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INTRODUCTION

V i t a m i n  E i s  a  d i e t a r y  f a c t o r  n e c e s s a r y  t o  p r e v e n t  t h e  

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

r a t ,  m o u s e ,  g u i n e a  p i g ,  r a b b i t ,  h a m s t e r ,  s h e e p ,  g o a t ,  k a n g a ­

r o o ,  dog ,  d u c k l i n g ,  t u r k e y ,  c h i c k  a n d  guppy  f i s h  (Mason 1 9 4 4 ) .

I n  s p i t e  o f  t h e  s t r i k i n g  s i m i l a r i t y  b e t w e e n  t h e  p a t h o l o ­

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

r a b b i t s ,  g u i n e a  p i g s  a nd  r a t s  by v i t a m i n  E d e f i c i e n c y ,  a n d  t h e  

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

a n d  o t h e r  m u s c u l a r  d i s o r d e r s  o f  human b e i n g s ,  i t  h a s  b e e n  im­

p o s s i b l e  t o  d e m o n s t r a t e  w i t h  c e r t a i n t y  v i t a m i n  E d e f i c i e n c y  i n  

man ( P a p p e n h e i m e r  1 9 4 8 ) .

I n  s h e e p ,  v i t a m i n  E d e f i c i e n c y  h a s  n o t  b e e n  d i r e c t l y  

d e m o n s t r a t e d ,  e v e n  t h o u g h  a l p h a  t o c o p h e r o l  was f o u n d  t o  p r e v e n t  

an d  c u r e  " s t i f f - l a m b "  d i s e a s e .  T h i s  m a l a d y  i s  a  s p e c t a c u l a r  

n u t r i t i o n a l  d i s o r d e r  p r o d u c i n g  p a r a l y s i s  and  d e g e n e r a t i o n  o f  

t h e  s k e l e t a l  m u s c l e s ,  a n d  e v e n t u a l l y  t h e  d e a t h  o f  l a m b s .  

S o m e t i m e s  i t  c a u s e s  30% m o r t a l i t y  i n  c r o p s  o f  y o u n g  l a m b s .

The i n v e s t i g a t i o n  a b o u t  t h i s  d i s e a s e  ha d  b e e n  c a r r i e d  o u t  

on i a m b s  f e d  n a t u r a l  r a t i o n s  a n d ,  t h e r e f o r e ,  i t  was q u e s t i o n ­

a b l e  w h e t h e r  t h e  d e f i c i e n c y  o f  t o c o p h e r o l  was t h e  u n i q u e  a g e n t  

c a p a b l e  o f  c a u s i n g  t h e  " s t i f f - l a m b "  d i s e a s e .

The a n s w e r  t o  t h i s  q u e s t i o n  ha d  b e e n  p o s s i b l e  s i n c e  

p u r i f i e d  d i e t s  were  f o r m u l a t e d  f o r  e x p e r i m e n t a t i o n  w i t h  yo u n g
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l a m b s  ( L ue c k e  _et al^. 1 95 0 ) #  And s o ,  t h e  p r e s e n t  work  was 

i n i t i a t e d  t o  s t u d y  t h e  e f f e c t  o f  v i t a m i n  E d e f i c i e n c y  on 

t h e  l a m b .

The r e s u l t s  o f  t h e  f i r s t  e x p e r i m e n t  ( t r i a l  I )  p r o v e d  t h e  

i d e n t i t y  o f  " s t i f f - l a m b ” d i s e a s e  and  v i t a m i n  E d e f i c i e n c y .

I n  s e v e r a l  r e s p e c t s ,  t h e s e  f i n d i n g s  were  e x t r e m e l y  i n t e r e s t i n g #  

F i r s t ,  b e c a u s e  t h e y  showed t h a t  v i t a m i n  E h a s  a  s p e c i a l  s i g ­

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

when t h e y  a r e  f e d  n a t u r a l  r a t i o n s .  T h e r e f o r e ,  t h e  l amb s h o u l d  

be  an  i d e a l  a n i m a l  f o r  t h e  s t u d y  o f  v i t a m i n  E .  And s e c o n d ,  

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

d y s t r o p h y ,  i n  l a m b s  f e d  a  v i t a m i n  E - d e f i c i e n t  d i e t .

S i n c e  t h e r e  i s  a n  u r g e n t  n e e d  f o r  b e t t e r  kn o w l e d g e  o f  t h e  

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

h u m a n s ,  t h e  e x p e r i m e n t a l  r e s u l t s  o f  t h e  f i r s t  t r i a l  s u g g e s t e d  

t h e  c o n t i n u a t i o n  o f  f u r t h e r  r e s e a r c h  on t h e  v i t a m i n  E d e f i ­

c i e n c y  i n  l a m b s#

Thus  two more  e x p e r i m e n t s  ( t r i a l s  I I  an d  I I I )  were  c a r r i e d  

o u t  i n  a n  a t t e m p t  t o  e l u c i d a t e  t h e  p o s s i b l e  m ec h an i s m s  o f  

a c t i o n  o f  v i t a m i n  E .
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R a t s :

The e x i s t e n c e  o f  a  v i t a m i n  n e c e s s a r y  f o r  r e p r o d u c t i o n  h a d  

b e e n  s u s p e c t e d  i n  1920  by M a t i l l  and  C o n k l i n  a nd  c o n f i r m e d  i n  

1922  by  M a t i l l  a nd  i n  1923  by S u r e  ( B i c k n e l l  1 9 4 8 ) .

H o w e v e r ,  i t  was Ev an s  and  c o - w o r k e r s  who,  i n  1 9 2 3 ,  w o r k i n g  

w i t h  r a t s ,  p r o v e d  t h a t  c e r t a i n  d i e t s  l a c k e d  a  n u t r i t i o n a l  f a c t o r  

n e c e s s a r y  t o  p r e v e n t  t h e  d e a t h  a n d  r e s o r p t i o n  o f  embry os  and  

t e s t i c u l a r  d e g e n e r a t i o n .  The newly  d i s c o v e r e d  n u t r i e n t  was 

c a l l e d  v i t a m i n  E and  was named s p e c i f i c a l l y  a s  t h e  " a n t i - s t e r i ­

l i t y  v i t a m i n " ,  o r  " f e r t i l i t y  f a c t o r " .

Soon  a f t e r ,  t h e  same w o r k e r s  f o u n d  t h a t  v i t a m i n  E n o t  o n l y  

p o s s e s s e d  a n  " a n t i - s t e r i l i t y "  a c t i o n ,  b u t  was a b l e  t o  c u r e  

p a r e t i c  symptoms  o f  y o u n g  s u c k l i n g  r a t s  whose  m o t h e r s  h a d  b e e n  

m a i n t a i n e d ,  b e f o r e  a n d  a f t e r  l a c t a t i o n ,  on  a  v i t a m i n  E d e f i c i e n t  

r e g i m e n  ( P a p p e n h e i m e r  1943  a n d  1 9 4 8 ) .

Slow p r o g r e s s i n g  m u s c u l a r  d y s t r o p h y  was r e p o r t e d  by  P a p p e n ­

h e i m e r  ( 1 9 4 2 )  t o  be a n o t h e r  symptom o f  v i t a m i n  E d e f i c i e n c y  i n  

t h e  a d u l t  w h i t e  r a t .

R a b b i t s  a n d  G u i n e a  p i g s :

M u s c u l a r  d y s t r o p h y  i s  t h e  m a i n  m a n i f e s t a t i o n  o f  v i t a m i n  E 

d e f i c i e n c y  i n  r a b b i t s  and  g u i n e a  p i g s .  I t  was f i r s t  r e p o r t e d
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by  G - o e t t s c h  a n d  P a p p e n h e i m e r  ( 1 9 3 1 ) ,  who named t h e  d i s e a s e  

" n u t r i t i o n a l  m u s c u l a r  d y s t r o p h y " .  U n d e r  c e r t a i n  e x p e r i m e n t a l  

c o n d i t i o n s  P a p p e n h e i m e r  e t  a l . ( 1 9 4 8 )  showed t h a t  i n  g u i n e a  

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

r e s u l t e d  i n  t e s t i c u l a r  d e g e n e r a t i o n .  F e t a l  d e a t h  was a l s o  

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

r a b b i t s ,  t h e  same w o r k e r s  f o u n d  t h a t  t h e  r o u n g  may be b o r n  

d e a d  o r  s u r v i v e  b u t  a  f ew d a y s .

D o g s :

A n d e r s o n  et_ a l . ( 19 4 0 )  p r o d u c e d  v i t a m i n  E d e f i c i e n c y  i n  

p u p s  by  f e e d i n g  t h e  m o t h e r  a  m i n e r a l i z e d  m i l k  d i e t .  P u p s  d e v e ­

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

c u t a n e o u s  t i s s u e s .  When t h e  same m i n e r a l i z e d  m i l k  was g i v e n  

t o  t h e  p u p s ,  n u t r i t i o n a l  m u s c u l a r  d y s t r o p h y  d e v e l o p e d .  E l v e h -  

jem et^ al^. ( 1 94 4 )  f o u n d  l a t e r  t h a t  y o u n g  pups  whose  m o t h e r s  

ha d  b e e n  f e d  a  m i n e r a l i z e d  m i l k  we re  u n a b l e  t o  r e p r o d u c e .

V i t a m i n  E d e f i c i e n c y  i n  t h e  a d u l t  dog  i s  m a n i f e s t e d  by  

m u s c u l a r  an d  t e s t i c u l a r  d e g e n e r a t i o n  a c c o r d i n g  t o  B r i n k h o u s  

a n d  W arn e r  ( 1 9 4 1 ) .  They  were  a b l e  t o  p r o d u c e  t h e  d e f i c i e n c y  

by means  o f  a  c h r o n i c  b i l i a r y  f i s t u l a ,  w h i c h  r e d u c e d  t h e  a b ­

s o r p t i o n  o f  v i t a m i n  E due  t o  t h e  l a c k  o f  b i l e  i n  t h e  i n t e s t i n a l  

t r a c t .
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M o n k e y s :

The monkey (m acaca  r h e s u s )  h a s  a l s o  b e e n  f o u n d  t o  d e v e l o p  

m u s c u l a r  d y s t r o p h y  due  t o  l a c k  o f  v i t a m i n  E (Mason 1 9 4 7 ) .  A 

more  c o m p r e h e n s i v e  s t u d y  o f  t h e  macaca  r h e s u s  d u r i n g  t h e  d e v e l ­

op m en t  o f  c h r o n i c  v i t a m i n  E d e f i c i e n c y  showed t h a t  t h e  o n l y  

m a n i f e s t a t i o n s  w e r e  a l t e r a t i o n  i n  t h e  e l e c t r o c a r d i o g r a m  and 

p n e u m o c a r d i o g r a m  ( F i l e r  e t  a l . 1 9 4 9 ) .

B i r d s :

V i t a m i n  E i s  n e c e s s a r y  d u r i n g  a l l  p e r i o d s  o f  t h e  c h i c k e n ' s  

l i f e .  E m b r y o s ,  p u l l e t s ,  an d  a d u l t s  a r e  s u s c e p t i b l e  t o  t h e  

d e f i  c i e n c y .

Hens  f e d  a v i t a m i n  E f r e e  d i e t  l a i d  e ggs  whose  e m b r y o s  

d i e d  a t  t h e  f o u r t h  day  o f  i n c u b a t i o n .  The c a u s e  o f  d e a t h  was 

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

d e r m ,  w h i c h  was a p p a r e n t  by  t h e  f o r m a t i o n  o f  a t y p i c a l  d e n s e  

r i d g e - l i k e  l e t h a l  r i n g  (Adams tone  1 9 3 1 ) .

I n  p u l l e t s ,  v i t a m i n  E d e f i c i e n c y  i s  m a n i f e s t e d  i n  t h r e e  

d i f f e r e n t  w a y s :  e x u d a t i v e  d i a t h e s i s ,  g e n e r a l i z e d  edema and

n u t r i t i o n a l  e n c e p h a l o m a l a c i a  (Mason 1 9 4 4 ) .  B i r d  an d  C u l t o n  

( 19 4 0 )  d e s c r i b e d  t h e  e x u d a t i v e  d i a t h e s i s ,  w h i c h  was c h a r a c t e r i z e d  

by t h e  a c c u m u l a t i o n  o f  p l a s m a - l i k e  f l u i d  i n  l o c a l i z e d  a r e a s  

o f  t h e  s u b c u t a n e o u s  t i s s u e s ,  m u s c l e s ,  a d i p o s e  t i s s u e s  and  

g e n e r a l l y  t h r o u g h o u t  t h e  c o n n e c t i v e  t i s s u e s .

C r a z y  c h i c k  d i s e a s e ,  o b s e r v e d  f o r  t h e  f i r s t  t i m e  i n  1 9 2 8 ,  

w&s. r e c o g n i z e d  by  P a p p e n h e i m e r  a n d  G - o e t t s c h  (1 931 )  a s  one o f
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n u t r i t i o n a l  o r i g i n  an d  a c c o r d i n g l y  named i t  n u t r i t i o n a l  e n c e -  

p h a l o m a l c i a .  The symptoms  we re  m u s c u l a r  i n c o o r d i n a t i o n ,  r e s t i n g  

o f  t h e  c h i c k s  on  t h e  p e l v i c  b o n e ,  r e t r a c t i o n  o f  t h e  h e a d ,  s o m e r ­

s a u l t s  o r  r o t a t i o n  i n  a  l a t e r a l l y  p r o n e  p o s i t i o n .

I n  t h e  a d u l t  c h i c k e n ,  symptoms o f  v i t a m i n  E d e f i c i e n c y  a r e  

s l i g h t  m u s c u l a r  d y s t r o p h y  an d  t e s t i c u l a r  d e g e n e r a t i o n  (Mason 

1 9 4 4 ) -

P a p p e n h e i m e r  ( 19 3 9 )  r e p o r t e d  t h a t  t h e  d e f i c i e n c y  o f  v i t a ­

m in  E i n  d u c k s  was  m a n i f e s t e d  by d y s t r o p h y  o f  s k e l e t a l  m u s c l e s .  

I n  t u r k e y  p o u l t s ,  h o w e v e r ,  he d i d  n o t  f i n d  a n y  s p e c i f i c  o u t w a r d  

s i g n  o f  t h e  v i t a m i n  E d e f i c i e n c y *

S h e e p :

V i t a m i n  E d e f i c i e n c y  h a s  b e e n  p o s t u l a t e d  a s  t h e  c a u s e  o f  

t h e  c o n d i t i o n  known a s  " s t i f f - l a m b "  d i s e a s e ,  " l am b  r h e u m a t i s m " ,  

" l a m b  p a r a l y s i s " ,  " s t i f f - n e c k "  (Wi l l r nan  e t  a l . 1934  a n d  1 9 4 5 )  

a n d  " w h i t e  m u s c l e  d i s e a s e "  (Cheng  1 9 4 5 ) .  The d i s e a s e  i s  known 

t o  o c c u r  i n  d i f f e r e n t  s e c t i o n s  o f  t h i s  c o u n t r y  ( M e t z g e r  and 

Hagan  1 9 2 7 ;  Lee  1 9 3 5 ;  S h o l l  1 9 3 9 ;  T h o r p  19 4 2 )  a n d  i n  E u r o p e  

( S l a g s v o l d  an d  L u n d - L a r s e n  1 9 3 4 ) ,  I t  i s  a  common d i s e a s e  among 

l a m b s ,  t h e  l o s s e s  b e i n g  s o m e t i m e s  a s  h i g h  a s  10-15% ( M e t z g e r  

a n d  Hagan  1 9 2 7 )  o r  e v e n  30% ( S h o l l  1 9 3 9 ) .  A d u l t  s h e e p  h a v e  

n e v e r  b e e n  r e p o r t e d  a f f e c t e d  by t h i s  d i s e a s e .

Symptoms o f  t h e  s t i f f n e s s  a p p e a r  t h e  day  a f t e r  t h e  l a m b s  

a r e  t u r n e d  o u t  on  p a s t u r e  i n  t h e  s p r i n g .  The l a m b s  show a
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d i s t u r b a n c e  i n  t h e  l o c o m o t i o n ,  s t i f f n e s s  o f  t h e  h i n d  a n d  f o r e  

l e g s , p a r a l y s i s  a n d  d e a t h  ( M e t z g e r  and  Hagan 1 9 2 7 ) .  The c o ­

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

l o n g  w i n t e r s ,  t h e  t i m e  o f  w e a n i n g ,  a nd  t h e  t r a n s l o c a t i o n  o f  

l a m b s  f ro m p e n s  t o  r a n g e  h av e  b e e n  s p e c u l a t e d  u p o n  by many 

w o r k e r s .

S h o l l  ( 1 9 3 9 )  n o t e d  t h a t  t h e  d i s e a s e  d i d  n o t  a p p e a r  e v e r y  

y e a r  w i t h  t h e  same i n t e n s i t y .  Whenever  t h e  s p r i n g s  w e r e  c o l d  

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

o f  t h e  " s t i f f - l a m b "  d i s e a s e  was h i g h e s t .

The e x e r c i s e  f a c t o r  was s u g g e s t e d  a s  t h e  c a u s e  o f  t h e  

d i s e a s e  by  We l ch  e_t al_. ( 1 9 2 9 ) ;  l a t e r  W i l l m a n  e t  a l .  ( 19 34 )  

d i s c a r d e d  t h i s  p o s s i b i l i t y  a n d  i n s t e a d  p r o v e d  t h a t  t h e  " s t i f f -  

l a m b "  d i s e a s e  was c o n s i s t e n t l y  p r o d u c e d  i n  a n i m a l s  f e d  c e r t a i n  

r a t i o n s .  T h i s  work  m arks  t h e  t u r n i n g  p o i n t  o f  t h e  s t u d y  o f  

t h e  " s t i f f - l a m b "  d i s e a s e ,  s i n c e  e a r l y  s u g g e s t i o n s  on  t h e  

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

c o c c i d i o s i s  ( J u n g h e r r  and  We lch  1 9 2 7 ) ,  u m b i l i c a l  i n f e c t i o n  

(Ma r sh  1 93 2 )  a n d  t h e  a c t i o n  o f  c e r t a i n  b a c t e r i a  (Lee  1 9 3 5 )  

we re  s h e l v e d  a n d  t h e  d i s e a s e  a c c e p t e d  a s  one o f  n u t r i t i o n a l  

d i s t u r b a n c e .

Lambs r e a r e d  on ope n  r a n g e s  o r  u n d e r  s e m i - r a n g e  c o n d i t i o n s  

h a v e  n e v e r  b e e n  o b s e r v e d  t o  d e v e l o p  t h e  " s t i f f - l a m b "  d i s e a s e .  

V a w t e r  ( 1 93 9 )  t h o u g h t  t h a t  s u c h  c o n d i t i o n s  p r o b a b l y  a f f o r d  a
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b e t t e r  o p p o r t u n i t y  f o r  t h e  ewes  t o  b a l a n c e  t h e i r  d i e t  t h a n  w o u l d  

b e  t h e  c a s e  u n d e r  r e s t r i c t e d  d i e t s .

The o c c u r r e n c e  o f  Ms t i f f - l a m b "  d i s e a s e  i s  v e r y  f r e q u e n t  i n  

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

a l f a l f a ,  f o u r  p a r t s  o f  c u l l  b e a n s ,  t h r e e  p a r t s  o f  b a r l e y  an d  

t h r e e  p a r t s  o f  o a t s  ( W i l lm a n  e t  . a l ,  1 9 3 6 ) .  They  c a l l e d  t h i s  

r a t i o n  t h e  " s t i f f - l a m b  r a t i o n "  and  i t  h a s  p r o v e d  t o  be  v e r y  

u s e f u l  i n  t h e  s t u d y  o f  t h e  d i s e a s e  ( W i l lm a n  et_ al_. 1 9 3 9 ) .

The  s t u d y  o f  S h o l l  ( 19 39 )  i n  t h e  S t a t e  o f  M i c h i g a n  p o i n t e d  

a l s o  t o  a  c o r r e l a t i o n  b e t w e e n  t h e  d i s e a s e  a n d  t h e  n u t r i t i o n  o f  

t h e  ewe .  S t i f f  l a m b s  we re  o b s e r v e d  on f l o c k s  f e d  t h e  f o l l o w i n g  

r a t i o n s :  f i r s t  c u t t i n g  a l f a l f a ,  e a r  c o r n ,  a nd  o a t s ;  c l o v e r ,

a l f a l f a ,  c o r n  a n d  o a t s ;  a l f a l f a ,  m ix e d  h a y ,  b u n d l e  c o r n ,  b r a n ,  

o a t s ,  a n d  s o y b e a n  m e a l ;  ha y  a l o n e  a n d  a l f a l f a ;  c l o v e r  h a y ,  no 

g r a i n ;  a l f a l f a ,  c l o v e r  h a y ,  c o r n s t a l k s  s i l a g e ,  w h e a t  a n d  o a t s ;  

c l o v e r  h a y ,  o a t s  and  c o r n  f o d d e r ;  a l f a l f a  h a y  a nd  b a r l e y ;  a l ­

f a l f a ,  t i m o t h y  h a y ,  b a r l e y ,  o a t s  and  c o r n s t a l k s .

C a t t l e :

S l a g s v o l d  and  L u n d - L a r s e n  ( 1 934 )  r e p o r t e d  t h a t  c a l v e s ,  

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

o f  t h e  f e e d i n g  r e g i m e n .  The d i s e a s e  was more n o t i c e a b l e  d u r i n g  

t h e  s p r i n g ,  a  f ew d a y s  a f t e r  a n i m a l s ,  f e d  i n d o o r s ,  we re  l e t  o u t  

t o  g r a s s  f o r  t h e  f i r s t  t i m e .  The same d i s t u r b a n c e s  hav e  b e e n  

f o u n d  o c c a s i o n a l l y  i n  c a l v e s  r a i s e d  i n  f a r m s  o f  M i c h i g a n  ( T h o r p ,
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B a r n e r ,  J o h n s t o n ,  an d  H uf fm an ,  p e r s o n a l  c o m m u n i c a t i o n ) .

I n  a d u l t  c a t t l e ,  m a i n t a i n e d  on a  v i t a m i n  E f r e e  r a t i o n  

f o r  a  p r o l o n g e d  p e r i o d ,  t h e  o n l y  symptom o f  t h e  d e f i c i e n c y  

was t h e  s u d d e n  d e a t h  o f  t h e  a n i m a l s  ( G - u l l i c k s o n  et_ al_. 1 9 4 6 ) .

H u m a n s :

Symptoms o f  v i t a m i n  E d e f i c i e n c y  i n  man h av e  n o t  a s  y e t  

b e e n  d i s c o v e r e d *  P a p p e n h e i m e r  (194 8 )  b e l i e v e s ,  h o w e v e r ,  t h a t  

i t  m u s t  e x i s t ;  lfL e s i o n s  w h i c h  p o i n t  u n e q u i v o c a l l y  t o  d e f i c i e n c y  

o f  v i t a m i n  E hav e  n o t  y e t  b e e n  d i s c o v e r e d  i n  man* And y e t ,  a s  

we s h a l l  s e e ,  t h e  l e s i o n s  i n  many s p e c i e s  o f  a n i m a l s  b r o u g h t  

a b o u t  by  t h i s  d e f i c i e n c y  a r e  s t r i k i n g  a n d  o f t e n  p a t h o g n o m o n i c *  

Man i s  a  c u r i o u s  a n i m a l  i n  many r e s p e c t s ,  b u t  t h e r e  i s  no r e a s o n  

t o  t h i n k  t h a t  he a l o n e  s h o u l d  be immune t o  t h e  e f f e c t s  o f  t h i s  

n u t r i t i o n a l  l a c k ,  and  i t  i s  a  c h a l l e n g i n g  t a s k  f o r  t h e  p a t h o l o ­

g i s t ,  w i t h  t h e  n e c e s s a r y  a i d  o f  t h e  b i o c h e m i s t  and  t h e  c l i n i c i a n ,  

t o  u n c o v e r  t h e  p a t h o l o g y  o f  v i t a m i n  E d e f i c i e n c y ' 1*

N a t u r e  o f  V i t a m i n  E

Whea t  germ o i l  was t h e  f i r s t  p r o d u c t  d i s c o v e r e d  t o  o f f e r  

p r o t e c t i o n  a n d  c u r e  f o r  a n i m a l s  d e f i c i e n t  i n  v i t a m i n  E ( E va ns  

a n d  B i s h o p  1 9 2 3 ) .

Y e a r s  l a t e r ,  t h e  a c t i v e  p r i n c i p l e s  o f  w h e a t  germ o i l  we re  

i s o l a t e d  by c h e m i c a l  p r o c e d u r e s  a n d  we re  f o u n d  t o  be  t h r e e  

c l o s e l y  r e l a t e d  h i g h e r  a l c o h o l s *  B e c a u s e  o f  t h e i r  e f f e c t  i n  

p r e v e n t i n g  r e a b s o r p t i o n  o f  f e t u s e s ,  t h e  compounds  we r e  c a l l e d
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a l p h a ,  b e t a  a n d  gamma t o c o p h e r o l s ,  a  G r e e k  word  m e a n i n g  " t o  

b e a r  o f f s p r i n g "  (Mason 1 9 4 4 ) .

T o c o p h e r o l s  h a v e  b e e n  u s e d  s u c c e s s f u l l y  t o  p r e v e n t  a n d  

c u r e  t h e  d i s e a s e s  p r o d u c e d  by t h e  a b s e n c e  o f  v i t a m i n  E i n  t h e  

d i e t  ( P a p p e n h e i m e r  et^ al_. 1939  a n d  1 9 4 8 ;  W i l l m a n  et_ a l . 1 9 4 5 ) .

A b u n d a n t  e v i d e n c e  h a s  shown t h a t  a l p h a ,  b e t a  a n d  gamma 

t o c o p h e r o l s  have  d i f f e r e n t  b i o l o g i c a l  v a l u e s .  R a t s  a s s a y s  

c a r r i e d  o u t  by G -o t l i e b  e t  a l . ( 1 9 4 3 ) ;  Hove and  H a r r i s  ( 1 9 4 7 a )  

p r o v e d  t h a t  a l p h a  t o c o p h e r o l  was more  a c t i v e  t h a n  b e t a ,  an d  

b e t a  more  t h a n  gamma. The d i f f e r e n c e  o f  a c t i v i t y ,  r e a s o n e d  

H ickman  and  H a r r i s  ( 1 9 4 6 ) ,  s h o u l d  r e p r e s e n t  t h e  a b i l i t y  o f  t h e  

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

r e s u l t s  w e re  o b t a i n e d  by Hove and  Hove ( 1 9 4 4 ) ,  who d e m o n s t r a t e d  

t h a t  t h e  r e l a t i v e  b i o l o g i c a l  a c t i v i t i e s  o f  a l p h a ,  b e t a  an d  

gamma t o c o p h e r o l ,  a t  e l e v a t e d  t e m p e r a t u r e s ,  a r e  o f  t h e  same 

o r d e r  a s  t h e i r  a n t i o x i d a n t  p o t e n c i e s  i_n v i t r o .

N a t u r a l  a l p h a ,  b e t a  a n d  gamma t o c o p h e r o l s  w e r e  f o u n d  by 

H a r r i s  a n d  c o - w o r k e r s  ( 19 44 )  t o  h a v e  more p o t e n c y  t h a n  t h e  

s y n t h e t i c  d l  compounds  o f  a l p h a ,  b e t a  a nd  gamma t o c o p h e r o l s .  

T h i s ,  a c c o r d i n g  t o  Wachs ( 1 9 49 )  i s  c o m p a r a b l e  t o  t h e  a n t i o x i d a n t  

a c t i v i t y  o f  t h e  c om pou nd s ,  a s  m e a s u r e d  by a  s p e c i a l  r e d o x -  

e l e c t r o m e t r i c  a p p a r a t u s .

A n o t h e r  compound w i t h  s p e c i f i c  v i t a m i n  E a c t i v i t y  h a s  b e e n  

p r e p a r e d  by M i l h o r a t  e t  a l . ( 1 9 4 9 ) .  They  d i s c o v e r e d  t h a t  d l

a l p h a  t o c o p h e r y l h y d r o q u i n o n e  r e d u c e d  c r e a t i n u r i a  i n  human
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p a t i e n t s  w i t h  m u s c u l a r  d y s t r o p h y  an d  a l s o  c u r e d  m u s c u l a r  d y s ­

t r o p h y  i n  s t a n d a r d i z e d ,  v i t a m i n  E - d e f i c i e n t  r a b b i t s .

A l l  compounds  w i t h  v i t a m i n  E a c t i v i t y  we re  s t u d i e d  by  

B o y e r ,  R a b i n o v i t z  and  L i e b e  (1 9 5 1 )  i n  a n  e f f o r t  t o  r e l a t e  t h e  

c h e m i c a l  s t r u c t u r e  t o  t h e  v i t a m i n  E f u n c t i o n .  They  f o u n d  t h a t  

v i t a m i n  E a c t i v i t y  was l i m i t e d  t o  c e r t a i n  s u b s t i t u t e d  6 - h y d r o -  

x y c h r o m a n s ,  o r  5 - h y d r o x y c o u m a r a n s , o r  t o  compounds  w h i c h  c a n  

be  r e a d i l y  c o n v e r t e d  t o  t h e  s u b s t i t u t e d  6 - h y d r o x y c h r o m a n s  by 

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

A d m i n i s t r a t i o n  o f  c u r a t i v e  a n d  p r e v e n t i v e  d o s e s  o f  t o c o ­

p h e r o l s  h a v e  b e e n  s u c c e s s f u l l y  a c c o m p l i s h e d  i n  v a r i o u s  w a y s .

Hove a nd  H a r r i s  ( 1 9 4 7 a )  i n j e c t e d  a l p h a  t o c o p h e r y l  p h o s p h a t e  

i n t r a m u s c u l a r l y  and  f o u n d  t h a t  i n  t h i s  way i t  h a d  a  s l o w  b u t  

p r o l o n g e d  a c t i o n .  W i l l m a n  a n d  c o - w o r k e r s  ( 1 9 4 6 )  i n j e c t e d  s u b -  

c u t a n e o u s l y  100  mg. d o s e  o f  d i s o d i u m  s a l t  o f  d l - a l p h a  t o c o ­

p h e r o l  p h o s p h o r i c  a c i d  e s t e r  d i s s o l v e d  i n  s t e r i l e  w a t e r ,  and  

c u r e d  E d e f i c i e n t  l a m b s .  The most  common way t o  s u p p l y  v i t a ­

min  E i s  by o r a l  a d m i n i s t r a t i o n  e i t h e r  m ix e d  w i t h  o i l s  o r  w i t h  

t h e  r a t i o n s  ( W i l lm a n  e t  a l . 1 9 4 5 ;  P a p p e n h e i m e r  e t  a l . 1 9 3 9 ) .

S y n e r g i s t s  a nd  A n t a g o n i s t s  o f  V i t a m i n  E

S y n e r g i s m  o f  t h e  v i t a m i n  A and  E was s u g g e s t e d  by t h e  work  

o f  Q u a c k e n b u s h  and  c o l l a b o r a t o r s  ( 1 9 4 2 ) .  They  w e r e  u n a b l e  t o  

r e c t i f y  t h e  v i t a m i n  A d e f i c i e n c y  o f  r a t s  w i t h  c a r o t e n e  u n l e s s
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a l p h a  t o c o p h e r o l  was  g i v e n  a t  t h e  same t i m e .  T h i s  a c t i o n  s eemed  

t o  be  s p e c i f i c  t o  v i t a m i n  E s i n c e  a t  t h e  0 . 0 2 ^  l e v e l  v i t a m i n  K, 

p y r o g a l l o l , c a t e c h o l  a n d  h y d r o q u i n o n e  w e r e  i n a c t i v e .

O p p o s i t e  r e s u l t s ,  h o w e v e r ,  h a v e  b e e n  r e c e n t l y  r e p o r t e d  by 

Kachmar  et^ a l . ( 19 5 0 )  who a n a l y z e d  t h e  b l o o d  p l a s m a  f o r  v i t a m i n  

E ,  v i t a m i n  A ,  a n d  c a r o t e n e ,  a n d  c o n c l u d e d  t h a t  t h e  l ow v i t a m i n  

E r a t i o n s  d i d  n o t  i m p a i r  t h e  u t i l i z a t i o n  o f  c a r o t e n e  and  v i t a m i n  

A .

Dam a n d  G l a v i n d  ( 1 9 4 0 )  r e l a t e d  t h a t  v i t a m i n s  K and  C w e r e  

u n a b l e  t o  r e p a i r  a  f a u l t y  c a p i l l a r y  p e r m e a b i l i t y  p r o d u c e d  by 

v i t a m i n  E d e f i c i e n c y .

A s c o r b i c  a c i d ,  a c c o r d i n g  t o  W i l l m a n ,  M o r r i s o n  and  O l a f s o n  

( 1 9 3 5 )  d i d  n o t  p o s s e s s  a  s y n e r g i s t i c  a c t i o n  i n  t h e  c a s e  o f  

" s t i f f - l a m b 11 d i s e a s e .  Howeve r ,  t h e  same v i t a m i n  h a s  b e e n  r e ­

p o r t e d  r e c e n t l y  by  Dam and  c o - w o r k e r s  ( 1 9 4 8 a )  t o  be  e f f e c t i v e  

i n  t h e  r e d u c t i o n  o f  t h e  i n c i d e n c e  o f  e x u d a t i v e  d i a t h e s i s  o f  

c h i c k e n s .  C y s t i n e ,  n o r d i h y d r o g u a i r e t i c  a c i d  a n d  c h o l i n e  a l s o  

h a d  a  s i m i l a r  a c t i o n  (Dam et^ al^. 19 4 8 ;  V i v a n c o  e t  a l . 1 9 4 8 ) .

X a n t h o p h y l l , when g i v e n  i n  m a s s i v e  d o s e s ,  was shown by  

G o l d h a b e r  e_t al^. ( 1 9 5 0 )  t o  p r o t e c t  c h i c k e n s  f ro m v i t a m i n  E 

d e f i c i e n c y .  I t  a p p e a r e d  t o  t hem t h a t  t h e  p r o t e c t i o n  o f  t o c o ­

p h e r o l s  by x a n t h p h y l l  was  c o n f i n e d  t o  t h e  g a s t r o i n t e s t i n a l  

t r a c t .  T h i s  m ec h an i sm  o f  p r o t e c t i o n ,  t h e y  t h o u g h t ,  was d i f f e r ­

e n t  f r o m  t h e  one  o f  a s c o r b i c  a c i d ,  s i n c e  v i t a m i n  C p r e s u m a b l y  

p r o t e c t s  t h e  t o c o p h e r o l  o f  t h e  t i s s u e s  f r om o x i d a t i o n .
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A n t a g o n i s t i c  f a c t o r s  t o  v i t a m i n  E h a v e  b e e n  f o u n d  i n  co d  

l i v e r  o i l ,  w h i c h  h a v e  b e e n  i d e n t i f i e d  a s  u n s a t u r a t e d  f a t t y  a c i d s .  

T h i s  w i l l  be r e v i e w e d  i n  d e t a i l  u n d e r  t h e  h e a d i n g  o f  " I n t e r ­

r e l a t i o n s h i p  o f  V i t a m i n  E and  t h e  L i p i d s " .

The m o s t  s p e c i f i c  a n t a g o n i s t  r e p o r t e d  up t o  t h e  p r e s e n t  

t i m e  i s  t h e  d i - O - c r e s y l  s u c c i n a t e .  M e u n i e r  a n d  C h e n a v i e r  ( 1949 )  

f e d  r a b b i t s  a  n o rm a l  d i e t  t o  w h i c h  t h e y  a d d e d  1 0 0 - 1 6 6  mg. o f  t h e  

d i - o - c r e s y l  s u c c i n a t e .  The r a b b i t s  f i r s t  d e v e l o p e d  d i a r r h e a ,  

t h e n  became  p a r a l y z e d  a n d  d i e d  w i t h i n  s e v e n  d a y s .  A d m i n i s t r a t i o n  

o f  50 mg.  o f  s y n t h e t i c  t o c o p h e r o l  t o  s i m i l a r l y  p o i s o n e d  a n i m a l s  

was c u r a t i v e  and  a l l o w e d  t hem t o  r e g a i n  t h e i r  f o r m e r  w e i g h t .

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

p r e v i o u s l y  by W o o l l e y  ( 1 9 4 5 ) .  He f o u n d  t h a t  a l p h a  t o c o p h e r o l  

q u i n o n e  s eemed  t o  h a v e  a n  a n t i v i t a m i n i c  a c t i o n  t o  b o t h  v i t a m i n s  

E and  K.

Hove ( 1 9 4 8 )  o b s e r v e d ,  i n  h i s  work  on t h e  e f f e c t  o f  f a c t o r s  

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

p o i s o n i n g ,  t h a t  6 m e t h y l  t h i o u r a c i l  had  an  o b l i t e r a t i n g  a c t i o n  

on  t h e  a c t i v i t y  o f  a l p h a  t o c o p h e r o l .

Macro an d  M i c r o p a t h o l o g i c a l  A l t e r a t i o n s  
i n  V i t a m i n  E D e f i c i e n c y

"The m o s t  o u t s t a n d i n g  c h a r a c t e r i s t i c  o f  e x p e r i m e n t a l  v i t a ­

m in  E d e f i c i e n c y ,  w h i c h  h a s  no p a r a l l e l  i n  any  o t h e r  v i t a m i n  

d e f i c i e n c y  s t a t e ,  i s  t h e  m u l t i p l i c i t y  o f  s t r u c t u r a l  an d  f u n c ­

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

i e s . "  (Mason 1 9 4 4 ) .

S t r u c t u r a l  a l t e r a t i o n s  h a v e  b e e n  o b s e r v e d  i n  e v e r y  s y s t e m  

o f  t h e  o r g a n i s m .  H a r r i s  and  K u j a w s k i  ( 19 50 )  r e f e r r e d  i n  t h e i r  

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

a s  a  r e s u l t  o f  v i t a m i n  E d e f i c i e n c y :  r e p r o d u c t i v e ,  s k e l e t a l ,

m u s c u l a r ,  c e n t r a l  n e r v o u s ,  c i r c u l a t o r y ,  r e s p i r a t o r y ,  d i g e s t i v e ,  

e x c r e t o r y ,  e n d o c r i n e ,  s k i n  a n d  s e n s o r y  o r g a n s .

R e p r o d u c t i v e  S y s t e m :

I n  t h e  f e m a l e  r a t  M a r t i n  and  Moore ( 1 93 9 )  r e p o r t e d  t h a t  t h e  

f a i l u r e  t o  i n d u c e  p r e g n a n c y  was due  t o  a l t e r a t i o n s  i n  t h e  s t r u c ­

t u r e  o f  t h e  u t e r i n e  w a l l ,  a s  shown by t h e  d e g e n e r a t i o n  o f  t h e  

sm o o t h  m u s c l e  and  a  v e r y  d i s t i n c t i v e  p i g m e n t a t i o n  due t o  y e l l o w  

b ro wn  g r a n u l e s  d e p o s i t e d  i n  t h e  c y t o p l a s m  o f  t h e  smoo t h  m u s c l e  

f i b e r s .

I n  t h e  mal e  r a t  P i e r a n g e l i  ejt a l . ( 1949 )  h a s  r e p o r t e d  t h e

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

i n  t h e  t e s t e s  o f  r a t s  r e n d e r e d  a t r o p h i c  by  a v i t a m i n o s i s  E .  T h i s  

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

Mason ( 1 9 2 6 )  p o i n t e d  o u t  t h a t  male  r a t s  s e v e r e l y  d e p l e t e d  

o f  v i t a m i n  E f rom e a r l y  l i f e  show an  i r r e v e r s i b l e  d e g e n e r a t i o n  

o f  t h e  s e m i n i f e r o u s  e p i t h e l i u m  a t  t h e  o n s e t  o f  s e x u a l  m a t u r i t y ,  

b u t  no i n j u r y  d u r i n g  a d o l e s c e n c e .  He a l s o  f o u n d  t h a t  t h e  sperma-  

t o z o a  show t h e  f i r s t  a l t e r a t i o n ,  and  t h e s e  a r e  f o l l o w e d  by d e -



-  15  -

g e n e r a t i v e  c h a n g e s  i n  s p e r m a t i d s  a n d  s p e r m a t o g o n i a .  I n  t h e  

l a t e r  s t a g e s ,  t h e  t u b u l e s  were  f o u n d  t o  be  l i n e d  w i t h  i n d i f ­

f e r e n t  S e r t o l i  c e l l s .

The  e x p e r i m e n t s  o f  E s c u d e r o  ejb a l . ( 194 2 )  d e m o n s t r a t e d  

t h a t  t h e  v i t a m i n  E d e f i c i e n c y  d am ag es  n o t  o n l y  t h e  g e r m i n a l  

e p i t h e l i u m  b u t  a l s o  t h e  i n t e r s t i c i a l  c e l l s  o f  t h e  t e s t e s .

S e m i n a l  v e s i c l e s  and  p r o s t a t e  g l a n d s  o f  r a t s  d e c r e a s e d  i n  w e i g h t  

d u r i n g  t h e  s i x  m o n t h s  on  a  l ow v i t a m i n  E d i e t .

M u s c u l a r  S y s t e m :

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

m u s c u l a t u r e  o f  t h e  g u i n e a  p i g  and  r a b b i t  was done  by G- oe t t s ch  

a n d  P a p p e n h e i m e r  ( 1 9 3 1 ) .  They o b s e r v e d  t h a t  a t  t h e  e a r l i e s t  

s t a g e  o f  t h e  d e g e n e r a t i o n  t h e r e  i s  a  v e r y  e x t e n s i v e  h y a l i n e  

n e c r o s i s  o f  t h e  m u s c l e  f i b e r s .  A l l  t h e  f i b e r s  w e r e  no t  f o u n d  

t o  d e g e n e r a t e  a t  t h e  same t im e ' ,  some r e m a i n e d  no rm a l  w h i l e  o t h e r s  

r a p i d l y  d e g e n e r a t e d .  P a p p e n h e i m e r ,  i n  1 9 4 8 ,  i n  h i s  l e c t u r e  

"On C e r t a i n  A s p e c t s  o f  V i t a m i n  E D e f i c i e n c y 11 r e v i e w e d  some o f  

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

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

t h e  c o n t r a c t i l e  s a r c o p l a s m a .  The n u c l e i  were  l e f t  w i t h  t h e i r  

a d j a c e n t  c y t o p l a s m  v i a b l e .  He t h o u g h t  t h a t  t h i s  c h a n g e  makes 

p o s s i b l e  t h e  e x t r a o r d i n a r i l y  r a p i d  and  s u c c e s s f u l  r e g e n e r a t i o n .  

F o l l o w i n g  t h e  l o s s  o f  s t r i a t i o n  o f  t h e  c o a g u l a t e d  m u s c l e  s u b ­

s t a n c e ,  he s t a t e d ,  " t h e r e  o c c u r s  a  s t r o n g  i n f l a m m a t o r y  r e s p o n s e ,



-  16  -

w i t h  edema a n d  c e l l u l a r  i n f i l t r a t i o n ,  i n  w h i c h ,  d u r i n g  t h e  f i r s t  

24  h o u r s ,  p o l y m o r p h o n u c l e a r  l e u c o c y t e s  p r e d o m i n a t e .  As  t h e  

p r o c e s s  p r o g r e s s e s ,  t h e  edema s u b s i d e s ,  t h e  p o l y m o r p h o n u c l e a r s

d i s a p p e a r  a n d  a r e  r e p l a c e d  by l a r g e  m o n o n u c l e a r s ............................. An

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

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

The  n e c r o t i c  m a t e r i a l  becomes  s u r r o u n d e d  by m u l t i n u c l e a t e  g i a n t  

c e l l s ,  d e r i v e d  e i t h e r  f r o m  f u s e d  h i s t i o c y t e s  o r  f r om  t h e  i n t a c t  

y o u n g  m y o b l a s t s ;  i t  may become c a l c i f i e d ,  i n  w h i c h  c a s e  i t  

p e r s i s t s  f o r  some t i m e .  Fo r  t h e  mo s t  p a r t ,  i t  u n d e r g o e s  r a p i d  

d i g e s t i o n  a n d  d i s a p p e a r s  c o m p l e t e l y  a f t e r  f o u r  o r  f i v e  d a y s " .

Among t h e  c u r i o u s  f e a t u r e s  o f  t h e  d i s e a s e ,  he m e n t i o n e d  

t h a t  n o t  a l l  t h e  f i b e r s  d e g e n e r a t e  a t  t h e  same t i m e ,  some 

r e m a i n e d  no rm a l  w h i l e  o t h e r s  r a p i d l y  d e g e n e r a t e ,  an d  t h a t  t h e  

d e g e n e r a t i o n  n e v e r  e x t e n d s  t o  t h e  s u r f a c e  o f  t h e  m u s c l e .  He 

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

s u p e r f i c i a l  f i b e r  may hav e  a  r i c h e r  b l o o d  s u p p l y ,  o r  p e r h a p s  a r e  

p a r t i a l l y  i m m o b i l i z e d  by  t h e i r  a t t a c h m e n t  t o  t h e  m u s c l e  s h e a t h .

S i m i l a r  h i s t o l o g i c a l  c h a n g e s  t o  t h o s e  a l r e a d y  d e s c r i b e d  

h a v e  b e e n  c o n f i r m e d  e l s e w h e r e  i n  o t h e r  s p e c i e s  a f f e c t e d  by 

n u t r i t i o n a l  m u s c u l a r  d y s t r o p h y  ( O l c o t t  19 3 8 ;  D a v i s  ejt al_. 1 9 3 8 ;  

Cheng  1 9 4 5 ;  C u l i k  1 9 5 1 ) .

The o b s e r v e d  h i s t o l o g i c a l  c h a n g e s  a r e  e s s e n t i a l l y  t h o s e  

w e l l  known t o  t h e  human p a t h o l o g i s t  a s  h y a l i n e ,  waxy o r  Z e n k e r ' s  

d e g e n e r a t i o n  u s u a l l y  a s s o c i a t e d  w i t h  a c u t e  i n f e c t i o n s  and  f e v e r  

(Mason 1 9 4 4 ) .
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S o m e t i m e s ,  t h e  m o s t  s t r i k i n g  f i n d i n g s  a t  a u t o p s y  o f  g u i n e a  

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

w h i t i s h  p a t c h e s  a n d  s t r e a k s  o b s e r v e d  s c a t t e r e d  t h r o u g h o u t  t h e  

s k e l e t a l  m u s c l e s  (W i l lm a n  e t  a l . 1 9 3 4 ;  Pamuckcu  1:948)* The 

w h i t e  a p p e a r a n c e  o f  t h e  l a m b s '  m u s c l e s  h a v e  j u s t i f i e d  na mi ng  

t h e  d i s t u r b a n c e  a s  t h e  “w h i t e  m u s c l e  d i s e a s e " *

N e r v o u s  S y s t e m :

The e x p e r i m e n t s  o f  P a p p e n h e i m e r  and  G - oe t t s ch  (1940 )  i n  

w h i c h  t h e y  p r e v e n t e d  t h e  o c c u r r e n c e  o f  t h e  n u t r i t i o n a l  m u s c u l a r  

d y s t r o p h y  i n  y o u n g  r a t s ,  by  d e n e r v a t i o n ,  h a s  g i v e n  r i s e  t o  t h e  

q u e s t i o n  w h e t h e r  t h e  synd rome  i s  p r i m a r i l y  a  m y o g e n i c ,  n e u r o ­

g e n i c  d i s e a s e ,  o r  a c o m b i n a t i o n  o f  b o t h *

S i n c e  t h a t  t i m e ,  many r e s e a r c h  w o r k e r s  h a v e  s t u d i e d  t h e  

r e l a t i o n  o f  t h e  d i s e a s e  t o  t h e  c e n t r a l  n e r v o u s  s y s t e m  and  m o t o r  

e n d  p l a t e s *

The  c e n t r a l  n e r v o u s  s y s t e m  was f i r s t  r e p o r t e d  t o  be a f f e c t e d  

i n  r a t s  d e p l e t e d  i n  v i t a m i n  E by L i p s h u t z  ( 1 93 6 )*  He s t a t e d  

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

p r o c e s s  o c c u r r e d  i n  t h e  l u m b o — s a c r a l  p a r t  o f  t h e  s p i n a l  c o r d .

O t h e r  i n v e s t i g a t o r s  hav e  a t t a c k e d  t h e  same p r o b l e m  a n d  h a v e  

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

no l e s i o n s  a t  a l l .  P a p p e n h e i m e r  (1943 )  c a r e f u l l y  r e v i e w e d  t h e  

work  done  on v i t a m i n  E up t o  1943  and  c o n c l u d e d  t h a t  t h e  v i t a m i n  

E d e f i c i e n c y  d o e s  n o t  a l t e r  t h e  s t r u c t u r e  o f  t h e  c e n t r a l  n e r v o u s
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s y s t e m ,  a n d  t h a t  t h e  d i f f e r e n t  r e s u l t s  f o u n d  by d i f f e r e n t  w o r k e r s  

we re  due  t o  v a r i a t i o n s  i n  t e c h n i q u e ,  wrong  i n t e r p r e t a t i o n s ,  a n d  

l a c k  o f  a d e q u a t e  c o n t r o l  m a t e r i a l  f o r  c o m p a r i s o n .

H o w e v e r ,  r e c e n t  work  c o n d u c t e d  i n d e p e n d e n t l y  by L u t r e l l  and  

Mason  ( 19 49 )  an d  by Ma lamud ,  N e l s o n  a n d  E v a n s  ( 1 9 4 9 ) ,  d e s i g n e d  

t o  r e - e v a l u a t e  t h e  e f f e c t s  o f  v i t a m i n  E d e f i c i e n c y ,  d e m o n s t r a t e d  

t h a t  t h e  c e n t r a l  n e r v o u s  s y s t e m  i s  a c t u a l l y  a f f e c t e d .  L u t r e l l  

and  Mason ( 1 9 4 9 )  f o u n d  t h a t  r a t s  r e a r e d  on  a  v i t a m i n  E d e f i c i e n t  

r a t i o n  f o r  9 - 1 2  m on ths  c o n s i s t e n t l y  showed e v i d e n c e  o f  d e m y a l i -  

n i z a t i o n ,  g l i o s i s ,  a n d  d i s t o r t i o n  o f  t h e  a x o n  p a t t e r n  o f  t h e  

p o s t e r i o r  c o l u m n s  an d  p r o x i m a l  p a r t s  o f  t h e  p o s t e r i o r  r o o t s  o f  

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

T h i s  c o n f i r m e d  e a r l i e r  o b s e r v a t i o n s  o f  E i n a r s o n  and  R e i g s t e d  

a n d  o t h e r s .

Malamud ejt al_. ( 19 49 )  e s s e n t i a l l y  made t h e  same o b s e r v a t i o n s  

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

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

s t u d y ,  s t a i n i n g  m e t h o d s  y i e l d e d  t h e  same p o s i t i v e  p r o o f  o f  t h e  

l a t t e r  a n d  c o n t r a s t e d  s h a r p l y  w i t h  t h e  no r m a l  f i n d i n g s  i n  t h e  

c o n t r o l  a n i m a l s .

The s t u d i e s  o f  T e l f o r d  (194 1 )  i n d i c a t e d  t h a t  t h e  damage o f  

m o t o r  end  p l a t e s  was s e c o n d a r y  t o  t h e  d e g e n e r a t i o n  o f  t h e  m u s c l e s .  

Vi/hen t h e r e  was a  s l i g h t  d e g r e e  o f  m u s c u l a r  d e g e n e r a t i o n ,  t h e r e  

was  no a p p r e c i a b l e  a l t e r a t i o n  o f  n e r v e  e n d i n g s ;  i f  t h e  d e g e n e r a ­

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



-  19  -

t h e  n e r v e  t e r m i n a l s  a n d  i f  t h e  n e c r o s i s  was w i d e s p r e a d  a n d  o f  

l o n g  s t a n d i n g ,  t h e  n e r v e  t e r m i n a t i o n s  w e r e  c o m p l e t e l y  l o s t .

C i r c u l a t o r y  S y s t e m :

C i r c u l a t o r y  d i s t u r b a n c e  h a s  b e e n  f o u n d  t o  be t h e  p r i m a r y  

f a c t o r  i n  t h e  p r o d u c t i o n  o f  n u t r i t i o n a l  e n c e p h a l o m a l c i a  o f  

c h i c k s .  Wol f  a n d  P a p p e n h e i m e r  (1 9 3 1 )  and  P a p p e n h e i m e r  e t  a l . 

( 19 3 9 )  h av e  o b s e r v e d  t h a t ,  due  t o  c i r c u l a t o r y  f a i l u r e ,  i s c h e m i c  

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

a n d  t h a t  t h e r e  was h e m o r r h a g i c  edema ,  c a p i l l a r y  t h r o m b o s i s ,  and  

de ad  g a n g l i o n  c e l l s  an d  g l i a l  e l e m e n t s .

E x u d a t i v e  d i a t h e s i s  h a s  b e e n  i n t e r p r e t e d  by Dam ( 1 9 4 4 b )  and  

H e p d i n g  ( 19 47 )  a s  a  d i s t u r b a n c e  o f  t h e  v a s c u l a r  w a l l .  Dam and  

G- l av ind  ( 1 9 4 0 )  f o u n d  t h a t  i n  t h e s e  c o n d i t i o n s  t h e r e  was i n c r e a s e d  

c a p i l l a r y  p e r m e a b i l i t y ,  wh ic h  c an  be  c h e c k e d  by a d d i t i o n  o f  

v i t a m i n  £ t o  t h e  d i e t  b u t  n o t  by  a d d i t i o n  o f  v i t a m i n  K, c i t r i n  

o r  a s c o r b i c  a c i d .  A c c o r d i n g  t o  t h e  e x p e r i m e n t s  o f  Ames and  c o ­

w o r k e r s  ( 1 9 5 1 ) ,  v i t a m i n  S a l s o  o f f e r s  s i g n i f i c a n t  p r o t e c t i o n  

a g a i n s t  t h e  i n c r e a s e d  f r a g i l i t y  p r o d u c e d  by a  R a do n  o i n t m e n t .

