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— Biographical Sketches

I n  r e c a l l i n g  f o r  t h e  J o u r n a l  o f  N u t r i t i o n  
s o m e t h in g  o f  t h e  l i v e s  a n d  a c h i e v e m e n t s  
o f  L a w e s  a n d  G i lb e r t ,  i t  is  w h o l l y  f i t t in g  
t o  d o  s o  i n  a  s in g le  b i o g r a p h y  f o r  a l t h o u g h  
t h e y  w e r e  v e r y  d i s s im i la r ,  u n a l ik e  in  u p 
b r in g i n g ,  t e m p e r a m e n t  a n d  o u t l o o k ,  t h e y  
w e r e  u n i t e d  b y  t h e ir  d e v o t i o n  t o  s c i e n t i f i c  
e n q u i r y ,  a n d  t h e ir  c o n t r i b u t i o n  t o  k n o w l 
e d g e  o f  t h e  n u t r i t i o n  o f  p la n t s  a n d  a n im a ls  
w a s  t r u ly  a  j o i n t  e n t e r p r i s e .  F a c t u a l l y  
o n e  w a s  t h e  e m p l o y e r  o f  t h e  o t h e r ,  b u t  
t h is  i s  n o t  t h e  r e la t i o n s h ip  e v id e n t  f r o m  
t h e i r  m a n y  p u b l i c a t i o n s ,  w h i c h  s h o w  
t h e m  a s  s c i e n t i f i c  c o l l e a g u e s  c o l l a b o r a t 
i n g  a s  e q u a l s ,  w h i c h  t h e y  d id  p r o d u c t i v e l y  
a n d  h a r m o n i o u s l y  f o r  t h e  r e m a r k a b le  
p e r i o d  o f  m o r e  t h a n  h a l f  a  c e n t u r y .

T h e  in t e r e s t s  a n d  a b i l i t ie s  o f  t h e  o n e  
p e r f e c t l y  c o m p l e m e n t e d  t h o s e  o f  t h e  o t h e r .  
L a w e s  w a s  e s s e n t ia l ly  a  p r a c t i c a l  m a n ,  
b u t  a  v e r y  u n u s u a l  o n e  in  b e i n g  a  n o n 
c o n f o r m i s t  w i t h  a n  e n q u i r i n g  m i n d  a n d  
g r e a t  in s ig h t ,  w h o  w a s  i m b u e d  w i t h  th e  
d e s i r e  t h a t  a g r i c u l t u r a l  p r a c t i c e s  s h o u ld  
b e  b a s e d  o n  e s t a b l i s h e d  p r i n c i p l e s  in s t e a d  
o f  u n t e s t e d  t r a d i t i o n s .  G i lb e r t  w a s  m o r e  
t h e  a c a d e m ic  c h e m i s t ,  m e t i c u l o u s  i n  a ll  
h e  d id ,  c a u t i o u s  a n d  p a in s t a k in g ,  m e t h o d 
i c a l l y  a n a l y z i n g  a n d  m e a s u r in g  e v e r y t h in g  
to  p r o d u c e  t h e  m a s s  o f  f a c t s  a n d  f ig u r e s  
h e  n e e d e d  b e f o r e  h e  w o u ld  c o m m i t  h i m 
s e l f  t o  a n y  c o n c l u s i o n .  T h e  b r o a d  c o n c e p t  
o f  t h e  f i e ld  e x p e r im e n t s  t h a t  f ir s t  m a d e  
R o t h a m s t e d  f a m o u s  w a s  L a w e s ’ , b u t  t h e ir  
l o n g  c o n t i n u a n c e  a n d  t h e  d e t a i l e d  i n f o r 
m a t i o n  t h e y  p r o v id e d  o v e r  t h e  y e a r s  r e 
f l e c t s  t h e  i n f l u e n c e  o f  G i lb e r t .

L a w e s  h a d  a l r e a d y  r e v e a l e d  h i s  u n e x 
p e c t e d  t a le n t s  a n d  in t e r e s t s  b e f o r e  1 8 4 3 ,  
w h e n  G i lb e r t  j o i n e d  h i m ,  b u t  h o w  f a r  
t h e s e  t a le n t s  w o u ld  h a v e  t a k e n  h im  in  h is  
s c i e n t i f i c  e n q u ir ie s  w i t h o u t  G i lb e r t ,  i t  i s  i m 
p o s s ib l e  t o  g u e s s .  G i lb e r t ’s c a r e e r  is  th e  
m o r e  e a s i l y  u n d e r s t o o d .  A  s t u d io u s  c h i ld ,  
h e  w e n t  t o  t h e  u n iv e r s i t y  t o  s t u d y  c h e m 
is t r y  a n d  h a v in g  d o n e  s o ,  w h e n  L a w e s  
n e e d e d  a  c h e m is t ,  i t  w a s  r e a s o n a b le  f o r  
h i m  t o  t a k e  t h e  p o s t .  W h a t  r e m a i n s  i n 
e x p l i c a b l e  is  w h y  L a w e s  w i t h  h i s  u p b r i n g 
i n g  s h o u ld  h a v e  d e v e l o p e d  a n  in t e r e s t  in  
r e s e a r c h  a n d  w a n t e d  to  e m p l o y  a  c h e m is t .  
It is  id l e  t o  s p e c u la t e  o n  t h e  r e a s o n s  b e 
c a u s e  h e  a ls o  w a s  a t  a  l o s s  h i m s e l f  t o  e x 
p la in  h i s  in t e r e s t s ,  a s  t h is  r e v e a l i n g  q u o t a 
t i o n  s h o w s :  “ A s  I h a d  n o  m a le  r e la t io n s ,  
m y  m o t h e r  w a s  t h e  o n l y  p e r s o n  t o  i n 
f l u e n c e  m e  in  m y  p u r s u i t s ,  a n d  s h e  w a s  
v i o l e n t l y  o p p o s e d  b o t h  t o  s c i e n c e  o r  b u s i 
n e s s ,  a l t h o u g h  a t  t h e  s a m e  t im e  d e v o t e d  
to  m e .  H o m e  i n f l u e n c e  a n d  e d u c a t i o n  a l l  
t e n d e d  t o  m a k e  m e  in  p u r s u i t s  a n  o r d i n 
a r y  c o u n t r y  g e n t l e m a n ,  in  p o l i t i c s  a  c o n 
s e r v a t iv e ,  in  r e l i g i o n  a n  o r d in a r y  m e m b e r  
o f  t h e  C h u r c h  o f  E n g la n d  a c c e p t i n g  a s  
t r u th  a l l  t h a t  t h e y  t e a c h .  W h e r e a s  f o r  
s o m e  c a u s e s  t o  b e  e n q u i r e d  i n t o  a n d  e x 
p la in e d ,  I h a v e  b e e n  la r g e ly  e n g a g e d  in  
m a n u f a c t u r i n g  p u r s u i t s ,  d e v o t e d  t o  s c i 
e n t i f i c  in v e s t i g a t i o n ,  v e r y  l i b e r a l  in  p o l i 
t i c s ,  a n d  i n  r e l i g i o n  a l t h o u g h  f i r m ly  a n d  
t h o r o u g h ly  b e l i e v i n g  i n  t h e  t r u t h  o f  t h e  
C h r is t ia n  r e l i g i o n  a n d  r e a d y  t o  a c c e p t  i t  
a s  t h e  g u id e  o f  m y  l i f e  a s  f a r  a s  I c a n  
u n d e r s t a n d  i t  a n d  b e i n g  a t t h e  s a m e  t im e
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a  r e g u la r  a t t e n d a n t  a t  t h e  s e r v i c e  o f  t h e  
C h u r c h  o f  E n g la n d ,  s t i l l  I  c a n n o t  a d m it  
t h e  r i g h t  o f  t h a t  c h u r c h  o r  o f  a n y  o t h e r  
c h u r c h  to  t e a c h  d o g m a t i c a l l y  w h a t  t r u t h s  
a r e  n e c e s s a r y  f o r  m y  s a l v a t i o n . ”  F r o m  
t h is ,  l e t  u s  l o o k  b r i e f l y  a t  h i s  e a r ly  l i f e ,  
k n o w i n g  t h a t  w e  s h a l l  f in d  l i t t le  i n  i t  t o  
a c c o u n t  f o r  h i s  s c i e n t i f i c  c u r i o s i t y ,  r a d i c a l  
id e a s  o r  b u s in e s s  a c u m e n .

BEFORE 1843

J o h n  B e n n e t  L a w e s  w a s  b o r n  o n  2 8  
D e c e m b e r  1 8 1 4  i n  t h e  R o t h a m s t e d  M a n o r  
H o u s e ,  H a r p e n d e n ,  w h i c h  h is  a n c e s t o r s  
h a d  o c c u p i e d  f o r  m a n y  g e n e r a t io n s .  H is  
f a t h e r ,  w h o s e  f r i e n d s h i p  w i t h  t h e  P r in c e  
R e g e n t  h a d  p r o v e d  v e r y  c o s t l y ,  d ie d  w h e n  
h e  w a s  o n l y  e ig h t ,  a n d  h i s  f a m i l y  t h e n  
m o v e d  in t o  R o t h a m s t e d  L o d g e ,  w h i c h  w a s  
t h e i r  h o m e  f o r  s e v e r a l  y e a r s .  A f t e r  a t t e n d 
i n g  t w o  p r e p a r a t o r y  s c h o o l s  w h e r e ,  h e  
s a y s , h e  l e a r n e d  v e r y  l i t t le  a n d  w a s  a lw a y s  
i n  m i s c h i e f  a n d  d i s g r a c e ,  h e  w e n t  t o  
E t o n ,  w h e r e  “ I  l e a r n t  ju s t  e n o u g h  t o  e s 
c a p e  p u n i s h m e n t  b u t  n o  m o r e ”  a n d  “ m o s t  
o f  m y  p u r s u i t s  w e r e  m o r e  o r  l e s s  m i s 
c h i e v o u s ,  s u c h  a s  d i g g i n g  m i c e  o u t  o f  t h e  
f i e ld s  a n d  p u t t i n g  t h e m  i n t o  m y  t u t o r ’ s 
h o u s e . ”  H e  l e f t  w i t h o u t  r e g r e t  a n d  w e n t  
t o  O x f o r d  U n iv e r s i t y ,  w h e r e  h e  s t a y e d  
f o r  t w o  y e a r s  “ l e a r n i n g  l i t t le  a n d  f o l l o w 
i n g  n o  p a r t i c u la r  p u r s u i t s .  I  d id  n o t  g o  
u p  f o r  m y  d e g r e e . ”  A l t h o u g h  a t  t h a t  t im e  
O x f o r d  h a d  l i t t le  t o  o f f e r  a  m a n  w h o s e  
in t e r e s t s  w e r e  s c i e n t i f i c  r a t h e r  t h a n  c l a s 
s i c a l ,  L a w e s  d id  a t t e n d  s o m e  l e c t u r e s  b y  
t h e  P r o f e s s o r  o f  C h e m is t r y  a n d  h e  m a y  
h a v e  l e a r n t  o f  t h e  p la n s  f o r  e x p e r im e n t s  
in  t h e  B o t a n i c  G a r d e n s  t o  c o m p a r e  c r o p s  
g r o w n  c o n t i n u o u s l y  w i t h  t h e  s a m e  o n e s  
g r o w n  in  r o t a t io n .  W h i l e  a  s c h o o l  b o y  h e  
s h o w e d  s o m e  in t e r e s t  in  c h e m is t r y ,  f o r  
d u r i n g  o n e  o f  h i s  h o l i d a y s  in  P a r is  h e  
n o t  o n l y  h e lp e d  t o  b u i ld  t h e  b a r r i c a d e s  
d u r i n g  t h e  r e v o lu t i o n  o f  1 8 3 0 ,  w h i c h  h e  
t h o u g h t  “ g r e a t  f u n , ”  b u t  a l s o  b o u g h t  v a r i 
o u s  c h e m i c a l s ,  w h i c h  “ c a u s e d  s u c h  d e 
s t r u c t i o n  to  m y  c l o t h e s  a n d  t h e  f u r n i t u r e  
t h a t  m y  m o t h e r  g o t  r id  o f  t h e m  a s  q u i c k ly  
a s  p o s s i b l e . ”

W h e n  L a w e s  l e f t  O x f o r d  a t  t h e  a g e  o f  
2 0 ,  t h e  t e n a n t  o f  R o t h a m s t e d  w a s  i n s o l 
v e n t ,  s o  h e  a n d  h i s  m o t h e r  a g a in  l i v e d  
t h e r e .  H e  s a y s ,  “ M y  e d u c a t i o n  w a s  t h e r e 
f o r e  s u p p o s e d  t o  h a v e  f in i s h e d  a n d  I w a s

t o  s e t  u p  a s  a  c o u n t r y  g e n t l e m a n .  I  h a d  
n o  id e a  o r  w i s h e s  a b o u t  f a r m i n g ,  b u t  t h e  
h o m e  f a r m  w a s  v a c a n t  a n d  t h e r e f o r e  I 
t o o k  it .  U p  t o  t h is  p e r io d , ’ I  h a d  f o r m e d  
n o  o p i n i o n s  o f  m y  o w n  o n  a n y  s u b j e c t . ”  
T h i s  s t a t e m e n t  w e  m u s t  a c c e p t  a n d  t h e r e  
is  c e r t a in ly  n o  e v i d e n c e  t h a t  h e  w a s  t h e n  
a t t r a c t e d  b y  a g r i c u l t u r e ;  t h a t  h e  h a d  d e 
c i d e d  t o  d a b b le  i n  c h e m is t r y ,  h o w e v e r ,  is  
o b v i o u s ,  f o r  a s  s o o n  a s  h e  a r r iv e d  a t 
R o t h a m s t e d  h e  h a d  o n e  o f  t h e  b e s t  b e d 
r o o m s  f i t t e d  o u t  a s  a  la b o r a t o r y ,  w h e r e  h e  
s t a r t e d  e x p e r i m e n t i n g ,  a n d  h e  s p e n t  m u c h  
t im e  r e a d i n g  b o o k s  o n  c h e m is t r y .  T h e  
w r i t in g s  o f  A . T .  T h o m s o n ,  t h e  f ir s t  p r o 
f e s s o r  o f  M a t e r ia  M e d i c a  a n d  T h e r a p e u t i c s  
a t  U n iv e r s i t y  C o l l e g e ,  L o n d o n ,  i m p r e s s e d  
L a w e s ,  w h o  s o w e d  m a n y  k in d s  o f  d r u g  
p la n t s  o n  t h e  f a r m  a n d  e x t r a c t e d  f r o m  
t h e m  o p i u m  a n d  o t h e r  a c t iv e  p r in c ip l e s .  
H e  a l s o  w o r k e d  f o r  a  t im e  in  T h o m s o n ’s 
l a b o r a t o r y  a n d  w h i l e  t h e r e  s h o w e d  h is  f ir s t  
in t e r e s t  in  c o m m e r c i a l  e n t e r p r i s e s ;  a f t e r  
p e r s u a d in g  T h o m s o n  t o  p a t e n t  a  p r o c e s s  
f o r  m a k i n g  c a l o m e l  a n d  c o r r o s i v e  s u b l i 
m a t e ,  h e  t u r n e d  a n  o ld  b a r n  o n  h is  f a r m  
in t o  a  f a c t o r y  w h e r e  h e  m a d e  m a n y  t o n s  
o f  t h e s e  s u b s t a n c e s .  T h i s  v e n t u r e  w a s  a 
c o m m e r c i a l  f a i lu r e ,  b u t  g a v e  L a w e s  e x 
p e r i e n c e  t h a t  p r o v e d  u s e f u l  t o  h i m  la t e r .

L a w e s  s e e m s  f ir s t  t o  h a v e  s e e n  a  c o n 
n e c t i o n  b e t w e e n  c h e m i s t r y  a n d  a g r i c u l t u r e  
in  1 8 3 7  f r o m  a  c h a n c e  r e m a r k  t o  h i m  b y  
L o r d  D a c r e  t h a t  b o n e s  w e r e  u s e f u l  a s  a  
m a n u r e  f o r  t u r n ip s  o n  s o m e  f i e ld s  b u t  
u s e le s s  o n  o t h e r s .  T h i s  p a r t i c u la r l y  
r o u s e d  h is  in t e r e s t  b e c a u s e  h e  h a d  s p e n t  
a  g o o d  d e a l  o f  m o n e y  o n  b o n e s  w i t h o u t  
s e e in g  a n y  r e w a r d  f r o m  a p p ly in g  t h e m  
t o  h i s  f ie ld s .  A t  a b o u t  t h is  t im e  a l s o  h e  
w a s  o f f e r e d  f r e e  a  l o t  o f  s p e n t  a n im a l  
c h a r c o a l ,  w h i c h  h e  t r e a t e d  w i t h  t h e  s u l 
p h u r i c  a c id  h e  h a d  f o r  m a k i n g  c h l o r i n e  
a n d  f o u n d  t h a t  th e  p r o d u c t  w a s  a n  e f f e c 
t iv e  m a n u r e .

D u r in g  t h e  n e x t  f e w  y e a r s  h e  d id  m a n y  
e x p e r im e n t s  w i t h  p la n t s  in  p o t s  a n d  i n  h is  
f ie ld s ,  t e s t in g  t h e  e f f e c t s  o f  b o n e s ,  b u r n t  
b o n e s  a n d  m i n e r a l  p h o s p h a t e s  d e c o m p o s e d  
b y  v a r i o u s  a c id s .  T h i s  w a s  t h e  b i r t h  o f  
s u p e r p h o s p h a t e ,  a n d  b y  1 8 4 2  L a w e s  w a s  
w e l l  e n o u g h  c o n v i n c e d  o f  i t s  v a lu e  t o  t a k e  
o u t  a  p a t e n t  f o r  it . I n  1 8 4 2  h e  a l s o  m a r 
r ie d  C a r o l in e  F o u n t a in e ,  a n  a m a t e u r  
a r t is t  o f  c o n s i d e r a b l e  a b i l i t y .  T h e i r  s o n
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C h a r le s ,  w h o  b e c a m e  w e l l  k n o w n  a s  a n  
a t h le t e  a n d  s c u lp t o r ,  w a s  b o r n  in  1 8 4 3  
a n d  t h e i r  d a u g h t e r  C a r o l in e  i n  1 8 4 4 .  
M u c h  a g a in s t  t h e  w i s h e s  o f  h i s  o w n  
f a m i l y  a n d  h is  w i f e ,  w h o  d id  n o t  a p p r o v e  
o f  h im  e n t e r in g  a n y  t r a d e ,  b u t  le a s t  o f  
a l l  t h e  m a n u r e  t r a d e ,  i n  1 8 4 3  h e  o p e n e d  
a  f a c t o r y  t o  m a k e  s u p e r p h o s p h a t e ,  a n d  
s o  w a s  b o r n  t h e  f e r t i l i z e r  in d u s t r y .  H is  
f a m i l y ’s f e a r s  t h a t  t h e  v e n t u r e  w o u ld  
r u in  h im  p r o v e d  u n f o u n d e d ,  f o r  t h e  b u s i 
n e s s  p r o s p e r e d  a n d  d e s p i t e  c o s t l y  la w s u i t s  
w i t h  o t h e r  m a n u f a c t u r e r s  w h o  i n f r i n g e d  
h is  p a t e n t s ,  h e  w a s  a b le  t o  s e l l  it  i n  1 8 8 2  
to  t h e  L a w e s  C h e m i c a l  M a n u r e  C o m p a n y  
f o r  £ 3 0 0 ,0 0 0 .  H o w e v e r ,  a t  f i r s t  h e  h a d  to  
p r a c t i c e  s t r i c t  e c o n o m y  a n d  f o r  f o u r  y e a r s  
le t  R o t h a m s t e d  M a n o r ;  i t  s a y s  m u c h  f o r  
h is  e n t h u s ia s m  f o r  r e s e a r c h  t h a t ,  w i t h  h is  
f a c t o r y  m a k i n g  s u c h  d e m a n d s  o n  h is  
c a p i t a l ,  h e  s h o u ld  n e v e r t h e le s s  h a v e  p a id  
G i lb e r t  t o  c o n d u c t  t h e  e x p e r im e n t s  a t 
R o t h a m s t e d .

F r o m  1 8 4 3  L a w e s  i n  e f f e c t  l e d  t w o  l iv e s .  
D u r in g  p a r t  o f  t h e  w e e k  h e  w a s  a  m a n u 
f a c t u r e r ,  r u n n i n g  n o t  o n l y  a n  e x p a n d i n g  
f e r t i l i z e r  b u s in e s s ,  b u t  a l s o  f a c t o r i e s  to  
p r o d u c e  c i t r i c  a n d  t a r t a r i c  a c id s .  A  la t e r  
v e n t u r e  t h a t  d id  n o t  p r o s p e r  w a s  t h e  g r o w 
i n g  o f  s u g a r  c a n e ,  a n d  s u g a r  p r o c e s s i n g  
in  A u s t r a l ia .  D u r in g  t h e  r e s t  o f  t h e  w e e k  
h e  c o l l a b o r a t e d  w i t h  G i lb e r t  i n  a g r i c u l t u r a l  
r e s e a r c h ,  t h e  a c t i v i t y  in  w h i c h  h e  f o u n d  
t h e  g r e a t e r  s a t i s f a c t i o n  a n d  t o  w h i c h  h e  
g a v e  i n c r e a s i n g l y  m o r e  o f  h i s  t im e  a s  t h e  
y e a r s  w e n t  b y .

J o s e p h  H e n r y  G i l b e r t  w a s  b o r n  a t  H u l l ,  
Y o r k s h ir e ,  o n  1 A u g u s t  1 8 1 7 .  H is  f a t h e r  
w a s  a n  e m i n e n t  C o n g r e g a t io n a l  m in i s t e r  
a n d  h is  m o t h e r  w a s  w id e ly  k n o w n  a s  a  
w r i t e r  o f  h y m n s  a n d  s o n g s  f o r  c h i l d r e n ;  o f  
t h e i r  f o u r  s o n s  a n d  t h r e e  d a u g h t e r s ,  h e  w a s  
t h e  o n l y  o n e  t o  b e c o m e  a  s c ie n t i s t .  H is  
s c h o o l i n g  a t  N o t t i n g h a m  a n d  M a n s f ie ld  
w a s  in t e r r u p t e d  b y  a  s h o o t i n g  a c c id e n t ,  
w h i c h  d e s t r o y e d  t h e  s ig h t  o f  o n e  e y e ,  
d a m a g e d  t h e  o t h e r  a n d  i m p a i r e d  h is  g e n 
e r a l  h e a l t h  f o r  s o m e  y e a r s .  H e  la t e r  t r i 
u m p h e d  o v e r  t h e s e  d i s a b i l i t i e s ,  b u t  t h e y  
d e la y e d  h is  e d u c a t i o n  a n d  h e  w a s  2 4  y e a r s  
o l d  b e f o r e  h e  w e n t  to  t h e  u n iv e r s i t y ,  f ir s t  
f o r  a  y e a r  a t  G la s g o w  a n d  t h e n  t o  U n i 
v e r s i t y  C o l l e g e ,  L o n d o n ,  w h e r e  in  t h e  l a b 
o r a t o r y  o f  A . T .  T h o m s o n  h e  f ir s t  m e t  
L a w e s .  A t  b o t h  p la c e s  h e  m a i n l y  s t u d ie d

a n a ly t i c a l  c h e m is t r y ,  b u t  a ls o  m a t e r i a  
m e d i c a  a n d  b o t a n y .  H e  l e a r n e d  G e r m a n  a s  
a  p r e l im in a r y  t o  g o i n g  in  1 8 4 0  to  G ie s s e n ,  
t h e  t h e n  M e c c a  o f  c h e m is t r y ,  t o  w o r k  
u n d e r  L i e b ig ,  w i t h  w h o m  h e  w a s  la t e r  to  
d i s a g r e e  s o  v e h e m e n t l y  o v e r  t h e  n i t r o g e n  
n u t r i t i o n  o f  p la n t s .  A f t e r  t a k in g  h is  P h .D . 
d e g r e e  a t  G ie s s e n ,  h e  r e t u r n e d  f o r  a  b r i e f  
s e c o n d  s p e l l  a t  U n iv e r s i t y  C o l l e g e ,  L o n d o n ,  
b e f o r e  h e  w e n t  t o  M a n c h e s t e r  t o  w o r k  o n  
t h e  d y e in g  a n d  p r in t in g  o f  c a l i c o .  W h i l e  
t h e r e  h e  w a s  r e c o m m e n d e d  b y  T h o m s o n  
t o  L a w e s  a n d  i n  J u n e  1 8 4 3  m o v e d  to  
R o t h a m s t e d ,  w h e r e  h e  w o r k e d  u n t i l  h e  
d ie d  in  1 9 0 1 .  I n  1 8 5 0 ,  h e  m a r r i e d  E l iz a  
F o r b e s  L a u r ie ,  b u t  s h e  d ie d  t w o  y e a r s  
la t e r ,  a n d  in  1 8 5 5  h e  m a r r i e d  M a r ia  S m it h ,  
w h o  s u r v iv e d  h im .  H e  h a d  n o  c h i ld r e n  
b y  e i t h e r  m a r r ia g e .

U n l ik e  L a w e s ,  w h o  h a d  m a n y  o t h e r  a c 
t iv i t ie s  t h a n  a g r i c u l t u r a l  r e s e a r c h ,  G i l 
b e r t  d e v o t e d  h is  w h o le  l i f e  a n d  e n e r g i e s  
t o  t h is .  H e  n o t  o n l y  s u p e r v is e d  t h e  c o n 
d u c t  o f  t h e  R o t h a m s t e d  e x p e r i m e n t s  a n d  
a l l  t h e  c h e m is t r y  d o n e  in  c o n n e c t i o n  w i t h  
t h e m , b u t  h e  a ls o  w a s  t h e i r  m a i n  e x p o 
n e n t ,  b o t h  in  t h e  w r i t t e n  a n d  s p o k e n  w o r d .  
B o t h  m e n  w e r e  e q u a l ly  w i l l i n g  t o  d e m o n 
s t r a te  t h e  e x p e r im e n t s  t o  v i s i t o r s  b u t  
L a w e s  w a s  le s s  w i l l i n g  t h a n  G i lb e r t  t o  
a d d r e s s  s c i e n t i f i c  m e e t in g s  o r  a t t e n d  s o c ia l  
f u n c t i o n s .

1843 O N W A R D S: CROP N U T R IT IO N

W e  h a v e  a l r e a d y  s e e n  t h a t  L a w e s  h a d  
s t a r t e d  t o  e x p e r i m e n t  o n  c r o p  n u t r i t i o n  
b e f o r e  G i lb e r t  j o i n e d  h im .  A ls o ,  a s  t h e  
f ir s t  o f  t h e  la r g e - s c a l e  f ie ld  t r ia ls ,  w i t h  
r o o t s  o n  B a r n f ie ld ,  w a s  l a id  d o w n  in  t h e  
s p r in g  o f  1 8 4 3 ,  it  is  u n l ik e ly  G i lb e r t  h e lp e d  
in  i t s  d e s ig n .  H o w e v e r ,  w i t h  G i lb e r t ’s a r 
r iv a l ,  w h i c h  is  t a k e n  a s  t h e  f o u n d a t i o n  
d a t e  o f  R o t h a m s t e d  E x p e r im e n t a l  S ta 
t i o n ,  t h e  s c o p e  o f  t h e  w o r k  g r e a t ly  i n 
c r e a s e d  a n d  its  t y p e  c h a n g e d .  R e s u lt s  
w e r e  n o  l o n g e r  s im p ly  o b s e r v e d  a n d  y ie ld s  
w e i g h e d ,  b u t  e v e r y t h in g  w a s  n o w  c a r e 
f u l l y  m e a s u r e d  a n d  a n a ly z e d .  H o w  t h is  
w a s  d o n e  w i t h  s u c h  a c c u r a c y  in  t h e  o ld  
b a r n  t h a t  s e r v e d  a s  a  l a b o r a t o r y  u n t i l  
1 8 5 5  is  d i f f i c u l t  t o  im a g in e .

T h e  a u t u m n  o f  1 8 4 3  s a w  t h e  s t a r t  o f  
t h e ir  m o s t  f a m o u s  f i e ld  e x p e r i m e n t ,  w i t h  
w in t e r  w h e a t  o n  B r o a d b a lk  f i e ld ,  w h i c h  
s t i l l  c o n t i n u e s .  T h i s ,  a l t h o u g h  o f  d i f f e r e n t
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d e s ig n ,  w a s  o f  t h e  s a m e  g e n e r a l  p a t t e r n  
a s  w i t h  t h e  r o o t  c r o p  o n  B a r n f ie ld  a n d  w a s  
la t e r  f o l l o w e d  w i t h  o t h e r  m a in  a g r i c u l t u r a l  
c r o p s .  T h e  s a m e  c r o p  w a s  g r o w n  y e a r  
a f t e r  y e a r  a n d  u s u a l l y  e a c h  p lo t  w a s  g iv e n  
t h e  s a m e  t r e a t m e n t  e v e r y  y e a r .  T h e  
m a i n  t r e a t m e n t s  w e r e  n o  m a n u r e ;  f a r m 
y a r d  m a n u r e ;  n i t r o g e n  o n l y ;  m in e r a l s  
o n l y ;  m in e r a l s  p lu s  n i t r o g e n .  B u t  t h e r e  
w e r e  a d d i t i o n a l  t r e a t m e n t s ,  t e s t in g  d i f f e r 
e n t  k in d s  a n d  a m o u n t s  o f  n i t r o g e n ,  d i f 
f e r e n t  t im e s  o f  a p p ly in g  i t ,  a n d  v a r io u s  
c o m b i n a t i o n s  o f  i n o r g a n i c  m a t e r ia l s .  In  
a d d i t i o n  to  t h e  p lo t s  g i v e n  t h e  s a m e  t r e a t 
m e n t  a n n u a l l y ,  B r o a d b a lk  c o n t a i n e d  t w o  
p l o t s  in  w h i c h  t h e  t r e a t m e n t s  a l t e r n a t e d ,  
o n e  g e t t in g  n i t r o g e n  o n ly  in  t h e  y e a r  w h e n  
t h e  o t h e r  g o t  m in e r a l s  o n ly ,  w i t h  t h e  p r o 
c e d u r e  r e v e r s e d  t h e  n e x t  y e a r .  A  u n iq u e  
f e a t u r e  o f  t h e  B r o a d b a lk  e x p e r i m e n t  w a s  
t h e  in s t a l l a t i o n  o f  d r a in s ,  o n e  t o  e a c h  p lo t ,  
to  a l l o w  t h e  l o s s e s  o f  n u t r ie n t s  b y  l e a c h 
i n g  i n t o  t h e  s u b s o i l  t o  b e  m e a s u r e d .

T h e  m a i n  q u e s t i o n  t h a t  in t e r e s t e d  L a w e s  
a n d  G i lb e r t  w a s  t h e  r e la t iv e  i m p o r t a n c e  
f o r  t h e  g r o w t h  o f  c r o p s  o f  n i t r o g e n o u s  
m a n u r e s  a n d  m i n e r a l s ,  i . e . ,  t h e  c o n s t i t u 
e n t s  o f  t h e  a s h  o f  c r o p s ,  m o s t l y  c o m 
p o u n d s  o f  p h o s p h o r u s ,  p o t a s s iu m ,  s o d iu m  
a n d  m a g n e s iu m .  I n  s e e k in g  t o  a n s w e r  t h is  
q u e s t i o n ,  t h e y  w e r e  s t im u la t e d  n o t  o n ly  
b y  it s  p r a c t i c a l  i m p o r t a n c e  f o r  f a r m i n g ,  
b u t  b y  L i e b i g ’ s a s s e r t i o n  t h a t  c r o p s  c o u l d  
g e t  a l l  t h e  n i t r o g e n  t h e y  n e e d e d  f r o m  
a m m o n i a  in  t h e  a ir  a n d  t o  y ie ld ,  f u l l y  
n e e d e d  t o  b e  m a n u r e d  w i t h  m in e r a l s  o n ly .  
T h e  R o t h a m s t e d  e x p e r im e n t s ,  p a r t i c u la r l y  
w it h  c e r e a ls ,  s o o n  s h o w e d  t h e  f a l l a c y  o f  
L i e b i g ’ s m in e r a l  t h e o r y ,  f o r  y ie ld s  w e r e  
s m a l l  w i t h o u t  o r g a n i c  o r  i n o r g a n i c  n i t r o 
g e n o u s  m a n u r e s  a n d  m in e r a l s  p r o d u c e d  
a p p r e c ia b le  e f f e c t s  o n ly  w h e n  n i t r o g e n  
w a s  a ls o  g iv e n .  H o w e v e r ,  L i e b ig  w a s  
u n c o n v i n c e d  a n d  h is  a d v e r s e  c r i t i c i s m s  
o f  t h e  R o t h a m s t e d  e x p e r im e n t s  l e d  to  
c o n t r o v e r s y ,  w h i c h  b e c a m e  i n c r e a s in g ly  
h e a t e d  a s  h e  m i n i m i z e d  t h e  im p o r t a n c e  
o f  n i t r o g e n  w h i l e  L a w e s  a n d  G i lb e r t  p r o 
d u c e d  m o r e  a n d  m o r e  e v i d e n c e  o f  i t s  
p a r a m o u n t  i m p o r t a n c e  e x c e p t  w i t h  l e g 
u m e s .  T h e r e  i s ,  i n d e e d ,  a  t o u c h  o f  i r o n y  
i n  t h e  f a c t  t h a t  R o t h a m s t e d  w o r k  b e g a n  
b y  d e m o n s t r a t in g  t h e  v a lu e  o f  s u p e r p h o s 
p h a t e ,  f r o m  w h i c h  L a w e s  m a i n l y  m a d e  
h is  f o r t u n e ,  w h e r e a s  la t e r  s o  m u c h  w a s

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

H o w  s t r o n g ly  L a w e s  f e l t  e a r ly  o n  in  th e  
c o n t r o v e r s y  w i l l  b e  s h o w n  b y  a  q u o t a t i o n .  
T h is ,  t o o ,  s e r v e s  w e l l  t o  in d i c a t e  h i s  p h i 
l o s o p h y  a n d  p r a c t i c a l  a p p r o a c h  t o  r e 
s e a r c h .  “ T h e  t h e o r y  a d v a n c e d  b y  L i e b ig ,  
t h a t  ‘t h e  c r o p s  o n  a  f i e ld  d im in is h  o r  i n 
c r e a s e  in  e x a c t  p r o p o r t i o n  to  t h e  d i m i n u 
t i o n  o r  i n c r e a s e  o f  t h e  m i n e r a l  s u b s t a n c e s  
c o n v e y e d  to  i t  in  m a n u r e , ’  is  c a l c u l a t e d  s o  
s e r io u s ly  to  m i s l e a d  t h e  a g r i c u l t u r is t  t h a t  
i t  i s  h i g h l y  im p o r t a n t  t h a t  i t s  f a l l a c i e s  
s h o u ld  b e  g e n e r a l l y  k n o w n .  T h e  c o n t e m p t  
w h i c h  t h e  p r a c t i c a l  f a r m e r  f e e l s  f o r  t h e  
s c i e n c e  o f  a g r i c u l t u r a l  c h e m i s t r y  a r is e s  
f r o m  t h e  e r r o r s  w h i c h  h a v e  b e e n  c o m 
m it t e d  b y  i t s  p r o f e s s o r s .  T h e y  h a v e  e n 
d e a v o r e d  t o  a c c o u n t  f o r ,  a n d  s o m e t i m e s  to  
p r o n o u n c e  a s  e r r o n e o u s ,  t h e  k n o w l e d g e  
w h i c h  a g e s  o f  e x p e r i e n c e  h a v e  e s t a b l i s h e d ;  
a n d  t h e y  h a v e  a t t e m p t e d  to  g e n e r a l i z e  
w i t h o u t  t h e  p r a c t i c a l  d a t a  n e c e s s a r y  t o  
a c c o m p l i s h  t h e i r  e n d  w i t h  s u c c e s s .  A g r i 
c u l t u r e  w i l l  e v e n t u a l l y  d e r iv e  t h e  m o s t  
im p o r t a n t  a s s i s t a n c e  f r o m  c h e m is t r y ,  b u t  
b e f o r e  i t  c a n  p r o p o s e  a n y  c h a n g e s  in  t h e  
e s t a b l i s h e d  r o u t in e  o f  t h e  f a r m e r ,  i t  m u s t ,  
b y  a  s e r ie s  o f  l a b o r i o u s  a n d  c o s t l y  e x 
p e r im e n t s ,  e x p l a i n  t h is  r o u t in e  i n  a  s a t is 
f a c t o r y  m a n n e r .

“ A l t h o u g h  t h e  e x p e r i m e n t a l  r e s u l t s  
w h i c h  h a v e  b e e n  d e t a i l e d  u n d o u b t e d l y  
p r o v e  t h a t  t o  p r o d u c e  a g r i c u l t u r a l  c r o p s  
o f  c o r n ,  n i t r o g e n  m u s t  b e  s u p p l i e d  t o  t h e  
s o i l  i n  s o m e  f o r m  o r  o t h e r ,  t w o  im p o r t a n t  
q u e s t io n s  s t i l l  r e m a i n  u n a n s w e r e d ,  n a m e l y ,  
f ir s t , w h a t  a m o u n t  o f  a m m o n i a  w i l l  b e  r e 
q u i r e d  t o  p r o d u c e  a  g i v e n  a m o u n t  o f  c o r n ?  
o r ,  in  o t h e r  w o r d s ,  w h a t  a m o u n t  o f  n i t r o 
g e n  m u s t  t h e  f a r m e r  a c c u m u l a t e  i n  h i s  s o i l  
t o  o b t a in  e a c h  b u s h e l  o f  c o r n  b e y o n d  t h e  
n a t u r a l  p r o d u c e ?  S e c o n d ly ,  w h a t  a r e  t h e  
m o s t  e c o n o m i c a l  m e a n s  a t  h i s  d i s p o s a l  
f o r  s e c u r in g  t h e  n e c e s s a r y  s u p p ly ?  T h e  
s o lu t io n  o f  t h e s e  q u e s t io n s  is  w i t h i n  t h e  
r e a c h  o f  c a r e f u l  e x p e r i m e n t  a n d  c a l c u l a 
t i o n . ”

A l t h o u g h  L ie b ig  q u e s t i o n e d  t h e  w o r k  a t  
R o t h a m s t e d ,  f a r m e r s  w e r e  r a p id ly  i m p r e s 
s e d  b y  it s  v a lu e  a n d  s h o w e d  t h e ir  a p 
p r e c i a t i o n  b y  s u b s c r ib in g  t o  a  t e s t im o n ia l  
f u n d  t o  L a w e s  w h i c h  w a s  u s e d  t o  b u i ld  in  
1 8 5 5  t h e  f ir s t  R o t h a m s t e d  la b o r a t o r y .  A t  
it s  o p e n i n g ,  L a w e s  p a id  p u b l i c  t r ib u t e  t o
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G i lb e r t ,  s a y i n g :  “ T o  D r . G i lb e r t  I  c o n s i d e r  
a  d e b t  o f  g r a t i t u d e  is  d u e  f r o m  m y s e l f  
a n d  f r o m  e v e r y  a g r i c u l t u r is t  in  G r e a t  
B r i t a in .  I t  is  n o t  e v e r y  g e n t l e m a n  o f  h is  
a t t a in m e n t s  w h o  w o u ld  s u b je c t  h i m s e l f  
t o  t h e  c a p r i c e  o f  a n  in d i v i d u a l ,  o r  r i s k  
h i s  r e p u t a t i o n  b y  f o l l o w i n g  t h e  p u r s u i t  o f  
a  s c i e n c e  w h i c h  h a s  h a r d ly  a  r e c o g n i z e d  
e x i s t e n c e .  F o r  t w e lv e  y e a r s  o u r  a c q u a i n 
t a n c e  h a s  e x i s t e d ,  a n d  I  h o p e  t w e lv e  m o r e  
y e a r s  w i l l  f in d  i t  c o n t i n u i n g . ”  I t  w a s  o n  
t h is  o c c a s i o n  t h a t  L a w e s  f ir s t  m e n t i o n e d  
h is  i n t e n t i o n  t o  p r o v id e  f o r  t h e  m a i n t e n 
a n c e  o f  t h e  w o r k  a f t e r  h i s  d e a t h .  H e  i m 
p l e m e n t e d  t h is  in t e n t i o n  b y  s e t t in g  a s id e  
f r o m  t h e  s a le  o f  h i s  m a n u r e  b u s in e s s  
£ 1 0 0 ,0 0 0 ,  w h i c h  i n  1 8 8 9  h e  t r a n s fe r r e d  
t o g e t h e r  w i t h  t h e  b u i l d i n g s  t o  t h e  L a w e s  
T r u s t e e s .  U n d e r  t h e  T r u s t  D e e d  a  m a n 
a g e m e n t  c o m m i t t e e  w a s  s e t  u p  w i t h  m e m 
b e r s  a p p o in t e d  b y  t h e  R o y a l  S o c i e t y  o f  
L o n d o n ,  t h e  R o y a l  A g r i c u l t u r a l  S o c ie t y ,  
t h e  L i n n e a n  S o c i e t y  a n d  t h e  C h e m ic a l  
S o c ie t y .  T h i s  c o m m i t t e e  c o n t i n u e s  t o  b e  
t h e  g o v e r n i n g  b o d y  o f  R o t h a m s t e d  E x p e r i 
m e n t a l  S t a t io n .

L a w e s ’ h o p e  f o r  t h e  c o n t i n u a t i o n  o f  h is  
a s s o c i a t i o n  w i t h  G i lb e r t  w a s  m o r e  t h a n  f u l 
f i l l e d ,  f o r  t h e y  w o r k e d  t o g e t h e r  f o r  a n 
o t h e r  4 5  y e a r s  a f t e r  1 8 5 5 ,  s t e a d i ly  a m a s 
s i n g  v a lu a b le  i n f o r m a t i o n  a b o u t  s u c h  
v a r i o u s  p r o b l e m s  a s  t h e  r e la t iv e  n e e d s  o f  
d i f f e r e n t  c r o p s  f o r  d i f f e r e n t  n u t r ie n t s  
( “ f o r  th e  p r o d u c t i o n  o f  in c r e a s e d  g r o w t h ,  
n i t r o g e n o u s  m a n u r e s  h a d  t h e  m o s t  c h a r 
a c t e r i s t i c  e f f e c t  u p o n  t h e  c e r e a l s ;  p o t a s s  
o n  t h e  l e g u m i n o u s  c r o p s ;  a n d  p h o s p h a t e s  
o n  t u r n ip s ” ) ;  t h e  e f f e c t s  o f  d i f f e r e n t  n u 
t r ie n t s  o n  y i e ld  a n d  q u a l i t y  o f  c r o p ;  th e  
i n t e r a c t i o n s  b e t w e e n  d i f f e r e n t  n u t r i e n t s ;  
t h e  d i f f e r e n t  a m o u n t s  o f  n u t r ie n t s  t a k e n  
f r o m  t h e  l a n d  b y  d i f f e r e n t  c r o p s ;  t h e  i n 
t e r a c t i o n  b e t w e e n  d i f f e r e n t  c r o p s  g r o w n  
i n  r o t a t i o n ;  t h e  e f f e c t  o f  f a l l o w  a n d  g r e e n -  
m a n u r e  c r o p s  o n  y ie ld s  o f  s u b s e q u e n t  
c r o p s ;  t h e  e f f e c t s  o f  d i f f e r e n t  m a n u r ia l  
r e g im e n s  o n  t h e  s u p p ly  o f  n u t r i e n t s  in  
t h e  s o i l .

F r o m  B r o a d b a lk  t h e y  w e r e  a b le  t o  c o m p i l e  
a  b a l a n c e  s h e e t  s h o w i n g  w h a t  h a p p e n e d  
to  a p p l ie d  m a n u r e s ,  h o w  m u c h  c a m e  o f f  
in  t h e  w h e a t  g r a in  a n d  s t r a w , h o w  m u c h  
w a s  r e t a in e d  i n  t h e  s o i l  a n d  h o w  m u c h  
w a s  l o s t  in  t h e  d r a in a g e .  N i t r o g e n  w a s  
t h e  m a i n  n u t r i e n t  l o s t ,  a n d  t h e  p l o t s  g iv e n

a l t e r n a t in g  d r e s s in g s  o f  n i t r o g e n  a n d  
m in e r a l s  s h o w e d  h o w  t r a n s ie n t  w a s  th e  
e f f e c t  o f  i n o r g a n i c  n i t r o g e n ,  f o r  a l t h o u g h  
y ie ld s  w e r e  la r g e  i n  t h e  y e a r s  w h e n  n i t r o 
g e n  w a s  g iv e n ,  in  t h e  a l t e r n a t e  y e a r s  th e  
p lo t s  y i e ld e d  l i t t le  m o r e  t h a n  t h o s e  t h a t  
n e v e r  r e c e i v e d  n i t r o g e n .  A  s t i l l  m o r e  i m 
p o r t a n t  f e a t u r e  o f  B r o a d b a lk  w a s  t h e  d e m 
o n s t r a t i o n  t h a t  y i e ld s  c o u l d  b e  a s  la r g e  
w i t h  i n o r g a n i c  a s  w i t h  o r g a n i c  m a n u r e s .  
I t  is  d i f f i c u l t  n o w  t o  r e c a p t u r e  t h e  r e a c 
t i o n s  a t  t h e  t im e  to  b e i n g  t o ld  t h a t  a  f e w  
h u n d r e d w e ig h t s  o f  p o w d e r  f r o m  a  f a c t o r y  
c o u l d  p r o d u c e  t h e  s a m e  r e s u l t s  a s  m a n y  
t o n s  o f  f a r m y a r d  m a n u r e ,  b u t  t h e r e  w e r e  
t h e  r e s u l t s  f o r  a l l  t o  s e e  a n d  t o  c o n v i n c e  
t h e  d i s b e l i e v e r s .  A l t h o u g h  t h e r e  a r e  a  f e w  
p e o p l e  w h o  s t i l l  a t t r ib u t e  a lm o s t  m y s t i c a l  
v a lu e  t o  o r g a n i c  m a n u r e s ,  la t e r  w o r k  h a s  
d o n e  n o t h i n g  e x c e p t  s t r e n g t h e n  L a w e s ’ 
a n d  G i lb e r t ’ s c o n c l u s i o n s  t h a t  t h e  n u t r i 
t iv e  v a lu e  o f  o r g a n i c  m a n u r e s  l i e s  s o le ly  
in  t h e ir  c o n t e n t  o f  n i t r o g e n  a n d  m in e r a l s ,  
a n d  t h a t  a n y  o t h e r  e f f e c t s  o n  c r o p  g r o w t h  
a r e  in d i r e c t ,  b y  c h a n g i n g  s o i l  s t r u c t u r e  
o r  t h e  w a t e r - h o ld in g  c a p a c i t y  o f  t h e  s o i l .

