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L a b o r a t o r y ,  U n i v e r s i t y  o f  T o r o n t o . )

I n  fish es  t h e  s u g a r  o f  t h e  b lo o d  a n d  t h e  g ly c o g e n  o f t h e  l i v e r  h a v e  b e e n  

f o u n d  t o  v a r y  c o n s id e ra b ly  e v e n  in  in d iv id u a ls  o f t h e  s a m e  s p e c ie s , a n d  s ti l l  

m o re  so  in  th o s e  o f d if f e r e n t s p e c ie s . P r a c t i c a l ly  n o th in g  is  k n o w n  d e f in ite ly  

o f t h e  c a u s e s  fo r  th e s e  v a r ia t io n s ,  a n d  th i s  w e  c o n s id e r  a n  i m p o r t a n t  p r o b le m  

t o  in v e s t ig a te ,  e s p e c ia lly  s in c e  l i g h t  m i g h t  t h e r e b y  b e  th r o w n  o n  t h e  n a t u r e  

o f t h e  m e ta b o li s m  o f c a r b o h y d r a t e s  in  c o ld -b lo o d e d  a n im a ls  in  w h ic h  t h e  

in t e r m e d ia r y  s ta g e s  p ro c e e d  m o re  s lo w ly  t h a n  in  w a r m - b lo o d e d  a n im a ls .  O u r  

in t e r e s t  w a s  a r o u s e d  in  t h e  b e h a v io u r  o f t h e  b lo o d  s u g a r  o f f is h e s  fo r  o th e r  

r e a s o n s  a s  w ell. I n  c e r t a in  o f t h e  b o n y  f is h e s  (T e le o s te i)  t h e  is le ts  o f L a n g e r -  

h a n s  e x is t  a s  d e f in ite  g la n d s  w h ic h  h a v e  c o m e  to  b e  k n o w n  a s  t h e  “  p r in c ip a l 

is le ts .”  B e in g  m o re  o r  le ss  s e p a r a t e d  f ro m  t h e  p a n c r e a t ic  t i s s u e  i ts e lf ,  th e s e  

c a n  re a d i ly  b e  e x c ise d , t h u s  m a k in g  i t  p o s s ib le , b y  e x a m in a t io n  o f  t h e  b lo o d  

s u g a r , to  d e te rm in e  w h e th e r  a  d ia b e t ic  c o n d i tio n  c a n  b e  in d u c e d  b y  i s le te c to m y  

w i th o u t  re m o v a l of a n y  of t h e  p a n c r e a s  p ro p e r .  I t  w a s  o f in t e r e s t  a ls o  t o  see  

w h e th e r  in s u lin  c a n  a ffe c t  t h e  b lo o d  s u g a r . B e fo re  s u c h  in v e s t ig a t io n s  c o u ld  

b e  u n d e r ta k e n  i t  w as  n e c e s s a ry  to  k n o w  e x a c t ly  t h e  d e g re e  t o  w h ic h  t h e  b lo o d  

s u g a r  o f d i f f e r e n t  fish es  of t h e  s a m e  sp ec ie s  m a y  v a r y  in d e p e n d e n t ly  o f s u c h  a n  

o p e r a t io n .

L a n g  a n d  M a c le o d  (1), in  c o n f irm a t io n  o f e a r l ie r  w o rk  b y  D ia m a r e  (2) a n d
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2 N . A . M c C o r m ic k  a n d  J .  J .  E .  M a c le o d .

o f  B ie r ry  a n d  F a n d a r d  (3 ), f o u n d  t h a t  t h e r e  a r e  u s u a lly  o n ly  t r a c e s  o f s u g a r  

i n  t h e  b lo o d  o f t h e  E la s m o b r a n c h i ,  s u c h  a s  Squalus (d o g -fish ) , b u t  t h a t  c o n s id e r 

a b le  a m o u n ts  m a y  o c c u r  in  t h e  b lo o d  o f  r e p r e s e n ta t iv e  T e leo s te i , s u c h  a s

Cyprinus (c a rp ) .  I n  t h e  l a t t e r  f is h  i t  w a s  a ls o  n o te d  t h a t  t h e  a m o u n ts  m a y  

v a r y  f r o m  0 - 0 5 8  t o  0 - 3 0 0  p e r  c e n t .  F a n d a r d  a n d  R a n c  (4) h a v e  s t a t e d  t h a t  

t h e  b lo o d  s u g a r  in  f is h e s  is  p e c u l ia r ly  s u s c e p tib le  t o  a s p h y x ia l  c o n d it io n s , b u t  

s o  f a r  a s  w e  h a v e  b e e n  a b le  t o  f in d  t h e y  h a v e  p u b li s h e d  n o  d e ta il s  o f t h e i r  

o b s e r v a t io n s .  T h e  m o s t  i m p o r t a n t  r e c e n t  w o rk  is  t h a t  o f E .  L . S c o t t  (5 ), w h o  

h a s  o b s e r v e d  t h e  b lo o d  s u g a r  in  Mustelis canis, t h e  f is h  p r io r  t o  t h e  o b s e r v a 

t io n s  b e in g  k e p t  i n  t r a p s  w h ic h  w e r e  e x p o s e d  t o  t i d e  w a te r  a n d ,  d u r in g  th e m ,  

i n  s h a llo w  t a n k s .  T h e  p e r c e n ta g e  o f  o x y g e n  w a s  a lso  f r e q u e n t ly  d e te r m in e d  

i n  t h e  w a te r  o f t h e  t a n k s .  I t  w a s  f o u n d  t h a t  n o  b lo o d  s u g a r , o r  o n ly  tr a c e s ,  

c o u ld  b e  d e te c te d  i n  s ix  o u t  o f e ig h t  in d iv id u a ls ,  w h ic h  a r e  d e s c r ib e d  a s  h a v in g  

b e e n  in  a  s u b n o r m a l  c o n d i tio n .  O n  t h e  o th e r  h a n d ,  w h e n  t h e  f is h  w e re  

a s p h y x ia t e d  b y  k e e p in g  th e m  o u t  o f w a te r  fo r  v a r y in g  p e r io d s  o f t im e ,  t h e  

b lo o d  s u g a r  ro s e  r a p id ly ,  t o  a t t a i n ,  i n  tw o  s p e c im e n s , a  m a x im u m  o f a b o u t  

0  • 2 40  p e r  c e n t ,  a f t e r  f o u r  m in u te s ,  fo llo w e d  b y  a  g r a d u a l  d e c lin e , so  t h a t  a  

le v e l o f 0 - 0 3 2  w a s  r e a c h e d  i n  o n e  s p e c im e n  a f t e r  15 m in u te s .  T h e  d e g re e  o f  

v a r i a b i l i t y  i n  t h e  r e s u l t s  is , h o w e v e r , v e r y  g r e a t ,  a n d  th e y  d o  n o t  s e e m  to  u s  t o  

j u s t i f y  t h e  c o n c lu s io n  t h a t  t h e  s u g a r  r is e s  w i th in  a  few  m in u te s  a n d  t h e n  fa lls  

a g a in  d u r in g  t h e  a s p h y x ia l  p e r io d .

O n e  o f u s  (N . A . M cC .) a lo n g  w i th  E .  C. N o b le  h a d  o c c a s io n  d u r in g  t h e  

s u m m e r  o f 1923  t o  o b s e rv e  t h e  b lo o d  s u g a r  i n  n u m e ro u s  s e a  f is h e s  o f v a r io u s  

s p e c ie s . T h e s e  w e re  c a u g h t  b y  l in e  a n d  t h e  b lo o d  w as  c o lle c te d  e i th e r  

im m e d ia te ly  a f t e r  l a n d in g  o r  s o m e  t i m e  l a t e r ,  t h e  fish  b e in g  m e a n w h ile  k e p t  in  

s e a - w a te r  i n  a  b u c k e t  o r  t u b .

T h e  b lo o d  w a s  o b ta in e d  b y  o p e n in g  t h e  h e a r t  t h r o u g h  t h e  g il ls  a n d  a llo w in g  

i t  t o  d r o p  i n t o  a  c ru c ib le  w i th  o x a la te ,  a n d  t h e  s u g a r  w as  d e te r m in e d  b y  th e  

S h a f f e r - H a r tm a n n  m e th o d .  T y p ic a l  r e s u l t s  a r e  s h o w n  in  T a b le  I .

T h e  m o s t  n o te w o r th y  f a c t  d e m o n s t r a te d  b y  th e s e  d e te r m in a t io n s  is  t h a t  a  

c o n s id e r a b le  d e g re e  o f v a r i a b i l i t y  o c c u rs , n o t  o n ly  w h e n  t h e  b lo o d  o f f ish e s  o f 

d i f f e r e n t  s p ec ie s  is  c o m p a re d ,  b u t  a lso  a m o n g  in d iv id u a ls  o f t h e  s a m e  s p ec ie s , 

a s  in  t h e  c a s e s  o f t h e  s c u lp in  a n d  h a d d o c k .

I n  v ie w  o f t h e  s m a l l  r a n g e  o f v a r i a b i l i t y  w h ic h  o c c u rs  in  th e  b lo o d  s u g a r  o f 

m a n  a n d  o th e r  w a r m -b lo o d e d  a n im a ls  u n d e r  n o r m a l c o n d itio n s , i t  is  d iff ic u lt  

t o  u n d e r s t a n d  w h y  th i s  is  n o t  a lso  t h e  c a s e  in  fish es . T o  d e te rm in e  t h e  c a u s e s  

fo r  t h i s  v a r ia b i l i ty  s e e m e d  a  m a t t e r  o f s u f f ic ie n t im p o r ta n c e  t o  in v e s t ig a te  

m o re  th o r o u g h ly ,  e s p e c ia lly  s in ce , a s  a l r e a d y  m e n tio n e d ,  i t  w as  im p e r a tiv e  t h a t
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Effect on Blood Sugar of Fish of Various Conditions. 3

T a b le  I . — B lo o d  S u g a r  o f  v a r io u s  T e le o s te i  (m g . p e r  c e n t .) .

S k a te  (Raja s p ec .) . .. .. .. .. .. .. .. .. .. .. .. .. .

W itc h  ( Glyptocephalus

S c u lp in  (Mtyoxocephalus s p e c .)

H a d d o c k  ( Melanogranimuswglefinus) . .

F lo u n d e r  ( Pseudopleuronectesamericanus)

E e l P o u t  ( Zoarcesanguillaris)

S e a  R a v e n  ( Hemitripterusamericanus) . .

T o m  C o d  (Microgadus tomcod)

W o lf- f is h  (Anarhichas lupus)

H a k e  (Merluecius bilinearis)

C o d  (Gadus callarias)

H e r r in g  ( C l u p e a h a r e n g u

30  38  68  18 .

16 .

3 6  61 3 4  30  3 4  ( P a il  fo r  30  

m in .)  10 ( fre s h )  7.

36  53  53  2 8  46  67 64  60

51 6 0  5 9  8 3 .

36  6 0  53  57 51 6 0  36 .

1 2 .

186  8  53 .

2 2 .

14.

72  65  2 3 .

61 7 0 .

61 5 8 .

t h i s  s h o u ld  b e  d o n e  b e fo re  a t t e m p t i n g  t o  see  w h e th e r  r e m o v a l  o f t h e  p r in c ip a l  

is le ts  m ig h t  c a u s e  h y p e rg ly c s e m ia .

Methods.

T h e  m a jo r i ty  o f t h e  o b s e r v a t io n s  w e r e  m a d e  o n  t h e  s c u lp in  (Myoxocephalus 

octodecim spinosus o r  scorpius) f o r  s e v e r a l  re a s o n s . I n  t h e  f i r s t  p la c e  i t  is  a  

r e a d i ly  a v a i la b le  in s h o re  f ish , e a s y  t o  c a t c h  b y  h a n d - l in e ,  o f c o n v e n ie n t  s iz e  a n d  

c a p a b le  o f b e in g  k e p t  a l iv e  fo r  s e v e r a l  d a y s  i n  a n  a q u a r iu m ,  p r o v id e d  t h e  

s e a  w a te r  b e  c o n s ta n t ly  c h a n g e d . I t  is  a ls o  t h e  o n ly  a v a i la b le  in s h o r e  f is h  in  

w h ic h  t h e  p r in c ip a l is le ts  a r e  s u f f ic ie n tly  a c c e s s ib le  a n d  i s o la te d ,  so  t h a t  t h e y  c a n  

b e  e x c ise d  w i th o u t  a n y  in j u r y  t o  t h e  p a n c r e a s .

I t  w a s  s o o n  o b s e rv e d ,  h o w e v e r , t h a t  t h e  b lo o d  s u g a r  i n  f is h  t a k e n  f r o m  t h e  

a q u a r iu m  w a s , a s  a  ru le ,  d e c id e d ly  h ig h e r  t h a n  t h a t  o f f r e s h ly - c a u g h t  f ish , e v e n  

w h e n  th e  w a te r  w a s  b e in g  f r e q u e n t ly  c h a n g e d , so  t h a t  i t  b e c a m e  n e c e s s a ry  t o  

c o n s t r u c t  a  p e n  o r  c r ib  w h ic h  c o u ld  b e  k e p t  i n  t h e  s e a  a t  t h e  d e p t h  a t  w h ic h  

t h e  fish  u s u a lly  o c c u r . F o r  th i s  p u r p o s e  w e  c o n s t r u c te d  a  c r ib , 6 f e e t  s q u a r e  

a n d  3 f e e t  d e e p , m a d e  o f a  f r a m e w o rk  o f  w o o d  ( 2 x 4  in c h e s )  c o v e r e d  b y  s to u t  

n e t t in g .  B y  s u ita b le  lo a d in g  w i th  s to n e s  t h e  c r ib  w a s  a l lo w e d  to  r e s t  o n  a  

le d g e  of ro c k , i t s  to p ,  w h ic h  w a s  h in g e d  t o  s e rv e  a s  a  l id , b e in g  3 f e e t  b e lo w  t h e  

s u r f a c e  o f t h e  w a te r  a t  lo w  tid e .  T h is  p r e c a u t io n  w a s  ta k e n  so  t h a t  t h e  c r ib  

m ig h t  n o t  b e  d a m a g e d  b y  w a v e  a c t io n , a n d  a lso  so  t h a t  t h e  t e m p e r a tu r e  o f 

th e  w a te r  m ig h t  n o t  b e  in f lu e n c e d  o n  w a r m  s u n n y  d a y s .  T o  t r a n s f e r  f is h  th e
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4 N . A . M c C o rm ic k  a n d  J .  J .  R . M a c le o d .

c r ib  w a s  h o is te d  t o  t h e  s u r f a c e  a n d  t h e  f is h  r e m o v e d  b y  a  h a n d  n e t .  A f te r  

s tu n n in g  b y  a  b lo w  o n  t h e  h e a d  t h e  p e r ic a r d ia l  s a c  w a s  o p e n e d  a n d  b lo o d  

r e m o v e d  b y  a  h y p o d e r m ic  s y r in g e ,  e i th e r  b y  in s e r t in g  t h e  n e e d le  in t o  t h e  b u lb u s  

a r te r io s u s  o r  b y  a s p i r a t in g  f r o m  t h e  p e r ic a r d ia l  s a c  a f t e r  c u t t in g  t h e  b u lb u s .  

I n  t h e  l a t t e r  c a s e  c a r e  w a s  t a k e n  t h a t  n o  a b d o m in a l f lu id  b e c a m e  m ix e d  w i th  

t h e  b lo o d ,  a n d  f r e q u e n t  c o m p a r is o n s  o f r e s u l t s  o b ta in e d  o n  b u lb u s  b lo o d  a n d  

p e r ic a r d ia l  b lo o d  d id  n o t  s h o w  a n y  d if fe re n c e  b e tw e e n  t h e  tw o . F r o m  a  s c u lp in  

o f a v e r a g e  w e ig h t (5 0 0  g rm s .)  i t  is  e a s y  t o  c o lle c t  f r o m  7 t o  10 c .c . o f  b lo o d  

d i r e c t ly  f ro m  t h e  b u lb u s .  S in c e  t h e  b lo o d  c lo ts  r e a d i ly ,  i t  m u s t  b e  m ix e d  in  

t h e  s y r in g e  w i th  a  s o lu b le  o x a la te .  T h e  s u g a r  e s tim a t io n s  w e re  m a d e  b y  t h e  

S h a f f e r - H a r tm a n n  m e th o d  a n d ,  t o  c o n t ro l  t h e  p o s s ib il i ty  o f d ilu tio n ,  h aem o 

g lo b in  w a s  m e a s u r e d  b y  t h e  D a r e  in s t r u m e n t .  I n  a l l  c a se s  t h e  f iv e r  w a s  

r e m o v e d  a n d  w e ig h e d  a n d  p o r t io n s  o f  5 g rm s . w e re  u s u a l ly  t a k e n  fo r  d e t e r 

m in a t io n  o f g ly c o g e n  b y  t h e  P f li ig e r  m e th o d .  I n  t h e  l a t e r  o b s e r v a t io n s  th e s e  

p o r t io n s  o f f iv e r  w e r e  p r e s e r v e d  in  a lc o h o l (95 p e r  c e n t .)  u n t i l  t im e  c o u ld  b e  

f o u n d  t o  c a r r y  th r o u g h  t h e  a n a ly s e s .  I t  w a s  f o u n d  b y  c h e c k  a n a ly s e s  t h a t  

t h i s  d id  n o t  in t e r f e r e  w i th  t h e  a c c u r a c y  o f t h e  d e te r m in a t io n s .  T h e  f a t  w a s  

a ls o  d e te r m in e d  i n  m a n y  o f  t h e  f iv e rs .

Results.