Mason ( 1 9 4 3 )  o b s e r v e d  t h a t ,  p r i o r  t o  t h e  e x i t u s  o f  r a t  

f e t u s e s ,  t h e r e  a p p e a r e d  a b n o r m a l i t i e s  i n  t h e  v a s c u l a r  s y s t e m .

Th ey  we re  c h a r a c t e r i z e d  by v a r i a b l e  d e g r e e s  o f  d i l a t a t i o n  a n d  

t h r o m b o s i s  o f  p e r i p h e r a l  and  d e e p e r  v a s c u l a r  c h a n n e l s ,  and  by 

e i t h e r  l o c a l i z e d  o r  d i f f u s e  a r e a s  o f  h e m o r r h a g e s .

Hove (1 94 9a  and  1949  b)  h a s  d e s c r i b e d  a n o t h e r  v a s c u l a r  d i s ­

t u r b a n c e  i n  r a t s  when d e p l e t e d  o f  v i t a m i n  E .  W i t h i n  6—12 weeks
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7 5 % o f  t h e  r a t s  d i e d  f rom m a s s i v e  l u n g  h e m o r r h a g e s ,  w i t h  c e n t r i -  

l o b u l a r  a n d  s o m e t i m e s  e x t e n s i v e  n e c r o s i s  o f  t h e  l i v e r  and  d i s ­

t e n s i o n  o f  t h e  s u b c u t a n e o u s  b l o o d  v e s s e l s .

The  r o l e  o f  v i t a m i n  E i n  t h e  p r e v e n t i o n  o f  a r t e r i t i s  i n  

do gs  was d e m o n s t r a t e d  by Holman (1947 and  19 49 )  who f o u n d  t h a t  

v i t a m i n  E r e t a r d e d  t h e  i n c i d e n c e  o f  a r t e r i a l  l e s i o n s  i n  do g s  

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

H e a r t  l e s i o n s  h a v e  b e e n  o b s e r v e d  i n  l a m b s  s u f f e r i n g  f r om  

v i t a m i n  E d e f i c i e n c y .  T hes e  l e s i o n s ,  h o w e v e r ,  we r e  i n c o n s t a n t .  

When a n y  a b n o r m a l i t y  was f o u n d ,  i t  c o n s i s t e d  o f  w h i t i s h  p a t c h e s  

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

t h e  h e a r t  ( M e t z g e r  a n d  Hagan  1 9 2 7 ) .  Y e a r s  l a t e r  W i l l m a n  e t  a l .

( 1 9 4 5 )  a g a i n  r e p o r t e d  t h a t  a  s m a l l  p e r c e n t a g e  o f  s t i f f  l a m b s  

showed h e a r t  l e s i o n s ,  u s u a l l y  i n  t h e  e n d o c a r d i u m  o f  t h e  r i g h t  

v e n t r i c l e .  The r e p o r t s  o f  o t h e r  i n v e s t i g a t o r s  a g r e e d  t h a t  t h e  

v i t a m i n  E d e f i c i e n c y  d i d  n o t  a l w a y s  p r o d u c e  l e s i o n s  i n  t h e  h e a r t  

o f  t h e  l amb  ( S l a g s v o l d  and  L u n d - L a r s e n  1 9 3 4 ;  Cheng  1 9 4 5 ) .

S l a g s v o l d  a n d  L u n d - L a r s e n  ( 19 34 )  d e s c r i b e d  t h a t  c a l v e s  and  

l a m b s  showed e s s e n t i a l l y  t h e  same h e a r t  a b n o r m a l i t i e s  due  t o  

v i t a m i n  E d e f i c i e n c y .  G u l l i c k s o n  et_ a l . i n  1946  made a  h i s t o l o ­

g i c a l  s t u d y  o f  h e a r t s  o b t a i n e d  f rom cows t h a t  h a d  d i e d  o f  v i t a m i n  

E d e f i c i e n c y .  He f o u n d  a t r o p h y  a nd  s c a r r i n g  o f  t h e  c a r d i a c  m u s c l e  

f i b e r s ,  i n c r e a s e  i n  c e l l u l a r  e l e m e n t s ,  a n d  i n  some i n s t a n c e s  

n o d u l e s  w h i c h  r e s e m b l e d  t h e  A s c h o f f  n o d u l e s  s e e n  i n  human e n d o ­

c a r d i t i s .
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A n a t o m i c a l  i n j u r y  o f  t h e  h e a r t  h a s  b e e n  r e p o r t e d  i n  o t h e r  

s p e c i e s  a s  a  r e s u l t  o f  f e e d i n g  a  d i e t  l ow  i n  v i t a m i n  E .  G a t z  

a n d  H o u c h i n  ( 1 9 4 7 )  n o t e d  t h a t  t h e  p o r t i o n  o f  t h e  h e a r t  w h i c h  

shows  n e c r o s i s  o f  c a r d i a c  m u s c l e  a r e  i n  o r d e r  o f  f r e q u e n c y  an d  

s e v e r i t y :  t h e  p a p i l l a r y  m u s c l e s ,  c o lu m n a e  c a r n a e ,  a p e x  o f

h e a r t ,  v e n t r i c u l a r  w a l l s  and  s e p t u m  and  i n f r e q u e n t l y  a t fcr ia .

The  P u r k i n j e  f i b e r s  a p p e a r e d  u n a f f e c t e d .

Mason a n d  Emmel (1945 )  f o u n d  m y o c a r d i a l  l e s i o n s  i n  r a t s  

d e f i c i e n t  i n  v i t a m i n  E .  They n o t e d  t h a t  r a t s  showed t h i s  symp­

t om o n l y  a f t e r  a y e a r  o r  more o f  t h e  d e f i c i e n c y ,  w h i c h  e x p l a i n e d  

t h e  a b s e n c e  o f  t h i s  symptom i n  p r e v i o u s  e x p e r i m e n t s  o f  O l c o t t  

( 1 9 3 8 ) .  The s t u d y  o f  B u t t u r i n i  ( 194 9 )  on t h e  h e a r t  i n  v i t a m i n  

E d e f i c i e n c y  p o i n t e d  o u t  t h a t  t h e  s y m p t o m a t o l o g y  o f  t h e  d i s e a s e  

i n  r a t s  i s  r a t h e r  p e c u l i a r ,  s i n c e  t h e  l e s i o n s  we re  p r e d o m i n a n t l y  

l o c a l i z e d  i n  t h e  l e f t  v e n t r i c l e .

D i g e s t i v e  s y s t e m :

As a  r u l e  t h e  g a s t r o - i n t e s t i n a l  t r a c t  i s  immune t o  t h e  

e f f e c t s  o f  v i t a m i n  E d e f i c i e n c y ,  e v en  i n  t h e  p r e s e n c e  o f  s e v e r e  

d y s t r o p h i c  symp toms  i n  o t h e r  o r g a n s  (Mason 1 9 4 4 ) .  H o w ev e r ,  

P a p p e n h e i m e r  e t  a l .  ( 193 9 )  h a ve  shown t h a t ,  i n  t u r k e y  p o u l t s ,  

v i t a m i n  E d e f i c i e n c y  can  p r o d u c e  s e v e r e  my op a th y  o f  t h e  g i z z a r d .  

P a t h o l o g i c a l  c h a n g e s  we r e  s i m i l a r  t o  t h e  c h a n g e s  o f  s k e l e t a l  

m u s c l e s  a n d  w e r e  c h a r a c t e r i z e d  by h y a l i n e  n e c r o s i s  o f  t h e  m u s c l e  

f i b e r s  w i t h  s e c o n d a r y  i n f l a m m a t o r y  r e a c t i o n ;  t h i s  was f o l l o w e d  

by  f i b r o s i s  o r  r e g e n e r a t i o n .
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P h y s i o l o g i c a l  C h a n g e s

C r e a t i n e  an d  C r e a t i n i n e  E x c r e t i o n :

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

o f  t h e  v i t a m i n  E d e f i c i e n c y  ( B i c k n e l l  1 9 4 8 ) .  M e l v i l l e  and  

Hummel ( 1 9 5 1 ) ,  i n  t h e i r  s t u d i e s  on t h e  m e t a b o l i s m  o f  c r e a t i n e  

an d  g l y c o c y a m i n e  i n  r a b b i t s  d e f i c i e n t  i n  v i t a m i n  E ,  p o i n t e d  o u t  

t h a t  c r e a t i n u r i a  p r e c e  ded  n o t  o n l y  t h e  e x t e r n a l  s i g n s  o f  p a r a ­

l y s i s  b u t  a l s o  a n y  o b s e r v a b l e  h i s t o l o g i c a l  c h a n g e s .  H o w e v e r ,  

t h e y  f o u n d  no c o r r e l a t i o n  b e t w e e n  t h e  s e v e r i t y  o f  t h e  d i s e a s e  

a n d  t h e  am ou n t  o f  c r e a t i n e  i n  t h e  u r i n e *

B u t t u r i n i  ( 1 9 4 9 )  c o n c l u d e d  f ro m h i s  e x p e r i m e n t s  t h a t  h y p e r -  

c r e a t i n u r i a  was a n  u n s p e c i f i c  symptom,  s i n c e  i t  was f o u n d  i n  

a l l  t h e  v i t a m i n  d e f i c i e n c i e s ,  a n d  was m e r e l y  t h e  f i r s t  p a t h o l o ­

g i c a l  m a n i f e s t a t i o n  p r i o r  t o  a n y  l o s s  i n  body  w e i g h t .  T h i s  

h y p e r c r e a t i n u r i a , he s t a t e d ,  c a n  be c o r r e c t e d  o n l y  by  a d d i n g  

t h e  s p e c i f i c  v i t a m i n  d e f i c i e n t  i n  t h e  d i e t *

C r e a t i n i n e  e x c r e t i o n  h a s  a l s o  b e e n  r e p o r t e d  t o  be a l t e r e d  

a s  a  r e s u l t  o f  v i t a m i n  E d e f i c i e n c y .  Hove ( 1 9 4 7 a )  n o t e d  a  

s h a r p  i n c r e a s e d  e x c r e t i o n  and  r e d u c t i o n  i n  c r e a t i n i n e  e x c r e t i o n ,  

s i m i l a r  t o  t h a t  o b s e r v e d  i n  r a t s  p o i s o n e d  w i t h  c a r b o n  t e t r a ­

c h l o r i d e .  B a u e r  an d  B e r g  (1943)  s u g g e s t e d  a n  a b n o r m a l  r e l a t i o n ­

s h i p  b e t w e e n  c r e a t i n e  and  c r e a t i n i n e  d u r i n g  v i t a m i n  E d e p l e t i o n .  

They  p r o p o s e d  t h a t  t h e  c r e a t i n u r i a  o f  n u t r i t i o n a l  m u s c u l a r  d y s ­

t r o p h y  c o u l d  be  due  t o  h y d r a t i o n  o f  c r e a t i n i n e  t o  c r e a t i n e .  He 

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

c h e m i c a l  a n d  h i s t o l o g i c a l  e x a m i n a t i o n  o f  t i s s u e s  a f f e c t e d  by 

v i t a m i n  E d e p l e t i o n .

E f f e c t  o f  V i t a m i n  E on  G r o w th :

V i t a m i n  E h a s  n o t  b e e n  shown t o  be a  g r o w t h  f a c t o r  f o r  t h e  

y o u n g  r a t ,  E m e r s o n  a n d  E v a n s  ( 1 9 3 7 )  o b s e r v e d  t h a t  v i t a m i n  E 

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

m on th  o f  l i f e .  The g r o w t h  was r e e s t a b l i s h e d  by a d d i n g  v i t a m i n  E 

t o  t h e  d i e t .  D u r i n g  e a r l y  a g e ,  v i t a m i n  E d o e s  n o t  a l t e r  t h e  

n o r m a l  g r o w t h  o f  r a t s  ( O l c o t t  1 9 3 7 ) .

I n  m i c e ,  V o g t - M / l l e r  ( 19 42 )  o b t a i n e d  t h e  same g r o w t h  c u r v e s  

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

I n  c a t t l e ,  G u l l i c k s o n  e t  a l . ( 1 9 4 9 )  we re  u n a b l e  t o  d e t e c t  a n y

e f f e c t  o f  t h e  v i t a m i n  E d e f i c i e n c y  on  g r o w t h .  W i l l m a n  e t _  a l . 

( 1 9 3 4 )  made t h e  i n t e r e s t i n g  o b s e r v a t i o n  t h a t  i n  f i e l d  c a s e s  

t h e  l a m b s  t h a t  w e r e  b e t t e r  d e v e l o p e d  we re  more s u s c e p t i b l e  t o  

” s t i f f - l a m b ” d i s e a s e .

The  g r o w t h  o f  monkeys  i s  n o t  a f f e c t e d  by a  l a c k  o f  d i e t a r y  

v i t a m i n  E ( F i l e r  e t  a l .  1 9 4 9 ) ;  h o w e v e r ,  c h i c k e n s ,  d u c k s ,  and  

t u r k e y  p o u l t s  r e q u i r e d  v i t a m i n  E f o r  a d e q u a t e  g r o w t h  ( P a p p e n ­

h e i m e r  1 9 3 9 ) .

C h a n g e s  i n  t h e  B l o o d ,  M i l k  a n d  C o l o s t r u m  P r o d u c e d  by V i t a m i n  E 
D e f i c i e n c y :

One o f  t h e  f i r s t  c h a n g e s  n o t e d  i n  t h e  c o m p o s i t i o n  o f  t h e  

b l o o d  p l a s m a  o f  l a m b s  d e f i c i e n t  i n  v i t a m i n  E ,  was t h e  l ow
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c r e a t i n i n e  a n d  h i g h  p r o t e i n  n i t r o g e n  ( S h o l l  1 9 3 9 ) .  F i l e r  e_t a l . 

( 1 9 4 9 ) ,  h o w e v e r ,  was u n a b l e  t o  d e t e c t  a n y  c h a n g e  i n  h e m a t o l o ­

g i c a l  s t u d i e s ,  b l o o d  g l u c o s e ,  b l o o d  n o n - p r o t e i n  n i t r o g e n ,  and  

p l a s m a  p r o t e i n  o f  monkeys  a f f e c t e d  w i t h  c h r o n i c  v i t a m i n  E 

d e f i c i e n c y .

U n t i l  r e c e n t l y  i t  h a d  b e e n  v e r y  l a b o r i o u s  an d  e x p e n s i v e  t o  

a n a l y z e  b l o o d  s a m p l e s  f o r  a l p h a  t o c o p h e r o l  by means  o f  t h e  

b i o l o g i c a l  m e t h o d .  Newer  p h y s i c a l  a n d  c h e m i c a l  a s s a y  m e t h o d s  

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

t i o n ,  t h u s  a l l o w i n g  f o r  a n  e x t e n s i v e  d e t e r m i n a t i o n  o f  t o c o p h e r o l s  

i n  a n i m a l  a n d  v e g e t a b l e  m a t e r i a l s  (Mason 1 9 4 4 ) .

Kachmar  eJL a l . ( 19 50 )  f o u n d  t h a t  c a t t l e  d y i n g  o f  c a r d i a c

f a i l u r e ,  due  t o  v i t a m i n  E d e f i c i e n c y ,  h a d  a  c a l c u l a t e d  t o c o p h e r o l  

l e v e l  o f  l e s s  t h a n  100  m i c r o g r a m s  p e r  100 m l .  o f  b l o o d  p l a s m a .  

A n i m a l s  t h a t  r e c e i v e d  mixed  t o c o p h e r o l  i n  t h e i r  d i e t s  h a d  a 

c a l c u l a t e d  t o c o p h e r o l  l e v e l  o f  685 m i c r o g r a m s  p e r  c e n t .

F e r r a n d o  and  c o - w o r k e r s  ( 1 94 9 )  r e p o r t e d  t h a t  t h e  b l o o d  

p l a s m a  t o c o p h e r o l  l e v e l  o f  T a r a n t a i s e  cow s ,  r e c e i v i n g  5 0 - 7 5  gm. 

o f  cod  l i v e r  o i l  d a i l y  f o r  two mon ths  was l o w e r e d  a b o u t  100 

m i c r o g r a m s  p e r  c e n t .  I n  one  cow,  w h i c h  r e c e i v e d  no cod l i v e r  

o i l  t h e  t o c o p h e r o l  v a l u e  f e l l  o n l y  f rom 348 t o  275 a n d  r o s e  a g a i n  

t o  316  m i c r o g r a m s  p e r  100 m l .  o f  p l a s m a  d u r i n g  t h e  same p e r i o d .

A t h a n a s s i u  ( 1 9 4 7 )  m e a s u r e d  t h e  t o c o p h e r o l  c o n t e n t  o f  t h e  

human m a t e r n a l  s e r u m ,  t h e  v e n o u s  an d  a r t e r i a l  b l o o d  o f  t h e  

u m b i l i c a l  c o r d ,  and  c o n c l u d e d  t h a t  t h e  v i t a m i n  E p a s s e s  f r e e l y  

t h r o u g h  t h e  p l a c e n t a  a nd  i s  a b s o r b e d  by t h e  f e t u s .
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W h i t i n g  a n d  L o o s l i  ( 1 9 4 8 b )  f o u n d  t h a t  t h e  t o t a l  m i l k  p r o ­

d u c t i o n  was  n o t  s i g n i f i c a n t l y  a f f e c t e d  by f e e d i n g  e i t h e r  t o c o ­

p h e r o l  o r  cod  l i v e r  o i l .  The f e e d i n g  o f  1 gm. o f  t o c o p h e r o l  

p e r  cow d a i l y ,  o v e r  a  f o u r  week  p e r i o d  d u r i n g  w i n t e r  f e e d i n g ,  

s l i g h t l y  i n c r e a s e d  t h e  p e r c e n t a g e  o f  f a t  i n  t h e  m i l k .  Cod 

l i v e r  o i l  f e d  a t  t h e  r a t e  o f  f i v e  o u n c e s  p e r  cow d a i l y  d e c r e a s e d  

t h e  f a t  p e r c e n t a g e  a p p r o x i m a t e l y  1 1 % ;  t h i s  c o u l d  n o t  be c o u n t e r ­

a c t e d  by  t o c o p h e r o l  f e e d i n g .

The e f f e c t  o f  t o c o p h e r o l  f e e d i n g  on  t h e  t o c o p h e r o l  l e v e l  

o f  t h e  c o l o s t r u m  and  t h e  e a r l y  m i l k  o f  cows was s t u d i e d  by 

P a r r i s h  e t  a l .  ( 1 9 4 7 ) .  I t  was f o u n d  t h a t  t h e  c o n t e n t  o f  t h e  

f o r m e r  i s  much l a r g e r  t h a n  t h e  l a t t e r .  When no t o c o p h e r o l s  

we re  g i v e n  i n  t h e  r a t i o n  o f  cows t h e  a v e r a g e  t o c o p h e r o l  l e v e l  

i n  t h e  c o l o s t r u m  f a t  was 98 m i c r o g r a m s  p e r  c e n t ,  and  t h a t  o f  

t h e  m i l k  f a t  20 m i c r o g r a m s  p e r  c e n t .  When 0 . 5  t o  1 . 0  gm. o f  

t o c o p h e r o l s  w e r e  g i v e n  d a i l y  i n  t h e  r a t i o n ,  t h e  l e v e l  o f  t o c o ­

p h e r o l  c h a n g e d  t o  150  m i c r o g r a m s  p e r  c e n t  i n  t h e  c o l o s t r u m  f a t  

a n d  17  m i c r o g r a m s  p e r  c e n t  i n  t h e  m i l k  f a t .  When 10  gm. o f  

t o c o p h e r o l s  w e r e  g i v e n  d a i l y ,  t h e  l e v e l  i n c r e a s e d  i n  t h e  c o l o s ­

t r u m  t o  489 a n d  t o  39  m i c r o g r a m s  p e r  c e n t  i n  t h e  m i l k  f a t .

S i m i l a r  r e s u l t s  w e re  o b t a i n e d  l a t e r  by W h i t i n g  a n d  L o o s l i  

( 1 9 4 8 b )  i n  s h e e p  an d  g o a t s .  T h e i r  m i l k  was much l e s s  r i c h  t h a n  

t h e  c o l o s t r u m .
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E l e c t r o c a r d io g r a m :

The e l e c t r o c a r d i o g r a p h i c  t e c h n i q u e  was p u t  t o  u s e  i n  t h e  

f i e l d  o f  a n i m a l  n u t r i t i o n  a  l i t t l e  o v e r  20 y e a r s  a g o ,  A g d u h r  

a n d  S t e n s t r o m  ( 1 9 2 9 )  u s e d  t h i s  m e t h od  t o  d e t e c t  t h e  a l t e r a t i o n s  

p r o d u c e d  i n  t h e  h e a r t  o f  a n i m a l s  f e d  a n  e x c e s s  o f  cod  l i v e r  o i l .  

S i n c e  some h e a r t  l e s i o n s  w e r e  l a t e r  d i s c o v e r e d  t o  be  c a u s e d  

by  t h e  a b s e n c e  o f  v i t a m i n  E i n  t h e  d i e t  o f  a n i m a l s ,  i t  was 

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

t i o n  f o r  t h e  u n d e r s t a n d i n g  o f  t h e  d i s e a s e #

G u l l i c k s o n  a n d  C a l v e r l y  ( 1 94 6 )  s t u d i e d  e l e c t r o c a r d i o ­

g r a p h i c  c h a n g e s  p r o d u c e d  i n  c a t t l e  by a  v i t a m i n  E - f r e e  r a t i o n .  

The PR i n t e r v a l  i n c r e a s e d  an d  t h e  p o t e n t i a l  o f  t h e  v a r i o u s  d e ­

f l e c t i o n s  was m o d i f i e d  f o u r  mon ths  p r i o r  t o  t h e  d e a t h  o f  t h e  

a n i m a l .  The e l e c t r i c a l  a x i s  o f  t h e  h e a r t  was  a l s o  c h a n g e d .

T hey  c o n c l u d e d  t h a t  t h e  r e s u l t s  showed a  d e c r e a s e d  f u n c t i o n a l  

a c t i v i t y  o f  t h e  m y oc a rd iu m  i n  t h e  t e r m i n a l  s t a g e s  o f  t h e  

d e f i c i e n c y .

I n  r a t s ,  E n s o r  ( 19 46 )  d i d  n o t  f i n d  a d e f i n i t e  d i f f e r e n c e  

b e t w e e n  a n i m a l s  m a i n t a i n e d  f o r  a  y e a r  on  a  d i e t  f r e e  o f  v i t a m i n  

32 a n d  t h o s e  k e p t  on  t h e  same d i e t  p l u s  v i t a m i n  E .  He r e p o r t e d  

t h a t ,  p e r h a p s ,  a  s l i g h t  w i d e n i n g  o f  t h e  QRS c o m p l e x ,  w h i c h  

o c c u r r e d  i n  f i v e  o u t  o f  15 r a t s ,  c o u l d  be t h e  o n l y  n o t i c e a b l e  

e f f e c t  o f  t h e  d e f i c i e n c y .

E - d e f i c i e n t  r a b b i t s  we re  s u b m i t t e d  t o  v a r i o u s  f u n c t i o n a l  

t e s t s  by  H o u c h i n  and  S m i t h  ( 1 9 4 4 ) .  They  f o u n d  t h a t  d e f i c i e n t
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a n i m a l s  ha d  a  g r e a t l y  i n c r e a s e d  s e n s i t i v i t y  t o  p o s t e r i o r  p i t u i ­

t a r y  e x t r a c t ,  a  h i g h e r  r e s i s t a n c e  t o  t h e  t o x i c  e f f e c t  o f  

c a r d i a c  g l y c o s i d e s ,  a n d  t h a t  t h e  h e a r t  p r o b a b l y  became d i l a t e d .

L a t e r ,  G a t z  a n d  H o u c h i n  ( 19 4 7 )  p o i n t e d  o u t  t h a t  r a b b i t s  h a v i n g

m y o c a r d i t i s  p r o d u c e d  by  v i t a m i n  E d e f i c i e n c y  a l s o  gave  a b n o r m a l  

EKG r e c o r d .  The r e c o r d s  o f  d e f i c i e n t  a n i m a l s  a s  co mpa red  w i t h  

t h o s e  o f  n o r m a l  r a b b i t s  showed a  r i g h t  a x i s  d e v i a t i o n ,  a n  i n ­

v e r t e d  p o t e n t i a l  o f  QRS i n  l e a d s  1 a nd  3 ;  t h e r e  was n o t h i n g

f r e q u e n t l y  o c c u r r i n g  i n  T1 and  T2 a nd  i n v e r s i o n  o f  T3 .  No s i g ­

n i f i c a n t  v a r i a t i o n s  a p p e a r e d  i n  t h e  PR a n d  QRS i n t e r v a l s .  The 

wo rk  o f  B r a g d o n  a nd  L e v i n e  (1949 )  d i d  n o t .  f u l l y  r e p r o d u c e  t h e  

r e s u l t s  r e p o r t e d  by G a t z  a nd  H o u c h i n  ( 1 9 4 7 ) .  E - d e f i c i e n t  

r a b b i t s  showed  e l e v a t e d  ST s e g m e n t s  and i n v e r s i o n  o f  t h e  T 

w av es  i n  l e a d  I I .  T h e s e  c h a n g e s  we re  o n l y  o b s e r v e d  d u r i n g  t h e  

l a t t e r  p a r t  o f  t h e  p e r i o d  o f  o b s e r v a t i o n .

I n  monkeys  w i t h  c h r o n i c  v i t a m i n  E d e f i c i e n c y ,  F i l e r  et_ a l . 

( 1 9 4 9 )  p o i n t e d  o u t  t h a t  t h e r e  i s  a  r e d u c t i o n  i n  t h e  a m p l i t u d e  

o f  t h e  R and  T w a v es  a n d  i n v e r s i o n  o f  t h e  T w a v e s .  He co mp ar ed  

h i s  r e s u l t s  w i t h  t h e  r e s u l t s  o b t a i n e d  i n  v i t a m i n  B1 d e f i c i e n c y  

o f  monkeys  by Waisman and  McCa l l  ( 194 4 )  a nd  c o n c l u d e d  t h a t  t h e y  

we r e  q u i t e  s i m i l a r .

I n t e r r e l a t i o n s h i p s :

The  s t u d y  o f  t h e  e f f e c t s  o f  v i t a m i n  E d e f i c i e n c y  on  t h e  

c h e m i c a l  c o m p o s i t i o n  o f  t h e  t i s s u e s  h a v e  shown t h a t  i t  i n f l u e n c e s
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t h e  l i p i d ,  p r o t e i n ,  c a r b o h y d r a t e  a nd  m i n e r a l  c o n s t i t u e n t s .

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

o r  i n d i r e c t l y ,  o f  t h e  m e t a b o l i s m  o f  t h e  t i s s u e s .  A l t h o u g h  we 

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

t h e s e  c h a n g e s ,  t h e y  w i l l  be b r i e f l y  r e v i e w e d  i n  t h e  f o l l o w i n g  

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

E on  t h e  m e t a b o l i s m  o f  p r o t e i n s ,  l i p i d s ,  c a r b o h y d r a t e s  a n d  

m i n e r a l s .

I n t e r r e l a t i o n s h i p  o f  V i t a m i n  E a nd  t h e  L i p i d s :

T h e r e  i s  no d o u b t  t h a t  v i t a m i n  E m us t  be  c o n c e r n e d  w i t h  

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

a n d  cod  l i v e r  o i l  e s p e c i a l l y )  g i v e n  i n  t h e  d i e t  p r e c i p i t a t e  t h e  

symptoms  o f  t h e  v i t a m i n  S d e f i c i e n c y  ( M a c k e n z i e  e t  a l . 1 9 4 1 ) ,  

a n d ,  t h e  v i t a m i n  E d e f i c i e n c y  p r o d u c e s  d e r r a n g e m e n t s  o f  t h e  

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

R a n c i d  f a t s ,  m a t e r i a l s  h a v i n g  a  r a n k  s m e l l  and  h i g h  c o n t e n t  

o f  f r e e  f a t t y  a c i d s ,  a l d e h y d e s ,  k e t o n e s  a nd  p e r o x i d e s  we re  f o u n d  

by  M a t i l l  ( 1 9 3 8 )  t o  be  h i g h l y  d e s t r u c t i v e  t o  v i t a m i n  E .  T h i s  

d r a s t i c  a c t i o n  was due t o  r a p i d  o x i d a t i v e  p r o c e s s .

E x c e s s i v e  f e e d i n g  o f  cod l i v e r  o i l  h a s  b e e n  known f o r  a  

l o n g  t i m e  t o  be d e t r i m e n t a l  t o  a n i m a l s  (Agduhr  and  S t e n s t r o m  

1 9 2 9 )  a n d  many w o r k e r s  h a ve  u s e d  i t  t o  f a c i l i t a t e  t h e  s t u d y  o f  

t h e  m u s c u l a r  d y s t r o p h y  ( D a v i s  e t  a l . 1 9 3 8 ) .  The same a u t h o r s  

made a n  e f f o r t  t o  i d e n t i f y  t h e  f a c t o r s  i n  cod l i v e r  o i l  r e s ­
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p o n s i b l e  f o r  s u c h  a c t i o n .  T h e i r  r e s u l t s  i n d i c a t e d  t h a t  n e i t h e r  

a r s e n i c  no r  c h o l e s t e r o l  we re  c o n c e r n e d  w i t h  t h e  p r o d u c t i o n  o f  

m u s c u l a r  d y s t r o p h y .

More r e c e n t  i n v e s t i g a t i o n s  p o i n t  t o w a r d s  o t h e r  c o n s t i t u e n t s  

o f  c o d  l i v e r  o i l .  Dam ( 1 9 4 4 a ,  19 4 4b  a n d  19 48 )  a nd  G o l d h a b e r  

e t  a l . ( 19 5 0 )  t h o u g h t  t h a t  p r o b a b l y  t h e  u n s a t u r a t e d  f a t t y  a c i d s  

w e re  t h e  n e c e s s a r y  f a c t o r  f o r  p r o d u c t i o n  o f  v i t a m i n  E d e f i c i e n c y  

i n  t h e  c h i c k e n .  Holman ( 19 47 )  a l s o  s t a t e d  t h a t  f a t t y  a c i d s  

p r o b a b l y  w e r e  t h e  t o x i c  s u b s t a n c e s  c o n t a i n e d  i n  t h e  c o d  l i v e r  o i l  

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

H o w e v e r ,  t h e  r e v i e w  of- C o r m i e r  ( 1 9 4 8 )  on t h e  a p p a r e n t  

a n t a g o n i s m  o f  c od  l i v e r  o i l  t o w a r d s  v i t a m i n  E i n  e x p e r i m e n t s  

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

t h e  s p e c i f i c  n a t u r e  o f  t h e  t o x i c i t y  o f  cod  l i v e r  o i l  was n o t  

y e t  d e f i n e d .

Cod l i v e r  o i l  was n o t  t h e  o n l y  f a t t y  m a t e r i a l  t h a t  h a s  

shown a n t a g o n i s m  t o  t h e  v i t a m i n  E .  Dam (19 44 b )  showed t h a t  hog  

l i v e r  f a t  a l s o  h a d  an e f f e c t  on  t h e  p r o d u c t i o n  o f  v i t a m i n  E 

d e f i c i e n c y  o f  t h e  c h i c k .  F u r t h e r m o r e ,  he  f o u n d ,  by s e p a r a t i n g  

t h r e e  f r a c t i o n s  o f  h og  l i v e r  f a t t y  a c i d s  o f  d i f f e r e n t  i o d i n e  

n u m b e r ,  t h a t :  t h e  l e a s t  u n s a t u r a t e d  f r a c t i o n  ( I . N .  5) had

l i t t l e  e f f e c t  and  g av e  o n l y  e x u d a t e s ;  t h e  i n t e r m e d i a t e  f r a c t i o n  

( I . N .  1 04 )  ga ve  b o t h  e x u d a t e s  a nd  e n c e p h a l o m a l a c i a , w h e r e a s  t h e  

m os t  u n s a t u r a t e d  f r a c t i o n  ( I . N .  241 )  c a u s e d  a  r a p i d  o n s e t  o f  

s e v e r e  e n c e p h a l o m a l a c i a  a n d  e a r l y  d e a t h  o f  t h e  a n i m a l s .
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More e v i d e n c e  on  t h e  i n t e r r e l a t i o n  o f  a l p h a  t o c o p h e r o l  and  

e s s e n t i a l  u n s a t u r a t e d  f a t  a c i d s  was g i v e n  by Hove and  H a r r i s

( 1 9 4 6 )  who showed  t h a t  E - d e f i c i e n c y  symptoms we re  a g g r a v a t e d  

when  t o c o p h e r o l  b u t  no e s s e n t i a l  f a t  was f e d  t o  f a t - d e f i c i e n t  

r a t s .

The i n f l u e n c e  o f  v i t a m i n  E on t h e  l i p i d  c o m p o s i t i o n  o f  t h e  

t i s s u e s  was s t u d i e d  by v a r i o u s  i n v e s t i g a t o r s .  E s c u d e r o  jet  a l . 

( 19 42 )  f o u n d  t h a t  i n  v i t a m i n  E d e f i c i e n c y  t h e  l i p i d  c o n t e n t  o f  

t h e  a d r e n a l s  was d i m i n i s h e d  a f t e r  r a t s  were  on  a  l ow E d i e t  f o r  

s i x  m o n t h s .  The e x t e n s i v e  work  o f  Dam on t h e  v i t a m i n  E d e f i c i e n c y  

o f  c h i c k s  ( 1 9 4 4 a ,  19 44 b  a n d  1 9 4 9 )  gave  some e v i d e n c e  t h a t  t h e  

E d e f i c i e n c y  d e c r e a s e d  t h e  r a t i o  o f  p h o s p h o l i p i d  t o  o t h e r  l i p i d s  

i n  t h e  b l o o d  p l a s m a  o f  c h i c k s ,  b u t  he  t h o u g h t  t h a t  t h e  d i f f e r ­

e n c e  was n o t  g r e a t  enough  t o  be o f  d i a g n o s t i c  v a l u e .  He a l s o  

showed  (Dam 1 9 4 8 b )  t h a t  t h e  d e v e l o p m e n t  o f  e x u d a t e s  i n  t h e  a d i ­

p o s e  t i s s u e  o f  c h i c k s ,  due t o  l a c k  o f  t o c o p h e r o l s  i n  t h e  d i e t ,  

c o i n c i d e d  w i t h  t h e  t im e  when p e r o x i d e s  c o u l d  be d e m o n s t r a t e d  i n  

t h e  d e p o t  f a t .  L a t e r ,  t h e  p e r o x i d e s  i n c r e a s e d  i n  t h e  t i s s u e s ,  

w h i c h  was a p p a r e n t  t h r o u g h  t h e  b rown c o l o r a t i o n  o f  t h e  f a t  

t i s s u e s .  T h e s e  l a s t  f i n d i n g s  w e r e  e s s e n t i a l l y  t h e  same a s  

r e p o r t e d  by C r i d d l e  and  Morgan  ( 1 947 )  who,  b e s i d e s ,  o b s e r v e d  

t h a t  t h e  mea t  o f  t u r k e y s ,  w h i c h  we re  n o t  f e d  t o c o p h e r o l s  i n  

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

s t o r a g e •



-  31 -

B r a t z l e r  et_ a l . ( 19 50 )  a n a l y z e d  t h e  body  f a t  o f  p i g s  

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

a c i d .  The e x c e s s  was p r o d u c e d  a t  t h e  e x p e n s e  o f  t h e  s a t u r a t e d  

f a t t y  a c i d s .

I n t e r r e l a t i o n s h i p  o f  V i t a m i n  E a n d  t h e  N i t r o g e n  M e t a b o l i s m :

The i n f l u e n c e  o f  t h e  d e f i c i e n c y  o f  v i t a m i n  E i n  t h e  d i e t  

on  t h e  c r e a t i n e - c r e a t i n i n e  e x c r e t i o n  i n  t h e  u r i n e  h a s  a l r e a d y  

b e e n  r e v i e w e d .  A l p h a  t o c o p h e r o l  a l s o  h a s  b e e n  d e m o n s t r a t e d  t o  

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

o f  a n i m a l s  d e f i c i e n t  i n  v i t a m i n  E .

G - o e t t s c h  a n d  Brown (19 32 )  f o u n d  t h a t  t h e  c r e a t i n e  c o n t e n t  

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

b r a i n .  M e l v i l l e  and  Hummel ( 1 95 1 )  a l s o  made t h e  a n a l y s i s  o f  

t i s s u e s  o f  E d e p l e t e d  r a b b i t s  a n d  f o u n d  t h a t  t h e  c r e a t i n e  c o n ­

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

k i d n e y  and  b l o o d  f o u r  t i m e s ,  w h e r e a s  t h e  c o n t e n t  o f  c r e a t i n e  i n  

t h e  m u s c l e  was  l o w e r  t h a n  n o r m a l .  T h e s e  f i n d i n g s  s u g g e s t e d  t o  

t hem t h a t  p e r h a p s  t h e r e  i s  some s t o r a g e  i n  t h e  k i d n e y s  c e l l s ,  

a n d  t h e  same may be t r u e  i n  t h e  l i v e r .  B o t h  o r g a n s  wo u ld  

t e m p o r a r i l y  s t o r e  some o f  t h e  c r e a t i n e  r e l e a s e d  f rom d e g e n e r a t i n g  

m u s c l e s .

V i t a m i n  E n o t  o n l y  h a s  i n t e r r e l a t i o n s  w i t h  t h e  n i t r o g e n o u s  

compounds  j u s t  m e n t i o n e d ,  b u t  a l s o  w i t h  t h e  amino  a c i d s  and 

p r o t e i n  m e t a b o l i s m .
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H e r s c h e l  ( 1 9 4 6 )  made a  t h e o r e t i c a l  s t u d y  o f  t h e  a c t i o n  o f  

a l p h a  t o c o p h e r o l  on t h e  a n i m a l  p h y s i o l o g y .  He c o n c l u d e d  t h a t  

t h e r e  m u s t  be a  r e l a t i o n  o f  v i t a m i n  E t o  t h e  amino  a c i d s ,  e s ­

p e c i a l l y  c y s t i n e  an d  i s o l e u c i n e .

On t h e  o t h e r  h a n d ,  o t h e r  w o r k e r s  a r r i v e d  a t  s i m i l a r  c o n ­

c l u s i o n s  when i n v e s t i g a t i o n s  we re  c a r r i e d  o u t  a b o u t  t h e  o r i g i n  

o f  c r e a t i n e .  I t  was f o u n d  t h a t  c r e a t i n e  was f o r m ed  f r o m  s e v e r a l  

a m in o  a c i d s ,  b u t  e s p e c i a l l y  f r om  g l y c i n e  an d  a r g i n i n e ,  t h e  

s p e c i f i c  b i o l o g i c a l  p r e c u r s o r s  o f  c r e a t i n e  (Sahdu  1 9 4 7 ;  Alm-  

q u i s t  e t  a l . 1 9 4 1 ;  B l o c h  a n d  S c h o e n h e i m e r  1 9 4 1 ) .

G- lu t amine  o f  t h e  m u s c l e  was f ou n d  by R o d e r u c k  (194 9 )  t o  be  

r e d u c e d  i n  v i t a m i n  E d e f i c i e n t  musc l e  o f  g u i n e a  p i g s  a nd  r a b b i t s .  

N o t w i t h s t a n d i n g  t h e  c o m p o s i t i o n  o f  t h e  n o n - g l u t a m i n e  amino  a c i d s  

r e m a i n e d  u n c h a n g e d .

The p o s s i b i l i t y  t h a t  v i t a m i n  E m i g h t  be r e l a t e d  t o  p r o t e i n  

m e t a b o l i s m  h a s  b e e n  s u g g e s t e d  by s e v e r a l  w o r k e r s  (Dam 1 9 4 4 b ;

Hove 1 9 4 6 ;  Hove and  H a r r i s  1 9 4 7 b ;  Moore 1 9 4 8 ,  1 9 4 9 ) .  Moore 

( 1 9 4 8 )  f o u n d  t h a t  i n  r a t s  h a v i n g  a combined  d e f i c i e n c y  o f  v i t a m i n  

E a n d  p r o t e i n ,  f a i l u r e  o f  g r o w t h  was m a i n l y  due  t o  l a c k  o f  

p r o t e i n ,  and  d e n t a l  d e p i g m e n t a t i o n  t o  l a c k  o f  v i t a m i n  E .  Wo rk ing  

on t h e  same p r o b l e m ,  Hove and H a r r i s  ( 19 47 b )  p o i n t e d  o u t  t h a t  

t h e  e f f i c i e n c y  o f  u t i l i z a t i o n  o f  p r o t e i n  was n o t  a f f e c t e d  by  

a d d i n g  a l p h a  t o c o p h e r o l  t o  t h e  d i e t .

O t h e r  s t u d i e s ,  w h i c h  co mb in ed  t h e  e f f e c t  o f  p r o t e i n  a nd  

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

f i c i e n c y  o f  s u l f u r  c o n t a i n i n g  amino  a c i d s ,  was f o u n d  by L i n d a n  

a n d  H i m s w o r t h  ( 1 9 5 0 )  t o  be  d e l a y e d  by a l p h a  t o c o p h e r o l  f e e d i n g .  

A l p h a  t o c o p h e r o l ,  h o w e v e r ,  c o u l d  n o t  c o m p l e t e l y  p r e v e n t  t h e  

f a t a l  i n j u r i e s  c a u s e d  by a d i e t  d e f i c i e n t  i n  m e t h i o n i n e  (Kemeny 

et_ a L .  1 9 4 9 ) .  Y e t ,  Moore  ( 1 9 4 9 )  f o u n d  t h a t  t o c o p h e r o l  p r e v e n t e d  

l i v e r  n e c r o s i s ,  a n a e m i a  and  p e r s i s t e n t  l o s s  o f  w e i g h t  due  t o  a  

p r o t e i n  d e f i c i e n t  r a t i o n .  Bu t  t o c o p h e r o l  c o u l d  n o t  p r e v e n t  t h e  

h e a v y  i n f i l t r a t i o n  o f  t h e  l i v e r  w i t h  f a t .

P r o s p e r i  an d  L o t t i n i  ( 1950 )  s u g g e s t e d  t h a t  t h e  f o r m a t i o n  

o f  t h e  p r o t e i n  t h r o m b i n  f r om  p r o t h r o m b i n  c o u l d  be i n f l u e n c e d  by 

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

c o a g u l a n t  f a c t o r  i n  h e m o p h i l i a  t h e r a p y ,  h a s  no i n f l u e n c e  i n  t h e  

f o r m a t i o n  o f  f i b r i n ,  and  d o e s  n o t  a c t  on  t h e  p l a t e l e t s .

V i t a m i n  E a n d  t h e  C a r b o h y d r a t e  M e t a b o l i s m :

L i t t l e  work h a s  b e e n  do n e  on t h e  r e l a t i o n  o f  v i t a m i n  E t o  

t h e  c a r b o h y d r a t e  m e t a b o l i s m .  Mos t  o f  t h e  k n o w l e d g e  on t h i s  

m a t t e r  a t  p r e s e n t  comes  f rom c l i n i c a l  o b s e r v a t i o n s  on t h e  e f f e c t s  

o f  v i t a m i n  £  on c e r t a i n  d i s e a s e s .  B u t t u r i n i  ( 1949 )  showed t h a t  

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

i n  t h e  s k e l e t a l  m u s c l e ,  i n  t h e  h e a r t  and  i n  t h e  l i v e r .  He t r e a t ­

ed some c a s e s  o f  d i a b e t i s  m e l l i t u s  w i t h  v i t a m i n  E,  and  f o u n d  

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

g l y c e m i a  a n d  r e d u c e d  t h e  h y p e r g l y c e m i a  a n d  g l y c o s u r i a .  He c o n -
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e l u d e d  f rom h i s  e x p e r i e n c e  t h a t  i t  was p o s s i b l e  t o  c u r e  m i l d  

c a s e s  o f  d i a b e t i s  m e l l i t u s  by o n l y  t h e  u s e  o f  v i t a m i n  E .  I n  

s e v e r e  c a s e s ,  he  w r o t e ,  v i t a m i n  E s t i l l  was h e l p f u l  s i n c e  i t  

i n c r e a s e d  t h e  i n t e n s i t y  an d  d u r a t i o n  o f  t h e  h y p o g l y c e m i c  e f f e c t  

o f  i n s u l i n .  The more c o m p l e t e  u t i l i z a t i o n  o f  c a r b o h y d r a t e s  i n  

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

when t h e  g l y c e r n i c  v a l u e s  were  s t i l l  o v e r  t h e  u s u a l  r e n a l  t h r e s ­

h o l d .

I n  c l i n i c a l  c a s e s  o f  hypo and  h y p e r f u n c t i o n a l  s t a t e s  o f  t h e  

p i t u i t a r y - d i e n c e p h a l i c  s y s t e m ,  H e i n s e n  (1 9 5 1 )  r e p o r t e d  t h a t  t h e  

a d m i n i s t r a t i o n  o f  a l p h a  t o c o p h e r o l  had  a n o r m a l i z i n g  o r  r e g u l a ­

t o r y  e f f e c t  on t h e  c a r b o h y d r a t e  and  w a t e r  m e t a b o l i s m .

I t  m u s t  be a d m i t t e d ,  h o w e v e r , t h a t  c r i t i c a l  d a t a  on t h e  

i n t e r r e l a t i o n s h i p  o f  v i t a m i n  E an d  c a r b o h y d r a t e s  a r e  l a c k i n g .

V i t a m i n  E a n d  t h e  M i n e r a l  M e t a b o l i s m :

The i n v e s t i g a t i o n  o f  Fenn and  G - o e t t s ch  ( 19 3 7 )  i n d i c a t e d  

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

i n  a s s o c i a t i o n  w i t h  n u t r i t i o n a l  m u s c u l a r  d y s t r o p h y  o f  r a b b i t s .  

They  f o u n d  t h a t  d y s t r o p h i c  m u s c l e s  had  l e s s  p o t a s s i u m ,  l e s s  

m a g n e s i u m ,  a nd  more  sod i um  and  c h l o r i n e  t h a n  m u s c l e s  o f  n o r m a l  

r a b b i t s .  When t h e  m u s c l e s  showed h i s t o l o g i c a l  e v i d e n c e  o f  

c a l c i f i c a t i o n  t h e r e  was a l s o  f o u n d ,  by t h e  c h e m i c a l  m e t h o d ,  

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

C a l c i f i c a t i o n  o f  n e c r o t i c  f i b e r s  was o b s e r v e d  by P a p p e n ­

h e i m e r  ( 19 42 )  and  M o r g u l i s  and  J a c o b i  ( 19 46 )  i n  v i t a m i n  E 

d e f i c i e n c y .
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The p h o s p h o r u s  m e t a b o l i s m  was f o u n d  t o  be d i s t u r b e d  by t h e  

a b s e n c e  o f  v i t a m i n  E by  L u ,  E m e r s o n  and  E v a n s  ( 1 9 4 1 ) ,  I t  was  

n o t i c e d  t h a t  i n  p a r a l y z e d  r a t s  t h e r e  was a s l i g h t  d e c r e a s e  o f  

i n o r g a n i c  p h o s p h o r u s  a n d  c r e a t i n e  p h o s p h o r u s ,  an d  a ma rked  

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

e s t e r  o f  p h o s p h o r u s *  How eve r ,  i n  t h e s e  r a t s  p r o n o u n c e d  d y s ­

t r o p h y  was n o t  o b s e r v e d  a n d  no c h a n g e  o c c u r r e d  i n  t h e  c a l c i u m  

c o n t e n t *  When t h e  r a t s  became m a r k e d l y  d y s t r o p h i c  t h e  m u s c l e s  

h a d  a  w h i t e  a n d  waxy a p p e a r a n c e ,  w h i c h  was a c c o m p a n i e d  by a n  

i n c r e a s e  o f  50-180/& i n  c a l c i u m  and  by a  d e c r e a s e  i n  p h o s p h o -  

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

P a p p e n h e i m e r  ( 1 9 4 3 ) ,  i n  h i s  r e v i e w  o f  t h e  m u s c u l a r  d i s o r ­

d e r s  a s s o c i a t e d  w i t h  d e f i c i e n c y  o f  v i t a m i n  E ,  s t a t e d  t h a t  t h e  

i n t e r p r e t a t i o n  o f  t h e  o v e r a l l  c h a n g e s  i n  t h e  e l e c t r o l y t e  c o n t e n t  

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

o f  t h e  d y s t r o p h i c  m u s c l e s ,  a s  r e g a r d  n o r m a l ,  n e c r o t i c  and  r e g e n ­

e r a t i n g  f i b e r s ,  w a n d e r i n g  c e l l s ,  i n t e r s t i t i a l  f a t  and  c o n n e c t i v e  

t i s s u e ,  a n d  p a t h o l o g i c  c a l c i f i c a t i o n  o f  de ad  f i b e r s *

E a r l y  i n v e s t i g a t o r s  we re  s u s p i c i o u s  t h a t  a n  i m b a l a n c e  

o f  t h e  r a t i o  o f  c a l c i u m  t o  p h o s p h o r u s  had  some c o n n e c t i o n  

t o  t h e  " s t i f f - l a m b "  d i s e a s e  (Mar sh  1 9 3 2 ) .  S i n c e  r a t i o n s  

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

p h o r u s  and  p r o d u c e d  h i g h  i n c i d e n c e  o f  " s t i f f - l a m b "  d i s ­

e a s e ,  W i l l m a n  e t  a l ,  ( 19 46 )  f e d  r a t i o n s  known t o  be s a t i s f a c ­

t o r y  t o  s h e e p ,  b u t  t o  w h i c h  e n o u g h  d i b a s i c  sod ium  p h o s p h a t e
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was  a d d e d ,  i n  o r d e r  t o  make t h e  p h o s p h o r u s  c o n t e n t  e q u a l  t o  

t h a t  o f  t h e  " s t i f f - l a m b  r a t i o n " .  The r e s u l t s  i n d i c a t e d  t h a t  

p h o s p h o r u s  by  i t s e l f  was n o t  a  f a c t o r  i n  t h e  v i t a m i n  E d e f i ­

c i e n c y  o f  t h e  l a m b .

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

d i e t s  and  p r o d u c e  t h e  E d e f i c i e n c y .  Z a c h a r i a s  e t  a l . ( 1950 )  

w e r e  i n t e r e s t e d  t o  know w h e t h e r  o r  n o t  i r o n  p e r  s e  had a n y  

i n f l u e n c e  i n  t h e  d e v e l o p m e n t  o f  t h e  v i t a m i n  E d e f i c i e n c y .

They  f o u n d  t h a t  t h e  i n c l u s i o n  o f  i r o t>  e i t h e r  i n  t h e  f e r r i c  o r  

f e r r o u s  f o r m ,  ha d  no e f f e c t  on t h e  p l a s m a  l e v e l  o f  t h e  c h i c k .

T h e o r y  o f  P h y s i o l o g i c a l  F u n c t i o n s :

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

E we re  r e v i e w e d  by Mason ( 19 4 4 )  i n  a  c h a p t e r  o f  h i s  w o rk :  

" P h y s i o l o g i c a l  A c t i o n  o f  V i t a m i n  E and  I t s  H o m o l o g u e s " .  "The 

a n t i o x i d a n t  f u n c t i o n  o f  t h e  t o c o p h e r o l s ,  i m p o r t a n t  a s  i t  may b e " ,

he s a i d ,  " c a n n o t  r e p r e s e n t  t h e  p r i m e  r o l e  o f  v i t a m i n  E ...................... "

Among t h e  r e a s o n s  g i v e n  t o  s u p p o r t  h i s  p o i n t  o f  v i e w  w e r e :  

t h e  i n a b i l i t y  o f  o t h e r  a n t i o x i d a n t s  t o  s u b s t i t u t e  v i t a m i n  E ,  

t h e  i n v e r s e  r e l a t i o n s h i p  b e t w e e n  a n t i o x i d a n t s  and  b i o l o g i c a l  

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

i n g e s t i o n ,  a n d  t h e  nnBanner i n  w h i c h  c h a n g e s  u n r e l a t e d  t o  p h e n o l i c  

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

t o c o p h e r o l  s .

" A d a m s t o n e "  , c o n t i n u e d  Mason ,  " p o s t u l a t e d  t h e  t h e o r y  t h a t  

v i t a m i n  E may e x e r t  a  c o n t r o l l i n g  i n f l u e n c e  o v e r  c e l l  p r o l i f e r a ­
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t i o n .  T h i s  i d e a  i n s p i r e d  o t h e r  w o r k e r s  t o  s u g g e s t  t h a t  v i t a m i n  

E m i g h t  be  n e c e s s a r y  e i t h e r  f o r  t h e  s y n t h e s i s  o f  n u c l e a r  c h r o m a ­

t i n  o r  t h e  m a i n t e n a n c e  o f  t h e  p h y s i c o - c h e m i c a l  s t a t e  o f  t h e  

l a t t e r . "

A number  o f  i n v e s t i g a t o r s  p r o p o s e d  t h e  t h e s i s  t h a t  a r g i n i n e  

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

m u s c l e s .  Mason  ( 1 9 44 )  d e s c r i b e d  t h e s e  h y p o t h e s e s ,  w h i c h  had  

b e e n  d e d u c t e d  f r om  t h e  known f a c t s ,  t h a t  a r g i n i n e  i s  a n  i m p o r ­

t a n t  c o m po n e n t  o f  n u c l e o p r o t e i n s , and  t h a t  v i t a m i n  E d e f i c i e n c y  

p r o d u c e s  s p e c i a l  symptoms i n  r a t s ,  a n i m a l s  known t o  h a v e  d i f ­

f e r e n t  a b i l i t i e s  t o  s y n t h e s i z e  a r g i n i n e .