T h e  a b i l i t y  o f  n i t r o g e n  t o  i n c r e a s e  l e a f  
g r o w t h  w a s  p l a i n l y  e v id e n t  w i t h o u t  
m e a s u r e m e n t ,  b u t  G i lb e r t ’s d e t a i l e d  c h e m i 
c a l  a n a ly s e s  a l s o  p r o v id e d  m u c h  n e w  i n 
f o r m a t i o n  o n  t h e  w a y  i t  a f f e c t e d  l e a f  c o n 
s t i t u t io n ,  n o t  o n ly  i n c r e a s i n g  t h e  c o n t e n t  
o f  n i t r o g e n o u s  s u b s t a n c e s ,  b u t  a l s o  o f  
o t h e r  n u t r ie n t s  a n d  o f  s u g a r s  a n d  s t a r c h .  
T h e y  f u r t h e r  s h o w e d  t h a t  t h e s e  la r g e  e f 
f e c t s  o n  t h e  c o n s t i t u t i o n  o f  l e a v e s  w a s  n o t  
r e f l e c t e d  in  t h e  c o n s t i t u t i o n  o f  t h e  g r a in ,  
f o r  a l t h o u g h  w h e a t  y ie ld s  w e r e  m u c h  
i n c r e a s e d  b y  n i t r o g e n o u s  m a n u r e ,  t h e  c o m 
p o s i t i o n  o f  g r a in  o n  p lo t s  w i t h  a n d  w i t h 
o u t  n i t r o g e n  d i f f e r e d  l i t t le .  F r o m  t h e  c o n 
t in u a t i o n  o f  t h e  e x p e r im e n t s  o v e r  m a n y  
y e a r s ,  L a w e s  a n d  G i lb e r t  a l s o  n o t e d  t h a t  
r e s p o n s e s  t o  t h e  s a m e  m a n u r i n g  v a r ie d  
g r e a t ly ,  w i t h  t h e  r e s u l t s  d e p e n d i n g  m u c h  
o n  t h e  w e a t h e r .  I n  a t t r ib u t in g  a l l  t h e  
e f f e c t s  o f  w e a t h e r  o n  c r o p  g r o w t h  d i r e c t ly  
t o  n u t r i t i o n ,  t h e y  w e r e  in  e r r o r ,  f o r  m a n y  
r e f l e c t  e f f e c t s  o n  t h e  i n c i d e n c e  o f  p e s t s  
a n d  d i s e a s e s ,  b u t  t h e y  d r e w  s o m e  s h r e w d  
c o n c l u s i o n s .  F o r  e x a m p l e ,  t h e y  n o t e d  h o w  
n i t r o g e n  w a s  l e a c h e d  f r o m  t h e  s o i l  d u r in g  
w e t  w in t e r s  a n d  t h e  n e e d  t o  a l l o w  f o r  
t h is  in  m a n u r i n g ,  s o m e t h i n g  m a n y  f a r 
m e r s  s t i l l  f a i l  t o  d o .
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T h e i r  e x p e r i m e n t  o n  o ld  p a s t u r e ,  w h i c h  
l ik e  t h e  o n e  w it h  w h e a t  o n  B r o a d b a lk  
s t i l l  c o n t i n u e s ,  w a s  o u t s t a n d in g ,  n o t  
s i m p l y  f o r  s h o w i n g  h o w  m a n u r i n g  a f 
f e c t e d  t h e  y i e ld  o f  h a y ,  b u t  m u c h  m o r e  
s o  f o r  i t s  d r a m a t i c  d e m o n s t r a t i o n  o f  h o w  
d i f f e r e n t ia l  m a n u r i n g  c h a n g e d  t h e  c o m 
p o s i t i o n  o f  t h e  s w a r d .  P a r k  G r a s s  o r i 
g i n a l l y  h a d  a  r i c h  f l o r a  o f  g r a s s e s ,  
l e g u m e s  a n d  w e e d s ,  a s  t h e  u n m a n u r e d  
p lo t  s t i l l  h a s .  F e r t i l i z e r s  r a p id ly  a l t e r e d  
t h e  p r o p o r t i o n s  o f  t h e s e  t h r e e  c o m p o 
n e n t s ;  n i t r o g e n  s u p p r e s s e d  t h e  l e g u m e s  
a n d  w e e d s ,  w h e r e a s  p o t a s h  a n d  p h o s 
p h a t e  w i t h o u t  n i t r o g e n  in c r e a s e d  t h e  l e g 
u m e s .  A m m o n i u m  s u lp h a t e  s o o n  p r o 
d u c e d  a  s w a r d  t h a t  w a s  a lm o s t  w h o l l y  
g r a s s ,  b u t  t h e  s p e c ie s  d e p e n d e d  o n  w h e t h e r  
it  w a s  g iv e n  a l o n e  o r  w i t h  p h o s p h a t e  a n d /  
o r  p o t a s h ,  a n d  t h e  e x t e n t  t o  w h i c h  i t  
a c id i f i e d  t h e  s o i l .  F o r  e x a m p l e ,  b e l o w  p H
4 .1 ,  A g r o s t i s  t e n u i s  d o m i n a t e d  w h e r e  o n ly  
n i t r o g e n  w a s  g iv e n ,  b u t  H o l c u s  la n a t u s  
w h e r e  p o t a s h  a n d  p h o s p h a t e  w e r e  a d d e d ;  
b e t w e e n  p H  4  a n d  6 , t h e r e  w e r e  m o r e  s p e 
c i e s ,  w i t h  A l o p e c u r u s  p r a t e n s i s  t h e  m o s t  
c o m m o n  g iv e n  f u l l  m a n u r i n g  b u t  s u p 
p la n t e d  b y  F e s t u c a  r u b r a  o n  p l o t s  l a c k i n g  
p h o s p h a t e  a n d  p o t a s h ;  a b o v e  p H  6 , t h e  
s w a r d  w a s  s t i l l  m o r e  m i x e d  a n d  n o  s p e 
c i e s  d o m i n a t e d ,  b u t  A . p r a t e n s i s  a g a in  
w a s  o n  p lo t s  g i v e n  p h o s p h a t e  a n d  p o t a s h .

I n  d e n y i n g  L i e b ig ’ s  “ m in e r a l s  o n l y ”  
t h e o r y  a n d  i n  t h e ir  i n s i s t e n c e  o n  t h e  p a r a 
m o u n t  i m p o r t a n c e  t o  c r o p s  o f  n i t r o g e n  
m a n u r i n g ,  L a w Te s  a n d  G i lb e r t  w e r e  g u id e d  
s o le ly  b y  t h e  r e s u l t s  o f  t h e ir  e x p e r im e n t s  
a n d  o b s e r v a t i o n s .  T h e y  w e l l  k n e w  t h a t  
t h e  g r o w i n g  o f  l e g u m e s  l e f t  a  r e s id u e  o f  
n i t r o g e n  in  t h e  s o i l  f o r  s u c c e e d i n g  c r o p s ,  
a n d  t h e y  w e r e  n o t  p r e j u d i c e d  a g a in s t  t h e  
i d e a  t h a t  p la n t s  m ig h t  a s s im i la t e  n i t r o g e n  
f r o m  t h e  a ir .  I n d e e d ,  w h e n  w r i t in g  in  
1 8 4 7  a b o u t  s o u r c e s  o f  a m m o n i a ,  L a w e s  
s a id  “ b y  c u l t i v a t i n g  t u r n ip s  a n d  t h e  l e g 
u m i n o u s  p la n t s ,  a  la r g e  a m o u n t  o f  t h is  
s u b s t a n c e  is  c o l l e c t e d  b y  t h e m  f r o m  t h e  
a t m o s p h e r e . ”

T h e  e x p l a n a t i o n  o f  t h e  e x t r a  n i t r o g e n  
g a in e d  b y  l e g u m i n o u s  p la n t s  e lu d e d  t h e m , 
b u t  t h e y  a b a n d o n e d  t h e  id e a  o f  a s s im i la 
t i o n  f r o m  t h e  a ir  b e c a u s e  o f  t h e  r e s u l t s  
o f  c r i t i c a l  e x p e r im e n t s  d o n e ,  i n  c o n j u n c 
t i o n  w i t h  a  v i s i t in g  A m e r i c a n  s c ie n t i s t ,  
E v a n  P u g h ,  o n  p la n t s  i n  p o t s .  T h e  p la n t s

w e r e  g r o w n  in  b u r n t  s o i l  a n d  k e p t  i n  a n  
e n c l o s e d  s y s t e m  t o  p r e v e n t  a n y  e x t e r n a l  
f o r m s  o f  c o m b i n e d  n i t r o g e n  r e a c h i n g  
t h e m . E v e r y t h in g  w a s  a n a ly s e d  in  d e t a i l  
a n d  t h e  r e s u l t s  s h o w e d  c l e a r ly  t h a t  n e i t h e r  
l e g u m e s  n o r  o t h e r  p la n t s  g a in e d  n i t r o g e n  
f r o m  t h e  a ir .  I n d e e d ,  in  t h e s e  c i r c u m 
s t a n c e s  l e g u m e s  g r e w  le s s  w e l l  t h a n  o t h e r  
p la n t s .  T h e  e x p e r i m e n t s  w e r e  m a g n i f 
i c e n t l y  d o n e  b u t  t h e  p r e c a u t i o n s  t a k e n  t o  
m a k e  t h e  r e s u l t s  r e l ia b le  c h e m i c a l l y  m a d e  
t h e m  i r r e l e v a n t  t o  w h a t  h a p p e n s  i n  f ie ld  
s o i l s ;  b y  b u r n i n g  t h e  s o i l  b e f o r e  u s e ,  t h e y  
k i l l e d  a n y  R h i z o b i u m  s p .  a n d  s o  n o t  o n ly  
d e s t r o y e d  t h e ir  c h a n c e s  o f  d i s c o v e r i n g  t h e  
m a i n  n a t u r a l  s o u r c e  o f  c o m b i n e d  n i t r o g e n  
in  t h e  s o i l ,  b u t  s e t  t h e m s e lv e s  o f f  o n  m a n y  
f r u i t l e s s  s e a r c h e s  f o r  o t h e r  e x p l a n a t i o n s  
o f  t h e  a c t i o n  o f  l e g u m i n o u s  c r o p s .  G i lb e r t  
w a s  p r e s e n t  a t  t h e  m e e t i n g  i n  1 8 8 6  w h e n  
H e l l r i e g e l  a n d  W i l l g a r t h  r e p o r t e d  t h e  s y m 
b i o t i c  a s s o c i a t i o n  b e t w e e n  R h i z o b i u m  a n d  
l e g u m e s  t h a t  l e a d s  t o  n i t r o g e n  f i x a t i o n  
in  t h e  r o o t  n o d u le s .  I t  s a y s  m u c h  f o r  h is  
r e c e p t i v e  m i n d  a n d  e n e r g y  t h a t ,  a l t h o u g h  
o v e r  7 0 ,  h e  im m e d i a t e l y  b e g a n  a  s e r ie s  o f  
e x p e r im e n t s  t h a t  n o t  o n l y  c o n f i r m e d  b u t  
e x t e n d e d  t h e  r e s u l t s  o f  H e l l r i e g e l  a n d  
W il lg a r t h .

A l t h o u g h  m o s t  o f  L a w e s ’ a n d  G i lb e r t ’ s 
w o r k  w a s  d o n e  a t  R o t h a m s t e d ,  t h e y  
p la y e d  a  l e a d i n g  r o le  i n  d e s i g n i n g  e x p e r i 
m e n t s  a t  W o b u r n ,  w h e r e  i n  1 8 7 6  t h e  
R o y a l  A g r i c u l t u r a l  S o c i e t y  o f  E n g l a n d  e s 
t a b l i s h e d  a  r e s e a r c h  s t a t io n ,  w h i c h  is  
n o w  a  p a r t  o f  R o t h a m s t e d .  T h e  c e n t r a l  
p r o b l e m  t h e r e  w a s  t o  m e a s u r e  t h e  r e s id u a l  
v a lu e  o f  m a n u r e s  a n d  o f  f o o d  f e d  t o  c a t t l e ,  
s o  t h a t  o u t g o i n g  t e n a n t s  c o u l d  b e  p r o p e r ly  
c o m p e n s a t e d ,  b u t  L a w e s  a n d  G i lb e r t  a ls o  
t o o k  t h e  o p p o r t u n i t y  o f  d u p l i c a t i n g  o n  t h e  
l i g h t  l a n d  t h e r e  m a n y  o f  t h e  e x p e r im e n t s  
d o n e  o n  t h e  h e a v y  l a n d  a t  R o t h a m s t e d .  
A t  t h e  r e q u e s t  o f  t h e  G o v e r n m e n t  t h e y  
a l s o  u n d e r t o o k  a  m a j o r  s e r ie s  o f  e x p e r i 
m e n t s  i n  w h i c h  t h e y  a s s e s s e d  t h e  m a -  
n u r ia l  v a lu e  o f  s e w a g e .  H e r e  i t  i s  p o s 
s ib le  o n ly  t o  in d i c a t e  t h e  s c o p e  o f  t h e ir  
w o r k ,  a n d  i m p o s s ib l e  t o  s u m m a r i s e  t h e  
d e t a i l e d  r e s u l t s  o n  c r o p  n u t r i t i o n  t h e y  r e 
p o r t e d  in  m o r e  t h a n  1 0 0  p u b l i c a t i o n s ,  
m o s t l y  in  t h e  J o u r n a l  o f  t h e  R o y a l  A g 
r i c u l t u r a l  S o c i e t y  a n d  t h e  P h i l o s o p h i c a l  
T r a n s a c t i o n s  o f  t h e  R o y a l  S o c i e t y .
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A N IM A L  N U T R IT IO N
T h e  w o r k  o f  L a w e s  a n d  G i lb e r t  o n  a n i 

m a l  n u t r i t i o n  is  a lm o s t  a s  n o t a b le  a s  
t h e ir  w o r k  w it h  c r o p s  a n d  f e r t i l i z e r s ,  a n d  
w o u ld  h a v e  e n s u r e d  t h e m  a  p la c e  i n  th e  
h i s t o r y  o f  s c i e n c e  h a d  t h e y  d o n e  n o t h i n g  
e ls e .  T h e r e  a r e  s e v e r a l  r e a s o n s  w h y  i t  is  
le s s  w id e ly  k n o w n  t h a n  t h e i r  w o r k  o n  
c r o p  n u t r i t i o n .  F ir s t ,  a l t h o u g h  t h e y  s t u d 
ie d  a n im a l  n u t r i t i o n  d u r in g  m a n y  y e a r s ,  
th e  s u b je c t  w a s  a  m a j o r  a c t i v i t y  o n l y  in  
th e  m id d le  y e a r s  o f  t h e i r  c o l l a b o r a t i o n  
a n d  w a s  n o t  c o n t i n u e d  a t  R o t h a m s t e d  a f t e r  
t h e ir  d e a t h s .  S e c o n d l y ,  t h e  r e s u l t s  c o u l d  
b e  o b t a in e d  o n ly  f r o m  t h e i r  p u b l i s h e d  
p a p e r s ,  i n  r e c o r d s  o f  w e ig h t s  a n d  a n a ly t i 
c a l  m e a s u r e m e n t s ,  n o t  a s  in  t h e  f e r t i l i z e r  
e x p e r i m e n t s  w h e r e  la r g e  e f f e c t s  w e r e  
c l e a r l y  d e m o n s t r a t e d  s im p ly  b y  l o o k i n g  a t  
t h e  g r o w i n g  c r o p s .  T h i r d l y ,  a l t h o u g h  t h e i r  
w o r k  p r o d u c e d  m u c h  n e w  i n f o r m a t i o n  
a n d ,  e q u a l ly  i m p o r t a n t ,  d e s t r o y e d  s e v e r a l  
m y t h s ,  i t  d id  n o t  h a v e  t h e  im m e d i a t e  p r a c 
t i c a l  c o n s e q u e n c e s  o f  t h e i r  w o r k  o n  c r o p  
n u t r i t i o n .

T h e i r  w o r k  s t a r t e d  in  1 8 4 8  w h e n  t h e y  
c o m p a r e d  t h e  f a t t e n i n g  c a p a c i t y  o f  d i f 
f e r e n t  b r e e d s  o f  s h e e p  i n  n o r m a l  f a r m i n g  
c o n d i t i o n s ,  b y  m e a s u r i n g  t h e  r a t io  o f  f o o d  
e a t e n  t o  l i v e - w e ig h t  i n c r e a s e ,  b u t  it  s o o n  
e x t e n d e d  t o  m o r e  t h o r o u g h  w o r k ,  n o t  o n ly  
w i t h  s h e e p ,  b u t  a l s o  w i t h  p ig s  a n d  o x e n .  
A t  t h is  t im e  t h e  r e la t iv e  i m p o r t a n c e  a n d  
r o le s  o f  d i f f e r e n t  c o n s t i t u e n t s  o f  f o o d  f o r  
a n im a ls  w a s  u n e s t a b l i s h e d  a n d  a  s u b je c t  
o f  c o n t r o v e r s y .  H o w e v e r ,  i t  w a s  w id e ly  
a c c e p t e d  t h a t  t h e  m o s t  i m p o r t a n t  f a c t o r  
w a s  t h e  a m o u n t  o f  n i t r o g e n o u s  s u b s t a n c e s  
a n d  t h a t  t h e r e  w a s  n e e d  t o  k n o w  o n ly  
t h is  t o  a s s e s s  t h e  r e la t iv e  v a lu e  o f  d i f f e r 
e n t  f o o d s .  F a t  in  t h e  a n im a l  w a s  a s s u m e d  
b y  m o s t  p e o p l e  t o  c o m e  f r o m  f a t  o r  n i t r o g 
e n o u s  s u b s t a n c e s  in  t h e  f o o d ;  in  t h e  c o n 
t r o v e r s y  o v e r  t h is ,  L a w e s  a n d  G i lb e r t  
f o u n d  t h e m s e lv e s  o n  t h e  s id e  o f  L ie b ig ,  
a n d  t h e i r  e x p e r i m e n t s  o n  t h e  f a t t e n i n g  o f  
p i g s  p r o d u c e d  t h e  e v i d e n c e  t o  s u p p o r t  h is  
a s s e r t i o n  t h a t  f a t  in  t h e  a n im a l  b o d y  c a n  
b e  s y n t h e s iz e d  f r o m  c a r b o h y d r a t e  i n  t h e  
f o o d .  H o w e v e r ,  in  a n o t h e r  c o n t r o v e r s ia l  
s u b je c t ,  t h e  s o u r c e  o f  e n e r g y  f o r  m u s c u 
la r  e f f o r t ,  t h e y  w e r e  a g a in  in  c o n f l i c t  w i t h  
L i e b i g ,  w h o  m a i n t a i n e d  t h a t  it  c a m e  
f r o m  m u s c l e  s u b s t a n c e ,  w h e r e a s  t h e y  c o n 
s id e r e d  it  c a m e  m a i n l y  f r o m  n o n - n i t r o g 

e n o u s  m a t e r ia l s .  T h e y  a d v a n c e d  v a r io u s  
r e a s o n s  in  s u p p o r t  o f  t h e i r  i d e a s ,  b u t  r e 
g a r d e d  a s  c o n c l u s i v e  t h e  r e s u l t s  o f  th e ir  
e x p e r im e n t s  in  w h i c h  p ig s  f e d  v e r y  d i f f e r 
e n t  a m o u n t s  o f  p r o t e in  e x c r e t e d  n i t r o g e n  
r o u g h l y  in  p r o p o r t i o n  to  t h e  a m o u n t  t h e y  
w e r e  f e d  a n d  q u i t e  in d e p e n d e n t ly  o f  t h e ir  
m u s c u l a r  a c t iv i t y .

L a w e s  a n d  G i lb e r t  w e r e  a ls o  t h e  f ir s t  to  
s h o w  t h a t  n o t  a l l  p r o t e in s  w e r e  o f  e q u a l  
n u t r i t iv e  v a lu e .  T h i s  t h e y  d id  b y  f e e d i n g  
p ig s  o n  e i t h e r  le n t i l  m e a l  c o n t a i n i n g  4 %  
p r o t e in  o r  b a r le y  m e a l  c o n t a i n i n g  2 % .  
F r o m  t h e  t o t a l  f o o d  e a t e n ,  t h e y  c a l c u la t e d  
t h e  n i t r o g e n  in t a k e  a n d ,  a f t e r  t h e  p ig s  
h a d  b e e n  o n  th e  d i f f e r e n t  d ie t s  f o r  a  w h i l e ,  
t h e y  m e a s u r e d  t h e  a m o u n t  o f  n i t r o g e n  
e x c r e t e d .  T h e  p i g  g i v e n  l e n t i l  m e a l  e x 
c r e t e d  m o r e  t h a n  t w i c e  a s  m u c h  u r e a  a s  
t h e  o n e  g iv e n  b a r le y  m e a l ,  s h o w i n g  t h a t  
t h e  p r o p o r t i o n s  o f  t h e  t o t a l  n i t r o g e n  i n  th e  
t w o  f o o d s  r e t a in e d  a n d  c o n v e r t e d  in t o  
p i g  m e a t  d i f f e r e d  g r e a t ly .  T h e  s i g n i f i c a n c e  
o f  t h e i r  c o n c l u s i o n ,  h o w e v e r ,  f o r  l o n g  w e n t  
u n a p p r e c ia t e d  b y  n u t r i t i o n i s t s ,  w h o  c o n 
t in u e d  t o  a s s u m e  t h a t  a l l  p r o t e in s  w e r e  
e q u a l .

A s  w i t h  t h e  w h e a t  o n  B r o a d b a lk  f i e ld ,  
s o  w i t h  t h e  a n im a ls ,  L a w e s  a n d  G i lb e r t  a t 
t e m p t e d  t o  c o m p i l e  a  b a l a n c e  s h e e t ,  s h o w 
i n g  t h e  f a t e  o f  f o o d  e a t e n ,  w h e t h e r  i t  w a s  
e x c r e t e d  o r  r e t a in e d  in  t h e  b o d y  a n d  w h e n  
r e t a in e d  i n  w h a t  f o r m  a n d  w h e t h e r  i t  w a s  
u s e d  t o  s u s t a in  t h e  a n im a l  o r  t o  a d d  t o  
i t s  w e ig h t .  T h i s  w o r k  e n t a i l e d  e n o r m o u s  
n u m b e r s  o f  d r y -m a t t e r  m e a s u r e m e n t s  a n d  
d e t e r m in a t i o n s  o f  t h e  a s h  a n d  n i t r o g e n  
in  t h e  f o o d ,  f e c e s  a n d  u r in e .  P r o b a b ly  t h e i r  
m o s t  l a b o r i o u s  p i e c e  o f  w o r k ,  h o w e v e r ,  
w a s  t o  d e t e r m in e  t h e  c o m p o s i t i o n  o f  w h o le  
b o d i e s  o f  a n im a ls  o f  d i f f e r e n t  a g e s  a n d  
i n  d i f f e r e n t  c o n d i t i o n s  o f  f a t n e s s .  T h e y  
s e p a r a t e d  a n d  w e i g h e d  t h e  a m o u n t s  o f  
d i f f e r e n t  o r g a n s  o r  p a r t s  in  2  c a l v e s ,  2  

h e i f e r s ,  1 4  b u l l o c k s ,  1 la m b ,  2 4 9  s h e e p  
a n d  5 9  p ig s .  In  1 c a l f ,  2  b u l l o c k s ,  1 l a m b .  
4  s h e e p  a n d  2  p ig s ,  t h e y  a l s o  a n a ly z e d  
e a c h  p a r t  a n d  o r g a n  to  f in d  t h e  p r o p o r t i o n s  
o f  w a t e r ,  m in e r a l s ,  f a t  a n d  n i t r o g e n o u s  
s u b s t a n c e s .  T h i s  w o r k  n o t  o n ly  p r o v id e d  
t h e  f ir s t  f a c t u a l  i n f o r m a t i o n  o n  t h e  c o m 
p o s i t i o n  o f  f a r m  a n im a ls  a n d  h o w  t h e ir  
c o m p o s i t i o n  c h a n g e s  w i t h  a g e  a n d  w it h  
d e g r e e  o f  f a t n e s s ,  b u t  t h e ir  r e s u l t s  f o r
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l o n g  r e m a in e d  t h e  s t a n d a r d  t e x t b o o k  
f ig u r e s .

I n t e r e s t e d  a s  t h e y  w e r e  i n  b o t h  c r o p s  
a n d  a n im a ls ,  t h e ir  w o r k  e x t e n d e d  b e y o n d  
t h e  e f f e c t s  o f  v a r i o u s  a n im a l  f o o d s  o n  th e  
g r o w t h  a n d  c o m p o s i t i o n  o f  t h e  a n im a ls  to  
t h e i r  e f f e c t s  o n  t h e  m a n u r ia l  v a lu e  o f  t h e  
a n i m a l ’ s e x c r e t a .  T h e y  c o n c l u d e d  t h a t ,  
f o r  t h e  f a t t e n i n g  o f  c a t t l e ,  p r o v id e d  th e  
d ie t  w a s  n o t  d e f i c i e n t  in  n i t r o g e n o u s  s u b 
s t a n c e s ,  r i c h n e s s  in  d ig e s t ib le  c a r b o h y 
d r a t e s  w a s  t h e  m o s t  im p o r t a n t ,  w h e r e a s  
f o r  t h e  m a n u r e  t o  b e  v a lu a b le  t h e  d ie t  
n e e d e d  t o  b e  r i c h  in  n i t r o g e n .  T h e i r  w id e -  
r a n g i n g  in t e r e s t s  a r e  s h o w n  in  B u l le t in  
n o .  2 2  o f  t h e  U .S . D e p a r t m e n t  o f  A g r i c u l 
t u r e ,  p u b l i s h e d  in  1 8 9 5 ,  w h e r e  G i lb e r t  
s u m m a r i z e d  t h e  m a in  p o in t s  o f  t h e ir  w o r k  
w i t h  a n im a ls  u n d e r  t h e  f o l l o w i n g  s e v e n  
h e a d in g s  :

“ ( 1 )  T h e  a m o u n t  o f  f o o d  a n d  o f  i t s  
s e v e r a l  c o n s t i t u e n t s  c o n s u m e d  i n  r e la t io n  
to  a  g iv e n  l iv e  w e ig h t  o f  a n im a l  w i t h in  a  
g i v e n  t im e .

( 2 )  T h e  a m o u n t  o f  f o o d  a n d  o f  its  
s e v e r a l  c o n s t i t u e n t s  c o n s u m e d  t o  p r o d u c e  
a  g i v e n  a m o u n t  o f  i n c r e a s e  in  l iv e  w e ig h t .

( 3 )  T h e  p r o p o r t i o n  a n d  r e la t iv e  d e 
v e l o p m e n t  o f  t h e  d i f f e r e n t  o r g a n s  o r  p a r t s  
o f  d i f f e r e n t  a n im a ls .

( 4 )  T h e  p r o x im a t e  a n d  u l t im a t e  c o m 
p o s i t i o n  o f  t h e  a n im a ls  i n  d i f f e r e n t  c o n 
d i t i o n s  a s  t o  a g e  a n d  f a t n e s s ,  a n d  t h e  
p r o b a b le  c o m p o s i t i o n  o f  t h e ir  in c r e a s e  in  
l i v e  w e ig h t  d u r in g  t h e  f a t t e n i n g  p r o c e s s .

( 5 )  T h e  c o m p o s i t i o n  o f  t h e  s o l id  a n d  
l i q u i d  e x c r e t a  ( t h e  m a n u r e )  in  r e la t io n  to  
t h a t  o f  t h e  f o o d  c o n s u m e d .

( 6 )  T h e  l o s s  o f  e x p e n d i t u r e  o f  c o n s t i t 
u e n t s  b y  r e s p i r a t i o n  a n d  t h e  c u t a n e o u s  e x 
h a l a t io n s ;  t h a t  i s ,  i n  t h e  m e r e  s u s t e n a n c e  
o f  th e  l i v i n g  m e a t - a n d - m a n u r e - m a k in g  
m a c h in e .

( 7 )  T h e  y i e ld  o f  m i lk  in  r e la t io n  to  th e  
f o o d  c o n s u m e d  to  p r o d u c e  it ,  a n d  t h e  i n 
f l u e n c e  o f  d i f f e r e n t  d e s c r ip t i o n s  o f  f o o d  
o n  t h e  q u a n t i t y  a n d  o n  t h e  c o m p o s i t i o n  
o f  t h e  m i lk . ”

A l t h o u g h  im p r e s s iv e ,  t h is  l is t  o f  t h e ir  
i n t e r e s t s  is  f a r  f r o m  c o m p le t e .  I t  n e e d s  
s u p p l e m e n t i n g  a t le a s t  to  th e  e x t e n t  o f  
s a y i n g  t h e y  a l s o  c o m p a r e d  t h e  f e e d i n g  
v a lu e  o f  h a y  a n d  s i la g e ,  a n d ,  a t  t h e  r e q u e s t  
o f  t h e  G o v e r n m e n t ,  t h e y  s t u d ie d  t h e  e f 

f e c t  o f  m a l t in g  o n  t h e  n u t r i t iv e  v a lu e  o f  
b a r le y .  M a lt  w a s  g e n e r a l l y  b e l i e v e d  t o  b e  
t h e  m o r e  n u t r i t i o u s ,  b u t  t h e y  d i s p r o v e d  
t h is  b y  m e a s u r i n g  t h e  lo s s  o f  d r y  m a t t e r  
d u r in g  m a l t in g  a n d  s h o w i n g  t h a t ,  p e r  u n it  
o f  d r y  m a t t e r ,  m a l t e d  a n d  u n m a l t e d  b a r le y  
h a d  th e  s a m e  f o o d  v a lu e .  T h e i r  a t 
t e n t i o n  t o  d e t a i l  a n d  d e s ir e  to  p u t  e v e r y 
t h in g  t o  t h e  t e s t  is  w e l l  e v i d e n c e d  b y  t h e i r  
e x p e r im e n t s  w i t h  c o n d i m e n t s ,  s h o w i n g  
t h e s e  a d d e d  n o t h i n g  to  t h e  n u t r i t i v e  v a lu e  
o f  f o o d .

TH E  JUBILEE

N e i t h e r  L a w e s  n o r  G i lb e r t  s o u g h t  h o n 
o u r s  b u t  s e v e r a l ly  a n d  j o i n t l y  t h e y  r e c e i v e d  
t h e m  i n  q u a n t i t y .  L a w e s  w a s  c r e a t e d  a  
B a r o n e t  a n d  G i lb e r t  r e c e i v e d  a  K n ig h t 
h o o d .  E a c h  w a s  g iv e n  a n  h o n o r a r y  d e g r e e  
f r o m  s e v e r a l  u n iv e r s i t i e s  a n d  w a s  m a d e  
a n  h o n o r a r y  m e m b e r  o f  m a n y  a c a d e m ie s .  
E a c h  w a s  e l e c t e d  to  F e l l o w s h ip  o f  th e  
R o y a l  S o c i e t y  a n d  jo i n t l y  t h e y  w e r e  
a w a r d e d  a  R o y a l  M e d a l .  T h e  R o y a l  S o 
c i e t y  o f  A r t s  a ls o  j o i n t l y  a w a r d e d  t h e m  
it s  g r e a t e s t  h o n o r ,  t h e  A lb e r t  G o ld  M e d a l .

A  u n iq u e  o c c a s i o n  w a s  t h e  J u b i le e  C e le 
b r a t i o n ,  h e ld  a t  R o t h a m s t e d  o n  2 9  J u ly  
1 8 9 3 ,  w h e n  a  v e r y  d i s t in g u i s h e d  c o m p a n y ,  
h e a d e d  b y  t h e  P r e s id e n t  o f  t h e  B o a r d  o f  
A g r i c u l t u r e ,  g a t h e r e d  t o  d o  t h e m  h o n o r .  
U n l ik e  t h e  o c c a s i o n  i n  1 8 5 5 ,  w h e n  th e  
T e s t i m o n i a l  L a b o r a t o r y  w a s  o p e n e d  a n d  it  
w a s  l e f t  to  L a w e s  to  p a y  t r ib u t e  t o  G i lb e r t ,  
t h is  o n e  h o n o r e d  t h e m  j o in t l y .  L a w e s  
w a s  p r e s e n t e d  w i t h  h i s  p o r t r a i t ,  G i lb e r t  
w i t h  a  s i lv e r  s a lv e r ,  a n d  c o n g r a t u l a t o r y  
a d d r e s s e s  w e r e  r e a d  f r o m  m a n y  l e a r n e d  
s o c ie t i e s .  T h e  m a in  t e s t im o n ia l  t o o k  t h e  
f o r m  o f  a  g r a n i t e  m o n o l i t h ,  i n s c r i b e d  “ T o  
c o m m e m o r a t e  t h e  c o m p l e t i o n  o f  f i f t y  y e a r s  
o f  c o n t i n u o u s  e x p e r im e n t s  ( t h e  f i r s t  o f  
t h e i r  k i n d )  in  a g r i c u l t u r e  c o n d u c t e d  a t 
R o t h a m s t e d  b y  S ir  J o h n  B e n n e t  L a w e s  a n d  
J o s e p h  H e n r y  G i lb e r t . ”

F r o m  th e  a d d r e s s  t o  L a w e s ,  s ig n e d  b y  
t h e  P r in c e  o f  W a l e s  o n  b e h a l f  o f  s u b s c r i 
b e r s  to  t h e  J u b i le e  F u n d ,  w h o  c a m e  f r o m  
t h e  w o r l d  o v e r ,  w e  m a y  f i t t in g ly  q u o t e  a 
p a r a g r a p h : “ T h e  M e m o r ia l  w h i c h  is  n o w  
e r e c t e d ,  w i l l ,  it  is  h o p e d ,  p r e s e r v e  y o u r  
j o i n t  n a m e s  i n  h o n o r e d  r e m e m b r a n c e  f o r  
c e n t u r i e s  t o  c o m e ,  w h i le  t h e  p o r t r a i t  w i l l  
h a n d  d o w n  t o  fu t u r e  g e n e r a t i o n s  t h e  l i k e 
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n e s s  o f  o n e  o f  t h e  m o s t  d i s in t e r e s t e d  a s  
w e l l  a s  t h e  m o s t  s c i e n t i f i c  o f  o u r  p u b l i c  
b e n e f a c t o r s . ”  A n d  f r o m  h is  a d d r e s s  t o  G i l 
b e r t :  “ I f  t h e  i n s t i t u t i o n  o f  t h e  v a r io u s  i n 
v e s t i g a t i o n s  a n d  e x p e r im e n t s  c a r r i e d  o u t  
a t  R o t h a m s t e d  h a s  b e e n  d u e  t o  S ir  J o h n  
L a w e s ,  t h e ir  u l t im a t e  s u c c e s s  h a s  b e e n  in  
a  g r e a t  m e a s u r e  s e c u r e d  b y  y o u r  s c i e n 
t i f ic  s k il l  a n d  u n r e m i t t in g  in d u s t r y .

“ A  c o l l a b o r a t i o n  s u c h  a s  y o u r s  w i t h  S ir  
J o h n  L a w e s ,  a l r e a d y  e x t e n d i n g  o v e r  a  
p e r i o d  o f  u p w a r d s  o f  f i f t y  y e a r s ,  is  u n e x 
a m p le d  in  t h e  a n n a ls  o f  s c i e n c e .  I  v e n 
t u r e  t o  h o p e  f o r  a n  e x t e n d e d  p r o l o n g a t i o n  
o f  t h e s e  j o i n t  l a b o r s ,  a n d  t r u s t  t h a t  t h e  
n a m e s  o f  L a w e s  a n d  G i lb e r t ,  w h i c h  f o r  s o  
m a n y  y e a r s  h a v e  b e e n  a lm o s t  in s e p a r a b le ,  
m a y  s u r v iv e  in  h a p p y  c o n j u n c t i o n  f o r  
c e n t u r i e s  t o  c o m e . ”

L a w e s  a n d  G i lb e r t  c o u l d  n o t  h a v e  h a d  
s u c h  f u l l  a n d  a c t iv e  l i v e s  h a d  t h e y  n o t  
b e e n  u n u s u a l l y  h a le .  W r i t i n g  o f  L a w e s ,  h is  
c o l l e a g u e  R . W a r in g t o n  s a id :  “ W h e n  p a s t  
8 5  h e  s t i l l  e x h ib i t e d  f e w  o f  t h e  in f i r m i t ie s  
o f  o l d  a g e ; ”  a n d  o f  h i s  in t e r e s t s  a n d  p e r 
s o n a l i t y ,  W a r in g t o n  s a i d :  “ H e  w a s  a  k e e n  
o b s e r v e r  a n d  k n e w  t h e  e x p e r i m e n t a l  f ie ld s  
b e t t e r  t h a n  a n y  o f  t h e  R o t h a m s t e d  w o r k e r s .  
N o t  t h e  f i e ld s  o n ly ,  b u t  t h e  b ir d s  a n d  e v e r y  
l i v i n g  t h in g  o n  t h e  e s t a t e .  T h e  la r g e  
a m o u n t  o f  b u s in e s s  h e  w a s  a b le  t o  g e t  
t h r o u g h  w a s  in  n o  s m a l l  d e g r e e  d u e  to  
h is  c a l m  a n d  c h e e r f u l  t e m p e r a m e n t ,  w h ic h  
n o  d i s a s t e r  s e e m e d  t o  d is t u r b .  T h i s  q u ie t ,  
s e l f - c o n t a i n e d  t e m p e r a m e n t  s o m e t im e s  a p 
p e a r e d  a s  r e s e r v e  o r  e v e n  s h y n e s s ,  a n d  le d  
t o  a  r e l u c t a n c e  to  a c c e p t  p u b l i c  p o s i t i o n s  
a n d  t o  t a k e  p a r t  in  p u b l i c  f u n c t i o n s ;  b u t  
h is  w o r k  d o u b t l e s s  g a in e d  b y  h is  r e f u s a l  
t o  e x p e n d  h is  e n e r g y  o n  o u t s id e  o c c u p a 
t io n s . T h e  r e s e r v e  w e  h a v e  m e n t i o n e d  w a s ,  
h o w e v e r ,  a m o o d  r a t h e r  t h a n  a c h a r a c t e r ,  
a n d  d i s a p p e a r e d  t h e  in s t a n t  h e  w a s  a p 
p e a le d  to  b y  a n y  s c i e n t i f i c  o r  b e n e v o le n t  
q u e s t io n .  T o  s p e a k  t o  h im  o f  a g r i c u l t u r a l  
s c i e n c e  w o u ld  a t  o n c e  o p e n  th e  s t o r e h o u s e  
o f  t h o u g h t  a n d  l e a d  t o  a  d i s c o u r s e  o f  
r e a d y  e l o q u e n c e ,  in t e r s p e r s e d  w i t h  s h r e w d  
o b s e r v a t i o n s  a n d  h u m o r o u s  r e m a r k s . ”

G i lb e r t ,  t o o ,  s h o w e d  f e w  in f i r m i t i e s ,  
f o r  s o o n  a f t e r  th e  J u b i le e  C e l e b r a t i o n s  h e  
v i s i t e d  t h e  U .S .A .  t o  g iv e  l e c t u r e s  u n d e r  
t h e  p r o v i s i o n  m a d e  b y  L a w e s  in  h is  T r u s t  
D e e d  f o r  t h e  p u r p o s e .  H is  s ix  l e c t u r e s

w e r e  p u b l i s h e d  in  1 8 9 5  a s  B u l le t in  n o .  2 2  
o f  t h e  U n i t e d  S ta te s  D e p a r t m e n t  o f  A g 
r i c u l t u r e .  M a jo r  H . E . A lv o r d ,  t h e n  c h a i r 
m a n  o f  t h e  e x e c u t iv e  c o m m i t t e e  o f  t h e  A s 
s o c i a t i o n  o f  A m e r i c a n  A g r i c u l t u r a l  C o l 
l e g e s  a n d  E x p e r im e n t  S t a t io n s ,  w r o t e :  
“ T h e  l e c t u r e s  c o m p r i s e  t h e  o n ly  c o n d e n s e d ,  
c a r e f u l l y  p r e p a r e d ,  a n d  a u t h o r i z e d  r e v ie w  
o f  t h e  f a m o u s  in v e s t i g a t i o n s  b y  L a w e s  a n d  
G i lb e r t  f o r  h a l f  a  c e n t u r y  a t R o t h a m s t e d .  
T h e y  c o n s t i t u t e  a n  e x t r e m e ly  v a lu a b le  a n d  
t r u ly  u n iq u e  c o n t r i b u t i o n  t o  t h e  l i t e r a t u r e  
o f  e x p e r im e n t a l  a g r i c u l t u r e . ”  M a jo r  A l -  
v o r d ’s u s e  o f  t h e  w o r d  “ c o n d e n s e d ”  w a s  
c o r r e c t  b u t  c o u l d  b e  m i s l e a d i n g ;  t h e  B u l 
l e t in  r u n s  t o  3 1 6  p a g e s  o f  n o t  v e r y  la r g e  
p r in t  a n d  h a s  8 5  t a b le s ;  it s  p r e p a r a t i o n  
w a s  n o  m e a n  f e a t  f o r  a  m a n  n e a r i n g  7 8 ,  
a n d  t h e  m a n n e r  o f  h is  w r i t i n g  s h o w s  n o  
f a l l i n g  o f f  in  v i g o u r  o r  d e l ig h t  in  c o n t r o 
v e r s y .

B o t h  m e n  r e m a i n e d  a c t iv e  t i l l  t h e  e n d  
o f  t h e i r  l iv e s .  L a w e s  d ie d  o n  3 1  A u g u s t  
1 9 0 0 ,  a f t e r  a b r i e f  i l ln e s s .  T h e  e n d  o f  
t h e ir  l o n g  a s s o c i a t i o n  w a s  a  g r e a t  b l o w  
to  G i lb e r t  a n d  a l t h o u g h ,  w i t h  h i s  c h a r a c 
t e r is t i c  p e r s e v e r a n c e ,  h e  k e p t  t h e  R o t h a m 
s t e d  e x p e r im e n t s  g o i n g  f o r  a n o t h e r  y e a r ,  
h i s  h e a l t h  t h e n  f a i l e d  a n d  h e  d ie d  o n  2 3  
D e c e m b e r  1 9 0 1 .  L ik e  L a w e s ,  h e  w a s  
b u r ie d  in  t h e  c h u r c h y a r d  a t  H a r p e n d e n .

T h e i r  u n iq u e  p a r t n e r s h ip  d id  m o r e  
t h a n  s im p ly  p r o d u c e  n e w  i n f o r m a t i o n  o n  
th e  n u t r i t i o n  o f  c r o p s  a n d  a n im a ls .  It  
r e v o lu t i o n i z e d  t h e  m a n u r i n g  o f  c r o p s  a n d  
it  s e t  a  t r a d i t io n  f o r  a c c u r a c y  in  a g r i c u l 
t u r a l  r e s e a r c h .  T h e y  w e r e  m o d e s t  a b o u t  
t h e ir  a c h i e v e m e n t s ,  r e a l i s in g  n o t  o n l y  th e  
m a n y  p r o b l e m s  t h a t  r e m a in e d  u n s o lv e d ,  
b u t  t h a t  o t h e r  m e t h o d s  t h a n  t h e ir s  w o u ld  
b e  n e e d e d  t o  s o lv e  t h e m . L e t  L a w e s  h a v e  
t h e  la s t  w o r d ;  w r i t in g  in  1 8 8 8  a b o u t  L ie 
b i g ’ s b o o k  p u b l i s h e d  in  1 8 4 0 ,  o n  A g r i c u l 
t u r a l  C h e m is t r y ,  h e  s a id :  “ N e a r ly  f i f t y  
y e a r s  h a v e  p a s s e d  s in c e  t h a t  b o o k  w a s  
w r i t t e n .  It  w a s  a  b o ld  w o r k ;  a n d  f o r  s o m e  
y e a r s  a f t e r w a r d  e v e r y o n e  c o u l d  g iv e  c o n 
f id e n t  o p i n i o n s  u p o n  a l l  s u b je c t s  r e la t in g  
t o  a g r i c u l t u r e  —  b u t  w h e r e  a r e  w e  n o w ?  
H a v e  w e  a  f o u n d a t i o n  la id ,  a n d  c a n  w e  
s a y  t h a t  s u c h  a  t h in g  e x i s t s  a s  a s c i e n c e  
o f  a g r i c u l t u r e ?  A n o t h e r  h a l f - c e n t u r y  w i l l  
d o u b t l e s s  s h o w  m o r e  r a p id  p r o g r e s s ,  a s  
t h e r e  a r e  s o  m a n y  m o r e  b r a in s  a t  w o r k  o n
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t h e  s u b je c t  i n  v a r i o u s  p a r t s  o f  t h e  w o r ld ;  
b u t  w h e n  w e  c o n s i d e r  t h a t  a lm o s t  e v e r y  
o t h e r  s c i e n c e  c o n t r ib u t e s  i t s  s h a r e  t o  f o r m  
w h a t  w e  c a l l  t h e  s c i e n c e  o f  a g r i c u l t u r e ,  
t h o s e  w h o  f o l l o w  t h e  p u r s u i t  m u s t  e x p e c t

p le n t y  o f  h a r d  w o r k  a n d  b e  c o n t e n t  w i t h  
m o d e r a t e  a m o u n t  o f  s u c c e s s . ”

F. C. B a w d e n , M .A ., F .R .S .,D irector  
R oth am sted  E xp erim en ta l S tation  
H a rpend en , H erts, E ngland



Effect of Age, Vitamin B6 Deficiency, Isoniazid 
and Deoxypyridoxine on the Urinary 
Taurine of the Rat

N IN A  H. M E R C E R ,* 1 PH Y LLIS P. B O W E N  a n d  FRAN CES A. JO H N STO N  
D epa rtm en t o f  F ood  and N u trition , N ew  Y ork  State C ollege o f  
H om e E con om ics, C ornell U n iversity , Ithaca , N ew  Y ork

ABSTRACT  T he ob je ct  o f  the present study w as to fin d  the e ffects o f  ison iazid  
( I N H ) an d  d eoxy p y rid ox in e  (D O P ) as w e ll as a v ita m in  B6 d efic ien cy  on  urinary 
taurine excretion . G roups o f  m ale  rats 38 to 47  days o f  age w ere fe d  5 d ie ts : adequate 
in  v itam in  B 6, adequate in  v ita m in  B 6 w ith  IN H  added, deficient in  v itam in  B 6, and 
d eficient in  v itam in  B 6 w ith  IN H  or DOP added. T he urinary taurine o f  m ale  rats fed  
adequate v ita m in  B 6 rem ain ed  at about 2 m g /1 0 0 g  bod y  w e ig h t /d a y  up  to 50 to 55 
days o f  age, then  in creased  rap id ly  to about 7 m g  at 75 to 95 days o f  age. T he urinary 
taurine o f  rats fe d  diets deficient in  v ita m in  Be rem a in ed  at 1 to 2  m g  over a 7-week 
period. T he urinary  taurine o f  rats fed  diets adequate in  v itam in  Be p lus IN H  and o f  
those fe d  diets inadequate  in  v ita m in  B6 p lus DOP w as sign ifican tly  h igh er than  that 
o f  the con tro ls ; the taurine also tended  to be h igh er w h en  rats w ere fed  v ita m in  Be- 
deficient diets p lus IN H . T he results are con tra ry  to expectation  in  v iew  o f  the know n 
in h ib itory  effects  o f  the 2 com p ou n d s on  v ita m in  B6.

