  

cytop lasm  i n d i c a t e d  a r e s t i n g  c o n d i t i o n  be tw een  p e r i o d s  o f  

a c t i v e  s e c r e t i o n * I t  was f e l t  t h a t  any e x t e n d e d  s tu d y  on 

th e  t u r t l e  along, t h e s e  l i n e s  would m erely  c o n t r i b u t e  s t r u c 

t u r a l  c o n f i g u r e t io n s  w ithout o f f e r i n g  any  e x p e r i m e n t s !  d a t a  to  

s u p p o r t  c o n c l u s i o n s  drawn from such  c o n f i g u r a t i o n s  and t h e i r  

r e l a t i o n s h i p s  in  t h e  a c i n a r  c e l l s *

A l l  o f  t h e  n u c l e i  o b s e r v e d  in  t h i s  s tu d y  had a c h a r a c t e r 

i s t i c  r e t i c u l a t e d  s t r u c t u r e  i n s i d e  o f  th e  n u c l e a r  membrane*

The s i g n i f i c a n c e  o f  t h i s  f o r m a t i o n  p r o b a b ly  s h o u l d  be  c o n s i d e r 

ed 'as b q u a l i t y  o f  a c i n a r  c e l l  n u c l e i  s i n c e  i t  i® i d e n t i c a l  wi th. 

o b s e r v a t i o n s  r e p o r t e d  f o r  the c a t ,  r a t ,  sn a k e  and o t h e r  forms* 

A l l  a c i n a r  n u c l e i  o b s e r v e d  i n  d i f f e r e n t  fo rm s  show th© same 

r e t i o u l a r  a r r a n g e m e n t  o f  c h r o m a t in  w i t h  r a d i a l  p r o j e c t i o n s  f rom  

t h e i r  p o i n t  of. o r i g i n ,  i n  .a d e n s e  p e r i p h e r a l  r e g i o n  o f  n u c l e o 

p la sm ,  d i r e c t e d  to w a rd  the  n u c l e o l i *  In s h a p e ,  th e  n u c l e u s  o f  

t h e  t u r t l e s  i s  more s p h e r i c a l  t h a n  th e  n u c l e i  o f  t h e  g u in e a  p i g  

and o t h e r  mammalian fo rm s b u t  more o r  is  ss  i d e n t i c a l  w i th  t h e s e  

o f  t h e  snakes* T h e re  i s  no v i s u a l  e v i d e n c e  t h a t  t h e  n u c l e i  i n  

t h e i r  f rom end p o s i t i o n  i n f l u e n c e  t h e  b e h a v i o r  o f  th e  zymogen 

granu1©s w i t h i n  t h e  c e l l *

The e c c e n t r i c  n u c l e o l i  o f  t h e  observed  m a t e r i a l  are l a r g e r  

i n  p r o p o r t i o n  to  th© body o f  t h e  c e l l  t h a n  t h o s e  o f  th© gain©© 

p ig  and r a t ,  and a ppear t o  bo g r e a t e r  t h a n  th o se  o f  th© sn a k e :

Maximow and Bloom, Loo* p i t *
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b u t  otherw ise seem id e n t ic a l  a s  regards t h e i r  raassiv© and vesic

u l a r  character. I t  was observed In  c e r t a i n  s e c t i o n s  o f  th® 

g u in e a  p ig  pancreas t h o t  i n d i v i d u a l  c e l l s  had s m a l l e r  n u c le o l i  

o r  t h a t  f r e q u e n t l y  th e y  f e r e  a b s e n t*  Jr.; some c o s e s  in t h e  r a t ,  

i t  war. o b s e r v e d  t h a t  th e  n u c l e o l i  c o n t a i n e d  n h ea v y  c o r t i c a l  

c o n c e n t r e t ion o f  a c i d o p h i l i c  m a t e r i a l  and m larg e  e c c e n tr ic  

g r a n u l e  o r  c lo se  a g g r e g a t i o n  o f  s i m i l a r  m a t e r i a l *  Seguehi r e 

p o r t s  i n  t h e  frog  t h e  p r e s e n c e  of s e v e r a l  n u c l e o l i  i n  many p an 

c r e a t i c  cell©  o f  w h ich ,  how ever ,  one a p p e a r s  t o  be predominant 
31n u c l e o l u s *  su c h  v a r i a b l e  elements were n o t  o b s e rv e d  i n  t h e  t u r 

t l e  ac in ar c e l ls *

Chvlously, f rom  a s t u d y  o f  the r e s t in g  pancreas i t  i s  n o t

p o s s i b l e  to made d e f i n i t e  con c lu sion sin  r e g a r d  to  th© e x a c t  

s e c r e t o r y  o r  fu n ction a l b e h a v i o r  o f  th© a c i n a r  c e l l s *  However, 

c e r t a i n  o b s e r v a t i o n s  were mad® i n  t h i s  a tu d y  t h a t  do have  b e a r 

in g  on t h e  problem© o f  s e c r e t i o n *  I t  h a s  a l r e a d y  been  s t a t e d  

t h a t  the s o u r c e  one o r i g i n  o f  t h e  zymogen g r a n u l e s  c a n n o t  be 

t o l d  with a c c u r a c y .  P r o b a b l y  e v e ry  c e l l  c o n s t itu en t  p l o y s  some 

p a r t  in t h e i r  formation and s u b s e q u e n t  f u n c t i o n ,  e s p e c i a l l y  

t h o s e  e l e m e n t s  w h ich  a r c  most  f r e q u e n t l y  a sso c ia te d  wi th  c e l l  

a c t i v i t y ,  i . e . ,  t h e  mitochondria ©nd g o l g i  bp par© t u s .  Th© most 

v a l i d  s t a t e m e n t  t h a t  c sn  bo mad© her© i s  t h e  s im p le  f a c t  that  

th© zymogen g r a n u l e s  e n c o u n t e r e d  were s p r e a d  o v e r  end  throughout 

t h e  n t i r e  c y to p la s m  o f  th® c e l l .  T h i s  f a c t  offer© p r o o f  t h a t

d e s p i t e  per iod©  o f  l o n g  d u r a t i o n  b e tw een  f e e d i n g s  t h e  t u r t l e  
p a n c r e a s  i s  f u l l y  p r e p a r e d  to  engage  in  a c t i v e  d i g e s t i v e  s e c r e t i o n