" I n  c o n c l u s i o n , "  Mason s t a t e d ,  " t h e  f a c t  t h a t  d i f f e r e n t  o r ­

g a n s  o r  t i s s u e s  a r e  a f f e c t e d  by v i t a m i n  E d e f i c i e n c y ,  and  t h a t  

t h e r e  a r e  s t r i k i n g  s p e c i e s  d i f f e r e n c e s  i n  t h i s  r e g a r d ,  c a n  be 

i n t e r p r e t e d  i n  two ways :  1)  v i t a m i n  E t a k e s  p a r t  i n  a  s p e c i f i c

m e t a b o l i c  p r o c e s s  w h i c h  i s  common t o  a  v a r i e t y  o f  t i s s u e s ,  o r  

2 )  i t  p l a y s  a  p a r t  i n  a  v a r i e t y  o f  e nz ym ic  p r o c e s s e s . "

S i n c e  t h a t  t i m e ,  many i n v e s t i g a t i o n s  ha v e  b e e n  c a r r i e d  o u t  

t o  d i s c l o s e  t h e  p h y s i o l o g i c a l  r o l e  o f  v i t a m i n  E .  I n  t h e  b i b l i o ­

g r a p h y  c o l l e c t e d  by H a r r i s  a nd  K u j a w s k i  ( 19 50 )  t h e  f o l l o w i n g  

e n z y m e s  h a v e  b e e n  r e p o r t e d  t o  h a v e  a  c los .e  r e l a t i o n s h i p  t o  t h e  

v i t a m i n  E:  c a r o t e n e  o x i d a s e ,  c h o l i n e  e s t e r a s e ,  s u c c i n o x i d a s e ,

coenzyme  I ,  c y t o c h r o m e  o x i d a s e ,  c y t o c h r o m e  r e d u c t a s e ,  l i p a s e ,  

h y a l u r o n i d a s e , a s p a r t i c g l u t a m i c  t r a n s a m i n a s e ,  l i v e r  a c i d  p h o s ­

p h a t a s e ,  m u s c l e  a l k a l i n e  p h o s p h a t a s e ,  m u s c l e  a c i d  p h o s p h a t a s e  

a n d  p h o s p h o r y l a s e s .
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T h i s  e x t e n s i v e  a c t i o n  o f  v i t a m i n  E on t h e  enzyme s y s t e m  

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

E i s  p l a y e d  i n  t h e  e n z y m i c  p r o c e s s e s  o f  t h e  a n i m a l  o r g a n i s m *

R e c e n t l y ,  H ickman  (1949 )  h a s  p o s t u l a t e d  a  h y p o t h e s i s  a b o u t  

t h e  h i g h l y  p o l y f u n c t i o n a l  p r o p e r t i e s  o f  v i t a m i n  E* He p r o p o s e d  

t h a t  v i t a m i n  E p l a y s  a  p r e d o m i n a n t  r o l e  i n  t h e  i_n t r a n s i t u  

c h e m i s t r y  p e r f o r m i n g  an  o r g a n i c  h o u s e k e e p i n g  and  t i d i n e s s  j o b  

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



EXPERIMENTAL PROCEDURE

A n i m a l s  U se d

A t o t a l  o f  51 l a m b s  was :  u s e d  t o  s t u d y  v i t a m i n  E d e f i c i e n c y  

i n  t h i s  s p e c i e s .  Mos t  o f  t hem we re  o b t a i n e d  f rom t h e  M i c h i g a n  

S t a t e  C o l l e g e ’ s e x p e r i m e n t a l  f l o c k  a nd  some f rom n e i g h b o r i n g  

f a r m s .  The ma in  c r i t e r i o n  f o r  t h e  s e l e c t i o n  o f  t h e  e x p e r i m e n t a l  

a n i m a l s  we re  a g e  a nd  h e a l t h .

I t  was t h o u g h t  t h a t  l a m b s  t h r e e  t o  f o u r  d a y s  o l d  wou ld  be 

t h e  m o s t  d e s i r a b l e  t o  u s e  i n  t h i s  e x p e r i m e n t .  A t  t h i s  a g e  t h e y  

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

n o t  q u i t e  e n o u g h  t o  b u i l d  up a  g r e a t  s t o r a g e  o f  t o c o p h e r o l s ,  

w h i c h  wou ld  h a v e  e i t h e r  i n c r e a s e d  t h e  t im e  o f  d e p l e t i o n ,  o r  

w o u l d  hav e  n o t  made p o s s i b l e  t h e  p r o d u c t i o n  o f  v i t a m i n  E 

d e f i c i e n t  l a m b s *

The l a m b s  we re  p u r e b r e d  o r  c r o s s b r e d ,  b u t  a l l  b e l o n g e d  t o  

t h e  t y p e  o f  m u t t o n  and  f i n e  w o o l .  F e m a l e s  and  m a l e s ,  s i n g l e  

a n d  t w i n  l a m b s  we re  u s e d  i n  t h i s  e x p e r i m e n t .

C o m p o s i t i o n  a n d  P r e p a r a t i o n  o f  t h e  P u r i f i e d  D i e t

E s s e n t i a l l y ,  t h e  p u r i f i e d  d i e t  u s e d  i n  t h i s  i n v e s t i g a t i o n  

was s i m i l a r  t o  t h a t  r e p o r t e d  by L u e c k e  e t  a l .  ( 1 9 5 0 ) .  They 

f o u n d  t h a t  t h e i r  d i e t  was v e r y  s a t i s f a c t o r y  f o r  t h e  d e v e l o p m e n t  

a n d  g r o w t h  o f  t h e  y o u n g  s u c k l i n g  l a m b .  Ho w ev e r ,  f o r  t h e  p r e s e n t
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w o r k ,  i t  was f e l t  n e c e s s a r y  t o  make c e r t a i n  c h a n g e s  i n  t h i s  

d i e t  i n  o r d e r  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  o f  e a r l y  g a s t r o ­

i n t e s t i n a l  s y n t h e s i s  o f  v i t a m i n  E ,  w h i c h  c o u l d  a l t e r  t h e  r e s u l t s  

o f  t h e  e x p e r i m e n t *

The m o d i f i c a t i o n  c o n s i s t e d  i n  t h e  e l i m i n a t i o n  o f  l a c t o s e ,  

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

i n  many a n i m a l s *  L a c t o s e  was r e p l a c e d  by g l u c o s e ;  t h u s ,  g l u ­

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

o f  t h e  l a m b s .  The d i e t  was c a l l e d  d i e t  A w h i c h  h a d  t h e  compo­

s i t i o n  shown i n  T a b l e s  I ,  I I  a n d  I I I .

The e x p e r i e n c e  w i t h  t h e  f i r s t  10 a n i m a l s  o f  t h e  t r i a l  I  

( d i e t  A)  i n d i c a t e d  t h a t  p e r h a p s  t h e  d i e t  was  n o t  a b s o l u t e l y  

f r e e  o f  t o c o p h e r o l s ,  s i n c e  t h e  symptoms  o f  v i t a m i n  E d e f i c i e n c y  

e v e n  a f t e r  a n  e x t e n d e d  p e r i o d  we re  r a t h e r  m i l d .  T h i s  was  n o t  

t h e  a im  o f  t h e  i n v e s t i g a t i o n ,  w h i c h ,  a s  i t  h a s  b e e n  s t a t e d ,  

was  t o  a t t e m p t  t o  d u p l i c a t e  t h e  a c u t e  synd ro me  o f  v i t a m i n  E 

d e f i c i e n c y  f o u n d  i n  t h e  f i e l d .  T h e r e f o r e ,  i t  was t h o u g h t  t h a t  

t h e  c a u s e  o f  p r o d u c t i o n  o f  m o d e r a t e  symptoms o f  v i t a m i n  E 

d e f i c i e n c y  was t h e  r e s u l t  o f  t h e  p r e s e n c e  o f  a s m a l l  am oun t  o f  

t o c o p h e r o l s  i n  t h e  d i e t .  I f  t h i s  was t h e  r e a s o n ,  t h e n ,  t h e r e  

we re  two c h o i c e s  f o r  p r o d u c t i o n  o f  v i t a m i n  E d e f i c i e n c y .  One 

was  t o  f e e d  a v i t a m i n  E a n t a g o n i s t .  a l o n g  w i t h  t h e  E - l o w  d i e t ,  

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

t h e  p r e p a r a t i o n  o f  t h e  l i q u i d  d i e t .  B o t h  o f  t h e  a p p r o a c h e s  

w e r e  s u c c e s s i v e l y  e m p l o y e d .
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TABLE I

COMPOSITION OF THE PURIFIED DIET

Componen t D i e t  A 
P e r  c e n t

D i e t  B 
p e r  ceni

S o l i d s 1 6 . 0 5 1 6 . 0 5

C a s e i n  ( L a b c o ) 4 . 8 0 4 . 8 0

G l u c o s e 6 . 0 8 6 . 0 8

L a r d

S a l t  m i x t u r e

( c o m m e r c i a l )  4 . 1 6  

0 . 9 6

( m o l e c u l a r  4 . 1 6  
d i s t i l l e d )

0 . 9 6

V i t a m i n s 0 . 0 5 0 . 0 5

D i s t i l l e d  w a t e r 8 3 . 9 5

1 0 0 . 0 0

8 3 . 9 5

1 0 0 . 0 0

TABLE I I

VITAMIN CONTENT OF (THE PURIFIED DIET

V i t a m i n s  o f
Mg. p e r  I t .  

a r t i  f i c i a l  
m i l k

V i t a m i n s
Mg. p e r  I t .  

o f  a r t i f i c i a l  
m i l k

T h i a m i n e 1 . 4 I n o s i  t o l 4 0 . 0 0

R i b o f l a v i n 3 . 0 Bi o t i n 0 . 0 4

N i c o t i n i c  a c i d 4 . 0 C h o l i n e 4 0 0 . 0 0

C a l c i u m  p a n t o ­
t h e n a t e

5 . 0 0 ( - T o c o p h e r o l  2 . 0 0  
a c e t a t e

P y r i d o x i n e

P t e r o y l  g l u t a m i c  
a c i d

2 . 0

0 . 2

2 - M e t h y l  n a p h t h o -  0 *4  
q u i n o n e

p -Amino  b e n z o i c  
a c i d

4 . 0 Vi t a rn in  

V i t a m i n

A 4000 I . U .  

D 500 I . U .
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TABLE I I I  

COMPOSITION OF THE SALT MIXTURE

Componen t  P e r  c e n t

NaCl 1 1 . 8 8

K2HP04 2 5 . 7 6

CaHP04 3 3 . 8 0

Ca l a c t a t e  Ca (C3H503)2-5H20 2 2 . 8 8

MgS04.7H20 3 . 5 4

F e S 04 .7 H 20 1 . 9 3

KI 0 . 0 6

MnS04.H20 0 . 1 0

ZnCl2 0 . 0 2

CuS04 . 5H20 0 . 0 2

CoCl2 .6H20 0 . 0 1

100.00
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Cod l i v e r  o i l  was s e l e c t e d  a s  t h e  p r o d u c t  f o r  s u p p l e m e n t a ­

t i o n  o f  a n t a g o n i s t i c  f a c t o r s  t o  v i t a m i n  E.  T h r e e  a n i m a l s ,  t h a t  

w e r e  a l r e a d y  f e d  a  v i t a m i n  E - l o w  d i e t  f o r  40 d a y s  an d  two c o n ­

t r o l s ,  w h i c h  we re  f e d  a  v i t a m i n  E c o n t a i n i n g  d i e t  f o r  t h e  same 

t i m e ,  we re  d a i l y  s u p p l e m e n t e d  w i t h  5 m l .  o f  cod  l i v e r  o i l  by 

m o u th  f o r  a  p e r i o d  o f  25 d a y s .

Of a l l  t h e  i n g r e d i e n t s  o f  t h e  d i e t  A,  c o m m e r c i a l  l a r d  was 

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

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

a t t e n u a t e  t h e  E d e f i c i e n c y  sy n d r o m e .  T h u s ,  t h e  c o m m e r c i a l  l a r d  

was s u b s t i t u t e d  by a n  e q u a l  amou n t  o f  a  m o l e c u l a r  d i s t i l l e d  

l a r d  ( l ow  t o c o p h e r o l  a n i m a l  f a t )  c o n t a i n i n g  l e s s  t h a n  f i v e  

m i c r o g r a m s  o f  t o c o p h e r o l s  p e r  g r am .  The r e s t  o f  t h e  i n g r e ­

d i e n t s  r e m a i n e d  u n a l t e r e d .  The new d i e t  was c a l l e d  B w h i c h  

was i d e n t i c a l  t o  d i e t  A i n  e v e r y  r e s p e c t  e x c e p t  f o r  t h e  n a t u r e  

o f  t h e  l a r d .

Some o f  t h e  c h e m i c a l  c h a r a c t e r i s t i c s  o f  t h e  c o m m e r c i a l  and

m o l e c u l a r  d i s t i l l e d  l a r d  h av e  b e e n  d e t e r m i n e d  by t h e  D i s t i l l a t i o n
1

P r o d u c t i o n  I n d u s t r i e s  w h i c h  a r e  s u m m a r i z e d  i n  T a b l e  IV .

^ R o c h e s t e r  3 ,  N.Y.  D i v i s i o n  o f  E a s t m a n  Kodak Company.
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TABLE IV

SOME CHEMICAL CHARACTERISTICS OF COMMERCIAL 
AND MOLECULAR DISTILLED LARD

C h a r a c t e r i  s t i c Com me rc i a l
l a r d

M o l e c u l a r  d i s ­
t i l l e d  l a r d

I o d i n e  number 6 5 . 9 6 5 . 0

S a p o n i f i c a t i o n  Number 1 9 5 . 0 1 9 5 . 3

P e r c e n t  U n s a p o n i f i a b l e
to•o 0 . 3

A c i d  V a l u e 0 . 9 0 . 0 2

P e r o x i d e  number 1 4 . 0 2 3 . 0

P e r o x i d e  number  a f t e r  
f o u r  h o u r  o f  a e r e a t i o n  
a t  a b o u t  98°C.

3 6 1 . 0 4 1 8 . 0

The p r e p a r a t i o n  o f  t h e  l i q u i f i e d  d i e t  was c a r r i e d  o u t  i n  

t h e  f o l l o w i n g  m a n n e r .  D i s t i l l e d  w a t e r  ( 2 9 . 5  l i t e r s )  was 

m e a s u r e d  i n t o  a  10 g a l l o n  m i l k  c a n  and  warmed w i t h  a  s t e a m  c o i l  

t o  8 0 - S 5 ° C .  Sod ium b i c a r b o n a t e  (82 gm. )  was d i s s o l v e d  i n  t h e  

warm w a t e r ,  a n d  t o  t h i s  s o l u t i o n  c a s e i n  (1728  gm.)  was  a d d e d  

v e r y  s l o w l y  a n d  i n  s m a l l  p o r t i o n s .  I n  t h i s  way c a s e i n  was  

t r a n s f o r m e d  t o  sod iu m  c a s e i n a t e ,  wh ic h  i s  t h e  fo rm t h a t  c a s e i n  

i s  p r e s e n t  i n  t h e  n a t u r a l  m i l k .  The f o r m a t i o n  o f  t h i s  compound 

a n d  t h e  p r e p a r a t i o n  o f  a  homogenous  s u s p e n s i o n  was a i d e d  by 

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

p e n s i o n  was c o n t i n u o u s l y  s t i r r e d  f o r  a b o u t  3 0 - 4 5  m i n u t e s  t o  

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

t h e  s u s p e n s i o n .
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Then  g l u c o s e  (2189  gm.)  was a d d e d  and  t h e  p r e p a r a t i o n  

was r e a d y  t o  r e c e i v e  t h e  f a t  c o n s t i t u e n t s .  The l a r d  ( 14 98  gm. ) 

was m e l t e d  on  t h e  s t e a m  b a t h  a n d  36 m l .  o f  cod  l i v e r  o i l ,  r e i n ­

f o r c e d  w i t h  0 . 4  mg. p e r  ml .  o f  m e n a d io n e  ( V i t a m i n  K ) , was  a d d e d *  

T h i s  l i q u i f i e d  f a t  m i x t u r e  was s l o w l y  p o u r e d  i n t o  t h e  

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

c a s e i n ,  s u g a r s  a n d  l a r d  was h o m o g e n i z e d  i n  a  Manton-G-aul  i n  

h o m o g e n i z e r .  The o p e r a t i o n  was done a t  600 p o u n d s  p e r  s q u a r e  

i n c h  i n  t h e  f i r s t  s t a g e  a n d  3 2 0 0 - 2 5 0 0  p o u n d s  p r e s s u r e  p e r  s q u a r e  

i n c h  i n  t h e  s e c o n d  s t a g e .

A p o r t i o n  o f  t h i s  h o m o g e n i z e d  p r o d u c t  was r em ov e d  t o  make 

a  s u s p e n s i o n  o f  345 gm. o f  s a l t  m i x t u r e .  A bo u t  50 gm. p o r t i o n  

o f  t h e  s a l t  m i x t u r e  was p l a c e d  i n  W ar i n g  b l e n d o r s ^  f i l l e d  t o  

o n e - t h i r d  o f  t h e  c a p a c i t y  w i t h  t h e  h o m o g e n i z e d  p r e p a r a t i o n .

A f t e r  s e v e n  t o  t e n  m i n u t e s  o f  f a s t  s t i r r i n g ,  t h e  s a l t s  we re  

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

g e n i z e d  p r e p a r a t i o n  w i t h  t h e  a i d  o f  e l e c t r i c a l  s t i r r e r s *

The l a s t  s t e p  o f  t h e  m i l k  p r e p a r a t i o n  c o n s i s t e d  i n  t h e  

a d d i t i o n  o f  s u f f i c i e n t  q u a n t i t i e s  o f  B v i t a m i n s  w h i c h  we r e  

c o n t a i n e d  i n  360 m l .  o f  a 2 0$  a l c o h o l  s o l u t i o n .  The m i x t u r e  

was  c o m p l e t e d  by a n o t h e r  two t o  t h r e e  m i n u t e s  o f  s t i r r i n g ,  

a f t e r  w h i c h  t h e  p u r i f i e d  l i q u i d  d i e t  was r e a d y  t o  be  p o u r e d  

i n t o  c l e a n  s t e r i l e  g a l l o n  b o t t l e s .

The m i l k  was s t o r e d  u n d e r  r e f r i g e r a t i o n  a t  4 °C.  u n t i l  i t s  

u s e ,  b u t  n e v e r  f o r  more t h a n  15  d a y s  t o  e l i m i n a t e  any  p o s s i b i ­

l i t y  o f  a l t e r a t i o n .
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C a r e  a n d  F e e d i n g

The e x p e r i m e n t  was c a r r i e d  o u t  d u r i n g  t h e  w i n t e r  a n d  s p r i n g  

o f  1 9 5 1 .  The l a m b s  we re  k e p t  i n  a  c o n c r e t e - f l o o r e d  room m a i n ­

t a i n e d  a t  6 0 ° F . F i n e  w i r e  mesh f e n d e r s  s u b d i v i d e d  t h e  room i n  

s m a l l  p e n s  o f  a p p r o x i m a t e l y  4x12 f e e t .  E a c h  p e n  was p r o v i d e d  

w i t h  two b e d s  made o f  b u r l a p  b a g s  f i l l e d  w i t h  a  s m a l l  q u a n t i t y  

o f  wood s h a v i n g s .  Two o r  t h r e e  a n i m a l s  we re  p l a c e d  i n  e a c h  p e n .  

E v e r y  d a y  t h e  g r o u p  o f  a n i m a l s  i n  one  p e n  was moved t o  a  c l e a n  

o n e ,  w h i c h  a l s o  was  p r o v i d e d  w i t h  c l e a n  b e d d i n g .  The d i r t y  p e n s  

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

w i t h  a  l y e  s o l u t i o n  t o  make t h e  p l a c e  a s  a s e p t i c  a s  p o s s i b l e .

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

The l a m b s  w e r e  f e d  t h e  p u r i f i e d  m i l k  d i e t  f o u r  t i m e s  a  d a y ,  

by means  o f  c l e a n  s t e r i l e  n u r s i n g  b o t t l e s .  The a r t i f i c i a l  m i l k  

was t h o r o u g h l y  s h a k e n  t o  p u t  b a c k  i n  s u s p e n s i o n  t h e  m i n e r a l s  

t h a t  s e t t l e d  d u r i n g  t h e  s t o r a g e  p e r i o d .  I t  was p o u r e d  i n t o  t h e  

n u r s i n g  b o t t l e s  an d  warmed up t o  a b o u t  8 0 ° F .  A f t e r  one o r  two 

d a y s  t h e  l a m b s  we re  a b l e  t o  d r i n k  f rom t h e  b o t t l e  and  became 

a d j u s t e d  t o  t h e  new method  o f  f e e d i n g .  P r e v i o u s  e x p e r i e n c e  ha d  

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

r a i s i n g  y o u n g  l a m b s ;  t h u s ,  s p e c i a l  c a r e  was t a k e n  t o  r e g u l a t e  

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

I n d i v i d u a l  r e c o r d s  o f  e a c h  o f  t h e  l a m b s  we re  k e p t  c o n c e r n ­

i n g  m i l k  c o n s u m p t i o n ,  g r o w t h  ( w e i g h t  e v e r y  t h r e e  d a y s ) ,  and  

c l i n i c a l  o b s e r v a t i o n s  o f  t h e  h e a l t h  and  b e h a v i o r  o f  t h e  a n i m a l s .
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The w h o l e  e x p e r i m e n t  was c o n d u c t e d  i n  t h r e e  s u c c e s s i v e  

t r i a l s *  A t o t a l  o f  19 l a m b s  was  u s e d  d u r i n g  t h e  t r i a l  I .

E l e v e n  o f  t h em  were  p l a c e d  on d i e t  A t o  f i n d  i f  t h e  l i q u i d  

d i e t  was u s e f u l  i n  t h e  p r o d u c t i o n  o f  v i t a m i n  E d e f i c i e n c y .  A 

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

t h e  d i e t  A a n d  i n  a d d i t i o n  we re  g i v e n  o r a l l y  e v e r y  o t h e r  d a y ,

100  mg. o f  d l - a l p h a  t o c o p h e r o l  d i l u t e d  i n  c o r n  o i l  ( M a z o l a ) .

The o i l  was  a d m i n i s t e r e d  by means  o f  a s y r i n g e  f i t t e d  w i t h  a  

r u b b e r  h o s e .  To t e s t  t h e  u s e f u l n e s s  o f  cod  l i v e r  o i l  i n  a c c e l e ­

r a t i n g  t h e  d e v e l o p m e n t  o f  v i t a m i n  E d e f i c i e n c y  a n o t h e r  g r o u p  

o f  f i v e  a n i m a l s  was u s e d  i n  t h i s  f i r s t  t r i a l .  The t e c h n i q u e  

was d e s c r i b e d  a bo ve  u n d e r  t h e  h e a d i n g  o f  C o m p o s i t i o n  and  P r e ­

p a r a t i o n  o f  t h e  P u r i f i e d  D i e t .

The s e c o n d  t r i a l  was c a r r i e d  o u t  w i t h  a  t o t a l  o f  16 a n i m a l s .  

The p u r p o s e  o f  t h i s  s e c o n d  t r i a l  was t o  p r o d u c e  a n  a c u t e  s y n ­

d rome o f  v i t a m i n  E d e f i c i e n c y .  F o r  t h i s  r e a s o n  d i e t  B was  u s e d .  

T w e l v e  l am b s  were  s e p a r a t e d  f o r  t h e  d e f i c i e n t  g r o u p  and  a g r o u p  

o f  f o u r  l a m b s  was  k e p t  a s  c o n t r o l s .  The c o n t r o l s  a l s o  r e c e i v e d  

t h e  d i e t  B, a n d  we re  s u p p l e m e n t e d  w i t h  d l - a l p h a  t o c o p h e r o l  i n  

s i m i l a r  ma nn e r  a s  t h e  c o n t r o l s  o f  t h e  f i r s t  t r i a l .

The o b j e c t  o f  t r i a l  I I I  was t o  s t u d y  t h e  e l e c t r o c a r d i o ­

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

v i t a m i n  E a n d ,  a l s o ,  t o  s t u d y  t h e  r e c o v e r y  o f  E - d e f i c i e n t  l a m b s .  

D i e t  B was a g a i n  u s e d  i n  t h i s  t r i a l .  T h r e e  a n i m a l s  were  k e p t  

a s  c o n t r o l s ,  w h i c h  r e c e i v e d  d l —a l p h a  t o c o p h e r o l  i n  a n  i d e n t i c a l
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m anne r  t o  t h e  p r e v i o u s  c o n t r o l s .  T h i r t e e n  l a m b s  we re  p l a c e d  

on t h e  d e f i c i e n t  d i e t  w i t h o u t  a ny  s u p p l e m e n t a t i o n .  R e c o v e r y  

was  a t t e m p t e d  i n  s i x  o f  t h e  t h i r t e e n  d e f i c i e n t  l a m b s  by m ak i n g  

u s e  o f  d l - a l p h a  t o c o p h e r o l  acetate-®- and  c o r t i s o n e ^ .  Two v i t a ­

m in  E d e p l e t e d  l a m b s  were  t r e a t e d  w i t h  p r o s t i g m i n e ^  t o  t e s t  

t h e  e f f e c t  o f  t h i s  d r u g  on  t h e  v i t a m i n  E d e f i c i e n c y .

R e c o v e r y  w i t h  d l - a l p h a  t o c o p h e r o l  was t r i e d  on f o u r  l a m b s .  

The t h e r a p y  was s t a r t e d  when one o f  t h e  a n i m a l s  was s e v e r e l y  

d e f i c i e n t  and  t h e  t h r e e  o t h e r s  we r e  b e g i n n i n g  t o  show t h e  f i r s t  

sy m p t o m s .  The t r e a t m e n t  c o n s i s t e d  i n  f e e d i n g  a n  i n i t i a l  d o s e  

o f  500 mg. o f  a l p h a  t o c o p h e r o l  f o l l o w e d  by 100 mg. d o s e s  e v e r y  

o t h e r  d a y .  V i t a m i n  E was d i l u t e d  i n  c o r n  o i l  and  a d m i n i s t e r e d  

i n  t h e  same m ann e r  a s  d e s c r i b e d  a bov e  f o r  t h e  c o n t r o l  a n i m a l s .

The number  o f  d a y s  o f  t h e r a p y  was g r a d u a l l y  i n c r e a s e d  f rom 

one  da y  f o r  t h e  f i r s t  a n i m a l  t o  40 d ay s  f o r  t h e  l a s t  o n e .  The 

l a m b s  were  s a c r i f i c e d  i m m e d i a t e l y  a f t e r  t h e  t h e r a p y  e n d e d ,  i n  

o r d e r  t o  f o l l o w  p a t h o l o g i c a l l y  and  c h e m i c a l l y  t h e  p r o c e s s  o f  

r e c o v e r y  o f  t h e  E - d e f i c i e n t  l a m b s .

The e x p e r i e n c e  w i t h  a l p h a  t o c o p h e r o l  t h e r a p y  i n d i c a t e d  

t h a t  i t  i s  more  s u c c e s s f u l  t o  s t a r t  t h e  m e d i c a t i o n  a s  e a r l y  a s  

t h e  symptoms w e r e  n o t i c e d .  T h e r e f o r e ,  f o u r  o t h e r  l a m bs  t h a t

1 A l p h a  T o c o p h e r o l  A c e t a t e  M e r ck .  Merck  & C o . ,  I n c .  Rahway ,  
N. J .

^ C o r t o n e  A c e t a t e .  Merck  & C o . , I n c .  Rahway ,  N. J .
^ P r o s t i g m i n e  Bromide  M e r c k .  Merck  & C o . ,  I n c .  R a h w a y , N. J .
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b e g a n  t o  show t h e  v i t a m i n  E symptoms were  i m m e d i a t e l y  t r e a t e d  

w i t h  t h e  o t h e r  d r u g s *  Two a n i m a l s  we re  t r e a t e d  w i t h  p r o s t i g -  

m i n e .  I t  was  i n j e c t e d  s u b c u t a n e o u s l y  e v e r y  day  i n  d o s e s  o f  

0 . 5  mg. The o t h e r  two l a m b s  we re  a d m i n i s t e r e d  c o r t i s o n e ,  w h i c h  

was  i n j e c t e d  i n t r a m u s c u l a r l y  a t  t h e  r a t e  o f  50 mg, p e r  d a y .

B l o o d  S t u d i e s

The ma in  o b j e c t i v e  o f  t h e  b l o o d  s t u d i e s  was t o  d e t e r m i n e  

t h e  p r o g r e s s i v e  e f f e c t  o f  t h e  v i t a m i n  E d e f i c i e n c y  on t h e  t o t a l  

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

o f  t h e  b l o o d ,  and  t h e  d i f f e r e n t i a l  w h i t e  c o u n t .

A b o u t  20 ml .  o f  b l o o d  we re  c o l l e c t e d  f rom t h e  j u g u l a r  v e i n ,  

p l a c e d  i n t o  o x a l a t e d  t u b e s  a n d ,  a s  so o n  a s  p o s s i b l e ,  t h e  i n i t i a l  

v a l u e s  o f  t o c o p h e r o l  an d  o t h e r  c o n s t i t u e n t s  we re  d e t e r m i n e d .  

T h e n ,  b l o o d  s a m p l e s  we re  d r awn  e v e r y  t e n  d a ys  an d  when t h e  

a n i m a l s  we re  o l d e r ,  t h e  b l o o d  a n a l y s i s  was c a r r i e d  o u t  e v e r y  

week  u n t i l  t h e  en d  o f  t h e  e x p e r i m e n t .

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

b l o o d  p l a s m a  was t h e  one d e s c r i b e d  by Q u a i f e  a nd  H a r r i s  ( 1944)  

a n d  Q u a i f e  a n d  B i e h l e r  ( 1 9 4 5 ) .  Mos t  o f  t h e  t i m e  t h e  b l o o d  

s a m p l e s  we re  a n a l y z e d  i m m e d i a t e l y  a f t e r  c o l l e c t i o n ;  h o w e v e r ,  

i n  a  f ew i n s t a n c e s  e x t r a c t s  o f  b l o o d  p l a s m a  we re  k e p t  f o r  a  

week  u n d e r  r e f r i g e r a t i o n  u n t i l  t h e  a n a l y s i s  was p e r f o r m e d .

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

t r i a l s  i n  t h i s  l a b o r a t o r y ,  showed t h a t  p e t r o l e u m  e t h e r - a l c o h o l



e x t r a c t s  o f  s a m p l e s  k e p t  u n d e r  r e f r i g e r a t i o n  f o r  20 d a y s  d i d  

n o t  a l t e r  t h e  c o n t e n t  o f  t o c o p h e r o l s .

The h e m o g l o b i n  c o n c e n t r a t i o n  was d e t e r m i n e d  by m ak i n g  a n  

e x a c t  d i l u t i o n  o f  a  b l o o d  s a m p le  and  d e t e r m i n i n g  c o l o r i m e t r i -  

c a l l y  t h e  o p t i c a l  d e n s i t y  o f  t h e  s o l u t i o n *  The " C e n c o - S h e a r d -  

S a n f o r d  P h o t e l o m e t e r " was t h e  i n s t r u m e n t  u s e d  i n  t h e s e  a n a l y s e s .

The  t o t a l  l e u k o c y t e  c o u n t  was d e t e r m i n e d  by u s i n g  a  1%

s o l u t i o n  o f  0*1 N HC1 t o  w h i c h  one o r  two d r o p s  o f  g e n t i a n  

v i o l e t  we re  a d d e d .  A h e m o c y t o m e t e r  w i t h  N e u b a u e r  r u l i n g  was 

u s e d  f o r  t h e  a c t u a l  e n u m e r a t i o n .  The o i l  i m m e r s i o n  o b j e c t i v e  

was  u s e d  t o  c l a s s i f y  t h e  l e u k o c y t e s .

The f i n d i n g s  o f  t h e  f i r s t  a n d  s e c o n d  t r i a l s  on v i t a m i n  E

e x p e r i m e n t s  s u g g e s t e d  t h a t  p e r h a p s  t h e  c i r c u l a t o r y  s y s t e m  was 

t h e  f i r s t  s y s t e m  t o  be a f f e c t e d  a s  a r e s u l t  o f  t h e  v i t a m i n  E 

d e f i c i e n c y .  T h u s ,  i t  was t h o u g h t  t h a t  t h e  d e t e r m i n a t i o n  o f  

b l o o d  p r e s s u r e s  i n  l a m b s  o f  t h e  t h i r d  t r i a l  ( f e d  d i e t  B) c o u l d  

g i v e  some s u p p o r t  t o  t h e  v a l i d i t y  o f  t h i s  h y p o t h e s i s .

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

i t  was c o n c l u d e d  t h a t  t h e  o n l y  a c c u r a t e  way t o  d e t e r m i n e  t h e  

l a m b s '  b l o o d  p r e s s u r e  was by u s i n g  a n  e l e c t r o n i c  d e v i c e .  I t  

c o n s i s t e d  o f  t h r e e  p a r t s :  a  s t r a i n  g a g e ,  an  a m p l i f i e r  a n d  a n

o s c i l l o g r a p h .  The  s t r a i n  g a g e 1 was c o n n e c t e d  t o  t h e  a r t e r i a l  

s y s t e m  by n e e d l e  p u n c t u r e  a n d  t r a n s f o r m e d  t h e  p r e s s u r e  p u l s e

1 S t a t h a m  B l o o d  P r e s s u r e  S t r a i n  Gage .  S t a t h a m  L a b o r a t o r i e s ,  
L o s  A n g e l e s ,  C a l i f o r n i a .
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t o  c o l l e c t  t h e  u r i n e  a t  d e f i n i t e  a g e s  o f  t h e  a n i m a l s .  T h e r e ­

f o r e ,  i n  some c a s e s  i t  was  p o s s i b l e  t o  h a v e  o n l y  two u r i n e  

c o l l e c t i o n s  d u r i n g  t h e  wh o le  e x p e r i m e n t ,  i n  t h e  m a j o r i t y ,  t h r e e  

c o l l e c t i o n s ,  a n d  i n  a  few l a m b s  f o u r  c o l l e c t i o n s  we re  made .

The vo lume  o f  t h e  u r i n e  was m e a s u r e d ,  f i l t e r e d  and  s t o r e d  

u n d e r  r e f r i g e r a t i o n  f o r  a b o u t  20 d a y s  u n t i l  t h e r e  we re  e n o u g h  

s a m p l e s  t o  r u n  a n  a n a l y s i s .

C r e a t i n e  and  c r e a t i n i n e  we re  d e t e r m i n e d  by u s i n g  t h e  

a n a l y t i c a l  m e t ho d  o f  P e t e r s  ( 1 9 4 2 ) .  The s p e c t r o p h o t o m e t e r  

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

was t h e  “Beckman Model  B S p e c t r o p h o t o m e t e r ” .

The sod iu m  an d  p o t a s s i u m  c o n t e n t  o f  t h e  u r i n e  was a l s o  

d e t e r m i n e d  i n  a n  e f f o r t  t o  d e t e c t  o t h e r  c h a n g e s  t h a t  m i g h t  

t a k e  p l a c e  due t o  t h e  v i t a m i n  E d e f i c i e n c y .

The a n a l y s i s  o f  t h e  u r i n e  f o r  t h e s e  two m i n e r a l s  was  

c a r r i e d  o u t  by  t h e  f l a m e  p h o t o m e t e r  me thod  and  u s i n g  t h e  

“F l ame  P h o t o m e t e r  Model  52 A” o f  t h e  P e r k i n - E l m e r  C o r p o r a t i o n .  

The “ i n t e r n a l  s t a n d a r d ” me tho d  was t h e  a n a l y t i c a l  t e c h n i q u e  

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

s a m p l e s  a nd  s t a n d a r d s  t h e  same amou n t  o f  a  known e l e m e n t  

( l i t h i u m  f o r  t h e  m e n t i o n e d  p h o t o m e t e r )  a n d  m e a s u r i n g  t h e  r e l a ­

t i v e  o p t i c a l  d e n s i t y  o f  s a m p l e s  a s  compa red  t o  t h a t  o f  t h e  

s t a n d a r d .  The p h o t o m e t e r  i s  b u i l t  t o  m e a s u r e  on  one t u b e  t h e  

am o u n t  o f  l i g h t  e m i t t e d  by t h e  c o n s t a n t  amount  o f  l i t h i u m ,  

w h i l e  o t h e r  t u b e  m e a s u r e s  t h e  amount  o f  l i g h t  e m i t t e d  by  t h e
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unknown  e l e m e n t .  The m e th od  i s  v e r y  a c c u r a t e  ( a b o u t  1 % )  b e ­

c a u s e  many o f  t h e  v a r i a b l e s ,  s u c h  a s  s a m p le  v i s c o s i t y ,  r a t e  o f  

a t o m i z a t i o n ,  f l a m e  t e m p e r a t u r e ,  f o r e i g n  m a t e r i a l s ,  g a s  a n d  

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

t h e  same m a n n e r .  T h e r e f o r e  t h e  r a t i o  t e n d s  t o  be c o n s t a n t .

(The  P e r k i n - E l m e r  C o r p o r a t i o n  1 9 4 9 ) .

Two m l .  o f  u r i n e  we re  p l a c e d  i n  a  50 m l .  v o l u m e t r i c  f l a s k ,  

t h e n  1 . 2 5  m l .  o f  a  s o l u t i o n  c o n t a i n i n g  2000 ppm o f  l i t h i u m  was 

a d d e d ,  and  t h e  m i x t u r e  made up t o  volume w i t h  d i s t i l l e d  w a t e r .

By t h i s  d i l u t i o n ,  t h e  so d i u m  c o n t e n t  o f  t h e  s a m p l e  f e l l  b e t w e e n  

7 5 - 3 0 0  ppm a n d  t h a t  o f  t h e  p o t a s s i u m  b e t w e e n  5 0 - 2 0 0  ppm.

S t u d i e s  o f  t h e  G r o s s  P a t h o l o g y

The l a m b s  were  c l o s e l y  e x a m in e d  once  a day  t o  d e t e c t  t h e  

c h a n g e s  t h a t  v i t a m i n  E  d e f i c i e n c y  was i n d u c i n g .  Whenever  i t  

was  n o t i c e d  t h a t  t h e  d e a t h  o f  a l amb was i m m i n e n t ,  t h e  a n i m a l  

was  s a c r i f i c e d  by e x s a n g u i n a t i o n  u n d e r  e t h e r  a n e s t h e s i a  an d  

n e c r o p s i e d .  I n  c a s e s  whe re  l a m b s  d i e d  s u d d e n l y ,  t h e y  were  

a u t o p s i e d  a s  s o o n  a s  t h e y  we re  f o u n d .  The r e m a i n i n g  a n i m a l s ,  

i n c l u d i n g  t h e  c o n t r o l s ,  were  s a c r i f i c e d  a t  t h e  end  o f  t h e  

e x p e r i m e n t a l  p e r i o d  t o  f i n d  t h e  e x t e n t  o f  t h e  damage p r o d u c e d  

by t h e  d e f i c i e n c y ,  t o  c h e c k  w h e t h e r  t h e  d i e t  c o n t a i n i n g  t o c o -  

p h e r o l s  was s u i t a b l e  f o r  t h e  n u t r i t i o n  o f  t h e  l a m b s  and  t h a t  

t h e r e  was no e r r o r  i n  t h e  p r o c e s s  o f  t h e  m i l k  m a n u f a c t u r i n g ,  

a n d ,  f i n a l l y ,  i n  o r d e r  t o  ha ve  m a t e r i a l  f o r  t h e  c h e m i c a l  a n a l y s i s

o f  t h e  m u s c l e s .
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The c a r c a s s e s  o f  t h e  l a m b s  and  a l l  t h e  o r g a n s  were  c a r e ­

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

t o  t h e  a l t e r a t i o n s  o f  t h e  m u s c u l a r  s y s t e m .  P a r t i c u l a r  i m p o r ­

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

t h e  c o l o r  o f  t h e  m u s c l e s ,  t h e  p r e s e n c e  o f  e x u d a t e s ,  a nd  t h e  

r e l a t i o n  o f  n e r v e s  and  b l o o d  v e s s e l s  t o  t h e  l e s i o n s .

S i n c e  few l e s i o n s  we re  n o t i c e d  i n  t h e  h e a r t ,  l i t t l e  

a t t e n t i o n  was p a i d  t o  t h i s  o r g a n  d u r i n g  t h e  f i r s t  t r i a l .  How­

e v e r ,  i n  t h e  s e c o n d  t r i a l  more l e s i o n s  a p p e a r e d  a n d ,  c o n s e q u e n t ­

l y ,  s e v e r a l  p r e l i m i n a r y  s t u d i e s  we re  s t a r t e d  on t h i s  o r g a n .  

F i r s t ,  d i a g r a m s  an d  p h o t o g r a p h s  o f  t h e  h e a r t  we re  t a k e n  t o  

s t u d y  t h e  m o s t  commonly a f f e c t e d  a r e a s .  T h e n ,  i n d i a  i n k  was 

i n j e c t e d  i n t o  t h e  c o r o n a r y  a r t e r i e s  i n  o r d e r  t o  f i n d  i f  t h e r e  

was an y  r e l a t i o n s h i p  b e t w e e n  t h e  c o r o n a r y  a r t e r i e s  and  t h e  

n e c r o t i c  a r e a s *  L a t e r  o n ,  c a r m i n e  g e l a t i n  was u s e d  f o r  t h e  

same p u r p o s e ,  a f t e r  t h e  h e a r t  had  b e e n  p e r f u s e d  w i t h  i s o t o n i c  

0 . 0 $  NaCl .  I t  mu s t  be p o i n t e d  o u t  t h a t  t h i s  l a s t  t e c h n i q u e  

was a p p l i e d  o n l y  a f t e r  some s a m p l e s  o f  h e a r t  m u s c l e s  h a d  a l ­

r e a d y  b e e n  r emoved  f o r  t h e  amino  a c i d  and  m i n e r a l  a n a l y s i s .

H i s t o l o g i c a l  S t u d i e s

The h i s t o l o g i c a l  s t u d i e s  we re  c o n f i n e d  t o  t h e  s k e l e t a l  

s y s t e m ,  h e a r t ,  l i v e r ,  k i d n e y  an d  a d r e n a l s .  S e c t i o n s  o f  d i f f e r ­

e n t  m u s c l e s  we re  t a k e n ,  b u t  w i t h  more f r e q u e n c y  f rom t h e  v a r i o u s  

m u s c l e s  o f  t h e  r e a r  a nd  f r o n t  l e g s ,  and  f rom t n e  h e a r t .  S a m p l e s
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f r o m  t h e  a b d o m i n a l  m u s c l e s ,  d i a p h r a g m ,  t o n g u e  a n d  m a s s e t e r  we re  

c o l l e c t e d  w i t h  l e s s  f r e q u e n c y .  Z e n k e r ’ s f l u i d  was u s e d  a s  a  

f i x a t i v e  f o r  t h e  m u s c u l a r  t i s s u e s .  They  we re  im be dde d  i n  p a r a ­

f f i n  a n d  t h e n  c u t  i n  s e c t i o n s  o f  s e v e n  m i c r a  i n  t h i c k n e s s  and  

s t a i n e d  w i t h  h e m a t o x y l i n - e o s i n .

L i v e r ,  k i d n e y  a n d  a d r e n a l  t i s s u e s  were  a l s o  f i x e d  i n  

Z e n k e r ’ s f l u i d  a n d  s t a i n e d  w i t h  h e m a t o x y l i n - e o s i n .  B u t ,  i n  

a d d i t i o n ,  t i s s u e s  o f  t h e s e  o r g a n s ,  and  t h e  h e a r t ,  we re  a l s o  

f i x e d  i n  10$  f o r m o l  s a l i n e  and  s t a i n e d  w i t h  S u d a n  IV f o r  s t u d i e s  

on  f a t .

E l e c t r o c a r d i o g r a p h i c  S t u d i e s

I t  was m e n t i o n e d  i n  t h e  r e v i e w  o f  l i t e r a t u r e  t h a t  l e s i o n s  

i n  t h e  h e a r t  o f  t h e  l amb  p r o d u c e d  by v i t a m i n  E d e f i c i e n c y  we re  

r e p o r t e d  a s  s p o r a d i c  by m o s t  o f  t h e  r e s e a r c h  w o r k e r s .  How eve r ,  

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

l e s i o n s  we re  r a t h e r  f r e q u e n t  i n  t h e  p r e s e n t  i n v e s t i g a t i o n .  

T h e r e f o r e ,  i t  w o u l d  seem o f  i n t e r e s t  t o  d e t e r m i n e  by means  o f  

t h e  e l e c t r o c a r d i o g r a p h  w h e t h e r  a n y  f u n c t i o n a l  c h a n g e s  we re  a l s o  

p r e s e n t .

The f i r s t  e l e c t r o c a r d i o g r a m s  we re  r e c o r d e d  w i t h i n  f i v e  d a y s  

o f  t h e  s t a r t  o f  t h e  e x p e r i m e n t  and  t h e n  we r e  t a k e n  e v e r y  week  

u n t i l  t h e  end  o f  t h e  e x p e r i m e n t .
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The e l e c t r o c a r d i o g r a p h  u s e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  

was  a C a r d i o t r o n ,  Model  PC-1A^.  The t h r e e  s t a n d a r d  d i p o l a r  

l e a d s  I ,  I I  a n d  I I I  we re  s u c c e s s i v e l y  r e c o r d e d  i n  e a c h  one o f  

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

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

f r o n t  l e g  a n d  t h e  l e f t  f r o n t  l e g ;  i n  l e a d  I I  b e t w e e n  t h e  r i g h t  

f r o n t  l e g  a n d  t h e  l e f t  r e a r  l e g ;  and  i n  l e a d  I I I ,  b e t w e e n  t h e  

l e f t  f r o n t  l e g  a n d  t h e  l e f t  r e a r  l e g .

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

l i t t l e  a b o v e  t h e  k n e e s  i n  t h e  f r o n t  l e g s ,  a nd  a  l i t t l e  a b o v e  

t h e  h o c k s  i n  t h e  r e a r  l e g s .  I n  o r d e r  t o  e s t a b l i s h  i n t i m a t e  

c o n t a c t  o f  t h e  e l e c t r o d e s  w i t h  t h e  s k i n ,  t h e  a r e a  was c l i p p e d ,  

r u b b e d  w i t h  a  c h e e s e  c l o t h  s a t u r a t e d  w i t h  e t h y l  e t h e r  a n d  

e l e c t r o d e  p a s t e  was r u b b e d  on  t h e  a r e a .  A s m a l l  q u a n t i t y  o f  

t h e  p a s t e  was p l a c e d  on  t h e  s u r f a c e  o f  t h e  e l e c t r o d e s ,  p r i o r  

t o  t h e i r  a p p l i c a t i o n  t o  t h e  s k i n .  The c o m p o s i t i o n  o f  t h e  

e l e c t r o d e  p a s t e  was a s  f o l l o w s ;

Sodium C h l o r i d e  USP 1500 gm.

P o t a s s i u m  b i t a r t r a t e  USP 112 gm.

Pum ice  Po w de r e d 1800 gm.

T r a g a c a n t h  USP ( R i b b o n s ) 225 gm.

G l y c e r i n e  USP 360 m l .

P h e n o l  l i q u i d  USP 15 m l .

D i s t i l l e d  w a t e r 7000 m l .

1 E l e c t r o - P h y s i c a l  L a b o r a t o r i e s  I n c . , New York*
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I t  was p r e p a r e d ,  i n  t h e  f o l l o w i n g  m a n n e r .  The g l y c e r i n e  was 

d i l u t e d  w i t h  h a l f  t h e  w a t e r  and  h e a t e d  t o  b o i l i n g .  The t r a g a -  

c a n t h  was s o a k e d  i n  t h i s  s o l u t i o n  f o r  6 - 1 2  h o u r s .  The s a l t s  

a n d  t h e  b i t a r t r a t e  we re  d i s s o l v e d  i n  t h e  r e s t  o f  t h e  w a t e r  a n d  

a d d e d  t o  t h e  s w o l l e n  gum w i t h  s t i r r i n g .  They  were  m ix e d  

t h o r o u g h l y  u n t i l  t h e  m i x t u r e  became s m o o t h .  F i n a l l y  t h e  p h e n o l  

a n d  t h e  p u m ic e  powd e r  we re  a d d e d  and  m i x e d .

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

t o  t a k e  due  t o  n e r v o u s n e s s  o f  t h e  l a m b s .  T h i s  h a p p e n e d  even  

t h o u g h  c o n s i d e r a b l e  t i m e  was a l l o w e d  f o r  them t o  become a c c u s ­

t omed  t o  t h e  e l e c t r o d e s  a n d  t o  t h e  wooden box  i n  wh ic h  t h e y  

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

g r o u n d .  Bu t  a f t e r  t h e  f i r s t  two o r  t h r e e  r e c o r d s  h a d  b e e n  

t a k e n ,  t h e  b e h a v i o r  o f  t h e  a n i m a l s  im p r o v e d  c o n s i d e r a b l e  an d  

i t  was much e a s i e r  t o  o b t a i n  good r e c o r d s .

The  n o m e n c l a t u r e  o f  E i n t h o v e n  ( P a r d e e  1 9 3 6 ) ,  commonly u s e d  

i n  human e l e c t r o c a r d i o g r a p h y  was e m p l o y e d  t o  d e s c r i b e  t h e  

e l e c t r o c a r d i o g r a m  o f  t h e  l a m b s .  T h u s ,  t h e  d e f l e c t i o n s  we re  

named P ,  Q, R,  S a n d  T w h i c h  we re  c o n s i d e r e d  p o s i t i v e  when 

a p p e a r i n g  a b o v e  t h e  b a s e  l i n e ,  n e g a t i v e  when b e l o w ,  and  d i ­

p h a s i c  when e v e n l y  d i s t r i b u t e d  on b o t h  s i d e s  o f  t h e  b a s e  l i n e .  

The  s e g m e n t s  ST a n d  TP we r e  r e g a r d e d  a s  e l e v a t e d  o r  d e p r e s s e d  

when  t h e y  d i d  n o t  h a v e  t h e  same l e v e l  a s  t h e  b a s e  l i n e .

The  f o l l o w i n g  m e a s u r e m e n t s  we re  s t u d i e d  i n  t h e  a n a l y s i s  o f  

t h e  e l e c t r o c a r d i o g r a m  o f  t h e  l a m b :  h e a r t  r a t e ,  t h e  PR, QRS
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a n d  QT i n t e r v a l s ,  t h e  s y s t o l i c  i n d e x ,  p o t e n t i a l  o f  t h e  QRS 

c o m p l e x ,  s h a p e  and  c h a r a c t e r  o f  t h e  d e f l e c t i o n s ,  a n d  a f^ry-  

t h m i a s .

The  s y s t o l i c  i n d e x  o r ,  t h e  r a t i o  o f  t h e  s y s t o l e  t o  t h e  

h e a r t  r a t e  was c a l c u l a t e d  a c c o r d i n g  t o  t h e  B a z e t t ' s  f o r m u l a  

( P a r d e e  1 9 3 6 )  : K = QT wh e re  K i s  a  c o n s t a n t  i n  t h e  human
V*rr"~

e l e c t r o c a r d i o g r a m ;  QT i s  t h e  t i m e  i n t e r v a l  i n  s e c o n d s  f r o m  t h e  

b e g i n n i n g  o f  t h e  c o m p l ex  QRS t o  t h e  end o f  t h e  T wave ,  a n d  

RR i s  t h e  t i m e  i n t e r v a l  i n  s e c o n d s  b e t w e e n  two s u c c e s s i v e  R 

wave s .

Due t o  t h e  s c a r c i t y  o f  i n f o r m a t i o n  a b o u t  t h e  e l e c t r o c a r d i o ­

g ram o f  shjeep a n d  r e l a t e d  s p e c i e s  s u c h  a s  c a t t l e  ( A l f r e d s o n  1 9 4 2 )  

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

was  n o t  p o s s i b l e #

Many a u t h o r s  h a v e  e x p e r i e n c e d  s i m i l a r  l i m i t a t i o n s  b u t  t h e y  

h a v e  r e s o r t e d  t o  t h e  kn o w l e d g e  o f  t h e  human e l e c t r o c a r d i o g r a m  

a n d  u s e d  t h e  m e t h o d s  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  h u m a n ' s  

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

s e v e r a l  s p e c i e s  ( B o v i n e ,  A l f r e d s o n  19 4 2 ;  R a t s ,  E n s o r  1 9 4 6 ;

B i r d s ,  S t u r k i e  1 9 4 9 ) #  L i k e w i s e  i n  t h i s  s t u d y ,  one  o f  t h e  m e t h o d s  

f o r  m e a s u r i n g  t h e  e l e c t r i c a l  a x i s  o f  t h e  human h e a r t  h a s  b e e n  

a p p l i e d  t o  t h e  l a m b ' s  e l e c t r o c a r d i o g r a m #

The a p p r o x i m a t e  e l e c t r i c a l  a x i s  o f  t h e  l a m b ' s  h e a r t  was 

e s t i m a t e d  w i t h  a n  e r r o r  o f  3 0  ̂ by t h e  me thod  o f  W i l s o n  (1 9 o 8 )#

The d e t e r m i n a t i o n s  o f  t h e  e l e c t r i c a l  a x e s ,  a c c o r d i n g  t o  t h i s
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m e t h o d ,  w e r e  done by m a t c h i n g  t h e  r e l a t i v e  QRS p o t e n t i a l s  o f  

t h e  e l e c t r o c a r d i o g r a m s  t o  a p a t t e r n  o f  QRS-j_ , QRSg, QR$3 known 

t o  o c c u r  a t  v a r i o u s  d e g r e e s  o f  a x i s  d e v i a t i o n  ( T a b l e  V ) .