T h e  o b j e c t  o f  t h e  p r e s e n t  s t u d y  w a s  to  
l e a r n  w h e t h e r  u r in a r y  t a u r in e  c a n  b e  u s e d  
t o  f o l l o w  t h e  d e v e l o p m e n t  o f  v i t a m i n  B 6 

i n h i b i t i o n  c a u s e d  b y  i s o n ia z i d  ( I N H )  o r  
d e o x y p y r i d o x i n e  ( D O P ) .  U r in a r y  t a u r in e  
p r o v e d  to  b e  u s e le s s  f o r  t h is  p u r p o s e .  O b 
s e r v a t i o n s  o f  v a lu e  t o  p e r s o n s  w o r k i n g  o n  
t a u r in e  m e t a b o l i s m ,  h o w e v e r ,  w e r e  m a d e ,  
n a m e l y :  u r in a r y  t a u r in e  i n c r e a s e d  w i t h  a g e  
i n  m a le  r a t s  f e d  d ie t s  a d e q u a t e  i n  v i t a m i n  
B 6, b u t ,  f o r  d e f i c i e n t  r a t s ,  u r in a r y  t a u r in e  
d id  n o t  i n c r e a s e  w i t h  a g e  a n d  c o n t i n u e d  a t  
t h e  s a m e  l o w  le v e l  f o r  7  w e e k s ;  a n d  u r in a r y  
t a u r in e  e x c r e t i o n  i n c r e a s e d  w i t h  t h e  a d 
m i n i s t r a t i o n  o f  t h e  v i t a m i n  B s - in h ib i t in g  
c o m p o u n d s ,  I N H  a n d  D O P .

M ETH ODS

F iv e  e x p e r i m e n t s  w e r e  c a r r i e d  o u t  u s in g  
6 0 ,  2 4 ,  2 4 ,  2 4  a n d  1 6  m a le  r a t s  o f  th e  
H o l t z m a n  s t r a in ,  o f  a g e s  4 6 ,  4 2 ,  3 9 ,  3 8  
a n d  4 7  d a y s ,  r e s p e c t i v e ly ;  t h e  m e a n  
w e ig h t s  o n  t h e  c o r r e s p o n d i n g  d a y s  w e r e  
1 4 4 ,  1 3 1 ,  1 2 3 ,  1 2 8  a n d  1 5 1  g . I n  e a c h  
e x p e r im e n t  t h e  r a t s  w e r e  p a i r e d  b y  w e ig h t  
w h e n  t h e y  w e r e  d iv id e d  i n t o  g r o u p s  f o r  
d i f f e r e n t  t r e a t m e n t s .

T h e  b a s a l  d ie t  c o n t a i n e d :  ( i n  p e r  c e n t )  
“ v i t a m i n - f r e e ”  c a s e i n , 2 1 8 ;  g l y c i n e ,  1 ; 
m e t h i o n i n e ,  0 .2 ;  c o r n  o i l ,  5 ;  s a lt  m i x  
U S P  X I V , 3 4 ;  a g a r ,  2 ;  a  v i t a m i n  p r e p a r a 

t i o n  c o n t a i n i n g  n o  p y r i d o x i n e , 4 2 .2 ; a n d  
e n o u g h  s u c r o s e  t o  m a k e  1 0 0 ; t h u s ,  th e  
b a s a l  d ie t  w a s  a d e q u a t e  e x c e p t  f o r  v i t a m in  
B 6. I n  e x p e r i m e n t  1 , 4  m g  p y r i d o x i n e -  
H C l / k g  o f  f o o d  w e r e  f e d  t o  t h e  g r o u p  
w h i c h  w a s  to  h a v e  a d e q u a t e  v i t a m i n  B 0 

b u t  in  t h e  o t h e r  e x p e r im e n t s  w h e n  p y r i 
d o x i n e  -H C 1 w a s  a d d e d  o n ly  2  m g  w e r e  
i n c o r p o r a t e d  t o  p r o v id e  a d e q u a c y .  I n  e x 
p e r im e n t  1 t h e  g r o u p  o f  r a t s  g i v e n  I N H  
w a s  f e d  1 .5  g  o f  I N H / k g  o f  f o o d  b u t  i n  th e  
o t h e r  e x p e r im e n t s  1 g  w a s  u s e d .  I n  e x 
p e r im e n t  1 t h e  g r o u p  g iv e n  D O P  w a s  f e d  
1 0 0  m g  o f  D O P / k g  o f  d ie t ;  i n  e x p e r i m e n t  
5 , t h e  a m o u n t  w a s  in c r e a s e d  t o  1 g .

In  a l l  5  e x p e r i m e n t s  t h e  a n im a ls  w e r e  
p a i r - f e d  t o  t h e  a n im a l  w h i c h  a te  t h e  le a s t .  
In  e x p e r im e n t s  1 a n d  2 , in  w h i c h  t h e  r a t s  
w e r e  a r r a n g e d  in  g r o u p s  o f  f o u r  w i t h  e a c h

R e c e i v e d  f o r  p u b l i c a t i o n  D e c e m b e r  1 5 ,  1 9 6 5 .
1 P r e s e n t  a d d r e s s :  D e p a r t m e n t  o f  B i o c h e m i s t r y ,  U n i 

v e r s i t y  o f  A lb e r t a ,  E d m o n t o n ,  A l b e r t a ,  C a n a d a .
2 T h e  c a s e i n  p r e p a r a t i o n  c o n t a i n e d  0 .6 3  m / i g  o f  v i t a 

m i n  B 6/ g .  T h e  b a s a l  d i e t  t h e r e f o r e  c o n t a i n e d  0 .1 1 3  m g  
v i t a m i n  B e /k g .

3 S a lt  m ix t u r e  U S P  X I V ,  N u t r i t i o n a l  B i o c h e m i c a l s  
C o r p o r a t i o n ,  C le v e la n d .

4 T h e  v i t a m i n  m i x t u r e  s u p p l i e d  i n  e a c h  4 5 .5  k g  
( 1 0 0  p o u n d s )  o f  d i e t :  ( i n  g r a m s )  v i t a m i n  A  ( 2 0 0 ,0 0 0  
u n i t s / g ) ,  4 .5 ;  v i t a m i n  D  c o n e  ( 4 0 0 , 0 0 0  u n i t s / g ) ,  0 .2 5 ;  
a - t o c o p h e r o l ,  5 .0 ;  a s c o r b i c  a c i d ,  4 5 .0 ;  i n o s i t o l ,  5 .0 ;  
c h o l i n e  c h l o r i d e ,  7 5 ;  r i b o f l a v i n ,  1 .0 ;  m e n a d i o n e ,  2 .2 5 ;  
p - a m i n o b e n z o i c  a c i d ,  5 .0 ;  n i a c i n ,  4 .5 ;  t h ia m in e -H C 1 ,  
1 .0 ;  C a  p a n t o t h e n a t e ,  3 .0 ;  a n d  ( i n  m i l l i g r a m s )  b i o t in ,  
2 0 ;  f o l i c  a c i d ,  9 0 ;  a n d  v i t a m i n  B 12 , 1 .3 5 .  ( V i t a m i n  
D ie t  F o r t i f i c a t i o n  M ix t u r e  i n  D e x t r o s e ,  w i t h  p y r i 
d o x i n e  H C 1 o m it t e d ,  o b t a i n e d  f r o m  N u t r i t i o n a l  B i o 
c h e m i c a l s  C o r p o r a t i o n . )

J. N u t r it io n , 90 : '66 13
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r a t  i n  th e  g r o u p  f e d  a  d i f f e r e n t  d ie t ,  3  a n i 
m a ls  w e r e  p a i r - f e d  t o  t h e  f o u r t h .  T h e  
m e a n  d a i ly  f o o d  c o n s u m p t i o n s  p e r  r a t  
w e r e  8 .5 ,  9 .8 ,  1 2 .0 ,  9 .2  a n d  9 .8  g , r e 
s p e c t iv e ly .

T h e  r a t s  w e r e  h o u s e d  in  m e t a b o l i s m  
c a g e s .  U r in e  w a s  c o l l e c t e d  e a c h  d a y ,  f i l 
t e r e d  a n d  c o m b i n e d  in t o  3 - d a y  c o m p o s i t e s  
f o r  e a c h  r a t  e x c e p t  in  e x p e r i m e n t  4  w h e n  
t h e  u r in e  o f  3  r a t s  w a s  c o m p o s i t e d  e a c h  
d a y .  T h e  c o m p o s i t e s  w e r e  s t o r e d  i n  a  
f r e e z e r .  A l l  v a lu e s  f o r  t a u r in e  a r e  e x 
p r e s s e d  a s  a  d a i ly  m e a n  f o r  o n e  r a t  o v e r  
a  3 -d a y  p e r io d  e x c e p t  f o r  e x p e r i m e n t  4  
w h e r e  th e  v a lu e s  a r e  a d a i ly  m e a n  p e r  r a t  
f o r  3  r a t s .  T h e  p r o c e d u r e  f o r  th e  d e t e r 
m i n a t i o n  o f  t a u r in e  i n  t h e  u r in e  w a s  a n  
a d a p t a t i o n  b y  M e r c e r  5 o f  t h e  m e t h o d  o f  
S o r b o  ( 1 )  w i t h  a  s u b s t i t u t io n  o f  t h e  io n -  
e x c h a n g e  c o l u m n  f o r  o n e  d e s c r ib e d  b y  
G a r v in  ( 2 ) .  B y  t h is  p r o c e d u r e  a m in o  
a c i d s  p r e s e n t  in  t h e  u r in e  b e c a u s e  o f  f o o d  
s p i l la g e  w e r e  r e m o v e d .  T h e  m e t h o d  i n 
v o l v e d  t h e  s e l e c t e d  p a s s a g e  o f  t h e  z w it -  
t e r io n  o f  t a u r in e  t h r o u g h  a n  a n io n  a n d  a 
c a t i o n  e x c h a n g e  r e s in  a n d  q u a n t i t a t iv e  
s p e c t r o p h o m e t r i c  e s t im a t i o n  o f  t a u r in e  in  
t h e  e f f lu e n t  u t i l i z in g  t h e  c o l o r  r e a c t i o n  
b e t w e e n  t a u r in e  a n d  n in h y d r in .

E x p e r i m e n t  1 . S ix t y  r a t s  w e r e  d i s t r ib 
u t e d  e q u a l ly  a m o n g  4  g r o u p s .  O n e  g r o u p  
w a s  f e d  t h e  b a s a l  v i t a m i n  B s -d e f i c ie n t  d ie t ,  
t h e  o t h e r  t h r e e  w e r e  g iv e n  t h e  b a s a l  d ie t  
p lu s  p y r i d o x i n e - H C l ,  o r  I N H , o r  D O P . 
T h e y  w e r e  a r r a n g e d  in  1 5  g r o u p s  o f  f o u r  
e a c h  f o r  c o n t r o l  o f  t h e  f o o d  in t a k e .  T h e  
e x p e r i m e n t  w a s  c o n t i n u e d  f o r  7  w e e k s .  
I N H  w a s  d i s c o n t i n u e d  a f t e r  2 8  d a y s  a n d  
D O P  a f t e r  1 7  d a y s .  T w o  g r o u p s  o f  f o u r  
w e r e  k i l le d  e a c h  w e e k  f o r  b i o l o g i c a l  d e t e r 
m i n a t i o n s  n o t  r e p o r t e d  in  t h is  p a p e r .  B e 
f o r e  t h e  r a t s  w e r e  k i l l e d ,  u r in e  w a s  c o l 
l e c t e d  f o r  t w o  3 - d a y  p e r io d s  f r o m  m o s t  o f  
t h e  g r o u p s .

E x p e r i m e n t  2 .  T w e n t y - f o u r  r a t s  w e r e  
d iv id e d  in t o  4  g r o u p s  o f  6  e a c h .  F o r  o n e  
w e e k  a l l  g r o u p s  r e c e i v e d  t h e  b a s a l  d ie t  
p lu s  p y r id o x in e - H C l .  T h e r e a f t e r  2  g r o u p s  
w e r e  f e d  t h e  b a s a l  v i t a m in  B s -d e f ic ie n t  
d ie t  w it h  I N H  a d d e d  to  o n e  o f  t h e m , a n d  
2  g r o u p s  w e r e  f e d  d ie t s  m a d e  a d e q u a t e  
in  v i t a m in  B 6 b y  t h e  a d d i t i o n  o f  p y r i 
d o x i n e - H C l  w i t h  I N H  a d d e d  to  o n e  o f  
t h e m . A t  t h e  e n d  o f  t h e  f i f t h  w e e k  I N H  
a d m in i s t r a t i o n  w a s  d i s c o n t i n u e d  f o r  th e

g r o u p  o f  r a t s  n o t  r e c e i v i n g  p y r i d o x i n e 
H C l . T h e  e x p e r i m e n t  w a s  c o n t i n u e d  f o r  
7  w e e k s  f o l l o w i n g  t h e  p r e l im in a r y  w e e k .  
T a u r in e  w a s  d e t e r m in e d  in  t h e  p r e l i m i 
n a r y  w e e k  a n d  in  w e e k s  2 ,  4  a n d  7.

E x p e r i m e n t  3 . T w e n t y - f o u r  r a t s  w e r e  
f e d  t h e  b a s a l  d ie t  p lu s  p y r i d o x i n e - H C l ;  1 2  
o f  t h e m  w e r e  a ls o  g iv e n  I N H . U r in e  w a s  
c o l l e c t e d  f o r  t w o  3 -d a y  p e r io d s  s t a r t in g  c n  
t h e  t e n t h  a n d  s e v e n t e e n t h  d a y s .

E x p e r i m e n t  4 .  T w e n t y - f o u r  r a t s  w e r e  
f e d  t h e  b a s a l  d ie t ;  I N H  w a s  a d d e d  t o  t h e  
d ie t s  o f  h a l f  o f  t h e  a n im a ls .  U r in e  w a s  
c o l l e c t e d  o n  d a y s  1 2 , 1 3  a n d  1 4 .

E x p e r i m e n t  5 . S ix t e e n  r a t s  w e r e  f e d  
t h e  b a s a l  d ie t ;  D O P  w a s  a d d e d  t o  t h e  d ie t s  
o f  h a l f  th e  a n im a ls .  T h e y  w e r e  m a i n 
t a in e d  w i t h  t h e  d ie t  f o r  3  w e e k s .  U r in e  
w a s  c o l l e c t e d  f o r  3 d a y s  d u r in g  e a c h  w e e k .

RESULTS A N D  DISCUSSIO N

E f f e c t  o f  a g e  o n  u r in a r y  t a u r in e .  W h e n  
m a le  r a t s  3 8  t o  4 7  d a y s  o f  a g e  w e r e  f e d  
d ie t s  a d e q u a t e  in  v i t a m in  B 6 ( e x p s .  1 , 2  
a n d  3 )  u r in a r y  t a u r in e ,  i n  g e n e r a l ,  r e 
m a i n e d  a t  a b o u t  2  m g / 2 4  h o u r s / 1 0 0  g  
b o d y  w e ig h t  u n t i l  5 0  t o  5 5  d a y s  o f  a g e ;  
t h e  r a n g e  w a s  f r o m  1 .4 0  ±  0 .3 6  m g  6 t o
2 .0 6  m g 7 ( t a b l e  1 ) .  T h e  a m o u n t s  i n 
c r e a s e d  w i t h  a g e  f r o m  3 .7 5  ±  0 .3 0  m g  to
7 .0 8  ±  0 .6 5  m g  f o r  r a t s  5 6  t o  5 8  d a y s  a n d  
7 5  to  9 5  d a y s  o f  a g e  r e s p e c t i v e ly  ( t a b l e  1 ) .

A n  i n c r e a s e  in  u r in a r y  t a u r in e  a t  5 0  t o  
5 5  d a y s  m a y  p o s s ib ly  b e  c o n t r o l l e d  b y  
h o r m o n e s .  T h a t  s e x  h o r m o n e s  i n f l u e n c e  
t a u r in e  e x c r e t i o n  is  s u g g e s t e d  b y  t h e  w o r k  
o f  C h a t a g n e r  a n d  B e r g e r e t  ( 3 )  w h o  o b 
s e r v e d  t h a t  t h e  d e c a r b o x y l a t i o n  o f  c y s -  
t e in e s u l f in i c  a c id  w a s  2  t o  3  t im e s  f a s t e r  
in  l iv e r  h o m o g e n a t e s  f r o m  m a le  t h a n  f r o m  
f e m a l e  r a t s .  S l o a n e -S t a n le y  ( 4 )  o b s e r v e d  
t h a t  t h e  d e c a r b o x y l a t i o n  o f  c y s t e i c  a c id  
w a s  t w i c e  a s  r a p id  in  m a le  r a t s  a s  in  f e 
m a le s .  T h e s e  d e c a r b o x y l a t i o n s  a r e  s t e p s  
in  t h e  c o n v e r s i o n  o f  s u l f u r  a m i n o  a c id s  t o  
t a u r in e ;  t h u s ,  i t  m ig h t  b e  a s s u m e d  t h a t  
t a u r in e  f o r m a t i o n  f o l l o w s  a  s im i la r  p a t 
t e r n . A n o t h e r  p o s s ib le  e x p l a n a t i o n  f o r  a n  
in c r e a s e  in  t a u r in e  e x c r e t i o n  a t  5 0  t o  5 5  
d a y s  o f  a g e  is  a  d e c r e a s e  in  t h io n a s e

5 M e r c e r ,  N . H . 1 9 6 3  A p p l i c a t i o n  o f  a  m e t h o d  f o r  
t h e  d e t e r m in a t i o n  o f  u r i n a r y  t a u r in e  t o  t h e  u r i n e  o f  
r a t s  f e d  v i t a m in  B - d e f i c i e n t  d ie t s  a n d  d ie t s  c o n t a i n i n g  
B6 a n t a g o n is t s .  M a s t e r  o f  S c i e n c e  T h e s i s ,  C o r n e l l  U n i 
v e r s i t y ,  I t h a c a ,  N e w  Y o r k .

6 s e  o f  m e a n .
7 M e a n  f o r  o n l y  2  a n im a ls .
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( c y s t e i n e  d e s u l f h y d r a s e )  a c t iv i t y  w h ic h  
w o u l d  r e s u l t  in  a  d e c r e a s e  in  t h e  c o n v e r 
s i o n  o f  c y s t e in e  t o  p y r u v a t e  a n d  g lu c o s e ;  
t h u s  t h e  a m o u n t  o f  c y s t e in e  a v a i la b le  f o r  
m e t a b o l i s m  t o  t a u r in e  w o u ld  b e  in c r e a s e d .  
T h o m p s o n  a n d  G u e r r a n t  ( 5 )  o b s e r v e d  
t h a t  w e a n l i n g  r a t s  e x h i b i t e d  a  m a x i m a l  
t h i o n a s e  a c t i v i t y ;  2 1  d a y s  l a t e r  t h e  e n z y m e  
a c t i v i t y  b e g a n  t o  d e c r e a s e .  W h e t h e r  t h e  
c h a n g e  i n  t h io n a s e  i s  r e la t e d  t o  h o r m o n a l  
s e c r e t i o n s  is  n o t  k n o w n .

T h e  i n c r e a s e  o f  u r in a r y  t a u r in e  w i t h  a  
i n c r e a s e  i n  a g e  s h o u ld  b e  t a k e n  i n t o  a c 
c o u n t  w h e n  d e s i g n i n g  e x p e r i m e n t s  in  
w h i c h  t h e  o b j e c t  is  t o  d e t e r m in e  w h e t h e r  
c e r t a i n  t r e a t m e n t s  a f f e c t  t h e  a m o u n t  o f  
t a u r in e  in  u r in e .  T r e a t m e n t s  o f  r a t s  o v e r  
5 5  d a y s  o f  a g e  c o u l d  b e  e x p e c t e d  t o  g iv e  
t a u r in e  v a lu e s  o f  g r e a t e r  m a g n i t u d e .

E f f e c t  o f  v i t a m i n  B r, d e f i c i e n c y  o n  u r i 
n a r y  t a u r in e .  T h e  a m o u n t  o f  t a u r in e  in  
t h e  u r in e  o f  m a le  r a t s  f e d  v i t a m i n  B 6-d e fi -  
c i e n t  d ie t s  w a s  s im i la r  t o  t h a t  o f  t h o s e  f e d  
a d e q u a t e  v i t a m i n  B s, u n t i l  5 0  t o  5 5  d a y s  
o r  a g e ;  a f t e r  t h a t  a g e  t h e  u r in a r y  t a u r in e  
o f  t h e  v i t a m in  B 6-d e p r iv e d  a n im a ls  d id  
n o t  i n c r e a s e  a l t h o u g h  i t  in c r e a s e d  f o r  r a t s  
r e c e i v i n g  a d e q u a t e  v i t a m i n  B 6 ( e x p s .  1 , 
2 ,  3 ;  t a b le  1 ) .  T h e  a m o u n t  o f  t a u r in e  e x 
c r e t e d  b y  r a t s  d e p r iv e d  o f  v i t a m i n  B 6 r e 
m a i n e d  t h r o u g h o u t  4  e x p e r im e n t s  ( e x p s .  
1 , 2 ,  4 ,  5 ;  t a b le  1 )  a t  a b o u t  2  m g / k g / 1 0 0  g  
b o d y  w e ig h t  f o r  r a t s  u p  t o  9 5  d a y s  o f  a g e  
( 7  w e e k s  o f  f e e d i n g ) ,  e x c e p t  i n  e x p e r i 
m e n t  2  w h e n  t h e  v a lu e s  a t  t im e s  d e 
c r e a s e d  t o  a b o u t  1  m g  ( t a b l e  1 ) .

T h e  f a i lu r e  o f  u r in a r y  t a u r in e  t o  i n 
c r e a s e  w i t h  a g e  f o r  m a le  r a t s  f e d  v i t a m in  
B s -d e f ic ie n t  d ie t s  m a y  b e  r e la t e d  t o  r e 
t a r d e d  s e x u a l  d e v e l o p m e n t  o r  m a y  b e  a t 
t r ib u t e d  t o  a  l i m i t a t i o n  in  t h e  a m o u n t  o f  
p y r i d o x a l  p h o s p h a t e  p r e s e n t .  T h i s  c o e n 
z y m e  i s  n e e d e d  f o r  t h e  a c t iv i t y  o f  c y s t e in e -  
s u l f i n i c  a c id  a n d  o f  c y s t e i c  a c id  d e c a r b o x y 
la s e .  B la s c h k o  e t  a l. ( 6 ) ,  u s i n g  a  p a p e r  
c h r o m a t o g r a p h y  m e t h o d  h a v e  s h o w n  t h a t  
in  p y r i d o x i n e - d e f i c i e n t  r a t s  t h e  d e c a r b o x y 
la s e  a c t iv i t y  i n  t h e  l i v e r  is  lo s t  a n d  t h a t  
t a u r in e  d i s a p p e a r s  f r o m  t h e  u r in e .  L a t e r ,  
w i t h  a n  i m p r o v e d  m e t h o d ,  H o p e  ( 7 )  o b 
s e r v e d  t h a t  a f t e r  1 4  w e e k s  o f  d e f i c i e n c y ,  
s o m e  t a u r in e  s t i l l  r e m a i n e d  in  t h e  u r in e  
o f  r a t s .  T h e  p r e s e n t  s t u d y  w a s  n o t  c o n 
t i n u e d  f o r  a s  l o n g  a  t im e  b u t  t h e  a d d i 
t i o n a l  o b s e r v a t i o n  w a s  m a d e  t h a t  th e

a m o u n t  e x c r e t e d  r e m a in s  o n  a n  a p p r o x i 
m a t e  p la t e a u  t h r o u g h  a  7 - w e e k  f e e d i n g  
p e r i o d .  H o p e  s u g g e s t s  t w o  p o s s ib l e  s o u r c e s  
o f  p e r s is t e n t  s m a l l  a m o u n t s  o f  t a u r in e :

. . s i n c e  t h e  l i v e r  e n z y m e  d i s a p p e a r s  in  
t h e  e a r ly  s t a g e s  o f  d e f i c i e n c y ,  t h e  t a u r in e  
p r e s e n t  in  t h e  u r in e  i n  t h e  l a t e r  s t a g e s  i s  
p r o b a b ly  d e p e n d e n t  u p o n  t h e  a c t i v i t y  o f  
t h e  d e c a r b o x y l a s e  p r e s e n t  i n  n e r v o u s  t i s 
s u e ,  w h i c h  p e r s is t s  u n d e r  t h e s e  c o n d i 
t i o n s .  . . . T a u r in e  m a y  a l s o  b e  d e r iv e d  
f r o m  t h e  c y s t e a m in e  m o i e t y  o f  c o e n z y m e
A . ”

E f f e c t  o f  I N H  o n  u r in a r y  t a u r in e .  I N H  
i n c r e a s e d  t h e  e x c r e t i o n  o f  t a u r in e  i n  th e  
u r in e  o f  m a le  r a t s  f e d  d ie t s  a d e q u a t e  in  
v i t a m in  B e f o r  3  w e e k s  o r  l o n g e r  a n d  
t e n d e d  t o  i n c r e a s e  t a u r in e  e x c r e t i o n  w h e n  
t h e  d ie t s  w e r e  d e f i c i e n t  i n  v i t a m i n  Be.

I n  o n e  o f  t w o  e x p e r im e n t s  ( e x p .  2 )  in  
w h i c h  t h e  d ie t  w a s  a d e q u a t e  i n  v i t a m i n  B «, 
w h e n  v a lu e s  f o r  w e e k s  2 ,  4  a n d  7  w e r e  
c o m b i n e d ,  t h e  t a u r in e  o f  r a t s  g i v e n  I N H  
w a s  h i g h e r  t h a n  t h a t  o f  c o u n t e r p a r t s  n o t  
r e c e i v i n g  t h e  d r u g  ( t a b l e  1 )  a l t h o u g h  t h e  
i n c r e a s e  w a s  o f  l o w  s t a t i s t i c a l  s i g n i f i c a n c e  
( P  <  0 . 0 5 ) . 8 I n  t h e  o t h e r  e x p e r i m e n t  ( e x p .
3 ) ,  r a t s  t h a t  r e c e i v e d  I N H  f o r  1 7  t o  1 9  
d a y s  ( t a b l e  1 )  e x c r e t e d  s i g n i f i c a n t ly  m o r e  
t a u r in e  ( P  <  0 .0 1 ) .

I n  3  e x p e r im e n t s  ( e x p s .  1 , 2 ,  4 ) ,  a f t e r  
t h e  r a t s  h a d  b e e n  f e d  a  d ie t  d e f i c i e n t  in  
v i t a m in  B 6, t h e  u r in a r y  t a u r in e  e x c r e t i o n  
t e n d e d  to  b e  g r e a t e r  f o r  r a t s  f e d  I N H  t h a n  
f o r  r a t s  t h a t  d id  n o t  r e c e iv e  t h e  d r u g .  In  
2  e x p e r i m e n t s  ( e x p s .  1 . 2 )  a t  t h e  e n d  o f  
2 8  d a y s  t h e  a m o u n t  o f  u r in a r y  t a u r in e  e x 
c r e t e d  b y  r a t s  g i v e n  I N H  e x c e e d e d  t h a t  o f  
t h e ir  p a r t n e r s ,  a l t h o u g h  t h e  d i f f e r e n c e  w a s  
o f  l o w  s t a t i s t i c a l  s i g n i f i c a n c e  ( e x p .  1 , 
P  <  0 .0 5 ;  e x p .  2 ,  P  <  0 . 1 0 ) .  I n  t h e  t h ir d  
e x p e r i m e n t  ( e x p .  4 )  c o n t i n u e d  f o r  2  
w e e k s  o n ly ,  r a t s  g i v e n  I N H  e x c r e t e d  m o r e  
t a u r in e  t h a n  t h e  c o n t r o l s :  2 . 5 7  ±  0 .2 8  
m g / 2 4  h o u r s / 1 0 0  g  b o d y  w e i g h t  a n d  
1 .7 3  ±  0 .3 2  m g ,  r e s p e c t i v e ly .  T h e  le v e l  
o f  s i g n i f i c a n c e  w a s  l o w  ( P  <  0 . 0 7 ) .  T h e  
f a c t  t h a t  in  a l l  3  e x p e r im e n t s  t h e  v a lu e s  
f o r  r a t s  g i v e n  I N H  w e r e  h i g h e r  t e n d s  t o  
s u b s t a n t ia t e  t h e  b e l i e f  t h a t  a  r e a l  in c r e a s e  
o c c u r r e d .  F u t h e r m o r e ,  w h e n  t h e  a d m in 
i s t r a t io n  o f  I N H  w a s  d i s c o n t i n u e d  ( e x p s .  
1 , 2 )  t a u r in e  e x c r e t i o n  d e c l in e d  ( t a b l e  1 ) .

8 A l l  t e s t s  o f  s i g n i f i c a n c e  w e r e  m a d e  b y  p a i r e d  t  t e s t s  
e x c e p t  w h e r e  s p e c i f i e d  a s  g r o u p  t  te s ts .
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I n  u n p u b l i s h e d  w o r k  c a r r i e d  o u t  i n  t h is  
l a b o r a t o r y  t h e  t a u r in e  c o n t e n t  o f  t h e  u r in e  
o f  4  y o u n g  m e n  w a s  o b s e r v e d  to  i n c r e a s e  
d u r i n g  I N H  a d m in is t r a t io n .

T w o  g r o u p s  o f  w o r k e r s ,  M a r c u c c i  a n d  
M u s s in i  ( 8 )  a n d  Y o s h ik a w a  e t  a l . ( 9 )  r e 
p o r t e d  t h a t  I N H  d e c r e a s e d  t h e  u r in a r y  
t a u r in e  o f  r a t s .  B o t h  g r o u p s  a d m in i s t e r e d  
m a n y  t im e s  t h e  a m o u n t s  o f  I N H  u s e d  in  
th e  p r e s e n t  s t u d y .

T h e  in c r e a s e  i n  u r in a r y  t a u r in e  c a u s e d  
b y  I N H  m a y  h a v e  b e e n  b r o u g h t  a b o u t  b y  
a n  i n c r e a s e  o f  c o e n z y m e  in  t h e  l iv e r .  A n  
i n c r e a s e  in  t h e  p y r i d o x a l  p h o s p h a t e  c o n 
t e n t  o f  t h e  l i v e r s  o f  t h e  r a t s  f e d  I N H  in  
e x p e r i m e n t s  2  a n d  3  o c c u r r e d  a n d  h a s  
b e e n  r e p o r t e d  b y  S e v ig n y  e t  a l. ( 1 0 ,  e x p s .  
B  a n d  C ) .  I n  e x p e r i m e n t  B , w h e n  t h e  d ie t  
w a s  a d e q u a t e  in  v i t a m i n  B 6, I N H  i n c r e a s e d  
p y r i d o x a l  p h o s p h a t e  f r o m  8 .1  ±  0 .3  t o  1 0 .9  
s t  0 .5  a g / g ;  w h e n  t h e  d ie t  w a s  d e f i c i e n t  in  
v i t a m in  B 6, I N H  in c r e a s e d  p y r i d o x a l  p h o s 
p h a t e  f r o m  2 .2  ±  0 .1  t o  3 .6  ±  0 .4  a g / g .  In  
e x p e r i m e n t  C , w h e n  t h e  d ie t  w a s  a d e q u a t e  
i n  v i t a m in  B 6, I N H  i n c r e a s e d  p y r id o x a l  
p h o s p h a t e  f r o m  7 .1  ±  0 .3  t o  1 0 .8  ±  0 .5  
a g / g .  I n  t h e  p r e s e n t  s t u d y ,  s o m e  o f  t h e  
p y r i d o x a l  p h o s p h a t e  i n  t h e  l i v e r s  o f  t h e  r a t s  
f e d  I N H  m a y  h a v e  b e e n  p r e s e n t  a s  i s o n i c o -  
t in y l  p y r i d o x a l  p h o s p h a t e  h y d r a z o n e .  H o w 
e v e r  G o n n a r d  a n d  F e n a r d  ( 1 1 ) ,  T o r c h in s k y
( 1 2 ) ,  M a k in o  e t  a l . ( 1 3 )  a n d  B o n a v i t a  
a n d  S c a r d o  ( 1 4 )  h a v e  s h o w n  t h a t  t h e  
p y r id o x a l  p h o s p h a t e  i n  t h e  h y d r a z o n e  c a n  
b e  u s e d  t o  a c t iv a t e  s e v e r a l  v i t a m i n  B 6-r e - 
q u i r in g  a p o e n z y m e s .  P o s s ib ly  I N H  c a u s e s  
a n  in c r e a s e  o f  t a u r in e  b e c a u s e  o f  a  t o x i c  
e f f e c t  u n r e la t e d  t o  i t s  a n t i - v i t a m in  e f f e c t .  
P o s s ib ly ,  t o o ,  I N H  c a u s e s  t h e  e x c r e t i o n  
o f  t a u r in e  f r o m  p r e f o r m e d  t is s u e  t a u r in e  
r a t h e r  t h a n  c a u s i n g  t h e  f o r m a t i o n  o f  a d d i 
t i o n a l  t a u r in e .

A n o t h e r  p o s s ib l e  c a u s e  o f  t h e  i n c r e a s e  
i n  t a u r in e  e x c r e t i o n  b y  I N H  is  i t s  a c t i o n  
o n  t h e  a d r e n a l  c o r t e x .  B o t h  A C T H  a n d  
c o r t i s o n e  a r e  k n o w n  t o  i n c r e a s e  t h e  
a m o u n t  o f  t a u r in e  i n  u r in e .  W h e t h e r  I N H  
i n c r e a s e s  t h e  e x c r e t i o n  o f  c o r t i c a l  h o r 
m o n e s  i s ,  h o w e v e r ,  q u e s t i o n a b le .  A n  i n 
c r e a s e  i n  c e r t a in  c o r t i c a l  h o r m o n e s  f o l l o w 
i n g  t r e a t m e n t  w i t h  I N H  h a s  b e e n  o b s e r v e d  
b y  s o m e  b u t  n o t  a l l  w o r k e r s .  I n  a d d i t i o n ,  
W ie s e l  ( 1 5 )  o b t a in e d  e v i d e n c e  b y  e x p e r i 
m e n t s  in  v i t r o  t h a t  I N H  m a r k e d ly  r e t a r d s  
th e  i n a c t i v a t i o n  o f  c o r t i s o n e  b y  t h e  l iv e r .

E f f e c t  o f  D O P  o n  u r in a r y  t a u r in e .  In  
e x p e r i m e n t  5 , D O P  in c r e a s e d  t h e  u r in a r y  
t a u r in e  o f  m a le  r a t s  f e d  t h e  b a s a l  v i t a m in  
B 6- d e f i c i e n t  d ie t .  A t  t h e  e n d  o f  2  w e e k s  
t h e  i n c r e a s e  w a s  c o n s id e r a b l e  ( t a b l e  1 ) ;  
a t  t h e  e n d  o f  3  w e e k s  i t  w a s  h i g h l y  s i g n i f i 
c a n t  (P  <  0 .0 1 ) .  S o m e  s u p p o r t in g  e v i d e n c e  
w a s  s u p p l i e d  in  e x p e r i m e n t  1  i n  w h i c h  t h e  
m e a n  e x c r e t i o n  f o r  t a u r in e  f o r  3  r a t s  i n 
c r e a s e d  d u r in g  1 0  d a y s  w h e n  D O P  ( i n  a 
s m a l l e r  d o s e  t h a n  in  e x p e r i m e n t  5 )  w a s  
b e in g  a d m in is t e r e d .

N o  s t u d ie s  o f  t h e  e f f e c t  o f  D O P  o n  th e  
a m o u n t  o f  t a u r in e  p r e s e n t  in  u r in e  w e r e  
f o u n d  i n  t h e  l i t e r a t u r e .

T h e  c a u s e  o f  t h e  i n c r e a s e  i n  t a u r in e  
m a y  h a v e  b e e n  a n  i n c r e a s e  i n  t h e  a m o u n t  
o f  p y r i d o x a l  p h o s p h a t e  p r e s e n t  i n  t h e  
l i v e r s  o f  t h e  r a ts . T h e  l i v e r  o f  t h e  r a t s  f e d  
D O P  in  e x p e r i m e n t  5  c o n t a i n e d  m o r e  
p y r id o x a l  p h o s p h a t e  t h a n  t h o s e  o f  t h e i r  
c o u n t e r p a r t s  n o t  f e d  t h e  d r u g .  T h i s  o b 
s e r v a t i o n  h a s  b e e n  r e p o r t e d  b y  J o h n s t o n  
e t  a l. ( 1 6 ,  e x p .  D ) .  S t o e r k  ( 1 7 )  h a s  r e 
p o r t e d  a s im i la r  o b s e r v a t io n .

AC K N O W LE D G M E N TS

T e c h n i c a l  a s s i s t a n c e  i n  t h e  d e t e r m in a 
t i o n  o f  t a u r in e  b y  M r s . E s s e r l in e  G a t e w o d  
is  g r a t e f u l l y  a c k n o w le d g e d .  W e  w i s h  t o  
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Effect of Coprophagy on Protein Utilization in the R at* 1
B. R. STILLINGS 2 a n d  L. R. HACKLER 
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ABSTR AC T  D iets d ifferin g  w id e ly  in  p rotein  qu ality  w ere fed  to m ale w ean lin g
rats, and  the e ffect o f  cop rop h ag y  on  p rotein  utiliza tion  w as determ ined. In  a 
m etabolism  study in  w h ich  an im als con su m ed  5 g da ily  o f  d iets con ta in in g  10%  
protein , p reven tin g  coprop h agy  decreased  b io log ica l va lu e and n itrogen  absorption , 
and increased  u rinary  n itrogen  ex cre tion  and  m etabolic  fe c a l n itrogen . In a grow th  
study in  w h ich  an im als con su m ed  diets con ta in in g  10%  protein  ad lib itu m , cop rop h 
agy preven tion  resulted in  low er p rotein  efficien cy  ratios and w eight gains, but had 
little e ffect on  feed  intake.

T h e  p r a c t i c e  o f  c o p r o p h a g y  b y  t h e  r a t  
i s  w e l l  k n o w n ,  a n d  B a r n e s  e t  a l. ( 1 )  h a v e  
e s t im a t e d  t h a t  r a t s  r e c y c l e  a p p r o x im a t e ly  
5 0 %  o f  t h e i r  f e c e s .  T h e  p o s s ib l e  e f f e c t  
w h ic h  t h is  p r a c t i c e  m i g h t  h a v e  o n  n u 
t r ie n t  u t i l i z a t i o n  a n d  r e q u i r e m e n t s  h a s  
b e e n  t h e  s u b je c t  o f  m a n y  p r e v i o u s  r e p o r t s .  
T h e  e f f e c t  o f  p r e v e n t i n g  c o p r o p h a g y  in  
in  m a t u r e  r a t s  o n  p r o t e in  d ig e s t i o n  w a s  
s t u d ie d  b y  B a r n e s  e t  a l . ( 2 ) ,  w h o  r e p o r t e d  
t h a t  t h e  p r a c t i c e  o f  c o p r o p h a g y  d id  n o t  
in f l u e n c e  t o  a n y  m e a s u r a b le  e x t e n t  th e  
d ig e s t ib i l i t y  o f  p r o t e in .  D a t a  o n  t h e  e f 
f e c t  o f  c o p r o p h a g y  o n  n i t r o g e n  u t i l i z a t io n  
a n d  r e t e n t i o n  a r e  n o t  a v a i la b le .  S in c e  th e  
r a t  is  u s e d  in  t h e  m a jo r i t y  o f  s t u d ie s  
d e a l in g  w i t h  p r o t e in  a n d  a m i n o  a c id  n u 
t r i t i o n ,  i t  w a s  d e e m e d  a d v is a b le  t o  c o n 
d u c t  s t u d ie s  o n  t h e  e f f e c t  o f  c o p r o p h a g y  
o n  p r o t e in  u t i l i z a t io n .

E X P E R IM E N T A L  M ETH ODS

P r o t e in s  k n o w n  t o  v a r y  w id e ly  in  q u a l i t y  
w e r e  u s e d  t o  s t u d y  t h e  e f f e c t  o f  c o p r o p h a g y  
o n  p r o t e in  u t i l i z a t io n .  T h e  s o u r c e s  i n 
c l u d e d  z e in ,  w h e a t  g lu t e n  a n d  w h o le  e g g . 
I n  a d d i t i o n ,  4  s a m p le s  o f  h e a t - t r e a t e d  s o y a  
p r o t e in  w e r e  u s e d .  E a c h  w a s  m i x e d  w i t h
1 .5  t im e s  i t s  w e i g h t  o f  w a t e r ,  a u t o c la v e d  
a t  1 2 1 °  f o r  5 , 4 0 ,  1 2 0 ,  o r  2 4 0  m in u t e s  
a n d  t h e n  f r e e z e -d r ie d .  T w o  a m in o  a c id  
m ix t u r e s  w e r e  a l s o  u s e d ,  t h e  c o m p o s i t i o n s  
o f  w h i c h  a r e  g i v e n  in  t a b le  1. T h e  b a l 
a n c e d  a m i n o  a c id  m ix t u r e  w a s  e s s e n t ia l ly  
t h a t  o f  R a m a  R a o  e t  a l. ( 3 ) ,  a n d  t h is  w a s  
s u b s t a n t ia l ly  m o d i f i e d  t o  p r o d u c e  t h e  i m 
b a l a n c e d  m ix t u r e .  T h e  c o m p o s i t i o n  o f  th e  
b a s a l  d ie t  is  s h o w n  in  t a b le  2 . A l l  p r o 
t e in  s o u r c e s  w e r e  i n c o r p o r a t e d  in  a m o u n t s

to  p r o d u c e  1 0 %  p r o t e in  d ie t s ,  w h i c h  w e r e  
c a l c u l a t e d  t o  b e  i s o c a l o r i c .  D ie t s  w e r e  
s t o r e d  in  m e t a l  c o n t a in e r s  a t  1 ° a n d  u s e d  
w i t h in  a  f e w  d a y s  in  a  m e t a b o l i s m  e x 
p e r im e n t  a n d  in  3  m o n t h s  in  a  g r o w t h  
s t u d y .

T h e  b i o l o g i c a l  v a lu e  o f  t h e s e  d ie t s  w a s  
d e t e r m in e d  in  a  m e t a b o l i s m  e x p e r im e n t  
a n d  c o m p u t e d  e s s e n t ia l ly  a c c o r d i n g  to  
t h e  p r o c e d u r e  o u t l in e d  b y  M i t c h e l l  ( 4 ,  5 ) .  
M a le  r a t s  o f  t h e  H o l t z m a n  s t r a in ,  2 1  d a y s  
o ld ,  w e r e  m a i n t a i n e d  w i t h  a  1 5 %  c a s e in  
d ie t  f o r  2  d a y s  a n d  t h e n  w e r e  a s s ig n e d  
o n  a  w e ig h t  b a s i s  to  o n e  o f  9  g r o u p s .  T h e  
g r o u p s ,  i n  t u r n ,  w e r e  a s s ig n e d  a t  r a n d o m  
t o  t h e  9  d ie t s .  E a c h  g r o u p  c o n t a i n e d  4  
a n im a ls  f o r  w h ic h  c o p r o p h a g y  w a s  p r e 
v e n t e d  in  t w o  a n d  a l l o w e d  in  t h e  t w o  r e 
m a i n i n g .  C o p r o p h a g y  w a s  p r e v e n t e d  b y  
f e c a l  c o l l e c t i o n  c u p s  s im i la r  t o  t h o s e  i l lu s 
t r a t e d  b y  B a r n e s  e t  a l. ( 6 ) .

D u r in g  t h e  e x p e r im e n t ,  a n im a ls  w e r e  
m a i n t a i n e d  in  m e t a l  m e t a b o l i s m  c a g e s  
w h i c h  f a c i l i t a t e d  s e p a r a t io n  a n d  c o l l e c 
t i o n  o f  u r in e  a n d  f e c e s .  F e e d  w a s  m i x e d  
w i t h  a n  a m o u n t  o f  w a t e r  e q u a l  t o  a p p r o x i 
m a t e ly  6 0 %  o f  t h e  d ie t  w e ig h t  a n d  o f f e r e d  
t o  t h e  a n im a ls  o n c e  d a i ly .

T h e  m e t a b o l i s m  s t u d y  c o n s i s t e d  o f  4  
c o l l e c t i o n  p e r i o d s  o f  7  d a y s  e a c h .  P r io r  
to  e a c h  c o l l e c t i o n  p e r i o d ,  a n im a ls  w e r e  
f e d  e x p e r im e n t a l  d ie t s  f o r  a t  le a s t  5  d a y s ,  
a n d  t h e y  c o n s u m e d  a  c o n s t a n t  a m o u n t

R e c e i v e d  f o r  p u b l i c a t i o n  M a r c h  1 2 , 1 9 6 6 .
1 A p p r o v e d  f o r  p u b l i c a t i o n  b y  t h e  D ir e c t o r  o f  t h e  

N e w  Y o r k  S t a t e  A g r i c u l t u r a l  E x p e r im e n t  S t a t i o n ,  
G e n e v a ,  N e w  Y o r k ,  a s  J o u r n a l  P a p e r  n o .  1 4 7 6 , M a r c h  
4 ,  1 9 6 6 .

2 P o s t d o c t o r a l  F e l l o w  o n  N a t io n a l  I n s t i t u t e s  o f  
H e a l t h  T r a i n i n g  G r a n t  2  G -9 5 0 ,  S p e c .  ( 1 )  E . H . P r e s 
e n t  a d d r e s s :  B u r e a u  o f  C o m m e r c ia l  F i s h e r i e s ,  T e c h 
n o l o g i c a l  L a b o r a t o r y ,  C o l l e g e  P a r k ,  M a r y l a n d  2 0 7 4 0 .

J. N u t r it io n , 90 :  ’ 66 19
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T A B L E  1

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

“ B a l a n c e d ” ‘ I m b a l a n c e d ”
A m i n o  a c i d a m i n o  a c id a m i n o  a c id

d ie t d ie t

%  o f  d ie t %  o f  d ie t
H i s t i d i n e 0 . 2 5 0 . 5 0
A r g i n i n e 0 . 2 8 0 . 1 4
L y s i n e 0 . 9 0 0 . 0 9
T r y p t o p h a n 0 . 1 1 0 . 2 2
I s o l e u c i n e 0 . 5 5 0 . 2 7
V a l i n e 0 . 5 5 0 . 2 7
L e u c i n e 0 . 7 0 1 .5 5
T h r e o n i n e 0 . 5 0 1 . 0 0
M e t h i o n i n e 0 . 1 6 0 . 0 8
C y s t i n e 0 . 3 4 0 . 0 7
P h e n y l a l a n i n e 0 . 4 2 0 . 8 4
T y r o s i n e 0 . 3 0 0 . 3 0
A s p a r t i c 1 . 0 4 1 1 .0 4 1
A l a n i n e 0 . 4 8 4 0 . 4 8 4
S e r i n e 1 . 0 0 9 1 . 0 0 9
P r o l i n e 1 . 9 4 3 1 . 9 4 3
G l y c i n e 0 . 3 1 2 0 . 3 1 2
G l u t a m i c 3 . 4 1 1 3 . 4 1 1

T o t a l 1 3 . 2 6 1 3 . 5 3

T A B L E  2

C o m p o s i t i o n  o f  1 0 %  p r o t e i n  d i e t s

%
P r o t e i n  s o u r c e ‘ • n
D e x t r o s e  1 2 ;
S u c r o s e 1 2 . 0 0
C e l l u l o s e  2-3 4 5 . 0 0
S a l t  m i x 4 . 0 0
V i t a m i n  m i x  5 1 .0 0
C o r n  o i l 6' 7 1 0 . 0 0
C h o l i n e  c i t r a t e 0 . 3 0

1 P r o t e i n  s o u r c e s :  ( %  o f  d i e t )  z e i n ,  1 0 .8 8 ;  w h e a t  
g lu t e n ,  1 2 .2 0 ;  s o y a  a s s a y  p r o t e in  h e a t e d  5 , 4 0 ,  1 2 0 , 
a n d  2 4 0  m in u t e s  a t  1 2 0 ° ,  1 1 .7 0 ,  1 1 .4 4 ,  1 1 .3 8 ,  a n d  
1 1 .5 4 ,  r e s p e c t iv e l y ;  w h o l e  e g g ,  2 1 .4 8 ;  i m b a la n c e d  
a m i n o  a c i d s ,  1 3 .5 3 ;  a n d  b a l a n c e d  a m i n o  a c i d s ,  1 3 .2 6 .