^  . a e g u c h i ,  ,f;':;tUGi©s on th e  G l a n d u l a r  C e l l s  o f  t h e
'Grog*8 Pancreas*** The American  J o u r n a l  o f  a n a to m y , Vol.  26,
Ho. ~3, P. 350f January, 1920.
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a t  v e r y  s h o r t  n o t ic e *  Furtherm ore, th e  e l s e  o f  th e  lu m in s  

v a r ie s  w ith  th e  s t a t e  o f  th e  fu n c t io n a l  c o n d it io n  o f  th e  g la n d ;  

th u e , I t  i s  s m e ll  a t  r e s t ,  h u t d u r in g  a c t iv e  s e c r e t io n  becom es 

d is te n d e d  w ith  s e c r e te d  m a t t e r ,38 I t  h a s  been  n o te d  p r e v io u s ly  

th a t  th e  lam ina were more o r  l e s s  com pressed and a lw ays em pty, 

t h e r e f o r e ,  s u g g e s t in g  a norm al n o n - fu n o t io n a l p ic t u r e ,

T&n ISLET CELLS

T h is s tu d y  h as been  n o tew o rth y  in  t h a t  i t  h as been  im

p o s s ib le  t o  d em o n stra te  t i s s u e  w hich co u ld  be term ed i s l e t  t i s 

su e  in  th e  p a n crea s proper* Such a f in d in g  d e s e r v e s  c o n s id e r 

a b le  comment when we c o n s id e r  th a t  in s u l in  i s  one o f  th e  m ost 

fundam ental hormones in  th a t  i t  r e g u la t e s  carb oh yd rate  m eta

b o lism  in  th e  anim al body* Bven though mm an im al may n o t u t i 

l i s e  f o o d s t u f f s  th a t  a r e  p rep o n d era n tly  ca rb o h y d ra te  in  i t s  

d i e t ,  in s u l in  i s  su p p o sed ly  n e c e s s a r y  fo r  th e  proper u t i l i s a 

t io n  by th e  l i v e r  o f  th e  ca rb o h y d ra te  m a te r ia l  w hich la  a s s o c i 

a te d  w ith  any fo o d s tu f f*  fu r th e r ,  th e  norm al fu n c t io n in g  o f  th e  

l i v e r  a s  an organ  o f  fo o d  s t o r a g e ,  th e  m etab o lism  o f  m uscu lar  

e r a  t r a c t io n ,  and many o th e r  fu n c t io n s  o f  th e  organ ism s seem  to  

depend upon th e  p r e se n c e  o f  in s u l in * 33 In  th e  c a s e  o f  e la sm o -  

b ra a sh s and t e l e o s t  f i s h e s  MaCleod m en tio n s th e  problem  o f  a n i

m als on a n o n -ca rb o h y d ra te  d ie t*  F urtherm ore, th e  p a n crea s o f  

t h e s e  form s d o es  n o t have i s l e t  t i s s u e s  fo r  th e  m anufacture o f  

in s u lin *  S p e c ia l  e x tr a p a n s r s a t io  s t r u c t u r e s  produce th e  in s u l in

32  Maximo* and Bloom, Op, C lt* PP# 447-449*
33 Eugene O p le , " C yto logy  o f  th e  Pancreas* * S p e c ia l  Cy

t o lo g y  (Hew Y ork; P au l B* Hoebar, 1 9 3 g ) ,  Yol* 1 , ? P * I8 S -S b S T
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which he su g g ests  may be important In the reg u la tio n  o f  f a t e  

and o i l #  in ad d ition  to  th# glycogen that th# l i v e r  may store*  

Another idea i s  e x p  re seed b y  Saguchi, working with Ban# t#gM2MT 

a r ia ,  t h a t  I s l e t  c e l l s  appear and secret© In su lin  only when 

th e r e  i s  any need for  th ose , hence, they are n o n -ex ls ta n t  or
3§

v e r y  i n d i s t i n g u i s h a b l e  in  th® pancreas* With d e b a ta b le  and 

c o n t r o v e r s i a l  r e p o r t s  mi oh mm t h e s e  and o t t e r s  i t  he©®# d e s ir *  

©hie to  o f f e r  some e x p l a n a t i o n  f o r  the. ab sen ce  o f  r e c o g n is a b le  

i s l e t  t i s s u e  i n  t h e  t u r t l e  p a n c re a s *

^he t y p i c a l  p i c t u r e  in  ©ne#s  mind i s  t h a t  o f  t h e  o rg a n '  

a s  i t  e x i s t s  i n  t h e  mammal# where  t h e  i s l e t  t i s s u e  i s  r e la t iv e *  

l y  common* F o r  exam ple ,  Bens l e y  observed ,  th a t  th© number o f  

I s l e t s  i n  t h e  p a n c r e a s  o f  t h e  g u in e a  p i g  r a n g e d  from 1 3 ,3 1 8  to  

56 ,  7 as* According,  to  th e  ftiid in g b  o f  O lfrh  t h e  pehor© as o f

men h a s  be tw een  l S 0 f 3£5 to  1 ,7 6 0 ,0 0 0 ' i n d i v i d u a l  i s l e t ® *  Over* 

h o le e r  n o te d  b e tw een  1 ,4 9 4  t o - : 1 4 ,# 7 #  i n  tS e  .w h i te  re t* ® 7 Such 

r e s u l t s  would l e a d  o n e  to  b e l i e v e  t h a t  i s l e t  t i s s u e  was compare* 

t l v e l y  p r e v a l e n t  and  ev e n  a b u n d a n t  i n  t h e  v e r t e b r a t e  pen ores#* 

nhen we- c o n s i d e r  th e  r e s t  o f  th e  v e r t e b r a t e  a n i m a l # ,  how ever ,  

i t  i s  o b s e r v e d  th a t  ® wide v a r i a t i o n  a c t u a l ly  i s  found  t o  e x i s t ,  

f i r s t ,  i n  t h e  number o f  i s l e t s  p r e s e n t  en d ,  s e c o n d l y ,  i n  t h e

34 MeoLeod, 0fc. G it . iJ. 161 .

s s  S. S a g u ch l, " C x to lo g io n l S tu d ie s  o f  la n p e r b a n e 's  I s l e t *
w ith  S p e c ie !  R eferen ce  to  th e  Problem o f  t h e i r  H a la t io n  to  th e  
P a n c r e a tic  A cinus T issu e*"  thm American J o u rn a l o f  Anatomy.
V o l. SB, Fo. 1 ,  PP* 1*57,  FoveSteer , 1 8 $6*

^  R. B. Bern © ley , ^ S tru ctu re  and R e la t io n s h ip s  o f  th e
I s l e t #  o f  I# n g er h a n s. ** th e  Harvey t e e t a r e e *  V o l. 10 ,  n m %  1 9 1 5 .