TABLE V

MODIFIED WILSON'S TABLE FOR THE APPROXIMATE DETERMINATION 
OF THE ELECTRICAL AXIS OF THE HUMAN HEART

E l e c t r i c a l  A x i s  A p p r o x i m a t e  R e l a t i v e  p o t e n t i a l s  o f  QRS
o f  t h e  H u m a n ' s  number  o f

h e a r t ______________ d e g r e e s  L e a d  I  L e a d  I I  L e a d  I I I

± 180 ° - 2 -1 41

- 1 5 0 ° -1 -1 0 #

- 1 2 0 ° -1 - 2 -1

-  9 0° 0 # -1 -1

L e f t  A x i s -  60° 41 -1 - 2

D e v i a t i o n

0Oto1 41 0 # -1

0 ° 42 41 -1

Norma l  A x i s

00to-* 41 41 0 *

D e v i a t i o n t 6 0 ° 41 42 41

4 90° 0* 41 41

R i g h t  A x i s 4 1 2 0 ° -1 41 12

D e v i a t i  on 4150o -1 0 # 41

i l 8 0 ° - 2 -1 41

* E i t h e r  d i p h a s i c o r  z e r o p o t e  n t i a l .
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S t u d i e s  on  t h e  C h e m i c a l  C ha n g es  o f  t h e  M u s c l e s

The t h i g h  m u s c l e s  and  p a r t  o f  t h e  v e n t r i c l e s  o f  t h e  l a m b s '  

h e a r t  w e r e  r e m o v e d  a t  t h e  t im e  o f  n e c r o p s y ,  p u t  i n t o  j a r s ,  c l o s e d  

t i g h t l y  a n d  k e p t  i n  a  d e e p  f r e e z e r  ( - 2 2 ° C . )  f o r  two t o  t h r e e  

m o n t h s .  A f t e r  t h i s  t i m e ,  t h e  s a m p l e s  we re  d e f r o s t e d  a n d  p r e ­

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

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

f o l l o w i n g  m i n e r a l s :  c a l c i u m ,  p h o s p h o r u s ,  m a g n e s i u m ,  p o t a s s i u m

a n d  s o d i u m ,  a n d  t h e  d e t e r m i n a t i o n  o f  t h e  amino a c i d s :  g l y c i n e ,

p r o l i n e ,  l e u c i n e  a n d  i s o l e u c i n e .

The m u s c l e  s a m p l e s  we re  p r e p a r e d  i n  t h e  f o l l o w i n g  manner  

f o r  t h e  m i n e r a l  a n a l y s i s .  The h e a r t  a nd  t h i g h  m u s c l e s  were  

f r e e d  o f  t h e  m u s c u l a r  s h e a t h s ,  t e n d o n s  and  f a t .  Then  t h e y  were  

c u t  i n  s m a l l  p i e c e s ,  p l a c e d  on a p r e v i o u s l y  w e i g h e d  c r u c i b l e  

a n d  a  s a m p le  o f  a b o u t  10 gm. was w e i g h e d  a c c u r a t e l y  on  t h e  

p r e c i s i o n  b a l a n c e .

The c r u c i b l e s  we r e  p l a c e d  on a  h o t  p l a t e  i n  o r d e r  t o  d e ­

h y d r a t e  t h e  s a m p l e s  a s  s l o w l y  a s  p o s s i b l e  b e c a u s e ,  o t h e r w i s e ,  

a c c o r d i n g  t o  t h e  e x p e r i e n c e  o f  t h e  A g r i c u l t u r a l  C h e m i s t r y  

l a b o r a t o r y  o f  t h i s  I n s t i t u t i o n ,  t h e r e  would  be s p l a t t e r i n g  o f  

t h e  s a m p l e  a n d  q u i c k  f o a m i n g ,  wh ic h  wou ld  i n t r o d u c e  l a r g e  

e r r o r s  i n  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n s .

M u s c l e  s a m p l e s  t r e a t e d  i n  s u c h  a m a n n e r ,  h o w e v e r ,  we re  

s t i l l  n o t  r e a d y  f o r  a s h i n g ,  t h e y  n e ed e d  f u r t h e r  t r e a t m e n t .  A 

few d r o p s  o f  s u l f u r i c  a c i d  were  a d d e d  t o  e a c h  s amp le  a n d  t h e
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c r u c i b l e s  c a r e f u l l y  h e a t e d  w i t h  t h e  f r e e  f l a m e  o f  a  B u ns e n  

b u r n e r *  E a c h  s a m p l e  was t r e a t e d  i n  t h i s  way,  e a c h  t i m e  c a r e ­

f u l l y  a v o i d i n g  t h e  t e n d e n c y  t o  foam w h i l e  t h e  o r g a n i c  m a t t e r  

was b e i n g  o x i d i z e d .

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

b o t t o m  o f  t h e  c r u c i b l e s ,  w h i c h ,  a f t e r  c o o l i n g ,  we re  t r e a t e d  

w i t h  a  few d r o p s  o f  c o n c e n t r a t e d  n i t r i c  and  s u l f u r i c  a c i d .  The 

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

t o  g i v e  a  maximum t e m p e r a t u r e  o f  500°C* w h i c h  i s  l ow enoug h  t o  

p r e v e n t  t h e  v o l a t i l i z a t i o n  o f  sod ium o r  p o t a s s i u m  s a l t s *  Mos t  

o f  t h e  s a m p l e s  r e q u i r e d  two a s h i n g s  b e f o r e  a  w h i t e  a s h  was o b ­

t a i n e d ;  y e t ,  i n  a  few c a s e s  t h r e e  a nd  f o u r  a s h i n g s  were  n e c e s ­

s a r y  t o  g e t  a  w h i t e  a s h .

The s t i l l  warm c r u c i b l e s  we re  p l a c e d  i n  a  d e s i c a t o r  u n t i l  

t h e y  r e a c h e d  room t e m p e r a t u r e  and  were  w e i g h e d  a g a i n  t o  d e t e r ­

m ine  t h e  a m ou n t  o f  s u l f a t e d  a s h .  T h e n ,  5 m l .  o f  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  was a d d e d  t o  t h e  a s h e s  a nd  b o i l e d  f o r  one 

m i n u t e .  The s o l u t i o n s  we re  f i l t e r e d  t h r o u g h  a n  a s h l e s s  f i l t e r  

p a p e r  i n t o  50 m l .  v o l u m e t r i c  f l a s k s .  The c r u c i b l e s  we re  

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

w a t e r  a t  l e a s t  t h r e e  t i m e s .  I n  some c a s e s  i t  was n e c e s s a r y  t o  

a d d  more  h y d r o c h l o r i c  a c i d  t o  d i s s o l v e  some o f  t h e  a s h  t h a t  

s t i l l  r e m a i n e d .  The s o l u t i o n s  were  t h e n  made up t o  vo lume  and  

r e a d y  t o  be u s e d  f o r  t h e  m i n e r a l  d e t e r m i n a t i o n s .
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An a l i q u o t  o f  t h e  s o l u t i o n  was e m p lo y ed  f o r  t h e  c a l c i u m  

d e t e r m i n a t i o n ,  w h i c h  was done a c c o r d i n g  t o  t h e  m e t h o d  o f  S h o h l  

( 1 9 2 2 ) .  The r e s i d u a r y  s u p e r n a t a n t  l e f t  a f t e r  t h e  p r e c i p i t a t i o n  

o f  t h e  c a l c i u m  o x a l a t e  was u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  mag­

n e s i u m  w h i c h  was p e r f o r m e d  f o l l o w i n g  t h e  m e th od  o f  B r i g g s  ( 1 9 2 4 ) .

A n o t h e r  a l i q u o t  was t a k e n  t o  make t h e  d e t e r m i n a t i o n  o f  

p o t a s s i u m  a n d  sod ium  by t h e  f l a m e  p h o t o m e t e r  method*  S i n c e  t h e  

maximum s e n s i t i v i t y  o f  t h e  a p p a r a t u s  f o r  p o t a s s i u m  a n d  sod iu m 

i s  a b o u t  300 ppm, t h e  a l i q u o t  was d i l u t e d  u n t i l  i t  c o n t a i n e d  

l e s s  t h a n  300 ppm o f  sod iu m and  p o t a s s i u m .  The u s u a l  d i l u t i o n  

i n  t h e  p r e s e n t  s i t u a t i o n  was a b o u t  100 mg. o f  s u l f a t e d  a s h  i n  

100  m l .  o f  s o l u t i o n .  Howeve r ,  s o m e t i m e s  i t  was n e c e s s a r y  t o  

h a v e  a  d i l u t i o n  o f  100 mg. o f  a s h e d  s a m p le  i n  50 ml .  a n d ,  i n  

o t h e r  c a s e s ,  100  mg. o f  a s h  i n  200 m l .  o f  s o l u t i o n .  The p r o ­

c e d u r e  an d  a p p a r a t u s  u s e d  i n  t h e  d e t e r m i n a t i o n  we re  t h e  same 

a s  t h o s e  d e s c r i b e d  i n  t h e  q u a n t i t a t i v e  a n a l y s i s  o f  sod i um  and  

p o t a s s i u m  i n  t h e  u r i n e .

I t  was i m p o s s i b l e  t o  d e t e r m i n e  p h o s p h o r u s  by u s i n g  t h e  

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

m o s t  o f  t h e  p h o s p h o r u s  compou nd s .  I t  wou ld  h a v e  b e e n  n e c e s s a r y  

t o  f o r m ,  b e f o r e  a s h i n g ,  n o n - v o l a t i l e  compounds o f  p h o s p h o r u s  

a t  t h e  t e m p e r a t u r e  o f  500°C .  , w h i c h  c o u l d  h a v e  b e e n  a c c o m p l i s h e d  

by a d d i t i o n  o f  B a ( 0 H ) 2 .  The o t h e r  c h o i c e  was t h e  w e t - a s h  p r o ­

c e d u r e  w h i c h  was s e l e c t e d  b e c a u s e  t h e  s a m p l e s  c o u l d  be d r awn  

f r o m  t h e  a c i d  h y d r o l y s a t e s  o f  m u s c l e s  p r e p a r e d  f o r  t h e  d e t e r ­
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m i n a t i o n  o f  am in o  a c i d s ,  w h i c h  i s  d e s c r i b e d  b e l o w .  The  me thod  

e m p l o y e d  f o r  t h e  d e t e r m i n a t i o n  o f  p h o s p h o r u s  was t h e  one  d e s ­

c r i b e d  by  F i s k e  a n d  S u b b a r r o w  ( 1 9 2 5 ) .

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

t h e  a s s a y  o f  amino  a c i d s  was a s  f o l l o w s .  Twenty  gm. o f  t h i g h  

m u s c l e ,  o r  5 gm. o f  h e a r t  m u s c l e  , were  c l e a n e d  an d  f r e e d  f r om  

f a t ,  f i n e l y  c u t  and  p l a c e d  i n  a  s m a l l  w a r r i n g  b l e n d o r  ( c a p a c i t y  

o f  a b o u t  300 m l . ) .  F i f t y  a n d  25 ml .  o f  d i s t i l l e d  w a t e r  r e s p e c ­

t i v e l y  w e r e  a d d e d  t o  t h e  Wair ing b l e n d o r s  an d  t h e  m i x t u r e  

s t i r r e d  f o r  a b o u t  t h r e e -  to-  f o u r  m i n u t e s .  P i e c e s  o f  c o n n e c t i v e  

t i s s u e  t h a t  we re  s t i c k i n g  t o  t h e  b l a d e s  we re  c u t  a g a i n  i n t o  

s m a l l  s e g m e n t s  a n d  t h e  s t i r r i n g  c o n t i n u e d  u n t i l  t h e r e  was  a 

r a t h e r  homogenous  s u s p e n s i o n  o f  t h e  m u s c l e  t i s s u e s .  T hen  t h e  

s u s p e n s i o n  was  q u a n t i t a t i v e l y  t r a n s f e r e d  t o  a  g r a d u a t e d  cy ­

l i n d e r  a n d  made up t o  a  volume o f  200 m l .  i n  t h e  c a s e  o f  t h i g h  

m u s c l e ,  a n d  t o  a  vo lume o f  50 ml .  i n  t h e  c a s e  o f  h e a r t  m u s c l e .  

The c y l i n d e r  was i n v e r t e d  s e v e r a l  t i m e s  t o  be s u r e  o f  e q u a l  

d i s p e r s i o n .  I m m e d i a t e l y  a f t e r  t h i s ,  a l i q u o t s  c o n t a i n i n g  2 g rams  

o f  s a m p l e  were  t a k e n ,  w i t h  w ide  t i p p e d  c a l i b r a t e d  p i p p e t e s ,  a n d  

p l a c e d  i n  E r l e m m e y e r  f l a s k s  f o r  h y d r o l y s i s .

The  me thod  o f  S t o k e s  et_ a l . ( 1945 )  was u s e d  f o r  t h e  a c i d

h y d r o l y s i s  w h i c h  was a c c o m p l i s h e d  by e i g h t  h o u r s  o f  a u t o c l a v i n g  

w i t h  50 m l .  o f  6 N HC1. The amoun t  o f  HC1 a c i d  was c a l c u l a t e d  

by  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  d i l u t i o n  o f  t h e  m u s c l e  s a m p l e s .  

The h y d r o l y s a t e s  we re  f i l t e r e d ,  n e u t r a l i z e d  t o  pH 6 . 8  w i t h  NaOH,
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a n d  s t o r e d  u n d e r  t o l u e n e  a nd  r e f r i g e r a t i o n #

The d e t e r m i n a t i o n  o f  t h e  amino  a c i d s  we re  c a r r i e d  o u t  

m i c r o b i o l o g i c a l l y # The  me thod  o f  S c h w e i g e r t  e t  a l # ( 1 94 4 )  was 

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

m e t h o d  o f  S a u b e r l i c h  e t  a l . ( 1946 )  was e m p l oy ed  f o r  t h e  d e t e r ­

m i n a t i o n  o f  p r o l i n e  a nd  g l y c i n e #

F i e l d  C a s e s  o f  S t i f f  Lamb D i s e a s e

C a s e s  o f  v i t a m i n  E d e f i c i e n c y  o c c u r r i n g  i n  l am b s  and  i n  

c a l v e s  w e r e  r e p o r t e d  bn f a r m s  i n  M i c h i g a n  w h i l e  t h i s  e x p e r i m e n t  

was  b e i n g  c a r r i e d  o u t .  T h i s  c o i n c i d e n c e  gave  a n o t h e r  o p p o r t u n i t y  

t o  s t u d y  t h e  symp toms  o f  t h e  E - d e f i c i e n c y  and  t o  c o n f i r m  t h e  

b e n e f i c i a l  v a l u e  o f  t h e  t o c o p h e r o l  t h e r a p y .

S e v e r a l  l a m b s  i n  t h e  M i c h i g a n  S t a t e  C o l l e g e  F l o c k  a l s o  

d e v e l o p e d  s t i f f n e s s #  t o s t  o f  them were  r a p i d l y  c u r e d  by t h e  

a d m i n i s t r a t i o n  o f  d l - a l p h a  t o c o p h e r o l ,  b u t  t h r e e  o f  them d i e d  

b e f o r e  t r e a t m e n t  was e s t a b l i s h e d .  They  were  a u t o p s i e d  an d  s u b ­

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

on  t h e  e x p e r i m e n t a l  l a m b s ,  i n  o r d e r  t o  c h e c k  t h e  r e s u l t s  o f  

t h e  e x p e r i m e n t  a n d ,  a l s o ,  t o  f i n d  t h e  s i m i l a r i t i e s  o r  d i s s i m i l a r ­

i t i e s  o f  v i t a m i n  E d e f i c i e n t  l a m b s  f e d  two d i f f e r e n t  r a t i o n s .



RESULTS

Grow th  and  H e a l t h

The g r o w t h  c r i t e r i o n  i n  t h e  p r e s e n t  e x p e r i m e n t  was r e g a r d e d  

a s  s e c o n d a r y ,  s i n c e  many w o r k e r s  ( O l c o t t  a n d  M a t i l l  1 9 3 7 ;

E m e r s o n  a n d  E v a n s  1 9 3 7 ;  V o g t - M / l l e r  1 9 4 8 ;  W i l l m a n  e t  a l . 19 3 4 )  

h a d  d e m o n s t r a t e d  i n  s e v e r a l  a n i m a l  s p e c i e s  t h a t  v i t a m i n  E i s  

n o t  r e q u i r e d  f o r  g r o w t h  o f  yo u n g  a n i m a l s *  E ve n  t h o u g h  v i t a m i n  

E i s  r e c o g n i z e d  a s  a  g r o w t h  f a c t o r  i n  some a d u l t  a n i m a l s  ( N e l s o n  

et_ a3^. 1 9 4 0 ;  V o g t - M / l l e r  19 4 2 )  h o w e v e r ,  o n l y  a  f ew h a v e  f o u n d  

t h a t  v i t a m i n  E i s  n e c e s s a r y  f o r  a d e q u a t e  g r o w t h  o f  y o u n g  a n i m a l s  

( K a u n i t z  and  J o h n s o n  1 9 4 6 ) .

F o r  t h i s  r e a s o n  i t  was c o n s i d e r e d  o p p o r t u n e  t o  make a n  

a t t e m p t  t o  s i m p l i f y  t h e  l a b o r i o u s  j o b  o f  r e a r i n g  t h e  l a m b s ,  by 

r e d u c i n g  t h e  number  o f  f e e d i n g  t i m e s  f rom f i v e  t i m e s  a  day  

( e v e r y  f o u r  h o u r s ) ,  t o  f o u r  t i m e s  a  day  ( e v e r y  f i v e  h o u r s ) *

T h i s ,  on t h e  o t h e r  h a n d ,  was  a l s o  j u s t i f i a b l e  s i n c e  i t  was a 

w e l l - k n o w n  f a c t  t h a t  c a l v e s  c a n  g row a t  a  no r ma l  r a t e  by f e e d i n g  

t hem m i l k  o n l y  t w i c e  a  day  (Warner  and  . S u t t o n  1 9 4 8 ) .

H o w ev e r ,  t h e  r e s u l t s  o f  t h e  g r o w t h  d a t a  s u g g e s t e d  t h a t  f o r  

maximum g r o w t h  o f  t h e  l a m b s  on  a  m i l k  d i e t ,  a  f i v e  t i m e s  a  day  

r e g i m e n  o f  f e e d i n g  was  a  n e c e s s i t y .  I t  was  f o u n d  t h a t  t h e  r a t e  

o f  g r o w t h  o f  a n i m a l s  f e d  d i e t  A f o u r  t i m e s  a  day  was l o w ,  0 . 1 6  

p o u n d s  p e r  d a y ,  a s  co mp a red  t o  0 . 3 6  p o u n d s  p e r  day  made by
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o t h e r  l a m b s  f e d  a n  i d e n t i c a l  d i e t  f i v e  t i m e s  a  da y  ( B a c i g a l u p o ,  

n o n - p u b l i s h e d  d a t a ) *  The g r o w t h  c u r v e s  a r e  shown i n  F i g u r e  1 .

The  r a t e  o f  g r o w t h  o f  l a m b s  on d i e t  B was fo u n d  t o  be e v e n  

l o w e r  ( 0 . 1 0  p o u n d s  p e r  d a y ) *  T h i s ,  p e r h a p s ,  was due  t o  t h e  

s c o u r i n g  e f f e c t  o f  d i e t  B, a s  w e l l  a s  t h e  r e d u c e d  number  o f  

f e e d i n g s  ( f o u r  t i m e s  a  d a y )*

Pn e u m o n i a  was a g a i n  t h e  mos t  m a l i g n a n t  d i s e a s e  o f  t h e  

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

l a m b s  we re  a l s o  o b s e r v e d  t o  h a v e  symptoms o f  p n e u m o n i a ,  b u t  

n e v e r  a s  s e v e r e l y  o r  a s  f r e q u e n t l y  a s  d e f i c i e n t  l am bs*  The 

u s u a l  symptoms o f  p n e u m o n i a  we re  c o u g h i n g  an d  l a b o r e d  r e s p i r a ­

t i o n ,  w h i c h  a l w a y s  c o i n c i d e d  w i t h  a n  i n c r e a s e d  number o f  l e u k o ­

c y t e s  .

P e n i c i l l i n  was s u c c e s s f u l l y  u s e d  t o  combat  t h e  d i s e a s e ,  

b u t  i t  was r a r e l y  a b l e  t o  e r r a d i c a t e  t h e  p n e u m o n i a  f rom t h e  

a n i m a l .  The a f f e c t e d  l a m b s  we re  t r e a t e d  w i t h  1 0 0 , 0 0 0  u n i t s  o f  

p r o c a i n e  p e n i c i l l i n  by i n j e c t i o n  i n  t h e  ne ck  r e g i o n .  The 

t r e a t m e n t  had  t o  be  g i v e n  e v e r y  o t h e r  d a y  u n t i l  t h e  end  o f  t h e  

e x p e r i m e n t  t o  k e e p  t h e  a n i m a l s  a l i v e *

Xnn- sp i t e  o f  t h e  p e n i c i l l i n  t h e r a p y ,  t h r e e  l am b s  d i e d  o f  

p n e u m o n i a .  A n o t h e r  e i g h t  l a m b s  d i e d  d u r i n g  t h e  e x p e r i m e n t  due  

t o  r e a s o n s  n o t  r e l a t e d  t o  p n e u m o n i a  o r  t o  t h e  v i t a m i n  £  d e f i ­

c i e n c y .  The  d e a t h s  we re  d i a g n o s e d  a s  o v e r e a t i n g  ( two l a m b s ) , 

i n t e s t i n a l  o b s t r u c t i o n  ( two l a m b s ) ,  and  c o c c i d i o s i s  ( £ne  l a m b ) .  

The c a u s e  o f  d e a t h  o f  t h e  o t h e r  t h r e e  l am bs  was n o t  i d e n t i f i e d .
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C l i n i c a l  O b s e r v a t i o n s  on t h e  V i t a m i n  E D e f i c i e n c y

I t  i s  i m p o s s i b l e  t o  s u m m a r i z e  s t e p  by s t e p  t h e  s e q u e n c e  

o f  symptoms  p r o d u c e d  by v i t a m i n  E d e f i c i e n c y ,  s i n c e  t h e  d e f i ­

c i e n c y  d i d  n o t  p r o d u c e  t h e  same s y m p t o m a t o l o g i c  p i c t u r e  i n  e a c h  

one  o f  t h e  a n i m a l s .

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

f i c a n t  symp toms  o b s e r v e d  i n  t h e  l a m b s  t h a t  became d e f i c i e n t  i n  

v i t a m i n  E .  T ho se  symp toms  h a v e  b e e n  a r r a n g e d  a c c o r d i n g  t o  t h e  

s e v e r i t y  o f  t h e  d i s e a s e  a n d ,  c o n s e q u e n t l y , i t  c a n  be  c o n s i d e r e d  

t h a t  t h e  d e s c r i p t i o n  i s  r e p r e s e n t a t i v e  o f  t h e  v i t a m i n  E d e f i ­

c i e n c y  synd rome  f o u n d  i n  t h e  p r e s e n t  w or k .

The f i r s t  i n d i c a t i o n s  t h a t  t h e  l a m b s  we re  b e i n g  a f f e c t e d  

by  t h e  a b s e n c e  o f  v i t a m i n  E i n  t h e  d i e t  w e r e :  l a c k  o f  v i g o r ,

l o c o m o t o r  i n c o o r d i n a t i o n ,  l e g  w e a k n e s s  a n d  t e n d e n c y  t o  l a y  

down m os t  o f  t h e  t i m e .  I t  was a p p a r e n t  t h a t  t h e  a n i m a l s  we r e  

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

and  d i f f i c u l t y  i n  c r o s s i n g  s m a l l  o b s t a c l e s .  I n  s p i t e  o f  t h e i r  

p o o r  c o n d i t i o n ,  t h e  l a m b s  d i d  n o t  l o s e  t h e i r  a p p e t i t e s .

As t h e  d i s e a s e  p r o g r e s s e d ,  i t  was o b s e r v e d  t h a t  t h e  l a m b s  

h a d  t o  make r e p e a t e d  e f f o r t s  b e f o r e  t h e y  c o u l d  g e t  u p .  T h e i r  

w a l k  a t  t h i s  t im e  became more i n c o o r d i n a t e d .  I t  was e v i d e n t  

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

s e v e r a l  l a m b s  were  u n a b l e  t o  s t r a i g h t e n  t h e i r  f r o n t  l e g s .  As 

a  c o n s e q u e n c e ,  t h e y  a d o p t e d  t h e  k n e e l i n g  p o s i t i o n  f o r  a  l o n g  

t i m e .  A l s o ,  d u r i n g  t h i s  p e r i o d ,  t h r e e  l a m b s  c o u l d  n o t  op e n



-  69 -

t h e i r  m o u t h s ,  a p p a r e n t l y  due t o  p a r a l y s i s  o f  t h e  m a s t i c a t o r y  

m u s c l e s .

When t h e  m u s c u l a r  w e a k n e s s  i n v o l v e d  t h e  h i n d  l e g s  t o o ,  

t h e  l a m b s  we re  u n a b l e  t o  g e t  up o r  t o  r e m a i n  k n e e l i n g ,  i n  s p i t e  

o f  s t r u g g l i n g  a nd  k i c k i n g  w i t h  t h e i r  l e g s .  Ho w ev e r ,  a f t e r  t h e y  

h a d  b e e n  h e l p e d  t o  a  s t a n d i n g  p o s i t i o n ,  t h e y  we re  a b l e  t o  walk*

As t h e  d e f i c i e n c y  p r o g r e s s e d ,  t h e  l a m b s  we re  u n a b l e  t o  

s t e p  more  t h a n  a  few t i m e s  w i t h o u t  f a l l i n g .  U s u a l l y  t h e y  r e ­

m a i n e d  s t a n d i n g  w i t h  t h e i r  l e g s  s p r e a d ,  t h e i r  b a c k s  a r c h e d  and  

t h e i r  r um ps  l o w e r e d ,  w h i c h  gav e  t hem a n  a p p e a r a n c e  t y p i c a l  o f  

v i t a m i n  E d e f i c i e n c y  ( F i g .  2 ) .

I n  t h e  f i n a l  s t a g e s  o f  t h e  d e p l e t i o n ,  t h e  l a m b s  we r e  u n a b l e  

t o  s t a n d  e v e n  when h e l d  ( F i g .  3 ) ;  t h e y  seemed l i k e  a  f l a b b y  

m as s  o f  m u s c l e  a n d  b o n e ,  e x c e p t  i n  one  s i n g l e  c a s e  o f  s t i f f n e s s  

s hown by p a r a l y s i s  o f  t h e  l o c o m o t o r  m u s c l e s .

Lambs r e a c h i n g  t h i s  d e g r e e  o f  d e f i c i e n c y  a p p e a r e d  t o  be 

s u s c e p t i b l e  t o  p n e u m o n i a ,  p e r h a p s  b e c a u s e  t h e i r  b o d i e s  we re  

w e t  a l l  t h e  t i m e ,  due t o  u r i n e .  F u r t h e r ,  a t  t h i s  t i m e ,  a  c h a r -  

a c t e r i s t i c l y  s t r o n g  o d o r  was n o t i c e a b l e ,  wh ic h  c o u l d  h a v e  b e e n  

due  t o  a n  a l t e r e d  u r i n a r y  e x c r e t i o n  ( p r o b a b l y  i n c r e a s e d  c r e a t i n e  

o r  c r e a t i n i n e )  o r  t o  t h e  r e a c t i o n  o f  s u c h  p r o d u c t s  w i t h  t h e  

c o n s t i t u e n t s  o f  t h e  wool  c o a t .

The d i e t  A ,  c o n t a i n i n g  a  c o m m e r c i a l  l a r d  a s  t h e  s o u r c e  o f  

f a t ,  p r o d u c e d  i n  mos t  o f  t h e  c a s e s  t h e  a b o v e  d e s c r i b e d  s y m p t o ­

m a t o l o g y ,  w h i c h  was c a l l e d  m i l d  v i t a m i n  E d e f i c i e n c y .  On t h e
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o t h e r  h a n d  d i e t  B,  c o n t a i n i n g  a  m o l e c u l a r  d i s t i l l e d  l a r d ,  p r o ­

d u c e d  e s s e n t i a l l y  t h e  same d i s t u r b a n c e s ,  b u t  i n  a d d i t i o n  c a u s e d  

s e v e r a l  o t h e r  sym p toms .  Due t o  t h e  f a c t  t h a t  l e s s  t i m e  was  

r e q u i r e d  t o  p r o d u c e  v i t a m i n  E d e f i c i e n c y  w i t h  d i e t  B, t h e  symp­

t o m s  we re  c a l l e d  a c u t e  v i t a m i n  E d e f i c i e n c y .  A n i m a l s  on  t h e  

d i e t  B showed d e f i c i e n c y  symptoms i n  a  p e r i o d  b e t w e e n  t h e  2 0 t h  

a n d  5 5 t h  d a y ,  w h e r e a s  t h o s e  on d i e t  A had  become d e f i c i e n t  

b e t w e e n  t h e  3 0 t h  and  8 0 t h  d a y .

Lambs w i t h  a c u t e  v i t a m i n  £ d e f i c i e n c y  sh o w ed ,  b e s i d e s  t h e  

f o r e m e n t i o n e d  sy m p to m s ,  f i r s t  a  r e d u c e d  vo lume  o f  t h e  t h i g h  

m u s c l e s  a n d  a f t e r w a r d s  d y s t r o p h y  o f  t h e  o t h e r  l o c o m o t o r  m u s c l e s  

a s  w e l l .  W h i l e  t h e  l a m b s  we re  s t i l l  a b l e  t o  w a l k ,  t h e r e  was 

n o t i c e a b l e  s t i f f n e s s  o f  t h e  l e g s ,  w o b b l i n g  j o i n t s ,  d r a g g i n g  

f e e t  and  a  p e c u l i a r  m a r c h i n g  g a i t .  When t h e s e  l am bs  we re  f o r c e d  

t o  r u n ,  t h e y  r a n  w i t h  a n  e x c e s s i v e l y  b a l a n c i n g  movement  f r om 

t h e  f r o n t  t o  t h e  b a c k  and  made v e r y  l i t t l e  p r o g r e s s .  I n  

s e v e r a l  i n s t a n c e s  t h e y  f e l l  on  t h e i r  k n e e s  a n d  we re  n o t  a b l e  t o  

s t a n d  a g a i n .

A b n o r m a l i t i e s  were  a l s o  n o t i c e d  when t h e  a n i m a l s  t r i e d  t o  

t u r n  a r o u n d .  The t u r n i n g  was d i f f i c u l t  and  l i k e  a  p i v o t ,  s i n c e  

t h e  l a m b s  r o t a t e d  t h e m s e l v e s  w i t h  t h e i r  r e a r  l e g s  k e p t  t o g e t h e r .

A t e s t  was d e v i s e d  t o  m e a s u r e  t h e  d e g r e e  o f  w e a k n e s s  o f

t h e  l e g s .  I t  c o n s i s t e d  o f  p u s h i n g  t h e  l amb s  down u n t i l  t h e y

f e l l ;  f i r s t  on  t h e  rump t o  m e a s u r e  t h e  d e g r e e  o f  r e s i s t a n c e  o f

t h e  r e a r  l e g s ,  a n d  t h e n  on  t h e  w i t h e r s  t o  m ea su re  t h e  r e s i s t a n c e
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o f  t h e  f r o n t  l e g s .  T h e s e  two m e a s u r e m e n t s  we r e  c o m p a r e d  t o  t h e  

c o n t r o l s  a n d  a  d e g r e e  o f  w e a k n e s s  was e s t a b l i s h e d  on  a  s c a l e  

t h a t  r a n  f rom 0 ( c o n t r o l  a n i m a l s )  t o  f o u r ( l a m b s  f a l l i n g  a f t e r  

a  v e r y  weak  p u s h ) .  T h i s  c r i t e r i o n  was i m p o r t a n t  f o r  t h e  e s t i m a ­

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

o f  t h e  a n i m a l s  on  r e c o v e r y .

Two o f  t h e  l am bs  showed symptoms o f  g o o s e - s t e p p i n g  and  two 

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

a  s h o r t  p e r i o d  o f  two t o  t h r e e  d a y s .  T h i s  was  r a t h e r  s p e c i a l  

s i n c e  s u c h  symptoms  had  n e v e r  b e e n  r e p o r t e d  b e f o r e  i n  t h e  v i t a ­

m in  E d e f i c i e n c y ,  and  i t  l a s t e d  f o r  s u c h  a s h o r t  t i m e .  L o c o ­

m o t o r  i n c o o r d i n a t i o n  ( g o o s e - s t e p p i n g )  i s  t h e  c h a r a c t e r i s t i c  

symptom o f  p a n t o t h e n i c  a c i d  d e f i c i e n c y  i n  t h e  p i g  ( L e e c k e  jrfc a l . 

1 9 4 9 ) .  T h e r e f o r e ,  e v en  t h o u g h  p a n t o t h e n i c  a c i d  was s u p p l i e d  

i n  t h e  d i e t ,  i t  was  i m p o r t a n t  t o  d e t e r m i n e  t h e  p l a s m a  l e v e l  o f  

p a n t o t h e n i c  a c i d  o f  t h e s e  a n i m a l s  and  c o m p a re  t hem w i t h  t h e  

p l a s m a  l e v e l  o f  t h e  d e f i c i e n t  an d  c o n t r o l  a n i m a l s .  F o r  t h a t  

r e a s o n ,  p a n t o t h e n i c  a c i d  d e t e r m i n a t i o n s  w e r e  r u n  i n  t h e  b l o o d  

p l a s m a  o f  a l l  t h e  e x p e r i m e n t a l  a n i m a l s  a c c o r d i n g  t o  t h e  p r o c e ­

d u r e  o u t l i n e d  by  S k e g g s  and  W r i g h t  ( 1 9 4 4 ) .  The r e s u l t s  o f  t h i s  

a n a l y s i s  a r e  s u m m a r i z e d  i n  T a b l e  X I  u n d e r  t h e  h e a d i n g  o f  B l o o d  

S t u d i e s .

A l p h a  t o c o p h e r o l  was f o u n d  v e r y  e f f e c t i v e  f o r  t h e  c u r e  o f  

two y o u n g  l a m b s  s h o w i n g  d e f i c i e n c y  o f  v i t a m i n  E ( l am bs  n o s .  42 

a n d  4 9 ) .  The  t h e r a p y  was more s u c c e s s f u l  when t h e  t r e a t m e n t
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was  s t a r t e d  s o o n  a f t e r  t h e  a p p e a r a n c e  o f  t h e  f i r s t  symptoms* 

A f t e r  a  few d a y s  o f  t r e a t m e n t ,  t h e  l a m b s  showed g r e a t  i m p r o v e ­

m e n t  i n  g e n e r a l  v i g o r  a nd  s t r e n g t h  o f  t h e  l e g s .  The r e s i s t a n c e  

t o  f a l l  i n c r e a s e d  day  by day  u n t i l  i t  was o f  t h e  same d e g r e e  

a s  t h a t  o f  t h e  c o n t r o l s .  The t h e r a p y  i n  a  t h i r d  l amb ( lamb 

n o .  5 0 )  was s t a r t e d  when t h e  a n i m a l  was i n  t h e  f i n a l  s t a g e s  o f  

d e f i c i e n c y .  The a n i m a l  was u n a b l e  t o  s t a n d  up a n d  was v e r y  

e m a c i a t e d .  E v e n  t h o u g h  t h e r e  was l i t t l e  h o p e ,  i f  a n y ,  f o r  t h e  

c u r e  o f  t h i s  d y i n g  a n i m a l ,  t h e  t r e a t m e n t  was s t a r t e d .  I t  was  

a m a z i n g  t o  f i n d ,  h o w e v e r ,  t h a t  t h e  l amb  was a b l e  t o  g e t  up w i t h  

some h e l p  t h e  d a y  a f t e r  t h e  t r e a t m e n t  was  s t a r t e d ,  a nd  two d a y s  

l a t e r  was a b l e  t o  g e t  up w i t h o u t  a s s i s t a n c e  and  w a l k ,  d r a g g i n g  

h i s  f e e t .  The t e s t  o f  l e g  r e s i s t a n c e  was a p p l i e d  e v e r y  day  a n d  

i t  i n d i c a t e d  some i m p r o v e m e n t  i n  t h e  a n i m a l ,  t h o u g h  i t  was n o t  

s t e a d y .  T h u s ,  some d a y s  t h e  l amb l o o k e d  v e r y  w e l l  and  a p p e a r e d  

t o  be  g a i n i n g  s t r e n g t h ,  y e t  d a y s  l a t e r  s eemed  w e ak e r  a n d  h a d  p o o r  

l e g  r e s i s t a n c e .  The same t h i n g  was t r u e  o f  t h e  t e s t s  o f  r u n n i n g ,  

w a l k i n g  and  t u r n i n g .  A f t e r  40 d a y s  o f  t r e a t m e n t ,  i t  was f o u n d  

t h a t  t h e r e  was some i m p r o v e m e n t  o f  m u s c u l a r  s t r e n g t h  o f  t h i s  

a n i m a l ,  an d  o f  t h e  a b i l i t y  t o  w a l k  and  r u n .  H ow eve r ,  t h e  s t a t e  

o f  e m a c i a t i o n  o f  t h e  a n i m a l  was i m p r o v e d  v e r y  l i t t l e  by t h e  

t r e a t m e n t •

The  t h e r a p e u t i c  u s e  o f  p r o s t i g m i n e  and  c o r t i s o n e  i n  t h e  c u r e  

o f  t h e  symptoms o f  v i t a m i n  E d e f i c i e n c y  was n o t  s u c c e s s f u l .  Ev en  

t h o u g h  t h e s e  d r u g s  w e r e  u s e d  when t h e  d e f i c i e n c y  symptoms  b e g a n
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t o  a p p e a r , t h e  l a m b s  o n l y  showed a  t e m p o r a r y  r e l i e f  w h i c h  d i s ­

a p p e a r e d  a f t e r  f i v e  t o  e i g h t  d a y s .  A f t e r w a r d s ,  t h e  l a m b s  

r e l a p s e d  and  showed  more  marke d  s i g n s  o f  v i t a m i n  E d e p l e t i o n .

The  f e e d i n g  o f  c o d  l i v e r  o i l  t o  E - d e f i c i e n t  a n i m a l s  f o r  

25  d a y s  d i d  n o t  a c c e l e r a t e  o r  a c c e n t u a t e  t h e  symptoms o f  t h e  

v i t a m i n  E d e f i c i e n c y .

C o n t r o l  a n i m a l s  f e d  d i e t  A p l u s  a l p h a  t o c o p h e r o l ,  d i e t  B 

p l u s  a l p h a  t o c o p h e r o l ,  o r  d i e t  A p l u s  a l p h a  t o c o p h e r o l  p l u s  

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

c a u s e d  by t h e  v i t a m i n  E d e f i c i e n c y .

C r o s s  P a t h o l o g i c a l  R e s u l t s

I t  was v e r y  s u r p r i s i n g  t h a t  none  o f  t h e  d i e t s  o r  t r e a t m e n t s  

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

l a m b s '  m u s c l e s ,  a  symptom c o n s i d e r e d  by many t o  be  t y p i c a l  o f  

t h e  v i t a m i n  E d e f i c i e n c y .  The f a c t  t h a t  t h e  m u s c l e s  h a d  j u s t  

a  p a l e  c o l o r  g a v e  t h e  i m p r e s s i o n  t h a t  t h e  v i t a m i n  E d e f i c i e n c y  

was n o t  b e i n g  p r o d u c e d .  T h i s  was c o m p l i c a t e d  e v e n  more by t h e  

n a t u r a l  d i f f e r e n c e  i n  c o l o r  s h a d e s  o f  s k e l e t a l  m u s c l e s .

H o w ev e r ,  a  c l o s e r  o b s e r v a t i o n  o f  t h e  m u s c u l a t u r e  and  t h e  

h i s t o l o g i c a l  s t u d i e s  d i s t i n c t l y  showed t h a t  mos t  o f  t h e  s k e l e t a l  

m u s c l e s  w e r e  a f f e c t e d  by t h e  l a c k  o f  v i t a m i n  E .  The damaged 

m u s c l e s  o f  a  r e g i o n  we re  r e c o g n i z e d  by t h e  p a l e  y e l l o w - g r a y i s h  

c o l o r ,  and  t h e  p r e s e n c e  o f  a  s t i c k y  e x u d a t e  w h i c h  s o m e t i m e s  was 

g e l a t i n o u s .
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B o t h  s i d e s  o f  t h e  body  w e r e  a f f e c t e d ,  b u t  i t  was v e r y  d i f ­

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

The m u s c l e s  mos t  s e v e r e l y  a f f e c t e d  we re  t h o s e  o f  t h e  l o c o ­

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

r u m p ,  t h e  n e c k  a n d  l o i n  were  l i k e w i s e  f o u n d  d e g e n e r a t e d .  When 

t h e  d e f i c i e n c y  o f  v i t a m i n  Hi had  p r o d u c e d  t h e  g r e a t e s t  damage t o  

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

m u s c l e s  we re  a l s o  i n j u r e d .  Two l a m b s  i n  t h i s  s t a g e  were  o b s e r v e d  

t o  h a v e  v e r y  e d e m a t o u s  m u s c l e s ,  w h i c h  w e r e  f o u n d  t o  be a l m o s t  

c o m p l e t e l y  s o l u b l e  i n  e t h y l  e t h e r  a nd  w a t e r .  I t  was f o u n d  i n  

t h e  same a n i m a l s  a n d  a n o t h e r  s h o w i n g  g o o s e - s t e p p i n g ,  t h a t  t h e  

s c i a t i c  n e r v e  was s u r r o u n d e d  by  a  t h i c k  f a t t y  c o a t ,  y e l l o w  i n  

c o l o r •

H e a r t  l e s i o n s  were  more  common i n  a n i m a l s  f e d  t h e  d i e t  B 

t h a n  i n  t h e  d i e t  A .  When d i e t  A was f e d ,  l e s i o n s  o f  t h e  h e a r t  

wer*e o b s e r v e d  o n l y  a f t e r  a  r a t h e r  p r o l o n g e d  t i m e .

The h e a r t  l e s i o n s  p r o d u c e d  by d i e t  B we r e  o u t s t a n d i n g  i n  

many r e s p e c t s .  F i r s t ,  t h e y  we re  e a s y  t o  o b s e r v e  due t o  t h e  

w h i t e  o r  g r a y i s h  c o l o r  o f  t h e  l e s i o n s  and  t h e i r  p e c u l i a r  s h a p e ,  

w h i c h  v a r i e d  f rom p i n  p o i n t s  t o  r o d s  and  r o u n d e d  a r e a s ,  a n d  

d i f f e r e d  i n  s i z e  f r om one  t o  f o u r  mm. T h e s e  r o d s  a nd  d i s c s  i n  

some i n s t a n c e s  f u s e d  t o  make b i g  p a t c h y  s p o t s  o f  a b o u t  12 mm. 

i n  d i a m e t e r .  The s e c o n d  a n d  n o t  l e s s  o u t s t a n d i n g  f e a t u r e  was  t h e  

l o c a t i o n  o f  t h e s e  i n j u r e d  a r e a s .  E a r l i e r  o b s e r v a t i o n s  i n d i c a t e d  

t h a t  t h e  r i g h t  v e n t r i c l e  was t h e  o n l y  p l a c e  w h e r e  t h e s e  damaged
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a r e a s  we re  p r e s e a t .  H o w ev e r ,  l a t e r  o n ,  i t  was  a l s o  f o u n d  t h a t  

t h e  l e f t  v e n t r i c l e  was a f f e c t e d  a n d ,  i n  v e r y  f ew i n s t a n c e s  ( two 

l a m b s ) ,  t h e  r i g h t  v e n t r i c l e  was f o u n d  w i t h o u t  i n j u r y .

L e s s  f r e q u e n t  s i g n s  o f  h e a r t  a l t e r a t i o n  c a u s e d  by  t h e  E 

d e f i c i e n c y  we re  t h e  p r e s e n c e  o f  h e m o r r h a g e s  a n d  a n  e x c e s s  o f  

p e r i c a r d i a l  f l u i d .

A v e r y  u n u s u a l  o b s e r v a t i o n  was made a t  a u t o p s y  o f  l amb 4 7 ,  

w h i c h  was f e d  t h e  v i t a m i n  E - d e f i c i e n t  d i e t  B.  I t  was a s t r o n g  

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

w h i c h  v a n i s h e d  i n  a  v e r y  s h o r t  t i m e  ( L e s s  t h a n  one m i n u t e ) .

T h e r e  we re  no t y p i c a l  g r o s s  c h a n g e s  i n  t h e  l i v e r ,  k i d n e y  

o r  a d r e n a l s ,  p r o d u c e d  by v i t a m i n  E d e f i c i e n c y  i n  t h e  d i e t .  

O c c a s i o n a l l y ,  s e v e r a l  d e g r e e s  o f  f a t  i n f i l t r a t i o n  and  n e c r o s i s  

we re  f o u n d  i n  t h e s e  o r g a n s .

P n e u m o n ia  was a  c o m p l i c a t i n g  a n d ,  a t  t i m e s ,  a  m a s k i n g  f a c t o r  

t o  t h e  v i t a m i n  E d e f i c i e n c y .  T h i s  h a p p e n e d  i n  t h e  c a s e  o f  l amb 

1 4 ,  w h i c h  had  p n e u m o n i a  an d  was b e i n g  t r e a t e d  w i t h  p e n i c i l l i n .  

B e f o r e  d e a t h ,  i t  was o b s e r v e d  t h a t  t h e  l amb  had  v e r y  l a b o r i o u s  

r e s p i r a t i o n ,  p r e s u m a b l y  due  t o  t h e  p n e u m o n i a ,  wh ic h  was a s sumed  

t o  be  t h e  c a u s e  o f  d e a t h .  N e v e r t h e l e s s ,  t h e  e l e c t r o c a r d i o g r a m  

showed t h a t  a c t u a l l y  t h e  l amb was s u f f e r i n g  f rom h e a r t  f a i l u r e ,  

w h i c h  e v e n t u a l l y  p r o d u c e d  t h e  d e a t h  o f  t h e  a n i m a l .  T h i s  was c o r ­

r o b o r a t e d  by t h e  p o s t - m o r t e m  l u n g  e x a m i n a t i o n  wh ic h  d i d  n o t  r e ­

v e a l  s e v e r e  e n o u g h  damage  t o  j u s t i f y  t h e  d e a t h  o f  t h e  a n i m a l .  

I n s t e a d  t h e  h e a r t  showed e x t e n s i v e  damage by t h e  mac ro  a n d  h i s t o -  

p a t h o l o g i c a l  e x a m i n a t i o n .
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T h e r e  was n o t h i n g  c h a r a c t e r i s t i c  a b o u t  t h e  p n e u m o n i a  t h a t  

c o u l d  be  c o r r e l a t e d  t o  t h e  v i t a m i n  E d e f i c i e n c y .  B o t h  t h e  u n i ­

l a t e r a l  and  b i l a t e r a l  t y p e  o f  b r o n c h o - p n e u m o n i a  we r e  p r e s e n t  i n  

v a r y i n g  d e g r e e s  o f  s e v e r i t y ,  w h i c h  we re  f o u n d  i n  d e f i c i e n t  and  

c o n t r o l  l a m b s *

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

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

t i o n  we re  u s u a l l y  l o c a t e d  i n  t h e  v i c i n i t y  o f  i m p o r t a n t  h e a r t  

v e s s e l s  ( F i g .  4 ) .  The h i s t o l o g i c a l  s t u d y  o f  h e a r t  t i s s u e s  p e r ­

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

t i m e  a nd  t h e  r e s u l t s  w i l l  be r e p o r t e d  i n  t h e  n e a r  f u t u r e .

R e s u l t s  o f  t h e  H i s t o l o g i c a l  S t u d i e s

The c h a n g e s  p r o d u c e d  by t h e  v i t a m i n  E d e f i c i e n c y  i n  s k e l e t a l  

m u s c l e s  o f  t h e  l amb c a n  be  s u m m a r i z e d  a s  a  p r o c e s s  i n v o l v i n g  

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

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

The  m u s c l e  f i b e r s  f i r s t  became s w o l l e n ,  s h r u n k  and  f r a g m e n t e d  

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

f i b e r s  s t a i n e d  d e e p e r  w i t h  t h e  h e m a t o x y l i n - e o s i n .

A t  t h e  same t i m e  t h a t  t h e  d e g e n e r a t i v e  p r o c e s s  was t a k i n g  

p l a c e  t h e  r e v e r s e  p r o c e s s  o f  r e g e n e r a t i o n  was a l s o  n o t i c e d .

T h i s  was c h a r a c t e r i z e d  by  an  i n c r e a s e  p r o l i f e r a t i o n  o f  m u s c u l a r  

f i b e r  n u c l e i ,  w h i c h  i n d u c e d  f o r m a t i o n  o f  new f i b e r s .  The new 

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

m u l t i p l e  n u c l e i  a r r a n g e d  i n  r ows  a t  t h e  c e n t e r  o f  t h e  f i b e r .
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The s a r c o p l a s m  o f  t h e  m u s c l e  f i b e r s  became g r a n u l a r  t h e n  

v a c u o l i z e d , a t  t h e  same t i m e  t h a t  t h e  n u c l e i  o r d i n a r i l y  became 

p y k n o t i c .

The f i n a l  s t a g e  o f  t h e  d e g e n e r a t i v e  p r o c e s s  was m ar k e d  by 

d e a t h  o f  m u s c l e  f i b e r s .  The n e c r o t i c  p r o c e s s  was  a c c o m p a n i e d  

by i n f i l t r a t i o n  o f  a  f ew p o l y m o r p h o n u c l e a r  l e u k o c y t e s ,  many 

m a r c o p h a g e s  a n d  g i a n t  c e l l s  ( F i g .  5 ) .  The l a t t e r  had  t h e  r o l e  

o f  c l e a r i n g  t h e  d e t r i t u s  f r om t h e  n e c r o t i c  a r e a .  As t h e  m u s c l e  

f i b e r s  d i s a p p e a r e d  t h e r e  was a n  a c t i v e  p r o l i f e r a t i o n  o f  f i b r o ­

b l a s t s  w h i c h  t e n d e d  t o  f i l l  t h e  em p t y  s p a c e  l e f t  by t h e  m u s c l e  

f i b e r s .  H o w e v e r ,  a t  t h e  t i m e  o f  m u s c l e  r e g e n e r a t i o n  t h e  m u s c l e  

n u c l e i  a nd  f i b e r s  o v e r s h a d o w e d  t h e  f i b r o f l a s t i c  p r o l i f e r a t i o n .

The h e a r t  m u s c l e  e s s e n t i a l l y  u n d e r w e n t  t h e  same c h a n g e s  a s  

t h e  s k e l e t a l  m u s c l e s .  But  i t  c a n  be a d d e d  t h a t  t h e  d e g e n e r a t i v e  

p r o c e s s  s t a r t e d  f r om  t h e  e n d o c a r d i u m  and p r o g r e s s e d  t o w a r d s  t h e  

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

p i c t u r e  o f  a  v i t a m i n  E - d e f i c i e n t  h e a r t  we r e  t h e  a b s e n c e  o f  g i a n t  

c e l l s  and  t h e  i n t e g r i t y  o f  t h e  P u r k i n j e  f i b e r s ,  i n  s p i t e  o f  t h e  

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

The d i f f e r e n t  h i s t o p a t h o l o g i c a l  symptoms we re  c l a s s i f i e d  

a c c o r d i n g  t o  t h e  s e v e r e n e s s  o f  t h e  d i s e a s e  i n  f i v e  d i f f e r e n t  

c a t e g o r i e s .  The l o w e s t  c a t e g o r y  was (0)  f o r  n o rm a l  t i s s u e s  o f  

c o n t r o l  a n i m a l s ,  and  t h e  h i g h e s t  c a t e g o r y  was (44)  f o r  t h e  m o s t  

s e v e r e l y  damaged  t i s s u e s .  T h i s  s y s t e m  was e s p e c i a l l y  h e l p f u l  t o  

j u d g e  t h e  s t a t e  o f  r e c o v e r y  o f  l am bs  on  t r e a t m e n t .
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The r e c o v e r y  o f  d e f i c i e n t  a n i m a l s  t r e a t e d  w i t h  a l p h a  t o c o ­

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

p r o l i f e r a t i o n ,  a s  w e l l  a s  t h e  number  o f  m a c r o p h a g e s  an d  g i a n t  

c e l l s .  The o r i g i n  o f  t h e  r e g e n e r a t i n g  f i b e r s  was t h o u g h t  t o  be  

i n  t h e  s a r c o l e m m a  o r  i n  t h e  a c t i v e l y  p r o l i f e r a t i n g  n u c l e i .  I t  

s e em ed  t h a t  t h e  m o s t  a c t i v e  p a r t  o f  t h e  r e g e n e r a t i n g  f i b e r s  was 

t h e  r o u n d e d  end  o f  t h e  new f i b e r s .  I t  was o b s e r v e d  t h a t  when t h e  

t i m e  o f  t h e r a p y  was l o n g e r  t h e r e  were  l e s s e r  h i s t o l o g i c a l  a b ­

n o r m a l i t i e s  w h i c h  w e r e  c l a s s i f i e d  a s  ( 1 4 ) .  The t h e r a p y  a f o r e ­

m e n t i o n e d ,  t h e r e f o r e ,  seemed t o  have  b e e n  s a t i s f a c t o r y .  N e v e r ­

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

w i t h  v i t a m i n  E f o r  40 d a y s  we re  p e r f e c t l y  n o r m a l ,  s i n c e  t h e r e  

was a n  i n c r e a s e d  number  o f  c e l l  n u c l e i .  P r o b a b l y  a  more p r o ­

l o n g e d  t r e a t m e n t  wou ld  h a v e  l o w e r e d  t h e  number  o f  c e l l  n u c l e i  

t o  a  n o r m a l  v a l u e .