T h e  f i r s t  o b s e r v a t io n s  w e re  m a d e  o n  f ish  k e p t  in  s m a l l  b u c k e t s  c o n ta in in g  

f r o m  3  t o  5 l i t r e s  o f  s e a - w a te r  f o r  e a c h  s p e c im e n . A t  l a b o r a to r y  t e m p e r a tu r e s  

v a r y in g  b e tw e e n  16° C . a n d  2 0 °  C. t h e  f is h  u n d e r  th e s e  c o n d i tio n s  d o  n o t  f iv e  

f o r  lo n g e r  t h a n  5  h o u r s ,  a n d  t h e y  g r a d u a l ly  b e c o m e  v e r y  p a le  f r o m  c o n t r a c t io n  

o f t h e  c h r o m a to p h o r e s .  T y p ic a l  r e s u l t s  a r e  s h o w n  in  T a b le  I I .

I t  is  c le a r  t h a t  t h e  d e g re e  o f  h y p e r g ly c s e m ia  w h ic h  is  in d u c e d  b y  c o n f in e 

m e n t  in  s t a g n a n t  w a te r  fo r  s im i la r  p e r io d s  is  n o t  t h e  s a m e  in  d if f e r e n t f ish e s . 

T o  d e te r m in e  t h e  f a c to r s  u p o n  w h ic h  th i s  v a r ia b i l i ty  d e p e n d s ,  a t t e n t i o n  w a s  

f i r s t  o f a l l  d i r e c te d  t o  t h e  g ly c o g e n  c o n t e n t  o f t h e  l iv e r , a n d  i t  w ill b e  s e e n , 

i n  t h e  r e s u l t s  o f J u l y  2 4 , t h a t  a  p a ra l le l is m  s ee m s  t o  e x is t  b e tw e e n  th i s  a n d  

t h e  d e g re e  o f h y p e rg ly c s e m ia  in d u c e d .  U n f o r tu n a te ly  g ly c o g e n  w a s  n o t  

d e te r m in e d  in  m o s t  o f t h e  o th e r  o b s e r v a t io n s  o f th i s  se rie s , b u t  i t  w a s  c o n s id e re d  

t h a t  a n  e s t im a te  o f i t s  a m o u n t  m ig h t  b e  g a in e d  b y  f in d in g  t h e  w e ig h t o f t h e  

f iv e r  in  r e la t io n s h ip  t o  t h e  b o d y  w e ig h t.  A lth o u g h  th e  a m o u n t  o f f a t ,  a s  w e ll 

a s  t h e  a m o u n t  o f g ly c o g e n  p r e s e n t  in  t h e  o rg a n ,  m u s t  a f fe c t  th i s  r a tio ,  i t  w a s  

th o u g h t  t h a t  t h e  f a t  w o u ld  b e  to l e r a b ly  c o n s ta n t ,  so  t h a t  v a r ia b i l i ty  in  w e ig h t 

w o u ld  d e p e n d  p r im a r i ly  o n  g ly c o g e n . L a t e r  r e s u lt s  in  w h ic h  g ly c o g e n  a n d  f a t  

w ere  b o th  d e te r m in e d  h a v e  n o t  b o rn e  o u t  t h i s  s u p p o s it io n , so  t h a t  t h e  f iv e r -
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Effect on Blood Sugar o f Fish of Various Conditions. 5

T a b le  I I .

D a t e .
T i m e  i n  

b u c k e t .

W e i g h t  o f  

f ish *

W e i g h t  o f  

l iv e r .

P e r  c e n t ,  

o f  l i v e r -  

w e i g h t  t o  

b o d y -  

w e i g h t .

P e r  c e n t ,  

o f  g l y -  

c o g e n  i n  

l iv e r .

B l o o d  

s u g a r  m g .  

p e r  1 0 0  c . c .

J u l y  2 4 . . . . . . . . . . . . . . . . . . . . . . . . . . .

H o u r s .

5

G r in s .

2 5 5 2 - 9 5 1 1 6 0 - 0 0 7 3 4

5 2 2 7 5 - 5 2 - 4 4 0 - 0 9 1 2 6

5 5 6 7 2 2 - 2 4 - 0 0 1 - 5 4 1 6 3

5 3 1 2 3 - 7 1 - 2 0 - 0 0 6 1 0 5

J u l y  2 3 .  .. 3 4 L a r g e — — 5 - 6 4 1 3 1

3 | S m a l l — — 7 - 7 9 1 6 8

J u l y  2 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 4 2 5 5 6 - 7 2 - 6 3 — 9 2

3 4 3 9 7 2 0 - 6 5 - 2 6 — 1 8 1

J u l y  2 6 .  .. 2 4 7 5 7 5 7 7 - 7 0 — 2 3 2

2 4 4 2 5 — 1 - 4 2 — 3 2

J u l y  2 7 .  .. 4 f 4 8 2 2 0 - 6 4 - 8 5 — 1 1 0

4 f 6 6 6 2 2 - 4 5 3 - 3 3 — 1 3 6

J u l y  2 8 .  .. 2 4 2 9 7 — — — 8 1

2 4 4 1 1 1 2 - 0 3 - 0 0 — 5 7

A u g u s t  5  . . . . . . . . . . . . . . . 3 4 7 7 1 5 9 - 5 7 - 7 _ _ _ _ 1 5 7

3 4 2 9 7 2 5 - 2 8 - 3 — 1 2 1

A u g u s t  8  . . . . . . . . . . . . . . . 2 4  t o  3 4 1 1 3 7 - 6 9 - 5 _ _ _ _ 1 7 8

2 J  t o  3 4 8 2 2 2 - 0 4 - 5 M 2 1 0 2

A u g u s t  9  . . . . . . . . . . . . . . . 4
— 1 6 - 5 _ _ _ _ — 6 7

1 — 2 - 8 6 — — 4

1 4
♦

2 - 9 1 — — 1 2 6

b o d y -w e ig h t r a t io s  a r e  n o t  d e p e n d a b le  i n  e s t im a t in g  t h e  a m o u n t  o f g ly c o g e n . 

I t  is  n e v e r th e le s s  s ig n if ic a n t t h a t  t h e  e x t e n t  o f  h y p e r g ly c s e m ia  in d u c e d  b y  

a s p h y x ia  o f te n  r u n s  p a r a l le l  w i th  t h e  r a t io ,  a s  is  c le a r ly  s h o w n  in  t h e  r e s u l t s  

of J u l y  24 , 25  a n d  26  a n d  o f  A u g u s t  8 . S in c e  s u c h  a  p r o p o r t io n a l i ty  d id  n o t  

a lw a y s  e x is t ,  h o w e v e r , i t  w a s  d e c id e d  t h a t  g ly c o g e n  d e te r m in a t io n s  s h o u ld  b e  

m a d e  in  a ll  s u b s e q u e n t o b s e r v a tio n s .  W h e n  w e  e l im in a te  t h e  e x p e r im e n ts  in  

w h ic h  r a t io s  b e lo w  3 o c c u r , i t  c a n  b e  s e e n  t h a t  t h e  m a x im u m  d e g re e  o f h y p e r -  

g ly c sem ia  is  e s ta b l is h e d  in  a b o u t  2 |  h o u r s  u n d e r  t h e  c o n d i tio n s  o f  t h e  e x p e r i

m e n t.  T h e  e x c e p tio n a lly  lo w  r e s u l t  fo llo w in g  a s p h y x ia  fo r  o n e  h o u r  in  o n e  

of t h e  o b s e rv a tio n s  o f A u g u s t 9  is  d if f ic u lt  t o  e x p la in , e s p e c ia lly  s in c e  n e i th e r  

t h e  w e ig h t of t h e  fish  n o r  t h e  g ly c o g e n  c o n t e n t  o f t h e  l i v e r  w a s  d e te rm in e d .  

T h e  v e r y  s m a ll  s ize  of t h e  l iv e r , h o w e v e r , in d ic a te s  t h a t  t h e  o rg a n  m u s t  h a v e  

b e e n  a lm o s t g ly c o g e n -free .
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6 N .  A . M c C o rm ic k  a n d  J .  J .  R . M a c le o d .

I n  t h e  l i g h t  o f th e s e  r e s u l t s  i t  s e e m e d  c le a r  t h a t  t h e  in e q u a l i ty  in  t h e  c o n 

c e n t r a t io n s  o f b lo o d  s u g a r  in  l in e - c a u g h t  f is h  r e c o rd e d  b y  p re v io u s  in v e s t ig a to r s ,  

a n d  b y  M c C o rm ic k  a n d  N o b le , w a s  d u e , i n  p a r t  a t  le a s t ,  t o  v a r ia b i l i ty  i n  t h e  

t r e a t m e n t  o f t h e  f is h  a f t e r  c a tc h in g .  O b s e r v a tio n s  w e re  th e r e f o r e  m a d e  in  

w h ic h  t h e  b lo o d  w a s  r e m o v e d  f r o m  f is h  w i th in  a  m in u te  o r  tw o  o f c a tc h in g .  

T y p ic a l  r e s u l t s  a r e  s h o w n  in  T a b le  I I I .

T a b le  I I I .

D fttG . H o w  b le d .
W e i g h t  o f  

f is h .

W e i g h t  o f  

l i v e r .

P e r  c e n t ,  

o f  l i v e r  - 

w e i g h t  t o  

b o d y -  

w e i g h t .

G l y c o g e n .

B l o o d  

s u g a r  m g .  

p e r  c e n t .

H .B .  p e r  

c e n t .

J u l y  2 5  .... P e r ic a r d i u m 4 1 1 1 0 - 2 2 - 5

P e r  c e n t .

4 8

99 2 5 5 3 - 9 5 1 * 6 — 3 0 —

99 3 1 2 4 - 3 1 - 4 — 2 6 —

99 3 5 4 1 1 - 6 3 - 3 — 2 4 —

S e p t .  1 0 P e r ic a r d i u m 1 9 3 7 - 8 4 - 0 ____ 1 2 1 8

9 9 2 0 8 8 - 0 3 - 8 1 2 - 0 7 2 5

99 1 7 7 - 5 2 - 5 1 - 5 6 - 9 8 4 5

99 3 9 6 2 1 - 0 5 - 3 8 - 7 2 t r a c e 2 8

T h e r e  is  n o  r e la t io n s h ip  b e tw e e n  t h e  l iv e r -w e ig h t r a t i o  a n d  t h e  b lo o d  s u g a r  

i n  th e s e  o b s e r v a ti o n s .  W h y  t h e  v a lu e s  o f  J u l y  25  s h o u ld  b e  so  d e c id e d ly  

h ig h e r  t h a n  th o s e  o f  S e p te m b e r  10 is  im p o s s ib le  t o  e x p la in , b u t  i t  is  c o n s id e r e d  

p r o b a b le  t h a t  th e s e  tw o  s e ts  o f  f ig u re s  r e p r e s e n t  t h e  e x t r e m e  l im it s  b e tw e e n  

w h ic h  t h e  b lo o d  s u g a r  o f n o rm a l ,  f r e s h - c a u g h t  s c u lp in  m a y  v a r y .

The Rates of Development and of Recovery from Hyperglyccemia.

A s  h a s  a l r e a d y  b e e n  m e n tio n e d ,  E .  L . S c o t t  h a s  s t a t e d  t h a t  i n  d o g -f is h  

r e m o v e d  f r o m  t h e  w a te r  t h e  b lo o d  s u g a r  r is e s  r a p id ly ,  t o  r e a c h  a  m a x im u m  

in  a b o u t  4  m in u te s  a n d  t h e n  m o re  g r a d u a l ly  d e c lin e s  so  a s  to  r e t u r n  n e a r ly  t o  

t h e  n o r m a l  le v e l in  6 m in u te s .  T h e s e  t im e  in t e r v a ls  s e e m e d  to  u s  b y  f a r  to o  

b r ie f , a t  l e a s t  fo r  Myoxocephalus, so  t h a t  t h e  o b s e r v a tio n  w as r e p e a te d .  T h e  

f is h  w e re  c a u g h t  b y  l in e  a n d  w e re  t h e n  le f t  in  a i r  fo r  v a r y in g  p e r io d s ,  a f t e r  w h ic h  

t h e y  w e re  b le d . T h e  r e s u l t s  a r e  s h o w n  in  T a b le  IV .

A lth o u g h  g ly c o g e n  w a s  n o t  d e te r m in e d  in  a l l  t h e  s p ec im e n s , t h i s  w a s  d o n e  

in  a  s u f f ic ie n t n u m b e r  t o  in d ic a te  t h a t  t h e  p e r c e n ta g e  w a s  p r a c t ic a l ly  u n ifo rm , 

t h e  f ish  b e in g  c a u g h t  a t  r ic h  fe e d in g  g ro u n d s .  N o  d e te c ta b le  h y p e rg ly c se m ia  

o c c u r r e d  u n t i l  a f te r  a b o u t  30  m in u te s ,  a n d  e v e n  u p  to  45 m in u te s  i t  w as
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Effect on Blood Sugar of Fish of Various Conditions. 7

T a b le  IV .

T i m e  a f t e r  

c a t c h in g .
W e i g h t  o f  f i s h ,

R a t i o  o f  l iv e r -  

w e i g h t  t o  b o d y -  

w e i g h t .

G l y c o g e n  i n  

l i v e r .

B l o o d  s u g a r  

m g .  p e r  1 0 0  c . c .

M in . G r m . P e r  c e n t .

9 3 1 2 3 - 9 3 — 1 8

1 7 5 5 3 3 0 7 — 1 0

2 3 6 8 0 4 - 6 6 — 1 2

2 4 2 8 3 4 - 4 8 5 - 6 3 2

3 2 4 2 5 5 - 2 3 5 - 8 4 3

3 5 5 3 9 4 - 4 5 7 - 2 6 1 2

3 8 4 6 8 5 - 8 9 5 - 7 0 2 4

4 9 8 2 8 2 - 5 7 5 - 6 6 4 0

4 9 5 3 9 5 - 4 7 — 5 7

6 0 3 9 7 6 - 6 3 — 7 0

8 1 5 9 5 5 - 4 8 5 - 3 2 1 3 2

9 8 3 6 8 3 - 3 8 4 - 8 4 9 6

in s ig n if ic a n t,  a l th o u g h  a l l  t h e  f ish  d id  n o t  r e a c t  s im ila r ly . A f te r  t h i s  t im e ,  

h o w e v e r , t h e  b lo o d  s u g a r  in c re a s e d  r a p id ly .

I n  a n o th e r  s e r ie s  o f o b s e r v a t io n s  t h e  f r e s h ly  c a u g h t  f ish  w e re  k e p t  i n  t h e  

a i r ,  w r a p p e d  u p  in  m o is t  to w e ls  fo r  2 0  m in u te s  a n d  t h e n  r e p la c e d  in  f r e q u e n t ly  

c h a n g in g  s e a - w a te r  in  tu b s .  T h e  r e s u l t s  a r e  s h o w n  in  T a b le  V .

T a b le  V .

—
T i m e  a f t e r  

a s p h y x i a t i n g .

W e i g h t  

o f  f ish .- '

R a t i o  o f  

l i v e r -  

w e i g h t  t o  

b o d y -  

w e i g h t .

G l y c o g e n  

i n  l iv e r .

B l o o d  

s u g a r  ( m g .  

p e r

1 0 0  c . c . ) .

H a e m o g lo b in .

G r m s . P e r  c e n t . P e r  c e n t .*

r I m m e d i a t e l y 2 6 9 2 - 9 5 - 6 1 0 9 2 6

1 h r . 2 1 2 1 - 2 — 6 3 4 7  f

2  h r s . 2 4 1 2 - 3 0 * 1 6 8 6 3 4

A 3  h r s .  2 0  m in s . 2 4 1 1 1 t r a c e 4 3 3 2

A u g .  2 6  ....< 4  h r s . 3 1 2 2 - 8 — 2 6 2 1 5

5  h r s . 2 5 5 1 - 2 — t r a c e 4 2

6  h r s .  4 0  m i n s . 3 4 0 1 - 9 3 * 7 6 1 6 3 —

11  h r s .  3 0  m in s . 2 4 1 2 - 2 t r a c e t r a c e 1 3

2 2  h r s . 2 1 2 2 1 5 - 3 1 3 5 —

-
1 J  m in s . 3 1 2 5 - 0 O i l 7 3 3 4
1 m in . 3 4 0 2 - 4 3 - 7 6 9 1 2 7

1 h r . 1 0  m in s . 4 9 6 5 - 0 6 - 4 4 1 6 4 4 5
2  h r s . 3 5 4 4 - 3 1 0 - 9 6 1 6 7 2 8

B 4 £  h r s . 5 9 5 5 - 2 0 - 1 3 1 3 5 2 0
A u g .  2 9 6  h r s . 4 2 5 4 - 8 8 - 0 0 1 6 3 2 0

7 h r s . 4 3 9 3 - 3 1 - 7 6 1 1 0 2 8
h r s . 4 3 9 4 - 3 2 - 7 6 3 2 3 5

9 |  h r s 6 0 9 3 - 4 5 - 6 5 9 3 3
2 4  h r s . 4 8 2 6 - 4 6 - 8 4 1 2 5 2 9

*  T h e  b l o o d  i n  a l l  t h e s e  c a s e s  w a s  c o l l e c t e d  t h r o u g h  a  h y p o d e r m i c  n e e d l e  i n s e r t e d  in  
t h e  b u l b u s  a r t e r i o s u s .

t  B l o o d  v e r y  s c a n t y .
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8 N . A . M c C o rm ic k  a n d  J .  J .  R . M a c le o d .

I n  b o th  s e r ie s  o f o b s e r v a t io n s  h y p e rg ly c s e m ia  w a s  e v id e n t  e v e n  in  t h e  fish  

t a k e n  im m e d ia te ly  a f te r  t h e  p e r io d  o f a s p h y x ia t io n ,  w h ic h  la s t e d  20  m in u te s .  