37 Gowdry, 0£. Pit* P. 3S5*



a c t u a l  p r e s e n c e  o f  t h e  i s l e t  t i s s u e  i t s e l f #

MacLeod r e p o r t s  t h e  i s l e t  t i s s u e  o f  the alasmobraneis i & 

in  i n t i m a t e  c o n t a c t  w i th  th© juot e p i t h e l i u m  e s p e c i a l l y  in  t h e  

d o r s a l  lobe o f  t h e  pancreas. In h i s  o b s e r v a t i o n s  ha f u r t h e r  

observed, a s  hen Bennie before him, that th© endocrine tlanue  

was absent in the panorea a o f  the to le o s t  f i s h e s  b u t  was c o l 

l e c t e d  i r\ s s e p a r a t e  organ t o  which t h e  name ‘’P r in c ip a l I s l e t s ' "  

h as  seen ap p lied . T h is  comparison may be continued to p o i n t

o u t  f l a t  i n  rsost  t e la o s t  f i s h e s  th e  p a n c r e a s  i s  p r e s e n t  o n ly  

a s  d i f f u s e  m a sse s  o f  t i s s u e  t h a t  sr© no t  c o l l e c t e d  t o g e t h e r  t o  

form a d e f i n i t e  organ, Jackson su p p le m e n t s  t h i s  o b s e r v a t i o n  

f u r t h e r  by r e p o r t  in#- that o f t e n  t h i s  d i f f u s e  pancreas i s  micro- 

sco-j o in q u a lity  and when examinee shows no evidence o f  any
4 c Qt r a n s i t i o n a l  ce .■ I s .  on the o t h e r  harm! we f i n d  t h a t  in the

©lasmobrenoh f i s h e s  the e n d o c r i n e  t i s s u e  i s  w e l l  d e f i n e d  and 

i s  o b s e rv e d  i n  th e  p a n c r e a s  t o  be assoc ia ted  with the d u e t  

s y s t e m  or in  mammalien-1Ik© islands* In t h e s e  fo o l  t h e i r  d i s 

tr ib u tion  am* r e l a t i o n s  t o  t h e  r e s t  of th© gland ere of p r im -  
40i t i v ©  n a t u r e ,  s e g u e h i  * © r e p o r t  on to a d s  spqws th© e n d o c r i n e  

t i s s u e  to  be d i s t r i b u t e d  f r e q u e n t l y  i n  one c e l l  u n i t s  s c a t t e r e d  

th r o u g h o u t  t h e  g la n d  i n  c l o s a  a s s o c i a t i o n  w i th  t h e  a c i n i , ^

SB TacLeod, p » g i t , r .  154,

fl© t o r  J a c k s o n ,  "Th© I s l a n d s  o f  h an g e r  hens  i n  
branch© ano T c l o o s t  f i s h  o o . " The J o u r n a l  o f  h © ta b o l lo  B e a e a r o h , 
V ol .  3,  PP. i 41—148, 1933.

40 T h u r l o  I .  Thomas, "’ I s l e t  T i s s u e  i n  th© • c r e s s  o f  
. lo sm o b rsn c h s ,  ** The . , n a t o m l t a l  i e o o r d . Vol.  76, ho. 1,  pv>, 1 -1 8 ,  

J a n u a r y ,  1940.

* *  b u g u c h i ,  ( p . P i t .  P i ,  1 5 -51 ,
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The l i z a r d  panoreas  la  noteworthy in  t h u t  th e  I s l e t  t i s s u e  i s  

n o t  conspicuous**^ v\m i s l e t  t i s s u e  l a  t h e  snake panc reas ,  

on the o th e r  hand, appears  to ho well d e f in e d  because  i t  i s

c h i e f l y  l o c a l i s e d  in  th e  a n t e r i o r  end o f  th e  p an c rea s  which i s
(

i n  c o n t r a c t  with  the  spleen* e t h e r  so  c o l l e d  **necornsary Mete*

e r e  s c a t t e r e d  through th e  ex o c r in e  t i s s u e  end e r e  b e l i e v e d  to

be temporary i s l e  t s  whlor. o re  t r a n s i  t t o n a l » e v e n tu a l ly  r e t u r n -
43i n s  to t h e i r  o r ig in a l  s t a t e  as a c in a r  ce ll© * The o n ly  a v a i l -  

able &tudy on the pencress o f  the birds i s  a report by Xatt in  

which i t  w?as observed in  the dom estic hen that the i s l e t  t i e -  

.sue was s l ig h t  in mmoimt end apps*.»rs<l as  c lo s e ly  packed cords 

o f c e l l s *  evince th is  study was performed, through the use o f  

rou tin e  hematoxylin and e s s  in  s ta in in g  fu rth er  inform ation  â® 

not observed in  regard to the type o f  c e l l s  p resent, the i s l e t s ,  

how ever ,  w@ra w e ll  defined*** K s s e n t i s l ly ,  th ere fo re , the.pan

creas i s  a h igh ly  v a r ia b le  organ in the ver teb ra tes  end i s l e t  

t i s s u e  is  by no means a u n iversa l share ester Is t i c  o f  th is  gland* 