2 O b t a in e d  f r o m  G e n e r a l  B i o c h e m i c a l s ,  I n c . ,  C h a g r in  
F a l l s ,  O h io .

3 N o n - n u t r i t i v e  f ib e r  ( c e l l u l o s e  t y p e ) .
4 H u b b e l l ,  R .  B ., L . B . M e n d e l  a n d  A . J . W a k e m a n  

1 9 3 7  A  n e w  s a l t  m i x t u r e  f o r  u s e  i n  e x p e r i m e n t a l  
d ie t s .  J . N u t r i t i o n . ,  1 4 :  2 7 3 .

5 V i t a m i n  m i x  c o m p o s i t i o n :  ( m g / 1 0 0  g  d i e t )  t h ia -
m in e - H C l ,  1 .0 ;  r ib o f l a v i n ,  1 .5 ;  p y r i d o x i n e - H C l ,  0 .5 ;  
C a  D L -p a n t o t h e n a t e ,  2 .0 ;  n i c o t i n i c  a c i d ,  3 .0 ;  b i o t in ,
0 .0 3 ;  f o l i c  a c i d ,  0 .2 ;  m e n a d i o n e ,  0 .4 ;  i n o s i t o l ,  7 .5 ;  
v i t a m in  B 12 ( 0 . 1 %  i n  m a n n i t o l ) ,  4 .0 ;  p - a m i n o b e n z o i c  
a c i d ,  2 .5 ;  a s c o r b i c  a c i d ,  0 .4 ;  c r y s t a l l i n e  v i t a m i n  A , 
2 .0  ( 5 0 0  U S P  u n i t s / m g ) ;  v i t a m i n  D 2, 0 .2  ( 5 0 0  U S P  
u n i t s / m g ) ;  a n d  c Z i -a -t o c o p h e r o l ,  1 2 .0 ;  ( 2 5 0  U S P
u n i t s / g ) .

6 M a z o l a  c o r n  o i l ,  C o r n  P r o d u c t s  C o m p a n y ,  N e w  
Y o r k .

7 W h o l e  e g g  c o n t a i n e d  3 5 .2 %  e t h e r  e x t r a c t ;  t h e r e 
f o r e ,  2 .4 %  c o r n  o i l  a d d e d  t o  w h o l e  e g g  d ie t .

t h e  la s t  3  d a y s .  I n  t h e  f ir s t  a n d  t h ir d  
p e r i o d s ,  a n im a ls  c o n s u m e d  1 0 %  p r o t e in  
d ie t s ,  w h e r e a s  in  t h e  s e c o n d  a n d  f o u r t h  
p e r i o d s  t h e y  w e r e  f e d  a n  e q u a l  a m o u n t  o f  
a  3 .4 %  w h o le  e g g  d ie t  w h i c h  w a s  is o -  
c a l o r i c  a n d  o t h e r w is e  i d e n t i c a l  t o  t h e  b a s a l  
d ie t  ( t a b l e  2 ) .

D u r i n g  t h e  f ir s t  a n d  s e c o n d  p e r i o d s ,  
c o p r o p h a g y  w a s  p r e v e n t e d  i n  o n e - h a l f  t h e  
a n im a ls  a n d  a l l o w e d  in  t h e  r e m a i n i n g  
h a l f .  T h r o u g h o u t  t h e  t h i r d  a n d  f o u r t h  
p e r i o d s  f e c a l  c o l l e c t i o n  c u p s  w e r e  s w i t c h e d  
to  a n im a ls  t h a t  h a d  b e e n  a l l o w e d  t o  p r a c 
t i c e  c o p r o p h a g y  d u r in g  t h e  f ir s t  2  p e r i o d s .  
F e c e s  w e r e  c o l l e c t e d  d a i ly  a n d  d r i e d  a t  
5 0 ° .  U r in e  s a m p le s  w e r e  p r e s e r v e d  w i t h  
H 2S O 4 a n d  K F . S a m p le s  o f  f e e d ,  f e c e s  
a n d  u r in e  w e r e  a n a ly z e d  f o r  n i t r o g e n  b y  
t h e  m a c r o - K je l d a h l  p r o c e d u r e .

I n  a  s e c o n d  s t u d y ,  t h e  e f f e c t  o f  c o p r o p h 
a g y  o n  w e ig h t  g a in ,  f e e d  c o n s u m p t i o n  
a n d  p r o t e in  e f f i c i e n c y  r a t io  w a s  d e t e r 
m i n e d .  T w e n t y - t h r e e - d a y - o ld  m a l e  w e a n 
l i n g  r a t s  o f  t h e  H o l t z m a n  s t r a in  w e r e  a l 
lo t t e d  o n  a  w e ig h t  b a s i s  t o  1 0  g r o u p s .  
G r o u p s  w e r e  t h e n  a s s ig n e d  a t  r a n d o m  to  
t h e  9  d ie t s  u s e d  i n  t h e  f ir s t  s t u d y  a n d  t o  
a  t e n t h  d ie t  w h i c h  c o n t a i n e d  a  2 0 - f o l d  
i n c r e a s e  i n  n i a c i n  b u t  w h i c h  w a s  o t h e r 
w i s e  i d e n t i c a l  t o  t h e  z e in  d ie t .

A  t o t a l  o f  8  a n im a ls  w a s  a s s ig n e d  to  
e a c h  d ie t ,  w i t h  c o p r o p h a g y  p r e v e n t e d  in  
f o u r  a n d  a l l o w e d  i n  t h e  4  r e m a i n i n g  a n i 
m a ls .  A n  a t t e m p t  w a s  m a d e  t o  n u l l i f y  
p o s s ib l e  e f f e c t s  w h i c h  t h e  p h y s i c a l  p r e s 
e n c e  o f  t h e  f e c a l  c o l l e c t i o n  c u p s  m ig h t  
h a v e  o n  t h e  r e s p o n s e s  o f  t h e  a n im a ls .  
F e c a l  c o l l e c t i o n  c u p s  w i t h  t h e  o p e n  e n d  
p o i n t i n g  a w a y  f r o m  t h e  a n im a ls  w e r e  a t 
t a c h e d  m i d w a y  d o w n  t h e  t a i ls  o f  a n im a ls  
a l l o w e d  t o  p r a c t i c e  c o p r o p h a g y .  T h u s ,  
f e c a l  c o l l e c t i o n  c u p s  w e r e  a t t a c h e d  to  
a l l  a n im a ls ,  b u t  in  o n e - h a l f  o f  t h e  a n im a ls  
t h e  c u p s  w e r e  a t t a c h e d  i n  a  m a n n e r  w h i c h  
a l l o w e d  c o p r o p h a g y .

D u r in g  t h e  s e c o n d  s t u d y  t h e  a n im a ls  
w e r e  f e d  a d  l i b i t u m  f o r  2 8  d a y s ,  a n d  f e e d  
in t a k e  a n d  w e ig h t  g a in  d a t a  w e r e  r e c o r d e d .  
P r o t e in  e f f i c i e n c y  r a t io  ( P E R )  w a s  c a l c u 
l a t e d  b y  d iv id in g  t h e  g r a m s  o f  w e ig h t  
g a in e d  b y  t h e  g r a m s  o f  p r o t e in  c o n s u m e d .  
D a t a  f r o m  b o t h  s t u d ie s  w e r e  a n a ly z e d  
s t a t i s t i c a l ly  b y  a n  a n a ly s i s  o f  v a r ia n c e  ( 7 ) .

R E S U L T S  A N D  D I S C U S S I O N

S ig n i f i c a n t  d e p r e s s io n s  in  b i o l o g i c a l  
v a lu e  o f  d ie t a r y  p r o t e in s  w e r e  o b s e r v e d  
w h e n  r a t s  w e r e  p r e v e n t e d  f r o m  p r a c t i c i n g  
c o p r o p h a g y  ( t a b l e  3 ) .  T h e  a v e r a g e  b i o 
l o g i c a l  v a lu e  f o r  a l l  d ie t s  w a s  r e d u c e d  
f r o m  6 0 %  t o  5 0 %  w h e n  c o p r o p h a g y  w a s  
p r e v e n t e d .  D e c r e a s e s  w e r e  o b s e r v e d  f c r
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2 2 B. R. STILLINGS AND L. R. HACKLER

a l l  d ie t s ;  h o w e v e r ,  s i g n i f i c a n t  d i f f e r e n c e s  
w e r e  f o u n d  o n l y  f o r  d ie t s  c o n t a i n i n g  t h e  
b a l a n c e d  a m i n o  a c id  m i x t u r e  (P  <  0 .0 1 ) ,  
w h o le  e g g  ( P  <  0 . 0 1 ) ,  i m b a l a n c e d  a m in o  
a c id  m ix t u r e  ( P  <  0 . 0 5 ) ,  a n d  s o y a  p r o t e in  
h e a t e d  5  m in u t e s  ( P  <  0 . 0 5 ) .

W i t h  t h e  e x c e p t i o n  o f  t h e  i m b a l a n c e d  
a m i n o  a c id  d ie t ,  s i g n i f i c a n t  d i f f e r e n c e s  
w e r e  f o u n d  o n ly  f o r  d ie t s  w i t h  t h e  h ig h e s t  
b i o l o g i c a l  v a lu e .  B i o l o g i c a l  v a lu e  is  k n o w n  
t o  b e  a f f e c t e d  b y  l e v e l  o f  f e e d  in t a k e ;  
h o w e v e r ,  w i t h  t h e  e x c e p t i o n  o f  t h e  z e in  
a n d  i m b a l a n c e d  a m i n o  a c id  d ie t s  a l l  a n i 
m a ls  c o n s u m e d  5  g  o f  f e e d  d a i ly .  I n  a 
s u b s e q u e n t  s t u d y  in  w h i c h  e a c h  a n im a l  
c o n s u m e d  4 .5  g  d a i ly  o f  t h e  i m b a l a n c e d  
a m i n o  a c id  d ie t s ,  n o  s i g n i f i c a n t  d i f f e r e n c e  
w a s  f o u n d  in  b i o l o g i c a l  v a lu e  b e t w e e n  t h e  
c o p r o p h a g i c  a n d  n o n c o p r o p h a g i c  r a ts .

T h e  d i f f e r e n c e s  o b t a in e d  i n  b i o l o g i c a l  
v a lu e  b e t w e e n  c o p r o p h a g i c  a n d  n o n c o p r o 
p h a g i c  r a t s  w e r e  r e f l e c t e d  i n  w e ig h t  g a in s  
o f  a n im a ls .  A s  s h o w n  in  t a b le  4 ,  th e  
a v e r a g e  w e ig h t  g a in s  d u r in g  t h e  f ir s t  a n d  
t h ir d  c o l l e c t i o n  p e r i o d s  w e r e  c o n s i s t e n t l y  
h i g h e r  f o r  a n im a ls  p r a c t i c i n g  c o p r o p h a g y .  
I n  a d d i t i o n ,  d ie t s  w h i c h  g a v e  t h e  la r g e s t  
d i f f e r e n c e s  in  b i o l o g i c a l  v a lu e  a ls o  t e n d e d  
t o  r e s u l t  in  w id e r  d i f f e r e n c e s  i n  w e ig h t  
g a in s .

T h e  i n t e r a c t i o n  w h i c h  w a s  o b s e r v e d  b e 
t w e e n  q u a l i t y  o f  d ie t  a n d  c o p r o p h a g y  o n  
b i o l o g i c a l  v a lu e  is  d i f f i c u l t  t o  e x p l a i n ;  h o w 
e v e r ,  2  p o s s ib i l i t i e s  c a n  b e  p r e s e n t e d .  
F ir s t ,  a l t h o u g h  a l l  a n im a ls  w e r e  f e d  e q u a l  
a m o u n t s  o f  f e e d  a t  t h e  s a m e  t im e  e a c h  
d a y ,  t h o s e  r a t s  a s s ig n e d  t o  t h e  h ig h e r  
q u a l i t y  d ie t s  t e n d e d  t o  c o n s u m e  t h e i r  f e e d  
in  le s s  t im e  t h a n  t h o s e  f e d  t h e  lo w e r  
q u a l i t y  d ie t s .  A l s o  t h e r e  m a y  h a v e  b e e n  a 
d i f f e r e n c e  b e t w e e n  d ie t s  in  t h e  d e g r e e  to  
w h i c h  a n im a ls  p r a c t i c e d  c o p r o p h a g y .  F o r  
e x a m p l e ,  i f  c o p r o p h a g i c  r a t s  a s s i g n e d  to  
t h e  w h o le  e g g  d ie t  c o n s u m e d  m o r e  o f  t h e ir  
f e c e s  t h a n  s im i la r  a n im a ls  a s s i g n e d  t o  th e  
w h e a t  g lu t e n  d ie t ,  g r e a t e r  d i f f e r e n c e s  d u e  
t o  c o p r o p h a g y  w o u ld  b e  e x p e c t e d  w i t h  
t h e  f o r m e r  d ie t  t h a n  w i t h  t h e  la t te r .

T h e  d e p r e s s i o n  in  b i o l o g i c a l  v a lu e  w h ic h  
o c c u r r e d  w h e n  c o p r o p h a g y  w a s  p r e v e n t e d  
w a s  t h e  r e s u l t  o f  a n  in c r e a s e d  u r in a r y  
n i t r o g e n  e x c r e t i o n  ( t a b l e  3 ) .  I t  a p p e a r s  
t h a t  s o m e  f a c t o r ( s )  i n  t h e  f e c e s  w a s  r e 
q u i r e d  f o r  o p t im a l  u t i l i z a t i o n  o f  t h e  a b 
s o r b e d  n i t r o g e n .  U n t i l  a d d i t i o n a l  s t u d ie s

a r e  c o n d u c t e d ,  a n y  a t t e m p t  t o  a r r iv e  a t  a n  
a d e q u a t e  e x p l a n a t i o n  c a n  b e  o n ly  s p e c u 
la t iv e .

P r e v e n t in g  c o p r o p h a g y  a l s o  r e s u l t e d  in  
a  s l ig h t  b u t  s t a t i s t i c a l ly  s i g n i f i c a n t  ( P  <
0 .0 1 )  d e p r e s s i o n  i n  n i t r o g e n  a b s o r p t i o n .  
A l t h o u g h  t h e  p r a c t i c a l  s i g n i f i c a n c e  o f  t h is  
s m a l l  d i f f e r e n c e  is  q u e s t i o n a b le ,  t h e  r e 
s u lt s  a r e  in  a c c o r d  w i t h  t h o s e  o b t a i n e d  in  
t h e  r a b b i t  b y  T h a c k e r  a n d  B r a n d t  ( 8 ) ,  
w h o  r e p o r t e d  t h a t  c o p r o p h a g y  p r e v e n t i o n  
d e c r e a s e d  a p p a r e n t  p r o t e in  d ig e s t ib i l i t y .  
H o w e v e r ,  B a r n e s  e t  a l . ( 2 )  r e p o r t e d  t h a t  
p r o t e in  d ig e s t ib i l i t y  in  t h e  r a t  w a s  u n i n 
f l u e n c e d  b y  p r e v e n t in g  c o p r o p h a g y .  In  
o u r  s t u d y ,  n i t r o g e n  a b s o r p t i o n  w a s  h ig h  
f o r  a l l  d ie t s ,  w h i c h  p o s s ib ly  w a s  a t t r ib u t 
a b le  to  t h e  l o w  le v e l  o f  f e e d  in t a k e .  N i t r o 
g e n  a b s o r p t i o n  d e c r e a s e d ,  h o w e v e r ,  in  t h e  
s o y a  p r o t e in  d ie t s  a s  t h e  t im e  o f  a u t o c l a v 
i n g  in c r e a s e d .

T h e  m e t a b o l i c  f e c a l  n i t r o g e n  w a s  s i g 
n i f i c a n t ly  in c r e a s e d  f o r  a l l  a n im a ls  in  
w h i c h  c o p r o p h a g y  w a s  p r e v e n t e d ,  w i t h  t h e  
e x c e p t i o n  o f  t h o s e  w h i c h  p r e v i o u s ly  h a d  
b e e n  f e d  t h e  1 0 %  w h o le  e g g - p r o t e in  d ie t  
( t a b l e  3 ) .  M e t a b o l i c  a n d  e n d o g e n o u s  
n i t r o g e n  w e r e  d e t e r m in e d  in  t h e  s e c o n d  
a n d  f o u r t h  p e r i o d s  w i t h  a l l  a n im a ls  c o n 
s u m i n g  5  g  o f  t h e  3 .4 %  w h o le  e g g - p r o t e in  
d ie t .  U r in a r y  e n d o g e n o u s  n i t r o g e n  w a s  
n o t  s i g n i f i c a n t ly  a f f e c t e d  b y  c o p r o p h a g y  
p r e v e n t i o n .  B a r n e s  e t  a l. ( 2 )  a l s o  o b 
s e r v e d  s m a l l  in c r e a s e s  in  m e t a b o l i c  n i t r o 
g e n  in  r a t s  p r e v e n t e d  f r o m  p r a c t i c i n g  
c o p r o p h a g y .  T h e y  s u g g e s t e d  t h a t  n i t r o 
g e n  d e r iv e d  f r o m  t h e  in t e s t in a l  t r a c t  m i g h t  
b e  d ig e s t e d  i f  r e c y c l e d  t h r o u g h  t h e  s m a l l  
in t e s t in e ,  w h ic h  w o u ld  r e s u l t  i n  l o w e r

T A B L E  4

E ffe c t  o f  cop rop h a g y  p rev en tion  on  a verage w eig h t
gain  during first and third  co lle c tio n  period s  

o f  m eta bolism  ex p er im en t

D ie t C o p r o p h a g y
a l l o w e d

C o p r o p h a g y
p r e v e n t e d

W h e a t  g l u t e n

g / r a t fw e e h

2 . 9  2 . 6
W h o l e  e g g 7 . 2 1 .9
S o y a  p r o t e i n ,  5  m i n  1 6 . 0 2 . 0
S o y a  p r o t e i n ,  4 0  m i n 5 .3 1 .9
S o y a  p r o t e i n ,  1 2 0  m i n 5 . 6 3 . 9
S o y a  p r o t e i n ,  2 4 0  m i n 4 . 4 0 . 5
I m b a l a n c e d  a m i n o  a c i d 0 . 6 - 0 . 2
B a l a n c e d  a m i n o  a c i d 5 . 9 1 .8

i M i n u t e s  h e a t e d  a t  1 2 1 ° .
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m e t a b o l i c  n i t r o g e n  v a lu e s  in  r a t s  p r a c t i c 
i n g  c o p r o p h a g y .

T h e  r e s u l t s  o b t a in e d  w i t h  t h e  z e in  d ie t  
a r e  n o t  i n c l u d e d  in  t a b le  3  b e c a u s e  a n i 
m a l s  f a i l e d  t o  c o n s u m e  t h e  e n t i r e  a m o u n t  
o f  f e e d  o f f e r e d ,  a n d  o n e - h a l f  o f  t h e  a n i 
m a l s  d ie d  n e a r  t h e  e n d  o f  th e  s e c o n d  e x 
p e r i m e n t a l  p e r i o d .  A f t e r  1 0  d a y s ,  r a t s  
c o n s u m i n g  t h e  z e in  d ie t  a n d  a l l o w e d  to  
p r a c t i c e  c o p r o p h a g y  e x h ib i t e d  a p p a r e n t  
v i t a m in  d e f i c i e n c y  s y m p t o m s ,  n a m e ly ,  
r o u g h  h a i r  c o a t ,  p o r p h y r in - c a k e d  w h is k e r s ,  
d ia r r h e a  a n d  g e n e r a l  u n t h r i f t in e s s .  A d d i 
t i o n a l  v i t a m i n  s u p p le m e n t s  w e r e  a d m in 
i s t e r e d  o r a l l y ;  h o w e v e r ,  t h e  a n im a ls  d id  
n o t  s u r v iv e .  A n i m a l s  f e d  t h e  z e in  d ie t  
t h a t  w e r e  p r e v e n t e d  f r o m  p r a c t i c i n g  c o 
p r o p h a g y  s h o w e d  n o  a b n o r m a l i t i e s  d u r in g  
t h e  f ir s t  a n d  s e c o n d  p e r i o d s ;  b u t ,  w h e n  
a l l o w e d  t o  p r a c t i c e  c o p r o p h a g y  d u r in g  th e  
t h ir d  a n d  f o u r t h  p e r i o d s ,  s im i la r  v i t a m in  
d e f i c i e n c y  s y m p t o m s  w e r e  e x h ib i t e d .  I t  is 
p o s s i b l e  t h a t  t h e  a n im a ls  w e r e  d e f i c i e n t  in  
n i a c i n ;  h o w e v e r ,  i t  is  d i f f i c u l t  t o  e x p la in  
th e  o c c u r r e n c e  o f  s y m p t o m s  o n ly  in  a n i 
m a l s  a l l o w e d  to  p r a c t i c e  c o p r o p h a g y .

I n  v i e w  o f  t h e  p o s s ib i l i t y  o f  a  n i a c i n  
d e f i c i e n c y  in  t h e  z e in  d ie t ,  t h e  s e c o n d  
s t u d y  i n c l u d e d  a  t e n t h  d ie t  w h i c h  w a s  
i d e n t i c a l  t o  t h e  z e in  d ie t  e x c e p t  t h a t  it 
c o n t a i n e d  a  2 0 - f o l d  i n c r e a s e  in  n ia c in .  
A s  s h o w n  in  t a b le  5 ,  a l l  a n im a ls  c o n s u m 
i n g  t h e  z e in  d ie t s  l o s t  w e ig h t ,  a l t h o u g h  
n o n e  s h o w e d  t h e  s y m p t o m s  e x h ib i t e d  in  
th e  f ir s t  e x p e r im e n t .  O n ly  s l ig h t  d i f f e r 
e n c e s  b e t w e e n  t h e  2  z e in  d ie t s  w e r e  n o t e d  
in  w e ig h t  g a in  a n d  f e e d  c o n s u m e d ,  b u t  
a n i m a ls  f e d  b o t h  d ie t s  a n d  i n  w h i c h  c o 
p r o p h a g y  w a s  p r e v e n t e d  t e n d e d  t o  c o n s u m e  
m o r e  f e e d .  F r o m  t h e s e  r e s u l t s  a  c o n c l u 
s i o n  c a n n o t  b e  d r a w n  t o  e x p l a i n  t h e  s y m p 
t o m s  e x h ib i t e d  b y  a n im a ls  in  t h e  fir s t  
s t u d y .

S l ig h t  d e p r e s s i o n s  in  w e ig h t  g a in s  f o r  
a l l  d ie t s ,  e x c e p t  t h a t  w i t h  w h o le  e g g ,  w e r e  
o b s e r v e d  w h e n  c o p r o p h a g y  w a s  p r e v e n t e d  
( t a b l e  5 ) .  T h e  a v e r a g e  d e c r e a s e  f o r  a ll 
d ie t s  w a s  1 1 %  . B a r n e s  e t  a l . ( 6 )  r e p o r t e d  
a  1 5  t o  2 5 %  r e d u c t i o n  i n  g r o w t h  w i t h  r e g 
u la r  f e c a l  c o l l e c t i o n  c u p s  a n d  a  5  t o  8 %  
d e c r e a s e  w i t h  c u p s  a t t a c h e d  w h ic h  s t i l l  
p e r m it t e d  c o p r o p h a g y .  I t  c a n  b e  a s s u m e d ,  
t h e r e f o r e ,  t h a t  1 0  t o  1 7 %  o f  t h e  d e c r e a s e  
w a s  d u e  t o  f a i lu r e  o f  t h e  a n im a ls  to  p r a c -
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tice coprophagy, and the decrease obtained 
in our study falls within this range.

Slight and inconsistent differences were 
noted on the effect of coprophagy on 
feed intake (table 5 ) . When coprophagy 
was prevented animals consumed slightly 
more of the balanced amino acid diet but 
less of the whole egg diet.

Preventing coprophagy resulted, how
ever, in a reduction in PER (table 5 ). The 
PER for each diet was less for animals 
prevented from practicing coprophagy, and 
the average PER for all diets was signifi
cantly depressed (P <  0 .01 ). These re
sults are not in accord with those of Barnes 
et al. (6 ) , who reported no effect on PER 
by the prevention of coprophagy. In the 
present study, the magnitude of the dif
ferences in PER was not as great as that 
for biological value, especially with the 
higher quality diets. This may have been 
due to the difference in feed intake and 
a difference in the degree to which ani
mals practiced coprophagy in the 2 ex
periments. In addition, animals allowed 
to practice coprophagy in the metabolism 
study were not fitted with tail cups as they 
were in the growth study.

Decreases in PER and those noted in 
biological value provide evidence that 
prevention of coprophagy reduces the utili
zation of dietary protein. Investigations 
should be made to determine the degree 
to which rats practice coprophagy when 
fed diets differing in protein quality and 
to determine what effect level of energy

and feed intake have on extent of coproph
agy practice and on the utilization of 
protein when coprophagy is prevented. In 
addition, studies are required to explain 
the increased urinary nitrogen excretion 
when coprophagy is prevented.
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Amino Acid Activation in the Liver of Growing 
Rats Maintained with Normal and with 
Protein-deficient Diets

A. MARIANI, P. A. MIGLIACCIO, M. A. SPADONI an d  M. TICCA 
Istituto Nazionale della Nutrizione, Città Universitaria, Rome, Italy

ABSTRACT The activity of the amino acid-activating enzymes was measured in 
the liver of growing rats maintained with a normal and with a protein-deficient diet. 
The determinations were based on the isotope exchange between ATP and PP labeled 
with 32 P. The changes in the DNA content of the cell nucleus were also determined. 
Studies of changes in DNA content, and hence changes in ploidy during growth, 
indicated that in normal rats the activity of the amino acid-activating enzymes in
creased when expressed per average nucleus, whereas it remained constant and un
affected by growth when expressed per unit weight of DNA. On the contrary, in 
rats maintained with a protein-deficient diet, in which the arrest of growth causes an 
arrest of ploidy, the activity of the amino acid-activating enzymes increased both 
when expressed per average nucleus and per unit weight of DNA. We suggest that 
under these conditions a control mechanism is brought into action by changes in the 
amount of amino acids in circulation. This mechanism is independent of the in
crease in the DNA content of cell nucleus, and results, for growing rats maintained 
with a protein-deficient diet, in a preferential utilization of the amino acids for the 
synthesis of proteins.

Following a prolonged protein fast the 
liver of the adult rat exhibits a higher 
activity of all the amino acid-activating 
enzymes, both when expressed per unit 
weight of liver protein and per unit weight 
of liver DNA-P (1 , 2 ). This may be in
terpreted as an attempt on the part of the 
liver to control the metabolism of amino 
acids by redirecting the latter from cata
bolic to anabolic processes.

Previous experiments carried out on 
adult rats, with isotopically labeled amino 
acids, have indicated that a prolonged 
protein fast results in the preferential 
utilization of amino acids by the hepatic 
cells (3 ) . The same result has also been 
obtained in investigations on rats main
tained after weaning with a protein-de
ficient diet for a prolonged period (4 , 5 ).

The present experiments were carried 
out to determine whether in growing rats 
a protein-deficient diet results in a similar 
higher activity of the amino acid-activat
ing enzymes.

In view of the changes in the ploidy of 
the hepatic cells during growth and of the 
effect of the diet on these changes ( 6 -9 ) ,  
it was considered advisable to undertake 
a preliminary investigation on the DNA

content of the average nucleus, in the liver 
of growing rats kept under our experi
mental conditions. In protein-deficient rats 
we had found no increase with age of the 
DNA content of the average nucleus, 
whereas in normally growing rats the DNA 
per average nucleus increased as a con
sequence of the formation of new poly
ploid cells. We decided, therefore, to ex
press the results relative to amino acid 
activation not only per unit weight of 
DNA-P, but per average nucleus as well. 
The results obtained show that the ac
tivity of the amino acid-activating enzymes 
increases in protein-deficient rats, both 
when expressed per unit weight of DNA-P 
and per average nucleus.

EXPERIMENTAL
Locally bred male albino rats of the 

Wistar strain were taken immediately 
after weaning and fed ad libitum a diet 
containing 25 and 5%  casein (normal 
and protein-deficient diets, respectively) 
(table 1). They were then decapitated 10, 
20 and 30 days later, the liver was im
mediately excised, and washed with an 
ice-cold solution of Tris (hydroxymethyl)

R e c e i v e d  f o r  p u b l i c a t i o n  M a r c h  1 1 , 1 9 6 6 .

J. N u t r it io n , 90 : ’ 66 2 5
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T A B L E  1

Composition of experimental diets

Normal
diet

Protein-
deficient

diet
% %

Casein 25 5
Rice starch 34 44
Sucrose 28.7 38.7
DL-Methionine 0.3 0.3
Salt mixture 1 5 5
Olive oil 5 5
Cod liver oil 1 1
Vitamin mixture 2 1 1

1 E a c h  1 0 0  g  o f  th e  s a lt  m i x t u r e  s u p p l i e d :  ( i n
g r a m s )  c a l c i u m  c a r b o n a t e ,  3 8 .1 4 0 ;  c o b a l t  c h l o r i d e ,
0 .0 0 2 ;  c o p p e r  s u l f a t e ,  0 .0 4 8 ;  f e r r o u s  s u l f a t e ,  2 .7 0 0 ;  
m a g n e s i u m  s u l f a t e ,  a n h y d r o u s ,  5 .7 3 0 ;  m a n g a n e s e  s u l 
f a t e ,  0 .4 4 5 ;  p o t a s s i u m  i o d i d e ,  0 .0 7 9 ;  p o t a s s i u m  p h o s 
p h a t e ,  m o n o b a s i c ,  3 8 .9 0 0 ;  z i n c  c h l o r i d e ,  0 .0 2 6 ;  
s o d i u m  c h l o r i d e ,  1 3 .9 3 0 ;  ( J o n e s ,  J . H .,  a n d  C . F o s t e r .  
J . N u t r i t i o n ,  2 4 :  2 4 5 ,  1 9 4 3 , o b t a i n e d  f r o m  G e n e r a l  
B i o c h e m i c a l s ,  I n c . ,  C h a g r in  F a l l s ,  O h i o ) .

2 E a c h  1 ,0 0 0  g  o f  t h e  v i t a m i n  m ix t u r e  s u p p l i e d :  ( i n  
g r a m s )  p - a m i n o b e n z o i c  a c i d ,  2 ;  v i t a m in  B i ,  0 .2 ;  v i t a 
m in  B 2, 0 .4 ;  v i t a m in  B6, 0 .2 ;  C a  p a n t o t h e n a t e ,  0 .8 ;  
n i a c i n ,  2 ;  i n o s i t o l ,  2 ;  f o l i c  a c i d ,  0 .0 4 ;  b i o t i n ,  0 .0 2 4 ;  
v i t a m in  B 12 , 0 .0 0 1 ;  v i t a m i n  C , 2 ;  m e n a d i o n e  s o d i u m  
b i s u l f i t e ,  0 .2 ;  v i t a m in  E , 1 ,0 0 0  I U ;  c h o l i n e  c h l o r i d e ,  
4 0 ;  v i t a m in  A ,  2 0 0 ,0 0 0  I U ;  v i t a m in  D 2, 2 0 ,0 0 0  I U ;  
s u c r o s e  t o  m a k e  1 ,0 0 0  g.

enate was then filtered through gauze and 
diluted in a ratio of 1 :20  with a 3%  solu
tion of acetic acid containing 0 .2%  of 
methyl green. The cells were counted di
rectly in a Burker cell counter (1 2 ) . The 
DNA determination was carried out on a 
suitable amount of the homogenate by 
the colorimetric method of Webb and 
Levy (1 3 ). The results of the above 2 
determinations were then used to calculate 
the average DNA content per cell nucleus. 
To check this method, we used the method 
of Chauveau et al. (1 4 ) as modified by 
Di Girolamo et al. (1 5 ) (but substituting 
0.25 m  sucrose with 0.88 m  sucrose) to 
isolate cell nuclei and subjected this prep
aration to a cell count and DNA determina
tion as described above. The value thus 
obtained for the DNA content per cell 
nucleus was in satisfactory agreement 
with the corresponding value for the above 
homogenate.

RESULTS

amino-methane (Tris) (pH 7 .4) and KC1 
in concentrations of 0.02 and 0.05 m , re
spectively. A suitable amount of the liver 
was homogenized in the Tris-KCl buffer at 
0° by a motor-driven Potter homogenizer 
fitted with a Teflon pestle.

Determination of enzymatic activity. 
The homogenate was centrifuged in a 
Martin-Christ ultracentrifuge at 105,000 
x g for one hour. The temperature inside 
the tubes was kept below 4° since the ac
tivity of the enzymes activating the amino 
acids decreases at a higher temperature. 
Suitable equal portions of the supernatant 
were then treated with Carbowax 1 (20  m ) 
according to the technique described by 
Pennington (1 0 ). This was carried out 
to remove the endogenous amino acids. 
The activation of the amino acids was 
then determined by measuring the rate of 
isotope exchange between 32PP and ATP 
by the method of De Moss and Novelli 
(1 1 ). Incubation was carried out as de
scribed previously (2 ) . The radioactivity 
was determined with the aid of a gas-flow 
end-window counter.

Preparation of the suspension for nuclei 
count and DNA determination. The liver 
was homogenized manually for 2.30 min
utes in a Potter apparatus with 4 volumes 
of a 0.88 m  sucrose solution. The homog

DNA content of the nuclei. The values 
for the number of nuclei, the DNAP con
tent per nucleus and per gram of fresh 
tissue are shown in table 2. In neonatal 
rats, the number of nuclei and the DNAP 
content per unit weight of liver were the 
highest, the DNA content per nucleus be
ing approximately the same as the value 
calculated (1 6 ) for the diploid cells in 
rats. Twenty days after birth, however, 
the DNAP conent per unit weight of liver 
decreased as a result of cell enlargement, 
although the DNAP content per cell nu
cleus remained unchanged.

In rats fed a diet containing 25%  of 
casein (normal diet, normal growth), ow
ing to the formation of tetraploid and oc- 
taploid nuclei, the DNA content per nu
cleus in the hepatic cells increased and 
reached the value of adult rats. However, 
in rats fed a diet containing only 5%  of 
casein (protein-deficient diet, strongly re
tarded growth), the DNA content per nu
cleus remained statistically the same as 
that at the time of the weaning.

The results obtained for the activation 
of the amino acids were then correlated 
both with the nuclei and with the DNA. 
In the first case, we expressed the enzy
matic activity per average cell on the

1 U n io n  C a r b id e  C h e m i c a l  C o . ,  C h a r le s t o n ,  W .  V a .
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assumption that the cytoplasmic mass of 
the binuclear cells (10  to 20%  of the 
hepatic cells of rats) (1 7 ) is twice that of 
mononuclear cells. To correlate the enzy
matic activity with the DNA content, we 
assumed that the DNA content of the dip
loid cells is constant. Thus, the values 
expressed per unit weight of DNA refer 
to the enzymatic activity per hypothetical 
diploid cell, i.e., per amount of protoplas
mic mass corresponding to a diploid 
amount of DNA (1 8 ).

Activation of the amino acids as a 
function of growth and diet. Figure 1 
shows the variation in the enzymatic ac
tivity in rat liver during a period of 30 
days after weaning, that is, up to the age 
of 58 days, the values being expressed as 
enzymatic activity per nucleus and hence 
per average cell. Since the amino acid ac
tivation sometimes varied from one series 
of experiments to another, we placed in 
each series a rat from each age group. 
The amino acid activation at the time of 
weaning was used as an internal check 
of the effective variations in enzymatic ac
tivity with age and diet. Figure 1 shows 
that the amino acid activation increased 
during the first 10 days after weaning in 
both series of experiments. In the normal 
rats, no appreciable variation was observed 
for the rest of the experimental period. 
The rats fed the protein-deficient diet, 
however, although showing no change in 
the next 10 days, subsequently showed a 
highly significant increase in the amino 
acid activation.

The values for the activation of the 
amino acids are shown in figure 2 as a 
function of the DNA content and hence in 
a manner proportional to the diploid set of 
chromosomes. The values for normal rats 
did not change with age. This indicates 
that the increase in the activity per nu
cleus during the first 10 days after wean
ing is proportional to an increase in the 
ploidy. Since the ploidy did not increase 
in the deficient rats, the curve for these 
is parallel to that described previously. 
At the age of 58 days, the deficient rats 
showed a definite increase in the activity 
of enzymes activating the amino acids, 
the activity being about 90%  higher than 
in normal rats.
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Fig. 1 Variation of the amino acid-dependent 32 PP ±5 ATP rate of exchange/nucleus as 

a function of age. Each point on the graph is the average of values from a group of 5 rats. 
Assay conditions: 0.2 ml enzyme preparation (between 2.1 and 4.3 mg supernatant protein 
in each incubation mixture); 100 /¿moles Tris-KCl buffer (pH 7.4); 50 /¿moles KF; 10 /¿moles 
ATP, disodium salt, (adjusted to pH 7.4); 10 /¿moles pyrophosphate 32 P; 10 /¿moles MgCk; 
complete amino acid mixture (adjusted to pH 7.4), 4 /¿moles of each of the following amino 
acids; alanine, arginine, aspartic acid, cysteine, cystine, glycine, glutamic acid, histidine, 
hydroxyproline, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, 
threonine, tryptophan, tyrosine, and valine. Cystine and tyrosine did not dissolve com
pletely. Total volume 1 ml. Incubated at 37° for 15 minutes.

DISCUSSION
In rats fed normal diet (2 5 %  casein), 

the growth of the liver in the first month 
after weaning is characterized by an in
crease in the number and size of cells (see 
table 2 ) . This has emerged from the cal
culation of the number of nuclei per gram 
of liver and in the whole liver. This result 
does not therefore take into account the 
increase in the binuclear cells during 
growth. However, the resulting error was 
not large, considering that the cytoplasmic 
mass of the binuclear cells is about twice 
as great as that of the mononuclear cells. 
In the first 10 days after weaning, the in
crease in the number and size of the cells 
was accompanied by an increase in the 
DNA content of the average nucleus and 
therefore by an increase of ploidy up to a

value which then remained constant. The 
increase in the ploidy was in turn ac
companied by a proportional increase in 
the activity of the enzymes activating the 
amino acids and presumably also in the 
level of these enzymes. It appeared, there
fore, that the level of the activating en
zymes is related to a unit weight of DNA 
corresponding to a diploid set of chromo
somes and that this level remains constant 
and unaffected by the growth of the ani
mals.

In contrast, the animals whose growth 
was strongly retarded by feeding a protein- 
deficient diet, showed during the first 10 
days after weaning, a slight increase in 
the weight of the liver resulting almost 
entirely from an increase in the number 
of the cells, after which cell division was
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Fig. 2 Variation of the amino acid dependent 32 PP ATP rate of exchange/DNAP as 
a function of age. Each point on the graph is the average of values from a group of 5 rats. 
Assay conditions as in figure 1.

arrested and the cells grew in size, 
though they remained much smaller than 
the normal cells. The ploidy did not in
crease, as in normal rats, but a consider
able increase was observed in the level of 
the enzymes activating the amino acids. 
This increase does not, therefore, depend 
on the increase in the DNA content per 
nucleus, as it does during the growth of 
the normal rats. Instead, it results from 
a different control mechanism probably 
actuated by a change in the pool of circu
lating amino acids, similar to the situa
tion observed in adult rats subjected to a 
prolonged protein fast. This increase of 
the enzymes activating the amino acids 
may account for the preferential utiliza
tion of the amino acids for the synthesis 
of proteins, which has been found in rats 
fed a protein-deficient diet after weaning.
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Utilization of d -Amino Acids for Growth b y  
Drosophila m elanogaster Larvae * 1

B. W. GEER
Department of Biology, Knox College, Galesburg, Illinois

ABSTRACT T h e  c a p a c i t y  o f  Drosophila melanogaster l a r v a e  t o  u t i l i z e  t h e  D - f o r m s  
o f  t h e  e s s e n t i a l  a m i n o  a c i d s  f o r  g r o w t h  i n  p l a c e  o f  t h e i r  L - i s o m e r s  w a s  e x a m i n e d .  
D - P h e n v l a l a n i n e ,  D - m e t h i o n i n e ,  a n d  D - h i s t i d i n e ,  i n  d e c r e a s i n g  o r d e r ,  w e r e  t h e  o n l y  
D - a m i n o  a c i d s  w h i c h  w e r e  r e a d i l y  u s e d  f o r  g r o w t h  b y  l a r v a e .  T h e  D - f o r m s  o f  a r g i n i n e ,  
l y s i n e ,  a n d  v a l i n e  s t i m u l a t e d  l a r v a l  g r o w t h  w h e n  f e d  w i t h  s u b o p t i m a l  q u a n t i t i e s  o f  
t h e i r  L - i s o m e r s .  D - I s o l e u c i n e  a n d  D - t h r e o n i n e  h a d  l i t t l e ,  i f  a n y ,  e f f e c t  o n  l a r v a l  g r o w t h .  
A t  t h e  l e v e l s  t e s t e d ,  D - l e u c i n e  a n d  D - t r y p t o p h a n  i n h i b i t e d  t h e  g r o w t h  o f  D. melano
gaster l a r v a e .  F e e d i n g  e i t h e r  g l y c i n e ,  L - c y s t i n e ,  o r  L - t y r o s i n e  i n  a  d i e t  c o n t a i n i n g  t h e  
L - i s o m e r s  o f  t h e  e s s e n t i a l  a m i n o  a c i d s  a n d  L - g l u t a m i c  a c i d  s t i m u l a t e d  l a r v a l  g r o w t h .  
L a r v a e  a p p e a r  c a p a b l e  o f  u s i n g  D - c y s t i n e  f o r  g r o w t h  i n  p l a c e  o f  L - c y s t i n e .  T h e  
a b i l i t y  o f  D. melanogaster l a r v a e ,  Tetrahymena pyriformis, a n d  t h e  r a t  t o  u t i l i z e  
D - a m i n o  a c i d s  f o r  g r o w t h  w a s  c o m p a r e d .  P o i n t s  o f  e v o l u t i o n a r y  i n t e r e s t  w e r e  d i s 
c u s s e d .

Insects require, in general, the same 10 
amino acids in the diet for growth that 
are required by the rat (1 ) . The essential 
amino acids are usually supplied in the 
diet as their L-isomers although purified 
diets often contain mixtures of the d- and 
L-isomers of some amino acids. The ca
pacity to utilize D-amino acids in lieu of 
their L-enantiomorphs has been examined 
in 2 insects. Fraenkel and Printy (2 )  
found that Tribolium confusum  utilizes 
fully or partially the D-forms of methio
nine, phenylalanine, and possibly, lysine, 
whereas DeGroot (3 )  found Apis mel- 
lificia capable of utilizing D-methionine, 
D-phenylalanine, and, to some extent, d- 
histidine.

Drosophila melanogaster larvae, in ad
dition to the 10 essential amino acids, 
are reported to benefit by supplementation 
of the diet with L-cystine and glycine
( 4 ) .2 The present study was conducted to 
find which of the D-enantiomorphic forms 
of the essential amino acids can be utili
zed for growth by D. melanogaster larvae 
in place of their L-isomers. The nutritive 
values of L-cystine, L-tyrosine, and glycine 
for larval growth were also examined.

METHODS AND MATERIALS
The standard medium (table 1) was 

the same as that used in previous studies 
( 5 -7 )  except that all amino acids, unless

being tested, were fed as the L-enantio- 
morph. Cultures were prepared by dis
pensing 5 ml of medium in 23-g (6-dram) 
shell vials, plugging with cotton, and 
sterilizing by autoclaving. Eggs, which 
had been sterilized by methods described 
previously (5 ) , were added to the culture 
vials by aseptic techniques. The number 
of eggs was limited so that each culture 
contained 40 to 60 larvae when the eggs 
hatched. The eggs were collected from 
Riverside-Canton-S hybrid females that 
had been mated to Oregon-R males. Lar
vae of the 3 D. melanogaster strains and 
those derived by means of the three-way 
cross between the strains have been used 
in other nutrition studies, ( 5 -9 ) .  Cultures 
were maintained at 23.8 ±  1.1° and 45%  
relative humidity with a 10-hour day and
14-hour night.

The growth requirement for an L-amino 
acid and the utilization of its D-isomer 
were tested by a five-part experiment in 
which the media were prepared and auto
claved at the same time and the larvae for 
all cultures were derived from eggs col
lected over the same period of time. In 
one part of the series larvae were fed a

R e c e i v e d  f o r  p u b l i c a t i o n  A p r i l  2 0 ,  1 9 6 6 .
1 T h is  i n v e s t ig a t i o n  w a s  s u p p o r t e d  b y  N a t i o n a l  S c i 

e n c e  F o u n d a t i o n  G r a n t s  G B -2 2 3 9  a n d  G B -4 8 3 8 .
2 R u d k i n ,  G . T . ,  a n d  J. S c h u l t z  1 9 4 7  E v o lu t i o n  o f  

n u t r i t i o n a l  r e q u i r e m e n t s  i n  a n i m a l s :  a m i n o - a c i d s  e s 
s e n t ia l  f o r  D ro s o p h ila  m e la n o g a s te r .  A n a t .  R e c . ,  9 9 :  
6 1 3  ( a b s t r a c t ) .

J. N u t r it io n , 90: ’66 31



3 2 B. W . GEER

T A B L E  1

Composition of the standard test medium
mg

Amino acids
L-Arginine • HC1 80
L-Cystine 30
L-Glutamic acid 840
Glycine 40
L-Histidine-HCl 100
L-Isoleucine 300
L-Leucine 200
L-Lysine-HCl 190
L-Methionine 80
L-Phenylalanine 130
L-Xhreonine 200
1,-Tryptophan 50
L-Tyrosine 80
L-Valine 280

Other components
Agar 1500
Sucrose 1000
Yeast ribonucleic acid 100
Cholesterol 30
Thiamine HC1 0.2
Nicotinic acid 1.2
Riboflavin-5'-phosphate, Na 1.0
Calcium pantothenate 1.6
Pyridoxine-HCl 0.25
Biotin 0.03
Folic acid 1.0
Choline chloride 8.0
FeS04 1.0
CaCl.2 1.29
MgS04-7H2O 24.6
MnS04 H20 1.29
NaHCOs 100
k h ,p o 4 183
Na2HP04 189

ml
Water to 100
1 T h e  v i t a m in s ,  y e a s t  n u c l e i c  a c i d ,  c h o l e s t e r o l ,  

c h o l i n e  c h l o r i d e ,  a g a r ,  s u c r o s e ,  a n d  a l l  l - a n d  D -a m in o  
a c i d s  e x c e p t  D -c y s t in e .  D - i s o le u c in e ,  D -ly s in e ,  a n d  d - 
l y s in e  w e r e  o b t a i n e d  f r o m  N u t r i t i o n a l  B i o c h e m i c a l s  
C o r p o r a t i o n ,  C le v e la n d .  T h e  D -fo r m s  o f  c y s t in e ,  i s o 
l e u c i n e ,  l y s in e ,  a n d  t h r e o n i n e  w e r e  p u r c h a s e d  f r o m  
S ig m a  C h e m i c a l  C o m p a n y ,  S t. L o u is .  T h e  s a lt s  w e r e  
p r o v i d e d  b y  J . T . B a k e r  C h e m i c a l  C o m p a n y ,  P h i l l i p s -  
b u r g ,  N e w  J e r s e y .

diet lacking the amino acid; larvae in a 
second part were fed an optimal level of 
the L-amino acid; and a diet containing an 
equivalent amount of the D-form of the 
amino acid was fed to larvae in a third 
part. The 2 remaining parts of the series 
were designed to determine whether the 
D-counterpart can spare the dietary re
quirement for the L-amino acid. In part 
four, a suboptimal level of the L-isomer 
was fed; depending upon the amino acid, 
the amount of L-isomer fed was 10 to 20%  
of the optimal quantity. In the remaining 
part of the experiment, a suboptimal

amount of the L-amino acid was fed, but 
it was supplemented with a quantity of 
the D-form sufficient to raise the total 
amount of the amino acid to the same 
level as in the optimal diet (part 2 ) . The 
diets fed to larvae in parts one and four 
were supplemented with L-glutamic acid 
to make all diets isonitrogenous. Optimal 
levels of the L-amino acids were the quan
tities in the standard diet. This amino 
acid mixture had been compared with 
several others and was found to be the 
most adequate of the mixtures for D. 
melanogaster larval growth (7 ) .