T h is  w o u ld  s e e m  n o t  to  c o r r e s p o n d  w i th  t h e  r e s u lt s  g iv e n  in  T a b le  IY , th e  

a p p a r e n t  d if fe re n c e  b e in g  d u e  t o  t h e  f a c t  t h a t  in  th i s  c a s e  t h e  in t e r v a ls  a r e  

c o u n te d  f ro m  t h e  t im e  o f r e m o v a l o f t h e  f ish  f ro m  t h e  se a . W h e n  t h e  t im e s  

e la p s in g  b e tw e e n  r e m o v a l o f t h e  f is h  f r o m  t h e  s e a  (c r ib )  a n d  p la c in g  th e m  in  

t h e  m o is t  to w e ls  a r e  t a k e n  in to  a c c o u n t ,  20  m in u te s  m u s t  b e  a d d e d  in  t h e  c a s e  

o f  A  a n d  25  m in u te s  in  t h a t  o f  B  o f T a b le  Y . T h a t  t h e  tr a n s f e r e n c e  o f t h e  

f ish  b y  n e t  f r o m  t h e  c r ib  to  a  t u b  d u r in g  w h ic h  th e y  a r e  e x p o s e d  t o  a i r  fo r  2 

t o  3 m in u te s  is  s u f f ic ie n t t o  c a u s e  s o m e  d e g re e  o f h y p e r g ly c e m ia  is  p r o b a b le ,  

a l th o u g h  w e  h a v e  n o  o b s e r v a t io n s  t o  p r o v e  t h a t  s u c h  is  t h e  ca s e .

I n  i t s  s u b s e q u e n t  b e h a v io u r  t h e  b lo o d  s u g a r  a t t a in e d  a  m a x im u m  in  a b o u t  

2  t o  4  h o u r s  a f t e r  t h e  f is h  h a d  b e e n  r e p la c e d  in  f r e q u e n t ly  c h a n g in g  w a te r .  

T h is  is  m o s t  c le a r ly  s e e n  in  t h e  o b s e r v a t io n s  o f s e r ie s  B . T h e  r e s u l t s  o f s e r ie s  A  

a r e  i r r e g u la r ,  n o  d o u b t  m a in ly  o n  a c c o u n t  o f t h e  f a c t  t h a t  th e r e  w a s  p r a c t ic a l ly  

n o  g ly c o g e n  in  t h e  l iv e r s  o f  t h r e e  o f  t h e  f ish * — n a m e ly , i n  th o s e  r e m o v e d  in  

2  h o u r s ,  3 h o u r s  2 0  m in u te s ,  a n d  1 1 |  h o u r s  re s p e c tiv e ly . T h e  v e r y  lo w  w e ig h t 

r a t i o  in  t h e  f is h  r e m o v e d  i n  5  h o u r s  in d ic a te s  t h a t  t h e r e  w as  l i t t l e  g ly c o g e n  in  

t h e  l iv e r . T h is  e x p e r im e n t ,  p e r h a p s  m o re  t h a n  a n y  o th e r ,  s h o w s  t h a t  a  c e r t a in  

p e r c e n ta g e  o f g ly c o g e n  i n  t h e  l i v e r  is  o f g r e a t  im p o r ta n c e  in  d e te r m in in g  th e  

b e h a v io u r  o f t h e  b lo o d  s u g a r  t o  s u c h  a  c o n d i tio n  a s  a s p h y x ia .  I t  is , h o w e v e r , 

n o t  t h e  o n ly  f a c to r ,  a s  s u b s e q u e n t  o b s e r v a tio n s  h a v e  s h o w n .

A f te r  a b o u t  6 h o u r s  th e r e  is  e v id e n c e  o f r e c o v e ry  to  t h e  n o r m a l  le v e l, e s p ec ia lly  

i n  s e r ie s  B , a l th o u g h  th i s  w a s  so  s lo w  t h a t  c o n s id e ra b le  h y p e rg ly c s e m ia  s t i l l  

r e m a in e d  i n  2 4  h o u r s  a f t e r  t h e  a s p h y x ia .  T h is  is  o f im p o r ta n c e  in  c o n s id e r in g  

t h e  e f fe c ts  o f r e m o v a l  o f t h e  p r in c ip a l  is le ts .

T h e  h aem o g lo b in  in  b o t h  t h e  e x p e r im e n ts  w a s  v e ry  h ig h  in  th e  f ish  re m o v e d  

in  a b o u t  o n e  h o u r  a f t e r  t h e  a s p h y x ia .  I t s  s u b s e q u e n t b e h a v io u r  in  t h e  fish  

o f  A  w a s  ir r e g u la r ,  b u t  in  th o s e  o f B  i t  fe ll t o  a  s u b n o rm a l lev e l u n t i l  t h e  e ig h th  

h o u r ,  w h e n  i t  re c o v e re d  to  a b o u t  t h e  n o rm a l . F o r  f re s h ly  c a u g h t  Myoxo- 

cephalus th i s  is  a b o u t  30  p e r  c e n t ,  b y  t h e  D a r e  h s e m o g lo b in o m e te r , in  w h ic h  

t h e  e r r o r  o f o b s e r v a t io n  is  a b o u t  5 p e r  c e n t .

Influence of Frequent Changing of Water and of Temperature on Blood Sugar.

I t  h a s  n o t  b e e n  f o u n d  p o s s ib le  to  k e e p  t h e  f ish  in  a q u a r ia  w i th  f r e q u e n t ly  

c h a n g in g  s e a - w a te r  so  a s  e n t i r e ly  t o  p r e v e n t  t h e  d e v e lo p m e n t of h y p e rg ly c s e m ia .

*  T h e  m u c h  g r e a t e r  i r r e g u l a r i t y  o f  g l y c o g e n  i n  t h e  f i s h  o f  A  a s  c o m p a r e d  w i t h  t h o s e  o f  

B  m a y  b e  r e l a t e d  t o  t h e  f a c t  t h a t  t h e  f o r m e r  h a d  b e e n  i n  t h e  c r ib  f o r  f i v e  d a y s  a n d  t h o s e  

o f  B  f o r  o n l y  t w o  d a y s  b e f o r e  r e m o v a l  f o r  t h e s e  e x p e r i m e n t s .
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T h e  a q u a r i a  u s e d  c o n s is te d  e i th e r  o f a v e r a g e - s iz e d  t u b s  o r  s h a llo w  w o o d e n  

t r a y s ,  t h e  s e a - w a te r  in  b o th  c a se s  b e in g  d e l iv e re d  f r o m  p ip in g  c o n n e c te d  w i th  a  

w a te r - to w e r .

I n  th e  f i r s t  t h r e e  o b s e r v a tio n s ,  r e c o r d e d  in  T a b le  V I ,  i t  is  s e e n  t h a t  in  f ro m  

3 |  to  5 |  h o u r s  in  a  t u b  t h e  b lo o d  s u g a r  s to o d  a t  n o t  m o re  t h a n  h a l f  t h e  h e ig h t  

w h ic h  w o u ld  b e  e x p e c te d  in  s t a g n a n t  w a te r .  P a r t  o f  t h i s  h y p e r g ly c s e m ia  is  n o  

d o u b t  t o  b e  a c c o u n te d  f o r  b y  t h e  e x p o s u r e  t o  a i r  i n  t r a n s f e r r in g  t h e  f ish  f ro m  

t h e  sea . A f te r  tw o  d a y s ,  a s  s e e n  i n  t h e  o b s e r v a t io n s  o f S e p te m b e r  11, t h e  

h y p e rg ly c s e m ia  h a d  s u b s id e d  c o n s id e ra b ly .  S im i la r  r e s u l t s  w e re  o b ta in e d  b y  

p la c in g  t h e  f ish  in  s h a llo w  w a te r  i n  t h e  f l a t  a q u a r iu m .  ( O b s e rv a tio n s  o f 

S e p te m b e r  1 a n d  5 .)  E v e n  u n d e r  t h e  m o s t  f a v o u r a b le  l a b o r a to r y  c o n d i tio n s , 

h o w e v e r , o n e  c a n n o t  b e  c e r t a in  t h a t  t h e  b lo o d  s u g a r  w ill  r e m a in  a t  t h e  n o r m a l  

le v e l. A f te r  a  few  d a y s  u n d e r  a p p a r e n t ly  id e a l c o n d i t io n s  t h e  f is h  o f te n  b e c o m e  

d e c id e d ly  p a le r ,  f ro m  c o n t r a c t io n  o f t h e  c h r o m a to p h o r e s ,  a n d  w h e n  th i s  o c c u rs  

h y p e rg ly c s e m ia  is  n e a r ly  a lw a y s  p r e s e n t ,  a s  in  t h e  o b s e r v a t io n  o f  A u g u s t  25 .

Effect on Blood Sugar of Fish of Various Conditions. 9

T a b le  V I .

D a t e .
T i m e  i n  f r e q u e n t l y  

c h a n g i n g  w a te r .

W e i g h t  

o f  f i s h .

P e r  c e n t ,  

o f  l i v e r -  

w e i g h t  

t o  b o d y -  

w ^ eigh t.

P e r  c e n t ,  

o f

g l y c o g e n  

i n  l iv e r .

A m o u n t

o f

g l y c o g e n  

i n  l i v e r .

B l o o d  

s u g a r  

m g .  p e r  

1 0 0  c . c .

H a e m o 

g l o b i n .

J u l y  2 3 I n  t u b  h o u r s

G r m s .

6 3 8 4 - 1 6 4 - 4 2

G r m s .

1 - 1 7 5 9 6

P e r  c e n t .

I n  t u b  3 ^  h o u r s 5 1 0 3 - 8 5 1 0 - 1 6 2 - 0 0 0 6 4 —

J u l y  2 4 I n  t u b  5 ^  h o u r s — — — — 7 7 —

S e p t .  1 I n  a q u a r iu m  s e v e r a l 2 5 5 2 - 4 — — 3 2 —

S e p t .  5

d a y s

I n  a q u a r iu m  h o u r s . . . . 2 1 5 2 - 5 5 1 - 4 8 0 - 0 8 0 3 6 1 8

I n  a q u a r iu m  7 j  h o u r s . . . . 2 0 4 2 - 0 5 1 - 6 8 0 - 7 1 4 3 2 9

S e p t .  11 I n  t u b  2  d a y s  .... 2 4 8 3 - 2 — — 5 6 2 9 *

I n  t u b  2  d a y s  .... 5 3 2 6 - 0 — — 2 0 3 2

I n  t u b  2  d a y s  .... 3 3 6 4 - 8 — — 2 0 3 7

A u g .  2 5 I n  a q u a r iu m  3  d a y s  .... 2 4 1 4 - 7 — — 3 1 6 —

* L i v e r  c i r r h o t ic .

The influence of temperature o n  t h e  d e v e lo p m e n t o f h y p e r g ly c s e m ia  in  s t a g n a n t  

w a te r  w as  s tu d ie d  e a r ly  i n  t h e  in v e s t ig a t io n  b e fo re  t h e  n e c e s s ity  o f c o n s id e r in g  

t h e  g ly c o g e n  re s e rv e s  h a d  b e e n  d e m o n s t r a te d .  S u c h  r e s u l t s  a s  w e re  o b ta in e d  

s h o w  c le a r ly  t h a t  co o lin g  d e la y s  t h e  o n s e t o f t h e  h y p e rg ly c s e m ia . T h u s ,  in  

tw o  f is h  k e p t  in  a  t u b  a t  17° *2 C. fo r  4  h o u r s  t h e  b lo o d  s u g a r s  ro s e  t o  0 * 1 1 6  

a n d  0 * 2 7 4  p e r  c e n t .,  w h e re a s  in  tw o  o th e r s  k e p t  u n d e r  s im ila r  c o n d it io n s , e x c e p t  

t h a t  t h e  t e m p e r a t u r e  w a s  9° • 5  C. (b y  p la c in g  t h e  b u c k e t  in  t h e  ic e  h o u s e ), th e  

b lo o d  s u g a r s  w e re  0 * 0 9 5  a n d  0  • 100 p e r  c e n t.
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10 N . A . M c C o rm ic k  a n d  J .  J .  R . M a c le o d .

I n  a n o th e r  s im i la r  o b s e r v a t io n  t h e  b lo o d  s u g a r s  in  tw o  f ish  k e p t  a t  1 7 ° -5  C . 

w e re  0 * 1 5 7  a n d  0 * 0 8 1  p e r  c e n t .,  a n d  in  tw o  f ish  a t  9° *7 C. th e y  w e re  0 * 0 7 8  

a n d  0 * 0 8 0 . A  d e c id e d  r e ta r d in g  in f lu e n c e  o f c o ld  is  e v id e n t  f r o m  th e s e  r e s u lt s .

Behaviour of Blood Sugar of Fish kept in Crib.

I n  l i g h t  o f t h e  p r e c e d in g  o b s e r v a t io n s  i t  is  t o  b e  e x p e c te d  t h a t  t h e  h y p e r -  

g ly c se m ia  d u e  t o  h o o k in g  a n d  h a n d l in g  t h e  f is h  p re v io u s  t o  p la c in g  th e m  in  

t h e  c r ib  w ill t a k e  s o m e  t im e  to  s u b s id e .  I t  is  im p o r t a n t  t o  d e te r m in e  h o w  lo n g  

th i s  is , n o t  o n ly  so  t h a t  t h e  in f lu e n c e  o n  t h e  b lo o d  s u g a r  o f v a r io u s  e x p e r im e n ta l  

c o n d i tio n s  m a y  b e  d e te r m in e d ,  b u t  a lso  b e c a u s e  t h e  p e r s is te n c e  o f  h y p e r -  

g ly c se m ia  m a y  b e  r e l a t e d  t o  t h e  s u b n o r m a l  g e n e r a l  c o n d i tio n  o f s a l t - w a te r  fish  

a f t e r  r e tu r n i n g  th e m  to  t h e  s e a , a s  in  t h e  o p e r a t io n  o f  ta g g in g . T h e  f is h  a r e  

t h o u g h t  b y  th o s e  w h o  h a v e  h a d  la rg e  e x p e r ie n c e  i n  th i s  w o rk , w h ic h  is  d o n e  

fo r  t h e  p u r p o s e  o f s tu d y in g  t h e  p r o b le m  o f m ig r a t io n ,  t o  b e  b e lo w  p a r  fo r  s o m e  

t i m e  a n d  so  t o  b e  l i a b le  t o  f a ll  a  p r e y  t o  th e i r  e n em ies .

F i s h  r e m o v e d  b y  h a n d - n e t  w e re  b le d  a t  d a i ly  in t e r v a l s  a f t e r  p la c in g  th e m  

i n  t h e  c r ib . I n  t h e  f i r s t  o b s e r v a t io n s  t h e  b lo o d  s u g a r  a lo n e  w a s  d e te r m in e d ,  

w i th  t h e  fo llo w in g  r e s u l t s  :—

F is h  p la c e d  i n  p e n  o n  J u l y  19—

R e m o v e d  2 d a y s  l a te r ,  t h e  b lo o d  s u g a r s  in  tw o  f ish  w e re  63  a n d  73 m g . 

p e r  c e n t .

R e m o v e d  3 d a y s  l a te r ,  t h e  b lo o d  s u g a rs  in  tw o  f is h  w e re  4 0  a n d  43  m g . 

p e r  c e n t .

R e m o v e d  4  d a y s  l a te r ,  t h e  b lo o d  s u g a r s  in  tw o  f ish  w e re  99  a n d  75  m g . 

p e r  c e n t .

R e m o v e d  5 d a y s  l a t e r ,  t h e  b lo o d  s u g a r s  in  tw o  f ish  w e re  18 a n d  24  m g . 

p e r  c e n t .

T h e  u n e x p e c te d  p e r s is te n c e  o f t h e  h y p e rg ly c se m ia  u p  t o  t h e  f o u r th  d a y  

m a d e  i t  a d v is a b le  t o  r e p e a t  t h e  o b s e rv a tio n s ,  e s p e c ia lly  s in c e  n o  m e a s u r e m e n t 

h a d  b e e n  m a d e  i n  t h e  a b o v e ,  o f t h e  g ly c o g e n  c o n te n t  o f t h e  l iv e r . T h is  is  

d o n e  w i th  t h e  r e s u l t s  s h o w n  i n  T a b le  V I I .

I t  is  s e en , f ro m  t h e  t h i r d  d a y  o n , t h a t  t h e  b lo o d  s u g a r  of t h e  c r ib  f ish  in  11 o u t  

o f 13 o b s e r v a tio n s  d id  n o t  e x c e e d  t h a t  f o u n d  in  f re s h ly  c a u g h t  fish . O c c a s io n a lly , 

h o w e v e r , a s  in  o n e  o f t h e  f is h  r e m o v e d  o n  t h e  f o u r th  a n d  in  a n o th e r  re m o v e d  

o n  t h e  n i n t h  d a y ,  s o m e w h a t h ig h e r  v a lu e s , v iz .,  53  a n d  56, w e re  fo u n d . 1 liese  

a r e  n o t  a s s o c ia t e d  w i th  a n  e x c e ss  o f g ly c o g e n  in  t h e  l iv e r  a n d  c a n n o t b e  

a c c o u n te d  fo r  in  a n y  o th e r  w a y .  T h a t  t h e y  m a y  o c c u r  m u s t  b e  b o rn e  in  m in d ,
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Effect on Blood Sugar of Fish of Conditions. 11

T a b le  V I I .

D a t e . D a y s  i n  

p e n .

W e i g h t  

o f  f i s h .

P e r  c e n t ,  

o f  l iv e r -  

w e i g h t  t o  

b o d y -  

w e i g h t .

P e r  c e n t ,  

o f  g l y -  

c o g e n  i n  

l iv e r .

A m o u n t  

o f  g l y -  

c o g e n  i n  

l iv e r .

B l o o d

S u g a r .

H a e m o 

g lo b in .

A u g .  2 9 i

G r m s .