:"rom mi evo lu tion ary  point o f  v iew , the pan©res© a c t u a l l y  

develops froa three outgrowths; one d o r s a l  connecting to  the  

duodenum by th© duct o f  S a n to r in i,  end two ventral which unit© 

to connect through the duct o f  Wirsung or the true pancreatic  

duct* In the me tame 1 a, th ese  three parts  o f  the pancreas u n ite

^  K e n d a llt Lorn* O ft*

^  T hurlo B* Thomas, '•The JPeaoroas o f  Snskes* w The Ana
tom ies 1 Record* Vol* OS, Ho* 3 ,  r'. 333 ,  l- 'sroh, IB4H*

** S e t t ,  lo o * C lt*

1 .  E* Adams, An I n tr o d u c t io n  to  the V e r te b r a te s  (Hew 
York i John W iley and 0ons", ' l!n©# , ’ Ts&dTT XF* Zm -E bET™



t o  conneot with th® duodenum bj  a s in g le  duct, the duct of

wirsung* I t  i s  th e  general o p i n i o n  o f  t h e  o o a p e r s t i v ©  morpho

l o g i s t ®  t h a t  th e  cioi'sal p o r t i o n  o f  th© p a n c r e a s  represen ts  t h e  

p r i m i t i v e  and t r u e  pancreas- which wes c o n c e rn e d  .primer 11 v w i th  

t h e  e n d o c r i n e  s©oretio n  i n  that i t  c o n t a i n e d  th e  ' is le t  t i s s u e *  

In t h e  course o f  -evolutionary t im e ,  th e  e n a y m a t io  t i s s u e  was 

added to  t h i s  and t h e  v e n t r a l  o u tg r o w th s  from t h e  a l i m e n t a r y  

tr a c t  w ere  developed* In  s u p p o r t  o f  t h i s  t h e o r y ,  we have  th e  

f a c t  t h a t  th e  p e n a r e a s  o f  the e laam o b ran o h a  r e p r e s e n t s  o n l y  

t h e  d o r s a l  p o r t i o n  o f  t h e  gland, c o n n e c t i n g  to  t h e  duodenum 

by the duct o f  S a n to r in i , o ften  mlan am ad, the pancreatic duct

b e c a u s e  o f  t h e  m i s c o n c e p t i o n  t h a t  i t  i s  homologous w i t h  t h e
46p a n c r e a t i c  d u c t  o f  t h e  h i g h e r  form s.

In  th® t e l e o s t  f i s h e s  -e  find that the ven tra l p o r t i o n s  

o f  the pancreas begin form ation  as d i f f u s e  eoinor elements*

The l e t t e r ,  i n  the  ©ore advanced  fo rm s ,  u n i t©  i n t o  m m o m  o r  

l e a s  f a i r l y  w e l l  d e f i n e d  p a n c r e a s  t h a t  l e a k s  i s l e t  t i s s u e  and 

i s  c o n n e c te d  by t h e  d u c t  o f  v i r s u n g  to  t h e  i n t e s t i n e *  Th® 

t u r t l e s ,  w hich  e r e  p l a c e d  n e x t  t o  th© f i s h e s  i n  crnr p r o s e n t  

day e v o l u t i o n a r y  o l s s ^ i f i o a t l o n  schem e, have n -• ©11 d e f i n e d  

p a n c r e a s  c o n n e c t e d  by a s i n g l e  d u c t ,  th© d u c t  cf S l r s u n g ,  t o  

th e  i n t e s t i n e * A n  t h e r e  la  no e t a b r y o l o g i c e l  s t u d y  a v a i l a b l e  

on t h e  p a n c r e a s  o f  th© t u r t l e *  I t  i s  I m p o s s i b l e  on th© b a n ia  

o f  t h i s  r e p o r t  to  d e t e r m in e  whether- th© d o r s a l  p o r t i o n  o f  th e

H erb ert Hugon© W a l t e r ,  B io logy  o f  t h e  V er t e b r a t e s  
i® w  York: The U e e K l l l a n  Company, 1 9 3 9 ) ,  End e d i  t i o n ,  P. 3S7*

^  A. o* Romer, Kan and th® Vertebrates (Chicago: The
U n i v e r s i t y  of Chicago P ress , 193?} ,  End e d it io n ,  ?F* 385-390.



2B

p a n c r e a s  l u  a s s o c i a t e d  w i th  th# d e f i n i t i v e  -penej-o -.o*

Mi t h e  b u s i s  of the above d i s c u s s i o n ,  i t  i s  not i l l o g i c a l  

n o r  u n e x p e c t e d  to f in d  t h e t  I s l e t  t i s s u e  i s s  no t  observed  in  

the  t u r t l e  pana re a s *  From a s t r i c t l y  e v o lu t io n a ry  p o i n t  of  view  

i t  mif: ht be *s turned Uis t t h e  p ancreas  o f  the t u r t l e s  was in  fcer~ 

m e d ia t e  be tw een  th e  t y p i c a l  t e i e o s t  c o n d i t i o n  and  t h a t  o b s e rv e d  

i n  th e  h i g h e r  v e r t e b r a  tea# T h e r e f o r e ,  i t  Might w e l l  b® p o s t u 

l a t e d  th a t  th© i s l e t  t i s s u e  o f  th® t u r t l e s  was l o c a t e d  e l s e 

w h ere ,  e i t h e r  i n  the  m e s e n t e r i e s  new r  the duodenum or  a d j a c e n t  

to  s o s e  o t h e r  v c s o u l© r  c e n te r *  The a u t h o r  i s  q u i t©  c e r t s  1n 

th a t  an a d d i t i o n a l  s t r u c t u r e  such as the  ‘’P r i n c i p a l  ' I s l e t s *  o f  

t h e  t e l s o a t e  i s  not  to be found i n  the  t u r t l e s .