Larval growth was assessed by several 
criteria: larval dry weight, survival of 
larvae to pupation and to eclosion, and the 
duration of the larval growth period. For 
dry-weight determinations, larvae from 5 
cultures were heat-killed after a 10-day 
growth period, dried at 100° overnight, 
and weighed. To minimize the weighing 
error, the larvae from each culture were 
dried and weighed together. The number 
of larvae included in each dry-weight 
sample ranged from 200 to 300.

Survival of larvae to pupation was de
termined by counting the number of lar
vae to hatch from eggs in each culture and 
then scoring daily the numbers of larvae to 
pupate. The number of larvae to become 
adults was subsequently determined for 
each culture. The duration of the larval 
growth period was the time in days that 
elapsed between the inoculation of cultures 
with eggs and the time of pupation. Each 
culture was scored every day and the num
ber of new pupae recorded. From these 
data the mean length of the growth period 
for larvae fed the experimental diet was 
calculated. Each determination of larval 
survival and growth period length was 
based upon the observation of at least 400 
larvae.

RESULTS
Readily utilized B-amino acids. Three 

of the D-amino acids replaced their l - 
counterparts to some extent in the diets of
D. melanogaster larvae (table 2 ) , D-phe- 
nylalanine being the most effective. Lar
vae fed D-phenylalanine survived to pupa
tion and to eclosion almost as well and 
grew at a rate slightly less rapid than lar
vae fed an equivalent amount of L-phenyl- 
alanine.
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TABLE 2
d-Amino acids that are readily utilized for growth by D. melanogaster larvae

Supplement Larvae to 
pupate

Larvae to 
become 
adults

Growth 
period 1

Dry wt 
at 10 days 2

mg/100 ml % % days mg x 100
Phenylalanine-deficient medium

None 0 0
130 mg L-Phenylalanine 93.0 86.9 12.9± 1.0 24.4
130 mg D-Phenylalanine 93.0 83.2 13.0 ±  1.0 21.5
15 mg L-Phenylalanine 
15 mg L-Phenylalanine and

69.3 66.5 19.4 ±1 .5 4.3

115 mg D-phenylalanine 88.7 77.5 12.7 ±1 .1 23.6

Methionine-deficient medium
None 0 0
80 mg L-Methionine 91.4 79.3 12.2 ±  1.2 21.3
80 mg D-Methionine 71.8 64.6 12.1 ±1 .8 17.0
10 mg L-Methionine 
10 mg L-Methionine and

64.3 58.5 18.6 ±  2.5 8.4

70 mg D-methionine 73.0 67.9 12.5 ±1 .8 23.8
Histidine-deficient medium

None 0 0
100 mg L-Histidine-HCl 93.2 82.4 12.0 ±  1.1 23.6
100 mg D-Histidine-HCl 9.7 2.6 28.9 ±3 .3 2.7
15 mg L-Histidine-HCl 
15 mg L-Histidine-HCl and

84.1 72.2 17.1 ±  1.9 9.6

85 mg D-histidine HC1 87.5 74.8 12.6 ±1.1 22.2
1 F igures represent m ean  +  s d .
- E ach figure is the m ean  o f  the larvae from  5 cultures.

The D-form of methionine was utilized 
more than 70%  as effectively as its l - 
isomer, this being true for all the growth 
characteristics measured. The growth 
period was as short for D-methionine-fed 
larvae as for L-methionine-fed larvae, on 
the average, but there was more variation 
between larvae. At 10 days, D-methionine- 
fed larvae were smaller than those fed 
L-methionine and fewer survived to pupa
tion and to eclosion.

D-Histidine replaced L-histidine in the 
diet of D. melanogaster larvae to a limited 
extent. Although larvae fed only D-his- 
tidine grew very slowly, a small percent
age survived to eclosion. Adults raised 
with a D-histidine diet were successfully 
mated. D-Histidine exerted a marked spar
ing effect on the growth requirement for 
L-histidine when the d- and L-forms were 
fed in the same diet; D-histidine increased 
the weights of 10-day-old larvae and short
ened the larval growth period.

Moderately utilized n-amino acids, d - 
Arginine, D-lysine and D-valine stimulated 
the growth of D. melanogaster larvae 
when fed with suboptimal quantities of

their L-form but failed to promote meas
urable growth when fed as the sole dietary 
source of the amino acid (table 3 ).

D-Arginine exerted a marked sparing 
effect on the dietary requirement for its 
L-isomer. When D-arginine was fed with 
a growth-limiting quantity of L-arginine, 
the frequencies of larvae to pupate and to 
become adults were several times greater 
than when larvae were fed only a limit
ing amount of L-arginine. Also, the ob
served weights of 10-day-old larvae and the 
lengths of the larval growth periods fur
ther evidenced the sparing effect of d - 
arginine for the L-arginine growth require
ment.

D-Lysine spared the growth requirement 
for its L-isomer. When both d - and L - 
lysine were fed, nearly twice as many 
larvae survived to pupation and to eclo
sion when fed a suboptimal level of l - 
lysine. Furthermore, 10-day-old larvae fed 
d -  and L-lysine had weights more than 
twice the magnitude of larvae fed L-lysine. 
The larval growth period was also much 
shorter when the D-form was present in 
the diet with L-lysine.
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T A B L E  3

D-Amino acids that spare the growth requirement of D. melanogaster larvae
for their v-isomer

Supplement Larvae to 
pupate

Larvae to 
become 
adults

Growth 
period 1

Dry wt 
at 10 days

mg/100 ml % % days mg x 100

Arginine-deficient medium
None 0 0
80 mg L-Arginine-HCl 87.8 83.4 12.4 ±  1.1 22.6
80 mg D-Arginine-HCl 0 0
16 mg L-Arginine-HCl 
16 mg L-Arginine-HCl and

6.5 2.0 29.9 ±2 .2 1.7

64 mg D-arginine HCl 40.9 21.6 24.8 ±1 .9 4.2

Lysine-deficient medium
None 0 0
190 mg L-Lysine-HCl 87.1 82.9 11.9 ±  1.1 23.0
190 mg D-Lysine-HCl 0 0
20 mg L-Lysine-HCl 
20 mg L-Lysine-HCl and

44.8 35.5 28.6 ±2 .0 1.7

170 mg D-lysine-HCl 73.5 63.8 20.8 ±2 .0 4.0

Valine-deficient medium
None 0 0
280 m g  L-Valine 84.8 81.3 12.1 ± 1 .1 22.5
280 m g  D-Valine 0 0
30 m g L-Valine 82.8 72.4 1 8 .2 ±  1.8 11.2
30 m g  L-Valine and

250 m g  D-valine 79.7 75.8 15.5 ± 1 .7 15.6

1 Figures represent mean ±  s d .
2 Each figure is the mean of the larvae from 5 cultures.

Under the test conditions D-valine ex
erted only a slight sparing influence on 
the L-valine growth requirement. Via
bilities of larvae fed either a suboptimal 
level of L-valine or the same level of l- 
valine supplemented with D-valine were 
essentially the same. However, the mean 
weight of 10-day-old larvae and the growth 
period were significantly 3 altered by the 
presence of D-valine in the diet with l- 
valine (P <  0.01 for both values).

Unavailable D-amino acids. D-Isoleu- 
cine can not replace L-isoleucine in the 
diet and it is doubtful whether it spares 
the growth requirement for L-isoleucine 
(table 4 ) . When considered individually 
the differences between larval survival 
frequencies, larval dry weights, and growth 
periods are questionable due to a great 
deal of overlapping of individual deter
minations. Nevertheless, when diets con
taining 2 suboptimal quantities of L-iso- 
leucine and L-isoleucine plus D-isoleucine 
other than that shown in table 4 were 
tested, small but consistent differences 
were noted between the growth perfor

mances of larvae fed the test diets. The 
D-preparation of isoleucine was a mixture 
of D-isoleucine and D-alloisoleucine; thus 
neither diastereomer effectively spared the 
L-isoleucine growth requirement.

D-Threonine had little effect upon 
growth. Larvae maintained on a sub
optimal level of L-threonine grew as well 
as those fed the suboptimal amount of l - 
threonine supplemented with D-threonine 
(table 4 ).

Growth-inhibiting D-amino acids, d - 

Leucine and D-tryptophan inhibited the 
growth of D. melanogaster larvae at the 
levels fed in the test diets (table 5 ) . d -  

Leucine exerted the greater inhibitory in
fluence. When larvae were fed D-leucine 
with a suboptimal quantity of L-leucine, 
less than half as many larvae became 
adults as when fed only the limiting 
amount of L-leucine. The period of larval 
growth was lengthened by 6.4 days and 
the 10-day-old larva dry weight was re
duced by 80%  when D-leucine was fed 
with L-leucine.

3 Student’s t test.
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TABLE 4
D-Amino acids that do not effectively spare the growth requirement of D. melanogaster

larvae for their L-isomer

Supplement Larvae to 
pupate

Larvae to 
become 
adults

Growth 
period 1

Dry wt
at 10 days 2

mg/100 ml % % days mg x 100
Isoleucine-deficient diet

None 0 0
300 m g L-Isoleucine 92.4 84.9 1 1 .6 + 1 .1 23.8
300 m g D-Isoleucine 0 0
30 m g L-Isoleucine 
30 m g L-Isoleucine and

48.1 35.3 19.8 +  3.7 4.0

270 m g D-isoleucine 56.5 43.8 19.2 +  3.1 5.1

T hreonine-deficient diet
None 0 0
200 m g x,-Threonine 89.1 77.4 1 2 .5 ±  1.3 26.1
200 m g D-Threonine 0 0
25 m g L-Threonine 
25 m g L-Threonine and

60.3 52.7 1 8 .4 + 1 .8 5.9

175 m g D-threonine 55.8 49.3 16.4 +  2.3 6.3

1 Figures represent mean -+- s d .
2 Each figure is the mean of the larvae from 5 cultures.

TABLE 5
d-Amino acids that inhibit the growth of D. melanogaster larvae

Supplement Larvae to 
pupate

Larvae to 
become 
adults

Growth 
period 1

Dry wt 
at 10 days 2

mg/100 ml % % days mg x 100
L eucine-deficient m edium

None 0 0
200 m g L-Leucine 87.3 84.3 12.1 +  1.1 23.3
200 m g D-Leucine 0 0
40 m g L-Leucine 
40 m g L-Leucine and

81.7 74.5 1 6 .0 + 1 .6 11.1

160 m g D-leucine 36.6 31.7 22.4 +  5.3 2.1

T ryptophan-defic ien t m edium
None 0 0
50 m g L-Tryptophan 86.6 82.3 1 1 .8 + 1 .0 24.6
50 m g D-Tryptophan 0 0
5 m g L-Tryptophan 
5 m g L-Trvptophan and

83.9 69.3 20.4 +  2.4 6.9

45 m g D-tryptophan 52.6 41.7 23.5 +  2.5 2.5

1 Figures represent m ean J s d .
2 Each figure is the mean of the larvae from 5 cultures.

The antagonism of D-tryptophan to 
larval growth affected the viability, dry 
weight, and growth rate of larvae. D-Tryp- 
tophan reduced by one-third the frequency 
of larvae to become adults, whereas the 
larval growth period was extended by 3.1 
days and the dry weight of 10-day-old lar
vae was reduced to two-thirds that of lar
vae fed only the limiting quantity of L- 
tryptophan.

Cystine, glycine, and tyrosine. Whether 
D-cystine can be utilized for growth by

D. melanogaster larvae in place of L-cys- 
tine can only be determined with diffi
culty because L-cystine is not required for 
larval growth (table 6 ) . Addition of l - 
cystine to the diet improved larval sur
vival to the adult stage significantly4 
(P <  0 .05) but did not shorten the growth 
period; in fact, the growth period was ex
tended slightly. That D-cystine was uti
lized for growth was evidenced by the

4 Student’s t test.
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improved viabilities of larvae fed either 
D-cystine or D-cystine plus a suboptimal 
amount of L-cystine as compared with 
those fed no cystine or a suboptimal 
amount of L-cystine. However, only when 
the latter diet was fed was the improve
ment in larval survival to the adult stage 
significant5 (P <  0 .05 ). In the cystine ex
periment there were no significant differ
ences between the growth periods or the 
dry weights of larvae fed the different 
test diets.

Addition of glycine to the diet improved 
larval growth (table 7 ). The frequencies 
of larvae to pupate and to become adults 
were higher; the larvae were one-third 
larger at 10 days; and the growth period 
was shortened by 2 days when glycine was 
fed.

L-Tyrosine had little effect on larval 
viability or the length of the growth period 
(table 7 ). Larval dry weight, however, 
was increased when L-tyrosine was fed.

DISCUSSION
D-Methionine and D-phenylalanine are 

effective replacements for their L-enan- 
tiomorphs in the diets of D. melanogaster,
T. confusum (2 ) ,  and A. mellificia (3 ) .  
Drosophila, like Apis, is able to utilize 
D-histidine to a moderate degree in place 
of L-histidine.

Fraenkel and Printy (2 )  obtained in
consistent results when testing D-lysine in 
the diet of Tribolium. In one experiment 
D-lysine appeared to be effective but in a 
second experiment it was an ineffective 
substitute for its L-counterpart. D-Lysine 
spares the growth requirement for L-lysine 
when fed to D. melanogaster larvae but it 
cannot promote the growth of larvae ap
preciably when fed as the only source of 
dietary lysine. D-Lysine is an ineffective 
nutrient for Apis (3 ) .

In the present experimentation D-valine 
and D-arginine spared the dietary require-

5 Student’s t test.

TABLE 6
Utilization of cystine for growth by D. melanogaster larvae

Supplement Larvae to 
pupate

Larvae to 
become 
adults

Growth 
period 1

Dry wt 
at 10 days :

mg/100 ml % % 
Cystine-deficient medium

days mg x 100

None 78.7 68.5 11.6 ±  1.4 23.7
30 mg L-Cystine 88.5 83.2 12.3 ±  1.3 24.3
30 mg D-Cystine 81.6 75.2 11.9 ±  1.2 23.4
5 mg L-Cystine 
5 mg r-Cystine and

75.2 69.9 11.8 ±  1.5 25.2

25 mg D-cystine 84.7 81.0 12.5 ±1 .3 22.8
1 Figures represent mean ±  s d .
2 Each figure is the mean of the larvae from 5 cultures.

TABLE 7
Utilization of glycine and tyrosine for growth by D. melanogaster larvae

Supplement Larvae to 
pupate

Larvae to 
become 
adults

Growth 
period 1

Dry wt
at 10 days 2

mg/100 ml % % days mg x 100

Glycine-deficient medium
None 82.7 61.2 14.3 ±  1.8 16.7
40 mg Glycine 88.5 83.2 12.3 ±1 .3 24.3

Tyrosine-deficient medium
None 92.5 82.4 14.0 ±  1.8 17.3
80 mg L-Tyrosine 92.0 84.1 13.5 ±1 .2 21.7

1 Figures represent mean ±  s d .
2 Each figure is the mean of the larvae from 5 cultures.
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ments for their L-isomers when fed to 
Drosophila larvae. In addition, a very 
slight sparing effect for the requirement 
for L-isoleucine may be attributed to d -  

isoleucine. Thus, the D-forms of lysine, 
valine, arginine, and possibly isoleucine 
can be utilized for growth by Drosophila 
larvae but not to the extent that the lar
vae are able to utilize D-phenylalanine, 
D-methionine, or D-histidine. D-Trypto- 
phan and D-leucine inhibit the growth 
of D. melanogaster larvae, whereas d -  

threonine has no apparent growth influ
ence. Both Apis and Tribolium are in
capable of utilizing the D-forms of valine, 
arginine, isoleucine, leucine, threonine, 
or tryptophan for growth in place of their 
L-isomers (2 ,3 ) .

Comparisons (table 8 ) between the re
sults of the present experimentation and 
studies of the protozoan Tetrahymena 
pyriformis (1 0 )6 and of the rat (1 1 ) yield 
interesting but only approximate rela
tionships due to the differences in meth
ods and growth criteria used: 1) D-Meth- 
ionine is the only D-amino acid that can be 
readily utilized for growth by all 3 or
ganisms, whereas D-arginine can be used 
for growth to some degree by each. Several 
differences are notable. 2 ) The rat utilizes 
D-tryptophan nearly as well as its L-coun- 
terpart for growth, whereas D-tryptophan 
is an ineffective growth-promoting sub
stance for Tetrahymena and Drosophila.
3 ) D-Lysine is utilized to some degree by 
Tetrahymena and Drosophila but not by

T A B L E  8

Utilization of D-amino acids for growth of T. 
pyriformis, D. melanogaster, and the ra t1

D -A m in o  a c i d T e t r a h y m e n a  2 D r o s o p h i l a R a t 3

A r g i n i n e +  + + +
H i s t i d i n e — +  + +
I s o l e u c i n e — —

L e u c i n e — — +
L y s i n e +  + + —

M e t h i o n i n e +  + +  + +  +
P h e n y l a l a n i n e — +  + +  +
T h r e o n i n e — — —

T r y p t o p h a n — — +  +
V a l i n e — +

1 + +  indicates that the D-amino acid is readily 
utilized for growth, -f indicates that the D-amino acid 
is moderately available for growth, ±  shows that 
utilization of the D-amino acid for growth is meager, 
— shows that the D-amino acid is not used for growth.

2 T a k e n  f r o m  t h e  o b s e r v a t i o n s  o f  K id d e r  a n d  D e w e y  
( 1 0 )  a n d  E l l i o t t  e t  a l .  ( s e e  f o o t n o t e  6  i n  t e x t ) .

3 T a k e n  from a r e v i e w  by B e r g  ( 1 1 ) .

the rat. 4 ) D-Phenylalanine is readily uti
lized by the rat and Drosophila but is not 
utilized by Tetrahymena. 5) D-Leucine is 
used for growth to a moderate extent by 
the rat but has no growth-promoting ac
tivity for Tetrahymena or Drosophila. 6)  
n-Histidine and D-valine are utilzied to 
different extents for growth by the rat 
and Drosophila but are ineffective for 
Tetrahymena.

These comparisons raise some questions 
of evolutionary interest. For example, the 
ability to utilize D-lysine for growth ap
pears to have been lost during the evolu
tion of the mammals. That this is the 
case is suggested by observations on the 
rat (1 1 ) , the mouse (1 2 ) , and man (1 3 ). 
None of these mammals are able to use 
D-lysine in place of its L-form.

Also, the capacity to utilize D-tryptophan 
efficiently appears to be an almost unique 
trait of the rat. The mouse (1 2 ) and 
chick (1 4 ) utilize D-tryptophan only to a 
slight degree; Drosophilia, Apis, Tribolium, 
and Tetrahymena can not utilize D-trypto- 
phan for growth.

Tetrahymena does not share the ability 
to utilize D-phenylalanine with the in
sects or vertebrates. This suggests that 
the insects and vertebrates might possibly 
have inherited the ability to utilize d -  

phenylalanine from a common ancestor.
The rat and Drosophila share the ability 

to utilize D-histidine for growth, a quality 
not possessed by the mouse (1 2 ) but ex
hibited by Apis. Thus, the capacity to 
utilize D-histidine is established in certain 
insects but may be rare in mammals.

That D-valine is utilized by the rat and 
Drosophila but not by Tetrahymena is 
of questionable significance. Drosophila 
stands alone among the insects with its 
ability to utilize D-valine for growth and 
the rat holds an equally unique position 
among the vertebrates that have been 
tested. The ability of the rat to utilize 
D-valine for growth is meager (1 5 ) ,  
whereas the mouse (1 6 ) and man (1 7 )  
are unable to use D-valine for growth. The 
growth-promoting activity of D-valine for 
Drosophila, as shown in the present ex
perimentation, is limited.

6 E l l io t t ,  A .  M .,  J . F . H o g g  a n d  C . W u  1 9 5 2  U t i l i 
z a t i o n  o f  D -a m in o  a c id s  b y  T e tr a h y m e n a  g e le i i .  F e d e r a 
t io n  P r o c . ,  1 1 :  2 0 7  ( a b s t r a c t ) .
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The growth-promoting activities of some 
of the D-amino acids, such as D-leucine, 
for the rat have been difficult to detect and 
to quantify because of the growth an
tagonisms between certain of the D-forms. 
DL-Norleucine, for example, inhibits the 
growth response of the rat to D-leucine, 
whereas D-leucine reduces the growth re
sponse to D-valine (1 5 ) . Presence in the 
diet of any of several D-amino acids in
hibits the growth-stimulating activity of 
D-histidine, and the presence en masse of 
several of the poorly invertible D-forms 
antagonizes the growth promotion of the 
rat by the D-isomers of methionine, phe
nylalanine, and tryptophan (18, 19). Diets 
used in the cited studies have in some 
cases included portions of one or more 
D-amino acids, usually as DL-mixtures, 
other than the one being tested and this 
must be regarded as a limitation and pos
sible source of error in the above com
parisons.

Protozoans, T. pyriformis in particular, 
are being used more and more in nutri
tional studies (2 0 ) . The amino acid re
quirements of Tetrahymena (2 1 ) are simi
lar to those of the higher invertebrates 
and vertebrates but it should be kept 
in mind that there are differences be
tween the amino acid metabolisms of these 
groups of organisms, as shown by the 
comparisons of the previous paragraphs.

Drosophila appears capable of utilizing 
D-cystine for growth in place of its L-form. 
It is difficult to assess this quality because 
near-optimal development is possible when 
cystine is omitted from the diet. However, 
addition of either l- or D-cystine improves 
larval viability, D-cystine being slightly 
less effective than L-cystine. Experiments 
of du Vigneaud et al. (2 2 ) showed that 
D-cystine cannot replace L-cystine for the 
purposes of growth in the rat diet.

The means by which D-amino acids pro
mote growth are unknown although en
zymes capable of converting D-amino acids 
to L-amino acids have been demonstrated 
in rat tissue (11 , 2 3 ). The stimulation of 
growth by D-amino acids when fed with 
suboptimal levels of their L-forms, such as 
in the present study, is possibly due to the 
utilization of the D-amino acids as sources 
of nonessential nitrogen. However, in the

current study the D-amino acid in question 
would have to be a better source of non- 
essential nitrogen than L-glutamic acid, 
which was used to make all diets isonitro- 
genous and which was included in all diets 
in large quantities. Therefore, since the 
L-form of the amino acid was the limiting 
factor in the test diets and not the quan
tity of nonessential amino acid, it is more 
probable that the growth-stimulating ca
pacities of the D-amino acids in the cur
rent experiments were due to the con
version of the D-amino acids to their l - 

isomers.
Each of the 3 nonessential amino acids 

examined in the present investigation im
proved the growth of D. melanogaster lar
vae when added to the diet. L-Cystine, al
though necessary for optimal larval via
bility, is not essential for an optimal rate 
of growth by D. melanogaster larvae. Cys
tine apparently does not stimulate larval 
growth by sparing the methionine require
ment. The pathway from cystine to 
methionine does not appear to operate in 
Drosophila since neither homocysteine nor 
homocystine can replace methionine to a 
measurable extent in larval diets (5 ) . 
Furthermore, larval growth is not im
proved by the addition of methionine in 
quantities exceeding that of the standard 
diet.

L-Tyrosine is needed by D. melanogaster 
larvae to grow at the optimal rate. 
Whether tyrosine spares the growth re
quirement for phenylalanine in Drosophila 
has not been examined. Golberg and 
de Meillon (2 4 ) found Aedes aegypti ca
pable of growth with a diet lacking either 
phenylalanine or tyrosine but not both 
of these amino acids, indicating that this 
insect is capable of the interconversion of 
phenylalanine and tyrosine.

Glycine is necessary for both optimal 
larval viability and the optimal rate of 
larval growth of D. melanogaster. Glycine 
has growth-promoting activity for many 
of the Diptera. Omission of glycine from 
the diets of A. aegypti (2 4 ) , Agria affinis
(2 5 ) , and Calliphora erythrocephala (2 6 )  
retards growth. Phormia regina is the only 
Dipteran studied that does not require 
glycine for optimal growth (27 , 28 ).
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Mechanism of Suckling Rat Hypercholesterolemia: 
Dietary and Drug Studies 1,2,3

R. A. HARRIS,4 J. E. MacNINTCH 5 a n d  F. W. QUACKENBUSH
Department of Biochemistry, Purdue University, Lafayette, Indiana

ABSTRACT The objective of this study was to determine the cause(s) of the 
hypercholesterolemia which is known to occur in suckling rats. A semi-purified, 
milk-simulating diet fed to 21-day-old rats upon weaning was found to maintain the 
hypercholesterolemic condition. With this diet, the mechanism of suckling rat hyper
cholesterolemia was investigated by testing the effect of dietary levels of lactose, bulk, 
polyunsaturated fatty acids, cholesterol and fat. The condition appears to be depend
ent upon the high fat content of rat milk but independent of the dietary bulk, 
polyunsaturates, and carbohydrate source. Isocaloric diets were used to establish the 
dependency upon the fat content of diet. Feeding experiments suggest that dietary 
cholesterol is not necessary for maintaining hypercholesterolemia for short periods of 
time, but isotopic balance studies show that the dam contributes a portion of the 
cholesterol found in the plasma of suckling rats. Ethyl linoleate, a-p-chlorophenoxy- 
isobutyrate (CPIB), benzmalecene, and |3-diethylaminoethyl diphenylpropyl acetate 
hydrochloride were found not to be effective as hypocholesterolemic agents in the 
suckling rat hypercholesterolemia. L-Thyroxine was active in lowering plasma choles
terol in this system, but it increased liver free and total cholesterol. Liver wet weight, 
dry weight, and protein content increased in response to CPIB.

Serum cholesterol levels have been ob
served to be much higher in suckling rats 
than in weaned rats ( 1 ,2 ) .  Hypercholes
terolemia also has been observed in suck
ling rabbits (3 )  and shown to be depend
ent upon the high triglyceride and 
cholesterol content of rabbit milk (4 ) .  
Carroll (2 )  observed rat milk to be rela
tively low in cholesterol and also noted 
hepatic biosynthesis of sterol to be sup
pressed in the suckling rat. Many drugs 
which normally function as hypocholes
terolemic agents fail to produce a response 
in the suckling rat hypercholesterolemia 
(  1 )•

A better understanding of control mech
anisms for plasma cholesterol in the suck
ling animal may help to reveal the reasons 
for suppressed hepatic cholesterol biosyn
thesis and lack of response to certain hy
pocholesterolemic agents. The experiments 
presented here were designed to test the 
role of dietary factors in suckling rat hy
percholesterolemia. Specifically, the con
tributions of lactose, bulk, polyunsatu
rated fatty acids, cholesterol and fat were 
investigated. The response to various hy
pocholesterolemic agents is also reported.

EXPERIMENTAL
Materials. Ethyl linoleate of 9 7 + %  

purity was prepared from safflower o il6 as 
described previously (5 ) . Test substances 
obtained commercially included the fol
lowing: ethyl palmitate,7 9 9 + %  purity; 
cholesterol-4-14C,8 4.38 mCi/mmole; and 
L-thyroxine, cholesterol and sodium glyco- 
cholate.9 The other test substances used 
were : ethyl a-p-chlorophenoxyisobutyrate 
(CPIB ethyl ester;10 (3-diethylaminoethyl 
diphenylpropyl acetate hydrochloride 
(SK&F 5 2 5 A );n sodium [N-(l-methyl-2,3- 
di-p-chlorophenylpropyl) maleamate] benz- * 1 2 3 4 5 6 7 8 9 10 11

R e c e i v e d  f o r  p u b l i c a t i o n  M a r c h  2 4 ,  1 9 6 6 .
1 J o u r n a l  p a p e r  n o .  2 8 3 1  P u r d u e  U n iv e r s i t y  A g r i c u l 

t u r a l  E x p e r im e n t  S t a t i o n ,  L a fa y e t t e ,  I n d i a n a .
2 T h is  s t u d y  w a s  s u p p o r t e d  i n  p a r t  b y  P u b l i c  H e a l t h  

S e r v i c e  G r a n t s  n o .  H E  0 8 4 2 4  a n d  T 1  G M  1 1 9 5 .
3 P r e s e n t e d  i n  p a r t  b e f o r e  t h e  m e e t in g  o f  t h e  F e d e r a 

t i o n  o f  A m e r i c a n  S o c i e t ie s  f o r  E x p e r im e n t a l  B i o l o g y ,  
A t l a n t i c  C i t y ,  1 9 6 5  ( F e d e r a t i o n  P r o c . ,  2 4 :  1 0 7 8 ,  1 0 8 1 , 
1 9 6 5 , a b s t r a c t s ) .

4 P r e s e n t  a d d r e s s :  I n s t i t u t e  f o r  E n z y m e  R e s e a r c h ,  
U n iv e r s i t y  o f  W i s c o n s i n ,  M a d i s o n ,  W i s c o n s i n .

5 P r e s e n t  a d d r e s s :  B i o c h e m i s t r y  D e p a r t m e n t ,  B o w 
m a n  G r a y  M e d i c a l  S c h o o l ,  W i n s t o n -S a le m ,  N o r t h  C a r o 
l in a .

6 C o n t r i b u t e d  b y  P a c i f i c  V e g e t a b le  O i l  C o r p o r a t i o n ,  
R i c h m o n d ,  C a l i f o r n ia .

7 E a s t m a n  O r g a n i c  C h e m i c a l s ,  R o c h e s t e r ,  N e w  Y o r k .
8 T r a c e r l a b ,  W a l t h a m ,  M a s s a c h u s e t t s .
9 N u t r i t i o n a l  B i o c h e m i c a l s  C o r p o r a t i o n ,  C le v e la n d .

10 A y e r s t  L a b o r a t o r i e s ,  I n c . ,  N e w  Y o r k .
11 S m it h ,  K l i n e  a n d  F r e n c h  L a b o r a t o r i e s ,  P h i l a d e l 

p h ia .

40 J. N u t r it io n , 90 : ’66
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malecene);12 13 hydrogenated coconut oil;13 
and sardine oil.14.

Diets. The semi-purified diets are 
shown in table 1. Diet M-47 (4 7 %  fat) 
simulated the dry-weight composition of 
rat milk as described by Luckey et al. (6 ) . 
Diets M-24 and M -l 24%  and 1% fat, 
respectively, were isocaloric with diet M-47 
since minerals and vitamins were added 
to each in constant ratio to carbohydrate 
and fat calories as described previously
(5 ) . Lactating females consumed ad lib
itum the colony diet which consisted 
chiefly of ground yellow corn, wheat mid
dlings and meat meal or diet G when a 
well-defined, semi-purified diet was de
sired. Diet F was similar to diet G but 
1% cholesterol and 0 .5%  sodium glyco- 
cholate were added to produce a hypercho
lesterolemia.

Dietary studies. Suckling female rats, 
19 to 21 days old and weighing 39 to 45 g, 
were obtained from our colony of Wistar- 
strain rats. Groups of 6 weanlings were 
fed various diets ad libitum and killed 
after 2 or 5 days. In certain studies the 
diet of the lactating females was changed 
at parturition from the colony diet and 
diet G with either hydrogenated coconut 
oil or ethyl linoleate as the fat source. The 
pups of these litters were killed at 21 days 
of age.

T A B L E  1

Composition of diets

D ie t s  1»2 M -4 7 M -2 4 M - l F G

% % % % %

F a t 4 7 2 4 i 2 2

C a s e i n  3 
G l u c o s e

3 2 2 7 2 1 1 5 1 5

m o n o h y d r a t e  4 — — — 7 6 7 7
L a c t o s e 1 7 4 6 7 5 — —
C e l l u l o s e  5 — — — 1 .7 1 .7
C h o l e s t e r o l
S o d i u m

— — — 1 .0 —

g l y c o c h o l a t e — — — 0 . 5 —

1 M in e r a l s  a n d  v i t a m in s w e r e a d d e d  t o  e a c h d ie t  i n
c o n s t a n t  r a t i o  t o  c a r b o h y d r a t e  a n d  f a t  c a l o r i e s  ( 5 ) .

2 D ie t s  ( s e e  t e x t  f o r  c o m p l e t e  d e s c r i p t i o n :
M -4 7 ,  4 7 %  f a t ,  s i m u l a t i n g  d r y - w e i g h t  c o m p o s i t i o n  

o f  r a t  m i l k
M -2 4 ,  2 4 %  f a t ,  i s o c a l o r i c  w i t h  d i e t  M -4 7  
M - l ,  1 %  f a t ,  i s o c a l o r i c  w i t h  d i e t  M -4 7
F , s e m i - p u r i f i e d  +  1 %  c h o l e s t e r o l  a n d  0 .5 %  

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

m e a t  m e a l .
3 C a s e in  w a s  e x t r a c t e d  c o n t i n u o u s l y  f o r  7 2  h o u r s  

w i t h  b o i l i n g  e t h e r  t o  r e m o v e  f a t .
4 C e r e lo s e ,  C o m  P r o d u c t s  C o m p a n y ,  A r g o ,  I l l i n o i s .
5 C e l lu  F lo u r .  C h i c a g o  D ie t e t i c  S u p p ly  H o u s e ,  C h i 

c a g o .

To compare the effects of sardine oil, 
ethyl linoleate and hydrogenated coconut 
oil on hypercholesterolemia, weanling rats 
were fed these fats in diet F for 8 weeks.

Drug studies. Since initial studies indi
cated that the degree of hypercholesterol
emia in suckling rats from our colony var
ied greatly between litters but not between 
littermates, the method described by Bizzi 
et al. (1 )  for the assay of hypocholesterol- 
emic agents in suckling rats was modified. 
Litters of 10 rats, 7 days old, were marked 
to divide them into 2 equal groups with 
respect to body weight and sex; all were 
left with their dams receiving the colony 
diet. Daily, for 7 days, one group of 5 
was force-fed, by tube, the compound be
ing tested for hypocholesterolemic activity, 
and the control group of 5 was similarly 
fed an equal volume of saline. All were 
killed and analyzed at 13 days of age.

Hypercholesterolemic adult rats (2 5 0 -  
300 g ), obtained by feeding weanling rats 
diet F for 6 weeks, were fed various com
pounds incorporated in the diet for 7 days.

Polyunsaturated fatty acids of rat milk. 
Methyl esters were prepared with diazo
methane (7 )  from the saponifiable frac
tion of a chloroform-methanol extract (8 )  
of the milk curd obtained from the stom
achs of 14-day-old suckling rats of several 
litters from the colony diet. The fatty 
acids were identified by comparison of 
retention times with those of known stand
ards on 2 columns (152-cm  and 304-cm  
[5-ft and 10-ft] diethylene glycol succinate 
on firebrick; Barber-Coleman Model 10 gas 
chromatograph ).

Cholesterol-4-14C pellet study. The pro
cedure for producing an isotopic steady 
state in the rat was essentially that de
scribed by Wilson (9 ) . A gelatin pellet of 
100 mg of cholesterol-4-14C (50,000 cp m / 
m g) was implanted dorsally under the 
skin of a mature female rat; 4 weeks later 
the female was mated. One of its pups 
was killed at parturition, before nursing. 
Three remaining pups were killed at 15 
days of age, after 30 minutes of nursing 
subsequent to a 1-hour fast, and the milk 
curds from their stomachs were pooled 
for analysis. The specific activities of

12 M e r c k ,  S h a r p  a n d  D o h m e ,  W e s t  P o i n t ,  P e n n s y l 
v a n ia .

13 P r o c t e r  a n d  G a m b le  C o m p a n y ,  C i n c i n n a t i .
14 M a i n e  S a r d in e  I n d u s t r y ,  B a n g o r ,  M a in e .
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cholesterol from the whole blood, plasma 
and milk of the dam and from the pooled 
plasma of the suckling rats were deter
mined. The percentage of cholesterol in 
the plasma of the pups which originated 
from the female was estimated from suit
able equations.

Analysis. Lipids were extracted from 
plasma and tissues as described previously
(8 ) . Cholesterol was precipitated (after 
hydrolysis for the total) as the digitonide 
which was washed as described by Sperry 
and Webb (1 0 ) . The digitonides were 
dissolved in acetic acid for colorimetric de
termination and in methanol for assay of 
radioactivity. Aliquots of the methanolic 
solutions of the digitonides were added to 
15 ml of a toluene scintillation fluid (0.1  
g/liter 1,4-bis-2- ( 5-phenyloxazole)-benzene 
and 4 g/liter 2,5-diphenyloxazole) and as
sayed for radioactivity with a liquid scintil
lation counter (Packard). Samples were 
routinely corrected for quenching with an 
internal standard of cholesterol-4-1'lC. Pro
tein was determined by the Folin-Ciocalteu 
method as modified by Lowry et al. (1 1 ).

RESULTS
Although the plasma cholesterol levels 

of both newly weaned and young adult 
rats in our inbred Wistar colony commonly 
range between 50 and 70 m g /100  ml, the 
level in suckling rats at 13 days was found 
to be 157 ±  7 m g /100  ml and at 21 days, 
138 ±  10 m g /100  ml (mean of 5 -7  and 
s e ) .  N o increase at 21 days was observed 
when the dam was fed a diet containing 
hydrogenated coconut oil as the only fat 
source. A decrease in plasma cholesterol 
level between 13 and 21 days is charac
teristic of this hypercholesterolemia (2 ) .

The colony diet, consisting principally 
of ground cereal grains, is well supplied 
with unsaturated fatty acids. The lipid 
extract from milk curd, pooled from the 
stomachs of suckling rats from the colony, 
contained 6 .1%  of 1 8 :2 15 and 0 .1%  of 
2 0 :4  by gas chromatographic analysis.

When suckling rats were weaned at 20 
days of age and fed the colony diet, plasma 
cholesterol fell quickly to near normal val
ues (table 2 ) . Diet G with either ethyl 
linoleate or hydrogenated coconut oil pro
duced comparable responses at 2 days; 
however, linoleate produced lower values 
after 5 days (P <  0 .001). Fasting pro
duced a linear fall in plasma cholesterol 
levels over the 5-day period. Diet M-47, 
which simulated the dry weight composi
tion of rat milk, was found to maintain 
the hypercholesterolemia at a level (table 
2 ) which is characteristic of 21-day-old 
suckling rats. When 2 groups of suckling 
rats were weaned with colony diet for 48 
hours and then forced to either (a ) resume 
nursing lactating females or (b ) consume 
diet M-47, both groups returned to a state 
of hypercholesterolemia after 96 hours 
(suckling 142 ±  4 16 17 m g /100  ml; diet M-47, 
119 ±  2 m g /100  m l).

Several alterations in the basic composi
tion of diet M-47 produced no significant 
effect (table 3 ) . These include cholesterol 
addition to the diet at the level found in 
rat milk; replacing a portion of the hy
drogenated coconut oil with ethyl linoleate; 
substitution of sucrose for lactose; and 
the addition of 20%  bulk to the diet in 
the form of cellulose.”  However, replac-

15 C a r b o n  c h a i n  l e n g t h : n u m b e r  o f  d o u b le  b o n d s .
16 s e  o f  t h e  m e a n  f o r  6  a n im a ls .
17 C e l lu  F l o u r ,  C h i c a g o  D ie t e t i c  S u p p ly  H o u s e ,  C h i 

c a g o .

T A B L E  2

Effect of colony and purified diets on hypercholesterolemia of the suckling rat

Diet1»2 Type of fat
Plasma total cholesterol
2 days 5 days

mg/100 ml mg/100 ml
Colony — 6 9 ± 4  3 68 ± 3
G ethyl linoleate 77 ±  3 48 ± 4
G hydrogenated coconut oil 63 ± 4 73 ± 3
Fasting — 61 ±  5 34 ± 1 2
M-47 hydrogenated coconut oil 143 ± 7 130±6

1 Suckling rats were weaned with the respective diets and killed after 2 or 5 days.
2 See table 1, footnote 2, for description of diets.
3 Average ±  s e  of mean for 6 rats/group.
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T A B L E  3

Effect of various alterations in diet M-47 upon hypercholesterolemia in the suckling rat

Alteration 1 Added at 
expense of

Plasma total cholesterol
2 days 5 days

% mg/100 ml mg/100 ml
None — — 143 ± 7  2 130±6
Cholesterol 0.06 — 134 ± 4 142 ± 1 2
Ethyl linoleate 2.0 HCO 3 131 ± 8 152± 10
Sardine oil 24 HCO 187 ±  21 247 ± 2 9
Sucrose 17 lactose 107 ±  8 125 ± 6
Cellulose 4 2.0 — 128 ± 8 139± 7
Cellulose 20 — 133 ± 9 132 ± 8

1 A l t e r a t i o n s  a r e  b a s e d  u p o n  d ie t  M -4 7  ( s e e  t a b l e  1 , f o o t n o t e  2  f o r  d e s c r i p t i o n )  w i t h  h y d r o g e n a t e d  
c o c o n u t  o i l  a s  t h e  f a t  s o u r c e .

2 A v e r a g e  ±  s e  f o r  6  r a t s /g r o u p .
3 H C O , h y d r o g e n a t e d  c o c o n u t  o i l .
4 C e l l u  F lo u r .

ing half of the hydrogenated coconut oil 
in diet M-47 with sardine oil produced a 
hypercholesterolemic response (P <  0.01 at 
5 days, compared with diet M -47). How
ever, the sardine oil and ethyl linoleate 
used in this study produced lower plasma 
cholesterol levels than hydrogenated coco
nut oil (191 ±  19, 109 ±  14 and 324 ±  
64 m g /100  ml, respectively) after 8 weeks 
when fed at 2%  (diet F ) to weaned rats.

Removing half of the fat from diet M-47 
to give diet M-24 did not produce a signifi
cant response, but diet M -l (1 %  fat as 
hydrogenated coconut oil) reduced plasma 
cholesterol to normal (table 4 ) . The addi
tion of bulk to the diet or substitution of 
sucrose for lactose did not increase the 
hypocholesterolemic response. Levels were 
slightly higher with the sucrose diets, 
when compared with lactose (P <  0 .05 ).

Ethyl palmitate (10  m g/day) and ethyl 
linoleate (1 0 -2 5  m g/d ay), force-fed for 7 
days, had no effect upon plasma and liver 
cholesterol levels of suckling rats (table 
5 ). L-Thyroxine was an effective hyper
cholesterolemic agent, as shown previously 
by Bizzi et al. (1 ) . However, in the pres
ent study, L-thyroxine increased both free 
and total cholesterol of the liver signifi
cantly. None of the other drugs lowered 
the plasma cholesterol. Benzmalecene sig
nificantly increased plasma free choles
terol. CPIB and SK&F 525A increased 
total lipids. CPIB decreased liver choles
terol levels, but this decrease was coin
cident with an increase in liver size. In an
other experiment CPIB significantly (P <  
0.001) increased the liver wet weight, dry 
weight and protein content.

When these same agents were assayed 
with groups of 6 or 7 adult rats that had 
dietary induced hypercholesterolemia, l - 
thyroxine and SK&F 525A were very effec
tive in reducing plasma cholesterol levels. 
CPIB was less effective and benzmalecene 
was without significant effect. Initial and 
final plasma cholesterol levels were : L-thy
roxine, 342 to 121; SK&F 525A, 272 to 
109; CPIB, 291 to 193; benzmalecene, 
265 to 225; and no treatment, 373 to 352  
m g /100  ml. The compounds were fed for 
a 7-day period, thyroxine at 0 .003%  and 
all others at 0 .15%  of the diet.

Data from the cholesterol-d-^C pellet 
experiment showed that 37%  of the cho
lesterol in the plasma of the suckling rats,, 
and 30%  of the cholesterol in the pup 
killed at parturition, had originated in the 
dam. The equation used for the plasma 
was:

% Plasma cholesterol from dam =  
specific activity of suckling rats’ 
plasma cholesterol100 X  —________---------- ----------------specific activity of milk cholesterol

derived from
% Plasma cholesterol from dam =  
cholesterol (m g) in plasma originating 

jqq from milk
A total cholesterol (m g) in suckling 

rat’s plasma
where

Cholesterol (m g) in plasma originating 
from milk =

counts/min in suckling rat’s plasma 
cholesterol
specific activity of milk cholesterol

A similar equation was used to calculate 
the percentage for the pup killed at partur
ition. Calculations were based upon the
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T A B L E  4

Effect of various diets which were isocaloric with diet M-47 upon hypercholesterolemia
in the suckling rat

Diet1 Alteration 2 Added at 
expense of

Total 
plasma 

cholesterol 
at 5 days

% mg/100 ml
M-47 None — — 142 ± 4  3

M-24 None — — 148 ± 9

M-l None — — 55 ± 5

M-l Cellulose 4 20 — 61 ±  5

M-l Sucrose 75 lactose 76 ± 4

M-l Sucrose +  cellulose 75 lactose
20 83 ± 5

1 S e e  t a b le  1 , f o o t n o t e  2 , f o r  d e s c r ip t i o n  o f  d ie t s .
2 A l t e r a t io n s  a r e  b a s e d  u p o n  D ie t  M - l  w i t h  h y d r o g e n a t e d  c o c o n u t  o i l  a s  t h e  f a t  s o u r c e .
3 A v e r a g e  ±  s e  f o r  6  r a t s /g r o u p .
4 C e l lu  F lo u r .

T A B L E  5

Plasma and liver responses of suckling rats to various test substances

C h o le s t e r o l  f o u n d  i n

Test substance 1 Level
force-fed

ÏM.
Plasma Liver liver

lipidBody wt
Total Free Total Free

mg/day mg/100 ml mg/g %
Control (saline) 0.028 224 60 2.85 2.32 4.08
Ethyl palmitate 10 0.027 220 58 2.99 2.34 4.31

Control (saline) 0.029 172 50 2.70 2.34 4.54
Ethyl linoleate 10 0.030 157 45 2.80 2.37 4.77
Control (saline) 0.036 179 56 — — ____

Ethyl linoleate 25 0.036 185 53 — — —
Control (saline) 0.028 109 34 2.72 2.21 4.30
L-Thyroxine 0.01 0.030 80 2 28 3.51 3 2.83 3 4.69
Control (saline) 0.028 145 41 2.81 2.63 4.38
CPIB 4 10 0.041 3 151 48 2.36 3 2.30 3 5.07 3
Control (saline) 0.028 147 36 2.87 2.58 4.15
Benzmalecene 2 0.032 161 75 2 2.85 2.77 4.26
Control (saline) 0.030 187 49 2.97 2.21 4.54
SK & F 525A 5 2 0.034 180 50 3.39 2.34 5.99 3

1 F iv e  c o n t r o l  a n i m a l s  ( 1  w e e k  o l d )  w e r e  f o r c e - f e d  s a l in e  d a i l y  f o r  1 w e e k .  F iv e  l i t t e r m a t e s  
r e c e i v e d  t h e  t e s t  s u b s t a n c e .