2 4 1 3 - 3 4 * 9 6

G r m s .

0 * 4 0 0

P e r  c e n t .  

5 3

P e r  c e n t  

3 0

S e p t .  9 i — — — — 3 6 3 0

i 3 5 0 — 4 * 1 — 2 0 5 3 1

S e p t .  1 0 2 3 6 6 4 - 3 4 - 7 0 * 7 4 2 0 3 0

A u g .  3 0 2 2 4 1 3 - 1 4 — — 9 3 3 5

S e p t .  1 3 2 9 7 3 - 0 3 - 6 4 0 * 3 3 t r a c e —

3 2 6 9 5 - 2 — — 2 0 —

S e p t .  1 0 4 2 1 3 3 - 6 3 - 6 0 * 2 8 t r a c e —

J u l y  2 8 4 3 2 6 3 - 4 0 * 3 9 0 * 0 4 3 0 —

4 3 4 0 4 - 5 — — 3 8 —

4 6 3 8 5 - 0 — — 2 4 —

4 3 1 2 2 - 4 — — 5 3 —

S e p t .  1 2  .... 4 1 6 2 - 5 1 - 5 — — t r a c e —

4 3 6 8 4 - 2 — — 3 2 —

A u g .  6 6 2 8 3 7 - 4 — — 3 6 —

6 2 5 5 7 - 4 — — 2 4 —

A u g .  9 '9 — — — — 5 6 —

S e p t .  9 11 — — 2 * 0 8 0 * 2 0 2 4 3 0

e s p e c ia lly  in  in v e s t ig a t in g  t h e  e f fe c t  o f  e x p e r im e n ta l  c o n d i tio n s ,  s u c h  a s  is le - 

t e c to m y ,  o n  t h e  b lo o d  s u g a r .

W h e n  a  prolonged period of asphyxia (2 0  minutes in air) precedes placing the 

fish in the crib t h e  h y p e rg ly c se m ia *  m a y  p e r s is t  f o r  m u c h  lo n g e r  t h a n  w h e n  

th i s  is  o n ly  o f s h o r t  d u r a t io n ,  s u c h  a s  w a s  t h e  c a s e  i n  t h e  o b s e r v a t io n  o f  

T a b le  V I I .  T o  s e rv e  a s  c o n t ro ls  fo r  o b s e r v a t io n s  in  w h ic h  t h e  is le ts  w e re  

re m o v e d ,  i t  w a s  n e c e s s a r y  t o  a s c e r t a in  fo r  h o w  lo n g  t h e  h y p e r g ly c s e m ia  w o u ld  

l a s t  in  f ish  e x p o s e d  t o  t h e  a i r  fo r  t h e  s a m e  t im e  a s  t h e  o p e r a t io n  o f is le te c to m y . 

T h e  r e s u lt s  a r e  s h o w n  i n  T a b le  V I I I  a n d  a lso  c h a r t e d  in  t h e  d ia g r a m  o n  p . 2 0 .

T h e s e  o b s e r v a tio n s  s h o w  t h a t  t h e  h y p e r g ly c s e m ia  m a y  p e r s is t  e v e n  u n t i l  

f iv e  d a y s  a f te r  t h e  a s p h y x ia t io n  (N o s . 2 87  a n d  158). A f te r  th i s  p e r io d , h o w e v e r , 

n o n e  o f t h e  b lo o d  s u g a r s  w e n t  b e y o n d  t h e  u p p e r  l im i t  o f  35  m g . p e r  c e n t ,  

o b s e r v e d  in  f r e s h - c a u g h t fish . T h e  m a r k e d  h y p e rg ly c s e m ia  s e e n  in  f is h  N o . 287  

is  im p o s s ib le  to  a c c o u n t fo r, t h e r e  b e in g  p r a c t ic a l ly  n o  g ly c o g e n  in  t h e  l iv e r . 

I t  is  n o te w o r th y  t h a t  t h e r e  w a s  a lso  u n u s u a l ly  l i t t l e  f a t  a n d  t h a t  t h e  

h se m o g lo b in  w a s  o n ly  18 p e r  c e n t .

The Relationship of Glycogen to Asphyxial Hyperglyccemia.

A lth o u g h  i t  is  c le a r  t h a t  a s p h y x ia ,  d u e  e i th e r  t o  r e m o v a l o f t h e  fish  f ro m  

w a te r  o r  t o  in a d e q u a te  r e p la c e m e n t o f t h e  l a t t e r ,  is  a  p o te n t  c a u s e  o f h y p e r -

 D
o
w

n
lo

ad
ed

 f
ro

m
 h

tt
p
s:

//
ro

y
al

so
ci

et
y
p
u
b
li

sh
in

g
.o

rg
/ 

o
n
 0

5
 A

u
g
u
st

 2
0
2
2
 



to

T
a

b
le

 V
I
I
I
.—

E
f
f
e

c
t 

o
f 

1
5

 t
o

 2
0

 m
in

u
te

s
 a

s
p

h
y

x
ia

 o
n

 s
u

b
s

e
q

u
e

n
t 

b
e

h
a

v
io

u
r 

o
f 

B
lo

o
d

 S
u

g
a

r.

N
o

.
D

a
te

 o
f 

a
s

p
h

y
x

ia
ti

o
n

.

D
a

y
s

a
ft

e
r

a
s

p
h

y
x

ia


ti
o

n
.

B
lo

o
d

 

s
u

g
a

r
 

p
e

r
 

c
e

n
t.

H
a

e
m

o


g
lo

b
in

.

F
is

h

w
e

ig
h

t.

P
e

r
 c

e
n

t,
 

o
f 

li
v

e
r

- 

w
e

ig
h

t 

t
o

 b
o

d
y

- 

w
e

ig
h

t.

G
ly

c
o

g
e

n
 

in
 l

iv
e

r

F
a

t
 i

n
 

li
v

e
r

.
R

e
m

a
r

k
s

.

2
6

1
A

u
g

u
s

t 
1

9
i

i
M

g
s

.

2
0

1

1
P

e
r

 c
e

n
t.

 

3
0

G
r

m
s

.

3
1

2
2

-
3

P
e

r
 c

e
n

t.
 

2
-

3

P
e

r
 c

e
n

t.

1
3

2
„

 
3

0
2

0
-

0
4

5
—

—
—

—
—

2
7

1
„

 
2

0
 

..
..

3
1

2
7

—
4

2
5

2
-

7
4

-
2

4
—

A
s

p
h

y
x

ia
t

e
d

 
a

b
o

u
t 

2
0

 
m

. 
b

y
 

p
la

c
in

g
 

in

2
6

4
„

 
1

9
 

..
..

4
5

3
3

3
3

8
2

-5
3

-
7

1
-

6
0

to
w

e
l.

2
8

7
„

 
2

0
5

3
6

7
1

8
2

2
6

2
-

0
—

1
4

*
3

1
5

8
„

 
3

0
5

6
7

_
3

4
8

2
-

3
1

-
3

6
_

1
6

6
S

e
p

te
m

b
e

r
 4

 
..

..
9

tr
a

c
e

—
2

0
4

2
-

1
3

-
3

5
-

6
8

1
9

7
A

u
g

u
s

t 
3

0
1

0
3

4
2

8
2

3
5

2
-

2
0

-
2

4
—

1
3

6
„

 
3

0
1

0
3

2
3

0
2

5
0

2
-

2
6

-
3

6
2

6
-

8
1

6
8

S
e

p
te

m
b

e
r

 
4

 
..

..
1

0
tr

a
c

e
2

7
2

3
1

2
-

5
0

-
0

9
1

2
-8

1
4

8
„

 
4

 
..

..
1

0
3

6
3

0
4

0
8

3
-

1
0

-
8

8
—

1
4

2
A

u
g

u
s

t 
3

0
1

3
2

8
1

6
2

7
9

3
-

1
0

-
0

5
4

2
7

-
6

2
7

6
„

 
2

0
 

..
..

2
4

2
0

—
—

—
—

3
2

-
7

N .  A.  M c C o rm ic k  a n d  J .  J .  R . M a c le o d .

 D
o
w

n
lo

ad
ed

 f
ro

m
 h

tt
p
s:

//
ro

y
al

so
ci

et
y
p
u
b
li

sh
in

g
.o

rg
/ 

o
n
 0

5
 A

u
g
u
st

 2
0
2
2
 



g ly c sem ia , t h e r e  a r e  e v id e n t ly  c e r t a in  o th e r  f a c to r s  w h ic h  m a y  h a v e  t h e  s a m e  

e f fec t o r  w h ic h  m a y  g r e a t ly  in f lu e n c e  t h a t  o f  a s p h y x ia .  W e  t h o u g h t  a t  f i r s t  

t h a t  th e s e  m ig h t  b e  d e p e n d e n t  u p o n  w h e th e r  o r  n o t  t h e  f is h  h a d  r e c e n t ly  b e e n  

fe e d in g , a n d  t o  p u t  t h i s  p o s s ib il i ty  t o  t h e  t e s t  w e  d iv id e d  t h e  c r ib  in to  tw o  

c o m p a r tm e n ts  b y  n e t t i n g  a n d  p la c e d  la rg e  a m o u n ts  o f  fo o d  i n  o n e  o f th e m . 

I t  w a s  f o u n d  u n r e li a b le  to  d e t e r m in e  t h e  p o s s ib le  in f lu e n c e  o f fe e d in g  in  t h i s  

w a y , m a in ly  b e c a u s e  o n ly  c e r t a in  o f t h e  f is h  in  t h e  “  f e d  ”  c o m p a r tm e n t  w o u ld  

t a k e  t h e  fo o d . T h e re  w a s  a ls o  t h e  r i s k  t h a t  c e r t a in  o f t h e  s u p p o s e d ly  s ta r v e d  

fish  w o u ld  g e t  s o m e  o f t h e  fo o d  b y  i t s  b e in g  w a s h e d  b y  t i d e  c u r r e n t s  t h r o u g h  

t h e  m e s h e s  o f t h e  d iv id in g  n e t .  I t  w a s  p a r t l y  t o  c o n t r o l  t h i s  f a c t o r  t h a t  i t  

w a s  d e c id e d  t o  d e te r m in e  t h e  g ly c o g e n  c o n t e n t  o f t h e  l iv e r s .  A  le ss  la b o r io u s  

m e th o d  w o u ld  h a v e  b e e n  t o  e x a m in e  t h e  s to m a c h  c o n te n ts ,  b u t  i t  w a s  f o u n d  

i n  t h e  c a s e s  in  w h ic h  th i s  w a s  d o n e  t h a t  n o t  in f r e q u e n t ly  t h e  s to m a c h  w a s  

e m p ty  w h e n  i t  s e e m e d  c e r t a in  t h a t  fo o d  h a d  b e e n  t a k e n  w i th in  a  d a y  o r  so . 

I t  w a s  m a in ly  fo r  t h i s  r e a s o n  t h a t  i t  w a s  c o n s id e r e d  t h a t  a  m u c h  s a fe r  c r i t e r io n  

o f t h e  n u t r i t i v e  c o n d i t io n  o f  t h e  f is h  w o u ld  b e  t h e  g ly c o g e n  c o n t e n t  o f  t h e  

l iv e r .

T h e  r e la t io n s h ip  b e tw e e n  t h e  d e g r e e  o f  a s p h y x ia l  h y p e rg ly c s e m ia  a n d  t h e  

l iv e r  g ly c o g e n  h a s  a l r e a d y  b e e n  r e f e r r e d  to  i n  c o n n e c tio n  w i th  t h e  r e s u l t s  i n  

T a b le  I I .  I t  is  a ls o  s e e n  v e r y  d i s t i n c t l y  i n  T a b le  V , i n  w h ic h  a s p h y x ia  fa ile d  

to  c a u s e  a n y  h y p e r g ly c s e m ia  i n  tw o  f is h  i n  t h e  l iv e r s  o f  w h ic h  n o  g ly c o g e n  

c o u ld  b e  d e te c te d  a n d  o n ly  a  v e r y  s l ig h t  d e g re e  o f h y p e rg ly c a e m ia  in  a n o th e r .  

B u t  t h e r e  a r e  e v id e n t ly  w id e  l im i t s  b e tw e e n  w h ic h  t h e  a m o u n t  o f  g ly c o g e n  in  

t h e  l iv e r  d o e s  n o t  in f lu e n c e  t h e  b e h a v io u r  o f t h e  b lo o d  s u g a r  fo llo w in g  a s p h y x ia .  

T h u s , w h e n  t h e  t o t a l  a m o u n t  o f  t h e  g ly c o g e n  e x c e e d s  0 - 0 5  g r m . th e r e  d o e s  

n o t  a p p e a r  t o  b e  a n y  r e la tio n s h ip .  S o  lo n g  a s  t h e  g ly c o g e n  s t a n d s  a t  a  c e r t a in  

f a ir ly  lo w  le v e l, i t s  m o b i liz a tio n  a s  s u g a r  i n  r e s p o n s e  t o  t h e  e s ta b l i s h m e n t  o f  

a n  a s p h y x ia l  c o n d i tio n  is  m a x im a l ,  a n d  t h e  o n ly  in f lu e n c e  w h ic h  i t  p r o b a b ly  

h a s  is  o n  t h e  d u r a t i o n  o f  t h e  h y p e rg ly c s e m ia .  S in c e  th i s  m i g h t  s u b s id e  fo r  

a n o th e r  re a s o n , h o w e v e r  (n a m e ly ,  t h e  d is a p p e a r a n c e  o f  t h e  a s p h y x ia l  c o n d i tio n  

i ts e lf ) ,  i t  is  im p o s s ib le  t o  p u t  t h e  s u g g e s tio n  t o  t h e  t e s t .  T h e  r a t i o  o f l iv e r -  

w e ig h t t o  b o d y -w e ig h t h a s  n o t  p r o v e d  t o  b e  o f  m u c h  v a lu e  a s  a  g u id e  e i th e r  t o  

t h e  a m o u n t  o f g ly c o g e n  o r  t h e  s e n s it iv e n e s s  o f t h e  b lo o d  s u g a r  t o  c h a n g e . I t  

d o es , h o w e v e r , in d ic a te  in  a  r o u g h  w a y  w h e th e r  fo o d  h a s  r e c e n t ly  b e e n  a s s im i

la te d ,  a n d  i t  w ill b e  seen , a s  in  t h e  o b s e r v a tio n s  fo llo w in g  a s p h y x ia  (T a b le  V I I I ) ,  

t h a t  i t  is  u s u a lly  b e lo w  3  in  f ish  t h a t  h a v e  b e e n  k e p t  i n  t h e  c r ib  fo r  a n y  le n g th  

of t im e .

T h e  f a i lu re  to  d e m o n s t r a te  a n y  c lo se  r e la tio n s h ip  b e tw e e n  t h e  e x t e n t  a n d

Effect on Blood Sugar of Fish of Various Conditions. 13
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14 N . A . M c C o r m ic k  a n d  J .  J .  R  M a c le o d .

d u r a t i o n  o f a s p h y x ia l  h y p e rg ly c a e m ia  a n d  t h e  g ly c o g e n  c o n te n t  o f t h e  l iv e r  

r a is e s  t h e  q u e s t io n  w h e th e r  t h e  e x t r a  s u g a r  w h ic h  a p p e a r s  in  t h e  b lo o d  in  s u c h  

c o n d i tio n s  m a y  b e  d e r iv e d ,  i n  p a r t  a t  le a s t ,  f ro m  “  m a s k e d  ”  c a r b o h y d r a te s  

in  t h e  b lo o d  i t s e lf ,  s u c h , f o r  e x a m p le , a s  g lu c o -p ro te in s ,  lo w e r  p o ly s a c c h a r id e s , 

o r  s u b s ta n c e s  o f a  g lu c o s id a l  n a t u r e .  T o  in v e s t ig a te  th i s  p o s s ib il i ty  w e  h a v e  

m e a s u r e d  t h e  c h a n g e  in  r e d u c in g  p o w e r  c a u s e d  b y  h e a t in g  t h e  b lo o d  in  t h e  

p r e s e n c e  o f v a r io u s  c o n c e n tr a t io n s  o f m in e r a l  a c id  (HC1). T h e  fo llo w in g  a re  

ty p i c a l  r e s u l t s  :—

I .  July 12 :—

(1) M ix e d  b lo o d  f ro m  5  f is h  c o n ta in e d  0 - 0 2 4  p e r  c e n t,  g lu c o se .

(2) P r o te in - f r e e  f i l t r a t e  h e a t e d  o n  b o il in g  w a te r  b a t h  w i th  1 d r o p  HC1

(co n e .)  c o n ta in e d  0 - 0 3 6  p e r  c e n t,  g lu co se .

(3) B lo o d  h e a t e d  in  p re s e n c e  o f 2 p e r  c e n t.  HC1 c o n ta in e d  0 - 0 7 5  p e r

c e n t ,  g lu c o se . 

I I .  July  14 :— I . I I . I I I .

F r e s h  b lo o d  f r o m  e a c h  o f  3 

f ish  k e p t  s o m e  t im e  in  

t u b  c o n ta in e d  .......... 0 -0 5 9 0 -0 5 8 0 -1 9 1  p e r  c e n t,  g lu c o se .

S a m e  b lo o d  in  e a c h  c a s e  

b u t  a f t e r  h e a t in g  fo r  

1 h o u r  in  p re s e n c e  o f 

0  • 1 N H C 1 c o n ta in e d 0 -1 0 1 0 -0 9 9 0 * 1 9 9  „

I I I .  I n  t h e  fo llo w in g  c a s e s  t h e  f i l t r a te s  b y  t h e  S h a f f e r - H a r tm a n n  m e th o d  

w e re  h y d r o ly s e d  i n  t h e  p re s e n c e  o f 2 p e r  c e n t.  H C 1 :—

Mg. Glucose per 100  c.c. Blood.
B e fo re A f te r

h y d ro ly s is . h y d ro ly s is .