I t  c.-.ould a l s o  b® p o in ted  ou t  'that many o f  t h e  i s l e t s  p re

s e n t  in  th© p a n c r e a s  o f  the s n a k e s  a p p e a r  to  be  t r a n s i t o r y ,  i t  

i s  quit© p a s s i o l e  t h a t  t h e  endocrine-  t i s s u e  o f  the  t u r t l e s ,  i f  

/‘r e s e n t ,  might have t h e  sum# c h a r a c t e r ,  and t h u s  vos  n ot  o b s e rv e d  

in  t h i s  study* da have aome e v i d e n c e  a v a i l a b l e  t h a t  i n s u l i n  may 

he p ro d u ced  i n  th e  a b s e n c e  o f  i s l e t  t i s s u e  in  th© p a n c r e a s ,  in  

th a t  I n s u l i n  ««a a b l e  to  be  e x t r a c t e d  from th© e n z y m a t ic  t i s a n e  

o f  t e l e o a t  f i s h e s  which c o n t a i n  no i s l e t s *  Th© ©mount o f  i n s u l 

in  bo e x t r a c t e d  sea  a p p r o x i m e t e l y  o n e - t e n t h  o f  that  e x t r a c te d  

from th© ’’P r i n c i p a l  I s l e t s 7* o f  th e  same i n d l v i i u a l s * 48 J a c k s o n  

o b s e r v e s  t h a t  i n s u l i n ,  c a n . be r e c o v e r e d  from th e  p a r ,c r e s s  o f  t h e

t e l e o n t  f i s h e s ;  but the yleill depends upon the f r e s h n e s s  o f  the
49g la n d  and t h e  method o f  e x t r a c t i o n *  d o th  o f  th e  above

;l. V in cen t, r* C. Dodd a , and v. D ick en s ,  "The 'Pancreas o f  
the Th l e a s t  Fishes and source of Insulin** The la n c e t , tEfl*& ? T-; llb-iia* 1924,

J a c k s o n ,  eg* Git* r* 145*
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m entioned r e p o r t s  a g r e e  t h a t  the I s l e t s  p r e s e n t  i n  t h e  **P r in c i 

p a l  I s l e t s " ’ a re  homologous w ith  co rresp o n d in g  s t r u c t u r e s  in  

th e  o t h e r  v e r t e b r a t e s ,  and e a c h  s u g g e s t s  t h a t  t h e  a b s e n c e  o f  

t h e s e  In  the z jm o ^ e n o m  t i s s u e  makes i t  p o s s i b l e  th a t  the l a t 

t e r  jaay a l s o  f u n c t i o n  in  th e  p ro d u c tio n  o f  i n s u l i n  by some 

o t h e r  em ergency i n  t e r n s i  s e c r e t i o n *

l a s t l y ,  some con sid era tion  must be given to the p o s s ib i l 

i t y  that the previous treatment o f  the t u r t l e s  resu lted  in  th e  

o b l i t e r a t io n  o f  th© in su la r  t i s s u e *  I f  t h i s  i s  t r u e ,  then the  

metabolism o f  the i s l e t  t i s s u e  of the tu r t le  I s  q u i t e  d i f f e r 

e n t  from the h ig h e r  forms, where th e r e  i s  no ev idence that 

s ta rv a t io n  r e s u l t s ' i n  the d e s tr u c t io n -o f  the i s l e t  t issu e*  It  

i s  w ell  known, however, that s ta rv a t io n  induces atrophy i n  the  

acinar groups. Pine© the eo in er  groups of the matcri a l used 

in  th i s  study did not show any e f f e c t s  o f  prolonged s t a r v a t i o n  

i t  seeias l o g i c a l  to  conclude th a t  the procedure i s  not respons

ib le  for  the  absence o f  endocrine t is s u e .  I t  appears, th ere

fo re , that we must conclude th at the pancreas o f  the t u r t l e s ,  

e i th e r  does not eon ta in  in su la r  t i e  ue in  cotton  w ith  the 

t e le o a t  f i s h e s ,  or that the endocrine t i s s u e  i s  tr a n s ito r y  in  

nature, a r i s in g  as needed, from th© acinar c e l l s  end, oonse- 

quently , ws» n u t  capable o f  demons t r e t  ion in th is  study.

in regard  to the order T e s . tu d ln a ta i t  should  be noted  

th a t  i b i s  i n v e s t i g a t i o n  h©s i n c l u d e d  r e p r e s e n t a t i v e s  of  f o u r  

ou t  o f  t h e  s e v en  g e n e r a l l y  r e c o g n i s e d  f a m i l i e s  o f  t h i s  group* 

T h e r e f o r e ,  i t  i s  p r o b a b l e  th a t  th e  o y t o l o g i c a l  f e a t u r e s  r e 

p o r t e d  h e r e i n  a r a  c o n s t a n t  "o r  a l l  members o f  t h e  o rd e r*



t i i k e a r y  am c o m t m i c m

T h is  i n v e s t l g a t i o n  which r e p r e s e n t s  t h e  f i r  a t  s t u d y  t h o t  

h a s  b ean  made o f  t h e  p a n c r e a s  o f  t h e  t u r t l e ® ,  was I n i t i a t e d  

to  d e t e r m i n e ;  f i r s t ,  th e  g e n e r a l  c y t o l o g y  o f  th e  friend end 

s e c o n d l y ,  th© e x t e n t  to  which th e  orgy  a  a p p ro a c h ed  th e  c y t o l 

ogy o f  o t h e r  v e r t e o r a t e  g r o u p s .  i n e e  so many i n v e s l i g a t i o n s  

i n  t h e  p a s t  have b een  u n n e c e s s a r i l y  c o m p l i c a t e d  by th e  f e e t  

t h a t  t h e  p a n c r e a s  h a s  been o b t a i n e d  in  v a r i o u s  unknown s t a g e s  

o f  s e c r e t o r y  a c t i v i t y ,  t h e  a n i m a l s  u sed  i n  t h i s  s t u d y  were k e p t  

w i t h o u t  f o o d .  I t  was assumed t h a t  t h i s  t r e a t m e n t  p r e v i o u s  to  

s a c r i f i c i n g  them would  make i t  p o s s i b l e  to  o b s e r v e  th e  g l a n d 

u l a r  t i s s u e  i n  a **norm al*  o r  r e s t i n g ,  s t a t e .  f o r  t h i s  r e a s o n  

no a t t e m p t  w»a made to  i n v e s t i g a t e  e i t h e r  m i t o c h o n d r i a  o r  g o l g i ,  

a s  t h e  m orphology  o f  t h e s e  two c e l l u l a r  o r g a n o i d s  i s  o f  l i t t l e  

v a l u e  u n l e s s  c o r r e l a t e d  w i t h  e x p e r i m e n t a l  d a ta *

r' a t e r  i a l  from f i v e  s p e c i e s  o f  t u r t l e s ,  r e p r e s e n t i n g  f o u r  

o f  th© s e v e n  f a m i l i e s  o f  t h e  o r d e r  T e s tu d l  n e t s ,  were  u t i l i z e d  

in  t h i s  s t u d y .  T h e r e f o r e ,  i t  searns r e a s o n a b l e  t o  assume t h a t  

t h e s e  r e s u l t s  w i l l  a p p l y  e q u a l l y  to  a l l  members o f  t h e  g ro u p .