The s u c c e s s  o f  t h e  c o r t i s o n e  and  p r o s t i g m i n e  t r e a t m e n t s  

was -  v e r y  d i f f i c u l t  t o  e s t a b l i s h  b e c a u s e  p r e v i o u s  t i s s u e  s a m p l e s  

w e re  n o t  t a k e n  b e f o r e  t h e  b e g i n n i n g  o f  t h e  t h e r a p y ,  t o  i n d i c a t e  

t h e  i n i t i a l  s t a t e  o f  t h e  a n i m a l .

D e s p i t e  t h i s  l i m i t i n g  f a c t o r ,  i t  c o u l d  be s a i d  t h a t  t h e  

l e s i o n s  f o u n d  i n  p r o s t i g m i n e  and  c o r t i s o n e  t r e a t e d  l a m b s  were  

m i l d  (2+)  a s  co mpa red  t o  ( 3 4 )  and  (44 )  o f  d e f i c i e n t  l a m b s .  These  

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

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

c o n c l u s i o n  c o u l d  n o t  be d r a w n .
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F i e l d  c a s e s  showed  s i m i l a r  h i s t o l o g i c a l  s i g n s  o f  d e f i c i e n c y  

t o  t h o s e  f o u n d  i n  t h e  p r e s e n t  e x p e r i m e n t .  The o n l y  n o t i c e a b l e  

d i f f e r e n c e  b e t w e e n  t hem was a  more p r o n o u n c e d  damage i n  t h e  c a s e  

o f  f i e l d  a n i m a l s ;  t h e  l e s i o n s  were  a l w a y s  g r a d e d  a s  ( 4 4 ) .

R e s u l t s  o f  B l o o d  S t u d i e s

a )  T o c o p h e r o l  c o n t e n t :

The t o c o p h e r o l  l e v e l s  o f  t h e  l a m b s  f e d  t h e  d i e t  A i n  t h e  

f i r s t  e x p e r i m e n t a l  t r i a l  a r e  s u m m a r i z e d  i n  T a b l e  V I ,  and  t h o s e  

f e d  d i e t  B ( I I  and  I I I  t r i a l s )  i n  T a b l e  V I I .

From t h e  s t u d y  o f  t h e s e  t a b l e s  a  w i de  v a r i a t i o n  c a n  be 

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

b l o o d  p l a s m a .  The v a l u e s  r a n g e d  f rom 0 . 0 5 9  t o  0 . 3 7 2  mg. / lOO 

m l .  o f  b l o o d  p l a s m a .

The  t o c o p h e r o l  c o n t e n t  o f  c o n t r o l  l a m b s  i n  t h e  t h r e e  t r i a l s  

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

end  o f  t h e  e x p e r i m e n t .  I n  t h e  f i r s t  t r i a l ,  t h e  t o t a l  t o c o p h e r o l  

c o n t e n t  i n c r e a s e d  f rom 0 . 0 5 9  t o  an  a v e r a g e  o f  0 . 2 4 6  mg . / lOO m l . ,  

a n d  i n  t h e  I I  and  I I I  t r i a l s  f r om 0 . 1 0 5  t o  0 . 2 6 1  mg . / lOO m l .  o f  

b l o o d  p l a s m a .

The r e v e r s e  p r o c e s s  o f  d e c r e a s e  o f  t h e  l e v e l s  o f  v i t a m i n  E 

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

A and  B.

A n i m a l s  o f  t h e  d e f i c i e n t  g r o u p  i n  t r i a l  I ,  f e d  d i e t  A,  had  

a n  a v e r a g e  i n i t i a l  v a l u e  o f  0 . 2 2 6  w h i c h  d i m i n i s h e d  t o  0 . 0 9 4
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TABLE V I .

TOCOPHEROL CONTENT OF BLOOD PLASMA OF LAMBS FED A. 
COMMERCIAL LARD DIET (DIET A) AND THE EFFECT OF COD 

LIVER OIL TREATMENT ON THE LEVEL OF PLASMA TOCOPHEROLS

( A l l  v a l u e s  e x p r e s s e d  i n  mg* p e r  100  ml* o f  b l o o d  p l a s m a )

Lamb Days  on  e x p e r i m e n t
D i e t No. 0 - 1 0 2 0 - 3 0 3 0 - 4 0 4 0 - 5 0 5 0 -6 0 6 0 - 7 0

A 6 0 . 2 4 4 0 . 0 7 5
8 0 . 2 1 6 0 . 0 8 5 0 . 0 9 7 0 . 1 0 9 0 . 1 1 2 # 0 . 0 6 9

11 0 . 3 7 2 . 0 . 2 7 5 0 . 1 4 7 0 . 0 9 7 0 . 3 9 9 ^ 0 . 1 1 9
12 --------- 0 . 1 6 5 0 . 1 4 1
14 -------- 0 . 1 4 7 -------- cod  l i v e r o i l
17 0 . 0 7 2 0 . 0 4 1 -----— — cod  l i v e r o i l
18 0 . 0 5 6 0 . 1 0 6
19 0 . 1 4 1 cod  l i v e r o i l

Av . 0 . 2 2 6 0 . 1 2 8 0 . 1 1 8 0 . 1 0 3 0 . 0 9 4

A p l u s 7 0 . 4 8 5 0 . 2 8 1
0 ( - T o c o - 10 0 . 0 5 9 0 . 1 6 2 0 . 2 1 2
p h e r o l 13 0 . 4 2 8 cod  l i v e r o i l

15 0 . 2 0 0 co d  l i v e r o i l

Av . 0 . 0 5 9 0 . 3 1 9 0 . 2 4 6

A p l u s 14 0 . 0 6 3 0 . 1 4 7 # 0 . 0 7 2
co d  l i v e r l 7 0 . 0 8 8 0 . 1 4 1 # 0 . 0 4 7
o i l 19 0 . 0 8 1 0 • 5 6 3 # 0 . 0 7 2

Av. 0 . 0 7 7 0 . 0 6 3

A p l u s 13 0 . 4 0 9 0 . 2 6 6 0 . 1 0 9
CC-Toco- 15 0 . 1 7 5 0 . 2 6 6 0 . 1 2 2 0 . 0 7 2

p h e r o l  and
c o d  l i v e r Av . 0 . 2 9 2 0 . 2 6 6 0 . 1 1 5 0 . 0 7 2

■^Unexpected  v a l u e s *  They were  n o t  c o n s i d e r e d  f o r  t h e  
c a l c u l a t i o n  o f  t h e  a v e r a g e s  v a l u e *
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TABLE V I I .

TOCOPHEROL CONTENT OF BLOOD PLASMA IN LAMBS FED A 
MOLECULAR DISTILLED LARD DIET (DIET B) AND THE EFFECT 

OF Q(-TOCOPHEROL THERAPY ON THE LEVEL OF PLASMA TOCOPHEROL

( A l l  v a l u e s  <s x p r e s s e d i n  mg. p e r  100 m l .  o f  ;p l a s m a )

D i e t
Lamb

No.
Days  on e x p e r i m e n t

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

B 22 0 . 1 4 4 0 . 1 7 8
23 0 . 1 1 5 0 . 2 6 6 *
24 0 . 1 8 7 0 . 3 5 0 * 0 . 0 9 7 0 . 0 4 0
27 0 . 1 3 1 0 . 0 5 4 0 . 1 3 4 *
29 0 . 1 5 9 0 . 1 0 9
34 0 . 2 2 8 0 . 0 5 0 0 . 1 8 7 * 0 . 1 1 6
38 0 . 1 6 2 0 . 0 8 4 0 . 1 0 3 0 . 0 6 9 0 . 1 3 1 * 0 . 0 6 9
39 0 . 0 4 0 0 . 0 9 7 0 . 0 9 1 0 . 0 9 7
42 0 . 1 2 7 0 . 1 5 6 0 . 0 7 8 E - t h e r a p y
43 0 . 1 1 6 0 . 0 9 7 0 . 0 9 1 0 . 0 6 9 0 . 2 0 0 * 0 . 1 5 3
44 0 . 0 9 7 0 . 1 3 4 0 . 1 2 8 0 . 2 5 0 * 0 . 0 6 9 0 . 0 6 3
45 0 . 0 5 0 0 . 0 6 9 0 . 2 0 0 * 0 . 0 8 1
46 0 . 1 2 5 0 . 2 5 0 * 0 . 0 9 7 0 . 1 1 9 0 . 0 6 9 0 . 0 5 0
47 0 . 0 9 7 0 . 1 0 3 0 . 0 9 7 0 . 8 0 6 * 0 . 1 0 0 0*E-tfc
48 0 . 0 8 4 0 . 0 5 0 0 . 0 6 9
49 0 . 1 0 3 0*150 0 . 1 3 1 0 . 0 8 4 E - t h e r a p y
50 0 . 1 4 7 0 . 0 6 9 E - t h e r a p y

Av 0 . 1 2 2 0 . 1 1 1 0 . 0 9 2 0 . 0 8 0 0 . 0 8 8 0 . 0 8 3

B p l u s 20 0 . 1 5 9 0 . 1 5 3 0 . 1 5 0
0 ( -  T o c o ­ 21 0 . 0 7 0 0 . 0 8 1 0 . 3 0 9 0 . 0 7 2 * 0 . 1 3 1 0 . 1 4 8
p h e r o l 37 0 . 1 5 9 0 . 2 2 8 0 . 1 6 2 0 . 2 9 9 0 . 4 0 6 0 . 4 2 8
( c o n t r o l s ) 40 0 . 0 5 9 0 . 1 1 2 0 . 0 9 1 0 . 1 8 7 0 . 2 3 4 0 . 1 7 5

41 0 . 0 7 8 0 . 1 7 2 0 . 3 3 2 0 . 1 5 9 0 • 366 0 . 2 9 4

Av 0 . 1 0 5 0 . 1 4 9 0 . 2 0 9 0 . 2 1 5 0 . 2 8 4 0 . 2 6 1

B p l u s 42 0 . 0 8 4 0 . 3 8 4
0 ( -  T o c o ­ 49 0 . 3 1 3
p h e r o l 50 0 . 1 2 8 0 . 0 6 9 0 . 1 7 5

( r e c o v e r y ) Av 0 . 1 2 8 0 . 0 7 6 0 . 2 9 0

■^Unexpected v a l u e s .
They  we re  n o t  c o n s i d e r e d  f o r  t h e  c a l c u l a t i o n  o f  t h e  
a v e r a g e s  v a l u e s .
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mS * / 1 0 0  m l .  a f t e r  60 d a y s  o f  f e e d i n g .  D e f i c i e n t  l a m b s  f e d  d i e t  

B i n  t r i a l s  I I  and  I I I  o n l y  r e q u i r e d  3 0 - 4 0  d a y s  t o  d i m i n i s h  

t h e i r  b l o o d  p l a s m a  t o c o p h e r o l  v a l u e  f r om  0 . 1 2 2  t o  0 . 0 9 2  mg. / lOO 

m l .  T h i s  v a l u e  h o w e v e r ,  c h a n g e d  v e r y  l i t t l e  u n t i l  t h e  end  o f  

t h e  e x p e r i m e n t  when i t  was 0 . 0 8 3  mg . / lOO  m l .

The cod  l i v e r  o i l  s u p p l e m e n t a t i o n  l o w e r e d  t h e  t o c o p h e r o l  

l e v e l  o f  t h e  b l o o d  p l a s m a  n o t  o n l y  o f  t h e  d e f i c i e n t  b u t  a l s o  Of 

t h e  c o n t r o l  l a m b s .  I n  f a c t ,  e v e n  t h e  c o n t r o l  l am b s  t h a t  were  

g i v e n  100  mg. o f  a l p h a  t o c o p h e r o l  e v e r y  o t h e r  day  e x p e r i e n c e d  

i n  30 d a y s  a  d r o p  o f  t o t a l  t o c o p h e r o l  i n  t h e  b l o o d  p l a s m a  f ro m 

0 . 2 9 2  t o  0 *0 7 2  mg /100  ml .  The d e p l e t e d  a n i m a l s  d i d  n o t  s u f f e r  

s u c h  a  d r a s t i c  c h a n g e ,  t h e  l e v e l  d r o p p e d  o n l y  0 . 0 1 4  mg . / lOO m l .  

f r o m  0 . 0 7 7  t o  0 . 0 6 3  m g . / lO O m l .

The e f f e c t  o f  t h e  a l p h a  t o c o p h e r o l  t h e r a p y  on t h e  l e v e l  o f  

t o t a l  t o c o p h e r o l s  i n  t h e  b l o o d  was n o t i c e a b l e  a f t e r  1 0 - 2 0  d a y s  

o f  t r e a t m e n t .  A t  t h i s  t im e  t h e i r  t o c o p h e r o l  c o n t e n t  was e q u a l  

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

I t  s h o u l d  be p o i n t e d  o u t  t h a t  t h e  t o c o p h e r o l  p i c t u r e  o f  

t h e  b l o o d  o f  d e f i c i e n t  l a m b s  was n o t  a l w a y s  one o f  a  p r o g r e s s i v e  

d e c r e a s e .  I n  many i n s t a n c e s ,  l am b s  h a v i n g  l ow v a l u e s  f o r  2 0 - 3 0  

d a y s  showed a  s u d d e n  and  e x t r a o r d i n a r y  i n c r e a s e  o f  t o t a l  t o c o ­

p h e r o l s  i n  t h e  b l o o d  p l a s m a .  T h i s  phenomenum d i d  n o t  l a s t  more  

t h a n  10 d a y s ,  a f t e r  w h i c h  t h e  t o c o p h e r o l  c o n t e n t  f e l l  t o  t h e  

o r i g i n a l  l ow l e v e l s .
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b) Blood Hemoglobin:

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

T a b l e s  V I I I  a n d  IX .  As  i t  c an  be s e e n ,  t h e  t o c o p h e r o l  s u p p l e ­

m e n t a t i o n  o f  d i e t s  A and  B d i d  n o t  a f f e c t  i n  an y  way t h e  hemo­

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

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

L i k e w i s e ,  t h e  s u p p l e m e n t a t i o n  o f  cod  l i v e r  o i l  d i d  n o t  

m o d i f y  t h e  h e m o g l o b i n  c o n t e n t  o f  e i t h e r  c o n t r o l  o r  d e f i c i e n t  

l a m b s .

H o w ev e r ,  i n  f i v e  l a m b s  ( l amb  Nos .  1 2 ,  3 4 ,  44 39 and  50)  

f e d  v i t a m i n  E - d e f i c i e n t  d i e t s ,  t h e  c o n t e n t  o f  h e m o g l o b i n  d r o p p e d  

t o  v e r y  l ow v a l u e s ,  r a n g i n g  f rom 6 . 5  t o  8 . 4  g rams  p e r  100 m l .  

o f  b l o o d .  T h e s e  l ow l e v e l s  we r e  o b s e r v e d  o n l y  a f t e r  t h e  l a m b s  

w e r e  on  t h e  d i e t  f o r  5 0 - 6 0  d a y s ,  and  t h e y  c o u l d  n o t  be m o d i f i e d  

by  t h e  t o c o p h e r o l  t h e r a p y  ( T a b l e  IX,  l amb No.  5 0 ) .

c )  D i f f e r e n t i a l  Whi te  C o u n t :

The  c h a n g e s  o f  w h i t e  c o u n t  o n l y  o c c u r r e d  a l o n g  w i t h  t h e  

a p p e a r a n c e  o f  p n e u m o n i a .  No c h a n g e  o f  w h i t e  b l o o d  c e l l s  c o u l d  

be a s s o c i a t e d  w i t h  t h e  d e f i c i e n c y  o f  v i t a m i n  E*

d)  B l o o d  P r e s s u r e :

A t o t a l  o f  24 b l o o d  p r e s s u r e  r e a d i n g s  were  t a k e n  f rom c o n t r o l  

a n d  d e f i c i e n t  l am b s  on d i e t  B ( d i e t  c o n t a i n i n g  t h e  m o l e c u l a r l y  

d i s t i l l e d  l a r d ) .  The r e s u l t s  a r e  shown i n  T a b l e  X. S i n c e  a  

c e r t a i n  c o r r e l a t i o n  was f o u n d ,  i n  d e f i c i e n t  l a m b s ,  b e t w e e n  t h e
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TABLE V I I I

HEMOGLOBIN CONTENT OF THE BLOOD OF LAMBS FED A COMMERCIAL 
LARD DIET (DIET A) AND THE EFFECT OF 0(-TOCOPHEROL 

THERAPY ON THE LEVEL OF HEMOGLOBIN IN THE BLOOD

( A l l  v a l u e s  e x p r e s s e d  i n  rag* p e r  100 ml* o f  b l o o d )

D i e t
Lamb 

No *
Days on e x p e r i m e n t

0 - 1 0 Oto1o(XI 3 0 - 4 0 4 0 - 5 0 5 0 - 6 0 6 0 - 7 0

A 6 1 1 *4 1 0 . 1 1 0 . 1
8 1 3 . 3 1 3 . 3 1 1 . 1 1 0 . 8 1 1 . 6 1 2 . 5

11 1 3 . 3 1 1 . 8 1 0 . 8 1 0 . 4 1 2 . 1 1 0 . 4
12 1 2 . 9 1 3 . 7 1 1 . 4 -------- -------- 6 . 5
14 1 2 . 5 1 1 . 6 1 1 . 6 cod  l i v e r  o i l
17 1 1 . 8 1 2 . 7 1 1 . 4 cod  l i v e r  o i l
18 1 2 . 9 1 1 . 6 1 0 . 8
19 1 1 . 1 1 2 . 5 1 2 . 1 cod l i v e r  o i l

A.V 1 2 . 4 1 2 . 1 1 1 . 1 1 0 . 6 1 1 . 8 9 . 8

A p l u s 7 1 2 . 7 1 0 . 8 1 1 . 1 1 2 . 0
0( - t o c o ­ 10 1 2 . 5 1 0 . 8 1 0 . 8 1 2 . 2
p h e r o l 13 1 2 . 7 1 1 . 4 1 2 . 5 cod l i v e r  o i l

15 1 1 . 8 1 2 . 3 1 2 . 3 cod l i v e r  o i l

Av 1 2 . 4 1 1 . 3 1 1 . 6 1 2 . 1

A p l u s 14 1 2 . 1 1 1 . 6 1 1 . 6
c o d  l i v e r 17 1 1 . 4 1 1 . 6 1 2 . 5
o i l 19 1 1 . 1 1 0 . 2 1 1 . 1

Av 1 1 . 5 1 1 . 1 1 1 . 7

A p l u s 13 1 2 . 3 1 2 . 1 1 2 . 9
0 ( - t o c o ­ 15 1 0 . 9 1 1 . 8 1 2 . 7
p h e r o l  and
co d  l i v e r Av 1 1 . 6 1 1 . 9 1 2 . 8
o i l
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TABLE X

THE INFLUENCE OF VITAMIN E DEFICIENCY ON THE 
ARTERIAL BLOOD PRESSURE OF THE LAMBS

A* Lambs  Fed  D i e t  B p l u s  0 ( - T o e o p h e r o l

Lamb No.  Age H e a r t  B e a t s  B l o o d  p r e s s u r e  (mm o f  Hg)_____
____________ ( d a y s )  p e r  m i n u t e  D i a s t o l i c  S y s t o l i c  A v e r a g e

C o n t r o l s

37
40
41

Av.

80
75
55
60
75

69

240
202
199
205
174

204

112
75
90

105
94

95

137
94

110
122
119

116

125 
85 

10 0 
113 
107

106

R e c o v e r e d A n i m a l s

49 50 112 85 118 101
65 122 91 122 107
80 102 88 119 103

Av . 65 112 88 120 104
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TABLE X ( c o n t i n u e d )  

B.  Lambs Fed D i e t  B

Lamb No. Age H e a r t  B e a t s B l o o d  p r e s s u r e  (mm o f  Hr )
( d a y s ) p e r  m i n u t e D i a s t o l i  c S y s t o l i  c A v e r a g e

No t s h o w i n g  symptoms o f  d e f i c i e n c y

44 65 202 130 180 155
47 50 146 75 113 94

55 149 95 132 113
60 230 130 175 152

Av . 57 182 108 150 128

S ho w in g  symptoms  o f  d e f i c i e n c y

34 75 242 115 125 120
85 224 87 122 106

38 60 180 75 90 82
75 219 84 100 92
90 153 78 100 89

43 50 132 72 100 86
44 70 137 75 116 95
45 55 140 65 90 77

70 162 69 94 81
46 55 127 87 120 103

70 160 31 63 47
47 70 171 77 112 94

Av . 69 171 76 103 89
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b l o o d  p r e s s u r e s  a n d  t h e  s y m p t o m a t o l o g y  o f  t h e  d i s e a s e ,  t h e  g r o u p  

was s u b d i v i d e d  i n  t w o .  One,  f o r  t h o s e  n o t  s h o w i n g  t h e  symptoms 

a n d  a n o t h e r ,  f o r  t h o s e  s h o w i n g  t h e  symptoms o f  t h e  v i t a m i n  E 

d e f i c i e n c y .

Due t o  t h e  s m a l l  number  o f  r e c o r d i n g s  and  t h e  co m p le x  v a r i a ­

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

a n a l y s i s  was n o t  c a r r i e d  o u t .

T a k i n g  t h e  b l o o d  p r e s s u r e s  o f  t h e  c o n t r o l  and  r e c o v e r e d  

l a m b s  a s  a  l e v e l  o f  r e f e r e n c e ,  i t  c an  be  s a i d  t h a t  l am bs  on a  

d i e t  d e f i c i e n t  o f  v i t a m i n  E t e n d e d  t o  h av e  h i g h e r  p r e s s u r e s  when 

t h e y  d i d  n o t  show any  symptom o f  v i t a m i n  E d e f i c i e n c y ,  and  t h a t  

l a m b s  s h o w i n g  symp toms  o f  t h e  d e f i c i e n c y  o f  v i t a m i n  E g e n e r a l l y  

h a d  l o w e r  b l o o d  p r e s s u r e s  t h a n  c o n t r o l  a n i m a l s .  Good i l l u s t r a ­

t i o n s  o f  t h i s  phenomenum a r e  g i v e n  by t h e  b l o o d  p r e s s u r e s  o f

t h e  d e f i c i e n t  l a m b s  N o s .  44 and  47 ,  t a k e n  f i r s t  when t h e y  d i d

n o t  show s i g n s  o f  d e f i c i e n c y ,  and  a f t e r ,  when t h e  symptoms o f  t h e  

d i s e a s e  we re  e v i d e n t .

e )  The L e v e l  o f  P a n t o t h e n i c  A c i d  i n  t h e  B l o o d :

The r e s u l t s  o f  t h e  p a n t o t h e n i c  a c i d  a n a l y s i s  o f  b l o o d  

p l a s m a  o f  t h e  e x p e r i m e n t a l  l am bs  a r e  s u m m a r i z e d  i n  T a b l e  XI .
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TABLE XL

THE EFFECT OF VITAMIN E DEFICIENCY ON THE 
LEVEL OF PANTOTHENIC ACID IN THE BLOOD

Lamb No. D i e t Symptom s P . A . gamma/ml •

37 C o m p l e t e none 0 . 4 4

40 it ti 0 . 4 2

41 ii ii 0 . 3 4

4 4 E - d e f i c i  e n t G-oose-s t e p p i ng 0 . 3 8

45 ii n ii it 0 . 5 6

3 4 ti it V i t a m i n E de f  i c i . e n cy 0 . 4 5

38 it ii it it ii 0 . 4 6

46 n ii it ii ti 0 . 3 7

47 ti it it it it 0 . 4 6

49 it ti ti it ii 0 . 4 3 -

50 ii it ti M it 0 . 3 6

T h e r e  was n o t  a c o n s i s t e n t  d i f f e r e n c e  i n  t h e  b l o o d  c o n t e n t  

o f  p a n t o t h e n i c  a c i d  b e t w e e n  l am b s  sh ow in g  g o o s e - s t e p p i n g  a n d  

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

R e s u l t s  o f  t h e  U r i n e  S t u d i e s

a )  E f f e c t  o f  V i t a m i n  E on t h e  U r i n a r y  E x c r e t i o n  o f  C r e a t i n e  
a n d  C r e a t i n i n e :

The  r e s u l t s  o f  t h e s e  s t u d i e s  a r e  t a b u l a t e d  i n  T a b l e  X I I .  

C r e a t i n e : I n  g e n e r a l  i t  c an  be s t a t e d  t h a t  t h e  l e v e l  o f  c r e a t i n e
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o f  U i - d e f i c i e a t  a n i m a l s  i n c r e a s e d  above  n o r m a l  a s  t h e  E d e f i c i e n c y  

p r o g r e s s e d *  Some o f  t h e  l a m b s  d i d  n o t  show g r a d u a l  i n c r e a s e  o f  

c r e a t i n e  e x c r e t i o n  i n  t h e  u r i n e  and  d i d  n o t  m a i n t a i n  h i g h  l e v e l s  

o f  c r e a t i n e  f o r  a  p r o l o n g e d  t i m e *

Common v a l u e s  o f  c r e a t i n e  e x c r e t i o n  i n  c o n t r o l  a n i m a l s  

r a n g e d  f rom 18  t o  89 mg. p e r  d a y ;  o n l y  i n  one  i n s t a n c e ,  l amb  

No* 4 0 ,  t h e  c r e a t i n e  e x c r e t i o n  was 185 mg. p e r  d a y .  I n  d e f i c i e n t  

a n i m a l s  s t a r t i n g  t o  show t h e  symptoms o f  E d e f i c i e n c y ,  t h e  

c r e a t i n e  v a l u e s  r a n g e d  f rom 177 t o  412 mg. p e r  d a y .

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

v i t a m i n  E - d e f i c i e n t  l a m b s .  A f t e r  10 d a y s  o f  t r e a t m e n t  t h e  

c r e a t i n e  u r i n a r y  e x c r e t i o n  o f  r e c o v e r e d  l a m b s  was e q u a l  t o  t h a t  

o f  c o n t r o l s .  Lamb No.  50 was a n  e x c e p t i o n .  T h i s  a n i m a l  r e m a i n e d  

i n  p o o r  c o n d i t i o n  a f t e r  t r e a t m e n t ,  ev en  t h o u g h  i t  d i d  n o t  show 

a n y  symptom o f  v i t a m i n  E d e f i c i e n c y .  The c r e a t i n e  l e v e l ,  

i n s t e a d  o f  d e c r e a s i n g  w i t h  t h e  a l p h a  t o c o p h e r o l  t r e a t m e n t ,  

i n c r e a s e d  t o  a  new h e i g h t  o f  306 m g . / d a y ,  t h e n  d u r i n g  t h e  

f o l l o w i n g  10 d a y s  d e c r e a s e d  t o  42 a n d ,  10 d a y s  l a t e r ,  i n c r e a s e d  

a g a i n  t o  182 mg. p e r  d a y .

Cod l i v e r  o i l  p r o v e d  t o  be e f f e c t i v e  i n  i n c r e a s i n g  t h e  

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

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

T a b l e  X I I .

C r e a t i n i n e :  The a n a l y s i s  o f  c r e a t i n i n e  i n d i c a t e d  t h a t  t h e

v i t a m i n  E d o e s  n o t  a f f e c t  t h e  u r i n a r y  e x c r e t i o n  o f  t h i s  compound.
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The a m o u n t  o f  c r e a t i n i n e  e x c r e t e d  i n  t h e  u r i n e  v a r i e d  f rom 

a n i m a l  t o  a n i m a l ,  b u t  i t  r e m a i n e d  a b o u t  t h e  same d u r i n g  a l l  t h e  

e x p e r i m e n t a l  p e r i o d .

The c r e a t i n u r i a  r a t i o ;  The c r e a t i n u r i a  r a t i o  h a s  b e e n  c a l c u l a t e d  

i n  o r d e r  t o  c o n d e n s e  i n  one e x p r e s s i o n  t h e  r e l a t i v e  c h a n g e s  o f  

c r e a t i n e  a n d  c r e a t i n i n e  p r o d u c e d  by t h e  a b s e n c e  o f  v i t a m i n  E i n  

t h e  d i e t .  I t  i s  c a l c u l a t e d  by d i v i d i n g  t h e  t o t a l  c r e a t i n i n e  

( c r e a t i n e  p l u s  p r e f o r m e d  c r e a t i n i n e )  by p r e f o r m e d  c r e a t i n i n e .  

A b s e n c e  o f  v i t a m i n  E i n  t h e  d i e t  i n f l u e n c e d  t h e  c r e a t i n u r i a  

r a t i o  and  t h e  c r e a t i n e  l e v e l  i n  a  s i m i l a r  m a n n e r .  They i n c r e a s e d  

a s  t h e  E d e f i c i e n c y  became more a c u t e .

I n  c o n t r o l  a n i m a l s  t h e  c r e a t i n u r i a  r a t i o  r a n g e d  f rom 1 . 0 5  

t o  1 . 7 5  w i t h  a n  a v e r a g e  o f  1 . 3 2 .  I n  d e f i c i e n t  a n i m a l s  t h e  

c r e a t i n u r i a  r a t i o  v a r i e d  f rom 1 . 0 0  t o  4 . 7 7  w i t h  an  a v e r a g e  o f  

1 . 9 6 .  I n  e a c h  d e f i c i e n t  l amb t h e  r a t i o  was maximum o r  c l o s e  t o  

maximum a t  t h e  t i m e  t h e  l a m b s  showed s i g n s  o f  v i t a m i n  E d e f i ­

c i e n c y .

b)  E f f e c t  o f  V i t a m i n  E on t h e  U r i n a r y  E x c r e t i o n  o f  Sodium and  
P o t a s s i u m •

The a n a l y t i c a l  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  X I I I .  The 

d a i l y  e x c r e t i o n  o f  sod iu m  and  p o t a s s i u m  d i d  n o t  r e f l e c t  t h e  i n ­

c r e a s i n g  s e v e r i t y  o f  t h e  v i t a m i n  E d e f i c i e n c y  i n  l a m bs  f e d  e i t h e r  

d i e t  A o r  B,  o r  e v e n  d i e t  A s u p p l e m e n t e d  w i t h  cod  l i v e r  o i l .  

T h e r e f o r e ,  i n  s p i t e  o f  t h e  f a c t  t h a t  t h e  v i t a m i n  E a f f e c t e d  t h e  

c o n t e n t  o f  sod ium  and p o t a s s i u m  i n  t h e  s k e l e t a l  m u s c l e s  and  t h e
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h e a r t  m u s c l e ,  a s  w i l l  be r e p o r t e d  i n  t h e  n e x t  p a g e s ,  t h e s e  

c h a n g e s  we re  n o t  a p p a r e n t  t h r o u g h  t h e  d e t e r m i n a t i o n  o f  sod iu m 

a n d  p o t a s s i u m  i n  t h e  u r i n e .

R e s u l t s  o f  t h e  E l e c t r o c a r d i o g r a p h i c  S t u d i e s

As w i l l  be  s e e n  i n  t h e  f o l l o w i n g  p a g e s ,  d e f i c i e n c y  o f  v i t a ­

m in  E l a m b s  was m a n i f e s t e d ,  i n  t h e  g r e a t  m a j o r i t y  o f  c a s e s ,  by 

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

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

u n d e r  t h e  f o l l o w i n g  h e a d i n g s :

a )  The E l e c t r o c a r d i o g r a m  o f  Lambs Fed D i e t  B S u p p l e m e n t e d  

w i t h  A l p h a  T o c o p h e r o l  ( c o n t r o l s ) .

b )  The E l e c t r o c a r d i o g r a m  o f  V i t a m i n  E D e f i c i e n t  Lambs .

1 )  Lambs Show ing  A c u t e  C a r d i a c  I n v o l v e m e n t .

2)  Lambs Show ing  C h r o n i c  C a r d i a c  I n v o l v e m e n t .

3)  Lambs n o t  Showing  Any Symptom o f  C a r d i a c  I n v o l v e m e n t .

c )  The E l e c t r o c a r d i o g r a m  o f  Lambs Fed D i e t  A S u p p l e m e n t e d  

w i t h  Cod L i v e r  O i l  and  A l p h a  T o c o p h e r o l .

d )  The E l e c t r o c a r d i o g r a m  o f  Lambs Fed  D i e t  B, w h i c h  Re ­

c e i v e d  I n j e c t i o n s  o f  C o r t i s o n e  and P r o s t i g m i n e .

a )  The E l e c t r o c a r d i o g r a m  o f  Lambs Fed  D i e t  B S u p p l e m e n t e d  w i t h  
A l p h a  T o c o p h e r o l :

The H e a r t  R a t e ;

The  h e a r t  r a t e  i n  t h e  t h r e e  c o n t r o l  l ambs  (Nos .  3 7 ,  40 and

41 )  r a n g e d  f rom 107  t o  250 b e a t s  p e r  m i n u t e  ( T a b l e  X I V ) .  How­

e v e r ,  t h e  a v e r a g e  r a t e  o f  i n d i v i d u a l  a n i m a l s ,  t a k e n  o u r i n g  t h e
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TABLE XIV

THE AVERAGE HEART RATES, PR AND QT INTERVALS 
AND THE K CONSTANT (BAZETT'S) OF VITAMIN 

E DEFICIENT AND CONTROL ALMBS

T y p e s  o f Lamb He a r t I n t e r v a l s B a z e t t  ' s
ECG- N o. R a t e # PR# QT# C o n s t a n t  K#

C o n t r o l s 37 166 0 . 0 8 0 . 2 2 0 . 3 7
40 151 0 . 0 8 0 . 2 3 0 . 3 6
41 155 0 . 0 8 0 . 2 4 0 . 3 7

Av . 157 0 . 0 8 0 . 2 3 0 . 3 7

Lambs s h o w i n g 14 232 0 . 0 6 0 . 1 8 0 . 3 5
A c u t e  C a r d i a c 19 150 0 . 1 0 0 . 2 2 0 . 3 5
I n v o l v e m e n t 24 175 0 . 1 0 0 . 2 2 0 . 3 8

39 149 0 . 1 0 0 . 2 2 0 . 3 5
48 200 0 . 0 8 0 . 1 9 0 . 3 4

Av . 181 0 . 0 9 0 . 2 1 0 . 3 5

Lambs sh o w in g 34 155 0 . 1 0 0 . 2 4 0 . 3 7
C h r o n i c  C a r d ­ 38 176 0 . 1 0 0 . 2 2 0 . 3 6
i a c  I n v o l v e ­ 42 138 0 . 1 2 0 . 2 6 0 . 3 9
m en t 43 139 0 . 1 2 0 . 2 5 0 . 3 8

44 137 0 . 1 0 0 . 2 6 0 . 3 9
45 131 0 . 1 2 0 . 2 5 0 . 3 7
46 115 0 . 0 9 0 . 2 7 0 . 3 7
47 132 ' 0 . 1 1 0 . 2 6 0 . 3 8
49 103 0 . 1 0 0 . 2 9 0 . 3 8

Av . 136 0 . 1 1 0 . 2 5 0 . 3 8

Lambs n o t 12 150 0 . 1 0 0 . 2 4 0 . 3 8
S ho w in g  a n y 32 158 -------- 0 . 2 0 0 . 3 3
Symptom o f 50 140 0 . 0 8 0 . 2 4 0 . 3 6
C a r d i a c
I n v o l v e m e n t Av. 149 0 . 0 9 0 . 2 3 0 . 3 6

#  A v e r a g e  v a l u e s .
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c o u r s e  o f  t h e  e n t i r e  e x p e r i m e n t ,  was v e r y  s i m i l a r .  Lamb No.  37 

h a d  a n  a v e r a g e  o f  1 6 6 ,  l amb  No.  40, 1 5 1 ,  l amb No.  41, 155 and  

t h e  a v e r a g e  f o r  t h e  g r o u p  was 157  b e a t s  p e r  m i n u t e .

I n  e v e r y  l am b  t h e  h e a r t  r a t e  was v e r y  r e g u l a r  and  d i d  n o t  

show a n y  c o r r e l a t i o n  w i t h  t h e  i n c r e a s i n g  age  o f  t h e  y o u n g  l a m b .  

The PR I n t e r v a l ;

The d u r a t i o n  o f  t h e  PR i n t e r v a l  was 0 . 0 8  s e c o n d  i n  e a c h  

e l e c t r o c a r d i o g r a m  o f  t h e  c o n t r o l  l a m b s  ( T a b l e  X IV ) .  The P wave 

was n o t  a l w a y s  p r e s e n t  i n  e v e r y  ECG# o f  t h e  l a m b s  and  i n  a l l  t h e  

l e a d s  o f  t h e  same r e c o r d .  T h u s ,  i t  was i m p o s s i b l e  t o  m e a s u r e  

t h e  PR i n t e r v a l  i n  a l l  i n s t a n c e s ,  a s  c a n  be n o t i c e d  i n  T a b l e  

XXIV ( A p p e n d i x ) .  The m e a s u r e m e n t s  o f  t h e  PR i n t e r v a l  a s  w e l l  

a s  t h e  o t h e r  i n t e r v a l s  were  made u s u a l l y  i n  l e a d  I I  b e c a u s e  i t  

was t h e  m o s t  f a v o r a b l e .

The v a r i a t i o n  o f  t h e  PR i n t e r v a l s  among t h e  t h r e e  l e a d s  o f  

t h e  same r e c o r d  n e v e r  e x c e e d e d  0 . 0 1  s e c o n d .  E x t r e m e s  i n  h e a r t  

r a t e s  r a n g i n g  f rom 107  t o  250 b e a t s  p e r  m i n u t e  d i d  n o t  i n f l u e n c e  

t h e  d u r a t i o n  o f  t h e  PR i n t e r v a l .

The QR$ I n t e r v a l :

The d u r a t i o n  o f  t h e  QRS i n t e r v a l  i n  t h e  l a m b s  f e d  d i e t  B 

p l u s  a l p h a  t o c o p h e r o l  was i n v a r i a b l y  0 . 0 6  s e c o n d  i n  l e a d  I I  

( T a b l e  XXIV, A p p e n d i x ) .  The d i f f e r e n c e  i n  t h e  v a l u e s  f o r  t h e  

d u r a t i o n  o f  QRS among t h e  t h r e e  l e a d s  was r a r e l y  l a r g e r  t h a n  

0 . 0 1  s e c o n d  an d  v a r i a t i o n s  i n  h e a r t  r a t e s  d i d  n o t  a f f e c t  t h e

d u r a t i o n  o f  t h i s  c o m p l e x .

#  E l e c t r o c a r d i o g r a m .
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The QT I n t e r v a l :

The d u r a t i o n  o f  t h e  QT i n t e r v a l  r a n g e d  f rom 0*32  t o  0 . 2 4  

s e c o n d  i n  t h e  t h r e e  c o n t r o l  l amb Nos .  3 7 ,  40 and  4 1 .  The a v e r a g e  

f o r  t h e  g r o u p  was 0 . 2 3  s e c o n d  ( T a b l e  X I V ) .  The a c c u r a c y  o f  t h i s  

m e a s u r e m e n t  was  s m a l l e r  ( 0 . 0 2  s e c o n d )  t h a n  i n  t h e  m e a s u r e m e n t  

o f  t h e  two p r e v i o u s  i n t e r v a l s  b e c a u s e  i t  was d i f f i c u l t  t o  e x a c t l y  

d e t e r m i n e  t h e  end  p o i n t  o f  t h e  T wave ,  s i n c e  i t  u s u a l l y  j o i n e d  

t h e  TP s e g m e n t  by means o f  a  smo o t h  c u r v e .

The  d u r a t i o n  o f  t h e  QT i n t e r v a l  v a r i e d  i n v e r s e l y  w i t h  t h e  

h e a r t  r a t e .  F o r  i n s t a n c e ,  i n  l amb No.  41 t h e  QT v a l u e  was 0 . 1 8  

s e c o n d  when t h e  h e a r t  r a t e  was 250 b e a t s  p e r  m i n u t e  and  0 . 3 0  

s e c o n d  when t h e  r a t e  was 107 b e a t s  p e r  m i n u t e  ( T a b l e  XXIV, 

A p p e n d i x ) •

The S y s t o l i c  I n d e x :

I n  28 o u t  o f  32 c o n t r o l  c a l c u l a t i o n s ,  B a z e t t ' s  K v a l u e s  

f e l l  i n  t h e  r a n g e  o f  0 . 3 5  t o  0 . 3 9 ,  w h e r e a s  f o r  t h e  32 r e c o r d s  t h e  

K v a l u e s  r a n g e d  f rom 0 . 3 2  t o  0 . 4 3  ( T a b l e  XXIV, A p p e n d i x ) .  The 

a v e r a g e  K v a l u e  f o r  t h e  who le  g ro u p  was 0 . 3 7  ( T a b l e  XIV) .

The P Wave:

I n  g e n e r a l  t h e  p o t e n t i a l  o f  t h e  P wave was l ow and  i n  some 

i n s t a n c e s  i s o e l e c t r i c .  When t h e  P waves  were  m e a s u r a b l e ,  t h e i r  

p o t e n t i a l  r a n g e d  f rom 0 . 0 5  t o  0 . 1 5  m i l l i v o l t .

The s h a p e  o f  t h e  P waves  we re  v a r i a b l e .  S h a r p ,  r o u n d e d ,  

a n d  p e a k e d  waves  were  f o u n d ,  and  i n  some i n s t a n c e s  P wav es  

c h a n g e d  s h a p e  f rom b e a t  t o  b e a t  o f  t h e  h e a r t .  T h u s ,  a n  BCG o f
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l a m b  No.  37  showed e x t r a  P waves  w h i c h  a p p e a r e d  a t  s u c c e s s i v e l y  

i n c r e a s i n g  i n t e r v a l s  a f t e r  e a c h  h e a r t  b e a t .

I n  t h e  same l a m b ,  No.  3 7 ,  d i p h a s i c  a nd  i n v e r t e d  P waves

wer e  a l s o  n o t i c e d .

The QRS Com plex :

The v o l t a g e  o f  t h e  QRS co mp lex  was v a r i a b l e  and  was n o t  

i n f l u e n c e d  by  a g e  o f  t h e  l a m b s .  I n  t h e  m a j o r i t y  o f  t h e  c a s e s  

t h e  QRS c o m p l e x  was m o n o p h a s i c  b u t  i n  a  few c a s e s  i t  became 

d i p h a s i c  i n  one  o f  t h e  l e a d s  b u t  n e v e r  i n  two l e a d s  a t  t h e  same 

t i m e  •

When t h e  QRS c o m p l e x  was m o n o p h a s i c  t h e  p o t e n t i a l  r a n g e d ,  

i n  l e a d  I ,  f r om  4 0 . 5 0  t o  - 0 . 8 0  m i l l i v o l t ;  i n  l e a d  I I ,  f r o m  - 0 . 3 0  

t o  - 1 . 2 0  m i l l i v o l t s ;  and  i n  l e a d  I I I ,  f r o m  4 0 . 4 0  t o  - 1 . 4 0  m i l l i ­

v o l t s  .

When t h e  QRS c o m p l ex  was d i p h a s i c  t h e  v o l t a g e  r a n g e d  f rom 

0 . 3 5  t o  1 . 2 0  i n  l e a d  I ,  f r om 0 . 2 5  t o  0 . 3 5  m i l l i v o l t  i n  l e a d  I I I ,

a n d  was 0 . 5 0  m i l l i v o l t  i n  l e a d  I I .

The a r i t h m e t i c a l  t o t a l  o f  t h e  QRS p o t e n t i a l s  ha d  a  minimum 

v a l u e  o f  0 . 9 5  m i l l i v o l t  and  a maximum o f  4 . 3 5  m i l l i v o l t s .

S l u r r i n g  o f  t h e  QRS complex  was n o t i c e d  q u i t e  f r e q u e n t l y  

i n  l e a d  I  o f  t h e  c o n t r o l  a n i m a l s ,  b u t  n o t  i n  any  o f  t h e  o t h e r  

l e a d s .

The T Wave :

The v o l t a g e  o f  t h e  T waves  was p o s i t i v e  mos t  o f  t h e  t i m e .  

However  i n  c e r t a i n  c a s e s  i t  became i s o e l e c t r i c  and  i n  two ECG-s,
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t a k e n  w i t h i n  f i v e  t o  e i g h t  d a y s  a f t e r  t h e  e x p e r i m e n t  was s t a r t e d ,  

i n v e r t e d  T waves  we re  f o u n d  i n  l e a d  I I .  No d i p h a s i c  T waves  

w e r e  o b s e r v e d  i n  a n y  o f  t h e  r e c o r d s .

The p o t e n t i a l  o f  t h e  T waves  v a r i e d  f rom - 0 . 0 5  t o  0 . 4 5  

m i l l i v o l t  i n  l e a d  I ,  f r om 0 t o  0 . 5 0  m i l l i v o l t  i n  l e a d  I I  a nd  

f r o m  - 0 . 1 5  t o  0 . 3 5  m i l l i v o l t  i n  l e a d  I I I .

The  s h a p e  o f  t h e  T wave was n o t  t h e  same i n  a l l  r e c o r d s .

Some o f  t h e  more t y p i c a l  o n e s  a r e  r e p r o d u c e d  i n  F i g u r e  6 .

The ST S e g m e n t :

I n  a  v e r y  few i n s t a n c e s  i t  was n o t i c e d  t h a t  t h e  ST s e g m e n t s  

a p p e a r e d  l o w e r  o r  h i g h e r  t h a n  t h e  b a s e  l i n e .

The E l e c t r i c a l  A x i s :

The e l e c t r i c a l  a x e s  a s  m e a s u r e d  by W i l s o n ' s  me thod  we re  

q u i t e  d i f f e r e n t  f r om l amb t o  l a m b .  T h u s ,  i n  l amb  No. 37 t h e  

e l e c t r i c a l  a x i s  c h a n g e d  f r om  - 9 0 °  t o  - 6 0 °  a nd  t h e n  a g a i n  t o  

- 9 0 °  d u r i n g  t h e  81 d a y s  o f  t h e  e x p e r i m e n t .  I n  l amb No s .  40 and  

41 t h e  e l e c t r i c a l  a x i s  f l u c t u a t e d  b e t w e e n  - 1 2 0  t o  - 1 8 0 °  ( T a b l e  

XXIV, A p p e n d i x ) .

b)  The E l e c t r o c a r d i o g r a m  o f  V i t a m i n  E D e f i c i e n t  Lambs :

A l l  t h e  l a m b s  c o n s i d e r e d  u n d e r  t h i s  g roup  showed macro and 

m i c r o p a t h o l o g i c a l  c h a n g e s  o f  v i t a m i n  E d e f i c i e n c y ,  h i g h  c r e a t i n ­

u r i a  r a t i o ,  l ow b l o o d  t o c o p h e r o l  c o n t e n t  w i t h  m i n e r a l  a n d  amino  

a c i d  c h a n g e  i n  t h e  m u s c l e s .

The g r o u p  was s u b d i v i d e d  i n t o  t h r e e  c a t e g o r i e s .  The f i r s t  

one  was  co mposed  o f  t h e  l a m b s  t h a t  d i e d  o f  h e a r t  f a i l u r e , snown
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by t h e  p a r a l l e l i s m  b e t w e e n  t h e  l a m b s '  s u d d e n  d e a t h  and  t h e  im­

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

was c a l l e d  " a c u t e  c a r d i a c  i n v o l v e m e n t "  a s  co mp a red  t o  t h e  " c h r o n i c  

c a r d i a c  i n v o l v e m e n t "  d e s c r i b e d  i n  t h e  n e x t  c a t e g o r y .  I n  t h i s  

s e c o n d  c a t e g o r y  e l e c t r o c a r d i o g r a p h i c  d a t a  o f  l a m b s  sh o w in g  

p r o g r e s s i v e  a l t e r a t i o n s  o f  t h e  EGG have  b e e n  g a t h e r e d .  F i n a l l y ,  

i n  t h e  t h i r d  c a t e g o r y  were  p l a c e d  a l l  t h e  l am bs  w h i c h  showed 

p a t h o l o g i c a l  an d  c h e m i c a l  c h a n g e s  c h a r a c t e r i s t i c  o f  v i t a m i n  E 

d e f i c i e n c y ,  a l t h o u g h  l i t t l e  o r  no c h an g e  was o b s e r v e d  i n  t h e  ECG.

1)  ECGs o f  V i t a m i n  E D e f i c i e n t  Lambs Showing  A c u t e  C a r d i a c  
I n v o l v e m e n t :

B e f o r e  t h e  e l e c t r o c a r d i o g r a p h  was u s e d  f o r  t h e  s t u d y  o f  t h e  

v i t a m i n  E d e f i c i e n c y  t h r e e  c a s e s  o f  a c u t e  h e a r t  f a i l u r e  had  a l ­

r e a d y  a p p e a r e d .  T h e r e a f t e r ,  f i v e  more c a s e s  o f , a c u t e  h e a r t  i n ­

v o l v e m e n t  were  o b s e r v e d ,  w h i c h  were  d e t e c t e d  by t h e  c h a n g e s  t a k ­

i n g  p l a c e  i n  t h e  ECGs p r i o r  t o  t h e  l a m b ' s  d e a t h .  Two o f  t h e  

l a m b s  (Nos .  14  and  19 )  h a d  b e e n  f e d  d i e t  A s u p p l e m e n t e d  w i t h  cod 

l i v e r  o i l  a n d  t h e  o t h e r  t h r e e  l a m b s  (Nos .  2 4 ,  39 a nd  48)  had  b e e n  

f e d  d i e t  B.

Up t o  t i m e  o f  t h e  o c c u r r e n c e  o f  s u d d e n  c h a n g e s  i n  t h e  ECGs,  

t h e  e l e c t r i c a l  phenomena  a c c o m p a n y i n g  t h e  h e a r t  b e a t  d i d  n o t  

a p p e a r  t o  be v e r y  d i f f e r e n t  f r om a n i m a l s  r e c e i v i n g  a l p h a  t o c o ­

p h e r o l  i n  t h e i r  d i e t s .  The mos t  o u t s t a n d i n g  ECG c h ang e  i n  t h e  

l a m b s  o f  t h i s  g r o u p  was a n  i n c r e a s e  o f  t h e  h e a r t  r a t e  w i t h  a g e  

( T a b l e  XXIV, A p p e n d i x ) .  T he s e  r a t e s  h av e  b e e n  su m m ar i ze d  i n



-  109 -

T a b l e  XIV whe re  t h e  a v e r a g e  o f  t h i s  g r o u p  was 1 8 1 ,  w h e r e a s  t h a t  

o f  t h e  c o n t r o l  was 157 b e a t s  p e r  m i n u t e .

A l e n g t h e n i n g  o f  t h e  a v e r a g e  f o r  t h e  PR i n t e r v a l  c an  be 

n o t i c e d  i n  t h e  same T a b l e ,  b e s i d e s  a  s l i g h t  d e c r e a s e  i n  t h e  

d u r a t i o n  o f  t h e  QT i n t e r v a l  and  B a z e t t ' s  c o n s t a n t  K.

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

n o t  i d e n t i c a l  i n  t h e  f i v e  l am b s  and  d i d  n o t  t a k e  p l a c e  a t  a n y  

f i x e d  i n t e r v a l  b e f o r e  d e a t h .  I n  l amb N o s .  1 4 ,  24 and  4 8 ,  t h e  

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

o f  t h e  T and  QRS w a v e s ,  p a r t i c u l a r l y  t h e  f o r m e r .  The T waves  

c o n s e q u e n t l y  a s s u m e d  a v e r y  t y p i c a l  s h a r p  form r e s e m b l i n g  t h a t  

o f  t h e  R w a v e s ,  a s  c a n  be o b s e r v e d  i n  F i g u r e  7 .  The i n c r e m e n t s  

o f  t h e  T wave v o l t a g e s  h a v e  b e e n  sum mar i zed  i n  T a b l e  XV w h i c h  

shows  t h a t  t h e s e  p o t e n t i a l s  were  much l a r g e r  t h a n  t h o s e  f o u n d  

i n  t h e  c o n t r o l  l a m b s .

TABLE XV

THE T WAVE POTENTIALS IN ACUTE CARDIAC INVOLVEMENT 
PRODUCED BY VITAMIN E DEFICIENCY IN THE LAMB

Lamb Days T p o t e n t i a l s  T o t a l  T
No.  b e f o r e  ( m i l l i v o l t s )  p o t e n t i a l s

_________d e a t h ________ L i __________ L»2___________ L3______ ( m i l l  i  v o l t s )

14  0 . 2  4 0 . 5 0  4 0 . 6 0  4 0 . 3 5  1 . 4 5

24 11 0 4 0 . 7 0  4 0 . 8 5  1 . 5 5
1 0 4 0 . 8 0  4 0 . 6 5  1 . 4 5

48 8 4 0 . 3 5  4 0 . 6 0  - 0 . 1 5  1 . 6 0
1 4 1 . 0 5  4 0 . 4 0  - 0 . 6 0  2 . 0 5
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I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e r e  we re  i n v e r t e d  T wav es  

i n  l e a d  I I I  o f  l am b  4 8 ,  w h i c h  d i d  n o t  a p p e a r  i n  t h e  r e c o r d s  o f  

t h e  c o n t r o l  l a m b s .