2 P  b e t w e e n  0 .0 5  a n d  0 .0 1  ( p r o b a b l y  s i g n i f i c a n t ) .
3 P  <  0 .0 1  ( h i g h l y  s i g n i f i c a n t ) .
4 E t h y l  a - p - c h lo r o p h e n o x y i s o b u t y r a t e .
5 /3 -D ie t h y la m in o e t h y l  d e p h e n y l p r o p y l  a c e t a t e  h y d r o c h l o r i d e .

assumption that the dam was in an isotopic 
steady state throughout the experiment. 
The ratios of specific activity of dam’s 
plasma cholesterol to the dam’s whole 
blood cholesterol and to the dam’s milk 
cholesterol, 0.91 and 1.01, respectively, 
indicated equilibration between milk and 
tissue cholesterol of the dam.

DISCUSSION
In diet M-47, which simulates the dry 

weight composition of rat milk and which 
was found to maintain rats in a state of 
hypercholesterolemia, the most important 
factor appears to be a high fat content. 
Friedman and Byers (4 )  observed hyper
cholesterolemia of the suckling rabbit to
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be dependent upon the cholesterol fur
nished by the milk, and the high fat or 
triglyceride level of normal rabbit milk 
was also clearly shown to be necessary for 
maintaining the rabbit in a state of hy
percholesterolemia. Since the cholesterol 
content of milk from the rat is much lower 
than that from the rabbit and since hyper
cholesterolemia was sustained with the 
high fat, cholesterol-free diet (M -47), the 
primary factor in hypercholesterolemia of 
the suckling rat appears to be high dietary 
fat. Dietary and prenatal transfer of cho
lesterol may be important factors for ini
tially building up a high plasma choles
terol level in the newborn rat. In the present 
study, rats weaned with the colony diet 
were rapidly cleared of hypercholesterol
emia; however, it was restored by chang
ing to diet M-47. These results indicate 
that cholesterol from the milk is not essen
tial for this hypercholesterolemia.

The amount of cholesterol ingested by 
suckling rats in a 24-hour period can be 
estimated. The cholesterol content of rat 
milk on a dry weight basis is approxi
mately 0 .06%  (2 ) . Newly weaned rats 
(21 days old) fed diet M-47 consume ap
proximately 4.2 g of diet/day. If suckling 
rats consume a comparable number of 
calories, the milk would provide 2.5 mg of 
cholesterol to each rat/day. Therefore, 
even though the cholesterol content of milk 
is low, the 21-day-old suckling rat con
sumes more cholesterol daily than is pres
ent in his entire plasma.18 The cholesterol-
4-1JC pellet study showed that approxi
mately one-third of the plasma cholesterol 
of the suckling rats in this experiment 
originated from the female. Evidently 
both milk consumption and endogenous 
biosynthesis contribute significant amounts 
of sterol to the suckling rat hypercholes
terolemia.

The milk of both the rat and the rabbit 
is characterized by a high fat content, 40 
to 50%  of the dry weight. Lower lipid 
levels are found in the milk of species 
which are known not to have hypercho- 
lesterolemic suckling young. Among those 
studies only whale milk, in which lipid 
makes up 37%  of the wet weight (1 2 ) , 
has a higher level. Plasma cholesterol 
levels of suckling whales have not been 
reported.

The hypercholesterolemia of the suck
ling rat is distinctive in its failure to re
spond to either ethyl linoleate or to other 
polyunsaturates. Sardine oil, which is 
known to have hypocholesterolemic prop
erties (1 3 ) , produced an increase in 
plasma cholesterol when fed in diet M-47 
to the suckling rat, perhaps due to the 
more pronounced effect of its cholesterol 
(15 m g /g ).

Turnover of cholic acid has been shown 
to be slow in rats fed diets containing lac
tose or diets low in bulk (1 4 ) . Rats fed 
diets which tend to promote excretion of 
greater quantities of bile acids appear also 
to have lower serum cholesterol levels 
(14—16). Bloomfield (1 7 ) observed the 
quantity of bile acid eliminated to correl
ate with the quantity of fecal residue pro
duced by a diet. He concluded that a cho
lesterol-accumulating diet should be well- 
refined, high in calories, and low in fecal 
residue. These are characteristics of rat 
milk and diet M-47 both of which yield 
slow rates of cholic acid excretion.19 A 
large fecal residue is probably a factor in 
the rapid lowering of plasma cholesterol 
when suckling rats are weaned with a 
colony diet; this lowering may be related 
to the observed increase in cholic acid 
excretion rates on weaning.20 However, 
the presence of lactose and lack of bulk in 
rat milk were shown in this study not to be 
important factors in maintaining hyper
cholesterolemia in the suckling rat. Diet 
M -l, in contrast with diet M-47, rapidly 
diminished plasma cholesterol levels, yet 
the cholic acid excretion rates were simi
lar.21 Therefore, the importance of a slow 
rate of cholic acid excretion in maintain
ing hypercholesterolemia in the suckling 
rat is uncertain.

In agreement with Bizzi et al. (1 )  l - 

thyroxine was found to be an effective 
plasma cholesterol-lowering agent in the 
suckling rat; however, since liver choles
terol was increased the thyroxine may have 
altered the partition of cholesterol be
tween plasma and tissue. The failure of

is  2 .4  m g  o f  c h o l e s t e r o l  b a s e d  u p o n  3 .2  m l  p l a s m a /  
1 0 0  g , 5 0  g  r a t ,  a n d  1 5 0  m g  c h o l e s t e r o l / 1 0 0  m l  p la s m a .

is  H a r r i s ,  R .  A . ,  C . L . V i l l e m e z ,  J r . a n d  F . W . 
Q u a c k e n b u s h  1 9 6 5  D ie t a r y  s t u d ie s  o n  s u c k l i n g  r a t  
h y p e r c h o l e s t e r o l e m i a .  F e d e r a t i o n  P r o c . ,  2 4 :  1 0 8 1  ( a b 
s t r a c t ) .

20 S e e  f o o t n o t e  19 .
21 S e e  f o o t n o t e  1 9 .
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other hypocholesterolemic agents to lower 
plasma cholesterol levels in suckling rats 
suggests that steps which are rate-limiting 
in the lowering in this system are differ
ent from those which limit in dietary-in
duced hypercholesterolemia of adult rats.

The increase in liver total lipid with 
CPIB may have been the result either of 
an accumulation of the drug or of an in
crease in lipid. The increase in liver wet 
weight, dry weight and protein content 
upon CPIB treatment of suckling rats 
may reflect an increase in synthesis of 
drug metabolizing enzymes (1 8 ) . An in
crease in liver weight of CPIB-treated, 
mature rats has been reported (1 9 ) .

Carroll (2 )  observed subnormal choles
terol biosynthesis from labeled acetate in 
the suckling rat. This is characteristic of 
rats fed diets containing cholesterol (20, 
21). Evidence recently has been presented 
which suggests that bile acids are the meta
bolites of cholesterol responsible for the 
physiological regulation of cholesterol bio
synthesis. Bloomfield (17) observed that to
tal body sterol biosynthesis was independ
ent of cholesterol feeding at low dietary 
levels of cholesterol. Fimognori and Rod- 
well (22) observed a suppression of mevalo- 
nate biosynthesis by bile acids. Since the 
cholic acid turnover in suckling rats is 
very slow compared with that of adult 
animals fed a colony diet,22 hepatic bile 
acids are probably elevated in the suck
ling rat to the extent that biosynthesis of 
sterol is suppressed. Therefore, milk cho
lesterol as such may not contribute to the 
suppression of cholesterol biosynthesis in 
the suckling rat.
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Effect of Carbohydrate and Fat Intakes upon the 
Activities of Several Liver Enzymes in Rats, 
Guinea Piglets, Piglets and Calves 1,2
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ABSTRACT The effects of 4 diets containing a wide range of carbohydrate and 
fat upon the activities of a number of liver enzymes in rats, guinea piglets, calves 
and piglets were investigated. The results indicated that large adaptive enzymatic 
changes occurred in rats fed high carbohydrate diets but not in guinea piglets, piglets 
and calves. The activities of most of the enzymes studied changed in logarithmic 
relationship to the ratio, carbohydrate calories-to-carbohydrate +  fat calories, in the 
diets indicating that the enzymatic adaptations occurred in response to changes in 
proportions of energy contributed by carbohydrate and fat rather than to changes in 
the amounts of these components per se. The results indicated that calves, guinea 
piglets and piglets have much lower capacities for adaptation to high carbohydrate, 
low fat diets than rats, due either to species differences in rates of physiological 
development after birth or to other inherent species differences. The activities of all 
the enzymes whose functions have been related to fat synthesis were much lower 
in calves than in rats.

The activities of a number of liver en
zymes are affected markedly by changes in 
the carbohydrate content of rat diets (1, 2). 
Several of these enzymatic changes have 
been investigated in detail and their prob
able significance with respect to carbohy
drate and fat metabolism and dietary re
quirements for micronutrients ( 1 -8 )  have 
been discussed. In view of the considerable 
difficulties that have been encountered in 
attempts to develop high carbohydrate, low 
fat diets suitable for study of the vitamin 
and mineral requirements of young calves 
and the apparent metabolic involvment in 
these difficulties (9 , 10), a preliminary 
study was made of the effect of carbo
hydrate and fat intakes upon the activities 
of several enzymes in calf livers. Only 
minor changes in enzymatic activities 
were observed when the fat content of the 
calf diets was varied from zero to 15%  
(1 1 ) , suggesting that the difficulties en
countered in the development of high car
bohydrate diets might be due to a lack of 
metabolic adaptation in calves fed these 
diets. The present study was undertaken 
to investigate this possibility further and 
to determine whether the apparent lack of 
enzymatic response to high carbohydrate 
diets was unique to the young calf.

METHODS AND MATERIALS
Male weanling rats of the Sprague 

Dawley strain, 3-day-old male albino 
guinea piglets, 2-day-old male Holstein 
calves and 3-day-old male and female 
Duroc piglets were either purchased com
mercially or obtained from the Univer
sity herds.

The rats were fed diets A, B, C and D 
(table 1) upon arrival and were main
tained with these diets for 4 weeks prior 
to killing for sampling. The rates of gain 
of the rats were 4.2, 4.6, 5.0 and 5.1 g /  
day with diets A through D, respectively, 
and no difficulties with respect to feeding 
and management were encountered.

The guinea piglets were fed a commer
cial guinea pig ration for 2 days after ar
rival and then fed the 4 experimental diets 
(table 1). Several of the guinea piglets 
fed each diet lost weight during the first 
few days following the switch to the ex
perimental diets, but all animals recovered 
their initial weights within 3 to 4 days. To 
maintain adequate intakes, it was neces-

R e c e i v e d  f o r  p u b l i c a t i o n  A p r i l  1 1 ,  1 9 6 6 .
1 S u p p o r t e d  b v  P u b l i c  H e a l t h  S e r v i c e  R e s e a r c h  

G r a n t  n o .  A M 0 5 7 4 5  f r o m  t h e  N a t i o n a l  I n s t i t u t e  o f  
A r t h r i t i s  a n d  M e t a b o l i c  D is e a s e s .

2 T a k e n  i n  p a r t  f r o m  a  M a s t e r ’ s T h e s i s  s u b m it t e d  
b y  C . R a d a n o v i c s .
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TABLE 1
Composition of diets 1

Diet A Diet B Diet C Diet D
g/100 g of basic diet

Glucose monohydrate 2 39.3 32.8 26.2 —
Lard — 2.5 5.0 15.1
Non-fat milk solids 34.7 34.7 34.7 34.7
Dried whey 21.2 21.2 21.2 21.2
Non-nutritive cellulose 3 
Vitamin and salt mixes 4

4.8 8.8 12.9 30.0

Cal. CHO/Cal. CHO +  fat 0.98 0.90 0.80 0.55
1 D ie t s  c a l c u l a t e d  t o  b e  i s o n i t r o g e n o u s  a n d  i s o c a l o r i c .
2 C e r e lo s e ,  C o r n  P r o d u c t s  C o m p a n y ,  A r g o ,  I l l i n o i s .
3 N o n - n u t r i t i v e  c e l l u l o s e  w a s  n o t  a d d e d  t o  c a l f  a n d  p i g l e t  d i e t s  w h i c h  w e r e  f e d  a s  s e m i - p u r i f i e d  

m i l k s  ( s e e  t e x t ) .  P r o p o r t i o n s  o f  o t h e r  i n g r e d i e n t s  i n  d i e t  w e r e  n o t  a l t e r e d .
4 T h e  v i t a m i n s  a n d  m in e r a l s  w e r e  a d d e d  t o  t h e  b a s i c  d i e t  a n d  v a r i e d  w i t h  s p e c i e s  a s  f o l l o w s : f o r  

t h e  r a t  d i e t s ,  0 .6  g  o f  a  m i n e r a l  m i x  c o n t a i n i n g  3 9 .8 %  d i p o t a s s iu m  p h o s p h a t e ,  2 5 .4 %  C a  c a r b o n a t e ,  
1 4 .1 %  s o d i u m  c h l o r i d e ,  6 .3 %  d i b a s i c  C a  p h o s p h a t e ,  2 .3 %  f e r r i c  c i t r a t e ,  0 .6 3 %  m a n g a n e s e  s u l fa t e ,  
8 .6 %  m a g n e s i u m  s u l f a t e ,  0 .9 %  z i n c  s u l fa t e ,  0 .0 6 8 %  p o t a s s i u m  i o d i d e ,  0 .1 2 5 %  c o p p e r  s u l fa t e ,  
0 .0 2 %  z i n c  c h l o r i d e ,  0 .0 0 4 %  c o b a l t  c h l o r i d e  a n d  1 .4 %  m a g n e s i u m  o x i d e  a n d  0 .3  g  o f  a  v i t a m in  
m i x  c o n t a i n i n g  3 ,0 0 0  I U  v i t a m i n  A ,  3 7 5  I U  v i t a m in  D ,  1 0  m g  d l -a - t o c o p h e r o l  p o w d e r  ( 2 5 0  I U  
v i t a m i n  E / g )  a n d  0 .1  m g  m e n a d i o n e ,  w e r e  a d d e d /1 0 0  g  o f  t h e  b a s i c  d i e t s ;  f o r  t h e  g u i n e a  p i g l e t  
d i e t s :  4 .7 5  g  o f  a  m in e r a l  m i x  c o n t a i n i n g  2 9 .4 %  d i p o t a s s iu m  p h o s p h a t e ,  2 5 .2 %  C a  c a r b o n a t e ,  
1 8 .5 %  s o d i u m  c h l o r i d e ,  1 0 .5 %  m a g n e s i u m  s u l fa t e ,  1 2 .6 %  C a  p h o s p h a t e ,  2 .9 %  f e r r i c  c i t r a t e ,  0 .6 %  
m a n g a n e s e  s u l f a t e ,  0 .0 8 %  p o t a s s i u m  i o d i d e ,  0 .0 3 %  c o p p e r  s u l f a t e ,  0 .0 3 %  z i n c  c h l o r i d e  a n d  0 .0 1 %  
c o b a l t  c h l o r i d e  a n d  0 .6  g  o f  a  v i t a m i n  m i x  c o n t a i n i n g  1 .6  m g  e a c h  o f  t h i a m in e  H C 1 , r ib o f l a v i n ,  a n d  
p y r i d o x i n e  • H C 1 , 4  m g  s o d i u m  p a n t o t h e n a t e ,  1 0  m g  n i a c i n ,  0 .0 6  m g  b i o t i n ,  1 .0  m g  f o l i c  a c i d ,  0 .0 0 4  m g  
v i t a m in  B i2, 3 0 0  IU  v i t a m i n  A ,  1 2  m g  a - t o c o p h e r o l ,  0 .2  m g  m e n a d i o n e ,  1 0  m g  p - a m i n o b e n z o i c  a c i d ,  
2 0 0  m g  a s c o r b i c  a c i d ,  0 .0 0 4  m g  c a l c i f e r o l  ( v i t a m i n  D )  a n d  3 0 0  m g  c h o l i n e  c h l o r i d e  w e r e  a d d e d /  
1 0 0  g  o f  t h e  b a s i c  d i e t s ;  f o r  t h e  c a l v e s  a n d  p i g l e t s  0 .8  g  o f  a  s a l t  m i x  c o n t a i n i n g  8 2 .5 %  t r a c e  
m i n e r a l i z e d  s a l t ,  9 .4 %  m a g n e s i u m  o x i d e ,  7 .6 %  f e r r i c  c i t r a t e  a n d  0 .5 %  c o p p e r  s u l f a t e  a n d  0 .3  g  
o f  t h e  v i t a m in  m i x  u s e d  i n  t h e  r a t  d i e t s  w e r e  a d d e d /1 0 0  g  o f  t h e  b a s i c  d ie t s .  T h e  t r a c e  m in e r a l i z e d  
s a l t  c o n t a i n e d  n o t  le s s  t h a n :  ( i n  p e r  c e n t )  N a C l ,  9 6 .5 ;  m a n g a n e s e ,  0 .2 0 ;  i r o n ,  0 .1 6 ;  c o p p e r ,  0 .0 3 3 -  
c o b a l t ,  0 .0 1 ;  i o d i n e ,  0 .0 0 7 ;  a n d  z i n c ,  0 .0 0 5 .

sary to pellet the food for the guinea 
piglets. The guinea piglets were fed the ex
perimental diets for 4 weeks prior to kill
ing for sampling. Their rates of gain were
1.1, 1.0, 2.2 and 3.0 g 7day with diets A 
through D, respectively. The poor growth 
responses of the guinea piglets were rec
ognized in the course of preliminary ex
periments and were a matter of concern 
because the poor growth might affect the 
validity of the data. Better growth re
sponse could be obtained by decreasing 
the carbohydrate content of the diets. 
However, since one of the goals of the in
vestigation was study of the nature and 
extent of the enzymatic adaptations to 
high carbohydrate diets and since the poor 
growth may have been a reflection of a 
lack of adaptation, the carbohydrate con
tent of the diets was not decreased.

The calves and piglets were fed 2 of the 
experimental diets (A  and D ) beginning 
at 2 and 3 days of age, respectively. The 
diets were prepared as semi-purified milks 
and fed isocalorically and isonitrogenously 
to the calves in amounts equivalent to 
usual levels of whole milk feeding. The 
calves were maintained with the experi

mental diets for an average of 4 weeks 
prior to final sampling at killing. In addi
tion, the calves were sampled by biopsy 
during the 4-week feeding period; the re
sults were similar to those obtained in 
the final samples. The average rates of 
gain of the calves were 0.39 and 0.42 k g / 
day with diets A and D, respectively. The 
piglets were fed ad libitum and appeared 
to respond well to the experimental diets 
during preliminary studies but during the 
main study many of the piglets suddenly 
became sickly and died between the third 
and fourth weeks of the feeding period. 
No specific cause could be determined and 
numerous attempts to control the problem 
were unsuccessful. Therefore, most of the 
results reported were determined in sam
ples collected after killing of piglets be
tween 2 and 3 weeks of age, and only a 
few data are presented. The animals rep
resented were growing well and appeared 
healthy and vigorous at the time of killing.

Results of routine blood analyses for 
hexose, pyruvate, oxyhemoglobin and he
matocrit did not appear to be affected by 
differences in the diets.
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Liver samples were stored in ice during 
transport to the laboratory and were pre
pared for enzymatic analysis according to 
methods reported previously (1 2 ) . En
zyme assays and auxilliary clinical tech
niques were carried out according to pro
cedures described elsewhere (12, 13). 
Liver slices prepared with a Stadie tissue 
slicer were incubated under 95%  oxygen 
and 5%  C 0 2 in Krebs bicarbonate buffer 
with 0.5 uCi of either glucose-l-14C or glu- 
cose-6-14C for 90 minutes in a shaking 
water bath. The reactions were stopped 
with HC1 and the 14C 0 2 collected in C 0 2- 
free NaOH and counted in a liquid scin
tillation counter.

RESULTS AND DISCUSSION
The enzymes investigated were selected 

as representatives of various metabolic 
pathways associated with carbohydrate 
and fat metabolism and on the basis of 
previous reports that their activities were 
affected by diet composition (1 —7). Glu- 
cose-6-P dehydrogenase, 6-P-gluconate de
hydrogenase and pentose phosphate-me
tabolizing activity were selected as in
dexes of the potential activity of the 
hexose monophosphate pathway. Hexo- 
kinase, glucose-6-P isomerase, glucose-P 
mutase and glucose-6-phosphatase were 
selected because of their relationships to 
the metabolism of glucose-6-phosphate. 
Fructose-1,6-diP aldolase and glyceralde- 
hyde-3-P dehydrogenase were selected be
cause they function in the Embden-Meyer- 
hof glycolytic pathway. UDPG pyrophos- 
phorylase was determined because of its 
role in glycogen synthesis. Pyruvate de
hydrogenase, a-glycerol-P dehydrogenase, 
glycerol kinase, aceto-CoA synthetase (ex
tra-mitochondrial), malic enzyme, malate 
dehydrogenase (extra-mitochondrial), iso
citrate dehydrogenase (extra-mitochon
drial), and the citrate cleavage enzyme 
were selected because of their potential 
relationships to fat metabolism. Aspartate 
aminotransferase was studied as a gen
eral index. The ratio of 14C 0 2 produced 
from glucose-6-14C and glucose-l-14C by 
tissue slices was selected as a general 
index of the relative activities of the alter
nate glycolytic pathways.

The activities of the enzymes observed 
in liver samples obtained from rats, guinea

piglets, piglets and calves fed the experi
mental diets are presented in tables 2 to 5, 
respectively. With rats, marked decreases 
in the activities of a number of the en
zymes studied were observed in response 
to decreases in the ratio of calories from 
carbohydrate to calories from carbohy
drate plus fat in the diets (table 2 ) . The 
activity of glucose-6-P dehydrogenase in 
livers of rats fed diet A (high carbohy
drate) was 24 times greater than in livers 
of rats fed diet D (high fat). The activi
ties of the malic enzyme, citrate cleavage 
enzyme, aceto-CoA synthetase, glucose-P 
mutase, hexokinase, 6-P-gluconate dehy
drogenase and pyruvate dehydrogenase 
were 9.1, 7.0, 5.5, 4.8, 3.8, 2.6 and 2.0 
times greater, respectively, with the high 
carbohydrate diet (A ) than with the high 
fat diet (D ). The activities of most of 
these enzymes decreased logarithmically 
as the ratio of calories from carbohydrate 
to calories from carbohydrate plus fat in 
the diet decreased (fig. 1 ), apparently an 
indication that the enzymatic changes 
were related to the caloric contributions 
rather than the amounts, of carbohydrate 
and fat per se in the diets. The general 
nature of the enzymatic changes and the 
ratios of 14C 0 2 produced from glucose-6-14C 
and glucose-l-14C were consistent with pre
vious reports which indicated that as the

CALORIES FROM CARBOHYDRATE 
CALORIES FROM CARBOHYDRATE PLUS FAT

Fig. 1 Effect of ratio of calories of carbohy
drate to calories of carbohydrate plus fat in the 
diet upon the activities of several enzymes in 
rat livers.
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fat content of the diet decreased, activity 
of the hexosmonophosphate pathway, rates 
of fatty acid synthesis and the activities 
of enzymes involved in these functions 
increased ( 1 -6 ) .

The results of the study with guinea 
piglets (table 3 ) were somewhat different 
from those observed in the rat study. Only 
one enzyme, glucose-6-P dehydrogenase, 
decreased in activity as the ratio of calo
ries from carbohydrate to calories from 
carbohydrate plus fat decreased and this 
change was about two-fold as compared 
with 24-fold in rats. The decrease ap
peared to represent a logarithmic response 
similar to that observed in the rats (fig. 
2 ). The activities of several enzymes 
tended to increase in the guinea piglet 
livers as the fat content of the diet in
creased. The activities of a-glycerol-P de
hydrogenase, glycerol kinase, isocitrate de
hydrogenase and aldolase were 2.8, 2.6,
2.2 and 2.1 times greater, respectively, 
with diet D than with diet A. The changes 
in the activity of a-glycerol-P dehydrogen
ase appeared to increase logarithmically as 
the ratio of carbohydrate calories to carbo
hydrate and fat calories in the diet de
creased (fig. 2 ) . The activity of glycerol 
kinase increased in a similar fashion until 
the carbohydrate-to-carbohydrate plus fat 
ratio reached 0.80 (diet C) and then no 
further increase was noted (fig. 2 ) . The 
activities of aldolase and isocitrate dehy
drogenase did not increase until the carbo
hydrate-to-carbohydrate plus fat ratio had 
decreased to 0.90 and thereafter increased 
logarithmically as the ratio decreased (fig. 
2 ). These latter observations might sug
gest that there are limits to the extent to 
which adaptive changes can occur despite 
further changes in diet. The enzymatic 
changes observed were consistent with 
the tissue slice data obtained with glucose- 
1-14C and glucose-6-I4C, in that both indi
cated very little change in the relative 
activities of the hexose monophosphate 
and Embden-Meyerhof pathways. The 
changes in the activities of a-glycerophos- 
phate dehydrogenase and glycerol kinase 
with increasing fat intakes appeared to 
represent an increased capacity of the 
liver for triglyceride synthesis (7 ) . It is 
interesting that a-glycerol-P dehydrogen
ase, glycerol kinase and isocitrate dehydro-

CALORIES FROM CARBOHYDRATE 
CALORIES FRO« CARBOHYDRATE PLUS FAT

Fig. 2 Effect of ratio of calories of carbo
hydrate to calories of carbohydrate plus fat in 
the diet upon the activities of several enzymes in 
guinea piglet livers.

genase, the enzymes most affected by the 
dietary variations in the guinea piglets 
were three of the enzymes affected least 
in the rat.

The results obtained in the calf study 
are presented in table 4. The most notable 
characteristic of these data was the lack 
of differences in the activities of liver en
zymes between diets. Glucose-6-P dehydro
genase activity and citrate cleavage en
zyme activities appeared to be lower and 
the activity of a-glycerol-P dehydrogenase 
appeared to be higher when the fat-con
taining diet was fed. The activities of the 
remaining enzymes did not appear to be 
affected significantly. The activities of 
aceto-CoA synthetase and malic enzyme 
were below the effective sensitivities of 
the assays used. The ratio of 14C 0 2 pro
duced by tissue slices incubated with glu- 
cose-6-14C to that from glucose-l-14C was 
slightly higher when diet D was fed and 
may have indicated that a slight shift in 
pathways of carbohydrate metabolism had 
occurred.

The data obtained in the piglet study 
are presented in table 5. There were fewer 
animals in this study than in the others
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T A B L E  4

Effect o f varying levels of carbohydrate and fat in the diet upon the activities 
of several enzymes in calf livers

E n z y m e
D ie t s

X S X X sx

Glucose-6-P dehydrogenase 2.00 1 0.43 2 1.30 1 0.21
6-P-Gluconate dehydrogenase 1.00 0.17 1.11 0.23
PPMA 3 0.18 0.06 0.20 0.06
Hexokinase — — 0.23 0.08
Glucose-P mutase 73.7 31.1 99.5 21.2
Fructose-1,6-diP aldolase 3.48 0.62 2.75 0.64
Glyceraldehyde-3-P dehydrogenase 14.9 4.40 19.4 8.81
Pyruvate dehydrogenase 0.12 0.04 0.08 0.01
a-Glycerol-P dehydrogenase 0.51 0.21 1.09 0.34
Glycerol kinase 0.14 0.07 0.09 0.03
Citrate cleavage enzyme 0.22 0.09 0.07 0.03
Isocitrate dehydrogenase 12.1 4.47 13.5 3.08
Glucose-6-14C/glucose-l-14C 0.36 4 0.07 0.46 4 0.05

1 U n it s  o f  e n z y m e / g r a m  o f  t is s u e .  O n e  u n i t  o f  e n z y m e  i s  d e f in e d  a s  t h e  a m o u n t  r e q u i r e d  t o  
c o n v e r t  o n e  / im o l e  o f  s u b s t r a t e /  m in u t e  a t  2 5 °  e x c e p t  p y r u v a t e  d e h y d r o g e n a s e  w h e r e  o n e  u n i t  
c a u s e s  a  c h a n g e  o f  1 .0  a b s o r b a n c y  u n i t /m i n u t e .

2 S t a n d a r d  e r r o r  ( N  =  6  f o r  d i e t  A  a n d  N  =  9  f o r  d i e t  D ) .
3 P e n t o s e  p h o s p h a t e - m e t a b o l i z i n g  a c t iv i t y .
4 R a t i o  o f  i 4 C 0 2 p r o d u c e d  f r o m  r e s p e c t iv e  s u b s t r a t e s .

T A B L E  5

Effect o f varying levels of carbohydrate and fat in the diet upon the activities 
of several enzymes in piglet livers

Enzyme
Diets

A D

Glucose-6-P dehydrogenase
X

1.94 1
s x

0.45 2
~ x

1.64 1
Sx

0.60 2
6-P-Gluconate dehydrogenase 4.49 2.05 4.09 0.48
PPMA 3 1.43 1.20 0.69 0.15
Hexokinase 2.85 0.80 2.91 1.44
Glucose-6-P isomerase 45.2 16.2 31.9 4.96
Glucose-P mutase 3.79 1.45 6.90 3.91
Fructose-1,6-diP aldolase 8.04 4.45 5.28 1.65
Glyceraldehyde-3-P dehydrogenase 34.9 22.9 19.0 8.25
Pyruvate dehydrogenase 3.62 0.36 1.61 1.37
a-Glycerol-P dehydrogenase 2.36 0.82 1.98 0.69
Aceto-CoA synthetase 4.84 1.10 2.76 0.81
Citrate cleavage enzyme 0.39 0.54 0.25 0.09
UDPG pyrophosphorylase 164 44.1 111 29.8
Glucose-6-phosphatase 0.12 0.01 0.12 0.04
Isocitrate dehydrogenase 26.2 10.0 21.4 3.22
Aspartate aminotransferase 4.73 0.81 9.59 1.40
Glucose-6-I4C/glucose-l-14C 0.54 4 0.08 0.56 4 0.07

1 U n it s  o f  e n z y m e / g r a m  o f  t is s u e .  O n e  u n i t  o f  e n z y m e  i s  d e f in e d  a s  t h e  a m o u n t  r e q u i r e d  t o  
c o n v e r t  o n e  /¿ m o le  o f  s u b s t r a t e /m i n u t e  a t  2 5 °  e x c e p t  g lu c o s e -6 - P  i s o m e r a s e  a n d  p y r u v a t e  d e h y d r o g 
e n a s e  w h e r e  o n e  u n i t  c a u s e s  a  c h a n g e  o f  1 .0  a b s o r b a n c y  u n i t /m i n u t e .

2 S t a n a r d  e r r o r  ( N  =  3  f o r  d i e t  A  a n d  N  =  5  f o r  d i e t  D ) .
3 P e n t o s e  p h o s p h a t e - m e t a b o l i z i n g  a c t iv i t y .
4 R a t i o  o f  14C 0 2 p r o d u c e d  f r o m  r e s p e c t iv e  s u b s t r a t e s .

discussed above, because of the difficulties 
referred to in the methods and materials 
section. The standard errors (s j) of many 
of the estimates were fairly large. In view 
of the difficulties involved in the piglet 
study, the data must be considered with 
caution. They appear to indicate, how

ever, that responses of piglets to high car
bohydrate diets were not large.

The present study was undertaken in 
an attempt to determine whether the ap
parent lack of enzymatic responses to 
changes in carbohydrate and fat intakes 
observed in preliminary studies with calves
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was unique to young calves. Further stud
ies were also required to determine 
whether the apparent lack of enzymatic 
response by calves to changes in diet was 
related to previous difficulties encountered 
in attempts to develop high carbohydrate, 
fat-free diets for calves (9 , 10). In guinea 
piglets and piglets as well as calves the 
responses to changes in carbohydrate and 
fat intakes appeared to be much more 
limited than those which occurred in rats. 
These differences may reflect either a lack 
of ability of neonatal guinea piglets, pig
lets and calves to adapt metabolically to 
changes in diet, the existence of adaptive 
mechanisms that do not involve changes 
in the activities of liver enzymes, or lack 
of capacity, in these 3 species, for adapta
tion to high carbohydrate diets at any age. 
There are data that indicate that the ca
pacity for adaptation to changing physio
logical conditions develops slowly in the 
livers of neonatal animals (1 4 ) . It is pos
sible that the results of the present experi
ment can be explained by suggesting that 
the rats were more mature than the other 
species studied and thus were capable of 
greater responses to changes in diet. How
ever, guinea piglets, piglets and calves are 
more fully developed at birth than rats and 
there is evidence that guinea piglets form 
some adaptive enzymes at an earlier age 
than rats (14, 15). The possibility of 
alternate adaptive mechanisms in calves, 
guinea piglets and piglets cannot be ex
cluded. For example, a greater participa
tion of adipose tissue in fat synthesis in 
these species might explain the results ob
tained. However, no data are available at 
present to support this possibility.

The considerable difficulty that has been 
encountered in attempts to develop high 
carbohydrate, fat-free diets for calves, the 
high B-vitamin and mineral requirements 
of calves fed such diets, and clinical data 
(9, 10), suggested that metabolic disorders 
occurred in calves fed high carbohydrate 
diets. The results of the present study 
indicated that the difficulties encountered 
might have been due to a lack of adaptive 
enzymatic changes required for the con
version of increased amounts of carbo
hydrate to fat in the liver. Guinea piglets 
and piglets also appeared to lack adaptive 
capacity as compared with the rat.

The activities of a number of enzymes 
were similar, whereas others were con
siderably lower in the livers of calves fed 
the high fat diet (D ) than in the livers 
of rats fed the same diet. Many of the 
enzymes whose activities were lower ap
peared, according to present concepts ( 1 ) ,  
to be related to the capacity for synthesis 
of fatty acids in liver. The activities of 
glucose-6-P dehydrogenase and 6-P-gluco- 
nate dehydrogenase were similar in the 
2 species; however, the activities of the 
pentose phosphate-metabolizing enzymes 
were 10 times lower in calves than in rats, 
suggesting that the potential for pentose 
cycle activity in calf livers was lower than 
in rat livers. Such a deficiency might be 
expected to affect the potential availability 
of NADPH for fatty acid synthesis. The 
activities of pyruvate dehydrogenase, cit
rate cleavage enzyme and acetyl CoA syn
thetase were much lower in calf livers 
than in rat livers. The low levels of these 
enzymes in calf livers might be expected 
to affect the availability of acetyl-CoA for 
fat synthesis. The activity of malic enzyme 
was very low in calf livers (1 2 )  and the 
activity of a-glycerol dehydrogenase was 
5 times lower in calf livers than in rat 
livers. The activities of these enzymes 
have also been related to fat synthesis 
(1 ) .  These apparent limitations in the 
potential capacity for fat synthesis in calf 
livers as compared with rat livers became 
much more prominent when animals fed 
the high carbohydrate diets (A ) were com
pared. Differences in the absolute activi
ties of enzymes involved in fat synthesis 
were not as great when guinea piglets and 
piglets were compared to rats.
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Dietary Metal-complexing Agents and Zinc 
Availability in the R at1,2

DONALD OBERLEAS,3 MERLE E. MUHRER and BOYD L. O’DELL
Department of Agricultural Chemistry, University of Missouri,
Columbia, Missouri

ABSTRACT The growth rate of weanling rats was used to determine the effects 
of phytate, calcium and ethylenediaminetetraacetate (EDTA) upon the physiological 
availability of zinc. Phytate decreased availability and the effect was augmented by 
excess dietary calcium. Calcium had no effect in the absence of phytate so that its 
effect must be mediated through an interaction with phytate. EDTA increased zinc 
availability when the diet contained phytate but had no significant effect upon the 
growth rate in the absence of phytate. In vitro experiments showed that zinc phy
tate is highly insoluble at the pH range encountered in the small intestine. Addi
tion of calcium to the medium produced an even more insoluble complex containing 
zinc, calcium and phytate. The results suggest that the formation of such com
plexes with phytate is the mechanism whereby zinc is made less available and the 
more complete precipitation of zinc in the presence of calcium explains the effect 
of excess calcium. In vitro studies with intestinal strips and 65Zn showed that zinc 
uptake was progressively decreased as the ratio of calcium to phytate was increased. 
This effect was counteracted in part by the addition of EDTA. It appears that EDTA 
increases zinc availability by competing with phytate and forming a soluble complex 
which allows absorption across membranes.

The indispensability of zinc in the 
nutrition of the rat was demonstrated 
some 30 years ago, but the requirement 
was extremely low and great care was 
necessary in order to produce deficiency 
symptoms (1 ) . The significance of zinc 
in practical diets was not realized until 
Tucker and Salmon (2 )  showed that zinc 
would prevent or cure parakeratosis in 
swine fed diets composed of natural feed
stuff s. The fact that zinc deficiency de
velops in animals fed diets based on soy
bean protein and corn whereas it does 
not occur when the diets are based on 
animal protein containing the same 
amount of zinc has led to the hypothesis 
that the zinc in certain plant proteins is 
not readily available to animals.

The addition of phytic acid to diets 
based on casein or free amino acids has 
been shown to reduce the availability of 
zinc to the growing chick ( 3 -5 )  the pig
(6 )  and the rat (7 ) . Under some con
ditions excess calcium decreases the avail
ability of zinc and this is related to the 
source of protein (8 ) . By the use of diets 
based on casein with and without added 
phytic acid it has been shown that cal
cium exerts a deleterious effect only in 
the presence of phytic acid ( 7 ,9 ) .  The

addition of ethylenediaminetetraacetate 
(EDTA) to soybean protein increases the 
availability of zinc to the turkey poult
(1 0 ) and the rat (1 1 ) and counteracts 
the effect of phytate in the diet of 
chicks (9 ) .

In the experiments described here, the 
rat was used to determine the dietary 
interrelationships of calcium, phytate and 
EDTA with respect to zinc availability. 
In vitro studies were also performed to 
investigate the mechanism by which these 
factors affect zinc availability.

EXPERIMENTAL
Weanling male albino rats were main

tained in stainless steel cages and allowed 
to consume their respective diets ad libi
tum. Distilled water was supplied in glass 
bottles. The animals were weighed 
weekly for 4 weeks.

R e c e iv e d  f o r  p u b lic a t io n  M a r c h  28 , 1966.
1 C o n tr ib u t io n  f r o m  th e  M is s o u r i  A g r ic u ltu r a l  E x 

p e r im e n t  S ta tio n , J o u rn a l S eries  n o . 3081.
2 T a k e n  f r o m  a th esis  b y  D . O b e r le a s  su b m itte d  to  

th e  G ra d u a te  S c h o o l,  U n iv e rs ity  o f  M is s o u r i ,  in  p a r 
t ia l fu lf i l lm e n t  o f  th e  r e q u ire m e n ts  f o r  th e  P h .D . d e 
gree . A  p r e l im in a r y  a c c o u n t  h a s  b e e n  p re s e n te d : 
O b e r le a s , D ., M . E. M u h re r  a n d  B. L . O ’ D e ll  1965  
F e d e ra tio n  P r o c .,  2 4 : 170.

:5 P re se n t a d d re ss : D e p a r tm e n t  o f  M e d ic in e , W a y n e  
State U n iv e rs ity  C o lle g e  o f  M e d ic in e , D e tro it , M ic h i 
g a n , 482 0 7 .

56 J. N u t r it io n , 9 0 : ’ 66
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The basal diet contained: (g /k g ) glu
cose hydrate, 700; soybean oil, 100; pro
tein source,4 150; minerals,5 50; methio
nine,6 and vitamin supplement.7 This 
diet8 was calculated to contain approxi
mately 12% of crude protein, 0 .8%  of 
calcium, and 0 .6%  of phosphorus. The 
zinc content as determined by atomic ab
sorption spectrophotometry ranged from 6 
to 8 m g/kg. Phytate phosphorus was de
termined by a modification of the method 
of Earley (1 2 ) and by this method the 
purified soybean protein contained the 
equivalent of 2 .5%  of inositol hexaphos- 
phate. Commercial phytic acid was used 
to supplement the casein diets and was 
added on the basis of analysis to supply 
the equivalent of 1 % of inositol hexa- 
phosphate. All supplements were added 
in lieu of glucose, calcium and zinc as 
the carbonates and EDTA as the disodium 
salt.

For the solubility studies, solutions of 
sodium phytate (7 .85  X  10“3m ), calcium 
chloride (0.05 m ) and zinc sulfate (0.1 m ) 
were used. Aliquots were added to a 
beaker to give a minimum of 10-4 mole 
of each component in a total volume of 
30 ml. In some cases the calcium chlo
ride concentration was 2 X  10-4 mole. A f
ter all additions were made, the pH was 
adjusted upwards to provide a series from 
pH 3 to 9. After standing 24 hours the 
samples were centrifuged, the precipitate 
washed with 5 ml of water dried at 60 ° 
in vacuo, weighed, wet-ashed and ana
lyzed for phosphate, calcium and zinc. 
Phosphate was determined by the method 
of Fiske and Subbarow (1 3 ) , calcium ac
cording to the AOAC oxalate-permanga
nate procedure (1 4 ) and zinc by the 
Zincon method (1 5 ).

Initially, a modification of the everted 
gut sac technique (1 6 ) was used to de
termine the effect of calcium, phytate and 
EDTA on zinc absorption in vitro. The 
buffer had the following composition: 
(g /liter) NaCl, 8 .54; KC1, 0.30; fructose, 
3.60; 2 - amino - 2 - hydroxymethyl - 1,3- 
propanediol (Tris), 0 .485; adjusted to pH
6.0 with HC1. The final concentrations of 
the additives were: phytate, 10“3m ;
EDTA, 1.3 X  10-6 M, and zinc, 1.3 X  10“6 
m . Calcium was added to give calcium-to- 
phytate ratios ranging from 1 :1  to 16 :1 .

Each incubation vessel contained 0.05 uCi 
of 65Zn. At least 2.0 ml of buffer medium 
were used in each vessel and the total 
volume was 2.5 ml. After preliminary 
study of this system the everted sac tech
nique was discontinued because active 
transport was not observed. Zinc uptake 
by intestinal tissue was determined under 
the same conditions. A normal animal 
was killed with chloroform and a portion 
of the small intestine about 30 cm in 
length, starting with the jejunum was re
moved to a cold porcelain plate and into 
a pool of cold isotonic saline. The intes
tine was cut into segments approximately 
3 cm in length, freed of adhering tissue, 
split longitudinally, weighed and placed 
in the incubation vessel. During this time 
the buffer and tissues were maintained 
near 2°. After all additions were made 
the vessels were oxygenated for 15 sec
onds, stoppered and then incubated in a 
Dubnoff water bath for one hour at 37° 
with shaking at the rate of 80 oscillations 
per minute. Following incubation the tis
sues were immediately removed, rinsed 
with a stream of cold saline, placed in a 
tube with 2 ml of concentrated sulfuric 
acid and heated in boiling water for 15 
minutes. The hydrolysate was counted in 
a well-type scintillation counter which 
gave a counting efficiency of 2 .69%  . The 
samples wTere then analyzed for nitrogen 
by the micro-Kjeldahl method.

RESULTS AND DISCUSSION
Growth rate and interaction of calcium, 

zinc and phytate. The results of experi-

4 R e p re c ip ita te d  a n d  p u r if ie d  c a s e in  o r  p u r if ie d  s o y 
b e a n  p r o te in  (P r o m in e ,  C e n tra l S oy a  C o m p a n y , C h i
c a g o ) .

5 T h e  f o l l o w in g  m in e ra ls  w e re  s u p p lie d : ( g / k g  d ie t )
C a C 0 3, 1 0 .7 4 ; C a H P 0 4-2 H 20 ,  1 6 .7 3 ; M g C 0 3, 1 .00 ; 
M g S 0 4-7 H 20 ,  1 .2 1 ; N a C l, 5 .0 0 ; KC1, 0 .8 4 ; F e P O l 
( s o lu b le ) ,  1 .6 0 ; K H 2P 0 4, 1 2 .6 7 ; M n S 0 4 H 20 ,  0 .7 6 ; 
C u S 0 4-5 H 20 ,  0 .0 6 4 ; A 1 K (S 0 4) 2-1 2 H 20 ,  0 .0 0 9 6 ; K I,
0 .0 2 4 ; C oC 12-6 H 20 ,  0 .0 0 2 4 ; a n d  N a F , 0 .040 .

6 O n e  g ra m  o f  m e th io n in e  f o r  c a s e in  a n d  3 g  f o r  
s o y b e a n  p r o te in  d iets .

7 V ita m in s  w e re  su p p lie d  a t th e  f o l l o w in g  le v e ls /  
k g  o f  d ie t :  v ita m in  A , 2 0 ,0 0 0  IU ; v ita m in  D , 3 ,0 0 0  
IU ; m e n a d io n e ,  1 0 ; a -to co p h e r y l a ce ta te , 3 0 ; th ia m in e -  
HC1, 16 ; r ib o fla v in , 16 ; p y r id o x in e -H C l,  16 ; C a  p a n to 
th e n a te , 4 0 ;  b io t in ,  0 .2 ; f o la c in ,  5 ; c y a n o c o b a la m in , 
0 .0 5 ; a n d  c h o l in e  c h lo r id e  1 ,000  m g . T h e  a n t io x id a n t , 
e th o x y q u in ,  w a s  s u p p lie d  a t 100  m g /k g .

8 T h e  a u th o rs  g r a te fu lly  a c k n o w le d g e  g ift s  o f  d ie 
ta ry  su p p le m e n ts  f r o m  th e  f o l l o w in g  d o n o r s :  b io t in .  
H o ffm a n n -L a R o c h e , In c .,  N u t le y , N e w  J ersey ; f o la c in ,  
A m e r ic a n  C y a n a m id  C o m p a n y , P e a rl  R iv e r , N e w  
Y o r k ; v ita m in  A , D is t i l la t io n  P r o d u c ts  In d u s tr ie s . 
R o ch e s te r , N e w  Y o r k ; a n d  o th e r  v ita m in s  f r o m  
M e r ck  S h a rp  a n d  D o h m e , R a h w a y , N e w  Jersey .
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TABLE 1
Growth rate as affectd by calcium and phytate

Supplement
Casein basal Basal -¡-1% phytate

0.8% Ca 1.6% Ca 0.8% Ca 1.6% Ca

N o n e (1 1 )  1
9

3 2 ±  1.3 2
9

33 ± 0 .7
9

20 ± 1 .5
9

7 ± 2 .1

Zn, 55 ppm (7 ) 31 ± 1 .8 32 ± 2 .1 31 ± 1 .8 3 3 ±  1.0

1 Number of animals per treatment.
2 Average weekly gains f o r  4 weeks +  s e  o f  mean.

ments which involved 72 rats fed casein- 
base diets are shown in table 1. In the 
absence of phytate the calcium level had 
no effect upon growth rate with or with
out supplementary zinc. When the diet 
contained 1 % phytate and no added zinc, 
the growth rate of animals fed 0 .8%  of 
calcium was about 60%  of that of the 
zinc-supplemented controls, and those fed 
1.6% of calcium gained at about 20%  
of the control rate. Analysis of variance 
of the groups without zinc showed a 
highly significant interaction between cal
cium and phytate (P <  0 .005). The 
growth-depressing effects of calcium and 
phytate disappeared when a zinc supple
ment was supplied. Thus, the addition of 
phytate decreased the amount of zinc 
physiologically available and the results 
suggest that the detrimental effect of ex
cess calcium is mediated through the phy
tate present in the diet. The results are 
in agreement with earlier observations 
made with the pig (6 ) ,  the chick (9 )  and 
the rat (7 ) .