The m a jo r  con c l u e  i o n s  e s t a b l i s h e d  by t  i s  i n v e s t i g a t i o n  

may be t a b u l a t e d  a s  f o l l o w s :

1 Th© g r o s s  m orphology  o f  the  p a n c r e a s  o f  th© t u r t l e  i s  

s i m i l a r  t o  t h a t  o f  most v e r t e b r a t e s .  I t  i s  a f l a t t e n e d  r e c 

t a n g u l a r  o r g a n  bound to  t h e  duodenum j u s t  aau d ed  o f  t h e  p y l o r u s  

by t h e  h e p s to d u o d e n e l  l i g a m e n t .  The c o l o r  i s  r e l a t i v e l y  yon*

a t e n t ,  r a n g i n g  from f l e s h  w h i t e  to  a pel© p i n k .

2 The c e l l s  o f  th © l i n i n g  e p i t h e l i u m  o f  t h e  tut>ules ap - ■ ©ar 
q u i t©  s i m i l a r  c y t o l o ^ i c a l l y  to t h e  a c i n a r  c e l l s  p r o p e r .  Th©
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t u b u l e s  ona ®i t h e r  i n  t y p i c a l  a c i n i ,  o r  i n  a t y p i c a l  a c i n i  or  

th e y  rsay a imply t e r m i n a t e  b l u n t l y *

3 The a c i n i  are  composod o f  8 t o  IS  c e l l ® ,  pyramidal in  

shop®,  ̂ i th  eoce  ir  ic  u u c l e i  w h i ^  e r a  o lo a a  to or in  the  b*®-nl 

r a t i o n  o f  th® c a l l*  The c e l l s  measure ISu in  width ana Sou in 

length*  A l l  o f  the a c i n a r  c e l l®  were s i m i l a r ;  in  t h a t ,  no 

tra n s fo r m in g  s t a g e s  *er@ observed*

4 the e o iu a r  c e l l  n u c l e i  era s p h e r ic a l  in  shape ,  meas u r -  

inp, a p p r o x i m a t e l y  H u  in  d i a m e t e r ,  and h a v in g  a c h a r a c t e r i s t i c  

d i s t r i b u t i o n  o f  c h r o m a t in  m a t e r i a l ,  which forms a r e t i c u l a r  

meahwork w i t h  © w e l l  d e f i n e d  p e r i p h e r a l  b o r d e r  a d j a c e n t  to  V*e 

n u c le a r  Bicrn.brana*

3 -- 'ucleoll  are e c c e n t r i c  and show v a r i a t i o n s  from ty p 

i c a l l y  m ass ive  ones to  t y p i c a l  v e s ic u la r  o h a ra o ter1s t io a *

6 The zymogen & re n u lo s  e r e  p r o m in e n t ,  w e l l  d e f i n e d ,  and 

e q u a l ly  d i s t r i b u t e d  throu&hout the  cy top lasm  : f  th© o c i n e r  c e l l s *

7 The c y t o l o g y  o f  t h e  e p i t h e l i a l  c e l l s  o f  t h e  t u b u l e s  i s  

I d e n t i c a l  wi th t h a t  d e s c r ib e d  above  f o r  the ac inar  c e l l s  w i t h  

the e x c e p t i o n  o f  the  f a c t  t h a t  th ey  show f e w e r  zymogen g r a n u l e s  

whiob a r e  a l s o  p r e s e n t  in  t h e s e  c e l l s *

8 lamina o f  th® a c i n i  and t u b u l e s  are r e l a t i v e l y  c lo s e d }  

o u t  w h e th e r  oios^u  or  p a r t i a l l y  open they do n o t  show c e l l u l a r  

o r  n u c l e a r  e x t ru s io n ®  and no mucous i s  e v i a n t *  T e n t r o - » c i a e r  

o o l l s  are  n o t  p r e s e n t*

9  Typical, i s l e t ©  o f  b a n k e r  b a n  a  w e r e  n o t  present*  T o b o -  

orinm  t i s s u e  we® n o t  o b s e rv e d  i n  i n d i v i d u a l  c e l l  u n i t s  o r  in  

c lus te-r®  e i  t h e r  i n  ' c o n n e c t i o n  with ' th© a c i n i  on-r duct??:, o r  in  

th,® c o n n e c t i v e  t i s a u ®  elaaien ts*  ' e v e r e l  p o s s i b l e  e x p l a n a t i  on®



S t

f o r  - .their apparent  mbaenee lias a lr e a d y  been d i s c u s s e d  above#

10 Ob th © ' ,b a s i s  o f  t h i s  study, i t  1®' ooholudod t h a t  ©y~ 

t o lo ^ lo e l ly  th© p a n c r e a s  o f  th© t u r t l e  i s  q u i t©  a p a c l f i o  i n  

o ha ra© te r#  I t  I s  b e l i e v e d  t h a t  t h i s  s t u d y  w i l l  s e r v e  a s  a 

u se fu l  b a s i s  f o r  any  d e s i r a b l e  e x p e r i m e n t a l  work u t i l i z i n g  t h e  

t u r t l e  p a n c r e a s .  However,  t h e  a u t h o r  doe© n o t  b e l i e v e  t h a t  

th is  v e r t e b r a t e  form  l a  v e r y  a s t i e f a e t o r y  a s  a t y p i c a l  l a b 

o r a t o r y  e x p e r i m e n t a l  animal#
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PI.ATS I

F i g u r e  1 .