T a c h y c a r d i a ,  c h a n g e s  i n  t h e  d i r e c t i o n  o f  t h e  v a r i o u s  waves  

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

a n o t h e r  f i n d i n g  i n  t h e  c a s e s  sh ow ing  a c u t e  h e a r t  i n v o l v e m e n t .

T h i s  c a n  be s e e n  i n  F i g u r e s  8 and  11 c o r r e s p o n d i n g  t o  l amb  Nos*

14 a n d  3 9 ,  r e s p e c t i v e l y .  The ECG showed e x t r e m e l y  l a r g e  QRS 

d e f l e c t i o n s  w h i c h  we re  f o l l o w e d  i m m e d i a t e l y  by l a r g e  i n v e r t e d  

T w a v e s  i n  a l l  t h r e e  l e a d s .  F i g u r e  8Bshows a n o t h e r  ECG o f  l amb 

No.  14  b u t  t h i s  t i m e  i n  a  p r o s t r a t e  p o s i t i o n .  T h i s  r e c o r d  was 

t a k e n  i m m e d i a t e l y  a f t e r  t h a t  o f  F i g u r e  6k  was r e c o r d e d ,  when t h e  

l amb  was m o r i b u n d .

I n  l amb No. 19  e l e c t r o c a r d i o g r a p h i c  c h a n g e s  were  f o u n d  w h i c h  

d i f f e r e d  f ro m a n y  p r e v i o u s l y  s e e n .  These  were  marke d  d e p r e s s i o n  

o f  t h e  ST s e g m e n t  ( - 0 . 1 5  m i l l i v o l t )  i n  l e a d s  I I  and  I I I ,  v a r i ­

a t i o n s  i n  t h e  p o t e n t i a l  and  fo rm  o f  t h e  P waves  w i t h  e v e r y  h e a r t  

c o n t r a t i o n ,  a n d  d i p h a s i c  T waves  i n  l e a d  I I I  ( F i g .  1 0 ) .

2 )  ECGs o f  V i t a m i n  E D e f i c i e n t  Lambs Showing  C h r o n i c  
C a r d i a c  I n v o l v e m e n t :

A n o t h e r  t y p e  o f  ECG was f o u n d  i n  n i n e  o f  t h e  v i t a m i n  E-  

d e f i c i e n t  l a m b s  (Nos .  3 4 ,  3 8 ,  42 ,  43 ,  44 ,  45 ,  46 ,  47 and  49 )*

Fo r  p u r p o s e s  o f  d i f f e r e n t i a t i o n  i t  was named ECG i n  c h r o n i c  

h e a r t  d i s e a s e  s i n c e  i t  d i d  n o t  f i t  i n t o  t h e  p a t t e r n  of  a c u t e  

h e a r t  f a i l u r e .
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T h e s e  c h a n g e s  c o n s i s t e d ,  m a i n l y  i n  a d e c r e a s e  i n  h e a r t  r a t e  

a n d  a n  i n c r e a s e  i n  d u r a t i o n  o f  t h e  PR i n t e r v a l .  I n  a l l  i n s t a n c e s  

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

r a t e  d e c r e a s e d  w i t h  i n c r e a s i n g  a g e .  The a v e r a g e  o f  t h e  g r o u p  

was 136  b e a t s  p e r  m i n u t e .  T h i s  was c o n s i d e r a b l y  l o w e r  t h a n  t h e  

c o n t r o l  g r o u p .

The PR i n t e r v a l s  c o n s i s t e n t l y  i n c r e a s e d  i n  a l l  t h e  ECG-s.

The maximum v a l u e  was 0 . 1 2  s e c o n d  and t h e  a v e r a g e  f o r  t h e  w h o l e  

g r o u p  was 0 . 1 1  s e c o n d .  T h i s  v a l u e  was l a r g e r  t h a n  t h e  a v e r a g e s  

s e e n  i n  t h e  c o n t r o l  g r o u p  ( F i g .  9 ) .

The QT i n t e r v a l  i n c r e a s e d  f rom i t s  o r i g i n a l  a v e r a g e  v a l u e  

o f  0 . 2 3  s e c o n d  t o  a  f i n a l  a v e r a g e  d u r a t i o n  o f  0 . 2 5  s e c o n d ,  b u t  

t h i s  c han ge  was c h i e f l y  due  t o  t he  h e a r t  r a t e ,  s i n c e  t h e  K v a l u e s  

o f  t h i s  g r o u p  and  t h e  c o n t r o l  a n i m a l s  were  a l m o s t  e q u a l .

3 )  ECGs o f  V i t a m i n  E D e f i c i e n t  Lambs n o t  Showing  Any 
Symptoms o f  C a r d i a c  I n v o l v e m e n t :

V i t a m i n  E d e f i c i e n c y  was a l s o  p r o d u c e d  i n  l amb Nos .  1 2 ,  32 

a n d  5 0 ,  a s  c a n  be p r o v e n  by t h e  d a t a  a l r e a d y  p r e s e n t e d  on t h e  

c h e m i c a l  a n a l y s e s  o f  b l o o d  u r i n e  and  m u s c l e s ,  an d  t h e  macro  and  

m i c r o p a t h o l o g i c a l  e x a m i n a t i o n .  I n  s p i t e  o f  t h e  f a c t  t h a t  e x t e n ­

s i v e  l e s i o n s  we re  f o u n d  i n  t h e  h e a r t  o f  e a c h  one o f  t h e s e  a n i m a l s  

( F i g .  4 and  1 4 ) ,  no e l e c t r o c a r d i o g r a p h i c  c h a n g e s  were  n o t i c e d

a t  a n y  t im e  ( T a b l e  X I V ) .

I n  t h e  c a s e  o f  l amb  No.  12 t h e  l a s t  e l e c t r o c a r d i o g r a m  was 

t a k e n  20 d a y s  b e f o r e  t h e  d e a t h  o f  t h e  a n i m a l .  A t  t h i s  t i m e  t h e  

r e c o r d  was s i m i l a r  t o  t h a t  o f  c o n t r o l  l a m b s .
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I n  t h e  c a s e  o f  l amb Nos .  32 an d  50 t h e  ECGs we re  t a k e n  up 

t o  t h e  p o i n t  when t h e  d e a t h  o f  t h e  l amb was e m i n e n t .  E v e n  t h e n ,  

t h e  EGG a p p e a r e d  s i m i l a r  t o  t h o s e  o f  c o n t r o l  l a m b s .

c )  The E l e c t r o c a r d i o g r a m  o f  Lambs Fed  D i e t  A S u p p l e m e n t e d  w i t h  
A l p h a  T o c o p h e r o l  and  Cod L i v e r  O i l :

Lamb Nos .  13 and  15 r e c e i v i n g  d i e t  A s u p p l e m e n t e d  w i t h  a l p h a  

t o c o p h e r o l  and  cod  l i v e r  o i l  showed r e m a r k a b l y  low h e a r t  r a t e s .  

The a v e r a g e  was 111 b e a t s  p e r  m i n u t e  ( T a b l e  XVI) .  The PR i n ­

t e r v a l s  we re  a l s o  d i f f e r e n t  f rom c o n t r o l  l am b s  and  a v e r a g e d  0 . 1 1  

s e c o n d .  The QT i n t e r v a l  t o o ,  i n c r e a s e d  up t o  t h e  v e r y  h i g h  a v e r ­

age  v a l u e  o f  0 . 3 3  s e c o n d  w h i c h ,  a s  was shown by t h e  h i g h  K 

v a l u e s ,  was n o t  c a u s e d  by t h e  d e c r e a s e d  h e a r t  r a t e  o f  t h e  l a m b .

V e r y  h i g h  v o l t a g e s  o f  T and  QRS we re  o b s e r v e d  i n  l amb  No.

1 3 ,  b u t  t h e  r e v e r s e  was o b s e r v e d  i n  l amb No. 15 ,  so  t h a t  i t  c a n  

n o t  be c o n s i d e r e d  a s  an  e f f e c t  o f  t h e  f e e d i n g  r e g i m e n .  N e v e r ­

t h e l e s s ,  some o f  t h e  T waves  o f  l amb No. 13 ha d  a v e r y  p e c u l i a r  

f o rm  wh ic h  h a d  n e v e r  b e e n  s e e n  b e f o r e  i n  any  o f  t h e  ECG o f  

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

i n  l e a d  I I  o f  F i g u r e  2 .

d)  The E l e c t r o c a r d i o g r a m  o f  Lambs Fed  D i e t  B S u p p l e m e n t e d  w i t h  
A l p h a  T o c o p h e r o l  ( R e c o v e r y ) ,  P r o s t i g m i n e  and  C o r t i s o n e :

The a d m i n i s t r a t i o n  o f  a l p h a  t o c o p h e r o l  t o  v i t a m i n  E d e f i ­

c i e n t  l am b  Nos .  4 2 ,  29 a n d  50 d i d  n o t  m o d i f y  t h e  ECG o f  t h e  

l a m b s  ( T a b l e s  XIV and  XVI ) .  I n  o n l y  one  c a s e  ( lamb No.  4 2 ) ,  

was t h e r e  an  i n c r e a s e  i n  t h e  v o l t a g e  o f  t h e  ECG d e f l e c t i o n s .
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TABLE XVI

THE AVERAGE HEART RATES, PR AND QT INTERVALS 
AND THE K CONSTANT (BAZETT *S) OF LAMBS 

FED THE VARIOUS EXPERIMENTAL DIETS

G-roup Lamb
No.

H e a r t
r a t e #

I n t e  r v a l s  
PR# QT#

B a z e t t  * s 
c o n s t a n t  K#

Lambs  f e d  d i e t  A 13 128 0 . 1 0 0 . 3 0 0 . 4 4
p l u s  0 ( - t o c o p h e r o l 15 95 0 . 1 2 0 . 3 5 0 . 4 2
a n d  co d  l i v e r  o i l

Av. 111 0 . 1 1 0 . 3 3 0 . 4 3

Lambs  f e d  d i e t  B 42 139 0 . 1 2 0 . 2 5 0 . 3 9
p l u s  0 ( - t o c o p h e r o l 49 73 -------- 0 . 3 0 0 . 3 8

( r e c o v e  r y ) 50 143 0 . 1 0 0 . 2 4 0 . 3 7

Av. 118 0 . 1 1 0 . 2 6 0 . 3 8

Lambs  f e d  d i e t  B 34 161 0 . 1 1 0 . 2 1 0 . 3 4
r e c e i v i n g  i n j e c ­ 38 186 0 . 0 8 0 . 2 2 0 . 3 9
t i o n s  o f  p r o s t i g -  
mi ne Av. 174 0 . 0 9 0 . 2 1 0 • 36

Lambs f e d  d i e t  B 45 107 0 . 1 1 0 . 2 5 0 . 3 3
r e c e i v i n g  i n j e c ­ 46 125 0 . 1 0 0 . 2 5 0 . 3 7
t i o n s  o f  
c o r t i  s o n e Av. 116 0 . 1 0 0 . 2 5 0 . 3 5

#  A v e r a g e  v a l u e s
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L i k e w i s e ,  t h e  p r o s t i g m i n e  a n d  c o r t i s o n e  i n j e c t i o n s  d i d  n o t  

i n f l u e n c e  t h e  ECG o f  v i t a m i n  E - d e f i c i e n t  l a m b s  ( T a b l e  X V I ) .

O c c a s i o n a l l y ,  o t h e r  EGG a l t e r a t i o n s  were  n o t i c e d  i n  mos t

o f  t h e  a n i m a l s  f e a  a  v i t a m i n  E - d e f i c i e n t  d i e t .  They were  d r o p p e d

b e a t s ,  a r r y t h m i a s  o f  d i f f e r e n t  t y p e s ,  t r e m o r s  ( p r o b a b l y  due  t o  

v o l u n t a r y  m u s c l e  e f f e c t ) ,  a u r i c u l a r  f i b r i l l a t i o n s  and  a u r i c u l a r  

o r  v e n t r i c u l a r  e x t r a s y s t o l e s .  Some o f  t h e s e  a r e  i l l u s t r a t e d  i n  

F i g u r e  1 1 .

S t u d i e s  o f  t h e  M i n e r a l  Ch an ge s  o f  t h e  S k e l e t a l
an d  H e a r t  M u s c l e s  due  t o  V i t a m i n  E D e f i c i e n c y

The r e s u l t s  o f  t h e  q u a n t a t i v e  a n a l y s i s  o f  so d i u m ,  p o t a s s i u m ,  

c a l c i u m ,  mag ne s iu m a n d  p h o s p h o r u s  o f  t h e  s k e l e t a l  and  h e a r t  

m u s c l e s  a r e  s u m m a r i z e d  i n  T a b l e s  X V I I ,  X V I I I ,  XIX a n d  XX. The 

v a l u e s  a r e  g i v e n  on  a n  a s h  b a s i s  a s  mg. p e r  100  mg. an d  on a  

f r e s h  t i s s u e  ( m u s c l e )  b a s i s  a s  mg. p e r  100  gm.

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

T h e r e  we re  two m a i n  r e a s o n s  f o r  n o t  d o i n g  s o .  F i r s t ,  b e c a u s e  o f  

t h e  s m a l l  number  o f  a n i m a l s  i n  e a c h  g r ou p  and  s e c o n d ,  b e c a u s e  o f  

t h e  v a r i a b l e  d e g r e e  o f  d e f i c i e n c y  o b t a i n e d  i n  t h e  l a m b s ,  w h i c h  

ca n  be v e r i f i e d  by t h e  a n a l y s i s  o f  a l p h a  t o c o p h e r o l  i n  t h e  b l o o d

a n d  c r e a t i n e  i n  t h e  u r i n e .

Due t o  t h e s e  r e a s o n s  a n o t h e r  s y s t e m  o f  d i f f e r e n t i a t i o n  was 

s e t  up t o  d i s t i n g u i s h  t h e  m a g n i t u d e  o f  t h e  c h e m i c a l  c h a n g e s .  An 

a r b i t r a r y  s c a l e  was made i n  w h i c h  a  change  was c a l l e d  m o d e r a t e  

when i t  d i d  n o t  become l a r g e r  t h a n  5 o r  s m a l l e r  t h a n  1 . 5  t i m e s
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t h e  v a l u e  o b s e r v e d  i n  t h e  c o n t r o l  a n i m a l s .  And a  c h a n g e  was 

deemed  l a r g e  when t h e s e  v a l u e s  e x c e e d e d  f i v e  t i m e s  t h a t  o f  t h e  

c o n t r o l  l a m b s .

From t h e  s t u d y  o f  t h e s e  t a b l e s  t h e  f o l l o w i n g  i n f o r m a t i o n  

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

t h e  a s h  a nd  e a c h  one  o f  t h e  c i t e d  e l e m e n t s .  D a t a  r e f e r r i n g  t o  

f r e s h  t i s s u e  b a s i s  w e r e  u s e d  t o  e v a l u a t e  t h e  a l t e r a t i o n s  i n  t h e  

c h e m i c a l  c o m p o s i t i o n  o f  t h e  m u s c l e s .

S u l f a t e d  a s h :  The p e r c e n t  o f  s u l f a t e d  a s h  o f  t h e  m u s c l e s

o f  e x p e r i m e n t a l l y  E - d e f i c i e n t  a n i m a l s  was o n l y  s l i g h t l y  i n ­

c r e a s e d .  The s k e l e t a l  m u s c l e s  o f  l amb No.  12 were  t h e  o n l y  

o n e s  t h a t  showed marke d  m i n e r a l i z a t i o n .  I n  s p i t e  o f  t h i s ,  t h e  

h e a r t  o f  t h e  l amb  d i d  n o t  show an y  i n c r e a s e  o f  s u l f a t e d  a s h .

The  r e v e r s e  h a p p e n e d  i n  t h e  c a s e  o f  l amb No.  4 3 ,  wh ic h  showed 

m i n e r a l i z a t i o n  o f  t h e  h e a r t  b u t  n o t  o f  t h e  s k e l e t a l  m u s c l e s  

( T a b l e  X V I I ) .

F i e l d  c a s e s  o f  " s t i f f - l a m b M d i s e a s e  we re  s t u d i e d  a nd  i t  was 

f o u n d  t h a t  t h e  s k e l e t a l  m u s c l e s  c o n t a i n e d  t h r e e  t i m e s  a s  much 

s u l f a t e d  a s h  a s  t h e  e x p e r i m e n t a l  c o n t r o l  a n i m a l s .  The a s h  c o n ­

t e n t  o f  t h e  h e a r t ,  h o w e v e r ,  was o n l y  s l i g h t l y  h i g h e r  t h a n  t h e  

c o n t r o l s .

S od i um :  The sod iu m c o n t e n t  o f  t h e  l a m b s 1 t h i g h  m u s c l e s

i n c r e a s e d  when t h e  v i t a m i n  E d e f i c i e n c y  was p r o d u c e d  by f e e d i n g  

a  d i e t  c o n t a i n i n g  c o m m e r c i a l  o r  m o l e c u l a r  d i s t i l l e d  l a r d ,  o r  

i n  t h e  f i e l d  c a s e s  ( T a b l e  X V I I ) .
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TABLE XVII

INFLUENCE OF VITAMIN E ON THE PERCENT OF SULFATED 
AjSH AND THE SODIUM AND POTASSIUM COMPOSITION 

OF THE SKELETAL MUSCLES (THIGH)

Na______ K
D i e t Lamb % o f  

No.  s u l f a t e d  
a s h

a s h  

mg/10 0 me

f r e s h
t i s s u e

mg/lOOem

a s h

mg/lOOmg

f r e s h
t i s s u e

mg/lOOem

A 4 1 . 2 6 1 2 . 0 6 151 1 5 . 0 8 189
6 1 . 2 0 1 0 . 7 7 128 1 5 . 6 1 186
8 1 . 3 5 9 . 4 3 126 1 7 . 7 6 239

12 3 . 1 1 5 . 4 9 170 4 . 0 9 127
18 ------------- ------------- 172 ------------- 225

Av . 1 . 7 3 9 . 4 4 149 1 3 . 1 3 193

A p l u s  CX- 5 1 . 4 9 6 . 7 1 100 2 0 . 1 4 300
t o c o p h e r o l 7 1 . 2 7 4 . 5 9 66 1 8 . 3 5 233

Av . 1 . 3 8 5 . 6 5 83 1 9 . 2 5 266

A p l u s 14 1 . 2 3 9 . 9 6 122 1 6 . 0 6 197
c o d  l i v e r 17 1 . 3 4 8 . 9 9 120 2 0 . 2 8 271
o i l 19 1 . 1 4 1 4 . 6 0 166 1 5 . 9 7 182

Av . 1 . 2 4 1 1 . 1 8 136 1 7 . 4 4 216

A p l u s  C(- 13 1 . 2 5 7 . 8 3 98 2 2 . 1 3 278
t o c o p h e r o l  
an d  cod

15 1 . 5 0 5 . 0 2 75 2 6 . 6 8 399

l i v e r  o i l Av . 1 . 3 7 6 . 4 3 86 2 4 . 4 1 338

B 24 1 . 3 2 1 3 . 2 3 174 1 7 . 6 6 233
32 1 . 5 9 1 2 . 1 8 193 9 . 7 6 155
39 1 . 3 7 1 3 . 4 2 184 1 4 . 7 9 202
43 1 . 4 5 1 3 . 0 4 188 1 2 . 5 0 181
44 1 . 2 3 1 2 . 6 3 155 1 6 . 9 5 208
47 1 . 3 1 8 . 5 8 112 1 8 . 6 6 243

A v . 1 . 3 8 1 2 . 1 8 168 1 5 . 0 5 203

B p l u s  C(- 20 1 . 4 3 8 . 4 9 121 1 5 . 8 2 225
t o c o p h e r o l 21 1 . 3 9 7 . 7 5 107 2 3 . 2 0 322
( c o n t r o l s ) 37 1 . 5 2 --------- -  — — — —

40 1 . 4 2 4 . 9 6 70 2 3 . 8 8 338
41 1 . 3 2 6 . 3 7 84 2 3 . 1 1 305

Av . 1 . 4 1 6 . 8 9 95 2 1 . 5 0 2 97



-  121 -

TABLE XVII ( c o n t i n u e d )

% o f  
s u l f a t e d  

a s h

Na K
D i e t Lamb

No*
a s h

mg/lOOmg

f r e s h  
t i s  sue  

mg/100gm

a s h

mg/lOOmg

f r e s h  
t i s s u e  

mg/100gm

B p l u s  0 ( - 42 1 . 3 1 8 . 5 5 112 2 1 . 0 3 275
t o c o p h e r o l 49 1 . 5 1 7 . 2 1 118 2 0 . 5 8 310
( r e c o v e r y ) 50 1 . 4 4 1 0 . 6 8 153 1 4 . 0 8 202

Av. 1 . 4 2 8 . 8 1 127 1 8 . 5 6 262

B a n d 34 1 . 4 5 8 . 1 8 118 1 5 . 4 6 224
p r o s t i -
gmine

38 1 . 3 4 8 . 7 8 117 1 9 . 9 4 266

in , ie  c t i o n Av. 1 . 3 9 8 . 4 8 117 1 7 . 7 0 245

B a n d 45 1 . 4 4 8 . 7 1 125 1 6 . 8 0 241
c o r t i  s o n e  
i n j e  c t i  on

46 1 . 3 1 1 1 . 4 9 151 1 7 . 9 7 236

Av . 1 . 3 8 1 0 . 1 0 138 1 7 . 3 8 238

N a t u r a l 713 1 . 8 5 1 1 . 5 7 214 5 . 9 4 110
p a s t u r e 716 4 . 0 8 6 . 3 2 258 4 . 1 8 170
( s t i f f  
l a m b s )

721 7 . 4 1 3 . 4 0 251 3 . 5 0 259

Av . 4 .  45 7 . 0 9 241 4 . 5 4 179
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Cod l i v e r  o i l  s u p p l e m e n t a t i o n  d i d  n o t  p r o d u c e  any  f u r t h e r  

i n c r e a s e  i n  t h e  l e v e l  o f  sod ium  i n  t h e  m u s c l e s ,  s i n c e  l a m b s  

r e c e i v i n g  d i e t  A a nd  d i e t  A p l u s  cod l i v e r  o i l  h a d ,  a p p r o x i m a t e ­

l y ,  a n  e q u a l  c o n t e n t  o f  s o d i u m .

Of t h e  s e v e r a l  t h e r a p i e s  u s e d  f o r  t r e a t m e n t  o f  v i t a m i n  £ 

d e f i c i e n c y ,  a l p h a  t o c o p h e r o l  and  p r o s t i g m i n e  we re  e f f e c t i v e  i n  

r e t u r n i n g  t h e  sod ium l e v e l s  w i t h i n  t h e  n o r m a l  v a l u e s .  C o r t i s o n e  

was  u n a b l e  t o  p r o d u c e  s i m i l a r  e f f e c t s .

I n  d e f i c i e n t  a n i m a l s  f e d  p u r i f i e d  d i e t s  A and  B o r  i n  t h e  

f i e l d  c a s e s ,  t h e  s od iu m  c o n t e n t  o f  t h e  h e a r t  was  n o t  d i s t u r b e d  

by t h e  v i t a m i n  E d e f i c i e n c y .  N e v e r t h e l e s s ,  i t  was r e m a r k a b l e  

t o  f i n d  i n  h e a r t  m u s c l e  o f  r e c o v e r e d  a n i m a l  a  h i g h  sod ium c o n t e n t  

a v e r a g i n g  225#-,  wh id h  i s  a b o u t  d o u b l e  o f  t h e  f o u n d  i n  c o n t r o l  

a n i m a l s  ( T a b l e  X IX ) .

P o t a s s i u m :  V i t a m i n  E d e f i c i e n c y  a l s o  a f f e c t e d  t h e  p o t a s ­

s i um c o n t e n t  o f  s k e l e t a l  and  h e a r t  m u s c l e s .

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

l a m b s  i n  d i e t  A was 2 6 6 *  and  i n  d i e t  B 2 9 7 * ,  w h e r e a s  d e f i c i e n t  

a n i m a l s  on  t h e  d i e t s  A o r  B and  t h e  n a t u r a l  r a t i o n  h a d  a  l ow  

p o t a s s i u m  c o n t e n t ,  a v e r a g i n g  1 9 3 ,  203 and  1 7 9 *  r e s p e c t i v e l y  

( T a b l e  X V I I ) .

Lambs t r e a t e d  w i t h  a l p h a  t o c o p h e r o l ,  p r o s t i g m i n e ,  c o r t i ­

s o n e  o r  cod  l i v e r  o i l  ha d  l e v e l s  o f  p o t a s s i u m  i n t e r m e d i a t e  

b e t w e e n  t h e  c o n t r o l s  a n d  d e f i c i e n t  a n i m a l s .  T h i s  p e r h a p s  i n a i -  

c a t e d  t h a t  t h e  m e n t i o n e d  s u p p l e m e n t s  p r o t e c t e d  t h e  s k e l e t a l  

*  mg. p e r  100  gm. o f  f r e s h  t i s s u e  ( m u s c l e )
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TABLE XV I I I

INFLUENCE OF VITAMIN E ON THE PERCENT OF CALCIUM, MAGNESIUM 
AND PHOSPHORUS COMPOSITION OF THE SKELETAL MUSCLES (THIGH)

Ca___________________Mg_________________ P
D i e t Lamb a s h f r e s h a s h f r e s h a s h f r e s h

No* t i s s u e t i  s s u e t i  s s u e
mg/100 mg/100 mg/100 rag/100 mg/100 mg/100

_  _ _  mg m mg gm mg gm

A 4 3 . 4 6 43 2 . 0 5 26 2 8 . 9 2 363
6 1 . 4 8 18 2 . 1 6 26 — _ — —
8 0 . 6 0 8 1 . 2 9 17 1 8 . 9 6 255

12 1 9 . 2 6 599 0 . 7 3 23 6 . 6 9 208
18 ----------- 194 -------- 32 -------- 295

Av. 6 . 2 0 172 1 . 5 5 25 1 8 . 1 9 280

A p l u s  0(- 5 0 . 5 7 8 1 . 6 7 25 1 8 . 9 9 283
t o c o p h e r o l 7 0 . 5 2 6 2 . 3 3 30 2 0 . 4 4 260

A v . 0 . 5 4 7 2 . 0 0 27 1 9 . 7 2 271

A p l u s  cod 14 0 . 6 4 8 1 . 8 7 23 2 3 . 0 4 283
l i v e r  o i l 17 1 . 7 8 24 1 . 9 9 27 1 7 . 9 1 240

19 0 . 7 7 9 1 . 7 0 19 1 7 . 9 4 20 5

A.v. 1 . 0 7 14 1 . 8 6 23 1 9 . 6 3 242

A p l u s  0(- 13 0 . 6 1 8 3 . 7 4 47 2 2 . 2 1 278
t o c o p h e r o l 15 0 . 8 0 12 3 . 0 7 46 1 8 . 6 0 278
a n d  cod
l i v e r  o i l Av . 0 . 7 0 10 3 . 4 0 46 2 0 . 4 0 278

B 24 0 . 7 1 9 1 . 3 4 18 1 7 . 2 5 228
32 6 . 4 8 103 1 . 9 2 30 1 8 . 9 9 263
39 1 . 5 2 21 1 . 3 3 18 ------

43 2 . 3 1 33 0 . 5 5 8 1 4 . 0 2 203
44 0 . 6 4 8 1 . 0 4 13 1 6 . 2 9 200
47 0 . 4 0 5 2 . 3 2 30 1 6 . 0 8 210

A v . 2 . 0 1 30 1 . 4 2 20 1 6 . 5 3 220
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TABLE X V I I I  ( c o n t i n u e d )

Ca__________________Mg__________________p
D i e t Lamb

No.
a s h

mg/100
mg

f  r e  sh  
t i  s s u e  
mg/100

__ gm

a s h

mg/100
mg

f r e s h  
t i  s s u e  
mg/100 

gm

a s h

mg/100
mg

f r e  sh 
t i  s s u e  
mg/100 

gm

B p l u s  0( - 20 0 . 4 4 6 1 . 6 2 23 1 7 . 7 3 253
t o c o p h e r o l 21 0 . 7 1 10 2 . 1 4 30 1 7 . 1 3 238
( c o n t r o l s ) 37 -------- - - -------- — — 1 7 . 4 1 265

40 0 . 5 0 7 2 . 8 5 40 2 0 . 8 0 295
41 0 . 3 8 5 3 . 0 2 40 2 1 . 4 2 283

A v . 0 . 5 0 7 2 . 4 0 33 1 8 . 8 9 266

B p l u s  0( - 42 0 . 7 3 10 1 . 1 3 15 1 7 . 5 3 230
t o c o p h e r o l 49 0 . 5 9 9 1 . 6 9 25 1 7 . 4 4 263
( r e c o v e r y ) 50 0 . 6 4 9 1 . 2 3 20 2 1 . 4 2 308

A v . 0 . 6 5 9 1 . 3 5 20 1 8 . 8 0 267

B a n d  p r o ­ 34 0 . 4 7 7 0 . 5 7 8 1 6 . 9 1 245
s t i g m i n e
i n j e c t i o n

38 0 . 7 9 10 2 . 1 3 28 2 5 . 7 3 344

Av . 0 . 6 3 9 1 . 3 5 18 2 1 . 3 2 294

B a n d 45 0 . 6 4 9 0 . 9 3 13 1 7 . 0 4 245
c o r t i  s o n e  
i n j e  c t i  on

46 1 . 5 4 20 0 . 8 5 11 1 8 . 6 5 245

Av . 1 . 0 9 15 0 . 8 9 12 1 7 . 8 4 245

N a t u r a l 71 3 3 3 . 2 3 616 0 . 9 7 18 1 2 . 9 4 240
p a s t u r e 716 4 7 . 0 0 871 2 . 8 8 38 2 2 . 0 4 900
( s t i f f
l amb)

721 1 6 . 2 0 1199 0 . 7 0 52 9 . 4 5 700

A v . 3 2 . 1 4 596 1 . 5 2 36 1 4 . 8 1 613
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TABLE XIX

INFLUENCE OF VITAMIN E ON THE PERCENT OF SULFATED ASH AND 
THE SODIUM AND POTASSIUM COMPOSITION OF THE HEART MUSCLE

% o f
Na K

D i e t Lamb a s h f r e s h a s h f r e s h
No. s u l f a t e d t i s s u e t i s s u e

a s h mg/lOOmg mg/100gm mg/lOOmg rag/lOOgm

A. 4 1 . 2 2 1 2 . 3 0 149 1 0 . 3 9 126
6 1 . 2 0 1 0 . 4 7 125 1 5 . 5 4 186

12 1 . 2 7 1 0 . 1 2 128 1 7 . 0 2 215

Av. 1 . 2 3 1 0 . 9 6 1 34 1 4 . 3 1 175

A p l u s  0(- 7 1 . 2 9 1 8 . 4 9 238
t o c o p h e r o l

A p l u s  c o d 14 1 . 3 4 6 . 1 3 81 1 4 . 1 9 189
l i v e r  o i l 19 1 . 1 4 1 0 . 0 9 118 1 0 . 1 8 116

A v . 1 . 2 4 8 . 1 1 99 1 2 . 1 8 152

A p l u s  0 ( - 13 1 . 3 1 8 . 4 7 110 1 5 . 8 9 207
t o c o p h e r o l 15 1 . 3 6 7 . 9 2 107 1 5 . 1 9 206
a n d  cod
l i v e r  o i l AV. 1 . 3 3 8 . 2 0 108 1 5 . 5 4 206

B 24 1 . 4 1 6 . 9 2 95 1 5 . 5 4 219
32 1 . 2 9 1 2 . 7 2 163 9 . 8 9 127
39 1 . 4 9 8 . 2 4 123 1 7 . 2 5 257
43 2 . 1 6 1 1 . 2 6 242 6 . 5 9 142
Av . 1 . 5 8 9 . 7 9 155 1 2 . 3 2 186

B p l u s  (X- 20 1 . 1 8 1 0 . 5 7 124 1 7 . 2 4 203
t o c o p h e r o l 21 1 . 3 2 8 . 8 3 116 1 7 . 9 5 237
( c o n t r o l s )

A v . 1 . 2 5 9 . 7 0 120 1 7 . 5 9 220

B p l u s  0(- 50 1 . 6 5 1 3 . 7 2 225 1 7 . 9 3 295
t o c o p h e r o l
( r e c o v e r y )

N a t u r a l 713 1 . 3 7 1 1 . 9 7 164 1 3 . 7 9 189
p a s t u r e 716 1 . 9 7 6 . 7 7 133 1 0 . 8 6 214
( s t i f f

1 2 . 3 3 201l a m b s ) Av . 1 . 6 7 9 . 3 7 148
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m u s c l e s  f r om  c h a n g i n g  t h e i r  p o t a s s i u m  c o n t e n t  when l a m b s  we re  

f e d  a n  E - d e f i c i e n t  d i e t .

The l e v e l  o f  p o t a s s i u m  o f  t h e  h e a r t  musc l e  was o n l y  a f f e c ­

t e d  by  t h e  d i e t  A a l o n e  o r  s u p p l e m e n t e d  w i t h  cod l i v e r  o i l .  I t  

l o w e r e d  t h e  p o t a s s i u m  c o n t e n t  o f  t h e  h e a r t  m u s c l e  t o  175  and  

1 5 2 #  r e s p e c t i v e l y .  N e i t h e r  d i e t  B n o r  n a t u r a l  r a t i o n s  m o d i f i e d  

t h e  n o r m a l  p o t a s s i u m  c o n t e n t  o f  t h e  h e a r t  musc l e  ( T a b l e  XIX ) .

C a l c i u m :  When d i e t  A c o n t a i n i n g  t h e  c o m m er c i a l  l a r d  was

f e d  t o  t h e  l a m b s ,  c a l c i f i c a t i o n  t o o k  p l a c e  i n  t h e  t h i g h  m u s c l e s  

b u t  n o t  i n  t h e  h e a r t .  T h i s  c an  be o b s e r v e d  i n  T a b l e  X V I I I ,  

s h o w i n g  t h a t  p r a c t i c a l l y  a l l  t h e  l a m b s ,  w i t h  t h e  e x c e p t i o n  o f  

l am b  No.  8 ,  showed  a n  i n c r e a s e d  c a l c i u m  c o n t e n t  o f  t h e  m u s c l e s  

f r om  2 t o  25 t i m e s  o v e r  t h e  c o n t r o l  l a m b s .  T a b l e  XX shows 

t h a t  t h e  l e v e l  o f  c a l c i u m  i n  t h e  h e a r t  o f  E - d e f i c i e n t  l a m b s  on 

d i e t  A r a n g e d  f rom 7 t o  1 0 #  ( a v e r a g e  8 # ) ,  v a l u e s  wh ich  a r e  

e q u a l  t o  t h o s e  o f  t h e  c o n t r o l  l amb (Av.  8 . 0 # ) .

Cod l i v e r  o i l  f a v o r e d  t h e  c a l c i f i c a t i o n  o f  t h e  h e a r t  m usc l e  

t o  a  g r e a t  e x t e n t  ( a v e r a g e  50# )  e v e n  when a n i m a l s  were  f e d  a l p h a  

t o c o p h e r o l  a s  i n  t h e  c a s e  o f  l amb  Nos .  13 and  15 (Av. 1 8 # ) .

The m o l e c u l a r  d i s t i l l e d  l a r d  d i e t  p r o d u c e d  c a l c i f i c a t i o n  i n  

t h e  s k e l e t a l  an d  h e a r t  m u s c l e s .  I t  was e q u a l l y  p r o n o u n c e d  i n  

b o t h  t y p e s  o f  m u s c l e s  and  was a b o u t  s e v e n  t i m e s  g r e a t e r  t h a n  i n

t h e  c o n t r o l s .

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

t h e  h e a r t  a n d  s k e l e t a l  m u s c l e s  o f  d e f i c i e n t  l a m b s  f rom t h e  c a l -  

#  mg. p e r  100  gm. o f  f r e s h  t i s s u e  ( m u s c l e )
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TABLE XX

INFLUENCE OF VITAMIN E ON THE CALCIUM, MAGNESIUM AND 
PHOSPHORUS COMPOSITION OF THE HEART MUSCLE

Ca _ . . . Mg P
D i e t Lamb a s h f r e s h a s h f r e s h a s h f r e s h

No. t i  s s u e t i  s s u e t i  s s u e
mg/100 mg/100 mg/100 mg/100 mg/100 mg/100

mg _ gm mg gm mg gm
A 4 0 . 8 1 10 2 . 1 0 26

6 0 . 6 3 7 1 . 7 3 20
12 0 . 5 2 7 1 . 7 0 22 2 7 . 8 8 353
Av . 0 . 6 5 8 1 . 8 4 23 2 7 . 8 8 353

A p l u s  (X- 7 0 . 6 3 8 3 . 4 0 44 2 0 . 2 0 260
t o c o p h e r o l

A p l u s  cod 1 4 5 . 3 9 66 1 . 3 6 18 2 2 . 3 2 298
l i v e r  o i l 19 2 . 9 3 33 1 . 8 8 21 2 3 . 6 7 239

Av . 4 . 1 6 50 1 . 6 2 20 2 1 . 6 3 268

A p l u s  0(- 13 2 . 3 3 30 2 . 2 6 30 2 6 . 8 3 351
t o c o p h e r o l 15 0 . 4 6 6 1 . 7 4 23 2 3 . 6 7 321
an d  cod
l i v e r  o i l A v . 1 . 3 9 18 2 . 0 0 26 2 5 . 2 5 336
B 24 2 . 3 4 33 0 . 8 8 12 2 3 . 3 3 329

32 0 . 5 8 7 0 . 6 7 9
39 2 . 2 9 34 4 . 9 2 25
43 3 . 0 0 65 0 . 8 4 18 1 6 . 1 3 348

Av . 2 . 0 5 35 1 . 8 3 16 1 9 . 7 3 338
B p l u s  0(- 20 0 . 5 0 6 2 . 1 3 25 2 2 . 2 9 263
t o c o p h e r o l 21 0 . 4 7 6 1 . 0 7 14
( c o n t r o l s )

A v . 0 . 4 8 6 1 . 6 0 20 2 2 . 2 9 263

B p l u s  0( — 50 0 . 6 1 9 1 . 7 3 25 2 1 . 2 6 350
t o c o p h e r o l
( r e c o v e r y )
N a t u r a l 713 4 . 4 7 61 1 . 8 5 25
p a s t u r e 716 6 . 6 8 132 0 . 6 0 12 1 6 . 4 9 325
( s t i f f
l a m b s ) Av . 5 . 5 7 97 1 . 2 3 19 1 6 . 4 9 325
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c i f i c a t i o n  p r o d u c e d  by t h e  a b s e n c e  o f  v i t a m i n  £ .  P r o s t i g m i n e  

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

m u s c u l a r  c a l c i f i c a t i o n .  The a c t i o n  o f  c o r t i s o n e  was u n c e r t a i n  

s i n c e  i n  one  l amb  t h e  l e v e l  o f  c a l c i u m  was n o t  a l t e r e d  w h e r e a s  

t h e  o t h e r  one showed an  i n c r e a s e  o f  10 mg. p e r  100  grams o f  

f r e s h  t i s s u e .

C a l c i f i c a t i o n  o f  t h e  s k e l e t a l  and  h e a r t  m u s c l e s  was v e r y  

e x t e n s i v e  i n  t h e  f i e l d  c a s e s  o f  " s t i f f - l a m b H d i s e a s e .  The 

s k e l e t a l  m u s c l e  ha d  596 mg. o f  c a l c i u m  p e r  100 gr ams o f  f r e s h  

t i s s u e  and  t h e  h e a r t  m u s c l e  97 mg. o f  c a l c i u m  p e r  100 g r ams  o f  

f r e s h  t i s s u e  ( T a b l e s  XVII I  and  XX).

Mag nes iu m:  Lambs f e d  d i e t  A a l o n e ,  d i e t  A s u p p l e m e n t e d

w i t h  c o d  l i v e r  o i l  and  a  n a t u r a l  f e e d  r a t i o n  t h a t  p r o d u c e d  

v i t a m i n  E d e f i c i e n c y  had  s k e l e t a l  m u s c l e s  w i t h  no rma l  c o n t e n t  

o f  m a g n e s i u m ,  w h i c h  i s  2 7 # .  Bu t  l amb s  f e d  d i e t  B showed l ow 

c o n t e n t  o f  m ag n e s iu m  (20# )  e v e n  when t h e y  we re  s u p p l e m e n t e d  w i t h  

p r o s t i g m i n e  ( 1 8 # ) ,  c o r t i s o n e  ( 1 2 . 2 # )  o r  a l p h a  t o c o p h e r o l  ( 20#)  

( T a b l e  X V I I I ) .

I t  was s u r p r i s i n g  t o  f i n d  t h a t  s k e l e t a l  m u s c l e s  o f  l a m b s  

r e c e i v i n g  d i e t  A s u p p l e m e n t e d  w i t h  a l p h a  t o c o p h e r o l  and  cod 

l i v e r  o i l  h a d  4 6 # ,  w h i c h  was t w i c e  a s  l a r g e  a s  t h e  l e v e l  o f  

magnes ium i n  s k e l e t a l  m u s c l e s  o f  l a m b s  on d i e t  A a l o n e  o r  d i e t  A 

p l u s  a l p h a  t o c o p h e r o l ,  o r  d i e t  A p l u s  cod l i v e r  o i l .

N o t h i n g  d e f i n i t e  c an  be c o n c l u d e d  a b o u t  t h e  magnes ium c h a n ­

g e s  p r o d u c e d  i n  t h e  l ambs*  h e a r t  by t h e  E - d e f i c i e n t  d i e t  A,

#  mg. p e r  100 gm. o f  f r e s h  t i s s u e  ( m u s c l e )
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b e c a u s e  t h e  h i g h  v a l u e  o f  magnes ium (44# )  o f  t h e  c o n t r o l  

a n i m a l  No.  7 d o e s  n o t  a g r e e  w i t h  t h e  a v e r a g e  l e v e l  o f  m a g n e s ­

ium ( 2 0 # )  o f  t h e  c o n t r o l  l a m bs  No s .  20 and  21 f e d  d i e t  B p l u s  

a l p h a  t o c o p h e r o l  ( T a b l e  XX).

Lambs f e d  t h e  b a s a l  d i e t  B a l o n e  o r  w i t h  t h e  s e v e r a l  s u p p l e ­

m e n t a t i o n s  showed  l i t t l e  d i f f e r e n c e  i n  t h e i r  magnes ium c o n t e n t  

i n  t h e  c h e m i c a l  a n a l y s i s .

P h o s p h o r u s :  E x p e r i m e n t a l l y  p r o d u c e d  v i t a m i n  E d e f i c i e n c y

a f f e c t e d  t h e  am oun t  o f  p h o s p h o r u s  i n  t h e  s k e l e t a l  and  h e a r t  

m u s c l e  o f  E - d e f i c i e n t  a n i m a l s  v e r y  l i t t l e .

T h e r e  was a  s m a l l  ( a b o u t  15$  a v e r a g e )  b u t  c o n s i s t e n t  i n ­

c r e a s e  o f  p h o s p h o r u s  i n  t h e  h e a r t  m u s c l e  o f  l am bs  made E d e f i ­

c i e n t  by  f e e d i n g  d i e t s  A o r  B. Howeve r ,  c h a n g e s  i n  t h e  p h o s ­

p h o r u s  c o n t e n t  o f  t h e  s k e l e t a l  m u s c l e s  d i d  n o t  o c c u r  a t  a l l  i n  

l a m b s  d e f i c i e n t  i n  v i t a m i n  E.

I n  f i e l d  c a s e s  o f  v i t a m i n  E d e f i c i e n c y ,  t h e r e  we re  more 

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

m u s c l e s .  They  c o n t a i n e d  a n  a v e r a g e  613#  (T a b l e  X V I I I ) .  The 

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

c a s e s )  and  E - d e f i c i e n t  e x p e r i m e n t a l  a n i m a l s  we re  o f  t h e  same 

m a g n i t u d e .

M i n e r a l  r a t i o s :  M i n e r a l  r a t i o s  were c a l c u l a t e d  b e t w e e n

e a c h  one  o f  t h e  e l e m e n t s  a n a l y z e d  ( T a b l e s  XXI and X X I I ) .  The 

g r e a t e s t  r a t i o  c h a n g e  o c c u r r i n g  i n  E - d e f i c i e n t  l am bs  was i n  t h e  

Ca/Mg and  t hen  i n  t h e  r a t i o  o f  Ca t o  P . B u t ,  i n  t h e  c a s e  o f  

#  mg. p e r  100 gm. o f  f r e s h  t i s s u e  ( m u s c l e )
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l a m b s  f e d  cod  l i v e r  o i l ,  t h e  l a r g e s t  a l t e r a t i o n  was i n  t h e  

r a t i o  C a / N a , w h i c h  was t h i r d  i n  i m p o r t a n c e  i n  t h e  o t h e r  e x p e r i ­

m e n t a l l y  E - d e f i c i e n t  l a m b s .  The r a t i o  o f  Ca t o  K was a l s o  

m o d i f i e d .

I n  t h e  h e a r t s ,  t h e  o r d e r  o f  r a t i o  d i s t u r b a n c e  was a s  

f o l l o w s :  Ca/Mg,  Ca /K ,  C a /P  and  Ca /Na .

I n  summary t h e  c h e m i c a l  c h a n g e s  o f  t h e  m u s c l e s  c an  be 

c h a r a c t e r i z e d  i n  t h e  f o l l o w i n g  m an n e r .

T h i g h  m u s c l e s  sh ow ed ,  i n  g e n e r a l ,  a n  i n c r e a s e  i n  t h e  c o n ­

t e n t  o f  c a l c i u m  and  sod iu m  and a d e c r e a s e  i n  p o t a s s i u m .  When 

d i e t  B, c o n t a i n i n g  a m o l e c u l a r l y  d i s t i l l e d  l a r d ,  was f e d  t o  

t h e  a n i m a l s  a  d e c r e a s e  i n  magnes ium was a l s o  n o t i c e d .  P r o s t i g -  

mine  was  f o u n d  p r o t e c t i v e  t o  c a l c i u m ,  sod ium and  p o t a s s i u m .  

C o r t i s o n e  was p r o t e c t i v e  t o  p o t a s s i u m ,  w h e r e a s  cod l i v e r  o i l  

p r o t e c t e d  p o t a s s i u m  a n d  mag ne s iu m.  A l p h a  t o c o p h e r o l  t h e r a p y  

r e v e r s e d  t o  n o rm a l  t h e  m i n e r a l  c o m p o s i t i o n  o f  t h e  s k e l e t a l  

m u s c l e s  w i t h  mag ne s i um  a s  t h e  o n l y  e x c e p t i o n .

The c h a n g e s  i n  t h e  h e a r t  m u s c l e  o f  E - d e f i c i e n t  a n i m a l s  

were  d i f f e r e n t ,  a c c o r d i n g  t o  t h e  t y p e  o f  d i e t  (A o r  B) f e d .

'When d i e t  A,  c o n t a i n i n g  c o m m e r c i a l  l a r d ,  was g i v e n  t h e  c a l c i u m  

c o n t e n t  o f  t h e  h e a r t  musc l e  was n o r m a l ,  b u t  t h e  p o t a s s i u m  l e v e l  

was l ow and  t h e  p h o s p h o r u s  l e v e l  s l i g h t l y  h i g h .  The s u p p l e m e n ­

t a t i o n  o f  cod l i v e r  o i l  l a r g e l y  i n c r e a s e d  t h e  c a l c i u m  c o n t e n t  

o f  t h e  h e a r t .

D i e t  B, c o n t a i n i n g  t h e  m o l e c u l a r l y  d i s t i l l e d  l a r d ,  g r e a t l y  

i n c r e a s e d  t h e  c a l c i u m  and  l o w e r e d  t h e  p o t a s s i u m  c o n t e n t  o f  t h e
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h e a r t .  Lambs  r e c o v e r e d  f ro m E d e f i c i e n c y  had  a m i n e r a l  compo­

s i t i o n  s i m i l a r  t o  t h e  c o n t r o l  a n i m a l s  w i t h  t h e  e x c e p t i o n  o f  

t h e  sod iu m  c o n t e n t ,  w h i c h  was r a t h e r  h i g h .

S t u d i e s  on  t h e  Amino A c i d  Chan ges  i n  t h e  S k e l e t a l  
a n d  H e a r t  M u s c l e s  due  t o  V i t a m i n  E D e f i c i e n c y

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

f o r  t h e  amino  a c i d s  p r o l i n e ,  g l y c i n e ,  l e u c i n e  and  i s o l e u c i n e  

a r e  p r e s e n t e d  i n  T a b l e  X X I I I .  The q u a n t i t i e s  o f  amino a c i d s  

h a v e  b e e n  c a l c u l a t e d  i n  mg. p e r  100 mg. o f  m u s c l e .

A g a i n ,  i n  t h i s  c a s e ,  i t  i s  n o t  p o s s i b l e  t o  a p p l y  s t a t i s t i ­

c a l  a n a l y s i s  b e c a u s e  t h e  s m a l l  number  o f  s a m p l e s  p e r  g r o up  and  

t h e  h e t e r o g e n i e t y  w i t h i n  e a c h  g r o u p ,  due  t o  t h e  d i f f e r e n t  d e ­

g r e e s  o f  v i t a m i n  E d e f i c i e n c y .  I n  s p i t e  o f  t h i s ,  t h e  f i g u r e s  

do t h r o w  some l i g h t  on t h e  n a t u r e  o f  t h e  m u s c u l a r  c h a n g e s  

o c c u r r i n g  i n  t h e  a b s e n c e  o f  v i t a m i n  E i n  t h e  d i e t .

1 - P r o l i n e :

The c o m p a r i s o n  b e t w e e n  t h e  p r o l i n e  v a l u e s  o f  t h i g h  and  

h e a r t  m u s c l e s  o f  c o n t r o l s  and  E - d e f i c i e n t  a n i m a l s  f e d  d i e t s  A 

o r  B showed t h a t  v i t a m i n  E d e f i c i e n c y  d i d  n o t  have  a d i r e c t  o r  

i n d i r e c t  r e l a t i o n s h i p  on t h e  p r o l i n e  c o n t e n t  o f  t h e  m u s c l e s .  

S k e l e t a l  m u s c l e s  o f  f i e l d  c a s e s  o f  v i t a m i n  E d e f i c i e n c y  showed 

a l ow v a l u e  o f  p r o l i n e ,  0 . 5 9 ^  a s  compared  t o  t h e  a v e r a g e  v a l u e s  

o f  c o n t r o l  l a m b s ,  0 . 8 0 ^  i n  d i e t s  A and B.

& mg. p e r  100  mg. o f  m u sc l e
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A n i m a l s  t r e a t e d  w i t h  c o r t i s o n e  had  h i g h e r  ( d o u b l e )  p r o l i n e  

c o n t e n t  i n  t h e  t h i g h  m u s c l e s  t h a n  c o n t r o l  a n i m a l s ;  1 . 0 9 #  a s  

c o m p a r e d  t o  0 . 8 0 # .  Y e t ,  t h e  h e a r t  m u sc l e  o f  t h e  same a n i m a l s  

showed  no c h a n g e  i n  p r o l i n e  c o n t e n t .  I t  was 0 . 9 9  and  1 . 0 5 #

(Av. 1 . 02#- )  w h e r e a s  t h o s e  o f  t h e  c o n t r o l  a n i m a l s  we r e  1 . 0 8 # ,  

1 . 0 2 # ,  a n d  1 . 3 3 #  (Av.  1 . 1 4 # ) .

1 - G l y c i n e :

The g l y c i n e  v a l u e s  o f  t h e  s k e l e t a l  and  h e a r t  m u s c l e s  o f  

v i t a m i n  E - d e f i c i e n t  a n i m a l s  f e d  e i t h e r  d i e t s  A o r  B o r  o f  t h e  

f i e l d  c a s e s  we re  n o t  d i f f e r e n t  f rom t h o s e  o f  c o n t r o l  l a m b s .  

N o t w i t h s t a n d i n g ,  t h e  combined  a c t i o n  o f  v i t a m i n  E d e f i c i e n c y  

a nd  cod  l i v e r  o i l  l o w e r e d  t h e  g l y c i n e  c o n t e n t  o f  t h e  s k e l e t a l

m u s c l e s  b u t  t h e i r  a c t i o n  was l a r g e l y  c o u n t e r a c t e d  by a l p h a

t o c o p h e r o l  f e e d i n g .  The g l y c i n e  v a l u e  a v e r a g e d  1 . 0 6 #  and  0 . 8 6 #  

i n  c o n t r o l  a n i m a l s ,  0 . 8 2 #  i n  l a m b s  f e d  d i e t  A s u p p l e m e n t e d  w i t h  

cod  l i v e r  o i l  and  0 . 9 8 #  i n  l a m b s  f e d  d i e t  A s u p p l e m e n t e d  w i t h

cod  l i v e r  o i l  and  a l p h a  t o c o p h e r o l .  Howeve r ,  t h e  g l y c i n e  c o n ­

t e n t  o f  h e a r t  m u s c l e  was t h e  same i n  d e f i c i e n t  and  c o n t r o l  

a n i m a l s •

1 - L e u c i  n e :

The l e u c i n e  c o n t e n t  o f  s k e l e t a l  and  h e a r t  m u s c l e s  o f  E -  

d e f i c i e n t  a n i m a l s  was f o u n d  l o w e r  t h a n  c o n t r o l  l a m b s .  The d i f ­

f e r e n c e  was n o t  v e r y  d i s t i n c t  when d i e t  A was f e d ,  b u t  i t  became 

w e l l  m a r k e d  when t h e  d i e t  B was g i v e n .  T h u s ,  i n  T a b l e  XXII I  

t h e  l e u c i n e  v a l u e s  o f  l a m b s  f e d  d i e t  B a v e r a g e d  1 . 0 7 #  i n  s k e l e t a l  

#  mg. p e r  100 mg. o f  m u sc l e
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m u s c l e s  a nd  1 . 1 6 #  i n  h e a r t  m u s c l e .  The l e u c i n e  v a l u e s  o f  t h e  

c o n t r o l  l a m b s  f o r  d i e t  B were  1 . 3 4 #  and  1 . 7 5 #  r e s p e c t i v e l y  f o r  

s k e l e t a l  a n d  h e a r t  m u s c l e s .