S k a t e ... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. ..  30 40

S c u lp in  . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. ..  34 22

34 42

61 104

H a d d o c k  ............................. . . . .. . . .. . . .. . . .. .  46 65

83 86

F lo u n d e r  ............................. ...................  36 51

57 64

S e a  B a v e n  ......................... 53 60

W o lf -f ish  . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .........  14 36

C o d  ... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .........................  70 105
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Effect on Blood Sugar o f Fish o f Various Condit ions. 15

I t  is  e v id e n t  t h a t  a  c o n s id e ra b le  a m o u n t  o f m a s k e d  c a r b o h y d r a t e  o c c u rs  i n  

f is h  b lo o d , a s  e v id e n c e d  b y  t h e  in c re a s e  i n  r e d u c in g  p o w e r  w h ic h  c a n  b e  c a u s e d  

b y  h y d r o ly s i s . ' G e n e ra lly , t h i s  is  m u c h  m o r e  m a r k e d  w h e n  t h e  b lo o d  i t s e lf  is  

h y d r o ly s e d  t h a n  w h e n  t h e  p r o te in - f r e e  f i l t r a t e  a s  o b ta in e d  in  t h e  S lia f fe r - 

H a r t m a n n  m e th o d  is  e m p lo y e d . T h is  w o u ld  s e e m  t o  in d ic a te  t h a t  t h e  m a s k e d  

c a r b o h y d r a t e  e x is t s  in  s o m e  c o l lo id a l  f o r m  w h ic h  is  p r e c i p i t a t e d  a lo n g  w i th  t h e  

p ro te in s ,  a n d  to  ju d g e  f r o m  t h e  r e d u c in g  p o w e r  a f t e r  h y d r o ly s is  i t  is  p o s s ib le , 

i n  s c u lp in  b lo o d  a t  le a s t ,  t o  a c c o u n t  fo r  m o s t  o f t h e  s u g a r  w h ic h  a p p e a r s  a s  a  

r e s u l t  o f a s p h y x ia  a s  c o m in g  f r o m  i t .  I t  w a s  n o t  p o s s ib le  t o  c a r r y  th e s e  

in v e s t ig a t io n s  t o  c o m p le tio n , b u t  i t  m a y  b e  s a id  t h a t  w e  h a v e  o b ta in e d  o th e r  

e v id e n c e  w h ic h  s u p p o r t s  t h e  v ie w  t h a t  t h e  “  s u g a r  ”  i n  t h e  b lo o d  o f f is h e s  is  in  

c e r t a in  p a r t i c u la r s  d if f e r e n t f r o m  t h a t  o f m a m m a ls .

O b s e rv a tio n s  w e re  a lso  m a d e  o n  t h e  p ro c e s s  o f glycolysis. I t  h a s  b e e n  f o u n d  

t h a t  t h i s  d o e s  n o t  o c c u r  w i th in  s e v e ra l  h o u r s  in  t h e  o x a la te d  b lo o d  o f  t h e  s c u lp in  

k e p t  a t  r o o m  te m p e r a t u r e .  T h u s  :—

B lo o d  r e m o v e d  (o n  A u g u s t  29) a t  3 : 0 5  f r o m  a n  a s p h y x ia t e d  f is h  c o n ta in e d  

0 - 1 3 5  p e r  c e n t ,  s u g a r .  A f te r  s ta n d in g  6 |  h o u r s ,  t h e  t e s t - t u b e  b e in g  m e a n 

w h ile  f r e q u e n t ly  s h a k e n ,  i t  c o n ta in e d  0  • 131 p e r  c e n t .

B lo o d  f r o m  a n o th e r  a s p h y x ia t e d  f is h  r e m o v e d  a t  11 : 3 8  c o n ta in e d  0 - 1 6 4  

p e r  c e n t,  s u g a r .  A f te r  10 h o u r s  w i th o u t  s h a k in g  i t  c o n ta in e d  0 - 1 6 7  p e r  c e n t .

M ix ed  b lo o d  r e m o v e d  f r o m  s e v e r a l  f r e s h ly  c a u g h t  f is h  c o n ta in e d  0 - 0 2 4  p e r  

c e n t,  s u g a r .  A f te r  s ta n d in g  1 h o u r  10 m in u te s  i t  c o n ta in e d  0 - 0 2 4  p e r  c e n t .  

A f te r  3 h o u r s  10 m in u te s  0 - 0 2 4 ,  a n d  a f t e r  21 h o u r s  0 - 0 3 6  p e r  c e n t .

I t  is ,  o f c o u rse , p o s s ib le  t h a t  t h e  o x a la te  m a y  h a v e  in t e r f e r e d  w i th  th e  

g ly c o ly tic  p ro ce s s , s in c e  i t  h a s  b e e n  f o u n d  b y  o n e  o f u s  t o  h a v e  th i s  e f fe c t  o n  

g ly c o ly s is  i n  m a m m a l ia n  b lo o d  (11).

H a v in g  d e te r m in e d ,  a s  f a r  a s  w a s  p o s s ib le  i n  t h e  t im e  a v a i la b le ,  t h e  c o n d i tio n s  

u n d e r  w h ic h  c h a n g e s  o c c u r  in  t h e  b lo o d  s u g a r  w h e n  t h e  f ish  a r e  k e p t  fo r  t h e  

s a m e  t im e  a n d  h a n d le d  t o  t h e  s a m e  e x t e n t  a s  w o u ld  b e  n e c e s s a ry  in  in v e s t ig a t in g  

t h e  in f lu e n c e  o n  i t  o f v a r io u s  e x p e r im e n ta l  c o n d it io n s , t h e  e f fe c ts  o f in je c tio n s  

of e p in e p h r in  a n d  in s u lin  a n d  o f r e m o v a l o f t h e  p r in c ip a l i s le ts  w e re  in v e s t ig a te d .

The Effect of Epinephrin.

T h e r e  is  n o  m o re  c e r t a in  w a y  fo r  p r o d u c in g  h y p e r g ly c s e m ia  i n  m a m m a ls  

t h a n  b y  t h e  s u b c u ta n e o u s  in je c t io n  o f e p in e p h r in  ( a d r e n a l in  c h lo r id e ) . I t  w a s  

th e re fo re  c o n s id e re d  im p o r t a n t  t o  see  w h e th e r  t h e  s a m e  is  t r u e  in  fish .

T h i r ty  m in u te s  a f te r  r e m o v a l f ro m  t h e  c r ib , 1 c .c . a d r e n a l in  c h lo r id e  w a s  

in je c te d  in to  e a c h  o f fo u r  fish , w h ic h  w ere  t h e n  k e p t  in  r u n n in g  w a te r . T w o

 D
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1 6 N . A . M c C o rm ic k  a n d  J ,  J .  R . M a c le o d .

fish  w e re  p la c e d  u n d e r  t h e  s a m e  c o n d it io n s , b u t  w e re  n o t  g iv e n  e p in e p h r in . 

T h e  r e s u l t s  a r e  s h o w n  in  T a b le  I X .

T a b le  I X .

T i m e  a f t e r  

e p i n e p h r in .

W e i g h t  

o f  f is h .

P e r  c e n t ,  

o f  l iv e r -  

w e i g h t  t o  

b o d y -  

w e i g h t .

P e r  c e n t ,  

o f

g ly c o g e n  

i n  l iv e r .

G l y c o g e n  

o f  l iv e r .

B l o o d

s u g a r .
H a e m o g lo b in .

G r m s . G r m s . P e r  c e n t .

5 5  m in s . 3 2 4 4 - 4 1 1 - 2 1 - 6 0 1 0 1 2 8

1 h r . 4 5  m in s . 2 4 0 2 - 0 8 0 - 5 0 - 0 2 5 1 7 3 —

4  h r s .  1 5  m in s . 2 5 5 — 1 - 3 — 1 8 8 —

7  h r s .  1 5  m i n s . 4 1 2 2 - 9 0 1 t r a c e 8 8 2 8

C o n t r o l  1 . . . . . . . . . . . . . . . 2 1 5 2 - 5 1 - 4 8 0 - 0 8 2 3 6 1 8

C o n t r o l  2  . . . . . . . . . . . . . . . 2 0 4

1

2 0 5 1 - 6 8 0 - 0 7 1 4 3 2 9

T h e  b lo o d  s u g a r  ro s e  r a p id ly ,  g a in in g  a  m a x im u m  in  1 t o  4 h o u r s  a n d  t h e n  

d e c l in in g . S h o r t ly  a f t e r  t h e  in je c t io n s  t h e  f is h  b e c a m e  e x c e s s iv e ly  p a le  f r o m  

c o n t r a c t io n  o f t h e  c h r o m a to p h o r e s ,  a n d  s in c e  th e r e  c o u ld  b e  n o  d o u b t  t h a t  t h e  

b lo o d  s u g a r  r e s p o n d s  in  t h e  s a m e  w a y  a s  in  m a m m a ls ,  t h e  e x p e r im e n t  w a s  n o t  

r e p e a te d .

The Effect of Insulin.

A t  a n  e a r ly  s ta g e  in  t h e  in v e s t ig a t io n  o f  t h e  e f fe c t  o f in s u l in  o n  t h e  b lo o d  

s u g a r  o f n o r m a l  w a r m - b lo o d e d  a n im a ls  a  few  o b s e r v a t io n s  w e re  m a d e  b y  u s  t o  

a s c e r t a in  i t s  a c t io n  o n  c o ld -b lo o d e d  a n im a ls . I n s u l in  w a s  in j e c te d  in to  t h e  

d o r s a l  ly m p h  s a c  o f  f ro g s , a n d  th e s e  w e re  k e p t  fo r  s e v e ra l  d a y s  a t  a v e r a g e  ro o m  

te m p e r a t u r e .  E v e n  w h e n  r e la t iv e ly  m a s s iv e  d o s e s  w e re  in j e c te d  t h e  f ro g s  w e re  

n o t  o b s e r v e d  t o  d e v e lo p  a n y  s y m p to m s ,  a l th o u g h  t h e y  w e re  k e p t  i n  t h e  l a b o r a to r y  

u n t i l  t h e  f o u r th  d a y  fo llo w in g  t h e  in je c tio n .  A  few  m o n th s  l a t e r  A . K r o g h  

in fo rm e d  u s  t h a t  h e  h a d  f o u n d  t h a t  w h e n  t h e  f ro g s  w e re  k e p t  a f t e r  in j e c t io n  

f o r  lo n g e r  p e r io d s  o f t im e  s y m p to m s  s u p e r v e n e d  w h ic h  w e re  c o m p a ra b le  w i th  

th o s e  in d u c e d  b y  in s u l in  in  m a m m a ls . T h e  f ro g s  b e c a m e  h y p e r e x c ita b le ,  

u n a b le  t o  m a in ta i n  th e i r  e q u il ib r iu m , a n d  t h e y  o f te n  s h o w e d  c o n v u ls iv e  s e iz u re s , 

t h e  s y m p to m s  b e in g  r e l ie v e d  b y  g lu c o se . A  r e p e t i t i o n  o f t h e  o b s e r v a tio n s  in  

th i s  l a b o r a to r y  i n  t h e  s p r in g  o f  1923  b y  J .  M . D . O lm s te d  c o n f irm e d  th e s e  

f in d in g s , a n d  i t  w a s  f u r th e r  o b s e r v e d  t h a t  t h e  o n s e t o f t h e  s y m p to m s  c o u ld  b e  

a c c e le r a te d  b y  w a r m in g  t h e  in je c te d  f ro g s . A t t e m p ts  t o  d e te r m in e  w h e th e r  

t h e  b lo o d  s u g a r  b e c a m e  g r a d u a l ly  lo w e re d  p re c e d in g  t h e  o n s e t  o f t h e  s y m p to m s  • 

f a i le d ,  b e c a u s e  o f t h e  f a c t  t h a t  in  f ro g s  k e p t  fo r  s o m e  t im e  u n d e r  l a b o r a to r y
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c o n d it io n s  th i s  is  v e r y  lo w  ( a b o u t  20  m g . p e r  100 c .c .) .  H a v in g  n o te d  t h a t  t h e  

b lo o d  s u g a r  r is e s  c o n s id e r a b ly  i n  f ro g s  w h e n  t h e y  a r e  k e p t  fo r  tw o  d a y s  a t  28° C ., 

O lm s te d  f o u n d  t h a t  in s u lin  d o es  n o t  c a u s e  a  lo w e r in g  o f  t h i s  a b n o r m a l ly  h ig h  

b lo o d  s u g a r . O b s e rv a tio n s  o n  t h e  e ffe c t o f in s u lin  o n  f ro g s  w e re  m a d e  l a t e r  b y  

J u l i a n  H u x le y  a n d  F u l t o n  (7), w h o  f o u n d  t h a t  a  p e r io d  la s t in g  s e v e r a l  d a y s  

s u p e rv e n e d  b e tw e e n  t h e  in j e c t io n  a n d  t h e  a p p e a r a n c e  o f s y m p to m s .  T h is  

c o u ld  b e  s h o r te n e d  b y  w a r m in g  t h e  f r o g s ; t h u s  i t  to o k  f r o m  f iv e  to  s ix  d a y s  

fo r  s y m p to m s  to  a p p e a r  w h e n  t h e  a n im a ls  w e re  k e p t  a t  7° C ., w h e re a s  i t  t o o k  

o n ly  2 4 -2 7  h o u r s  in  t h e  c a s e  o f th o s e  k e p t  a t  25° C. T w o  o th e r  im p o r t a n t  

fa c ts  w e re  a lso  n o te d ,  n a m e ly , t h a t  t h e  t i m e  o f in c id e n c e  o f s y m p to m s  b o re  

n o  r e la t io n s h ip  t o  t h e  d o s e  o f  in s u l in  w i th in  w id e  l im i t s ,  a n d  t h a t  f ro g s  k e p t  

co o l fo r  s o m e  d a y s  a f t e r  in je c t io n  q u ic k ly  d e v e lo p e d  s y m p to m s  w h e n  s u b s e 

q u e n t ly  w a rm e d .  I n  t h e  s u m m e r  m o n th s  o f 1923  O lm s te d  c o n t in u e d  h is  

s tu d ie s  o n  t h e  e f fec t o f in s u l in  o n  c o ld -b lo o d e d  a n im a ls ,  u s in g  f r e s h - w a te r  

c a t f is h  (Ameiurus nebulosus)and d e s c r ib e d  t h e  d e v e lo p m e n t  o f p e c u l ia r  s y m p to m s

s u p e rv e n in g  in  a b o u t  tw o  d a y s  fo llo w in g  t h e  in je c tio n s ,  t h e  f ish  b e in g  m e a n 

w h ile  k e p t  a t  ro o m  te m p e r a tu r e .  T h e s e  c o id d  b e  o n ly  te m p o r a r i ly  r e l ie v e d  

b y  in je c tio n s  o f g lu c o se . O n e  o f u s  (N . A . M cC .) w o rk in g  a t  S t .  A n d re w s  a lso  

o b s e r v e d  p e c u l ia r  s y m p to m s  to  d e v e lo p  in  t h e  S c u lp in  ( ) a n d

S e a  R a v e n  (Hemitripterus)several d a y s  a f t e r  t h e  in je c t io n  o f  in s u lin .

A ss u m in g  t h a t  t h e  s y m p to m s  o b s e rv e d  i n  th e s e  c a s e s  a r e  r e l a t e d  t o  a  fa ll 

i n  b lo o d  s u g a r  t o  a  c e r t a in  lo w  le v e l, a s  is  t h e  c a s e  in  m a m m a ls ,  i t  w o u ld  a p p e a r  

t h a t  in s u lin  c a u s e s  h y p o g ly c s e m ia  in  c o ld -b lo o d e d  a n im a ls  j u s t  a s  i t  d o e s  in  

m a m m a ls .  H o w e v e r , t h i s  is  n o t  i n e v i ta b ly  t h e  c a s e , a n d  a s  a  m a t t e r  o f  f a c t  

N o b le  a n d  M a c le o d  (8) h a v e  b e e n  u n a b le  to  d e m o n s t r a te  a n y  f a l l  in  b lo o d  

s u g a r  a s  a  r e s u l t  o f t h e  a d m in is t r a t io n  o f in s u l in  t o  tu r t l e s .  H o u s s a y ,  S o rd d e ll i  

a n d  M azza cco  (9) a n d  l a t e r  H o u s s a y  a n d  R i e t t i  (10) h a v e  a ls o  p u b li s h e d  b r ie f  

s ta t e m e n t s  of in v e s t ig a t io n s  o f t h e  e f fe c ts  o f in s u lin  o n  d if f e r e n t c o ld -b lo o d e d  

a n im a ls , in c lu d in g  f ro g s , to a d s ,  tu r t l e s ,  s n a k e s  a n d  fish . I n  t h e  l a t t e r  n o  s p e c ia l  

s y m p to m s  w e re  o b s e rv e d  to  fo llo w  t h e  in j e c t io n  o f la rg e  a m o u n ts  o f in s u lin .

A p p a r e n tly , th e re fo re , n o th in g  d e f in i te  is  k n o w n  c o n c e rn in g  t h e  e f fec t o f 

in s u lin  o n  th e  b lo o d  s u g a r  in  fish , a n d  i t  w as  d e c id e d  to  s tu d y  th i s  q u e s t io n  in  

s c u lp in , w ith  th e  re s u lt s  s h o w n  in  T a b le  X .