T h i s  i s  a p h o to g r a p h  o f  s l o g a n s  ' taken  o f  t h e

l i v e  a n i m a l  w i t h  t h a  c a r a p a c e  removed. The v i s c e r a ,  p r i n c i 

p a l l y ,  t h e  l i v e r  ©re d e f l e c t e d  in  o r d e r  t o  expose th© p a n c r e a s .  

'D l r e o t l y  i n  t h e  c e n t e r  o f  t h e  p i c t u r e  i s  to  b e  s e e n  t h e  duo

denum o f  t h e  i n t e s t i n a l  t r ^ o t*  im m e d ia te ly  i n  c o n t a c t  w i th  i t s  

a n t e r i o r  s u r f a c e  and j u s t  t o  t h e  r i g h t  o f  th e  s to m ach  a m a jo r  

p o r t i o n  o f  t h e  p a n c r e a s  i s  v i s i b l e *  Not© t h a t  t h e  s tomach i s  

q u i t e  d e f i e  t e d  and t h a t  t h e  p a n c r e a s  b e g i n s  a t  th© p y l o r i c  end 

o f  th© stomach* The p a n c r e a s  i s  f i r m l y  h o l d  to  tit© duodenum 

by m e s e n te ry  which i s  n o t  r e a d i l y  seen* M a g n i f i c a t i o n  x3*
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F i g u r e  2*
T h i s  photograph o f  T e r ra p e n #  o a r o l in a  o s r o l l n a  i n  v iv o  

a l s o  has t : e c a r a p a c e  removed. I t  i s  e g e ln  p o s s i b l e  t o  see  

h a r e - th e  p o s i t i o n  of  the  p a n c r e a s  i n  s i t u *  hot© t h a t  t h e

p a n c r e a s  o c c u p i e s  t h e  a n t e r i o r  w e l l  o f  th# duodenum l u s t  d i 

e ted  o f  t h e  p y l o r i s .  Approximately, one t h i rd ,  o f  th e  p a n c r e a s  

I s  v i s i b l e ;  th© r e m a i n d e r  l a  c o n c e a l e d  on th© d o r s a l  s u r f a c e  

o f  t h e  i n t e s t i n e  ©a i t  f l e x e s  and  becomes d i r e c t e d  eaudad*

The v i s  e r e  a r e  r e l a t i v e l y  w e l l  ex p o s e d  showing. © v e r y  much 

r e d u c e d  and empty s to m a c h .  Most o f  th© g a s t o - h e p a t o d u o d e n a l

l i g a m e n t  h a s  been  d e s t r o y e d ;  b u t  f r a g m e n t s  o f  i t  can  s t i l l  be

s e e n  a t t a c h e d  to  the p a n c r e a s  and a d j o i n i n g  i n t e s t i n e .  Th© 

l i v e r  had  to  be d e f l e c t e d  c o m p l e t e l y  c a u s i n g  th© r u p t u r e d  con

d i t i o n  o f  t h i s  m e s e n t e r y .  S i g n i f i c a t i o n  xZ*
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PLAT?, I l l

f i g u r e
A p o r t i o n  o f  a p r e p a r e d  e l i d e  c o n t a i n i n g  p a n c r e a t i c  m a t e r -  

ia.i f rom T e r r a  pane C a r o l i n a  C a ro l in a *  vo t e  th© c e l l u l a r  a r r a n g e  

ment o f  t h e  a c i n a r  c e l l s .  Du© to t h e  a n g l e  o f  c u t t i n g  s e v e r a l  

e x c e l l e n t  a r o s e  s e c t i o n s  a r e  v i s i b l e ,  i . ©•, o b s e r v e  t h e  one i n  

t h e  lo w e r  l e f t  hand, c o rn e r*  In  t h e  c e n t e r  u f  t h e  p h o to m i c r o 

g ra p h  i© an e x c e l l e n t  l o n g i t u d i n a l  s e c t i o n  o f  an a c i n u s  and i t s  

tu b u le *  . **agnifi c a t  1 on x600»

F i g u r e  4*
S i m i l a r  t o  the sp ec im en  in  f i g u r e  t h r e e ,  T e r r a  pen© C a r o l i n a  

© s r o l i n a s : b u t  e n l a r g e d  tw ice*  The e n l e r g e d ' c o n d i t i o n  mmk^s i t  

p o s s i b l e  t o  a c e  more c l e a r l y  the  t e x t u r e  o f  t h e  a c i n a r  c e l l s *  

*>ot© t h e  r e l a t i v e l y  u n i fo rm  d i s t r i b u t i o n  o f  aymogen g r a n u l e s  i n  

th© v a r i o u s  a c i n i *  o e c a u s e  t h e  c h i e f  a t t e n t i o n  * a s  d i r o o t e d  t o  

f o c u s i n g  upon t h e  c e l l  b o u n d a r i e s ,  th e  n u c l e i  a p p e a r  e x t r e m e l y  

m ass ive*  o b s e r v e  th© two c l e a r  and open l u a l n s  i n  th© a c i n i  a t  

t h e  to p  o f  th e  f i g u r e .  f g a g n i f i c a t i o n  x l £ 5 0 .

116139
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F i g u r e  k#

O bserve  in  t h i s  a e o t i o n  o f  th© pancreas  o f  fllhryseiaya p l o t s  

th© g e n e r a l  d i e & r  Abut Ion and a r ren& em ent  o f  th® a © ini  and t u b 

ules*  &ot© the e h a r b c t e r i a t i e  n u c l e o l i  in  t h e i r  r e l a t i o n  t o  

t h e  n u c l e i *  M a g n i f i c a t i o n  x6GG*

F i g u r e  6*

A© above, t h i s  1® a photomicrograph o f  p an c reas  from  

Chryseaas p lo t s *  m  t h i s  specimen i t  i s  r e l a t i v e l y  ea sy  to  

see  p o r t io n *  o f  th# p a n c r e a t i c  duct# Hot© t h e  p o s i t  Ion o f  th© 

n u c l e i  i n  the  b a s a l  r e g io n  o f  the e e l l e : in  *hlob  many o f  them 

a r e  ©xtremely c lo s e  to  th e  basement membrane* A lso  n o t i c e  th e  

v e s i c u l a r  n a tu r e  o f  the  n u c le i  and th e  c o n c e n t r a t io n  o f  chro

m atin  l i n i n g  the  per iphery  o f  th© n u c le a r  membrane# Most o f  

th e  n u c l e i  shoe th e  c h a r a c t e r ! s t l o  e c c e n t r i c  n u c le o l i*  Obvious

ly  a l l  o f  t h e  n u c l e i  a re  r o t  in  rocup* M ag n if ica t io n  xX3hO*
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Figure 6#
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F ig u r e  7*