Growth rate and interaction of EDTA, 
zinc and phytate. In the second experi
ment the basal diet was similar to the 
high calcium (1 .6 %  ) diet described above 
and a 2 X 2 factorial design was used. 
Phytate was added at the 1% and EDTA 
at the 0 .1%  level. The results, shown in 
table 2, not only confirm that phytate de
creases growth when zinc is limiting (P <  
0 .005), but also show that EDTA mark
edly stimulates growth when added to low 
zinc diets containing phytate. EDTA 
slightly depressed the growth rate of rats 
fed the basal diet, but the effect was not 
statistically significant. The most note
worthy observation was the highly signifi
cant interaction (P <  0 .005) between phy
tate and EDTA, confirming the results 
obtained with chicks (9 ) .

Solubility studies. The solubility ex
periments were designed to investigate the 
effect of pH and the ratio of calcium and 
zinc to phytate or of zinc to phytate upon 
the quantity of precipitate formed. The 
amount of precipitate was calculated by 
the summation of inositol hexaphosphate 
(3 .55  X phosphorus), calcium and zinc 
as determined analytically. No precipitate 
was visible below pH 3.7, but in the pres
ence of zinc a precipitate formed at pH
3.8 and above.

As shown in figure 1 with calcium-to- 
phytate ratios of 1 :1  there was only a 
trace of precipitate. Zinc phytate was 
much less soluble and at pH 6, 61%  of 
the zinc was recovered in the precipitate. 
When equal molar concentrations of cal
cium, zinc and phytate were present, the 
quantity of precipitate formed was greater 
than the sum of the precipitates formed 
when the 2 cations were added to phytate 
separately. At pH 6 the precipitate formed 
by the 3 ions contained 77%  of the zinc 
added.

When the calcium concentration was 
twice that of phytate a measurable amount 
of precipitate was formed but only 26%  of 
the calcium was removed at the peak, pH
6. When the molar ratios of calcium, zinc 
and phytate were 2 :1 :1 , the precipitate 
contained 97%  of the zinc and 84%  of

TABLE 2
Interaction of EDTA, zinc and phytate when added 

to a casein-based diet containing 
1.6% calcium1

Without EDTA Naj EDTA (0.1% )

Basal +  1% 
Phytate Basal +  1% 

Phytate

9
3 2 ± 2 .7  2

9
8 ±  1.1

9
26 ± 2 .2

9
23 ± 1 .8

1 Six animals per treatment.
2 Average weekly gain for 4 weeks ±  se of mean.
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pH
Fig. 1 Relation of solubility of metal phytate complexes to pH and ratios of calcium and

zinc to phytate. □ --------□ , Ca:phytate (1 :1 ); A -------- A, Ca:phytate (2 :1 ); O— -----O,
Zn:phytate (1 :1 ); X-------- X, Ca:Zn:phytate (1 :1 :1); • -------- • , Ca:Zn:phytate (2:1:1).

the calcium originally present. Hoff-Jorg- 
enson (1 7 ) has shown that the equilib
rium between calcium and phytate is 
reached almost instantaneously, and that 
the solubility product of pentacalcium 
phytate is between 1 0 "19 and 1CT23. Vis
ual observations made in this study indi
cate that the zinc and zinc-calcium phy
tate equilibriums are also established 
rapidly.

If these results can be projected to a 
physiological situation, it would be ex
pected that zinc salts of phytate in the 
food would be dissociated at the pH of 
gastric juice, and at the pH of the small 
intestine to exhibit minimum solubility. 
Because of the solubilizing effect in the 
stomach and the subsequent dilution of 
ions, it might be expected that the zinc 
would be nearly as available from zinc 
phytate as from other salts fed in low 
concentration. Green et al.9 have demon
strated this fact in swine. In order for

phytate to make zinc unavailable, the 
phytate must be present in sufficient quan
tity to overcome the effect of dissociation 
and dilution in the stomach and to assure 
formation of an insoluble compound in 
the intestine before absorption occurs.

In the in vitro experiments described 
here the ratio of zinc to calcium was ex
tremely high for an animal diet. A con
ventional diet might contain 1% calcium, 
30 m g/kg of zinc, and 1% of phytate, 
molar ratios of 5 4 0 :1 :3 3 . Although the 
in vitro studies do not accurately repre
sent a physiological situation, they clearly 
show that in the presence of excess cal
cium more zinc is precipitated by phytate. 
This offers an explanation for the ob
served effect that calcium decreases zinc 
availability when added to a diet contain-

9 G reen , J. D ., J. T . M c C a ll ,  V . C . S p eer a n d  V . W . 
H a y s  196 2  E f fe c t  o f  c o m p le x in g  a g e n ts  o n  u t i l iz a 
t io n  o f  z in c  b y  p ig s . J. A n im a l  S c i., 2 1 :  9 9 7  ( a b 
s t r a c t ) .
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Fig. 2 Uptake of 65Zn by rat jejunal tissue (per mg of N) as a percentage of the control in each 
replicate (7 replicates). The control contained no calcium or phytate. X represents mean at each 
ratio, and the vertical lines represent variation as determined by the least squares method.

ing phytate but falls to do so in the ab
sence of phytate.

Tissue uptake of 65Zn. The studies with 
intestinal strips were conducted in an at
tempt to more nearly duplicate physiolog
ical conditions. Preliminary work indi
cated that zinc was not actively absorbed 
by the everted sacs according to the cri
teria of Dowdle et al. (1 8 ) . However, 
65Zn was taken up by the tissue in a man
ner similar to that reported for magne
sium (1 9 ) . The zinc accumulated was 
not easily removed by washing and thus 
it did not appear to be a simple adsorp
tion phenomenon. The process was not 
affected by a nitrogen atmosphere, or by 
the addition of sodium cyanide, sodium 
iodoacetate, copper, cadmium, or ATP to 
the buffer medium. Neither was the rate 
of uptake affected by the zinc status of 
the animal. As used here the term uptake 
does not imply true absorption but sug
gests the movement of zinc into cells of 
the intestinal mucosa.

The effect of increasing the calcium-to- 
phytate ratio upon the uptake of 63Zn by 
intestinal strips is shown in figure 2. These 
data include the results of 7 replicate ex
periments. Uptake was estimated by the

65Zn activity per mg of tissue nitrogen and 
the values plotted are the averages of the 
percentage uptake based on the control in 
each replicate. The control vessels con
tained neither calcium nor phytate in the 
medium. Another series which contained 
graded levels of calcium but no phytate 
did not differ from the controls. A cal- 
cium-to-phytate ratio of 16 :1  was included 
in most replicates but since it did not dif
fer from the 8 :1  ratio the values were not

TABLE 3
Effect of EDTA on the uptake of 65Zn by 

intestinal tissue in vitro 1

Ca: phytate 
ratio

Radioactivity 2/m g N Increase 
due to 
EDTAWithout

EDTA
With

EDTA

104 /id 104 a d %
C ontrol 23.6 22.8 - 3 . 5

1:1 9.8 10.3 5.1
2 :1 6.4 7.6 18.8
4 :1 3.6 4.1 13.9
8 :1 2.7 3.5 29.6

16:1 3.5 4.1 17.1

1 The medium contained 1 0 - 3 m  phytate, 1.3 x lO -6 
m zinc and, when added, 1.3 x 10-6 m EDTA. The 
molar concentration of calcium chloride varied as 
shown in  the first column; the control contained 
neither calcium nor phytate.

2 Average radioactivity of 65Zn (3 tria ls), expressed 
as microcuries times 104.
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plotted. The coefficient of correlation be
tween zinc uptake and calcium-to-phytate 
ratios was — 0.639, a value which is statis
tically highly significant (P <  0 .001).

The effect of EDTA in the in vitro sys
tem is shown in table 3. EDTA was added 
in an equimolar ratio with zinc. In pre
liminary experiments it was shown that 
higher concentrations of EDTA decreased 
the uptake of 65Zn by tissue in vitro, sug
gesting that excess EDTA may under some 
circumstances actually decrease zinc avail
ability. When the calcium-to-phytate ratio 
in the medium was 2 :1  or greater the 
uptake of zinc by the tissue was increased 
from 14 to 30%  by addition of EDTA. An 
increase of this magnitude could make a 
significant contribution toward the zinc 
requirement of an animal fed a sub-opti
mal level of zinc in the presence of phy- 
tate.

The results presented here indicate that 
dietary phytate decreases the physiological 
availability of zinc to the rat. Excess cal
cium also decreases availability but only 
in the presence of phytate. There appears 
to be a three-way interaction among zinc, 
calcium and phytate. Similar results have 
been obtained by Byrd and Matrone (2 0 ) . 
The chemical complexation of zinc by 
phytate, particularly in the presence of 
calcium to form an insoluble and non
absorbable compound is believed to be the 
mechanism by which zinc is made less 
available to animals. It appears likely that 
EDTA improves availability in competition 
with phytate by forming a soluble zinc- 
EDTA complex which when presented to 
the absorption sites in the intestine allows 
the absorption of zinc. The possibility that 
the total zinc-EDTA complex is absorbed 
cannot be eliminated. Results with 
chickens (2 1 ) show that EDTA can be ab
sorbed, but work with rats suggests that 
very little is absorbed (2 2 ).
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Carbohydrate Metabolism and Physical Activity in 
Rats Fed Diets Containing Purified Casein Versus 
a Mixture of Amino Acids Simulating Casein '

RICHARD A. AHRENS a n d  JAMES E. WILSON, JR.
Human Nutrition Research Division, Agricultural Research Service,
United States Department of Agriculture, Reltsville, Maryland

ABSTRACT The effects of varying energy intake levels on physical activity and 
glucose metabolism were studied in young growing rats. Male rats 28 days of age were 
fed for 31 days diets containing either casein or an amino acid mixture simulating 
casein at 2 levels of calorie intake. Physical activity was measured and 14C recovery 
from injected glucose-l-14C, -6-I4C, and -U-I4C was determined as percentage of dose in 
expired CO2 , feces, and urine, from one to 24 hours after giving each rat his daily 
ration. The average revolutions per day run was higher for calorie-restricted animals, 
but there was no significant difference in activity due to substituting the mixture of 
amino acids for casein, although casein-fed rats tended to be more active. This in
crease in physical activity caused by calorie restriction was due to a significant differ
ence in daytime activity, as all rats were equally active in the dark. There were no 
significant differences due to calorie level or nitrogen source in 14CC>2 recovery from 
glucose-6-14C and glucose-U-14C, but amino acid-fed rats converted more glucose-l-14C to 
14C02 as measured cumulatively 6 and 23 hours after injection. Calorie-restricted rats 
expired less glucose-l-14C as 14C02 during the first 6 hours after injection, but this 
effect was not evident after 23 hours. There was a trend toward lower 14C recovery from 
glucose-U-I4C in urinary citrate of amino acid-fed rats, although urinary citrate excre
tion was unaltered by diet. These data indicate a greater utilization of alternative 
pathways to the glycolytic scheme and tricarboxylic acid cycle for metabolism of 
glucose in amino acid-fed rats and several possible explanations are discussed.

Work reported from this laboratory in a 
previous paper (1 )  showed that for young 
rats fed 2 levels of nitrogen and at 2 levels 
of calorie intake, there were higher nitro
gen gains when rats in the high calorie 
group received the nitrogen as casein 
rather than as a mixture of amino acids 
simulating casein. Rats of the same age 
fed diets providing similar nitrogen intakes 
at a lower calorie level showed no signifi
cant advantage in nitrogen storage for 
casein over amino acids. The dependence 
of nitrogen storage on calorie intake raised 
a question as to the effect the substitution 
of casein for amino acids might have on 
energy metabolism.

Calorie intake level has been reported to 
affect the physical activity of the rat, but 
the nature of this effect is uncertain. 
Hughes (2 )  reported increased physical 
activity in food-deprived animals, but 
Fabry et al. (3 )  interpreted their oxygen- 
consumption data as indicating reduced 
activity in animals that were intermittently

starved. Caloric restriction has been im
plicated in the activity of pathways of car
bohydrate metabolism. Lee and Lucia (4) 
reported a decrease in the direct oxidation 
of glucose with caloric restriction to the 
extent that severe restriction caused the 
hexose monophosphate pathway to dis
appear irreversibly. Benevenga et al. (5 )  
noted that a starvation-refeeding regimen 
produced significant increases in pentose 
phosphate-metabolizing enzyme activity.

The present paper reports the effect in 
rats of substituting casein for a mixture of 
amino acids simulating casein as measured 
by 14C-labeled glucose metabolism at either 
of 2 calorie intake levels. To study the 
effect, if any, of the dietary regimens on 
voluntary activity the rats were allowed 
access to activity cages.

Received for publication March 16, 1966.
1 Preliminary results of the investigation were reported to the American Institute of Nutrition at the 50th Annual Meeting of the Federation of American Societies for Experimental Biology, Atlantic City, 1966.
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EXPERIMENTAL
Specific-pathogen-free male rats2 ob

tained at 21 days of age were housed 
individually and fed a stock diet3 for one 
week before being fed their particular ex
perimental regimen. A control group of 
6 rats was killed to determine initial car
cass content of calories and nitrogen and 
to furnish data for correcting initial weight 
of the experimental animals to the ingesta- 
free basis. On the basis of these data, 
initial live weight was multiplied by 91.9%  
to obtain ingesta-free carcass weight. Con
tents of the gastrointestinal tract were re
moved and the carcasses homogenized in a 
Waring Blendor before analysis (6 ) .

Four diets were used in this study: 1) 
high calorie level with casein as the nitro
gen source; 2 ) high calorie level with an 
L-amino acid mixture simulating casein as 
the nitrogen source; 3 ) restricted calories 
with nitrogen provided as casein; and 4 )  
restricted calories with nitrogen provided 
as amino acids. Diets at the high calorie 
level contained 3%  nitrogen. Restricted- 
calorie diets were formulated with in
creases in proportion of protein or amino 
acids, vitamins, salts, and roughage so 
that, when calorie intake was reduced from 
the high calorie level by approximately 
one-third, intakes of those nutrients were 
the same as the intakes at the higher cal
orie level. The diets and care of the ani
mals have been described earlier (1 ) .

The casein and amino acids were assayed 
for purity as reported earlier (1 ) . The rats, 
6 per group, were housed in a well-venti
lated room at 28°, 50%  relative humidity, 
and 12 hours per day of darkness and light. 
After being fed the experimental diets for 
2 weeks all rats were assigned at random 
to rotating-treadmill activity cages for 3 
weeks and reading of revolutions turned 
were taken at 12-hour intervals coinciding 
with the darkness/light changeover. Dur
ing this 3-week period 1-nCi doses of high 
specific activity glucose-l-14C, glucose-6-14C, 
and glucose-U-14C were injected intraperi- 
toneally at weekly intervals into each rat 
in a pattern of reversal (i.e., 2 rats in each 
group received glucose-1-14C the first week, 
2 rats received glucose-l-14C the second 
week, etc.). Each 1-nCi dose involved the 
injection of 0.036 to 0.060 mg of glucose. 
All rats were placed in the respiration ap

paratus with their daily ration one hour 
before 14C injection and remained there for 
23 hours after injection where all 14C lost 
in C 0 2, feces, and urine was recovered. All 
solid samples were dried, ignited in an 0 2 
bomb, and 14C 0 2 was trapped and counted 
as Ba14C 0 3. Respired 14C 0 2 was collected 
at 30-minute intervals for the first 6 hours, 
and again determined at 11 and 23 hours. 
All samples were counted at infinite thick
ness in a thin-window gas-flow counter 
with an anticoincidence correction.4 Total 
C 0 2 recovery was determined and all spe
cific activities were converted to total ac
tivity and expressed as percentage of dose 
injected as suggested by Wang (7 ) . This 
avoids the dilution effects of endogenous 
materials on specific activity pointed out 
by Wood (8 ) .

Aliquots of the 14C-labeled glucose sam
ples used were ignited in an 0 2 bomb and 
Ba14C 0 3 was recovered and counted. The 
counts recovered in 1 uCi were 92%  of the 
theoretical amount (i.e., 2,042,810 dpm vs.
2,220,000 dpm ), close enough so that the 
difference could be explained by small er
rors in measuring initial volume, determin
ing counter efficiency,5 converting infinite 
to zero thickness values, etc. Eight of the 
experimental animals were killed within 
minutes of removal from the respiration 
apparatus. In these 8 animals the carcass 
I4C as actually determined was 27 .9%  ±
3.9 6 of the injected dose, whereas the 14C 
recovered in respiratory C 0 2, feces, and 
urine was 68.4%  ±  5.4 of the total indi
cating that about 96%  of injected 14C could 
be accounted for by actual measurement.

Urine was fractionated into a variety of 
components prior to counting for 14C. Ether 
and chloroform extracts were made to de
termine radioactivity present as lactic acid 
or ketone bodies. Urea C 0 2 was released 
and 14C was counted following treatment of 
the urine with urease (9 ) . Oxalate was 
precipitated as calcium oxalate (1 0 ) and 
sugars were precipitated as the osazones
(1 1 ). Amino acids were absorbed and sep
arated into acidic, neutral, and basic frac

2 Lew strain from Microbiological Associates, Beth- esda, Maryland.
3 D & G Research Animal Laboratory Diet, Price- Wilhoite Company, Frederick, Maryland.
4 All samples were counted for long periods of time on a Sharp “Wide-beta” gas-flow counter having a low background.
5 See footnote 4.
6 Standard error of the mean.
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tions by the use of Amberlite IR-4 (1 2 )  
following hydrolysis of the urine with HC1. 
Creatinine was isolated by the method of 
Owen et al. (1 3 ) . Non-amino organic acids 
were determined with paper chromatog
raphy after first passing the sample through 
a Dowex 50 column to remove amino acids 
and salts. The strips were developed in a 
4 :1 :5  (v /v) upper phase N-butanol: acetic 
acid: water solvent system and were 
sprayed with 0 .04%  bromophenol blue in 
95%  ethanol. Spots were identified from 
standards, cut from the paper, ignited, and 
Ba14COa was determined. The amount of 
citric acid present was determined by titra
tion of the eluted material with a dilute 
base.

This study was conducted according to a 
randomized complete block design where 
blocks were composed of those 4 animals, 
one per group, which received the 3 labeled 
glucose moieties in the same order of in
jection. Analyses of variance were con
ducted treating the investigation as a 2 X  
2 factorial.

RESULTS AND DISCUSSION
Physical activity. The effect of the 

dietary treatments on physical activity is 
shown in table 1. Diets were given once 
daily just after the darkness to light 
changeover. Rats receiving the restricted- 
calorie intake level consumed all of their 
diet during the first hour after feeding. 
Rats fed the casein diet at the high calorie 
level ate all of their diet during the first 
8 hours after feeding. Rats fed the amino 
acid diet at the high calorie level ate all of 
the diet given them, but took 12 hours or 
more to do so. At either level of calorie 
intake there was no significant effect on

physical activity due to substituting casein 
for amino acids as the nitrogen source, but 
there was a consistent tendency for the 
casein-fed rats to be more active, which 
bordered on significance. An analysis of 
variance, however, showed a highly signifi
cant effect (P <  0 .01) of calorie intake on 
voluntary physical activity. This increase 
in activity due to caloric restriction appears 
to reflect an abolition of quiescence rather 
than an elevation of peak activity. During 
the 12 hours of darkness when the rat is 
normally most active (3 ) ,  there was no 
difference in physical activity between 
groups. The 12 hours of light caused no 
appreciable change in the activity of the 
calorie-restricted animals, but the illumina
tion caused a significant reduction in activ
ity for rats fed at the high calorie level 
(P <  0 .01 ). Thus, rats receiving the high 
calorie intake had about 70%  of their ac
tivity at night, whereas calorie-restricted 
animals had nearly the same activity, day 
or night. Food deprivation appears to influ
ence voluntary activity of the rat in a 
manner which overrides normal diurnal 
variation. The pattern of physical activity 
and the eating pattern appear to be related.

Carcass gains. The calorie, nitrogen, 
and ingesta-free weight gains are given in 
table 2. Calorie, nitrogen, and weight gains 
were significantly reduced (P <  0 .01) by 
calorie restriction. Rats receiving casein at 
the higher calorie level gained more weight 
(P <  0 .05) than amino acid-fed rats; al
though the change in nitrogen source had 
no statistically significant effect on calorie 
gain due to greater variability in the calorie 
gain data, there was a trend toward greater 
calorie gain in casein-fed rats, similar to 
the trend in our earlier report (1 ) . An

TABLE 1
Diurnal variation in revolutions turned in activity cages over a 3-week period by rats fed 

nitrogen either as amino acids or as casein, at 2 levels of calorie intake

N Intake 2 Mean voluntary physical activity
source 1 N Calories 1 2 -hr light 1 2 -hr dark 24-hr total

9 h ea l r e v r e v r e v

AA 8.59 1400 1379 ±456 3 4143 ±701 5523 ±838
Casein 8.59 1425 1981 ±465 4230 ±  736 6211 ±997
AA 8.93 982 4584 ±1023 3961 ±417 8544± 1153
Casein 8.94 1040 6074 ±1169 4964 ±1050 11,038 ±1158

1 A A =  amino acid mixture simulating casein.
2 Mean dietary intake/rat over the entire 31-day experimental period.
3 se of mean; 6 rats/group.
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TABLE 2
Weight gains, calorie and nitrogen storage of rats fed casein or a mixture of amino acids 

simulating casein at 2 calorie intake levels

N
source 1

Intake 2

N Calories
Weight 
gains 3

Nitrogen
stored

Calories
stored

9 kca l 9 9 k ca l

AA 8.59 1400 7 8 ± 3 .2 |4 3.35 ± 0 .2 1 113.7 ±  11.4
C asein 8.59 1425 8 7 ± 1 .6 | * 3.59 ± 0 .0 7 129.7 ±  9.4
AA 8.93 982 25 ± 3 .5 1.59 ±  0.15 14.8 ±  5.5
C asein 8.94 1040 33 ± 2 .3 1 .8 7 ± 0 .1 1 26.3 ±  3.3

1 AA =  amino acid m ixture sim ulating casein.
2 Mean dietary in tak e /ra t over the entire 31-day experimental period.
3 Gain in ingesta-free carcass weight over the 31-day period.
4 se of mean; 6 rats/group.
* Adjoining means significantly different (P  <  0.05).

analysis of variance showed a significant 
difference between casein and amino acid- 
fed rats in nitrogen gain per gram of digest
ible nitrogen intake (P <  0.05), with casein- 
fed rats being more efficient, and there was 
a trend toward greater nitrogen storage 
per gram of gross nitrogen intake in these 
rats. With large groups in the earlier study, 
differences in gross nitrogen storage were 
found to be significant.

Radiorespirometry studies. There was 
no significant effect of energy level or nitro
gen source on the percentage of injected 
dose recovered in expired 14COz, feces, or 
urine during the 23 hours following injec
tion of glucose-6-14C and glucose-U-I4C 
(table 3 ). An analysis of variance shows 
that the nitrogen source in the diet had a 
significant effect (P <  0 .05) on the per
centage of injected glucose-l-14C recov
ered as 14C 0 2 (table 4 ) . This is in agree
ment with our earlier report of differences 
in nitrogen storage at the high calorie in
take level, since a change in the activity of 
the pathways of carbohydrate metabolism 
would be expected to alter protein metabo
lism as well. The significantly greater re
covery of 14C 0 2 from glucose- 1-I4C in the 
amino acid-fed rats indicates greater use 
of alternative pathways of carbohydrate 
metabolism in these animals (8 ) . The time 
the diet was fed since the last injection did 
not appear to affect the metabolism of the 
labeled glucose, as block effects were not 
significant. Despite reports of changes in 
the activity of the hexose monophosphate 
shunt due to calorie restriction (4 , 5) our 
i4C 0 2 recovery totals indicated no difference 
due to varying the calorie level (tables 3, 4). 
The explanation for this difference in re

sults can best be explained by examining 
the pattern of 14C 0 2 recovery plotted against 
time. Figure 1 shows the I4C 0 2 recovery 
from glucose-l-I4C from the second to the 
twenty-fourth hour after feeding. An anal
ysis of variance (table 4 ) of the percent
age of injected glucose-l-14C recovered as 
,4C 0 2 after 6 hours shows a significant ef
fect of calorie level (P <  0.05). This agrees 
with the earlier report of Lee and Lucia 
(4 ) ,  who used a 3.5-hour collection period, 
that calorie-restricted animals have a less 
active hexose monophosphate shunt. This 
measurement of activity of the hexose 
monophosphate shunt does not appear to 
reflect accurately the total amount of glu
cose metabolized by this route, at least for 
the casein-fed rats, since rats fed casein 
at the high calorie intake showed a reduced 
i4C 0 2 release from the sixth to twenty-third 
hour after injection, whereas calorie- 
restricted animals fed casein maintained a 
steady rate of 14C 0 2 production. As a re
sult, the percentage of injected glucose-1- 
,4C metabolized to 14C 0 2 after 23 hours was 
unaffected by calorie intake. The effect of 
changing nitrogen source in the diet on 
i4C 0 2 production was significant at 6 hours 
after injection (P <  0.01) as well as after 
23 hours (P <  0 .05). An examination of 
the mean squares gives an indication of 
the greater magnitude of the effect of 
source of dietary nitrogen on glucose-l-14C 
metabolism as compared with the effect of 
calorie restriction (table 4 ) . An analysis 
of variance of 14C 0 2 recovery after 6 hours 
from glucose-6-14C and glucose-U-14C 
showed no effect due to calorie level or 
nitrogen source, similar to the total 23-hour 
observations.
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The differences in physical activity be
tween day and night in rats receiving the 
high calorie intake might have been altered 
if the rats had been fed at night rather 
than the early morning, and this might 
have had an effect on metabolism. How
ever, all rats in the present study were fed 
in the same manner and according to the 
same schedule so that the differences ob
served are valid within the confines of this 
particular schedule of care and feeding, 
which is that most commonly followed for 
laboratory rats.

We observed earlier that rats fed casein 
diets at a high calorie level consumed their 
diets more rapidly than rats fed a com
parable amino acid diet (1 ) . Tepperman 
and Tepperman (1 4 )  and Hollifield and 
Parson (1 5 ) reported evidence for greater 
activity of the hexose monophosphate 
shunt and greater fat deposition in rats 
trained to eat their food in a shorter period 
of time. This does not appear to be the 
reason for the greater use of the hexose 
monophosphate shunt in our amino acid- 
fed rats, therefore, since faster eating by 
the casein-fed rats would be expected to 
increase hexose monophosphate shunt ac
tivity in these animals. In addition, the 
i4C 0 2 recovery data indicated a similar dif
ference between casein- and amino acid-fed 
rats at a restricted level of intake (tables 3 
and 4 ) where all rats consumed their diets 
in one hour or less.

These data are not consistent with the 
concept that voluntary activity reflects the 
state of energy metabolism in the animal. 
Although calorie restriction increased vol
untary activity ( P < 0 .0 1 ) ,  it had little 
effect on 14C 0 2 recovery from injected glu- 
cose-l-14C over a 23-hours period. Further
more, glucose-l-,4C metabolism was af
fected most by substituting for casein in 
the diet a mixture of amino acids simulat
ing casein. This change in nitrogen source 
had no significant effect on voluntary ac
tivity.

Urinary UC excretion. Table 3 lists the 
percentage of injected 14C recovered in the 
urine during the 23 hours following admin
istration of glucose-l-I4C, -6-14C and -U-14C. 
Although dietary treatment had no effect 
on urinary 14C excretion, a greater percent
age of the injected dose ( P < 0 .0 1 )  was 
excreted in urine when glucose-6-14C or
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T A B L E  4

Mean squares of the analyses of variance for 14C02 recovery and urinary N

S o u rce  o f  
v a r ia t io n

14C 0 2  r e c o v e r e d

L a b e le d  c a r b o h y d r a te  a d m in is te re d

G lu co s e - G lu co se -
U-14C 6 -14C G lu c o s e - l -14C

U rin a ry  N  
e x c r e t io n

(%/23 hr) 2 (%/23 hr) 2 ( % /6hr) 2 (mg/24 hr) !
Blocks 354.17 514.33 233.32 148.00 479
E =  energy level 13.78 29.10 0.95 425.97* 16,970**
S =  nitrogen source 485.55 308.24 688.33* 1,226.23** 1,883*
ES 397.97 256.04 89.12 10.28 170
Error 238.60 199.87 84.08 74.67 446

* *  S ig n ific a n t  ( P  <  0 .0 1 ) .  
* S ig n ific a n t  ( P  <  0 .0 5 ) .

Fig. 1. Effect of calorie intake and nitrogen source on percentage of 14C from intra- 
peritoneally injected glucose-l-14C recovered as 14C02.

glucose-U-14C was given than when glu
cose-1 14C was the injected material. Urea 
14C accounted for only about 2%  of urinary 
14C from glucose-6-I4C or glucose-U-14C. 
Urease released about 20%  of the urinary 
14C contributed by glucose-l-14C, indicating 
that the bulk of the 14C excreted was in 
other end products of metabolism.

Urinary 14C excretion from glucose-6-14C 
or glucose-U-14C was similar, indicating 
that the terminal 5 carbons of glucose were

metabolized by the same route. In frac
tionating the urinary 14C activity, less than 
5%  was found in oxalic acid and between 
5 and 10% was found in the ether extract, 
creatinine, osazone, and dicarboxylic 
amino acid fractions. The quantitatively 
greatest source of urinary 14C was found to 
be citrate which accounted for about 30%  
of the urinary label and the percentage of 
injected glucose-U-14C that was recovered 
as urinary citrate is reported in table 3.
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Although no significant differences could 
be established due to the high variability in 
citrate-HC excretion, a clear trend was evi
dent indicating greater 14C recovery in 
urinary citrate when casein was the nitro
gen source rather than a mixture of amino 
acids simulating casein. The mean citrate 
excretion in the urine of rats consuming 
the 4 diets was nearly the same, ranging 
from 0.96 ± 0 .1 1  mEq/day with the high 
calorie diet containing casein to 1.10 ±  
0.12 mEq/day with low calorie diet con
taining casein. Beilin and Steenbock (1 6 )  
earlier reported wide variation in citraturia 
regardless of dietary changes.

The specific activity of urinary cit
rate following glucose-U-14C administration 
tended to be greater from rats fed casein 
than from those fed amino acids (table 3 ). 
If this trend is assumed to be real and 
urinary citrate is assumed to be representa
tive of tricarboxylic acid cycle intermedi
ates throughout the body, it appears that 
more of the 14C from glucose is passing 
through the glycolytic scheme and into the 
tricarboxylic acid cycle in the casein-fed 
rats. This is consistent with the conclusion 
from the radiorespirometry data that rats 
fed amino acid diets derived a significantly 
larger portion of their energy from direct 
oxidation of glucose than casein-fed rats 
did. However, the possibility exists that 
the diammonium citrate in the amino acid 
diets diluted the 14C activity in body citrate 
pools since the dietary intake of citrate was 
about 2 mEq/day and urinary output was 
about 1 mEq/day. The explanation for 
apparently greater use of the glycolytic 
scheme and tricarboxylic acid cycle in glu
cose metabolism of casein-fed rats is not 
clear. There are several possible explana
tions, including the following:

1) A dilution of the tricarboxylic acid 
cycle intermediates with intermediates 
from rapid amino acid breakdown might 
cause increased gluconeogenesis and a re
sulting inhibition of glycolysis causing glu
cose to be diverted to alternative pathways 
of metabolism. The normal route of glu
tamic acid breakdown involves the forma
tion of a-ketoglutarate (1 7 ) , whereas pro
pionic acid formed in the degradation of 
methionine and threonine (1 8 ) , serine, 
alanine, valine, and isoleucine (1 9 ) can be

converted to succinate (2 0 ) in rather large 
quantities (2 1 ) . Succinate and a-ketoglu
tarate thus formed could be metabolized 
via the tricarboxylic acid cycle. Gupta 
et al. (2 2 ) , however, observed that free 
amino acids did not disappear from the 
digestive tract more rapidly than intact 
protein unless the protein was relatively 
insoluble (zein). This would indicate that 
amino acid absorption in rats fed casein or 
amino acids is not different.

2 ) The NH4 citrate supplement added to 
amino acid diets to increase their N con
tent might be metabolized by the tricarbox
ylic acid cycle and utilized for gluconeo
genesis, resulting in inhibition of glycolysis 
and causing glucose to be diverted to alter
native pathways of metabolism. A quanti
tatively great effect would not be expected, 
however, since the daily intake of NH4 
citrate by amino acid fed rats was about
0.16 g.

3 ) There are a number of recent reports 
in the literature that would suggest that the 
amino acid mixture used in this study, de
spite the fact that it simulates casein, does 
not contain adequate glutamic acid, gluta
mine, asparagine and arginine to support 
maximal weight gains of rats (2 3 -2 6 ) .  
Most workers who have fed “adequate 
levels” of dispensable and indispensable 
amino acids still obtain growth rates some
what less than they obtain with protein- 
containing diets and thus the possibility of 
deficiencies of unknown factors such as 
strepogenin, postulated by Woolley (2 7 ) ,  
cannot be eliminated. Schwartz et al.7 have 
indicated preliminary evidence for the ex
istence of a previously unrecognized growth 
factor in 15% casein diets. The metabolic 
adaptation in direct oxidation of glucose 
observed in this study may be a conse
quence of a deficiency of either known or 
unknown substances.

The trend toward increased non-protein 
calorie storage (presumably fat) in young 
rats fed amino acid rather than casein diets 
reported in an earlier paper (1 ) ,  might be 
due to the increased direct oxidation of 
glucose on amino acid diets and might be 
an adaptation to a deficiency.

7 S ch w a rz , K ., J. C. S m ith  a n d  T . A . O d a  1966 
F a c to r  G, a n  a g e n t  p r o m o t in g  g ro w th  o f  a n im a ls  on  
a m in o  a c id  d iets . F e d e ra tio n  P r o c .,  2 5 : 54 2  ( a b s t r a c t ) .
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Diurnal Rhythms of Tissue Components Related 
to Protein Metabolism in Normal 
and Virus-infected Chicks * 1 *

ROBERT L. SQUIBB
Laboratories of Disease and Environmental Stress, Bureau of Biological 
Research, Rutgers, The State University, New Brunswick, New Jersey

ABSTRACT Diurnal changes in protein metabolism were studied over a 72-hour 
incubation period in Newcastle disease virus-infected chicks. Protein, DNA, RNA and 
free amino acid levels were determined, where applicable, in liver, muscle and serum 
at 4 daily intervals. The data, which included non-infected controls, were plotted in 
relation to clock hours. Significant diurnal rhythms in all 3 tissues indicated the 
presence of periodicity. In the controls, liver DNA was highest in the evening but 
maximal values of RNA, protein and the free amino acids occurred during the day. 
While the free amino acid pool in the liver was significantly depressed by the New
castle disease virus (NDV), in the serum there was an increase in values. The NDV 
also caused a significant desynchronization in relation to clock hours of the rhythmic 
patterns in the liver and to a lesser extent in muscle. The effect in the liver was noted 
within 12 hours post-inoculation. Serum patterns in the NDV chicks, however, re
mained synchronized during the incubation period of the disease cycle. The effect of 
these diurnal rhythms on experimental error was discussed.

An earlier report from these laboratories
(1 )  described significant diurnal oscilla
tions of total protein and the nucleic and 
free amino acids in avian liver during the 
active involvement stage of a Newcastle 
disease virus (N D V ) infection. The pat
terns of the oscillations differed in control 
and infected tissues, but in both cases the 
patterns suggested a relationship to clock 
hours. The fact that diurnal oscillations 
of tissue components were observed in 
both normal and NDV-infected animals 
raised the question whether there would 
be a similar effect during the incubation 
stage of NDV.

The phenomenon of diurnal rhythms 
has been known for many years. Halberg
( 2 )  , Simmonet (3 )  and Biinning (4 )  have 
made extensive reviews of the literature. 
However, as far as is known, none of the 
research has been directed toward a si
multaneous comparison of diurnal changes 
in protein metabolism, in the normal as 
well as the diseased states, in several tis
sues that reflect the body’s major protein 
stores.

The present paper reports the results 
of an experiment undertaken to study 
diurnal changes in several parameters of 
protein metabolism in liver, blood and mus

cle in 4-week-old chicks during the first 72 
hours (incubation stage) of an NDV in
fection.

PROCEDURES
A standard reference diet (5 )  was fed 

ad libitum to approximately 400 one-day- 
old White Leghorn cockerels of known 
breeding for a 4-week period. At the end 
of that time average weekly body weights, 
compared with a reference curve, indicated 
that the chicks had met their genetic po
tential for growth with this particular ref
erence diet. Thus standardized, the birds 
were divided into 2 groups: Group 1 served 
as non-infected controls; those in group 2 
were injected in the leg muscle with NDV  
(0.1 ml/bird of a 10~3 concentration of 
virus). In our laboratories 50%  mortality 
in 8 days can be expected from this virus 
concentration. The groups, housed in 
separate isolated rooms, were continued 
on the same management procedures that 
prevailed prior to this time, namely, con
stant artificial light and temperature, and 
the same caretaker who entered the rooms 
at the same time each day. The standard

R e c e iv e d  f o r  p u b lic a t io n  M a r c h  3 , 1966.
i S u p p o r te d  in  p a r t  b y  C o n tra c t  n o . D A -4 9 -1 9 3 -M D -

2 6 9 4 , U. S. A rm y  M e d ica l  R e s e a rc h  a n d  D e v e lo p m e n t
C o m m a n d .
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reference diet and water were continued 
ad libitum.

Starting at time of NDV inoculation 
(0 8 0 0 ), 8 birds were selected at random 
from each treatment group and killed at 
0800, 1500, 2000 and 2400 hours for 3 
consecutive days, the incubation period 
of the NDV (5 ) . The same personnel par
ticipated in the tissue sampling throughout 
the experiment. At each killing period 
body and liver weights were recorded and 
individual samples of serum, liver and 
pectoral muscle were obtained and stored 
in glass containers under deep refrigera
tion. Depending on the tissue, the samples 
were analyzed individually for DNA, RNA, 
total protein and 7 free amino acids (the 
leucines were not separated). To equalize 
possible analytical errors, each period 
and treatment were equally represented in 
any one series of biochemical analyses; 
standardized reference tissues were also 
included. Total protein was determined by 
the biuret method and was standardized 
by the Kjeldahl procedure. DNA and RNA 
were determined by the modified method 
described by Wannemacher et al. (6 )  
and the free amino acids by the procedure 
of Squibb (7 ) .

The data for the muscle and liver were 
first calculated in terms of milligrams per 
gram of fresh tissue and then in terms of 
DNA; the serum was expressed as milli
grams per 100 milliliters. All values were 
then plotted for each sampling period as 
a percentage of initial control values. The 
oscillations thus represent deviations from 
the initial period. These were statistically 
treated according to Snedecor (8 ) .

RESULTS
Figures 1 and 2 show that in the con

trol groups increments in body and liver 
weight met normal expectations, as de
termined from a standard reference curve, 
during the 3-day observation period. In 
muscle the DNA did not change; RNA and 
protein fluctuated significantly ( <  5%  ) 
the first 36 hours, whereas the free amino 
acids oscillated significantly ( <  5 % )  the 
entire trial period. The diurnal fluctua
tions in serum free amino acids were sig
nificant ( <  1% ), as were those of the 
total protein ( <  5%  ). In the liver there 
were significant daily fluctuations of DNA

Fig. 1 Body and liver weights of normal 
chicks and diurnal changes in protein and nu
cleic and free amino acids of several tissues.

( <  3%  ) and protein ( <  5%  ) and the free 
amino acid pool ( <  5%  ).

The diurnal changes of individual free 
amino acids in muscle, serum and liver of 
the controls are shown in figure 2. In 
some cases the magnitude of change ex
ceeded 40%  . Significance levels ranged 
from < 5 %  to <  1% but changes in ala
nine and the leucines in the liver were not 
significant.

The effects of NDV on the various para
meters are shown in figures 3 and 4. The 
body weight increase was similar to that 
of the controls during the first 60 hours 
but in the final 12 hours, just prior to 
active involvement of the NDV (5 ) , there 
was a depression of weight gains. How
ever, there was a significant ( <  1 % ) in
crease in liver weight and a concomitant 
significant ( < 1 % )  increase in liver as 
percentage of body weight. Oscillations of 
serum protein and free amino acids, as in 
the controls, were significant ( <  1% ) but 
there was no significant difference between
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Fig. 2 Diurnal changes in several free amino 
acids in normal chick tissues.

control and NDV values. Except for RNA 
( <  1 % ) ,  lysine ( <  5 % )  and histidine 
( <  1% ), fluctuations in the liver no longer 
were significant. In comparison with con
trols, the NDV caused a significant (<  1 % ) 
linear decline in all free amino acid levels 
in the liver.

Most of the free amino acids in NDV- 
infected muscle, serum and liver showed 
significant ( <  1 % )  diurnal changes, but 
in the liver and muscle the rhythms dif
fered from those in the controls. The NDV 
caused a desynchronization of patterns 
(defined as a statistically significant di
vergence from control values at specific 
sampling hours). In muscle the RNA and 
free amino acid patterns were also de
synchronized. However, no desynchroni
zation was evident in the serum free amino

acids or protein. Although the data were 
calculated wherever possible in terms of 
DNA, the same rhythm patterns were ob
served when values were plotted as milli
grams per gram of tissue.

DISCUSSION
This study throws light on the phenom

enon of periodicity and its effect on para
meters representative of a highly dynamic 
process —  protein metabolism —  in nor
mal, rapidly growing animals as well as 
in those under disease stress. The subject 
is one that has been ignored by many dis
ciplines.

Significant diurnal fluctuations, some of 
more magnitude than others, occurred in 
all 3 tissues examined. That dietary in
take is not involved is evidenced by an 
earlier report from our laboratories (1 )

Fig. 3 Body and liver weights of NDV-in- 
fected chicks and diurnal changes in protein and 
nucleic and free amino acids of several tissues.
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Fig. 4 Diurnal changes in several free amino 
acids in NDV-infected chick tissues.

that showed rhythms also occurred during 
the active involvement stage of NDV, a 
time when inanition is acute. Halberg 
et al. (9 )  also have reported that rhythms 
of several metabolic processes in mice 
persisted even though the animals were 
starved.

Of particular interest were the diurnal 
changes observed in liver nucleic acids and 
protein. Highest levels of DNA in the non- 
infected birds occurred in the evening and 
lowest in the daytime; similar observations 
have been reported for various tissues of 
a number of species (1 , 1 0 -1 4 ). RNA 
and protein synthesis in the liver, however, 
were highest during daylight hours, 
which is in line with Halberg’s observa
tions (1 2 ) in mouse liver wherein the peak 
for RNA preceded that of DNA.

Using the amplitudes of the oscillations 
as indicators, DNA, RNA and protein syn
thesis were more dynamic in liver than in 
muscle. The free amino acids, however, 
were equally dynamic in all 3 tissues.

When values for control and NDV chicks 
were compared with respect to clock hours, 
it was apparent that disease stress brought 
about a desynchronization of all para
meters in the liver within 12 hours post
inoculation. Not only were the rhythms 
desynchronized; by the end of the 72-hour 
incubation period the free amino acid 
levels were also linearly depressed. The 
free amino acid pattern in the muscle 
was also desynchronized but not to the 
same extent as in the liver. However, the 
rhythms in the sera of control and in
fected groups continued in synchroniza
tion, with the curve for the NDV chicks 
slightly higher than that for the controls.

Other analyses of the data (1 5 ) re
vealed that despite the significant diurnal 
changes in the size of the free amino acid 
pool in both control and infected birds, 
the ratios of the individual free amino 
acids within the pool to total pool size 
remained remarkably constant.

Examination of data for individual birds 
indicated that for the specific parameters 
under study, less within-group variability 
occurred in the evening hours than in the 
daytime. This low variability, reported 
previously for the chick (1 ) , may also be 
observed when data reported by Halberg 
et al. (8 )  and Frei and Ritchie (1 1 ) are 
examined for this phenomenon. This sug
gests that variables associated with genetic 
differentiation are more manifest during 
daylight hours.

Although body weights fluctuated 
slightly, the net gain in the controls dur
ing the 72-hour period was significantly 
higher, which would be expected. As body 
weights changed in these groups, so did 
liver weights, thus maintaining a constant 
ratio expected for the age period studied. 
The increase in liver weight of the NDV  
chicks confirms an earlier observation of 
our laboratories (5 )  and also correlates 
with a previously observed increase in 
nitrogen retention during the incubation 
period of the NDV cycle (1 6 ) . The latter 
is believed to be a part of the defense
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mechanism, which includes antibody pro
duction.

The data in the present study indicate 
that diurnal rhythms of various tissue con
stituents can occur with considerable mag
nitude even though all conditions of en
vironment, genetics, feeding and manage
ment are carefully controlled. Periodicity 
phenomena therefore must be recognized 
and considered in the design and interpre
tation of experiments with intact systems. 
When periodicity is suspected, then treat
ment results must be re-examined for their 
patterns since desynchronization may be 
a major or a contributing effect. As dem
onstrated here, it is possible to obtain a 
linear depression of values and desynchro
nization from the same treatment. Re
search toward an understanding of the 
biological significance of desynchroniza
tion is indicated. Certainly this phenom
enon changes biological relationships.
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Copper, Sulfate and Molybdenum 
Interrelationships in Sheep

R. D. GOODRICH 1 a n d  A. D. TILLMAN
Oklahoma Agricultural Experiment Station, Oklahoma State University, 
Stillwater, Oklahoma 2-3

ABSTRACT The experiment was designed to study the interrelationship of copper, 
molybdenum and sulfur in ruminant nutrition. Eighty lambs were used in the repli
cated, factorially arranged experiment, which involved 2 levels of copper (10 and 40 
ppm), molybdenum (2 and 8 ppm), and sulfate-sulfur (0.10 and 0.40%). Response 
criteria were growth rate, hematology, and blood and liver mineral levels. Gain and 
efficiency were reduced by increasing the sulfur level in diets containing 2 ppm of 
molybdenum; however, this was not true when the diet contained 8 ppm of molyb
denum, indicating that molybdenum alleviated the detrimental effects of sulfate. 
Hemoglobin concentration, erythrocyte counts and plasma protein, copper and calcium 
were not affected by treatments. Three-way interactions existed for hematocrit, plasma 
phosphorus and liver molybdenum. Hematocrit was lowered when sulfate-sulfur was 
increased from 0.10 to 0.40% except in the diet containing 10 ppm of copper and 8 
ppm of molybdenum. Plasma phosphorus was also lowered by feeding 0.40% sulfate- 
sulfur except when 40 ppm of copper and 8 ppm of molybdenum were included in the 
diet. The three-way interaction for liver molybdenum was caused by decreases in liver 
molybdenum when 2 ppm of molybdenum and 10 or 40 ppm of copper were fed; 
feeding of 0.40% sulfate-sulfur, 8 ppm of molybdenum and 40 ppm of copper resulted 
in slightly higher final liver values, whereas high values were obtained for sheep fed
0.40% sulfur, 8 ppm of molybdenum and 10 ppm of copper. Liver copper was de
creased by feeding 0.40% sulfate-sulfur or 8 ppm of molybdenum and increased by 
feeding 40 ppm of copper. Liver iron was increased as the sulfate-sulfur level was in
creased from 0.10 to 0.40%. Correlations among the plasma and liver values were also 
discussed.