S in ce  t h e  b lo o d  s u g a r  in  t h e  n o r m a l s c u lp in  is  n o t  in f r e q u e n t ly  p r a c t ic a l ly  

a t  z e ro  i t  is  n o t  p o ss ib le  to  d e m o n s t r a te  a n y  e f fe c t  o f in s u lin  o n  i t .  T h is  w a s  

a t t e m p t e d  in  o n e  o f t h e  e x p e r im e n ts  o f S e p te m b e r  14, in  w h ic h  tw o  f ish  w e re  

in je c te d  w i th  10—20 u . of in s u lin  a  few  d a y s  b e fo re  re m o v in g  th e m  f r o m  th e  

c r ib , a n d  t h e n  d a ily  fo r  a  f u r th e r  p e r io d  o f fo u r  d a y s , d u r in g  w h ic h  th e y  w e re

VOL. x c v i i i .—b . c
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18 N . A . M c C o rm ic k  a n d  J .  J .  R . M a c le o d .

T a b le  X .— I n s u lin .

D a t e . C o n d i t io n .
W e i g h t  

o f  f i s h .

P e r  c e n t ,  

o f  l iv e r -  

w e i g h t  t o  

b o d y -  

w e ig h t .

G ly c o g e n  

i n  l iv e r .

B l o o d

s u g a r .

H a e m o 

g lo b in .

G r m s . G r m s . P e r  c e n t .

S e p t .  1 4 . . . 1 0  U .--2 0  u .  d a i l y  f o r  4 2 5 5 - 0 1 - 8 n o n e 1 6 3 3 *

d a y s  ; a l s o  p r e v i o u s l y  

i n  p e n

4 6 1 - 5 4 - 6 8 2 7

S e p t .  1 4 . . . . 1 0  u . - 2 0  u .  d a i l y  f o r 4 7 2 4 - 6 — 7 2 _ _ _ _

s e v e r a l  d a y s ,  t h e n 4 3 9 3 - 0 0 - 4 8 6 1 2 3 3 0

1 0  u . ,  t h e n  a s p h y x i a 5 2 6 - 5 3 - 1 0 - 1 0 7 6 0 1 6

f o r  3  h r s . 3 7 5 4 - 0 0 - 1 9 5 8 1 3 0

S e p t .  1 3 . . . 5  u .  i n s u l i n  a t  9  a .m . , 6 2 8 - 5 6 - 1 1 - 5 0 0 6 3 _ _ _ _

a s p h y x i a  1 0  : 3 0 - 1 2  : 

3 0

4 8 9 - 5 5 - 7 0 - 4 0 0 1 0 1

S e p t .  1 3 . . . 1 0  u .  i n s u l i n  s e v e r a l 3 8 9 - 5 _ _ _ _ _ _ _ _ 8 0 _ _ _ _

d a y s  p r e v i o u s l y  i n  

c r ib .  T h e n  1 0  u .  a  d a y  

f o r  3  d a y s  i n  la b .  

A s p h y x i a t e d  1 1 : 1 5 - 1 :  

1 5 , i n s u l i n  g i v e n  1 1 : 3 0

5 3 7 3 - 2 t r a c e 7 0 2 0

A u g .  5  .... 1 0  u .  o n  d a y  p r e v i o u s 3 9 7 3 3 — 1 2 1 —

a s p h y x i a ,  3 - | h o u r s 4 3 9 3 3 — 7 2 —

A u g .  6  .... 1 0  u .  2  d a y s  p r e v i o u s l y 2 6 9 — — 5 6 —

a s p h y x i a ,  2 ^ - 3 4  h o u r s 5 9 5

3 4 0 — —

1 5 3

9 6 —

A u g .  8  .... 1 0  u .  4  d a y s  p r e v i o u s l y 4 3 9 — — 1 5 0 —

a s p h y x i a ,  3  h o u r s 5 3 9 — 0 - 0 3 1 2 - t

*  A ls o  g i v e n  i n s u l in  f e w  h o u r s  b e f o r e  b le e d i n g ,  

t  L i v e r  c i r r h o s i s .

k e p t  in  r a p id ly  c h a n g in g  w a te r  in  t h e  l a b o r a to r y .  T h e  b lo o d  s u g a r s  o f 16 

a n d  8  m g . p e r  c e n t,  t h a t  w e re  f o u n d  a r e  a t  t h e  lo w e r l im it s  o f t h e  n o rm a l ra n g e .

T o  d e m o n s t r a te  a n y  e f fec t o f in s u lin  i t  w a s  n e c e s s a r y  to  s u b je c t  t h e  f is h  to  

s o m e  c o n d i tio n  w h ic h  w o u ld  c a u s e  h y p e rg ly c s e m ia  a n d  t h e n  t o  see  w h e th e r  

in s u l in  c o u ld  in f lu e n c e  i t .  A s p h y x ia  w a s  c h o s e n  a s  t h e  a g e n c y  c a u s in g  h y p e r -  

g lycaem ia , a n d  i t  w ill b e  s e e n  f ro m  T a b le  X  t h a t  in s u lin  h a s  o n ly  a  s l ig h t a n d  

u n c e r t a in  in f lu e n c e  o n  i t .  T h u s ,  if w e  c o m p a r e  t h e  o b s e rv a tio n s  o f T a b le  X  

w i th  th o s e  o f T a b le  I I  (o m i t t in g  in  b o th  ca s es  fish w i th  l iv e r -w e ig h t r a t io s  o f 

le s s  t h a n  2 • 5) i t  is  s een , in  o n e  o f t h e  e x p e r im e n ts  of S e p te m b e r  13, t h a t  a s p h y x ia  

fo r  tw o  h o u r s  r a is e d  t h e  b lo o d  s u g a r  to  63 a n d  101 m g . w h e n  t h e  in s u lin  w as  

in je c te d  tw o  h o u r s  p re v io u s ly ,  a n d  in  a n o th e r  o b s e rv a tio n  o n  t h e  s a m e  d a y , 

w h e n  t h e  in s u lin  h a d  b e e n  g iv e n  o n  s e v e ra l  d a y s  p re v io u s ly , to  70 a n d  80  m g .
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p e r  c e n t.  T h e s e  f ig u re s  d o  n o t  d if fe r  e s s e n ti a lly  f r o m  th o s e  o b ta in e d  o n  n o rm a l 

f is h  a s p h y x ia t e d  fo r  tw o  h o u r s ,  v iz .,  2 3 2 , 34 , 81 a n d  57 ( T a b l e ' l l ) .  W h e n  th e  

c o m p a r is o n s  a r e  m a d e  f o r  f ish  a s p h y x ia t e d  fo r  f r o m  th r e e  to  th r e e  a n d  a  h a l f  

h o u r s ,  w e  f in d  in  t h e  in s u l in - in je c te d  f is h  (a ll  in j e c te d  f r e q u e n t ly  d u r in g  s e v e r a l  

d a y s  p re c e d in g  t h e  a s p h y x ia )  72 , 123 , 6 0 , 81 , 1 2 1 , 72 , 5 6 , 153 , 96  a n d  150 , 

a v e r a g e  9 8 - 4  m g . p e r  c e n t . ,  a s  c o m p a r e d  w i th  131 , 168 , 92 , 181 , 110 , 136, 

157, 121 , a v e r a g e  1 3 7 -0  m g . p e r  c e n t ,  i n  u n in j e c te d  f ish . I f  w e  b a s e  o u r  c o n 

c lu s io n  o n  t h e  a v e r a g e s  o f t h e  r e s u l t s  t h e r e  is  s o m e  e v id e n c e  t h a t  in s u l in  h in d e r s  

t h e  d e v e lo p m e n t  o f a s p h y x ia l  h y p e rg ly c s e m ia ,  a n d  th i s  is  s u p p o r te d  w h e n  w e  

c o m p a re  t h e  m a x im u m  a n d  m in im u m  v a lu e s  in  t h e  tw o  g r o u p s ; t h u s ,  in  

u n in je c te d  f is h  th e r e  a r e  m a x .  168  a n d  9 2 , a n d  in  in j e c te d  f is h  153  a n d  56  m g . 

p e r  c e n t .  T h e  h y p o g ly c s e m ic  a c t io n  o f  in s u l in  is  c o m p a r a t iv e ly  fe e b le  in  fish .

The Effect of Removal of the Principal Islets ( ).

T h e  s c u lp in  is  p r o b a b ly  t h e  o n ly  r e a d i ly  a v a i la b le  in s h o r e  f is h  in  w h ic h  t h e  

p r in c ip a l is le ts  a r e  s u f f ic ie n tly  i s o la te d  f r o m  t h e  p a n c r e a s  t o  m a k e  i t  p o s s ib le  

t o  e x c is e  th e m ,  le a v in g  t h e  p a n c r e a s  i t s e lf  i n t a c t .  B y  m ic r o s c o p ic  e x a m in a t io n  

o f s e c t io n s  o f t h e  p a n c r e a t ic  t i s s u e  in  th i s  f is h  b o t h  S la t e r  J a c k s o n  a n d  

W . C. M . S c o t t  h a v e  r e p o r te d  o c c a s io n a l s m a l l  is le ts ,  b u t  w h e n  t h e i r  t o t a l  

m a s s  is  c o m p a r e d  w i th  t h e  m a s s  o f t i s s u e  r e p r e s e n te d  i n  t h e  p r in c ip a l  is le ts  i t  

m u s t  b e  a lm o s t  in s ig n if ic a n t.  T h e  o p e r a t io n  o f i s le te c to m y  w a s  p e r f o r m e d  a s  

f o l l o w s :—

T h e  f is h  w e re  w r a p p e d  in  to w e l s  s o a k e d  in  s e a - w a te r ,  le a v in g  t h e  a b d o m e n  

e x p o s e d . W i th  a  s h a r p  s c a lp e l a n  in c is io n  w a s  m a d e  th r o u g h  t h e  s k in  a n d  

s u p e rf ic ia l  l a y e r  o f m u s c le . T h e  u p p e r  l i m i t  o f t h i s  in c is io n  w a s  a b o u t  10 m m . 

f ro m  t h e  r ig h t  p e c to r a l  f in , a n d  i t  e x te n d e d  c a u d a d  fo r  a b o u t  5 0 -6 0  m m . 

F r e q u e n t ly  a  s m a l l  b lo o d  v e s s e l  w a s  w o u n d e d  in  m a k in g  t h e  in c is io n , b u t  

b le e d in g  w a s  im m e d ia te ly  s to p p e d  b y  l ig a tio n .  T h e  d e e p  la y e r  o f m u s c le , 

in c lu d in g  t h e  p e r ito n e u m , w a s  c a u t io u s ly  o p e n e d , p a r t i c u la r  c a re  b e in g  t a k e n  

n o t  t o  w o u n d  t h e  in te s t in e s ,  w h ic h , b y  b e in g  o f te n  s o m e w h a t d is te n d e d ,  a r e  

l ia b le  to  p r o t r u d e .  L ig a tu r e s  w e re  t h e n  p a s s e d  t h r o u g h  t h e  a b d o m in a l w a ll 

o n  e a c h  s id e  o f t h e  w o u n d  w h ic h  w a s  c a u s e d  t o  o p e n  b y  g e n t ly  p u ll in g  o n  th e m . 

B y  r e t r a c t io n  w ith  t h e  h a n d le  o f a  s c a lp e l a n d  t h e  l i t t l e  f in g e r  i t  w a s  t h e n  a n  

e a s y  m a t t e r  t o  e x p o s e  t h e  la rg e  i s le t  w h ic h  lie s  o n  t h e  d u o d e n u m  j u s t  c a u d a d  

to  t h e  p y lo r ic  caeca. I t  w as  p ic k e d  u p  b y  a  fin e  d is s e c tin g  fo rc e p s , a  t h i n  

l ig a tu r e  t i e d  a r o u n d  i t s  b a s e  a n d  t h e  g la n d  e x c ise d . S o m e tim e s  s e v e ra l  

s m a ll  is le ts  l ie  in  a  c lu s te r  in  th e  im m e d ia te  n e ig h b o u rh o o d  o f t h e  la rg e  o n e . 

T h es e , w h e n  p r e s e n t,  w e re  a lso  m a s s - lig a te d  a n d  e x c ise d . T h e  in te s t in e s

Effect on Blood Sugar of Fish of Various Conditions. 19
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2 0 N . A . M c C o rm ic k  a n d  J .  J .  I I  M a c le o d .

w e re  t h e n  f u r th e r  r e t r a c t e d  so  a s  to  e x p o s e  t h e  s p le e n  a n d  t h e  o th e r  la rg e  

p r in c ip a l  is le t  w h ic h  l ie s  a t  i t s  in f e r io r  p o le . T h is  w a s  a lso  p ic k e d  u p  in  a  

fo rc e p s , m a s s - lig a te d  a n d  e x c ise d . I n  a p p ly in g  t h e  l ig a tu r e s  a t  b o th  is le ts  

c a r e  h a d  t o  b e  t a k e n  n o t  to  in c lu d e  a n y  o f t h e  la rg e r  v e sse ls , so  a s  to  a v o id  

c o n g e s tio n  in  t h e  m e s e n te r y .  T h e  w o u n d  in  t h e  a b d o m in a l w a ll w a s  c lo sed  

b y  tw o  la y e r s  o f d is c o n t in u o u s  s u tu r e s ,  o n e  th r o u g h  t h e  m u s c le  a n d  p e r ito n e u m  

a n d  t h e  o th e r  t h r o u g h  t h e  s k in . O u t  o f  a  t o t a l  o f o v e r  50  f is h  o p e r a te d  o n  a n d  

s u b s e q u e n t ly  re c o v e re d  f ro m  t h e  c r ib , o p e n in g  o f t h e  w o u n d  a f t e r  p la c in g  th e  

f is h  b a c k  in  w a te r  w a s  o b s e r v e d  in  o n ly  tw o . T h e  e n t i r e  o p e r a t io n  o c c u p ie d  

a b o u t  15 m in u te s ,  a n d  t h e  f ish  w e re  r e tu r n e d  t o  t h e  c r ib  a s  s o o n  a s  p o s s ib le  

so  t h a t  t h e  c o n d i tio n s  fo r  t h e i r  re c o v e ry  f ro m  t h e  e f fe c ts  o f  a s p h y x ia  m ig h t 

b e  a s  f a v o u r a b le  a s  p o s s ib le .

A s  a l r e a d y  m e n t io n e d ,  o th e r  f is h  w e re  u s e d  a s  c o n tro ls , s o m e  of th e m  b e in g  

m e re ly  a s p h y x ia t e d  b y  w r a p p in g  i n  w e t  to w e ls  fo r  t h e  s a m e  t im e  a s  t h a t  

r e q u i r e d  fo r  t h e  o p e r a t io n  o f i s le te c to m y , b u t  o n  o th e r s  t h e  o p e r a t io n  w a s  

p e r f o r m e d  in  a ll  i t s  d e ta il s  e x c e p t  t h e  a c tu a l  r e m o v a l o f t h e  is le ts .

F i s h  w e re  r e m o v e d  f ro m  t h e  c r ib  a t  v a r y in g  in t e r v a l s  fo llo w in g  t h e  is le 

te c to m y ,  o r  c o n t ro l  o p e r a t io n ,  a n d  t h e  s u g a r  d e te r m in e d ,  w i th  t h e  r e s u l t s  s h o w n  

in  T a b le  X I ,  a n d  in  t h e  a c c o m p a n y in g  c h a r t ,  w h e r e  t h e  b lo o d  s u g a r  le v e ls  

a r e  g iv e n  in  v e r t i c a l  c o lu m n s  a n d  t h e  o b s e r v a t io n s  a r e  g ro u p e d  a c c o rd in g  t o  

t h e  n u m b e r  o f d a y s  e la p s in g  b e tw e e n  t h e  o p e r a t io n  a n d  t h e  r e m o v a l o f b lo o d .

W h i t e  c o l u m n s  r e p r e s e n t  p e r c e n t a g e  o f  b l o o d  s u g a r  i n  s p e c i m e n s  o f  r e m o v e d

o n  v a r i o u s  d a y s  f o l l o w i n g  i s l e t e c t o m y .  B l a c k  c o l u m n s  r e p r e s e n t  p e r c e n t a g e  o f  b l o o d  

s u g a r  i n  c o n t r o l  f i s h .  P e r c e n t a g e  o f  b l o o d  s u g a r  i s  g i v e n  v e r t i c a l l y .  D a y s  a f t e r  

i s l e t e c t o m y  a r e  i n d i c a t e d  o n  b a s e - l i n e .
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Effect on Blood Sugar of Fish Various Conditions. 21

T h e  w h ite  c o lu m n s  g iv e  t h e  r e s u l t s  fo r  is le te c to m is e d  fish , t h e  b la c k  c o lu m n s  

fo r  t h e  o p e r a t e d  c o n tro ls . F u r t h e r  d e ta i l s  w i th  r e g a r d  t o  g ly c o g e n  a n d  f a t  in  

t h e  l iv e r , w e ig h t o f f ish , e tc . ,  a r e  g iv e n  in  T a b le  X I .  I n  T a b le  X I I  a r e  g iv e n  

t h e  o p e r a te d  c o n t ro ls , t h e  a s p h y x ia  c o n t ro ls  b e in g  s h o w n  in  T a b le  V I I I .

I n  t h e  r e s u l t s  fo r  t h e  f iv e  d a y s  fo llo w in g  t h e  o p e r a t io n  t h e  d if fe re n c e  b e tw e e n  

t h e  tw o  g ro u p s  is  n o t  c o n s p ic u o u s , a l th o u g h  t h e  a v e r a g e  fo r  t h e  is le te c to m is e d  

f ish  o n  e a c h  o f t h e  d a y s  is  h ig h e r  t h a n  t h e  c o n tr o ls . T h u s ,  t h e  s u g a r  in  m g . 

p e r  100  c .c . b lo o d  is  a s  fo llo w s  :—

Controls.

1 s t  d a y — 202, 20 1 ,  A v .  2 0 1 - 5

2 n d  d a y — 6 3 ,  135, 212, 313, 203, 4 5 .  A v ,  1 7 2

3 r d  d a y — 1 2 7 ,  250, 292, A v .  2 2 3

4 t h  d a y — 5 3 ,  A v .  5 3

5 t h  d a y — 3 6 7 ,  6 7 ,  A v .  2 1 7

Isletectomised.