T h is  sp ec im en  p h o to g ra p h e d  t o  show v e r y  c l e a r l y  the

p o s i t i o n  o f  th e  n u c l e u s  w ith in  an a c i n a r  c e l l*  Furtherm ore , 

e x a m in a t io n  shows t h e  r e t i c u l a r  n a t u r e  o f  the  n u c l e i  ami 

c l e a r l y  dem o n s tr a t e s  the  presence  o f  a h e a v i l y  s t a i n e d  eo~ - 

c e n t r i c  nucleo lus*  Chromati n  s t r a n d s  which r a d i a l ©  tow ard  

th e  n u o le Q l i  a r e  n o t  r e a d i l y  seen  b ec au se  o f  the d i f f i c u l t y  

i n  fo c u s in g *  K ote  i n  t h e  l o w e r  l e f t  hand c o r n e r  th e  e x t r e m e l y  

l a r g e  a c i n a r  c e l l s *  Im m e d ia te ly  to t h e  r i g h t  of  t h i s  group 

t h e r e  a r e  s e e n  s e v e r a l  segments o f  p a n c r e a t i c  d u e t s *  Magni

f i c a t i o n  xlS&O.

F i g u r e  B.

T h is  m a t e r i a l  t a k e n  from  P s e u d says e leg a n s  was photographed 

through a rod f i l t e r  in  o rd e r  to  a c c e n tu a te  the c y t o p l a s m i c  g r a n 

ules* I t  can ho seen a t  a g lance  t h a t  th e  d i s t r i b u t i o n  o f  zymogen

g r a n u l e s  i s  e x t r e m e ly  uniform. The n u c le i  o f  p a n c r e a t i c  a c i n i  

e r e  d e m o n s t r a t e d  her© more a c c u r a t e l y  heoause o f  the- f i l t e r  e f f e c t .  

T h i s  s e c t i o n  d e m o n s t r a t e s  v e ry  c l e a r l y  t h e  i n v e s t m e n t  o f  th e  a c i n i  

by t h e  c o n n e c t i v e  t i s s u e  formed i n t o  a basomant  membrane* f;-au n i 

f i c a t i o n  xl&oO*
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F i g u r e  7.

Figure 8*
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F ig u re  -9.

In t h i s  s e c t i o n  ta k e r ,  from fe r r a p e n e  C a r o l i n a  C a r o l i n a  

a re  s e e n  numerous p a n c r e a t i c  d u c t s  and s e v e r a l  s e c r e t o r y  

tubules*  I t  may be soon t h a t  th e  e p i t h e l i a l  c e l l s  a r e  o f  

a p p r o x i m a t e l y  the  same s i z e  th e  a c in a r  c e l l 9 4  a l t h o u g h  

t h e  former a r e  more f r e q u e n t l y  r e c t a n g u l a r  in  o u t l in e *  As 

i n  most e a s e s ,  t h e  n u c le i  a re  aga in  scan to  occupy  a p o s i 

t i o n  deep  In  the b e s a l  p o r t io n  o f  the  c e l l s *  'Wen a t  t h i s  

l e s s e r  mugni f i c a t i o n  the  n u c l e o l i  a r e  ev id en t  w i th in  th© 

chromatin  r e t i c u lu m  o f  the nuc le i*  ^ s ig n i f ic a t io n  xSOQ*

F i g u r e  10*

i M s  photomlcrogreph o f  Psfctit&:emyg s lo g a n s  t  ken

a l s o  u s ln o  a rod f i l t e r  to  i n t e n s i f y  th© c e l l u l a r  c o m p o s i t i o n  

an brought out by the  s t a i n .  Again ,  i n  t h i s  p i c t u r e  the ay-  

mo gen g r a n u le 3 arc shown to be w e l l  d i s t r i b u t e d  t h r o u g h o u t  the  

c y t o p la s m .  N o t ic e  t h e  basement membrane b o u n d in g  th© a c in i*

As i n  p r e v i o u s  d em o ns tra t io ns  th© n u c l e i  show c h a r a c t e r i s t i c  

concert t r a t  ions o f  ohromat in m a t e r i a l  l y i n g  w i t h i n  th e  p e r ip h e r y *  

In a d d i t i o n  t h e  n u c l e o l i  o r e  a l l  el, own to be r e l a t i v e l y  me s a l v e  

b u t  t h i s  I s  n o t  q u i t e  c o r r e c t *  Many o f  t h e  n u c l e o l i  have a 

r e o t i c u l a r  s t r u c t u r e  which i s  n o t  dem onstra ted  i n  the  p h o to 

g r a p h  due to  th e  d i f f i c u l t y  o f  f o cueing  s h a r p l y  b e f o r e  the  

camera* M ag n if ic a t io n  X1250*
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Figure 9

Figure 10#
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1' iou  r e  hi*

’j i t i  hi* u r e  15 x jpho ion iororrr* ;-h  o f  a p r e i n x i o r i  a o o i e .

It  i s  x ue-rtir-n o f  a calibre.*ted acai-  Orc.e f !1  ae made ' o y  

h u r l  , ' e i a o  o ■" J<ine. The e : . r e  s c a l e  r e ;  r eo e o te d ,  X ruia* t i i -  

v:i ed l a t e  un i  t s  oh one bun. ..rea to a .  ‘he  r e f e r  e ,  in  t o e  ucccm-  

pD-yin?; h i n n r e  eneX d i v i s i o n  i r  G* h i  m e .  i3ein-- non tor  r ■••phed 

under the ...nine count ti- no on too  en tered  fiuuroEp I t y o u . ; — 

i . - i£ to oo;; obi; e c u !  in  mo -ourl: . ;  t h e  uio:  c t o r n  oh the uou~ 

eooo t i c  c o l i c  :,r.d o «i. r  n u c l e i *
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