Cod l i v e r  o i l  s u p p l e m e n t a t i o n  a c c e n t u a t e d  t h e  l o w e r i n g  

e f f e c t  o f  v i t a m i n  E d e f i c i e n c y  on t h e  l e u c i n e  l e v e l  o f  t h e

s k e l e t a l  m u s c l e s  (Av. l e u c i n e  c o n t e n t  0 . 9 5 # ) .  B u t ,  i t s  a c t i o n

p e r h a p s  was p a r t l y  n e u t r a l i z e d  by t h e  f e e d i n g  o f  a l p h a  t o c o ­

p h e r o l  a s  d e m o n s t r a t e d  by  t h e  v a l u e  1 . 1 2 #  o f  t h e  g r ou p  r e c e i v i n g  

d i e t  A p l u s  a l p h a  t o c o p h e r o l  and  cod l i v e r  o i l .

P r o s t i g m i n e  and  c o r t i s o n e  seemed t o  e x e r t  a  p r o t e c t i v e  

a c t i o n  on t h e  l e u c i n e  l e v e l  i n  t h e  s k e l e t a l  m u s c l e s ,  s i n c e  t h e  

q u a n t i t i e s  o f  l e u c i n e  were  i n t e r m e d i a t e  b e tw e e n  t h e  v a l u e s  o f  

c o n t r o l  and  d e f i c i e n t  a n i m a l s .  S i m i l a r  e f f e c t s  c o u l d  n o t  be 

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

I n  t h e  c a s e  o f  l a m bs  d e f i c i e n t  on a  n a t u r a l  f e e d  r a t i o n ,  

t h e  l e u c i n e  v a l u e s  o f  s k e l e t a l  m u s c l e s  were  n o t  d i f f e r e n t  f rom 

t h o s e  o f  c o n t r o l  l a m b s ,  b u t  t h e  h e a r t  c o n t e n t  o f  l e u c i n e  seemed

t o  be l o w e r  t h a n  n o r m a l .

1 - I s o l e u c i n e ;

Lambs f e d  d i e t  A showed a  l o w e r i n g  o f  t h e  i s o l e u c i n e  c o n ­

t e n t  o f  t h e  s k e l e t a l  m u s c l e s  f rom 0 . 8 7 #  ( c o n t r o l  a n i m a l s )  t o  

0 . 7 7 #  ( d e f i c i e n t  l a m b s ) .  T h i s  e f f e c t  was e n h a n c e d  by t h e  f e e d i n g  

o f  cod  l i v e r  o i l ,  w h i c h  l o w e r e d  t h e  i s o l e u c i n e  c o n t e n t  t o  a n  

a v e r a g e  o f  0 . 5 9 # .  A l p h a  t o c o p h e r o l ,  h o w e v e r ,  a g a i n  seemed t o  

#  mg. p e r  100  mg. o f  m u s c l e



-  1 3 9  -

o f f e r  p r o t e c t i o n  t o  t h e  d e t r i m e n t a l  e f f e c t  o f  cod  l i v e r  o i l ,  

a s  e v i d e n c e d  by t h e  a v e r a g e  c o n t e n t  o f  i s o l e u c i n e  ( 0 . 7 5 # )  o f  

t h e  g r o u p  f e d  d i e t  A p l u s  a l p h a  t o c o p h e r o l  and  cod l i v e r  o i l .

The i s o l e u c i n e  c h a n g e s  o f  t h e  h e a r t  m usc l e  o f  l am b s  f e d  

d i e t  A were  l e s s  e x t e n s i v e  t h a n  i n  s k e l e t a l  m u s c l e s .  The 

a v e r a g e  c o n t e n t  o f  d e f i c i e n t  m u s c l e s  was 0 . 9 0 #  i n  t h e  c o n t r o l  

g r o u p  a n d  0 . 9 1 #  i n  t h e  g r o u p  f e d  d i e t  A p l u s  a l p h a  t o c o p h e r o l .

The c h a n g e s  i n  i s o l e u c i n e  l e v e l s  p r o d u c e d  by t h e  d i e t  B 

we re  more marked  t h a n  t h o s e  p r o d u c e d  by d i e t  A .  T h u s ,  t h e  

a v e r a g e  i s o l e u c i n e  c o n t e n t  o f  s k e l e t a l  m u s c l e s  o f  a n i m a l s  f e d  

d i e t  B was 0 . 6 8 # ,  o f  t h e  c o n t r o l  l amb s  1 . 0 3 #  and t h o s e  r e c o ­

v e r e d  0 . 9 2 # .  I n  t h e  h e a r t  m u s c l e  s i m i l a r  c h a n g e s  we re  n o t i c e d ;  

t h u s  t h e  a v e r a g e  c o n t e n t  o f  t h e  l ambs  f e d  d i e t  B was 0 . 8 8 # ,  

i n  c o n t r o l s  1 . 1 1 #  and 0 . 9 3 #  i n  t h e  r e c o v e r y  g r o u p .  T he s e  f i g u ­

r e s  showed t h a t  v i t a m i n  2 d e f i c i e n c y  l o w e r e d  t h e  c o n t e n t  o f  

i s o l e u c i n e  o f  b o t h  s k e l e t a l  and  h e a r t  m u s c l e s  and t h a t  t h e  

r e c o v e r y  f r om  t h e  d e f i c i e n c y  i s  a l s o  r e f l e c t e d  i n  t h e  c o n t e n t  

o f  i s o l e u c i n e .

The e f f e c t  o f  p r o s t i g m i n e  and c o r t i s o n e  on t h e  c o n t e n t  o f  

i s o l e u c i n e  c o u l d  n o t  be  f o u n d  i n  t h e  s k e l e t a l  m u s c l e s  b u t ,  i n  

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

d e f i c i e n t  i n  v i t a m i n  E l o w e r e d  t h e  i s o l e u c i n e  c o n t e n t  e v en  more  

(Av.  0 . 6 0 # ) .  On t h e  o t h e r  h a n d ,  c o r t i s o n e  i n j e c t i o n s  t o  E - d e f i ­

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

i s o l e u c i n e  c o n t e n t .

#  mg. p e r  100 mg. o f  m u s c l e .
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F i e l d  c a s e s  o f  E d e f i c i e n c y  d i d  n o t  show i s o l e u c i n e  v a l u e s  

d i f f e r e n t  f r om t h o s e  o f  c o n t r o l  a n i m a l s  i n  e i t h e r  d i e t  A o r  B.

I n  summary,  t h e  d e f i c i e n c y  o f  v i t a m i n  E d e c r e a s e d  t h e  l e u ­

c i n e  and  i s o l e u c i n e  c o n t e n t  o f  t h e  s k e l e t a l  m u s c l e s ,  and  t h e  

i s o l e u c i n e  c o n t e n t  o f  t h e  h e a r t .  N e i t h e r  t h e  p r o l i n e  o r  g l y c i n e  

c o n t e n t  we re  a l t e r e d  by t h e  E d e f i c i e n c y .

The s e v e r i t y  o f  t h e  E d e f i c i e n c y  was mos t  p r o n o u n e e d  when 

d i e t  B was f e d .

Cod l i v e r  o i l  had  a n  a n t a g o n i s t i c  e f f e c t  on v i t a m i n  E shown 

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

d e c r e a s e  i n  t h e  l e u c i n e  a nd  i s o l e u c i n e  c o n t e n t  o f  t h e  m u s c l e s .  

The l o w e r i n g  e f f e c t  o f  cod l i v e r  o i l  i n  t h e  a b s e n c e  o f  v i t a m i n  

E on t h e  g l y c i n e  c o n t e n t  o f  s k e l e t a l  m u s c l e s  was c o u n t e r a c t e d  

by a l p h a  t o c o p h e r o l  f e e d i n g .  A l p h a  t o c o p h e r o l ,  h o w e v e r ,  o n l y  

p a r t l y  r e v e r s e d  t h e  a c t i o n  o f  cod l i v e r  o i l  on t h e  l e u c i n e  an d  

i s o l e u c i n e  c o n t e n t  o f  t h e  l a m b ' s  m u s c l e .

P r o s t i g m i n e  and  c o r t i s o n e  ha d  a p r o t e c t i v e  e f f e c t  on t h e  

l e u c i n e  and  i s o l e u c i n e  l e v e l  o f  t h e  s k e l e t a l  m u s c l e s .  I n  a d d i ­

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

s k e l e t a l  m u s c l e s .



DISCUSSION

G r o w t h :

I n  t h e  p r e s e n t  work  t h e  w e i g h t  c u r v e s  o f  t h e  l am bs  c l e a r l y  

i n d i c a t e d  t h a t  v i t a m i n  E d e f i c i e n c y  r e t a r d e d  growth#  T he s e  

f i n d i n g s  do n o t  c o n f i r m  t h e  o b s e r v a t i o n  o f  W i l l m a n  ejb al_. ( 1934 )  

who r e p o r t e d  t h a t  t h e  b e s t  d e v e l o p e d  l am b s  were  a f f e c t e d  more 

o f t e n  by v i t a m i n  E d e f i c i e n c y #

I t  was a l s o  f o u n d ,  i n  r e g a r d  t o  t h e  i n f l u e n c e  o f  v i t a m i n  E 

on  t h e  g r o w t h  o f  y oun g  l a m b s ,  t h a t  t h e  t y p e  o f  l a r d  i n  t h e  d i e t  

was  a  v e r y  i m p o r t a n t  f a c t o r *  T h i s ,  no d o u b t ,  was due t o  t h e  

c h e m i c a l  d i f f e r e n c e  b e t w e e n  t h e  two l a r d s *  A h i g h  p e r o x i d e  num­

b e r ,  b e f o r e  an d  a f t e r  f o u r  h o u r s  o f  a e r e a t i o n  a t  a p p r o x i m a t e l y  

9 8 ° C . , was t h e  mo s t  i m p o r t a n t  d i f f e r e n c e  b e t w e e n  t h e  c o m m e r c i a l  

an d  m o l e c u l a r  d i s t i l l e d  l a r d *  P e r o x i d e s  seemed t o  h av e  p r o d u c e d  

a d e t r i m e n t a l  e f f e c t  on g r o w t h  b e c a u s e  r a n c i d  f a t ,  a  p r o d u c t  

h a v i n g  a  h i g h  c o n c e n t r a t i o n  o f  p e r o x i d e s ,  n o t  o n l y  had  b e e n  

shown d e s t r u c t i v e  t o  v i t a m i n  E b u t ,  a l s o ,  t o  h av e  an i n t r i n s i c  

t o x i c  a c t i o n  on  t h e  a n i m a l  ( F i t z h u $ i e t _  al_. 19 4 4 ;  Q u a c k e n b u s h  1 9 4 5 ) .

Ho we ve r ,  Dam (1949 )  h a s  r e p o r t e d  t h a t  c h i c k e n s  f e d  d i e t s  

c o n t a i n i n g  t h o r o u g h l y  r a n c i d  cod l i v e r  o i l  d i d  n o t  c o n t r a c t  

e x u d a t i v e ’ d i a t h e s i s  or  e n c e p h a l o m a l a c i a , d i s e a s e s  c o n s t a n t l y  

p r o d u c e d  by  d i e t s  c o n t a i n i n g  h i g h l y  u n s a t u r a t e d  f a t t y  a c i d s #

He a l s o  f o u n d  t h a t  i f  t h e  u n s a t u r a t e d  f a t t y  a c i d s  were  o x i d i z e d  

b e f o r e  t h e y  we re  consumed ( p e r o x i d e  f o r m a t i o n ) ,  t h e y  d i d  n o t  

p r o d u c e  e i t h e r  d i s e a s e .
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I n  s p i t e  o f  t h e  f a c t  t h a t  p e r o x i d e s  were c o n s i d e r e d  

s e c o n d a r y  i n  t h e  d e v e l o p i n g  o f  v i t a m i n  E d e f i c i e n c y  i n  t h e  

c h i c k e n ,  t h e r e  i s  no d o u b t  t h a t  t h e y  we re  i m p o r t a n t  i n  t h e  

p r o d u c t i o n  o f  v i t a m i n  E d e f i c i e n c y  o f  t h e  l amb .  The u n s a t u r a t e d  

f a t t y  a c i d s  may a l s o  p l a y  a  s i m i l a r  r o l e ,  b u t  i n  t h e  p r e s e n t  

e x p e r i m e n t  t h e y  c o u l d  n o t  have  i n f l u e n c e d  t h e  s e v e r i t y  o f  t h e  

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

a n d ,  e v e n  m o r e ,  t h e  a c i d  v a l u e  ( f r e e  f a t t y  a c i d s )  was l o w e r  i n  

t h e  m o l e c u l a r  d i s t i l l e d  l a r d  t h a n  i n  t h e  c o m m e r c i a l  l a r d .

A q u e s t i o n  h a s  b e e n  r a i s e d  a s  t o  w h e t h e r  o r  n o t  t h e  amount  

o f  a l p h a  t o c o p h e r o l  g i v e n  t o  t h e  c o n t r o l  l am bs  was a b l e  t o  

c o u n t e r a c t  t h e  e f f e c t s  o f  t h e  p e r o x i d e s .  T h i s  q u e s t i o n  c a n n o t  

be d e f i n i t e l y  a n s w e r e d  on t h e  b a s i s  o f  t h e  p r e s e n t  d a t a .  I t  

c a n  be s t a t e d ,  h o w e v e r ,  t h a t  t h e  a l p h a  t o c o p h e r o l  g i v e n  t o  t h e  

c o n t r o l  l a m b s  p r e v e n t e d  t h e  symptoms o f  v i t a m i n  E d e f i c i e n c y ,  

t h e  a p p e a r a n c e  o f  mac ro  and  m i c r o s c o p i c a l  l e s i o n s  t y p i c a l  o f  

v i t a m i n  E d e f i c i e n c y ,  and  k e p t  a l l  t h e  a n a l y z e d  c h e m i c a l  com­

p o n e n t s  o f  t h e  b l o o d ,  u r i n e  an d  m u s c l e s  w i t h i n  t h e  norma l  r a n g e  

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

a l p h a  t o c o p h e r o l  s u p p l e m e n t a t i o n  was due  t o  t h e  f a c t  t h a t  i t  

was g i v e n  some t ime  a f t e r  t h e  m i l k  f e e d i n g ,  wh ic h  s a v e d  i t  f r om 

d e s t r u c t i o n  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  ( M a t i l l  1 9 3 8 ) .

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

g r o w t h  was e v i d e n t  by c o m p a r i n g  t h e  g r o w t h  r a t e  o f  c o n t r o l  a n i ­

m a l s  f e d  t h e  d i e t  c o n t a i n i n g  t h e  c o m m er c i a l  l a r d  w i t h  c o n t r o l s
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f e d  t h e  d i e t  c o n t a i n i n g  t h e  m o l e c u l a r  d i s t i l l e d  l a r d .  The 

f i r s t  o n e s  g r e w  f a s t e r  t h a n  t h e  s e c o n d .  C o n s e q u e n t l y , i t  mus t  

be  r e c o g n i z e d  t h a t  t h e  l ow g r o w t h  r a t e  o f  l am bs  i n  t h i s  e x p e r i ­

men t  was due  t o  t h r e e  r e a s o n s :  t h e  a c t i o n  o f  v i t a m i n  E,  t h e

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

l a r d  a n d  t h e  f o u r  t i m e s  a  day  f e e d i n g  r e g i m e n .

S y m p t o m s :

The f a c t  t h a t  t h e  v i t a m i n  E - d e f i c i e n t  l a m bs  o f  t h i s  e x p e r i ­

men t  d e v e l o p e d  m u s c u l a r  w e a k n e s s  r a t h e r  t h a n  s t i f f n e s s  s u g g e s t e d  

t h e  e x i s t e n c e  o f  a n  a n t i - s t i f f n e s s  f a c t o r  a s s o c i a t e d  w i t h  v i t a ­

min E d e f i c i e n c y  a s  s e e n  i n  f i e l d  c a s e s  o f  " s t i f f - l a m b "  d i s e a s e .  

On t h e  b a s i s  o f  o u r  p r e s e n t  k n o w l e d g e ,  s e v e r a l  h y p o t h e s e s  on  t h e  

n a t u r e  o f  t h i s  a n t i - s t i f f n e s s  f a c t o r  c a n  be made.  Among t h em ,  

t h e  e f f e c t  o f  s t e r o i d  and  o f  c e r t a i n  m i n e r a l  e l e m e n t s  we re  t h e  

m os t  a t t r a c t i v e .

E x t e n s i v e  i n v e s t i g a t i o n  h a s  b e e n  c a r r i e d  o u t  by v a n  w a g t e n -  

don k  and  W ulz en  ( 19 50 )  i n  r e g a r d  t o  t h e  s t i f f n e s s  syndrome shown 

by g u i n e a  p i g s  when t h e y  we re  f e d  skim m i l k  d i e t s  c o n t a i n i n g  

amp le  am o u n t s  o f  v i t a m i n  E and  a s c o r b i c  a c i d .  I n  s p i t e  o f  t h e  

c o m p o s i t i o n  o f  t h e  d i e t s ,  some o f  t h e  l e s i o n s  p r o d u c e d  were 

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

t o  v i t a m i n  E d e p l e t i o n .  The e f f e c t  o f  s e v e r a l  e x t r a c t s  f r om 

s u g a r  c a n e  a n d  r a w  c ream on d e f i c i e n t  g u i n e a  p i g s  s u g g e s t e d  t h a t  

t h e  compound was o f  a  s t e r o i d  n a t u r e .  S t u d i e s  on t i s s u e  m e t a ­

b o l i s m  i n d i c a t e d  t h a t  t h e  s t e r o i d  s u b s t a n c e s  p l a y e d  an  i m p o r t a n t
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r o l e  i n  t h e  e n e r g y  m e t a b o l i s m  t h r o u g h  i t s  i n f l u e n c e  on t h e  

a d e n y l i c  s y s t e m .

E x c e s s i v e  c a l c i f i c a t i o n  o f  t h e  m u s c l e s  was a l w a y s  p r e s e n t  

i n  a t i f f  g u i n e a  p i g s  d e f i c i e n t  i n  s t e r o i d s .  T h i s  h a s  b e e n  

e x p l a i n e d  by v a n  Wag t end on k  and  Wulzen  (1950 )  who c o n s i d e r e d  i t  

d e p e n d e n t  on two f a c t o r s ,  t h e  l ow c o n c e n t r a t i o n  o f  a l b u m i n  i n  

t h e  b l o o d  a nd  t h e  i n c r e a s e d  c o n c e n t r a t i o n  o f  i n o r g a n i c  p h o s p h a t e  

i n  t h e  t i s s u e s .  T hes e  w o r k e r s  f e l t  t h a t  t h e  l a t t e r  f a c t o r  was 

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

c a l c i u m  and  p h o s p h o r u s  ( low C a/P  r a t i o )  i n  t he  d i e t .

Van W ag t e n d o n k  and  Wulzen  (1950 )  p r o p o s e d  t h e  f o l l o w i n g  

m ec h an i sm  f o r  t h e  p r o c e s s  o f  c a l c i f i c a t i o n :  due t o  t h e  l a c k  o f

t h e  a n t i - s t i f f n e s s  f a c t o r ,  l a r g e  p r o p o r t i o n s  o f  t h e  p r o t e i n  

bo und  c a l c i u m  were  l i b e r a t e d  w h i c h ,  c o u p l e d  w i t h  t h e  h i g h e r  

c o n c e n t r a t i o n  o f  i n o r g a n i c  p h o s p h a t e ,  f a v o r e d  t h e  f o r m a t i o n  o f  

a  c o l l o i d a l  c a l c i u m  p h o s p h a t e  c om p l ex .

T h e r e  i s  a  g r e a t  s i m i l a r i t y  b e t w e e n  t h e  f i n d i n g s  r e l a t e d  

t& t h e  s t e r o i d  d e f i c i e n c y  i n  g u i n e a  p i g s  and " s t i f f - l a m b "  d i s ­

e a s e  o f  s h e e p  f e d  a  n a t u r a l  r a t i o n .  Fo r  t h i s  r e a s o n  t h e  r e ­

q u i r e m e n t  o f  s u c h  f a c t o r  ( s )  f o r  t h e  n u t r i t i o n  of  t h e  l amb i s  

a p p e a l i n g  a n d  s u g g e s t s  f u r t h e r  i n v e s t i g a t i o n .  Van Wagendonk*s  

work  a l s o  p o i n t s  t o  t h e  n e e d  f o r  r e s e a r c h  c o n c e r n i n g  t h e  e f f e c t  

o f  m i n e r a l s  i n  t h e  r a t i o n  and b l o o d  p r o t e i n  co m p on e n t s  on  t h e  

p r o c e s s  o f  c a l c i f i c a t i o n  o c c u r r i n g  i n  v i t a m i n  E d e f i c i e n t  l a m b s .
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M a r s h  ( 1 9 3 2 )  s u g g e s t e d  t h a t  t h e  r a t i o  C a /P  c o u l d  a f f e c t  

t h e  " s t i f f - l a m b "  d i s e a s e ,  b u t  i t  was n o t  u n t i l  1939  t h a t  W i l lm a n  

a n d  c o - w o r k e r s  s e t  up e x p e r i m e n t a l  c o n d i t i o n s  f o r  t h e  s t u d y  o f  

t h i s  p r o b l e m .  They  f o u n d  t h a t  b a l a n c i n g  t h e  r a t i o  Ga /P  o f  t h e  

" s t i f f - l a m b  r a t i o n "  w i t h  d i b a s i c  sod ium p h o s p h a t e  d i d  n o t  s i g ­

n i f i c a n t l y  i n f l u e n c e  t h e  o c c u r r e n c e  o f  l amb s t i f f n e s s .

T h e i r  e x p e r i m e n t  c a n  n o t  be c o n s i d e r e d  c o n c l u s i v e  s i n c e  i t  

was c a r r i e d  o u t  w i t h  s u c h  a  s m a l l  number  o f  a n i m a l s  and  i t  was 

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

r a t i o n s .  I n  a d d i t i o n ,  i n v e s t i g a t i o n  c a r r i e d  o u t  on o t h e r  a n i m a l s  

by  Hogan a n d  R eg an  (194 6 )  have  shown t h a t  l o c a l i z e d  d e p o s i t s  o f  

c a l c i u m  p h o s p h a t e  a p p e a r e d  i n  bone and  m u s c l e s  o f  a n i m a l s  f e d  

a n  e x c e s s  o f  p h o s p h o r u s .

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

" s t i f f - l a m b "  d i s e a s e  wou ld  be an  i n t e r e s t i n g  p r o b l e m  t o  s t u d y  

u n d e r  s t r i c t l y  c o n t r o l l a b l e  e x p e r i m e n t a l  c o n d i t i o n s .  F o r  i n ­

s t a n c e  t h e  u s e  o f  p u r i f i e d  d i e t s  would  be v e r y  v a l u a b l e  t o  

i n v e s t i g a t e  t h e  i n f l u e n c e  o f  c a l c i u m  and  p h o s p h o r u s  on t h e  

d e v e l o p m e n t  o f  v i t a m i n  E d e f i c i e n c y .  Magnes ium wou ld  be s i g n i ­

f i c a n t  t o  s t u d y  u n d e r  t h e s e  c o n d i t i o n s  b e c a u s e  i t  i s  knov^n t o  

be  a n  i m p o r t a n t  f a c t o r  i n  a b n o r m a l  m u s c u l a r  and  bone  c a l c i f i c a ­

t i o n  a s  h a s  b e e n  d e m o n s t r a t e d  by O r e n t ,  Kruse  and  McCol lum ( 1 9 3 4 ) ,  

T u f t s  a n d  G r e e n b e r g  (1936 )  and  Moore e t  a l . ( 1 9 3 8 ) .  P o t a s s i u m

a l s o  w o u l d  be o f  i n t e r e s t  b e c a u s e  i t s  d e p l e t i o n  ha s  b e e n  shown 

t o  b r i n g  a l o n g  m u s c u l a r  p a r a l y s i s  (Ruegamer  e_t al_. 1 94 6 ;  B e r l i n

1 9 4 6 ) .
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One o f  t h e  m o s t  i n t e r e s t i n g  f i n d i n g s  o f  t h i s  work was  t h e  

r e g u l a r  a p p e a r a n c e  o f  h e a r t  i n j u r i e s  i n  v i t a m i n  E - d e f i c i e n t  

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

damage  was o n l y  a n  o c c a s i o n a l  f i n d i n g  i n  " s t i f f - l a m b "  d i s e a s e .  

I t  i s  d i f f i c u l t  t o  e x p l a i n  a l l  o f  t h e  d i f f e r e n t  m a n i f e s t a t i o n s  

o f  t h e  s o - c a l l e d  v i t a m i n  E d e f i c i e n c y  i n  t h e  l a m b .  Howeve r ,  i t  

m u s t  be s t a t e d  t h a t  t h e  o l d e r  work on  t h i s  p r o b l e m ,  u s i n g  

m i x t u r e s  o f  n a t u r a l  f e e d  i n g r e d i e n t s ,  d i d  n o t  a l l o w  f o r  s t r i c t  

c o n t r o l  o f  v a r i a t i o n s  i n  o t h e r  c o n s t i t u e n t s  o f  t h e  r a t i o n .

I t  i s  q u i t e  p o s s i b l e  t h a t  i n  t h e  p r e s e n t  s t u d y  c o n d i t i o n s  

w e r e  more f a v o r a b l e  f o r  t h e  p r o d u c t i o n  o f  h e a r t  i n j u r y ;  t h e  

v i t a m i n  E d e f i c i e n c y  e f f e c t  c o u l d  have  b e e n  m o d i f i e d  by t h e  

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

The work  o f  Dam ( 19 4 4b )  g i v e s  s u p p o r t  t o  t h i s  e x p l a n a t i o n  s i n c e  

i t  was  d e m o n s t r a t e d  t h a t  t h e  symptoms o f  v i t a m i n  E d e f i c i e n c y  

i n  t h e  c h i c k e n  d e p e n d e d  on t h e  i o d i n e  number  o f  t h e  f a t  c o n t a i n ­

ed  i n  t h e  d i e t .

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

c a r d i o v a s c u l a r  d i s e a s e s  i n  t h e  human,  some o f  wh ic h  may be r e ­

l a t e d  t o  v i t a m i n  E .

Due t o  t e c h n i c a l  l i m i t a t i o n  i n  e x p e r i m e n t s  c a r r i e d  o u t  on  

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

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

min  E on  t h e  c u r e  o f  c a r d i o v a s c u l a r  d i s e a s e *  S h u t e  a nd  c o l — 

l a b o r a t o r s  f o u n d  v i t a m i n  E a  v e r y  u s e f u l  t o o l  i n  t h e  t r e a t m e n t
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o f  c e r t a i n  h e a r t  d i s e a s e s ^ * ;  w h e r e a s  o t h e r  w o r k e r s  h av e  shown 

t h a t  v i t a m i n  E d o e s  n o t  hav e  a  b e n e f i c i a l  a c t i o n  i n  t h e  same 

c a r d i o v a s c u l a r  d i s e a s e s  r e p o r t e d  by S h u t e ^ .

Many a n i m a l  s p e c i e s  h a ve  b e e n  f o u n d  t o  r e q u i r e  v i t a m i n  E 

f o r  t h e  p r e v e n t i o n  o f  a number  o f  d i s o r d e r s  r e l a t e d  t o  t h e  

c i r c u l a t o r y ,  m u s c u l a r ,  r e p r o d u c t i v e ,  n e r v o u s ,  d i g e s t i v e  and  

e x c r e t o r y  s y s t e m .  T h e r e f o r e ,  i t  i s  v e r y  u n l i k e l y  t h a t ,  i n  t h i s  

r e s p e c t ,  t h e  human c o u l d  be a n  e x c e p t i o n .

I n  t h e  l i g h t  o f  t h i s  and  o t h e r  r e c e n t  i n v e s t i g a t i o n s  o f  

t h e  p h y s i o l o g i c a l  i m p o r t a n c e  o f  v i t a m i n  E,  one i s  i n c l i n e d  t o  

s u p p o r t  t h e  t h e s i s  t h a t  v i t a m i n  E d e f i c i e n c y ,  o r  a  c o n d i t i o n  

a s s o c i a t e d  w i t h  v i t a m i n  E d e f i c i e n c y ,  may o c c u r  i n  t h e  human;  

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

s u c h  c a s e s ,  t h e  v i t a m i n  E d e f i c i e n c y  no d o u b t  m ig h t  be a l l e ­

v i a t e d  by t r e a t m e n t  w i t h  a n  a c t i v e  fo rm o f  v i t a m i n  E w h ic h  t h e

1 V o g e l s a n g ,  A.  B . , E.  V. S h u t e  and  W. E .  S h u t e  ( 1948)  p r o ­
p o s e d  t h a t  v i t a m i n  E may p l a y  a  h e l p f u l  r o l e  w h e r e v e r  b e t t e r  
c a p i l l a r y  c i r c u l a t i o n  o r  oxy ge n  u t i l i z a t i o n  can  improve  a n y  
p a t h o l o g i c a l  c o n d i t i o n  l i k e :  i n d o l e n t  u l c e r s ,  a r t e r i o s c l e ­
r o t i c  g a n g r e n e ,  t h r o m b o p h l e b i t i s ,  p h l e b o t h r o m b i t i s , t h r o m -  
b o a n g i t i s  o b l i t e r a n s ,  m a z o p l a s i a ,  c e r e b r a l  t h r o m b o s i s ,  
n e u t o c i r c u l a t o r y  a s t h e n i a ,  n e p h r i t i s ,  p u r p u r a ,  and  h e a r t  
d i s e a s e .  I n  t h i s  l a s t  d i s e a s e  he  r e p o r t e d  im p ro ve me n t  i n  
80% o f  t h e  c a s e s .

^ D i s c u s s i o n  o f  E.  V. S h u t e ' s  p a p e r :  " N o t e s  on  t h e  Use  o f
A l p h a - T o c o p h e r o l  i n  t h e  Management  o f  A c u t e  and  S u b a c u t e  
V a s c u l a r  O b s t r u c t i o n  a s  w e l l  a s  i n  B u r n s " ,  p r e s e n t e d  a t  t h e  
1949  I n t e r n a t i o n a l  C o n v e n t i o n  on v i t a m i n  E .  ( S h u t e  1 9 4 9 ) .
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human  o r g a n i s m  c o u l d  r e a d i l y  m e t a b o l i z e 1 .

•Since i t  s e ems  d o u b t f u l  t h a t  v i t a m i n  E d e f i c i e n c y  a l o n e  

c o u l d  be t h e  c a u s e  o f  t h e  h e a r t  d i s e a s e s  i n  q u e s t i o n ,  i t  f o l l o w s  

t h a t  v i t a m i n  E t h e r a p y  c a n  n o t  a l w a y s  be an  e f f e c t i v e  t r e a t m e n t .  

T h e r e f o r e ,  u n t i l  v i t a m i n  E d e f i c i e n c y  c a n  be i d e n t i f i e d  u n e q u i v ­

o c a l l y  a s  t h e  c a u s e  o f  some h e a r t  a i l m e n t s ,  we must  a g r e e  w i t h  

V o g e l s a n g  e t  a l . ( 1947 )  t h a t  " v i t a m i n  E i s  a  mode o f  t r e a t m e n t

b u t  n o t  a  c u r e  f o r  h e a r t  d i s e a s e " .

A t  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t  i t  was i n t e r e s t i n g  t o  

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

c l e  o f  t h e  h e a r t  i n  t h e  v i t a m i n  E - d e f i c i e n t  l a m b s .  The same 

f i n d i n g s  ha d  b e e n  m e n t i o n e d  i n  t h e  r e p o r t  o f  W i l l m a n  ejt al^

( 1 9 4 5 ) .  H ow e v e r ,  no e x p l a n a t i o n  ha s  b e e n  p r e v i o u s l y  g i v e n  t o  

t h e  phenomenum.  One m i g h t  p o s t u l a t e  t h a t  t h e  p r e s e n c e  o f  

m a c r o s c o p i c  l e s i o n s  o n l y  i n  t h e  r i g h t  v e n t r i c l e  was due  t o  t h e  

d i f f e r e n c e  o f  m u s c u l a r  mass  b e t w e e n  t h e  two v e n t r i c l e s .  P e r ­

h a p s  a  t h i n n e r  m u s c u l a r  w a l l  c o u l d  be a f f e c t e d  e a s i e r  t h a n  a  

t h i c k  o n e .

Bu t  t h e r e  w e r e  o t h e r  d i f f e r e n c e s  b e t w e e n  t h e  r i g h t  and 

l e f t  v e n t r i c l e s  w h i c h  s h o u l d  be c o n s i d e r e d  s u c h  a s  t h e  d i f f e r ­

e n c e s  i n  b o t h  m i n e r a l  c o m p o s i t i o n  and v a s c u l a r i z a t i o n  o f  b o t h  

v e n t r i c l e s .

1 ^ I p h a  t o c o p h e r o l  may n o t  a l w a y s  be t h e  mo s t  a c t i v e  v i t a m i n  iii 
compound f o r  t h e  c u r e  o f  v i t a m i n  E d e f i c i e n c y .  M i l h o r a t  a n d  
c o —w o r k e r s  ( 1 9 4 9 )  f o u n d  t h a t  a l p h a  t o c o p h e r o l  o r  i t s  e s t e r s  
w e r e  i n e f f e c t i v e  i n  p a t i e n t s  w i t h  p r o g r e s s i v e  m u s c u l a r  d y s ­
t r o p h y  ,whSf©Jas d l —a l p h a —t o c o p h e r y l h y d r o q u i n o n e  r e d u c e d  c r e a t i n — 
u r i a  i n  p a t i e n t s  w i t h  s i m i l a r  d i s e a s e  and  i n  r a b b i t s  d e f i ­
c i e n t  i n  v i t a m i n  E .
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My er s  ( 1 9 4 2 )  r e p o r t e d  t h a t  t h e  l e f t  v e n t r i c l e  c o n t a i n e d  

h i g h e r  c o n c e n t r a t i o n  o f  c r e a t i n e ,  p h o s p h o r u s ,  p o t a s s i u m  and  

a d e n i n e  t h a n  t h e  r i g h t  v e n t r i c l e .  Moe and  V i s s c h e r  ( 194 0 )  

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

f a c t o r s  i n  t h e  n u t r i t i o n  o f  t h e  l e f t  h e a r t ,  w h e r e a s  t h e y  we re  

v e r y  i m p o r t a n t  i n  t h e  n u t r i t i o n  o f  t h e  r i g h t  h e a r t .  Thes e  

v e i n s  em p t y  i n t o  t h e  h e a r t  chamber  and  t h e r e f o r e  a r e  s u b j e c t e d  

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

r i g h t  v e n t r i c l e  i s  d e p e n d e n t  on f a c t o r s  a f f e c t i n g  t h e  r i g h t  

i n t r a v e n t r i c u l a r  p r e s s u r e  l i k e  m i t r a l  s t e n o s i s ,  p u l m o n a r y  

e m b o l i s m ,  p u l m o n a r y  f i b r o s i s .

A u t o p s y  o f  more v i t a m i n  E - d e f i c i e n t  l a m b s  showed t h e  

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

h e a r t .  C o n s e q u e n t l y ,  i t  was r e a s o n e d  t h a t  p e r h a p s  pneu mon ia  

Was a  f a c t o r  p r o d u c i n g  more marked  symptoms o f  v i t a m i n  E d e f i ­

c i e n c y  i n  t h e  r i g h t  s i d e  o f  t h e  h e a r t .  Howeve r ,  t h e  s i m u l ­

t a n e o u s  s t u d y  o f  t h e  t o t a l  r e l a t i v e  s i z e  o f  i n j u r e d  a r e a s  i n  

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

r e l a t i o n s h i p  o f  p n e um on ia  t o  t h e  l o c a l i z a t i o n  o f  i n j u r i e s  i n  

t h e  r i g h t  v e n t r i c l e  o f  t h e  h e a r t .

I n  s p i t e  o f  t h e s e  n e g a t i v e  f i n d i n g s  t h e  r e l a t i o n s h i p  o f  

v i t a m i n  E t o  t h e  c i r c u l a t o r y  s y s t e m  s t i l l  seems t o  be a  p o s ­

s i b i l i t y  s i n c e  v i t a m i n  E d e f i c i e n c y  p r o d u c e s  v a s c u l a r  d i s t u r ­

b a n c e s  i n  t h e  c h i c k e n  ( P a p p e n h e i m e r  1939 )  i n  t h e  dog (Holman 

1947 a n d  1 9 4 9 )  a n d  i n  t h e  r a t  ( T e l f o r d  ej^ al_. 1945 an d  Mason
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1 9 4 3 )  and  i n  t h e  g u i n e a  p i g  (Fa rmer  e t  a l . 1 9 5 0 ) .  Mo re ov e r  

S l a g s v o l d  a n d  L u n d —L a r s e n  ( 19 34 )  o b s e r v e d  t h e  p r e s e n c e  o f  

c a p i l l a r y  b l e e d i n g  a n d  edema a t  a u t o p s y  o f  s t i f f  l a m b s ,  wh ic h  

was a l s o  f o u n d  i n  some o f  t h e  v i t a m i n  E - d e f i c i e n t  l am bs  o f  t h i s  

e x p e r i m e n t .  F u r t h e r m o r e  Voge l  s a n g  et_ a l ^  ( 1 9 4 7 ) ,  V o g e l s a n g  

( 1 9 5 0 )  c o n c l u d e d  t h a t  v i t a m i n  E b r i n g s  a b o u t  c l i n i c a l  i m p r o v e ­

ment  o f  p a t i e n t s  s u f f e r i n g  f rom c a r d i o v a s c u l a r  d i s e a s e s .  They 

p r o p o s e d  t h a t  v i t a m i n  E a c t e d  by :  p r o l i f e r a t i n g  o r  r e o p e n i n g

c a p i l l a r i e s ,  d i r e c t  n o r m a l i z i n g  e f f e c t  on t h e  m y o ca r d iu m ,  i n ­

f l u e n c e  on t h e  p a c e m a k e r  o f  t h e  h e a r t  and  by d i r e c t  a c t i o n  on 

t h r o m b i .

The  d a t a  on  t h e  a r t e r i a l  b l o o d  p r e s s u r e  g i v e s  a d d i t i o n a l  

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

d e v e l o p m e n t  o f  t h e  v i t a m i n  E d e f i c i e n c y . . Lambs sh ow ing  t h e  

symptoms o f  v i t a m i n  E d e f i c i e n c y  had l ow d i a s t o l i c  and  s y s t o l i c  

b l o o d  p r e s s u r e  a f t e r  a  s h o r t  p e r i o d  o f  h i g h  b l o o d  p r e s s u r e .

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

o f  t h e  v i t a m i n  E - d e f i c i e n c y  symptoms ,  d o e s  n o t  b e a r  any  r e a ­

s o n a b l e  e x p l a n a t i o n  a t  t h e  moment ,  s i n c e  none o f  t h e  c h a n g e s  

o c c u r r i n g  i n  t h e  v i t a m i n  E d e f i c i e n c y  was s y n c h r o n o u s  w i t h  o r  

r e l a t e d  t o  t h e  b l o o d  p r e s s u r e  c h a n g e s .  The low b l o o d  p r e s s u r e ,  

r e c o r d e d  when t h e  d e f i c i e n c y  was w e l l  a d v a n c e d ,  c o i n c i d e d  w i t h  

t h e  f i n d i n g s  o f  T e l f o r d  e t  a l . ( 19 45 )  who,  w o r k i n g  w i t h  v i t a m i n

E - d e f i c i e n t  r a t s ,  f o u n d  t h a t  a f t e r  one y e a r  t h e y  showed a r e ­

d u c t i o n  o f  29 .4% o f  s y s t o l i c  b l o o d  p r e s s u r e  a s  co mp a r ed  t o  no r ma l
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r a t s  o f  s i m i l a r  a g e .  I n  t h i s  work  t h e  a v e r a g e  b l o o d  p r e s s u r e

o f  t h e  l a m b s  d r o p p e d  16% i n  o n l y  69 d a y s  on a  v i t a m i n  E - d e f i -  

c i e n t  d i e t .

A c c o r d i n g  t o  t h e  p r e s e n t  k n o w l e d g e ,  t h e r e  a r e  two p o s s i b l e  

ways  by  w h i c h  t h e  d e f i c i e n c y  o f  v i t a m i n  2 may a l t e r  t h e  b l o o d  

p r e s s u r e .  R u p p e l  ( 1 9 4 9 )  b e l i e v e d  t h a t  t h e  d e c r e a s e  i n  b l o o d  

p r e s s u r e  was due  t o  t h e  d e g e n e r a t i v e  c h a n g e s  t a k i n g  p l a c e  i n  

t h e  m u s c l e s  o f  t h e  v e s s e l s ,  w h i c h  would become a s  a f f e c t e d  by 

t h e  d e f i c i e n c y  o f  v i t a m i n  E a s  t h e  s k e l e t a l  and  w h i t e  m u s c l e s .

A s e c o n d  e x p l a n a t i o n  c o u l d  be d e r i v e d  f rom t h e  work o f  G r o x a t t o  

and  M oi s  ( 1 9 5 0 ) .  They showed i n  i n  v i t r o  s t u d i e s  t h a t  a l p h a  

t o c o p h e r y l  p h o s p h a t e  i n h i b i t e d  t h e  enzyme h y p e r t e n s i n a s e  w h i c h  

was r e s p o n s i b l e  f o r  t h e  r e s t r a i n t  o f  h y p e r t e n s i n .  The l a r g e r  

t h e  am ou n t  o f  a l p h a  t o c o p h e r y l  p h o s p h a t e ,  t h e  g r e a t e r  was t h e  

i n h i b i t i o n  o f  h y p e r t e n s i o n  by h y p e r t i n s i n a s e .  T h e r e f o r e ,  i t  

c o u l d  be p o s s i b l e  t h a t  s u c h  _in v i t r o  a c t i o n  o f  v i t a m i n  E c o u l d  

be  d u p l i c a t e d  i n  t h e  l i v i n g  o r g a n i s m .  T h i s  would  p r o v i d e  a n o t h e r  

way o f  e x p l a i n i n g  t h e  l o w e r i n g  o f  b l o o d  p r e s s u r e  i n  v i t a m i n  E 

d e f i c i e n c y ,  p r o v i d e d  h y p e r t e n s i o n  c o u l d  be d e f i n i t e l y  shown t o  

be e s s e n t i a l  t o  c i r c u l a t o r y  h o m e o s t a s i s ,  wh i ch  h a s  n o t  b e e n  

p r o v e n  y e t  ( B r a u n - M e n e n d e z  e t  a l . 1 9 4 6 ) .

P a t h o l o g y :

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

c l e s  r e v e a l e d  t h a t  t h e  h i s t o p a t h o l o g i c a l  a l t e r a t i o n s  e x p e r i m e n — 

t a l l y  p r o d u c e d  by t h e  d e f i c i e n c y  o f  v i t a m i n  £ were  s i m i l a r  t o
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t h o s e  f o u n d  i n  f i e l d  c a s e s  o f  11 s t i f f - l a m b "  d i s e a s e  and  t o  t h e  

f i n d i n g s  o f  M e t z g e r  and  Hagan  ( 1 9 2 7 ) ,  W i l l m a n  ejt al_. ( 1934 )  and 

S l a g s v o l d  and  L u n d - L a r s e n  ( 1 9 3 4 ) .  T h i s ,  once  m o r e ,  c o n f i r m e d  

t h e  i d e n t i t y  o f  t h e  " s t i f f - l a m b "  d i s e a s e .

The c o n t r i b u t i o n  o f  t h i s  s t u d y  t o  t h e  b e t t e r  kn owle dge  o f  

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

be s u m m a r i z e d  a s :  c o n s t a n t  a p p e a r a n c e  o f  h e a r t  l e s i o n s  p r o ­

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

i n g  t h e  p u r k i n j e  f i b e r s  an d  t h e  a b s e n c e  o f  g i a n t  c e l l s  i n  t h e  

d e g e n e r a t e d  c a r d i a c  m u s c l e .

B l o o d  T o c o p h e r o l  :

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

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

o f  t o c o p h e r o l  i n  t h e  b l o o d  p l a s m a  would r e q u i r e  a  l o n g e r  t im e  

t o  become v i t a m i n  E d e f i c i e n t  t h a n  t h o s e  h a v i n g  a  s m a l l  c o n t e n t  

o f  t o c o p h e r o l s .  T h i s  was n o t  p r o v e n  t o  be t r u e  i n  t h e  p r e s e n t  

e x p e r i m e n t .  T h e r e  was n o t  a  c o n s i s t e n t  d i f f e r e n c e  b e t w e e n  

l a m b s  w i t h  h i g h  and l ow v a l u e s  o f  t o c o p h e r o l ,  n e i t h e r  i n  t h e  

t i m e  r e q u i r e d  t o  show v i t a m i n  E i n s u f f i c i e n c y  i n  t h e  s e v e r i t y  

o f  t h e  d i s e a s e  n o r  i n  t h e  l o c a l i z a t i o n  o f  i n j u r i e s .

The t o t a l  t o c o p h e r o l  c o n t e n t  o f  l am bs  f e d  d i e t  B d e c r e a s e d  

more  r a p i d l y  t h a n  t h o s e  f e d  d i e t  A,  wh ich  a p p a r e n t l y  was due n o t  

o n l y  t o  t h e  l o w e r  t o c o p h e r o l  c o n t e n t  o f  d i e t  B, b u t  a l s o  t h e  

h i g h  amount  o f  p e r o x i d e s ,  s i n c e  t h e  t o c o p h e r o l  v a l u e  o f  c o n t r o l  

a n i m a l s  f e d  d i e t  B was a l s o  l o w e r  t h a n  t h o s e  f e d  d i e t  A.
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The l ow t o c o p h e r o l  c o n t e n t  o f  E - d e p l e t e d  a n i m a l s  d i d  n o t  

a l w a y s  mean a p p e a r a n c e  o f  e x t e r n a l  v i t a m i n  2 symptoms .  But  

l a m b s  s h o w in g  o u t w a r d  s i g n s  o f  v i t a m i n  E d e f i c i e n c y  i n v a r i a b l y  

h a d  l ow v a l u e s  o f  t o c o p h e r o l  r a n g i n g  f rom 0 . 0 4 7  t o  0 . 0 8 1  m i c r o ­

g r a m s  p e r  100 m l .  o f  b l o o d  p l a s m a .

The e f f e c t  o f  cod l i v e r  o i l  on t h e  v i t a m i n  E - d e p l e t e d  

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

b l o o d  p l a s m a  o f  a n i m a l s  f e d  E - d e f i c i e n t  and  E - c o n t a i n i n g  d i e t s .  

Cod l i v e r  o i l  d e c r e a s e d  t h e  t o c o p h e r o l  l e v e l  o f  t h e  b l o o d  

p l a s m a  w h i c h  c o n f i r m e d  t h e  r e s u l t s  o b t a i n e d  i n  cows by F e r r a n d o  

a n d  c o - w o r k e r s  ( 1 9 4 9 ) .

C r e a t i n e  a n d  C r e a t i n i n e  E x c r e t i o n :

The w e l l  known I n c r e a s e  o f  c r e a t i n e  e x c r e t i o n  i n  t h e  u r i n e  

a g a i n  was r e p r o d u c e d  i n  t h i s  e x p e r i m e n t  on v i t a m i n  E d e f i c i e n c y .  

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

e x c r e t i o n  r e m a i n e d  r e l a t i v e l y  u n c h a n g e d  d u r i n g  t h e  whole  e x p e r i ­

m e n t a l  p e r i o d .

F r e q u e n t l y  t h e  c r e a t i n u r i a  was h i g h e r  a t  t h e  t im e  t h e  l a m b s  

s t a r t e d  t o  show e x t e r n a l  m a n i f e s t a t i o n s  o f  v i t a m i n  E d e f i c i e n c y .  

I n  s p i t e  o f  t h e  f a c t  t h a t  s i m i l a r  o b s e r v a t i o n  had  be en  made a b o u t  

t h e  b l o o d  p l a s m a  t o c o p h e r o l s ,  t h e  h i g h  c r e a t i n e  e x c r e t i o n  d i d  n o t  

c o i n c i d e  w i t h  t h e  low b l o o d  p l a s m a  c o n t e n t  o f  t o c o p h e r o l s .

The c r e a t i n u r i a  r a t i o s  c a l c u l a t e d  f o r  t h e  v i t a m i n  E—d e p l e t e d  

l a m b s  o f  t h i s  e x p e r i m e n t  we re  somewhat  s i m i l a r  t o  t h o s e  f o u n d  

by  W h i t i n g ,  W i l l m a n  a n d  L o o s l i  ( 1949 )  i n  sh e e p  f e a  n a t u r a l  f e e d s .
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They c o n s i d e r e d  a n u m e r i c a l  c r e a t i n u r i a  r a t i o  l a r g e r  t h a n  1 . 3  

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

t h e  a v e r a g e  c r e a t i n u r i a  r a t i o  o f  c o n t r o l  a n i m a l s  was 1 . 3 2  

w h i l e  t h o s e  o f  v i t a m i n  E - d e f i c i e n t  l a m b s  was 1 . 9 6 .

The a l p h a  t o c o p h e r o l  t h e r a p y  o f  E - d e f i c i e n t  l a m b s  r e d u c e d  

t h e  c r e a t i n u r i a  o f  m o s t  o f  t h e  a n i m a l s  e x c e p t  i n  one a d v a n c e d  

c a s e  o f  v i t a m i n  E d e f i c i e n c y .  A p p a r e n t l y  t h e  damage p r o d u c e d  

by t h e  v i t a m i n  E i n s u f f i c i e n c y  was l a r g e l y  i r r e v e r s i b l e  b e c a u s e  

n e i t h e r  t h e  c r e a t i n u r i a  r a t i o  no r  t h e  e m a c i a t i o n  o f  t h e  a n i m a l  

i m p r o v e d  w i t h  t h e  v i t a m i n  E t r e a t m e n t .  T h i s  f i n d i n g  i s  n o t  

n o v e l  s i n c e  Mason (1 9 3 3 )  and  B u t t u r i n i  (1949)  have  a l r e a d y  

r e p o r t e d  t h a t  t h e  d e g e n e r a t i o n  p r o d u c e d  by v i t a m i n  E i s  r e v e r ­

s i b l e  w i t h  v i t a m i n  E t h e r a p y  up t o  a  c e r t a i n  p o i n t ,  b u t  i t  

b ecomes  i r r e v e r s i b l e  when c o n n e c t i v e  t i s s u e  i s  s u b s t i t u t e d  f o r  

t h e  f u n c t i o n i n g  p a r e n c h y m a .

N e i t h e r  c o r t i s o n e  o r  p r o s t i g m i n e  c o r r e c t e d  t h e  a b n o rm a l  

c r e a t i n u r i a  o r  c r e a t i n u r i a  r a t i o  o f  v i t a m i n  E - d e f i c i e n t  l a m b s .  

S i n c e  o n l y  two l a m b s  p e r  g r o u p  we re  t r e a t e d  w i t h  t h e  d r u g s ,  i t  

i s  n o t  p o s s i b l e  t o  dr aw a d e f i n i t e  c o n c l u s i o n .  I t  mus t  be s a i d  

h o w e v e r ,  t h a t  M a r t i n  ( 1946 )  f o u n d  p r o s t i g m i n e  e f f e c t i v e  i n  r e ­

d u c i n g  t h e  a b n o r m a l  c r e a t i n e  — c r e a t i n i n e  r a t i o  o f  v i t a m i n  E— 

d e f i c i e n t  r a t s  a n d  r a b b i t s .

M i n e r a l  C h a n g e s  i n  t h e  M u s c l e s :

M i n e r a l  c h a n g e s  o b s e r v e d  i n  t h e  p r e s e n t  e x p e r i m e n t  a r e  i n  

a l m o s t  c o m p l e t e  a g r e e m e n t  w i t h  t h e  r e s u l t s  o b t a i n e d  by i4enn  and



-  155 -

G o e t t s c h  ( 1 9 3 7 )  i n  v i t a m i n  E - d e f i c i e n t  r a b b i t s .

I t  was d i f f i c u l t  t o  d i s c e r n  w h e t h e r  o r  n o t  t h e  v i t a m i n  E 

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

a n a l y z e d  m i n e r a l s  b e c a u s e  t h e  a n t a g o n i s m s  and  s y n e r g i s m s  e x i s t ­

i n g  b e t w e e n  e a c h  o t h e r  ( M e l t z e r  and Aue r  1908 ;  O r e n t ,  Kruse  a n d  

McCol lum 1 9 3 4 ,  T u f t s  and  G r e e n b e r g  1936 ;  E p p r i g h t  and S m i t h  1 9 3 7 ;  

S m i t h  1949  and  G i l l i s  1 9 5 0 ) .

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

m u s c l e s  was  t h e  l a r g e  Ca/Mg r a t i o ,  w h i c h  was t h e  r e s u l t  o f  a 

s i m u l t a n e o u s  i n c r e a s e  i n  c a l c i u m  and  a d e c r e a s e  i n  magne s ium .