1 s t  d a y — 4 5 6 ,  2 5 0 ,  A v .  3 5 3  

2 n d  d a y — 3 5 9 ,  2 9 7 ,  2 2 0 ,  2 2 9 ,  A v .  2 7 6  

3 r d  d a y — 2 9 0 ,  2 9 0 ,  2 4 3 ,  4 4 6 ,  A v .  3 1 7  

4 t h  d a y — 4 9 0 ,  2 9 8 ,  4 0 6 ,  2 7 5 ,  A v .  3 6 7  

5 t h  d a y — 2 6 3 ,  A v .  2 6 3

T h e  h ig h  le v e l o f t h e  c o n t ro ls  u p  to  fiv e  d a y s  is  n o  d o u b t  m a in ly  d e p e n d e n t  

o n  a s p h y x ia ,  b u t  i t  is  p o s s ib le  t h a t  t h e  a c t u a l  o p e n in g  o f t h e  a b d o m e n ,  t h e  

s l ig h t h a e m o rrh a g e  a n d  t h e  i r r i t a t i o n  o f t h e  s t i t c h e s  m i g h t  a ls o  t e n d  t o  c a u s e  

h y p e rg ly c a e m ia . I t  w a s  to  a llo w  fo r  th e s e  p o s s ib le  f a c to r s  t h a t  t h e  c o n t r o l s  

o f T a b le  X I I  w e re  r u n .  T h e  v a lu e  o f  0 - 2 3 9  p e r  c e n t ,  o b s e r v e d  in  o n e  o f  

t h e  o p e r a t e d  c o n t ro ls ,  r e m o v e d  o n  th e  e ig h th  d a y  fo llo w in g  th e  r e p la c e m e n t  

o f t h e  f is h  in  t h e  c r ib ,  is  v e r y  d if f ic u lt  t o  a c c o u n t  fo r . T h e r e  a r e  c e r t a in  

d e ta il s  o f t h i s  o b s e r v a tio n ,  h o w e v e r ,  w h ic h  a r e  n o te w o r th y .  I n  t h e  f ir s t  p la c e ,  

t h e  b lo o d  w as  v e r y  t h i n  a n d  c o n ta in e d  o n ly  15  p e r  c e n t ,  o f h aem o g lo b in . I t  

is  a  c u r io u s  fa c t , t h a t  in  t h e  v a s t  m a jo r i t y  o f a ll  t h e  f is h  e x a m in e d ,  in  w h ic h  t h e
r

h aem o g lo b in  w as  b e lo w  20  p e r  c e n t . ,  h ig h  s u g a r  le v e ls  w e re  f o u n d  t o  o c c u r . I t  is  

a lso  i m p o r t a n t  t o  n o te  t h a t  t h i s  f ish , a f t e r  r e m o v a l  f ro m  t h e  p e n , w a s  p ro b a b ly  

k e p t  fo r  m o r e  t h a n  a n  h o u r  b e fo re  b e in g  b le d — a t  l e a s t  t h e  n o te s  in d ic a te  t h a t  

t h e  f ir s t  f ish  to  b e  u s e d  o n  th i s  d a y  w a s  b le d  a t  9 .30  a .m . w h e re a s  th i s  o n e  w a s  

n o t  b le d  u n t i l  10 .45  a .m . T h is  in d ic a te s  t h e  p o s s ib il i ty  t h a t  a s p h y x ia !  

h y p e rg ly c se m ia  m a y  h a v e  b e e n  in d u c e d  a n d  so  a c c o u n t  fo r  t h e  h ig h  b lo o d  

s u g a r .

A f te r  t h e  f o u r th  d a y  fo llo w in g  t h e  o p e r a t io n  t h e  c o n t ro l  a s p h y x ia t e d  fish  

(cf. T a b le  V I I I )  w e re  u n f o r tu n a t e ly  n o t  so  n u m e ro u s  a s  th o s e  t h a t  w e re  

is le te c to m is e d ,  t h e  re a s o n  b e in g  t h a t  o w in g  t o  a n  a c c id e n t  m a n y  o f t h e  fo rm e r  

e s c a p e d  f ro m  t h e  c r ib . T h e re  w e re  n in e  o f th e s e  c o n t ro ls  w i th  b lo o d  s u g a r s  

t h a t  w ere  w e ll w ith in  t h e  n o r m a l r a n g e ,  b u t  t h e r e  w a s  o n e  fish , o n  t h e  f if th  

d a y , in  w h ich  367  m g . w as  fo u n d . I t  is  a  c u r io u s  c o in c id e n c e  t h a t  th i s  f ish  

w as  b le d  o n  th e  s a m e  d a y  a s  N o . 2 60 , a n d  i t  is  p o s s ib le  t h a t ,  a f t e r  r e m o v a l f ro m  

th e  c r ib , b o th  w e re  in a d v e r te n t ly  k e p t  fo r  to o  lo n g  in  s t a g n a n t  w a te r . I n  a n y
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2 4 N . A . M c C o rm ic k  a n d  J .  J .  R . M a c le o d .

c a s e  t h e  b lo o d  s u g a r  in  t h e  h ig h e s t  o f t h e  c o n tro ls  a f t e r  t h e  f if th  d a y  is  

d e c id e d ly  lo w e r  t h a n  t h e  m a jo r i t y  o f t h e  is le te c to m is e d  fish . O f th e  l a t t e r ,  

t h e r e  a r e  in  a l l  f o u r te e n  in  w h ic h  t h e  t im e s  o f s u r v iv a l  a r e  k n o w n , a n d  in  a ll  o f 

th e m ,  w i th  o n e  e x c e p t io n , h y p e r g ly c e m ia  o f m a r k e d  d e g re e  e x is te d . T h is  

e x c e p tio n  o c c u r r e d  in  t h e  c a s e  o f a  f ish  t h a t  s u r v iv e d  t h e  o p e r a t io n  fo r  s ix te e n  

d a y s ,  w h e n  i t  w a s  fo u n d  w i th  t h e  a b d o m in a l w o u n d  c o n s id e ra b ly  o p e n e d  a n d  

t h e  a b d o m in a l  c a v i ty  fi l le d  w i th  w a te r ,  so  t h a t  t h e  lo w  p e r c e n ta g e  o f haem o

g lo b in  ( f if te e n )  m a y  h a v e  b e e n  d u e  t o  a c c id e n ta l  d i lu t io n  o f t h e  b lo o d  w h ich  

w a s  r e m o v e d  f r o m  t h e  p e r ic a r d iu m  a f te r  p u n c tu r in g  t h e  b u lb u s .

I t  w ill  b e  o b s e r v e d , e s p e c ia lly  o n  e x a m in in g  t h e  c h a r t ,  t h a t  t h e  h y p e r -  

g ly c sem ia  b e c a m e  le ss  a n d  le ss  m a r k e d  a s  t h e  in t e r v a l  fo llo w in g  t h e  is le te c to m y  

b e c a m e  g r e a te r .  T h is  d o e s  n o t  a p p e a r  to  b e  r e l a t e d  t o  e x h a u s t io n  o f t h e  

g ly c o g e n  re s e r v e s .

B e s id e s  t h e  fo re g o in g  th e r e  w ere  th r e e  is le te c to m is e d  f ish  w h ic h  lo s t  t h e i r  

ta g s .  O n e  o f th e s e  fo u n d  o n  S e p te m b e r  8 , w h ic h  w a s  fo u r  d a y s  s in c e  t h e  l a s t  

i s le te c to m y , g a v e  a  b lo o d  s u g a r  o f 347  m g . p e r  c e n t .,  a n d  a n o th e r  re m o v e d  o n  

S e p te m b e r  12, w h ic h  w a s  e ig h t d a y s ,  g a v e  4 40  m g . I t  is  p o s s ib le  t h a t  b o th  o f 

th e s e  h a d  b e e n  is le te c to m is e d  fo r  lo n g e r  p e r io d s .  A n o th e r  u n ta g g e d  fish  w a s  

r e m o v e d  o n  A u g u s t  23 , b u t  s in c e  f ish  w e re  b e in g  o p e r a t e d  u p o n  e v e r y  d a y  

a b o u t  t h i s  p e r io d  i t  is  im p o s s ib le  e v e n  t o  g u e s s  a t  t h e  d a t e  o f o p e ra t io n .  T h is  

f is h  w a s  t a k e n  b e c a u s e  i t  w a s  f o u n d  in  a  m o r ib u n d  s t a t e  in  t h e  p e n  w ith  th e  

a b d o m in a l  w o u n d  p a r t l y  o p e n  a n d  m u c h  c o rr o s io n  o f t h e  s k in . A f te r  re m o v a l  

o f  t h e  v e r y  w a te r y  b lo o d  f ro m  th e  b u lb u s ,  e x a m in a t io n  o f t h e  a b d o m in a l c o n te n ts  

r e v e a le d  r u p t u r e  o f t h e  b ile  d u c t  a n d  e v id e n c e  o f p e r i to n i t i s .

T a k in g  t h e  r e s u l t s  a s  a  w h o le , t h e r e  c a n  b e  n o  d o u b t  t h a t  m a r k e d  h y p e r 

g ly c e m ia  w a s  s e t  u p  a s  a  r e s u l t  o f t h e  r e m o v a l o f t h e  p r in c ip a l  is le ts . T h a t  

e x c e p tio n a l r e s u l t s  w e re  o c c a s io n a lly  o b ta in e d ,  e s p e c ia lly  a m o n g  t h e  c o n tro ls , 

d o e s  n o t  s e r io u s ly  d e t r a c t  f r o m  th i s  c o n c lu s io n , s in c e  i t  h a s  b e e n  s h o w n  in  th e  

f i r s t  p a r t  o f t h i s  p a p e r  t h a t  t h e r e  y e t  re m a in s ,  a p a r t  f ro m  a s p h y x ia ,  s o m e  u n k n o w n  

f a c to r  w h ic h  in f lu e n c e s  t h e  b lo o d  s u g a r  le v e l. I t  is  p o s s ib le  t h a t  th i s  m a y  b e  

m u s c u la r  e ffo r t .  T h e  g r e a t  m a jo r i t y  o f s c u lp in , a s  f a r  a s  c o u ld  b e  o b s e rv e d , 

w e re  s e e n  to  r e m a in  p r a c t ic a l ly  s ta t io n a r y  w h e n  t h e  c r ib  w a s  u n d is tu r b e d  a n d  

o n ly  t o  m o v e  w h e n  e x c i te d  b y  t h e  la n d in g  n e t  o r , f o r  a  few  m in u te s ,  a f te r  

h o is t in g  u p  t h e  c r ib . O c c a s io n a lly  a  f is h  w o u ld  b e  s e e n  to  b e  c o n s ta n t ly  

s w im m in g  a b o u t ,  h o w e v e r , a n d  i t  is  p o s s ib le  t h a t  in  s u c h  a  f is h  th e  b lo o d  

s u g a r  w a s  a b o v e  n o rm a l . W e  p ro p o s e  t o  in v e s t ig a te  t h e  p o s s ib il i ty  f u r th e r .  

M e a n w h ile , i t  is  o f in t e r e s t  t o  r e m a r k  t h a t  t h e  n o rm a l b lo o d  s u g a r  o f b ro o k  

t r o u t  h a s  b e e n  f o u n d  b y  N o b le  a n d  o n e  o f u s  t o  b e  m u c h  h ig h e r  t h a n  in  th e
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s c u lp in  (0 -1 0 0  m g . p e r  c e n t.) ,  th e s e  b e in g  m u c h  m o r e  a c t iv e  f ish  s in c e  th e y  

h a v e  t o  b e  c o n s ta n t ly  s w im m in g  a g a in s t  t h e  s t r e a m .

Effect on Blood Sugar of Fish of Various Conditions. 25

The Effect of Isletectomyon the Amounts of Glycogen and Fat the Liver.

F u r t h e r  e v id e n c e  t h a t  t h e  is le ts  e x e rc is e  a  p r o f o u n d  c o n t ro l  o v e r  t h e  m e ta b o li c  

p ro c e s se s  is  fu r n is h e d  b y  c o m p a r is o n  o f t h e  a m o u n ts  o f g ly c o g e n  a n d  f a t  i n  th e  

f iv e r . B o th  s u b s ta n c e s  w e re  d e te r m in e d  i n  a  c o n s id e ra b le  n u m b e r  o f c a s e s , 

a n d  fo r  t h i s  p u r p o s e  t h e  p ie c e s  o f f iv e r  a f t e r  r e m o v a l  f r o m  t h e  a lc o h o l w e re  

m o p p e d  w ith  f i l te r  p a p e r  a n d  d iv id e d  in t o  tw o  e q u a l  p o r t io n s — o n e  fo r  d e t e r 

m in a t io n  o f g ly c o g e n  a n d  t h e  o th e r  fo r  d e t e r m in a t io n  o f f a t .  F o r  th i s  p u r p o s e  

t h e  l a t t e r  p o r t io n  w a s  h e a t e d  o n  t h e  b o il in g  w a te r  b a t h ,  w i th  s a t u r a t e d  K O H  

s o lu tio n  a n d  o n e  h a l f  o f t h e  a lc o h o l  in  w h ic h  t h e  f iv e r  h a d  b e e n  p r e s e r v e d  

a d d e d ,  a f te r  t h e  f iv e r  h a d  b e c o m e  d is s o lv e d . I n  s o m e  c a s e s  t h e  m is t a k e  w a s  

m a d e  o f a d d in g  all o f t h e  p re s e r v in g  a lc o h o l,  b u t  t h e  e r r o r  t h u s  in c u r r e d  c a n n o t  

h a v e  b e e n  v e r y  g r e a t .  T h e  L e a th e s ’ m o d if ic a t io n  o f t h e  K u m a g a w a - S u to  

p ro c e s s  w a s  u s e d  fo r  d e te r m in in g  t h e  f a t .  T h e  fo llo w in g  r e s u l t s  f o r  f a t  a n d  

g ly c o g e n  f ro m  f is h  k e p t  fo r  a t  l e a s t  s e v e n  d a y s  a f t e r  i s le te c to m y  a r e  r e g r o u p e d  

( in  o r d e r  o f t h e  a m o u n t  o f f a t )  so  a s  t o  s h o w  t h e  in f lu e n c e  o f i s le te c to m y  :—

Isletectomy. Controls.

N o . F a t . G l y c o g e n . N o . F a t . G l y c o g e n .

2 5 9 1 9 - 4 * 0 - 5 4 1 6 6 5 - 7 3 - 3 0

1 9 8 2 1 - 8 0 - 3 0 1 6 8 1 2 - 8 * 0 - 1 0

1 6 5 2 9 - 4 * 0 - 1 4 2 8 7 1 4 - 3 t r a c e

1 4 6 3 5 - 3 0 - 3 0 1 3 0 1 5 - 2 0 - 1 9

1 5 7 3 7 - 4 1 - 3 4 1 3 6 2 6 - 8 6 - 3 6

1 1 7 4 2 - 0 t r a c e 1 4 2 2 7 - 6 0 - 0 5

1 5 1 4 3  0 * 0 - 2 0 1 7 6 3 2 - 7 * 0 - 2 4

1 4 0 5 4 - 0 * 0 - 5 6

A v . 3 5 - 3 0 - 4 2 — 1 8 - 6 1 - 4 6

* A l l  o f  p r e s e r v in g  a lc o h o l  a d d e d  d u r in g  s a p o n i f ic a t i o n .

T h e r e  is d e c id e d ly  m o r e  f a t  a n d  s o m e w h a t le ss  g ly c o g e n  in  t h e  d ia b e t ic  

a s  c o m p a r e d  w i th  t h e  n o r m a l f iv e r . S in c e  i t  m a y  b e  o b je c te d  t h a t  t h e  d a t a  

a r e  n o t  s u f f ic ie n tly  n u m e ro u s  t o  ju s t i f y  th i s  c o n c lu s io n , w e  a d d  f o r  c o m p a r is o n  

w ith  th o s e  o f t h e  d ia b e tic  fish , r e s u l t s  o b ta in e d  o n  f is h  w h ic h  w e re  u s e d  in  

v a r io u s  o f t h e  e x p e r im e n ts  o n  a s p h y x ia ,  e tc .,  a n d  w h ic h  h a v e  b e e n  re c o rd e d  in  

th e  f i r s t  p o r t io n  o f th i s  p a p e r .  T h e s e  a r e  a r r a n g e d  in  t h e  o rd e r  o f t h e  a m o u n ts  

o f f a t  f o u n d  p re s e n t.
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2 6 N . A . M c C o rm ic k  a n d  J .  J .  R . M a c le o d .

D a t e . E a t* G ly c o g e n .
L i v e r - b o d y -  

w e i g h t  r a t io .