The i n v e s t i g a t i o n  o f  S n y d e r  and  Tweedy (1942 )  showed t h a t  l o w  

se rum  magnes ium d i m i n i s h e d  t h e  s e rum p h o s p h a t a s e ,  and t h a t  t h i s  

c h an g e  was s u f f i c i e n t  t o  i n c r e a s e  c a l c i f i c a t i o n .  Whe the r  t h i s  

was a l s o  t h e  mec han i sm  i n v o l v e d  i n  t h e  v i t a m i n  E d e f i c i e n c y  

r e m a i n e d  t o  be  s t u d i e d .

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

a g e n t  c a u s i n g  p a r a l y s i s  o f  t h e  s k e l e t a l  m u s c l e s  ( L u , Emer son  

and  E v a n s  1 9 4 1 ) ;  n e v e r t h e l e s s ,  e x c e s s  o f  m u s c u l a r  c a l c i u m  o r  

magnes ium c o u l d  be f a c t o r s  i n f l u e n c i n g  t h e  m u s c u l a r  w e a k n e s s  

o f  t h e  l a m b s  ( E n ge l  et_ al^. 1949 and  B i r d  1 9 4 9 ) .

I n  s p i t e  o f  t h e  i m p o r t a n c e  o f  v i t a m i n  E i n  p h o s p h o r u s  m e t a ­

b o l i s m ,  l i t t l e  o r  no e f f e c t  on t h e  p h o s p h o r u s  c o n t e n t  o f  d y s t r o ­

p h i c  m u s c l e s  h a s  b e e n  r e p o r t e d  by w e i s s b e r g e r  and  H a r r i s  ( 1 9 4 3 ) .  

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

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



-  156 -

s t u d y .  Y e t  o t h e r  w o r k e r s  ( L u , Emer son  and  E v a n s  19 41 )  d e s c r i b e d  

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

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

A d i r e c t  r e l a t i o n s h i p  b e tw e e n  t h e  v i t a m i n  E and  p o t a s s i u m  

h a s  b e e n  o b s e r v e d  by  C u t i l l o  ( 1 9 4 4 ) .  T h i s  c an  be i n d i r e c t l y  

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

f o l l o w i n g  p o t a s s i u m  d e f i c i e n c y  symptoms r e m i n d e d  us  o f  t h o s e  

o c c u r r i n g  i n  v i t a m i n  E d e f i c i e n c y :  m u s c u l a r  w e a k n e s s  ( G i l l i s

1 9 4 8 ) ,  m u s c u l a r  p a r a l y s i s  (Ruegamer  e_t a l . 1946 )  and  h e a r t  

n e c r o s i s  (Thomas ejb al_. 1 9 4 0 ;  S c h r a d e r  e t  a l .  193 7 ;  F o l l i s  e t  a l .  

1 9 4 2 ;  K o r n b e r g  a nd  E n d i c o t t  19 46 ;  F o l l i s  1948 ;  and  S m i t h  e t  a l .

1 9 5 0 ) .

A l s o ,  o t h e r  s i m i l a r i t i e s  h a v e  b e e n  fo u n d  b e tw ee n  t h e  a c t i o n  

o f  p o t a s s i u m  and  v i t a m i n  E on t h e  i m p o r t a n t  compound,  a c e t y l ­

c h o l i n e .  I n  f a c t ,  t h e  l i b e r a t i o n  o f  a c e t y l c h o l i n e  f rom t h e  

n e r v e  e n d i n g s  d e p e n d e d  on t h e  p o t a s s i u m  i o n  (Brown and  F e l d b e r g  

1 9 3 5 ;  H a r v e y  an d  M c I n t o s h  1 9 3 9 ;  and  We l sh  and  Hyde 19 44 )  and 

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

e s t e r a s e  enzyme ( B l o c h  1 9 4 2 ,  He s s  and  B i o l l i e r  1 9 4 8 ) .

T h e r e f o r e ,  i f  p o t a s s i u m  and  v i t a m i n  E a r e  r e l a t e d  t o  a c e ­

t y l c h o l i n e ,  an d  a c e t y l c h o l i n e  i s  an  e s s e n t i a l  compound f o r  t h e  

t r a n s m i s s i o n  o f  e l e c t r i c a l  i m p u l s e s ,  t h e n  p o t a s s i u m  and v i t a m i n  

E s h o u l d  p l a y  an  i m p o r t a n t  r o l e  i n  t h e  m u s c u l a r  a c t i v i t y .  Such  

s eemed t o  be t h e  c a s e  o f  p o t a s s i u m  b e c a u s e  Fenn  (1940 )  r e p o r t e d  

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

f o r  s o d i u m ,  and  Tower  (19 39 )  f o u n d  t h a t  d e n e r v a t i o n  o f  m u s c l e s



-  157  -

p r o d u c e d  a d e c r e a s e  i n  t h e  c o n t e n t  o f  p o t a s s i u m  and  a n  i n c r e a s e  

i n  t h e  l e v e l s  o f  p h o s p h o r u s  a n d  c a l c i u m  o f  t h e  m u s c l e s .  L i k e ­

w i s e ,  t h e  c l o s e  c o n n e c t i o n  b e t w e e n  m u s c u l a r  a c t i v i t y  and  v i t a m i n  

E was e v i d e n t  t h r o u g h  t h e  e x p e r i m e n t s  o f  P a p p e n h e i m e r  a n d  G o e t t s c h  

( 19 4 0 )  who f o u n d  t h a t  d e n e r v a t e d  m u s c l e s  o f  yo un g  r a t s  d i d  n o t  

d e v e l o p  s i g n s  o f  v i t a m i n  E d e f i c i e n c y  when f e d  d i e t s  l a c k i n g  

v i t a m i n  E .

From t h i s  i n f o r m a t i o n  i t  was r e a s o n a b l e  t o  i n f e r  t h a t  a c e ­

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

v i t a m i n  E d e f i c i e n c y .  Hen ce ,  i t  was e x t r e m e l y  i n t e r e s t i n g  t o  

i n v e s t i g a t e  t h e  i n f l u e n c e  o f  a c e t y l c h o l i n e  on t h e  d e v e l o p m e n t  

o f  t h e  v i t a m i n  E d e f i c i e n c y .

P r o s t i g m i n e  was t h e  d r u g  s e l e c t e d  f o r  t h e  s t u d y  o f  t h e  

i n f l u e n c e  o f  a c e t y l c h o l i n e  on t h e  v i t a m i n  E d e f i c i e n c y ,  b e c a u s e  

o f  i t s  a v a i l a b i l i t y  and  e a s i n e s s  o f  h a n d l i n g .  P r o s t i g m i n e  

p r e s e r v e s  a c e t y l  c h o l i n e  f rom d e s t r u c t i o n  by c h o l i n e s t e r a s e  

(Goodman a nd  G i l ma n  1 9 4 9 ) .  A c c o r d i n g l y ,  p r o s t i g m i n e  i n j e c t i o n s  

t o  v i t a m i n  E - d e f i c i e n t  l a m b s  s h o u l d  i n c r e a s e  t h e  s e v e r i t y  o f  

t h e  d i s e a s e  i n  t h e  same manner  t h a t  p r o s t i g m i n e  a g g r a v a t e d  

m y o t o n i a  c o n g e n i t a  (Goodman and  G i lman  1 9 4 9 ) .

The d e f i n i t e  e f f e c t  o f  p r o s t i g m i n e  on v i t a m i n  E d e f i c i e n c y  

i n  l a m b s  c o u l d  n o t  be  d e t e r m i n e d  b e c a u s e  o f  i n s u f f i c i e n t  e x p e r i ­

m e n t a l  a n i m a l s .  The r e s u l t s  o f  t h e  p r e s e n t  e x p e r i m e n t  p e r f o r m e d  

on two l a m b s  s eemed  t o  i n d i c a t e ,  i n  o p p o s i t i o n  t o  t h e  p r o p o s e d  

t h e o r y ,  t h a t  p r o s t i g m i n e  i n j e c t i o n s  a t t e n u a t e d  t h e  e f f e c t s  o f  

v i t a m i n  E d e f i c i e n c y .  T h i s  was e v i d e n t  t h r o u g h  t h e  h i s t o l o g i c a l
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s t u d i e s  a n d  t h e  m i n e r a l  and  amino  a c i d  a n a l y s e s  o f  m u s c l e s .  

S l i c e s  o f  l a m b  *s t i s s u e s  showed d e g e n e r a t i o n  b u t  n o t  a s  a d ­

v a n c e d  a s  i n  t h e  c a s e  o f  l ambs  n o t  h a v i n g  any  t r e a t m e n t ,  and  

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

s o d i u m ,  p o t a s s i u m ,  l e u c i n e  and  i s o l e u c i n e  o f  t h e  m u s c l e s .

B e f o r e  a ny  e f f o r t  c an  be made t o  e x p l a i n  t h e s e  r e s u l t s  

i t  wo u l d  be  a d v i s a b l e  t o  r e p e a t  t h e  e x p e r i m e n t  w i t h  a  l a r g e r  

number  o f  l a m b s .

I n c r e a s e  i n  t h e  sodium c o n t e n t  o f  t h e  m u s c l e s  was a n o t h e r  

f e a t u r e  o f  v i t a m i n  E d e f i c i e n c y .  I n  s p i t e  o f  t h i s  augmen t  o f  

s o d i u m ,  no p o t a s s i u m  d i u r e s i s  was n o t i c e d  a t  any  t i m e ,  w h i c h  

d i s a g r e e s  w i t h  t h e  f i n d i n g s  o f  L e a f  £t_ al_. ( 1 9 4 9 ) .  O t h e r w i s e ,  

t h e  i n c r e a s e  o f  sod iu m  i n  t h e  m u s c l e s  was f o r e s e e n  b e c a u s e  

sod ium i s  known t o  e n t e r  t h e  t i s s u e s  t o  r e p l a c e  p o t a s s i u m  when 

t h e  o r g a n i s m  i s  d e p l e t e d  o f  t h e  l a t t e r  e l e m e n t  ( O r e n t - K e i l e r  

an d  McCol lum 1 9 4 1 ) .

Amino A c i d s :

The work  o f  S t e i n b e r g  (1949 )  on t h e  r e l a t i o n  o f  v i t a m i n  E 

t o  c o l l a g e n  i n  r h e u m a t i c  f e v e r  i n d i c a t e d  t h a t  t h e r e  m ig h t  be a  

c han ge  i n  t h e  am in o  a c i d  c o m p o s i t i o n  o f  t h e  m u s c l e s  c a u s e d  by

t h e  l a c k  o f  v i t a m i n  E .

I f  t h e  c o l l a g e n s  were  a f f e c t e d  d u r i n g  t h e  d e f i c i e n c y  o f  

v i t a m i n  E ,  t h e n  p r o b a b l y  t h e  m u s c l e s  s h o u l d  c o n t a i n  d i f f e r e n t  

l e v e l s  o f  t h o s e  amino  a c i d s  wh ich  mark t h e  d i f f e r e n c e  b e t w e e n  

t h e  c o l l a g e n  and  m u s c l e  p r o t e i n .  A c c o r d i n g  t o  t h e  T a b l e s  o f
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B l o c k  and  B o l l i n g  ( 19 51 )  t h o s e  d i f f e r e n t i a l  amino a c i d s  w e r e ;  

a r g i n i n e ,  l y s i n e ,  l e u c i n e ,  i s o l e u c i n e ,  g l u t a m i c  a c i d ,  g l y c i n e  

a n d  p r o l i n e .

T h i s  s e l e c t i o n  c r i t e r i a  on t h e  amino  a c i d s  mo s t  l i k e l y  

t o  be d i s t u r b e d  by v i t a m i n  E d e f i c i e n c y  was s u p p o r t e d  by t h e  

h y p o t h e s e s  o f  Mason (194 4 )  and  H e r s c h e l  ( 1946 )  and  t h e  work o f  

R o d e r u c k  ( 1 9 4 9 ) .  Mason (1944 )  p o i n t e d  o u t  t h e  p o s s i b i l i t y  t h a t  

a  d e f e c t i v e  p r o d u c t i o n  o r  u t i l i z a t i o n  o f  a r g i n i n e  may t a k e  

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

H e r s c h e l  ( 1 9 4 6 )  t h e o r e t i c a l l y  c o n s i d e r e d  t h e  r e l a t i o n s h i p  b e ­

t w e e n  a l p h a  t o c o p h e r o l  and  t h e  m e t a b o l i s m  o f  t h e  amino a c i d s ,  

a n d  c o n c l u d e d  t h a t  c y s t i n e  and  i s o l e u c i n e  e s p e c i a l l y  s h o u l d  be 

i n v o l v e d  i n  v i t a m i n  E - d e f i c i e n t  o r g a n i s m s .  R o d e r u c k  (1949)  

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

m u s c l e s  was o n l y  a b o u t  o n e - t h i r d  a s  much o f  t h e  g l u t a m i n e  

c o n t e n t  o f  t h e  m u s c l e s  f r om c o n t r o l  a n i m a l s .

I n  t h e  p r e s e n t  w or k ,  t h e  l e u c i n e  and  i s o l e u c i n e  l e v e l s  

o f  d y s t r o p h i c  m u s c l e s  were  f o u n d  t o  be l o w e r  t h a n  t h o s e  i n  t h e  

m u s c l e s  o f  c o n t r o l  a n i m a l s ,  w h i c h  p a r t l y  c o n f i r m e d  H e r s c h e l » s  

h y p o t h e s i s .  L e u c i n e  h a s  b e e n  shown a s  e s s e n t i a l  f o r  t h e  

f o r m a t i o n  o f  p l a s m a  p r o t e i n  and  h e m o g l o b i n  (Madden e t  a l . 1 9 4 5 ) .  

I s o l e u c i n e  h o w e v e r  seemed t o  be l e s s  i m p o r t a n t  i n  t h e  s y n t h e s i s  

o f  t h e  same b l o o d  c o n s t i t u e n t s ,  s i n c e  o n l y  s m a l l  a m ou n t s  o f  

i s o l e u c i n e  we r e  r e q u i r e d  f o r  t h e  r e g e n e r a t i o n  o f  human p l a s m a  

p r o t e i n  and  h e m o g l o b i n  ( A l b a n e s e  1 9 4 5 ) .  He nc e ,  i t  c o u l d  have  

b e e n  p o s s i b l e  t h a t  v i t a m i n  E d e f i c i e n c y  may h av e  a l t e r e d  t h e
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n o r m a l  c o n t e n t  o f  b l o o d  p l a s m a  p r o t e i n s  and  h e m o g l o b i n .  Most  

o f  t h e  l a m b s  i n  t h e  p r e s e n t  e x p e r i m e n t  had l e v e l s  o f  h e m o g l o b i n  

c o m p a r a b l e  t o  t h o s e  o f  c o n t r o l  l a m b s .  But  i n  g e n e r a l ,  s e v e r e  

c a s e s  o f  v i t a m i n  E d e f i c i e n c y  ha d  h e m o g l o b i n  v a l u e s  o f  a l m o s t  

h a l f  o f  c o n t r o l  l e v e l s .  T h e r e f o r e ,  i t  mus t  be c o n c l u d e d  t h a t ,  

i n  t h e  m a j o r i t y  o f  t h e  l a m b s ,  c h a n g e s  i n  t h e  l e u c i n e  l e v e l s  o f  

s k e l e t a l  m u s c l e  o c c u r r i n g  i n  v i t a m i n  E d e f i c i e n c y  c o u l d  n o t  be 

v e r i f i e d  by t h e  d e t e r m i n a t i o n  o f  b l o o d  h e m o g l o b i n .

R e g a r d i n g  t h e  p r o l i n e  and  g l y c i n e  c o n t e n t  o f  t h e  d y s t r o p h i c  

m u s c l e s  i n  t h i s  w o r k ,  no c ha ng e  was n o t i c e d  i n  v i t a m i n  E d e f i ­

c i e n c y .  I t  was r a t h e r  s u r p r i s i n g  t h a t  t h e  g l y c i n e  c o n t e n t  o f  

t h e  m u s c l e s  was  n o t  m o d i f i e d  by t h e  l a c k  o f  v i t a m i n  E i n  t h e  

d i e t ,  b e c a u s e  g l y c i n e  h a s  be en  shown t o  be one  o f  t h e  c r e a t i n e  

s p e c i f i c  p r e c u r s o r s  ( B l o c h  a nd  S h o e n h e i m e r  19 4 1 ,  A l m q u i s t  

e t  a l . 19 4 1 )  and  c r e a t i n e  h a s  b e en  fo und  t o  d i m i n i s h  i n  d y s ­

t r o p h i c  m u s c l e s  (Ho u c h i n  and  M a t i l l  1 9 4 2 ) .

R e c e n t  r e s e a r c h  work  on c o r t i s o n e  ha s  d e m o n s t r a t e d  t h e  

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

d i s e a s e  and  o t h e r  d i s o r d e r s  (Eng l eman  1 9 5 0 ) .  S i m i l a r l y  s u c ­

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

m u s c u l a r  f u n c t i o n s  l i k e ,  M y o t o n i a  c o n g e n i t a  (McEache rn  1 9 5 1 ) ,  

m e n o p a u s a l  m u s c u l a r  myo pa th y  (Shy e t  al_. 1950 and  k c E a c h e r n

19 51 )  a n d  p o s t o p e r a t i v e  s t i f f n e s s  o f  t h e  nand  ( B a x t e r  e t  a l . 

1 9 5 0 ) .

V i t a m i n  E d e f i c i e n c y  i n  t h e  l amb i s  e s s e n t i a l l y  a d i s e a s e  

a f f e c t i n g  t h e  m u s c u l a r  and  c o n n e c t i v e  t i s s u e s  o f  s k e l e t a l  mus­
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c l e s ,  t h e r e f o r e  c o r t i s o n e  t h e r a p y  c o u l d  be u s e f u l  f o r  i t s  c u r e .  

The e x p e r i m e n t  p r o v e d  t h a t  c o r t i s o n e  t h e r a p y  p r o d u c e d  some 

r e l i e f  f r o m t h e  v i t a m i n  E d e f i c i e n c y *  D u r i n g  t h e  i n i t i a l  p a r t  

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

t h o u g h  l a t e r  t h e y  l o o k e d  t h e  same a s  v i t a m i n  E - d e f i c i e n t  l a m b s .  

S t i l l ,  t h e  s l i c e s  o f  m u s c u l a r  t i s s u e  showed t h a t  t h e r e  h a d  b e e n  

some i m p r o v e m e n t  a s  a  c o n s e q u e n c e  o f  t h e  c o r t i s o n e  t h e r a p y .

The c h e m i c a l  a n a l y s e s  r e v e a l e d  t h a t  c o r t i s o n e  had  a  p r o t e c t i v e  

a c t i o n  on  t h e  l e v e l s  o f  p o t a s s i u m ,  l e u c i n e  and i s o l e u c i n e  o f  

t h e  m u s c l e s *

The p r o l i n e  c o n t e n t  o f  s k e l e t a l  m u s c l e s  was h i g h .  T h i s  

was  i n  a  c e r t a i n  d e g r e e  u n e x p e c t e d  b e c a u s e  t h e  p r e v i o u s  work 

o f  U m b r e i t  a n d  T o n h az y  (1951)  p o i n t e d  o u t  t h a t  t h e  r a t e  o f  

p r o l i n e  o x i d a t i o n  i n  k i d n e y  h o m o g e n a t e s  o f  a d r e n a l e c t o m i z e d  

r a t s  was  r e l a t e d  t o  t h e  amount  o f  c o r t i s o n e  s u p p l i e d .

T h e r e  i s  a  g r e a t  d e a l  o f  e v i d e n c e  p r o v i n g  t h a t  v i t a m i n  E 

e n t e r s  i n  t h e  m e t a b o l i s m  o f  p r o t e i n s  (Hove and  H a r r i s  1947a  

a n d  b ;  Moore 1 9 4 8 ;  Kemeneny .et  al_. 194 9 ;  L i n d a n  and  H im sw o r t h  

1 9 5 0 ) ,  wh ic h  i s  i n d i r e c t l y  s u p p o r t e d  by t h e  e f f e c t  o f  v i t a m i n  

E d e f i c i e n c y  on  t h e  amino  a c i d  c o m p o s i t i o n  o f  t h e  m u sc l e s*

S i n c e  t h e  a c t i o n  o f  v i t a m i n  E i s  so w i d e l y  s p r e a d  i n  mos t  

o f  t h e  s y s t e m s  o f  t h e  o r g a n i s m ,  a s  h a s  b e e n  p o i n t e d  o u t  i n  t h e  

r e v i e w  o f  l i t e r a t u r e ,  t h e n  p e r h a p s  t h e  mos t  i m p o r t a n t  e f f e c t  

o f  v i t a m i n  E c a n  be e x e r t e d  on t h e  m e t a b o l i s m  o f  p r o t e i n s ,  

w h i c h  s u b s e q u e n t l y  c o u l d  i n d u c e  a l t e r a t i o n s  i n  o t h e r  m e t a b o l i c  

p r o c e s s e s .  F o r  i n s t a n c e ,  i f  v i t a m i n  E would  i n f l u e n c e  a  b a s i c
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m e t a b o l i c  r e a c t i o n  common t o  c e r t a i n  p r o t e i n s ,  l i k e w i s e ,  i t  

c o u l d  i n d u c e  c h a n g e s  i n  d e t e r m i n e d  enzymes  and  ho rmones  i n  

c h a r g e  o f  o t h e r  n u t r i e n t ! s m e t a b o l i s m  s i n c e  t h e y  t h e m s e l v e s  

a r e  p r o t e i n s .

On t h e  o t h e r  h a n d ,  t h e r e  a r e  many f a c t s  p e r t a i n i n g  t o  

v i t a m i n  E d e f i c i e n c y  t h a t  seem t o  have  some c o n n e c t i o n  w i t h  

t h e  m e c h a n i s m s  o f  t h e  m u s c u l a r  c o n t r a c t i o n  (Knowl ton  and  H i n e s  

1 9 3 8 ) .  F u r t h e r m o r e  t h e  i n t e n s i v e  s t u d i e s  o f  S z e n t - G y o r g i  ( 1947  

a n d  1 9 4 9 )  on  t h e  m u s c l e  c h e m i s t r y  p o i n t  t o w a r d  t h e  same d i r e c ­

t i o n .  F o r  e x a m p l e ,  s t i f f n e s s  o f  m u s c l e s  o c c u r r i n g  i n  v i t a m i n  

E d e f i c i e n c y  c o u l d  be p r o d u c e d  by t h e  d e c r e a s e  o f  a d e n o s i n e  

t r i p h o s p h a t e  (ATP) s i n c e  i t  was f ou n d  t h a t  r i g o r  m o r t i s  was 

c a u s e d  by t h e  l a c k  o f  ATP. The s t r i k i n g  e f f e c t  o f  t h e  i o n s  

s o d i u m ,  p o t a s s i u m  and  magnes ium on t h e  p h y s i c a l  s t a t e ,  c h a r g e  

a n d  s o l u b i l i t y  o f  m y o s i n  would  s u g g e s t  t h a t  t h e  d i s t u r b a n c e  i n  

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

wou ld  l e a d  t o  t h e  m o d i f i c a t i o n  o f  t h e  m yo s i n  p r o p e r t i e s  a n d ,  

s u b s e q u e n t l y ,  t o  t h e  a l t e r a t i o n  o f  t h e  m u s c l e ’ s p h y s i c a l  p r o ­

p e r t i e s .

A c t i n  h a s  a l s o  b e e n  shown t o  have  t h e  a m a z i ng  p r o p e r t y  

( S z e n t - G y o r g i  1 9 4 9 )  o f  f o r m i n g  t h i n  m o l e c u l a r  t h r e a d s  wh i ch  

a r e  a b l e  t o  d e v e l o p  c r o s s  s t r i a t i o n s .  The l a c k  o f  s t r i a t i o n  

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

d e f i c i e n c y  o f  v i t a m i n  E h a s  b e e n  d e s c r i b e d  i n  t h i s  and  many 

o t h e r  i n v e s t i g a t i o n s .  Does t h i s  mean a  d i s t u r b a n c e  i n  t h e  

n a t u r e  o f  a c t i n  c a u s e d  by t h e  v i t a m i n  E d e f i c i e n c y ?  C e r t a i n l y
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i t  w o u l d  be m o s t  i n t e r e s t i n g  t o  f i n d  o u t  w h e t h e r  t h e s e  i m p o r t a n t  

p r o t e i n s ,  a c t i n  and  m y o s i n ,  o r  ATP a r e  i n f l u e n c e d  by v i t a m i n  E .

E l e c t r o c a r d i o g r a m :

The s c a r c i t y  o f  i n f o r m a t i o n  on t h e  s h e e p ' s  norma l  e l e c t r o -  

c a r d i o g r a m  and  a b s e n c e  o f  any c o n c e r n i n g  t h e  l a m b ' s  ECG were  

some o f  t h e  o r i g i n a l  l i m i t a t i o n s  i n  t h i s  i n v e s t i g a t i o n .  Fo r  

t h i s  r e a s o n  i t  i s  p r o b a b l y  u n f o r t u n a t e  t h a t  o n l y  a  few a n i m a l s  

c o u l d  be u s e d  a s  c o n t r o l s .

N o t w i t h s t a n d i n g ,  i t  was r e m a r k a b l e  t o  f i n d  t h a t  t h e  ECG 

o f  c o n t r o l  l a m b s  d i d  n o t  change  c o n s i d e r a b l y  d u r i n g  t h e  f i r s t  

81 d a y s  o f  l i f e ,  w h i l e  t h e y  were s t i l l  f e d  a l i q u i d  d i e t .

M u l l i c k  e t  a l . ( 19 48 )  w o r k i n g  w i t h  o l d e r  s h e e p ,  h o w e v e r ,  ha v e

r e p o r t e d  d e f i n i t e  v a r i a t i o n s  i n  s e r i a l  ECGs on t h e i r  c o n t r o l  

a n i m a l s .

The m o s t  c o n s i s t e n t  c han ge  i n  s e r i a l  ECGs o f  v i t a m i n  E 

d e f i c i e n t  l a m b s  was an  i n c r e a s e  i n  t h e  d u r a t i o n  o f  t h e  PR i n ­

t e r v a l ,  w h e r e a s  t h i s  i n t e r v a l  i n  t h e  c o n t r o l  l a m b s  was i d e n t i ­

c a l  i n  a l l  s e r i a l  r e c o r d s .  Those  be co m in g  d e f i c i e n t  i n  v i t a m i n  

E showed a  g r a d u a l  i n c r e a s e  u n t i l  t h e  maximum v a l u e  o f  0 . 1 2

m i l l i v o l t  was a t t a i n e d .

The i n c r e m e n t  o f  t h e  PR i n t e r v a l  f o u n d  i n  t h e  E— o e f i c i e n t  

l a m b s  r e p o r t e d  i n  t h e  p r e s e n t  work  was i n  a g r e e m e n t  w i t h  t h e  

r e s u l t s  o f  G u l l i c k s o n  a n d  C a l v e r l e y  (1946 )  who o b s e r v e d  t h a t  

c a t t l e  f e d  a  v i t a m i n  E - d e f i c i e n t  r a t i o n  f o r  one and  o n e - h a l f  

y e a r s  showed a u g m e n t a t i o n  o f  t h e  PR i n t e r v a l ,  i n  some i n s t a n c e s
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a s  h i g h  a s  0 . 0 8  and  0 . 1 2  m i l l i v o l t .  The l e n g t h e n i n g  o f  t h e  PR 

i n t e r v a l  i n  v i t a m i n  E - d e f i c i e n t  l am b s  o f  t h i s  e x p e r i m e n t  was 

l e s s  ma rke d  t h a n  i n  c a t t l e  ( 0 . 0 2  t o  0 . 0 4  m i l l i v o l t )  bu t  i t  was 

c o n s i s t e n t  i n  t h e  m a j o r i t y  o f  t h e  r e c o r d s ,  and a p p e a r e d  a f t e r  

o n l y  81 d a y s .

A r e m a r k a b l e  f e a t u r e  o f  t h e  ECGs o f  some o f  t h e  v i t a m i n  E— 

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

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

d e f l e c t i o n s .  I n  c e r t a i n  c a s e s ,  t h e r e  we re  l a r g e  i n c r e m e n t s  i n  

t h e  T an d  QRS v o l t a g e s  a l o n g  w i t h  t y p i c a l  s h a r p  T w a v e s .  I n  

o t h e r  i n s t a n c e s ,  t h e  c h a n g e s  were  i n v e r s i o n  o f  t h e  T waves  i n  

l e a d  I I I  and  d e p r e s s i o n  o f  t h e  ST s e g m e n t s .  S i m i l a r  c h a n g e s  

h a v e  b e e n  r e p o r t e d  by B r a g d o n  and L e v i n e  (1949 )  who f o u n d  t h a t  

t h e  ECG o f  v i t a m i n  E - d e f i c i e n t  r a b b i t s  d e v e l o p e d  e l e v a t i o n s  o f  

t h e  ST s e g m e n t s  and  i n v e r s i o n  o f  t h e  T waves  i n  l e a d  I I  d u r i n g  

t h e  l a t t e r  p a . r t  o f  t h e  o b s e r v a t i o n  p e r i o d .

The f i n d i n g s  i n  n e i t h e r  t h e  macro and m i c r o p a t h o l o g i c a l  

s t u d y  n o r  t h e  c h e m i c a l  a n a l y s e s  o f  t h e  h e a r t  musc l e  o f  v i t a m i n  

E - d e f i c i e n t  l a m b s  s h o w in g  " a c u t e "  and  " c h r o n i c "  h e a r t  i n v o l v e ­

ment  c o u l d  be  c o r r e l a t e d  w i t h  c h a n g e s  i n  t h e  ECG. I t  was amaz ­

i n g  t o  f i n d  t h a t  ev en  t h o u g h  h e a r t s  a p p e a r e d  s e r i o u s l y  i n j u r e d  

by t h e  d e f i c i e n c y  o f  v i t a m i n  E,  y e t  t h e  ECG o f  t h e  l ambs  d i d  

n o t  show a ny  a b n o r m a l i t y  w h a t s o e v e r .  Such was t h e  c a s e  o f  l amb 

No.  12 ( F i g .  4)  whose  ECG, t a k e n  20 days  b e f o r e  t h e  d e a t h  o f  t h e  

a n i m a l ,  d i d  n o t  d i f f e r  a t  a l l  f r om t h e  ECG o f  c o n t r o l  l a m b s ,  

b u t  t h e  m i c r o s c o p i c  o b s e r v a t i o n  showed e x t e n s i v e  d e g e n e r a t i o n
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o f  t h e  c a r d i a c  m u s c l e  ( F i g .  1 2 ) .  Could  t h e s e  l e s i o n s  be p r o ­

d u c e d  i n  o n l y  t w e n t y  d a y s ?  Our o p i n i o n  i s  t h a t  i t  i s  n o t  

l i k e l y , s i n c e  ECGs o f  o t h e r  l am bs  t a k e n  a few d a y s  b e f o r e  t h e i r  

s a c r i f i c e  d i d  n o t  show any  a b n o r m a l i t y  a l t h o u g h  t h e  mac ro  and  

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

m u s c l e .

I t  i s  p o s s i b l e  t h a t  t h e  p a t t e r n  o f  d i s t r i b u t i o n  o f  t h e  

l e s i o n s  t h r o u g h o u t  t h e  c a r d i a c  m usc l e  m i g h t  a f f o r d  a n  e x p l a n a ­

t i o n  f o r  t h e s e  d i f f e r e n c e s .  Fo r  e x a m p l e ,  t h i s  s u p p o s i t i o n  i s  

r e n d e r e d  more t e n a b l e  when t h e  d i s t r i b u t i o n  o f  t h e  h e a r t  l e s i o n s  

i n  l a m b s  s h o w i n g  " a c u t e "  h e a r t  i n v o l v e m e n t  ( F i g .  13)  we re  com­

p a r e d  t o  t h a t  o f  a n  E - d e f i c i e n t  lamb n o t  sh ow ing  ab n o rm a l  ECG 

( F i g .  1 4 ) .  I t  c o u l d  be o b s e r v e d  t h a t  t h e  n e c r o t i c  a r e a s  o f  t h e  

l a t t e r  we re  e v e n l y  d i s t r i b u t e d  and  c o v e r e d  a l l  t h e  v e n t r i c u l a r  

w a l l ,  w h i l e  t h o s e  o f  t h e  " a c u t e "  h e a r t  i n v o l v e m e n t  had  l e s i o n s  

l o c a l i z e d  i n  a  d e f i n e d  a r e a  ( F i g .  1 3 ) .

Lambs f e d  d i e t  A and  s u p p l e m e n t e d  w i t h  a l p h a  t o c o p h e r o l  and  

cod  l i v e r  o i l  r e s u l t e d  i n  a n  i n c r e a s e  i n  t h e  d u r a t i o n  o f  t h e  PR 

and  QT i n t e r v a l s .  T he s e  f i n d i n g s  d i d  n o t  c o i n c i d e  w i t h  t h e  work 

o f  B a r n e s  e t  a l . ( 1938 )  who n o t  o n l y  fouQQ t h a t  t h e  jiCG o f  c a l v e s

was n o t  i n f l u e n c e d  by cod  l i v e r  o i l  f e e d i n g  b u t  n e i t h e r  were  

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

p r e s e n t  work i t  was q u i t e  a p p a r e n t ,  t h r o u g h  t h e  t o c o p h e r o l  c o n ­

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

d e f i c i e n c y  i n  l a m b s  s u p p l e m e n t e d  w i t h  cod l i v e r  o i l ,  t n a t  i t  

was d e f i n i t e l y  a n  a n t a g o n i s t i c  f a c t o r  t o  v i t a m i n  E .
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I t  h a s  b e e n  shown above  t h a t  t h e  m i n e r a l  c o m p o s i t i o n  o f  t h e  

h e a r t  m u s c l e  was m o d i f i e d  by a d e f i c i e n c y  o f  v i t a m i n  IS. S i n c e  

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

t h e  m i n e r a l s  on t h e  ECG o f  s e v e r a l  a n i m a l s ,  i t  i s  w o r t h w h i l e  

t o  l o o k  i n t o  some o f  t h o s e  f i n d i n g s *

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

i n f l u e n c e  on  t h e  ECG o f  mammals and b i r d s .  I n  t h e  dog ,  a  d e f i ­

c i e n c y  o f  p o t a s s i u m  i n c r e a s e d  t h e  PR i n t e r v a l  (Sp e a l m an  1942)  

b u t  a n  e x c e s s  o f  p o t a s s i u m  p r o d u c e d  s h a r p  T waves  o f  h i g h  a m p l i ­

t u d e  ( N i c h o l s o n  1 9 37 ;  Thomson 1 9 3 9 ) .  I n  c a t t l e ,  Sy ke s  and  

A l f r e d s o n  (1940 )  r e p o r t e d  t h a t  low p o t a s s i u m  r a t i o n s  p r o l o n g e d  

t h e  QRS i n t e r v a l s  o f  t h e  c a l v e s '  ECG. The c o n d u c t i v e  s y s t e m  

was a f f e c t e d  by t h e  d e f i c i e n c y  o f  p o t a s s i u m  i n  humans ,  c a t t l e  

and  c h i c k e n s  (Brown e t  a l . 1944 ;  Syke s  and  A l f r e d s o n  1940 ;  and  

S t u r k i e  1 9 5 0 ) .  B e s i d e s ,  i n  humans ,  p o t a s s i u m  d e f i c i e n c y  p r o d u c e d  

d e p r e s s i o n  o f  t h e  ST s e g m e n t s ,  v o l t a g e  l o w e r i n g  o r  i n v e r s i o n  o f  

t h e  T waves  an d  i n c r e a s e  i n  d u r a t i o n  o f  t h e  QT i n t e r v a l s  (Brown 

£ t _ a l .  1 94 4 ;  H o l l e r  194 6 ;  E n g e l  et_ a l .  1 9 4 9 ) .

T h e s e  o b s e r v a t i o n s  show g r e a t  r e s e m b l a n c e  b e t w e e n  t h e  j^CGs 

i n  p o t a s s i u m  and  i n  v i t a m i n  E d e f i c i e n c y  wh ich  s h o u l d  n o t  be 

o v e r l o o k e d  b e c a u s e ,  a s  d i s c u s s e d  a b o v e ,  t h e r e  i s  some e v i d e n c e  

w h i c h  p o i n t s  t o  an  i n t e r a c t i o n  b e tw ee n  v i t a m i n  E and  p o t a s s i u m .

F i e l d  C a s e s  o f  " S t i f f - L a m b 11 D i s e a s e :

E x c e p t  f o r  c e r t a i n  d i f f e r e n c e s  i n  t h e  amino a c i d  c o n t e n t

o f  m u s c l e s ,  t h e  e q u a l i t y  o f  v i t a m i n  E d e f i c i e n c y  and  " s t i f f -



-  170 -

l a m b "  d i s e a s e  h a s  b e e n  p r o v e n  by v a r i o u s  c h e m i c a l  and  p a t h o l o g i ­

c a l  s t u d i e s *

The symptom o f  b i l a t e r a l l i t y  o f  t h e  m u s c u l a r  d y s t r o p h y  was 

more n o t i c e a b l e  i n  s t i f f  l a m b s  due  t o  t h e  more marked c a l c i f i ­

c a t i o n  o f  t h e i r  m u s c l e s *  A t  t h i s  t ime  i t  s h o u l d  be m e n t i o n e d  

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

b i l a t e r a l l y  i n  t h e  m u s c u l a r  s y s t e m  i s  by a f f e c t i n g  t h e  c i r c u l a ­

t o r y  s y s t e m ,  t h e  n e r v o u s  s y s t e m  o r  t h e  mechan i sm  o f  t h e  m u s c u l a r  

a c t i v i t y ,  s i n c e  t h e  l a t t e r  i s  a l s o  e v e n l y  d i s t r i b u t e d  on b o t h  

s i d e s  o f  t h e  b o d y .  T h e r e f o r e ,  i t  would seem t h a t  v i t a m i n  E mus t  

p l a y  a  r o l e  i n  e i t h e r  s y s t e m  or  on t h e  m u s c u l a r  a c t i v i t y .

The h i s t o l o g i c a l  s t u d i e s  r e v e a l e d  t h a t  f i e l d  c a s e s  o f  

" s t i f f - l a m b "  d i s e a s e  were  more s e v e r e l y  a f f e c t e d  t h a n  t h e  e x ­

p e r i m e n t a l  v i t a m i n  E - d e f i c i e n t  l a m b s .  T h i s  p r o b a b l y  was due t o  

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

v i t a m i n  E i n  t h e  d i e t  o f  t h e  dams,  low t o c o p h e r o l  c o n t e n t  o f  

c o l o s t r u m  and  m i l k ,  t h e  p h y s i o l o g i c a l  c h a n g e s  p r o d u c e d  by t h e  

rumen  d e v e l o p m e n t ,  and  o t h e r  f a c t o r s  l i k e  m i n e r a l s  and  s p e c i f i c  

a n t a g o n i s t s  t o  v i t a m i n  E t h a t  may s e n s i t i z e  t h e  lamb t o  t h e  

a t t a c k  o f  t h e  v i t a m i n  E d e f i c i e n c y .

W h i t i n g  ejb al_. ( 1949 )  showed t h a t  l a m b s  became s t i f f  when 

t h e  dams had  b e e n  f e d  " s t i f f - l a m b  r a t i o n "  wh ic h  p r o d u c e d  l o w e r i n g  

o f  t h e  b l o o d  p l a s m a  t o c o p h e r o l  o f  newborn  l ambs  and o f  t h e  c o l o ­

s t r u m  and  m i l k  o f  t h e  ewes*

The rumen  d e v e l o p m e n t  o f  yo un g  a n i m a l s  h a s  been  shown t o  

b r i n g  a l o n g  s e v e r a l  p h y s i o l o g i c a l  c h a n g e s ,  o u t s t a n d i n g  among
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w h i c h  was t h a t  yo u n g  r u m i n a n t s  had  a h i g h e r  g l u c o s e  t o l e r a n c e  

t e s t  t h a n  a d u l t  r u m i n a n t s  ( M cC anc l e s s  et_ al_. 1 9 5 0 ) .  Whe t he r  

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

o f  t h e  r u m i n a l  a c t i v i t y  a r e  c r i t i c a l  i n  t h e  d e v e l o p m e n t  o f  

l a m b ' s  s t i f f n e s s  w i l l  have  t o  be d e t e r m i n e d  by f u r t h e r  r e s e a r c h .  

But  t h e r e  i s  no d o u b t  t h a t  t h e  rumen must  hav e  a c e r t a i n  im­

p o r t a n c e  i n  t h e  d e f i c i e n c y  s i n c e  t h e  r e p o r t  o f  many i n v e s t i ­

g a t o r s  c o r r e l a t e d  t h e  a p p e a r a n c e  o f  ft s t i f  f - l a m b "  d i s e a s e  w i t h  

t h e  f i r s t  day  o f  g r a z i n g .

The o b s e r v a t i o n s  o f  M e t z g e r  ( 1 9 2 7 ) ,  S l a g s v o l d  and  Lun d -  

L a r s e n  ( 1 9 3 4 ) ,  Cheng (1945)  and W i l lm a n  e ^  al_. (1945)  p o i n t e d  

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

l amb"  d i s e a s e  was o n l y  o c c a s i o n a l .  F i e l d  c a s e s  o f  11 s t i f f - l a m b "  

d i s e a s e  we re  e x am in e d  w h i l e  t h i s  work  was c a r r i e d  o u t ,  b u t  

e x t e n s i v e  h e a r t  i  n j u r  i e  s were  o b s e r v e d  i n  a l l  o f  t hem.  N e v e r ­

t h e l e s s ,  i t  c o u l d  be p o s s i b l e  t h a t  some l a m b s  may be more 

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

o f  v i t a m i n  E t h a n  o t h e r s ,  s i n c e  i n  t h e  e x p e r i m e n t a l  g r o u p ,  

e v e n  t h o u g h  a l l  t h e  l a m b s  c o n s i s t e n t l y  showed h e a r t  i n j u r y ,  

t h e  e x t e n t  and  s e v e r i t y  o f  t h e  c a r d i a c  damage was v a r i a b l e .  

P e r h a p s  t h e  h i g h  s u s c e p t i b i l i t y  o f  c e r t a i n  l ambs  was due  t o  a  

p a r t i c u l a r  a n a t o m i c  p a t t e r n  o f  t h e  c o r o n a r y  v e s s e l s ,  a s  ha s  

b e e n  f o u n d  i n  c o r o n a r y  a r t e r i o s c l e r o s i s  o f  human h e a r t s  

( S c h l e s i n g e r  1 9 4 0 ) .
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C o n c l u d i n g  R e m a r k s :

The p r e s e n t  i n v e s t i g a t i o n  h a s  d e m o n s t r a t e d  f o r  t h e  f i r s t  

t i m e  t h a t  v i t a m i n  E i s  r e q u i r e d  f o r  t h e  a d e q u a t e  n u t r i t i o n  o f  

t h e  l a m b .  The v i t a m i n  E d e f i c i e n c y  was fo u n d  s i m i l a r  t o  t h e  

m a l a d y  known a s  " s t i f f - l a m b "  d i s e a s e .

H i s t o l o g i c a l  and  c h e m i c a l  c h a n g e s  o f  v a r i o u s  d e g r e e s  h a v e  

b e e n  o b s e r v e d  i n  d y s t r o p h i c  m u s c l e s  p r o d u c e d  by v i t a m i n  E 

d e p l e t i o n .  The c h e m i c a l  a n a l y s e s  showed many d i f f e r e n t  p o s ­

s i b i l i t i e s  o f  i n t e r r e l a t i o n  b e tw e e n  v i t a m i n  E and  t h e  m e t a ­

b o l i s m  o f  amino  a c i d s  and  m i n e r a l s .

A l s o ,  i t  was p r o v e n  t h a t  t h e  su dde n  d e a t h  o f  l amb s  

d e f i c i e n t  i n  v i t a m i n  E was c a u s e d  by h e a r t  f a i l u r e .



SUMMARY AND CONCLUSIONS

V i t a m i n  E d e f i c i e n c y  ha s  b e e n  s t u d i e d  i n  a  g ro u p  o f  51 

l a m b s  by f e e d i n g  l i q u i d  p u r i f i e d  d i e t s  w h i c h  d i f f e r e d  o n l y  i n  

t h e  n a t u r e  o f  t h e  f a t  c o m p o n e n t s .  D i e t  A c o n t a i n e d  c o m m e r c i a l  

l a r d ,  a n d  d i e t  B a  m o l e c u l a r  d i s t i l l e d  l a r d  h a v i n g  a  h i g h  c o n ­

c e n t r a t i o n  o f  p e r o x i d e s .

F i n d i n g s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  can  be summar i zed  

a s  f o l l o w s :

G r o w t h :

1 )  V i t a m i n  E d e f i c i e n c y  was shown t o  i n f l u e n c e  t h e  g r o w t h  

o f  l a m b s  e s p e c i a l l y  when p e r o x i d e s  were  p r e s e n t  i n  

t h e  d i e t .

Sy m p t o m s :

1 )  The m a i n  symptoms o f  v i t a m i n  E d e f i c i e n c y  we r e  weak­

n e s s  o f  t h e  s k e l e t a l  m u s c l e s  wh i ch  a p p e a r e d  t o  be 

a c c e l e r a t e d  by t h e  p r e s e n c e  o f  p e r o x i d e s  i n  t h e  d i e t .

2)  O r a l  f e e d i n g  o f  100 mg. o f  d l - a l p h a  t o c o p h e r o l  p r e ­

v e n t e d  and  c u r e d  t h e  symptoms o f  v i t a m i n  E d e f i c i e n c y .

P a t h o l o g i c a l  S t u d i e s :

1 )  M i c r o s c o p i c  e x a m i n a t i o n  o f  f i e l d  c a s e s  o f  " s t i f f -

l am b"  d i s e a s e  and  v i t a m i n  E d e f i c i e n t  l a m b s  showed 

t h e  e q u a l i t y  o f  t h e  two d i s o r d e r s .



-  174  -

2)  The h e a r t  was c o n s i s t e n t l y  f o u n d  a f f e c t e d  by t h e  

v i t a m i n  E d e f i c i e n c y .

B l o o d  S t u d i e s :

1 )  V i t a m i n  E d e f i c i e n c y  l o w e r e d  t h e  a l p h a  t o c o p h e r o l  

c o n t e n t  o f  t h e  b l o o d  p l a s m a .

2)  The i n i t i a l  v a l u e s  o f  a l p h a  t o c o p h e r o l  i n  t h e  l a m b ' s  

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

become d e f i c i e n t ,  t h e  s e v e r i t y  o f  t h e  d i s e a s e  o r

t h e  l o c a l i z a t i o n  o f  t h e  h e a r t  l e s i o n s .

3)  A l l  l a m b s  sh o w in g  symptoms o f  l a c k  o f  v i t a m i n  E had  

l o w  b l o o d  p l a s m a  t o c o p h e r o l  c o n t e n t .

4)  When d i e t  B c o n t a i n i n g  a  h i g h  amoun t  o f  p e r o x i d e s  o r  

d i e t  A p l u s  cod  l i v e r  o i l  we re  f e d  t o  t h e  l a m b s ,  t h e  

a l p h a  t o c o p h e r o l  c o n t e n t  o f  t h e  l a m b ' s  b l o o d  p l a s m a  

was l o w e r e d  f a s t e r  t h a n  i n  t h o s e  f e d  d i e t  A a l o n e .

5)  I n  g e n e r a l ,  l a m b s  d e f i c i e n t  i n  v i t a m i n  E ha d  l o w e r  

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

C r e a t i n e - C r e a t i n i n e  S t u d i e s :

1 )  C r e a t i n e  and  c r e a t i n u r i a  r a t i o s  o f  t h e  u r i n e  we re  i n ­

c r e a s e d  i n  l a m b s  d e p r i v e d  o f  v i t a m i n  E .

2 )  A l p h a  t o c o p h e r o l  t h e r a p y  r e d u c e d  t h e  c r e a t i n e  and  

c r e a t i n u r i a  r a t i o  i n  l am bs  t h a t  we re  n o t  s e v e r e l y  

a f f e c t e d  w i t h  v i t a m i n  E d e f i c i e n c y .
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M i n e r a l  S t u d i e s :

1 )  An i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  c a l c i u m  a n d  s o d ­

ium and  a d e c r e a s e  i n  t h e  c o n t e n t  o f  p o t a s s i u m  was 

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

2 )  H e a r t  m u s c l e s  o f  E - d e f i c i e n t  l a m b s  h a d  a  l ow c o n t e n t  

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

p h o r u s .

3 )  The d i e t  B c o n t a i n i n g  t h e  h i g h  amoun t  o f  p e r o x i d e s  

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

m u s c l e s  and  d e c r e a s e  o f  magnes ium i n  t h e  t h i g h  mus­

c l e s .

4)  An i n t e r a c t i o n  b e t w e e n  v i t a m i n  E and  p o t a s s i u m  seems 

p o s s i b l e .

Amino A c i d  S t u d i e s :

1 )  The v i t a m i n  E i n s u f f i c i e n c y  p r o d u c e d  d e c r e a s e  o f  t h e  

l e u c i n e  and i s o l e u c i n e  c o n t e n t  o f  s k e l e t a l  m u s c l e s  

a n d  a l s o  o f  t h e  i s o l e u c i n e  c o n t e n t  o f  h e a r t  m u s c l e s .

2)  The p r o l i n e  and  g l y c i n e  l e v e l s  o f  d y s t r o p h i c  m u s c l e s  

o f  l a m b s  were  s i m i l a r  t o  t h o s e  o f  c o n t r o l  a n i m a l s .

D rug  t h e r a p y :

1 )  I n  g e n e r a l ,  i t  c a n  be s t a t e d  t h a t  v i t a m i n  E - d e f i c i e n t  

l a m b s  t r e a t e d  w i t h  p r o s t i g m i n e  and  c o r t i s o n e  showed  

a  c e r t a i n  i m p r o v e m e n t .
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E l e c t r o c a r d i o g r a p h i c  S t u d i e s ;

The e l e c t r o c a r d i o g r a m s  o f  l a m b s  d e p l e t e d  i n  v i t a m i n  E 

we re  d i v i d e d  i n t o  t h r e e  c a t e g o r i e s :

1 )  ECG o f  v i t a m i n  E - d e f i c i e n t  lm a b s  s h ow in g  a c u t e  c a r d i a c  

i n v o l v e m e n t ,  w h i c h  ha d  i n c r e a s e d  PR i n t e r v a l s ,  i n ­

c r e a s e d  h e a r t  r a t e ,  an d  su d d e n  c h a n g e s  i n  t h e  ECG o f  

t a c h y c a r d i a ,  d i s o r g a n i z a t i o n  o f  t h e  h e a r t  b e a t ,  s h a r p  

T w a v e s  o f  h i g h  v o l t a g e  an d  d e p r e s s i o n  o f  t h e  ST 

i n t e r v a l s *

2 )  ECG o f  v i t a m i n  E - d e f i c i e n t  l ambs  sh o w in g  c h r o n i c  

c a r d i a c  i n v o l v e m e n t ,  wh ic h  had  i n c r e a s e d  PR i n t e r v a l s  

a n d  d e c r e a s e d  h e a r t  r a t e s .

3 )  ECG o f  v i t a m i n  E - d e f i c i e n t  l a m bs  n o t  show ing  a n y  

e l e c t r o c a r d i o g r a p h i c  d i s o r d e r ,  even  t h o u g h  t h e y  had  

d e g e n e r a t i v e  l e s i o n s  i n  t h e  h e a r t  m u s c l e .

C o n c l u d i n g  S t a t e m e n t s :

1 )  V i t a m i n  E i s  an  e s s e n t i a l  v i t a m i n  f o r  t h e  a d e q u a t e  

n u t r i t i o n  o f  t h e  lamb*

2)  V i t a m i n  E d e f i c i e n c y  r e t a r d s  t h e  g r o w t h  o f  y ou n g  

l a m b s .

3)  V i t a m i n  E d e f i c i e n c y  p r o d u c e s  d e g e n e r a t i o n  o f  t h e  

h e a r t  and  s k e l e t a l  m u s c l e s  o f  t h e  l a m b .

4)  V i t a m i n  E - d e f i c i e n t  l am bs  e x c r e t e  l a r g e  amount  o f  

c r e a t i n e  i n  t h e  u r i n e .
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5)  D y s t r o p h i c  s k e l e t a l  m u s c l e s  o f  v i t a m i n  E - d e f i c i e n t  

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

a n d  sod iu m  and l ow c o n t e n t  o f  p o t a s s i u m *

6) V i t a m i n  E d e f i c i e n c y  and  " s t i f f - l a m b "  d i s e a s e  ( f i e l d  

c a s e s )  p r o d u c e  s i m i l a r  h i s t o l o g i c a l  d i s t u r b a n c e s  an d  

c h a n g e s  i n  t h e  c o n t e n t  o f  c a l c i u m ,  sod ium and p o t a s s i u m  

o f  t h e  s k e l e t a l  m u s c l e s *

7)  I n j u r y  o f  t h e  h e a r t  m u s c l e  p r o d u c e d  by v i t a m i n  E d e f i ­

c i e n c y  i s  r e f l e c t e d ,  i n  t h e  m a j o r i t y  o f  c a s e s ,  by 

i n c r e a s e  o f  t h e  PR i n t e r v a l  i n  t h e  e l e c t r o c a r d i o ­

gram o f  l a m b s .
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<d Cd CD CD d in co
a> PS CQ ft*H i—i ■—!

« ^  m

/~ s
CQ

<D
bo cd Ê -
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