S e p t e m b e r  5 1 5 - 8 * 1 1 - 2 4 - 4

A u g u s t  2 6  ... . . . . . . . . . . . . . . . 1 7 - 4 * 5 * 6 2 - 9

S e p t e m b e r  1 0 1 8 - 0 * 1 2 0 3 - 8

A u g u s t  2 5 2 2 - 2 7 * 6 4 - 7

A u g u s t  2 9 2 2 - 6 * 3 - 8 2 - 4

S e p t e m b e r  1 0 2 4 - 4 4 - 7 4 - 3

A u g u s t  2 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 2 - 5 0 1 5 - 0

S e p t e m b e r  5 2 9 - 2 * 1 * 5 2 - 6

A u g u s t  2 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 9 - 7 * 5 - 0 3 - 3

A u g u s t  2 6 3 0 - 0 * 5 * 3 2 - 1

A u g u s t  2 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 - 7 2 - 8 4 - 3

S e p t e m b e r  1 4 3 6 - 5 * 1 - 3 4 - 0

A u g u s t  2 9 3 8 * 0 6 * 4 5 - 0

A v e r a g e  . . . . . . . . . . . . . . . 2 6 - 2 3 5 - 1 7

I t  w ill b e  s e e n  t h a t  f iv e  o u t  o f n in e  o f  t h e  f a t  v a lu e s  fo r  t h e  is le te c to m is e d  

f is h  e x c e e d  t h e  m a x im u m  fo r  t h e  c o n t ro l  f ish , a n d  s ix  o f  th e m  e x c e e d  th e  

a v e r a g e  fo r  th o s e  o f t h e  l a s t  ta b le .  W h e n  i t  is  r e m e m b e r e d  t h a t  t h e  is le te c 

to m is e d  f is h  w e re  w i th o u t  fo o d  fo r  a t  l e a s t  s ix  d a y s ,  t h e  c o n t r a s t  b ec o m e s  

v e r y  m a r k e d .  T h e  d if fe re n c e s  in  t h e  a m o u n ts  o f g ly c o g e n  in  t h e  tw o  ta b le s  

a r e  a ls o  m a rk e d ,  b u t  i n  th i s  c a s e  i t  is  d if f ic u lt  t o  s a y  t o  w h a t  e x t e n t  is le te c to m y  

is  r e a l ly  r e s p o n s ib le ,  s in c e  s e v e ra l  o f t h e  f ish  u s e d  a s  “ c o n t r o l s ”  g a v e  v e r y  low  

v a lu e s . I n c id e n ta l ly  i t  w ill b e  o b s e r v e d  in  t h e  r e s u l t s  f ro m  n o r m a l  f ish  t h a t  

t h e r e  is  n o  e v id e n t  r e la t io n s h ip  b e tw e e n  t h e  a m o u n ts  o f f a t  a n d  g ly c o g e n , o r  

b e tw e e n  th e s e  a n d  t h e  w e ig h t r a t io s .  I n  a  g e n e ra l  w a y , w h e n  e x ce ss  o f g ly co g e n  

is  p r e s e n t  t h e r e  is  m u c h  le ss  f a t  t h a n  u s u a l , b u t  h ig h  p e r c e n ta g e s  o f  b o th  m a y  

e x i s t  s id e  b y  s id e . W h e n  s u b n o r m a l a m o u n ts  o f b o th  a r e  p r e s e n t  f a s t in g  is  

t h e  p r o b a b le  c au se .

T h e s e  r e s u l t s  a f fo rd  f u r th e r  e v id e n c e  t h a t  t h e  s o u r c e  o f in s u l in  in  t h e  a n im a l  

b o d y  is  t h e  is le t  t i s s u e . W h e n  th i s  n e w  e v id e n c e  is  c o n s id e re d  a lo n g  w ith  

t h a t  fu r n is h e d  b y  t h e  f a c t  t h a t  e x t r a c t s  o f t h e  p r in c ip a l  is le ts  c o n ta in  in s u lin  

i n  q u a n t i t i e s  f a r  i n  e x c e ss  o f th o s e  e x t r a c ta b le  f ro m  o th e r  t is s u e s , in c lu d in g  

t h e  p r a c t ic a l ly  is le t- f r e e  p a n c r e a s  o f T e le o s te i  (Myoxocephalus, th e

e v id e n c e  fo r  t h e  h y p o th e s i s  t h a t  t h e  is le ts  a r e  t h e  s o u rc e  o f in s u lin  in  th e  

a n im a l  b o d y  w o u ld  s e e m  t o  b e  c o m p le te . T h a t  i t  s h o u ld  b e  p o s s ib le  t o  p re p a re  

f ro m  o r g a n s  a n d  t is s u e s , o th e r  t h a n  t h e  p a n c re a s  a n d  t h e  p r in c ip a l is le ts , e x t r a c ts  

h a v in g  in s u lin - l ik e  e f fec ts  o n  n o r m a l r a b b i t s  is  p r o b a b ly  to  b e  in t e r p r e te d  a s  

in d ic a t in g  t h e  s to r a g e  in  th e m  o f in s u lin  t r a n s p o r t e d  b y  th e  b lo o d . I n  a n y  

c a s e , e x t r a - p a n c r e a t ic  in s u lin  c a n n o t  b e  o f s ig n ific a n c e  in  t h e  r e g u la tio n  o f t h e  

m e ta b o li s m  o f t h e  c a r b o h y d r a te s ,  s in c e  th i s  c o m p le te ly  b re a k s  d o w n  w h e n  th e
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Effect on Blood Sugar o f Fish of Various Conditions

p a n c re a s  is  re m o v e d  in  m a m m a ls ,  b u t  n o t  w h e n  a n y  o th e r  o r g a n  o r  t i s s u e  is  

re m o v e d . I f  i t  b e  t h e  c a s e  t h a t  a d m in i s t r a t io n  o f in s u l in  f ro m  o th e r  s o u rc e s  

t h a n  t h e  p a n c r e a s  o r  p r in c ip a l  is le ts  c a n  r e m o v e  t h e  d ia b e t ic  s y m p to m s ,  w e  

m u s t  c o n c lu d e  t h a t  t h e  t r a c e s  o f in s u l in  s a id  t o  b e  p r e s e n t  in  t h e  t i s s u e s  o f t h e  

d e p a n c r e a ti s e d  a n im a l  a r e  n o t  a v a i la b le  i n  i t s  m e ta b o li s m , p o s s ib ly  b e c a u s e  

th e y  a r e  c o m b in e d  w i th  s o m e  s u b s ta n c e  so  a s  t o  p r o d u c e  a n  i n e r t  c o m p o u n d ,  

s u c h  a s  h a s  b e e n  d e m o n s t r a t e d  b y  E p s t e i n  a n d  R o s e n th a l  (14 ) t o  b e  f o r m e d  

b e tw e e n  in s u l in  a n d  t r y p s i n  o r  p e p s in  (1 5 ). I t  w a s  n o t  p o s s ib le  i n  t h e  t im e  

a v a i la b le  to  d e te r m in e  w h e th e r  in j e c t io n  o f  in s u l in  in to  i s le te c to m is e d  f is h  

w o u ld  r e s to r e  t h e  b lo o d  s u g a r  t o  t h e  n o r m a l  le v e l, b u t  s in c e  i t  c a n  d im in is h  

a s p h y x ia !  h y p e r g ly c s e m ia  i t  w ill p r o b a b ly  b e  f o u n d  t o  h a v e  th i s  e f fe c t .

Summary and Conclusions.

1. T h e  s u g a r  i n  t h e  b lo o d  o f  s a l t - w a te r  f is h e s  im m e d ia te ly  a f t e r  c a tc h in g  

v a r ie s  c o n s id e ra b ly ,  b o th -  a m o n g  in d iv id u a ls  o f t h e  s a m e  s p e c ie s  a n d  a m o n g  

th o s e  o f d i f f e r e n t sp e c ie s . T h u s  i n  Myoxocephalus ( s c u lp in )  i t  m a y  v a r y  f ro m  

a  t r a c e  t o  35  m g . p e r  c e n t .

2 . T h e  e x p o s u re  o f t h e  f is h  t o  a i r ,  a s  in  c a tc h in g ,  c a u s e s  m a r k e d  h y p e r g ly -  

caem ia , w h ic h  s e ts  in  i n  a b o u t  30  t o  45  m in u te s  a n d  m a y  c a u s e  t h e  b lo o d  s u g a r  

t o  r is e  to  160  m g . p e r  c e n t ,  w i th in  o n e  h o u r .

3 . T h is  h y p e rg ly c s e m ia  c a n  r e a d i ly  b e  in d u c e d  b y  p la c in g  t h e  f is h  in  a  

l im ite d  v o lu m e  o f s t a g n a n t  w a te r ,  a n d  in  th i s  i t s  r a t e  o f  d e v e lo p m e n t  is  

a c c e le r a te d  b y  r a is in g  t h e  t e m p e r a t u r e .

4 . I n  tw o  o r  t h r e e  h o u r s ,  u n d e r  o r d in a r y  c o n d i tio n s  o f t e m p e r a t u r e ,  t h e  s u g a r  

m a y  r is e  t o  a b o u t  2 0 0  m g . p e r  c e n t .,  b u t  t h e  e x t e n t  t o  w h ic h  i t  d o e s  so  v a r ie s  

c o n s id e r a b ly  in  d i f f e r e n t in d iv id u a ls .

5 . R e p la c e m e n t  o f t h e  f is h  in  f r e q u e n t ly  c h a n g in g  w a te r ,  e i th e r  in  t h e  s e a  

o r  in  a  p ro p e r ly  c o n s t r u c te d  a q u a r iu m ,  is  n o t  fo llo w e d  b y  r e t u r n  o f t h e  b lo o d  

s u g a r  t o  t h e  n o r m a l le v e l  u n t i l  a f t e r  tw o  to  f o u r  d a y s ,  o r  o c c a s io n a l ly  lo n g e r .

6. T h e  a m o u n t  o f g ly c o g e n  in  t h e  l iv e r  a lso  v a r ie s  v e r y  g r e a t ly  in  d if f e r e n t 

in d iv id u a l s ,  b u t  i t  is  n o t  p o s s ib le , i n  m o s t  c a s es , t o  c o r r e la te  th i s  w i th  t h e  n o r m a l  

b lo o d  s u g a r  o r  w ith  t h e  d e g re e  o f t h e  h y p e rg ly c s e m ia  c a u s e d  b y  a s p h y x ia .

7- B y  h y d ro ly s is  o f f r e s h  b lo o d  w i th  0  • 1 E  a c id  a  m a r k e d  in c re a s e  in  re d u c in g  

p o w e r  o cc u rs , a n d  a  s m a l le r  in c re a s e  m a y  b e  d e te c te d  w h e n  t h e  p ro te in - f r e e  

f i l t r a te  is  s im i la r ly  h y d ro ly s e d . I t  is  c o n s id e re d  p o s s ib le  t h a t  a  p a r t  o f t h e  

a s p h y x ia l  r is e  in  b lo o d  s u g a r  m a y  d e p e n d  o n  h y d ro ly s is  o f n o n - re d u c in g  (m a s k e d )  

c a r b o h y d r a te s  in  t h e  b lo o d .

8. T h e  a v e ra g e  a m o u n t  o f f a t  in  t h e  l iv e r  o f Myoxocephalus is  26  p e r  c e n t .,
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2 8  Effect on Blood Sugar o f Fish Various Conditions.

a n d  i t  v a r ie s  m u c h  le ss  t h a n  t h a t  o f g ly c o g e n . T h e r e  is  n o t  u s u a lly  a  re c ip ro c a l 

r e la t io n s h ip  b e tw e e n  f a t  a n d  g ly c o g e n , so  t h a t  t h e  r a t io  o f l iv e r -w e ig h t to  b o d y -  

w e ig h t is  n o  in d ic a to r  o f  t h e  a m o u n t  o f e i th e r ,  o r  b o th ,  o f th e s e  re s e rv e  fo o d 

s tu f f s  in  t h e  l iv e r .

9. G ly c o ly s is  d o e s  n o t  o c c u r  w i th in  10 h o u r s  in  t h e  o x a la te d  b lo o d  of 

cephalus, k e p t  a t  r o o m  te m p e r a tu r e ,  a n d  ta k e n  f ro m  e i th e r  n o rm a l o r  

a s p h y x ia t e d  fish .

10. I n t r a m u s c u la r  in je c t io n  o f e p in e p h r in  ( a d re n a l in )  c a u s e s  m a r k e d  h y p e r -  

g ly c sem ia , r e a c h in g  i t s  m a x im u m  in  a b o u t  tw o  h o u r s .

11. I n t r a m u s c u la r  in je c t io n  o f in s u lin  h a s  o n ly  a  s l ig h t e f fe c t  o n  t h e  b lo o d  

s u g a r . T h is  c a n n o t  b e  d e m o n s t r a te d  o n  n o r m a l  f is h  b e c a u s e  th e  b lo o d  s u g a r  

is  a l r e a d y  a t  a  low  le v e l a n d  is  o f te n  n e a r ly  a b s e n t .  I t  c a n , h o w e v e r ,  b e  d e te c te d  

b y  s u b je c t in g  fish  p r e v io u s ly  in je c te d  w i th  in s u l in  to  a s p h y x ia ,  w h e n  th e  b lo o d  

s u g a r  r is e s  le ss  t h a n  w o u ld  b e  e x p e c te d  w i th o u t  in s u lin .  T h e s e  e ffec ts  o f 

in s u l in  h a v e  b e e n  o b ta in e d  b o t h  a f te r  in j e c t in g  t h e  in s u lin  j u s t  p r io r  t o  in d u c in g  

a s p h y x ia  a n d  a f t e r  in je c t in g  i t  d a i ly  fo r  s e v e ra l  d a y s  p re c e d in g  th e  a s p h y x ia .

12. R e m o v a l o f t h e  p r in c ip a l is le ts  in  MyoxocepJialus is  fo llo w e d  b y  m a rk e d  

h y p e rg ly c s e m ia . I n  is le te c to m is e d  f is h  e x a m in e d  u p  to  th e  f if th  d a y  a f t e r  

t h e  o p e r a t io n ,  t h e  b lo o d  s u g a r  w a s  fo u n d  to  b e  c o n s id e r a b ly  a b o v e  t h a t  o f 

c o n tr o l  f ish  t h a t  h a d  b e e n  e x p o s e d  t o  a i r  fo r  a  p e r io d  o f t im e  c o r re s p o n d in g  

to  t h a t  o f t h e  o p e r a t io n ,  o r  h a d  b e e n  o p e r a t e d  u p o n  w i th o u t  a c tu a l ly  re m o v in g  

t h e  is le ts .  A f te r  t h e  f if th  d a y  t h e  d if fe re n c e s  b e tw e e n  t h e  tw o  g ro u p s  o f fish  

w as  m u c h  m o re  s t r ik in g ,  t h e  c o n t ro ls  u s u a lly  show dng  b lo o d  s u g a r s  w ith in  th e  

n o r m a l r a n g e ,  w h e re a s  in  t h e  is le te c to m is e d  fish t h e y  w e re  in c re a s e d  f ro m  th r e e  

to  t/w elve  t im e s  t h e  n o rm a l .

13. F r o m  t h e  f if th  t o  t h e  e le v e n th  d a y s  fo llo w in g  is le te c to m y  th e  h y p e r 

g ly c sem ia  b e c a m e  s te a d i ly  le ss  m a rk e d ,  b u t  i t  w a s  n o t  p o s s ib le  t o  c o r r e la te  th i s  

w i th  t h e  a m o u n t  o f g ly c o g e n  in  t h e  l iv e r .

14. T h e r e  w a s  m o re  f a t  a n d  le ss  g ly c o g e n  in  t h e  l iv e rs  o f is le te c to m is e d , a s  

c o m p a r e d  w i th  n o r m a l  fish .

W e  a r e  in d e b te d  t o  M iss M a r io n  A rm o u r  a n d  M iss N . R . H e a r n  fo r  m a k in g  

m o s t  o f t h e  a n a ly s e s  fo r  g ly c o g e n  a n d  a ll  o f th o s e  fo r  f a t ,  a n d  t o  th e  B io lo g ic a l 

B o a r d  o f C a n a d a  a n d  i t s  d i r e c to r  (D r . A . G . H u n ts m a n )  fo r  p la c in g  th e  e x c e lle n t 

fa c il i t ie s  o f th e i r  A t la n t ic  S ta t io n  a t  o u r  d is p o s a l. T h e  e x p e n s e s  o f t h e  in v e s t ig a 

t io n s  h a v e  b e e n  p a r t l y  d e f r a y e d  b y  g r a n ts  f ro m  t h e  C a rn e g ie  C o rp o ra tio n .
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(C o m m u n ica ted  b y  P ro f. J .  B . F a rm e r ,  F .R .S .— R ece iv ed  J u n e  19, 1924.)

[Pl a t e s  1 - 9 . ]

W h ile  i t  w ill b e  n e c e s s a r y  to  d e a l in  g r e a t e r  d e t a i l  a t  a  l a t e r  s ta g e  w i th  s o m e  

o f t h e  p h e n o m e n a  h e re in  d e s c r ib e d , a n d  w i th  th e i r  b e a r in g  u p o n  t h e  w o rk  o f  

o th e rs , I  s h a ll  b e g in  w ith  a  g e n e ra l  d e s c r ip t io n  o f m y  o b s e r v a tio n s .  I  p ro p o s e  

t o  a d o p t  s o m e  o f t h e  te r m s  u s e d  b y  M iss D ig b y  in  h e r  p a p e r  o n  t h e  “  M e io tic  

M ito se s  in  O s m u n d a ,”  in  o rd e r  to  a v o id  c o n f u s io n , a n d  a ls o  b e c a u s e  th e s e  

o b s e rv a tio n s  o n  t h e  M e io tic  p h a s e  in  T r i to n  a g re e ,  a t  a n y  r a t e  a s  to  s o m e  o f  th e  

m o s t im p o r t a n t  p o in ts ,  w i th  h e r s  o n  O s m u n d a .

“  T h e  te r m  thread w ill b e  u s e d  to  s p e c ify  t h e  lo n g i tu d in a l  o f  a n  e n t i r e  

u n iv a le n t  s p ir e m e  o r  c h ro m o s o m e .”

“  T h e  t e r m  filament w ill b e  u s e d  t o  s p e c ify  th e  entire u n iv a le n t  s p ire m e , t h e

p r o d u c t  o f th e  c lo se  l a te r a l  a s s o c ia t io n  o f tw o  th r e a d s  (i.e., o f  tw o  lo n g i tu d in a l 

h a lv e s  o f u n iv a le n t  s p ir e m e .”  I  w o u ld  a d d ,  o r  c h ro m o s o m e .
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