Interrelationships among copper, sulfate 
and molybdenum have been demonstrated 
many times since Dick (1 )  reported that 
the limiting effect of molybdenum on the 
copper nutrition of sheep was dependent 
on the sulfate level of the ration. Other 
results have shown that excess levels of 
copper, molybdenum or sulfate also exert 
independent effects (2 ) . As only a few 
experiments have been conducted for the 
specific purpose of studying the effects of 
improper ratios of the 3 minerals, the study 
reported herein was conducted to study the 
interrelationships of copper, sulfate and 
molybdenum when 2 levels of each in all 
possible combinations were fed to sheep.

EXPERIMENTAL PROCEDURE
A replicated, randomized block design 

with a 23 factorial arrangement of treat
ments was used so that all possible combi
nations of 2 levels of copper, molybdenum 
and sulfur were fed to growing lambs. 
Levels were 10 and 40 ppm of copper, 2

and 8 ppm of molybdenum and 0.10 and 
0.40%  of sulfur. The first trial was initi
ated in the late autumn of 1964 with 40 
lambs, which were grade Rambouillets and 
averaged 27.1 kg, and the second trial was 
initiated in the early spring of 1965 with 40 
Rambouillet X Suffolk crossbred lambs 
averaging 33.9 kg. Lambs in the first trial 
were fed for 66 days and in the second for 
60 days. Blocking on location in the barn 
was done in both treatments.

The lambs, which were wormed with a 
phenothiazine-lead arsenate bolus 14 days 
prior to the start of the experiments and 
placed in individual pens with slatted 
floors, were fed the basal ration during this 
adjustment period. At the end of the ad
justment period, initial weights were taken 
after feed and water had been removed for 
17 hours. All animals then were fed their

R e c e iv e d  f o r  p u b lic a t io n  F e b ru a ry  21 , 1966.
1 P re se n t a d d re s s : D e p a r tm e n t  o f  A n im a l  H u s 

b a n d ry , U n iv e rs ity  o f  M in n e s o ta , St. P a u l, M in n e s o ta .
2 D e p a r tm e n t  o f  A n im a l  S c ie n ce .
3 A p p ro v e d  b y  th e  D ire c to r .
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TABLE 1
Composition of the basal purified diet

Cornstarch 1
g / 1 0 0  g  diet 

34.40
Dextrose 24.40
Cellulose 2 30.00
Urea 3 4.20
Corn o il4 1.00
Polyethylene resin 5 1.00
Choline chloride 0.10
Vitamins A and D 6 0.02
k2c o 3 2.22
CaHPO, 1.32
MgSO, 0.12
MgC03 • Mg ( OH ) 2 ■ 3H20 0.27
Na2S04 0.25
NaCl 0.62

FeS04
m g / 1 0 0  g  diet 

42.50
MnSOfHjO 11.50
Na2B40 7 12.50
ZnS04-7H,0 15.00
CuC03-Cu(OH)2 1.75
Na2Mo04-2H20 0.50
CaF2 0.20

KI
f i g / 1 0 0  g  diet 

15.00
Cr2(S04)j 40.00
CoC12-6H20 45.00
Na2Se04 25.00

1 This diet contained 0.10% sulfur, 10 ppm of copper and 2 ppm of molybdenum. All modifications 
to obtain the experimental diets were made by re
ducing starch in accord with an increase in Na2SC>4 , 
CuC0 3 *Cu( 0 H) 2  or Na2mo0 4 -2 H2 0 .

2 Solka-Floc (B-W 20), Brown Company, Berlin, New Hampshire.
3 Crystalline urea, courtesy of John Deere Chemical Company, Pryor, Oklahoma.
4 Mazola, Corn Products Company, Santoquin (Mon

santo Company, St. Louis) added to give 0.0125% in total ration.
5 Alathon, E. I. DuPont de Nemours, Inc., Wilmington, Delaware.
6 20,000 IU and 2,500 USP units of vitamins/g.

appropriate experimental rations, composi
tions of which are shown in table 1. Feed 
and water were provided free-choice. Final 
weights were also preceded by a period of 
17 hours without food and water.

Blood samples, taken by jugular punc
ture, were obtained at the beginning and 
end of the growth trial. Hemoglobin values 
were determined on the citrated blood by 
the method of Sheard and Sanford (3 ) .  
Erythrocytes and the percentage of packed 
cells were measured by the method of 
Schalm (4 )  and the microhematocrit 
method, respectively. All analyses involv
ing whole blood were completed soon after 
bleeding, but the plasma was frozen until 
analysis was performed. Plasma copper 
was determined by the method of Cart

wright et al. (5 )  and plasma calcium by 
the method of Kramer and Tisdal (6 )  with 
modifications for citrated plasma as de
scribed by Harrison (7 )  and with a Perkin- 
Elmer Atomic Absorption Spectrophotom
eter, Model 303, using methods suggested 
by the manufacturer. Other procedures in
cluded plasma phosphorus (8), plasma pro
tein (9 )  and plasma molybdenum and liver 
copper, iron and molybdenum (1 0 ). The 
data were subjected to analysis of variance.

RESULTS AND DISCUSSION
As the replication X treatment and 

block-within-replication X treatment inter
actions were insignificant (P >  0 .0 5 ), the 
results of the 2 trials were combined and 
are shown in table 2. Main effects which 
are also a part of a significant interaction 
are presented in the footnotes to table 2, 
but are discussed only in relation to the 
second factor. Sulfur level X molybdenum 
level interactions were found for gains 
(P <  0 .05) and feed efficiency (P <  0 .0 1 ) : 
When the sulfur level was increased from 
0.10 to 0 .40%  in diets containing 2 ppm 
of molybdenum both of these response 
criteria were reduced (P <  0 .0 1 ) ; however, 
no such reduction was obtained when the 
sulfur level was increased in diets contain
ing 8 ppm of molybdenum, indicating that 
8 ppm of molybdenum partly overcame the 
depression caused by feeding 0 .40%  sulfur 
This interaction did not exist for feed con
sumption, however; the higher sulfur level 
reduced (P <  0 .05) feed consumption re
gardless of level of molybdenum. Other 
workers (11 , 12) have shown that sulfate 
exerts a protective effect against molyb
denum toxicity because it reduced absorp
tion and increased urinary excretion of this 
element. Results of the present experiment 
indicate that the poor performance caused 
by a high level of sulfate was partially alle
viated by feeding additional molybdenum, 
a relationship not found by previous 
workers.

Hemoglobin concentration and erythro
cyte counts were not significantly affected 
by treatments. A three-way interaction ex
isted for hematocrit; the higher sulfur level 
lowered hematocrit values except in sheep 
receiving the diet containing 10 ppm of 
copper and 8 ppm of molybdenum.
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Protein, copper and calcium levels in 
blood plasma were not affected by treat
ments. Plasma phosphorus was affected 
(P <  0 .05) by both copper and sulfur 
levels; the higher level of sulfur decreased 
(P <  0 .0 5 ), whereas the higher level of 
copper increased (P <  0 .05) plasma phos
phorus levels. Also, there was a significant 
interaction between sulfur and molyb
denum levels on plasma phosphorus level: 
Increasing the molybdenum level from 2 
to 8 ppm caused reduced (P <  0.05) plasma 
phosphorus levels when 0 .10%  sulfur was 
fed but had no effect when the diet con
tained 0 .40%  sulfur. Also, when the level 
of sulfur was increased from 0.10 to 0 .40%  
in diets containing 2 ppm of molybdenum 
plasma phosphorus was reduced (P <  0.01) 
but the addition had no effect when the 
diet contained 8 ppm of molybdenum.

There was a copper X  sulfur X  molyb
denum level interaction (P <  0 .05) in 
plasma phosphorus level: Sheep fed 0 .40%  
sulfur had a lower level of plasma phos
phorus except when the diet contained 40 
ppm of copper and 8 ppm of molybdenum, 
increased dietary levels of both copper 
and molybdenum were required to return 
plasma phosphorus to normal. Shirley et 
al. (13 , 14) reported losses of phosphorus 
from the bodies of steers or rats to be two 
to three times normal when the diet con
tained high levels of molybdenum and low 
levels of copper. As increased levels of sul
fate lowers the retention of copper in sheep
(1 5 ) and adequate copper levels are re
quired for proper phosphorus metabolism
(1 4 ) , it appears that molybdenum acts to 
correct the effect of a high level of sulfate 
and that additional copper was required 
because the molybdenum level did not com
pletely counteract the effect of sulfate. 
Growth results of the present experiment, 
in which sheep fed 0 .40%  sulfur and 8 
ppm of molybdenum gained much faster 
than those fed 0 .40%  sulfur and 2 ppm of 
molybdenum, support this idea.

Plasma molybdenum levels increased as 
the dietary levels increased and these re
sults agree with those of Cox and Harris
(1 6 ) and Gray and Daniel (1 7 ).

The higher level of sulfur or molyb
denum reduced (P <  0 .01) copper storage 
in the liver and increased dietary copper 
caused increased storage of the element.

Goodrich and Tillman (1 5 ) observed 
that dietary sulfate in comparison with ele
mental sulfur lowered liver copper even in 
the presence of low levels of molybdenum. 
As Dick (1 8 ) reported that ferrous sulfide 
reduced copper absorption, it appears that 
insoluble copper sulfide may be formed 
from either sulfate or sulfide, resulting in 
reduced absorption of copper from the in
testinal tract of ruminants. Molybdenum 
also reduces copper stores (19 , 2 0 ). Dick
(1 8 ) suggested that high intakes of molyb
denum reduce copper absorption and in
crease copper excretion only in the pres
ence of adequate endogenous or exogenous 
sulfate. Results of the present experiment 
indicate that 0 .10%  sulfur, as sulfate, was 
adequate for molybdenum to exert this 
effect. As the effect of elemental sulfur 
upon copper storage appears to be different
(1 5 ) , further work in this area is indicated.

Liver iron levels were significantly in
creased as the sulfur level of the ration was 
increased and are interpreted to be a reflec
tion of the influence of sulfate on copper 
metabolism since Matrone (2 1 ) observed 
that during copper deficiency iron can 
enter liver tissue.

Liver molybdenum levels were affected 
(P <  0 .05) by all treatments, and all inter
actions were significant. The copper X  sul
fur X  molybdenum interaction was caused 
by liver molybdenum being lower when the 
diet contained 0.40%  sulfur plus 2 ppm of 
molybdenum and 10 or 40 ppm of copper, 
in contrast with the small increase ob
tained when the diet contained 0 .40%  sul
fur, 8 ppm of molybdenum and 40 ppm 
of copper and a large increase when the 
diet contained 0 .40%  sulfur, 8 ppm of 
molybdenum and 10 ppm of copper. These 
data are in agreement with results of other 
workers (2 ) , but the reason for the in
crease in liver molybdenum when 0.40%  
sulfur, 8 ppm of molybdenum and 10 or 
40 ppm of copper were fed remains ob
scure.

Correlations of various plasma and liver 
mineral levels are shown in table 3. The 
correlations represent within-treatment and 
within-replication calculations and thus 
are unbiased by treatment means. Only 
the plasma molybdenum level and liver 
molybdenum coefficient was significant 
(P <  0 .0 5 ); however, the data tend to sup-
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T A B L E  3

Within treatment, within replication correlation 
coefficients among some plasma and 

liver values

Variables Correlation 
Coefficients 1

Liver Cu and liver Fe 0.11
Liver Cu and liver Mo -0 .19
Liver Cu and plasma Cu 0.04
Liver Cu and plasma Mo -0 .03
Liver Fe and liver Mo -0 .08
Liver Mo and plasma Mo 0.49 2
Plasma Cu and plasma Mo 0.26

1 D e g re e s  o f  f r e e d o m  are 48.
2 P  <  0 .01.

port the idea (2 )  that lambs with high 
molybdenum levels have low liver copper 
and high plasma molybdenum levels and 
those with high plasma copper levels also 
tend to have high plasma molybdenum 
levels.
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Correlation of Liver Cytochrome Oxidase Activity with 
Mitochondrial Cytochrome Oxidase and Phospholipid 
Concentrations in Protein-deficient Rats
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Laboratory of Nutrition and Endocrinology, National Institute of Arthritis
and Metabolic Diseases, National Institutes of Health,
Bethesda, Maryland

ABSTRACT The object of the present study was two-fold: To observe to what extent 
cytochrome oxidase activity as measured manometrically is correlated with cytochrome 
oxidase concentration as measured spectrophotometrically and with mitochondrial 
phospholipid concentration during progressive protein depletion followed by repletion; 
and to study the influence of methionine fed in a protein-free ration on the maintenance 
of liver cytochrome oxidase activity. Phospholipids have been shown by others to be 
necessary for the normal functioning of cytochrome oxidase. Methionine fed in a 
protein-free ration has been shown to enable the maintenance of certain other liver 
enzyme and lipid components at higher levels than if methionine is omitted. In pro
tein deficiency, rat liver cytochrome oxidase activity and cytochrome oxidase concen
tration as measured in isolated mitochondria followed almost identical patterns, both 
falling to 40 to 50% of normal after 8 weeks and remaining at that level until death 
of the animals at about 14 weeks. Upon repletion with protein, both activity and con
centration of the enzymes returned to normal in a linear fashion within 7 days. 
Mitochondrial phospholipid concentration follows essentially the same pattern. It 
appears that, although phospholipid follows the same pattern and is essential for the 
activity of cytochrome oxidase, the changes in cytochrome oxidase activity are not a 
reflection of changes in mitochondrial phospholipid in protein deficiency, but more likely 
they represent a loss of enzyme protein. Addition of methionine to a protein-deficient 
diet does not protect against loss of cytochrome oxidase, in contrast with its protection 
of other components of the liver, such as succinic dehydrogenase, ubiquinone, and 
phospholipids.

In an earlier paper (1 )  it was shown 
that approximately 80%  of the cytochrome 
oxidase activity of rat liver cells is lost after 
prolonged protein depletion. In those stud
ies 0 .30%  DL-methionine was included in 
the protein-free ration. In subsequent stud
ies it was found that methionine fed in 
such a ration protected against the loss of 
certain other enzymes in the electron trans
port system of liver mitochondria (2 , 3 ). 
It also was found that liver phospholipid 
concentration was maintained at more 
nearly normal levels when methionine was 
fed in a protein-free ration (4 ) . Brierley 
and Merola (5 )  observed that purified cyto
chrome oxidase loses almost all activity 
after phospholipids are removed by solvent 
extraction and that the activity is partially 
restored by addition of phospholipid. It 
was thus possible that omission of methio
nine from the protein-free ration would 
elicit a still further loss of cytochrome oxi

dase activity. Moreover, by using a method 
for measuring cytochrome oxidase concen
tration in whole liver mitochondria (6 ) ,  
both cytochrome oxidase activity as well as 
concentration could be followed. In this 
way it could be learned whether the losses 
of cytochrome oxidase activity (1 )  and 
phospholipid observed in protein deficiency 
(4 )  were related. In the spectrophoto- 
metric assay for cytochrome oxidase con
centration the presence or lack of phospho
lipid in the preparation would not influence 
the results since the color produced is due 
to the cytochrome a + a 3 hemoprotein moie
ties of the mitochondria.

EXPERIMENTAL METHODS
Adult male rats of the Sprague-Dawley 

strain, previously adjusted for 3 weeks to 
a complete purified diet (7 ) , were used 
throughout. They weighed approximately

R e c e iv e d  f o r  p u b lic a t io n  M a rch  19, 1966.
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300 g at the start of the experiment. Briefly, 
the complete ration (diet R l)  consisted of: 
(in per cent) casein, 20; DL-methionine, 
0.3; corn oil, 5; salts N plus molybdate (8 ) ,  
6.5; glucose monohydrate, 63.5; choline 
chloride, 0 .2 ; ¿-inositol, 0 .02; and water- 
soluble vitamin mix in glucose monohy
drate (9 ) ,  4.5. Fat-soluble vitamins (7 )  
were given weekly to each rat in 2 drops of 
corn oil. Four groups of rats were usually 
used in the studies: Group 1 received the 
complete diet ad libitum. Group 2 received 
the same diet but was pair-fed with group 
4 (average daily food consumption). Group 
3 received diet R l from which the casein 
was omitted. Group 4 received diet Rl 
from which both casein and methionine 
were omitted. The food consumption of 
groups 3 and 4 was almost identical.

The general plan of a portion of the stud
ies is similar to that described in previous 
papers of this series (1 -4 , 7 ). Briefly 
groups 1 to 4 were fed their respective ra
tions for 102 days, during which time 6 to 
8 animals of each group were killed after 
24, 56, and 102 days. At 102 days many 
of the animals in the deficient groups were 
moribund from the deficiency. Protein was 
then added to the diets of groups 3 and 4, 
and group 2 was still pair-fed with group 4. 
Rats from group 1 were killed after 22, 52, 
and 88 days post-repletion; and rats from 
groups 3 and 4 after 10, 52, and 88 
days post-repletion. Mitochondrial isola
tions (10 )  and cytochrome oxidase assays 
(1 1 )  were performed immediately after re
moval of the livers, and portions of each 
liver were stored frozen for later DNA ex
tractions (1 2 )  and analysis (13 ) .  Portions 
of the mitochondria were mixed with 20 
volumes of 2 :1  chloroform-methanol and 
stored at —15° for later extraction of lipids 
by the method of Folch et al. (14 ) .  Phos
phorus in aliquots of the lipid extracts was 
analyzed by the method of Fiske and Sub- 
barow (15) .

In some of the studies the cytochrome 
oxidase activity of the whole liver homoge
nate in 0.25 m  sucrose was compared with 
that of mitochondria suspended in 0.25 m  

sucrose. In these experiments aliquots of 
the mitochondrial suspensions were used 
which were equivalent to the amount of 
liver in the flasks containing the whole 
homogenates. In other experiments mix

tures of whole homogenates and mitochon
drial suspensions from control and defi
cient rats were studied to determine 
whether there was an inhibitor of cyto
chrome oxidase in the deficient liver which 
might account for the lowered cytochrome 
oxidase activity. Also such studies would 
indicate whether normal liver could supply 
a substance such as phospholipid, neces
sary for the normal operation of cyto
chrome oxidase in liver from protein 
deficient animals. Again, amounts of mito
chondrial suspensions equivalent to the 
amount of liver in the whole homogenates 
were used.

Finally, a series of studies was performed 
in which rats receiving diet R l or diet R l 
less casein and methionine (similar to 
groups 1 and 4 above, respectively) were 
used. Groups of animals were killed after 
56 and 100 days of protein deficiency fol
lowed by 1, 2, 3, 4, and 7 days of protein 
repletion. In these studies cytochrome oxi
dase activity, cytochrome oxidase concen
tration, and phospholipid concentration, in 
the liver mitochondria only, were followed.

RESULTS
In figure 1 are shown the results of the 

first phase of these studies. The food in
takes of groups 3 and 4 and those of group 
2 (pair-fed controls) were considerably 
lower than normal, reaching about one- 
third of normal after 80 to 100 days of 
protein depletion. The food intakes of 
groups 3 and 4 were almost identical. Low
ered food intake (group 2) did not influence 
liver cytochrome oxidase activity. (In other 
studies, we have occasionally noticed a de
crease in this group maximally to 60 to 
70%  of normal. The reason for this varia
tion from one group of rats to another or 
from one study to another is not clear. 
However, in the present studies no signifi
cant change from normal was observed.) 
The cytochrome oxidase activity of both 
groups 3 and 4 fell to approximately the 
same levels, there being no effect upon this 
enzyme of methionine added to the protein- 
free ration.

In table 1 a comparison of cytochrome 
oxidase activity from whole homogenates 
and isolated mitochondria is presented for 
each of the groups after 56 days of feeding 
the experimental diets. These results indi-
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Fig. 1 Response of cytochrome oxidase (C.O.) 
activity of liver homogenates to protein depletion 
with and without 0.3% DL-methionine, and reple
tion. Protein repletion was begun at the arrows. 
#  =  group 1 (ad libitum-fed, normal controls); 
A =  group 2 (pair-fed controls); B =  group 3 
(protein-deficient rats fed 0.3% DL-methionine); 
O =  group 4 (protein-deficient rats). Statistical 
analysis using Student’s t test indicated the fol
lowing significant differences ( P < 0 . 0 1 )  among 
the points in the figure:

24 days: 1 versus 3, 1 versus 4, 2 versus 3, 
2 versus 4; 56 days: 1 versus 3, 1 versus 4, 2 ver
sus 3, 2 versus 4; 102 days: 1 versus 3, 1 versus 4, 
2 versus 3, 2 versus 4.

cate that there is no difference in activity 
between the 2 types of enzyme preparations 
in any of the groups. This indicates that 
the lowered activity in the protein-deficient 
groups is not due to the presence of an 
inhibitor in extramitochondrial liver frac
tions but is more than likely due simply 
to a lowered concentration of the enzyme. 
This is further substantiated by the results 
(table 2 ) which show that mixing of ho
mogenates or mitochondria from normal 
and deficient rat livers had no effect on the 
activity of the opposite group.

Cytochrome oxidase activity as measured 
manometrically and cytochrome oxidase 
concentration as measured spectrophoto- 
metrically in mitochondria gave almost 
identical results throughout the entire 
course of protein depletion and repletion 
(fig. 2 ) . Variation between the 2 sets of 
results was not significant. In the same 
figure it can be seen that the results for 
phospholipid changes were also similar to 
the cytochrome oxidase results. However, 
as will be pointed out later, this similarity 
is fortuitous and unless a comparison had 
been made between cytochrome oxidase ac
tivity and cytochrome oxidase concentra
tion, it might have been concluded that the 
loss in cytochrome oxidase activity was a 
direct effect of loss of mitochondrial phos
pholipid.

DISCUSSION
Although the phospholipid results were 

very similar in general to those for cyto
chrome oxidase, evidence that the loss of 
cytochrome oxidase activity in protein defi
ciency is due to loss of enzyme protein 
rather than phospholipid associated with 
the protein is that the response of cyto-

TABLE 1
Comparison of homogenate and mitochondrial cytochrome oxidase activities 

after 56 days of depletion

Group Homogenate cytochrome oxidase activity
Mitochondrial cytochrome 

oxidase activity

1 (ad libitum-fed normal controls)
flitters 02/hr/mg liver DNA 

27,900 ±2,950 1
fditers 02/hr/mg liver DNA 

24,200 ±2,050
2 (pair-fed controls) 27,800 ±2,100 23,400 ±  4,100
3 (protein-deficient rats fed 

0.3% DL-methionine) 8,200 ±2.050 6,970 ±1,640
4 (protein-deficient rats) 9,840 ±820 10,250 ±2,460

1 Sem, 4 rats/group.
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TABLE 2
Cytochrome oxidase activity of homogenates and mitochondria of controls mixed in 

equal amounts with those from experimental groups

Groups
mixed

Homogenate cytochrome 
oxidase activity

Mitochondrial cytochrome 
oxidase activity

Mixed
homogenates

Avg of 
individual 

groups
alone

Mixed
mitochondria

Avg of 
individual 

groups 
alone

filiters 02/hr/mg liver filiters 02/hr/mg liver
1 + 4 48.0 ± 5 .4  1 4 8 .0 ± 3 .8 49.3 ± 5 .1 41.1 ± 6 .9

2 +  3 39.8 ±  3.9 39.6 ± 5 .8 43.7 ±  3.4 35.2 ± 3 .2

1 SEU, 4 rats/group.

TIME IN DAYS

Fig. 2 Response of mitochondrial cytochrome 
oxidase activity, cytochrome oxidase concentra
tion and phospholipid concentration to protein 
depletion followed by repletion. Protein repletion 
was begun at the arrows. Statistical analysis us
ing Student’s t test indicated the following signifi
cant differences (P <  0.01) between the protein- 
deficient group (group 4) and the ad libitum-fed 
normal controls ( group 1 ) : day 56, day 100 and 
day 1 post-repletion.

chrome oxidase concentration was almost 
identical to that of the enzyme activity. 
In the spectrophotometric assay for mito
chondrial cytochrome oxidase concentra
tion the presence or absence of phospho

lipid would make little difference. It has 
been shown by Brierley and Merola (5 )  
that cytochrome oxidase from which phos
pholipids have been extracted gives almost 
the same spectrum as unextracted oxidase, 
the only difference being a shift in the 
605 mu peak to 603 mu. This slight shift 
would have negligible influence on the re
sults in the spectrophotometric assay for 
mitochondrial cytochrome oxidase since 
the 605 mu peak is fairly broad in these 
preparations (6 ) .  Further evidence that 
the loss of cytochrome oxidase activity in 
protein deficiency is due to loss of enzyme 
protein rather than phosphohpid associated 
with the protein is as follows: Since me
thionine was observed earlier to protect 
against loss of total phospholipids, it would 
have been expected that, if the loss of 
cytochrome oxidase activity was due to 
loss of phospholipid ( 5 ) ,  it should have 
protected against loss of the enzyme ac
tivity. Furthermore, in the experiments in 
which control enzyme preparations were 
mixed with deficient preparations, some 
equilibration of phospholipids from the nor
mal to the deficient should have occurred. 
Thus if the lower enzyme activity in the 
deficient preparations were due to lowered 
phospholipid, the activity of the mixed 
preparations should have been higher than 
the sum of the activities of the individual 
preparations. That the lower enzyme ac
tivity of the protein-deficient group was not 
due to production of inhibitors by the pro
tein deficiency is also indicated by the fact 
that the enzyme preparations from the 
deficient groups had no influence on the 
activity of those from the control groups. 
Thus it appears that the similarities in the 
loss of phospholipids and cytochrome oxi
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dase activity in protein deficiency are prob
ably coincidental.

The responses of cytochrome oxidase as 
observed in the present paper and of suc
cinic dehydrogenase (3 )  to uncomplicated 
protein deficiency are almost identical, 
pointing to perhaps a common regulatory 
mechanism controlling the maintenance of 
levels of these 2 mitochondrial enzymes 
under the stress of protein deficiency. How
ever, the fact that methionine protected 
against the loss of succinic dehydrogenase 
but had no effect on cytochrome oxidase 
indicates that such a common regulatory 
mechanism, if it exists, is more complex 
than might be suspected at first glance. 
Further studies are being carried out at 
present concerning such a possible com
mon regulatory mechanism.
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Effect of Iron on the Growth Rate of Fishes 1,2
MARTIN ROEDER a n d  RACHEL H. ROEDER 
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Tallahassee, Florida

ABSTRACT To determine the nutritional requirment for iron in fish growth, the 
effect of daily addition of supplemental ferrous sulfate on the growth of Xiphophorus 
helleri and Xiphophorus maculatus (the swordtail and the platyfish) was measured 
by determination of weight gain and hematocrit levels. Both variables increased as a 
result of the added iron. The effectiveness of the treatment diminished as sexual 
maturity was approached. Treatment with ferrrous sulfate led to an increase in 
growth rate even in fish fed maximally with live brine shrimp. Ferric salt was not 
judged effective. Addition of ferrous iron also significantly decreased the mortality 
from hatching to maturity.

Little is known of the mineral require
ments, or of the mineral metabolism of 
fishes. Lovelace and Podoliak (1 )  showed 
that calcium is absorbed through the gill 
of the brook trout, and Phillips and his 
co-workers (2 )  have reported dietary re
quirements for growth in trout, although 
their main concern was with the organic 
constitutents of prepared hatchery feeds. 
They determined calcium, phosphorus, and 
magnesium levels in their diets, but did 
not systematically vary these. Cheprakova
(3 )  reported some effects of iron salts 
on developing eggs of the loach, the sig, 
and the perch, but the data reported in 
that paper are not at all conclusive.

In connection with studies in our lab
oratory concerned with respiratory rate 
and other factors in the swordtail ( Xipho
phorus helleri), the platyfish ( Xiphophorus 
maculatus) and the hybrid helleri X  macu
latus ( 4 ) ,  we noted that the addition of 
ferrous sulfate to water in which the fishes 
were raised appeared to have a stimulatory 
effect on the growth of these fishes, as 
compared with untreated controls. Ac
cordingly studies were made in which we 
systematically varied the amount and kind 
of iron available to newly hatched fry and 
to older fishes, and compared weight 
changes and changes in hematocrit values 
of treated to untreated animals.

METHODS
Fish were maintained in 13.5-liter 

aquariums, filled with water withdrawn 
from the Wakulla River. The pH of the

water was adjusted to between 7 and 8, 
and Anacharis (Elodea) and calcium car
bonate blocks were added to the tanks. 
Snails were introduced and allowed to 
grow. As soon as possible after swimming 
fry appeared in a tank, they were removed, 
and fry of a single brood were separated 
into groups of equal size, and placed into 
newly established aquariums. Fry were 
fed an average of 90 mg of dry food/day/ 
tank, with a supplement of 300 mg of 
liquid food, containing 50 mg dry weight.3 
The dried food contained 45%  crude pro
tein and 3%  crude fat, with a maximal 
fiber content of 4%  , and the analysis of 
the liquid food showed 5%  crude protein, 
1% crude fat with a maximal crude fiber 
content of 1 .5% .  The iron content of 
these feeds, of the aquarium water, and 
of live brine shrimp was measured, us
ing a modification of the technique of 
Sherman et al. ( 5 ) ,  in which alpha-alpha' 
dipyridyl is used as the color reagent, and 
which is reported to measure biologically

Received for publication March 24, 1966.
1 Supported by grant GB 2664 from the National Science Foundation.
2 We wish to thank Wardley Products, Inc., Long Island City, New York, for their courtesy in supplying dried food diets and numerous other aquarium supplies.3 Dried food was prepared from: animal liver meal, whale meal, meat meal, menhaden fish meal, crab meal, shrimp meat, salmon egg meal, wheatgerm meal, dried D a p h n ia , kelp meal, oat meal, wheat flour, corn meal, soya flour, 3% whole egg solids, 3 %  dried skim milk, 3 %  salt, 2% mosquito larvae, 2% ground aniseed, 1% calcium triphosphate, 1% barley malt and 1% primary dried yeast. Liquid food supplement contained: whole eggs, yeast hydrolysate, 3 %  cod liver oil, 2.5% kelp meal, 2% animal liver meal,0.5% spinach powder, 0.5% gum acacia, 0.5% gum tragacanth, 1% dextrin, water and 0.25% sodium bisulphite.
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X. helleri

A G E  in DAYS
Fig. 1 Effect of varying concentrations of ferrous sulfate on the growth of the green 

swordtail, Xiphosphorus helleri.

available iron, as measured by growth re
sponses, rather than total iron, which may 
be bound and not available for absorption 
into the blood of the organism. The aquar
ium water contained less than one part 
per million of iron, making the total con
tent of an untreated tank less than 0.2 mg. 
Daily rations of food contained less than 
0.07 mg available iron, while an average 
feeding of live brine shrimp (Artemia sp.) 
contained only 5 X ICR4 mg. In compari
son with the amount of added iron these 
are considered to be negligible levels. Sup
plemental iron salts were added daily at 
the indicated levels, as analyses for solu
ble iron showed complete disappearance 
of the dissolved salt after 4 hours. Copious 
precipitates of ferrous hydroxide were ob
served in all treated tanks. Hematocrit 
levels were measured using a modification 
of the orbital bleeding technique of Riley
(6 )  in heparinized micro-hematocrit tubes.

EXPERIMENTAL RESULTS
Initially, 40 fish from 2 broods of sword

tails were combined, and then separated 
into 4 tanks, each containing 10 fish. 
Three groups were treated by daily addi
tion of varying amounts of ferrous sulfate, 
and one was kept as a control group. The 
results of this initial experiment are shown

in figure 1. After 60 days, the differences 
in weight and in survival were striking, 
especially as a higher growth rate in the 
tanks containing fewer fish would be ex
pected (7 ) .  After 100 days the groups 
which had received 50 and 100 mg of fer
rous sulfate were divided, and the treat
ment continued for half, and discontinued 
in the other half. The data are presented 
in figure 2, and indicate that continued 
treatment with the salt loses its effective
ness after 100 days. The apparent depress
ing effect of the iron treatment on the 
fish in the group to which 100 mg had been 
continued may be explained by noting 
that in this group no evidence of sexual 
maturity was noted, whereas in the group 
which had been removed from treatment 
with 100 mg two of five had already 
shown marked sexual differentiation. In 
swordtails, the striking sexual dimorphism 
leads to both size and weight differences 
between the sexes, females being larger 
and heavier than males. When secondary 
sex differentiation occurs, then, the data 
can no longer be treated as coming from a 
common pool, but would have to be paired 
for sex. The indication that iron treat
ments lose effectiveness was confirmed 
by several attempts to change growth 
rates in adult fish after they had been
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40  60  80  100 120 140 160
AGE IN DAYS

F ig . 2  D e c r e a s in g  e f f e c t iv e n e s s  o f  f e r r o u s  s u l 
f a t e  t r e a t m e n t  a f t e r  1 0 0  d a y s  f r o m  h a t c h i n g .  T h e  
50 - a n d  1 0 0 -m g  g r o u p s  w e r e  s p l i t  a t  1 0 0  d a y s ,  a n d  
t r e a t m e n t  w a s  d i s c o n t in u e d  i n  h a l f  o f  e a c h  g ro u p .

raised with no iron present; no changes 
in growth rate or in hematocrit values 
were observed in any of these experiments.

The data from 2 experiments utilizing 
the platyfish are presented in figure 3. In 
the lower portion of the figure the curves 
indicate that after 75 days the growth rate 
of the control group exceeded that of the 
50-mg group, and that the growth rate 
before this time, as indicated by the slope 
of the curves, is approximately the same 
for the control, 25-mg, and 50-mg groups. 
These data must be treated with caution, 
as by the 44th day, two of the 25-mg group 
and three of the control group had died, 
whereas all of the treated fish still sur
vived, and did so to the end of the ex
periment. On the upper portion of the 
figure, 2 groups in which the survival rate 
was similar are compared. With similar 
mortalities the growth rate of the treated 
fish exceeds that of the control group by 
6 5 % .

Efforts were made in subsequent ex
periments to balance any changes which 
might have resulted from crowding ef-

A G E  IN DAYS
F ig . 3  E f f e c t  o f  d a i ly  a d d i t i o n  o f  f e r r o u s  s u l f a t e  o n  t h e  g r o w th  o f  th e  p la ty f is h ,  Xipho- 

phorus maculatus. A f te r  th e  4 4 t h  d a y  o n ly  3  c o n t r o l  f i s h  w e r e  l e f t ,  a n d  o n ly  f o u r  i n  th e  
2 5 -m g  t r e a t e d  g r o u p ,  i n  th e  lo w e r  p o r t io n  o f  t h e  f ig u re .
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fects by removing fish from the various 
groups in which little or no mortality oc
curred, so that the size of the control and 
experimental groups remained similar 
throughout the experiment. Difficulties of 
this sort led us to examine our data in 
terms of increased survival due to sup
plemental iron treatments. These data 
are presented in table 1, in which all ex
periments using both platyfish and sword
tails are combined. Utilizing a contingency 
chi-square test the differences in survival 
rates of the groups treated with 50 mg and 
100 mg are significant, P being less than 
0.01, whereas the 25-mg groups gave a P 
value between 0.1 and 0.2. Accordingly 
the use of the 25-mg supplement was dis
continued as being, at best, submaximal.

The addition of five brine shrimp (Ar- 
temia) is often used to supplement fish 
feeding regimens, with excellent results 
reported in terms of fish growth (8 ) . Ac
cordingly a brood of fry was separated into 
2 equal groups and one, used as a control, 
was fed maximally a diet supplemented 
daily with brine shrimp; the other was fed 
in the same way but daily additions of 
100 mg of ferrous sulfate were also made. 
Figure 4 shows that until 66 days after 
hatching a stimulation due to added iron 
was still present.4 Both groups grew faster 
on this regimen than with a diet with only 
occasional brine shrimp supplements, but 
it appears that brine shrimp do not supply 
enough iron, at least in the early growth 
stages.

Together with increased growth of the 
treated fish we observed an increase in 
hematocrit levels, when compared with 
control groups. In analyzing these data 
it became necessary to pool the results 
of many experiments, as the value of the 
hematocrit, from control group to control

4 0  6 0  8 0  IOO 120 140

A G E  IN DAYS
F ig . 4  E f f e c t  o f  t h e  a d d i t i o n  o f  f e r r o u s  s u l f a t e  

to  s w o r d ta i l s  f e d  l iv e  b r in e  s h r im p  d a i ly .

group, was highly variable, for reasons 
not clear. These data are presented in 
table 2. In no case did the hematocrit 
value of a control fish exceed the value for 
any in the treated group matched with 
that control, although on occasion one 
control group might have a higher value 
than that observed in a different experi
mental group. Despite the overlap in 
standard deviations, the differences, when 
subjected to an analysis of variance, are 
significant at the 5%  level of confidence.

Similar experiments were made using 
ferric nitrate as the iron source, and add-

4 T h e  r a t io  o f  th e  s lo p e  o f  th e  tre a te d  to  th e  u n 
tre a te d  g ro u p  is :  d a y s  40  to  50 , 1 .7 /1 .1 ;  d a y s  5 0  to  6 6 , 
2 .1 5 /1 .5 6 .

TABLE 1
Effect of treatment with ferrous sulfate on survival of platyfish and swordtails 

from hatching to 120 days

T re a tm e n t I n i t ia l  no . F in a l  no. M o rta lity

%
N o n e  ( c o n t r o l ) 59 2 4 58

2 5  m g  F e S 0 4 a d d e d  d a i ly 16 10 38
5 0  m g  F e S O ,4 a d d e d  d a i ly 15 14 8

1 0 0  m g  F e S 0 4 a d d e d  d a i ly 59 4 5 2 4

C o m b in e d  t r e a t e d  g r o u p 9 0 6 9 2 3
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TA BLE 2

Hematocrit levels of fishes with various treatments 1

T ype o f fish
D aily  t r e a tm e n t

100 m g  F eS04 50 m g  F eS 04 C o n tro l

Xiphophorus helleri ( g r e e n  s w o r d ta i l ) 3 8 .0  ± 6.6 2( 1 4 )  3 4 0 .0  ± 4 . 0 ( 2 2 ) 3 7 . 2 ± 4 . 9  ( 3 4 )

Xiphophorus maculatus ( p l a t y f i s h ) 3 8 .7  ± 6.8 ( 1 5 ) 3 2 .1  ± 4 .3  ( 1 6 )

H y b r id  ( helleri X  maculatus) 4 0 . 2 2 ±  1 .4 ( 8 ) 3 1 .7 ±  0 .0 4 ( 5 )

1 W e  are in d e b te d  to  M iss  P a tr ic ia  H o p p e r  f o r  th e  d a ta  o n  th e  h y b r id  f ish e s , a n d  f o r  m u c h  o f  th e  d a ta  
o n  s w o rd ta ils .

2 M e a n  packed cell volum e/100 ml ±  sd.
3 N u m b e rs  in  p a re n th e se s  in d ic a te  n u m b e r  o f  fish .

ing the salt at the level of 100 m g/day to 
tanks containing new-hatched swordtail 
fry. At the end of an 84-day period the 
average weight and the rate of growth of 
the control group and the treated fish 
were essentially the same, 2 groups of 
treated fish had average weights of 145 
mg, and 2 control groups 130 mg, (144  
treated vs. 144 control; 146 treated vs. 
117 control). We conclude that this treat
ment does not appear effective in stimulat
ing growth; hematocrit values in both 
groups were not statistically different (35.5  
treated vs. 34.9 control).

D IS C U S S IO N

The observed increases in growth rate 
and in hematocrit levels indicate that, as 
with chicks, iron is an essential nutrient 
for these fish during the period immedi
ately following hatching. As sexual ma
turity is approached the stimulation due 
to iron addition to the diet disappears, 
and it is absent in adult fish. Absorption 
probably takes place across the gill mem
brane, and is evidently accomplished 
rapidly, as the disappearance of soluble 
iron from solution limits the time of ex
posure. Since ferric iron does not appear 
to be utilized, it is possible that the 
mechanics of transport bear some relation
ship to the absorption of iron through the 
intestinal mucosa in mammalian systems

(9 ) . The rise in hematocrit levels indi
cates that the iron is both absorbed and 
utilized. Further experiments with che
lated iron and with possible synergistic 
effects of other minerals are in progress.
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ABSTRACT A n  i n v e s t ig a t io n  w a s  m a d e  i n to  t h e  r e l a t i o n s h i p  b e tw e e n  n u t r i t i v e  
v a lu e  o f  a  p r o t e in - r i c h  fo o d  a n d  a m in o  a c id  i n c o r p o r a t io n  i n to  c e l l - f r e e  p r e p a r a t i o n s  
f r o m  r a t  l iv e r .  A  lo w  p r o t e in  e f f ic ie n c y  r a t i o  d u e  i n  p a r t  t o  a  m e t h i o n i n e  d e f ic ie n c y  
w a s  a s s o c ia te d  w i th  i n c r e a s e d  le v e ls  o f  p r o t e i n  l a b e l in g .  T h e  e f f e c t  w a s  o b s e rv e d  
w i th  m e t h i o n i n e -35 S b u t  n o t  w i t h  l e u c in e -  14C , a n d  w a s  a p p a r e n t l y  m e d ia t e d  th r o u g h  
a l t e r a t i o n s  o c c u r r in g  p r e d o m i n a n t ly  i n  t h e  p H  5 - e n z y m e  f r a c t i o n .  T h e  o b s e r v a t io n s  
in d i c a t e d  t h a t  a n  i n c r e a s e  i n  t h e  a c t iv i ty  o f  a m in o  a c id - a c t iv a t in g  e n z y m e s  m a y  b e  
i n d u c e d  b y  d i e t a r y  d e f ic ie n c y  o f  th e  c o r r e s p o n d in g  a m in o  a c id s .

E f f e c t  o f  a  M e t h i o n i n e - d e f i c i e n t  D i e t  o n  A m i n o  A c i d

I n c o r p o r a t i o n  i n  R a t  L i v e r  C e l l - f r a c t i o n s  1

The amounts and activity of liver com
ponents which are involved in protein syn
thesis may vary according to the amounts 
and relative proportions of dietary amino 
acids. Thus, there are reports (1 , 2 ) that 
amino acid-activating enzymes tested in 
vitro showed higher activity than normal 
in liver cell-sap from protein-depleted rats; 
this contrasted with reduced activity in 
heart and gastrocnemius muscle. These 
investigators pointed out that the differ
ential response was in keeping with the 
changes in the levels of amino acid in
corporation which they observed in the 
respective tissues in vivo.

The effects of omitting a single amino 
acid from the diet have been explored by 
measuring amino acid incorporation in 
preparations of liver microsomes and ribo
somes (3 , 4 ) . Fleck et al. (3 )  concluded 
that absence of tryptophan from an amino 
acid mixture administered to rats one hour 
before killing led to a reduction in the 
capacity of microsomes for amino acid in
corporation. On the other hand, Sidransky 
et al. (4 )  force-fed diets devoid of threo
nine to rats for 3 or 7 days, and observed 
that this led to increased leucine incor
poration. They concluded that the ribo
somes were predominantly responsible for 
the observed effect.

The present work was based on feeding 
trials with rats, which showed that the 
growth-promoting value of a protein-rich 
product from peanut was greatly en
hanced by supplementation with methio
nine; this implied that there was a rela

tive deficiency of methionine in the 
protein. Experiments were carried out to de
termine which, if any, of the components 
participating in protein biosynthesis was 
affected by methionine deficiency. These 
components were isolated from livers of 
animals used in the feeding trials. By 
varying the source of these components in 
protein biosynthetic systems in vitro, it 
was found that methionine deficiency led 
to increased incorporation of methionine 
into protein, and furthermore that a frac
tion containing amino acid-activating en
zymes was responsible.

E X P E R IM E N T A L

A depletion-repletion technique (5 , 6 )  
was adopted for the determination of pro
tein efficiency ratios (PER) of 3 protein- 
rich supplements. The depletion period 
during which rats were fed a protein-free 
diet lasted 10 days; thereafter the supple
ment was fed along with the protein-free 
diet and weight gains were measured after 
7 days.

Animals and diets. Male albino rats 4 
to 5 weeks old were used. They had been 
fed a stock diet2 for 1 to 2 weeks after 
weaning. Each animal was housed in its 
own metabolism cage and fed ad libitum 
a diet (protein-free diet) of the following 
composition: (in per cent) sucrose, 8.8; * 1 2

R e c e iv e d  f o r  p u b l ic a t io n  F e b ru a ry  21 , 1966.
1 T h is  w o r k  w a s  su p p o r te d  b y  P u b lic  H e a lth  S e rv ice  

R e s e a rc h  G ra n t  n o . A M  0 7 6 2 3 , f r o m  th e  N a t io n a l  In s t i 
tu te  o f  A r th r it is  a n d  M e ta b o l ic  D isea ses .

2 P u r in a  L a b o ra to ry  C h o w , R a ls to n  P u r in a  C o m p a n y , 
St. L ou is .
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cornstarch, 75; butter, 10; salt mixture, 
USP XIV, 4; and vitamin fortification mix
ture,3 2.2. The vitamin mixture contained 
per g: vitamin A, 9,000 USP units; vita
min D, 18,000 USP units; (in milligrams) 
a-tocopherol, 5; ascorbic acid, 45; inositol, 
5; choline chloride, 75; menadione, 2 .25; 
p-aminobenzoic acid, 5; nicotinic acid, 4.5; 
riboflavin, 1; pyridoxine-HCl, 1; thiamine- 
HC1, 1; Ca pantothenate, 3; and (in micro
grams) biotin, 20; folic acid, 90; vitamin 
B12, 1.35.

The supplements for which determina
tions of PER were made are as follows, 
with the amount fed in the daily ration: 
1) peanut protein,4 1.9 g; 2 ) peanut pro
tein, 1.9 g +  L-methionine, 0.05 g; 3 ) egg 
albumin,5 1.27 g +  hydrogenated coconut
oil,6 0.60 g. These supplements were pre
pared in bulk, as liquid suspensions 
blended into 4%  sucrose solution for 
palatability. They were compounded to 
supply as nearly as possible an equal 
amount of nitrogen and of lipid to each 
animal in a test, and were fed as a meas
ured volume (usually 10 m l/rat) daily. 
Each rat soon learned to consume its daily 
ration within 3 hours. The N intake varied 
in different tests between 0.16 and 0.18 g /  
day/rat. After the protein supplements 
had been fed for 7 days, gain in body 
weight was recorded. PER was calculated 
as gain in weight (g ) per N eaten (g ).

The feeding regimen was continued for 
a second week, and then the animals were 
killed for preparation of liver cell-fractions.

Preparation and incubation of liver-cell 
fractions. Rats were killed by cervical 
fracture and decapitated. Livers were re
moved and chilled on cracked ice. The 
subsequent procedures were varied to suit 
different experiments in which the follow
ing fractions were tested either alone or in 
combination: 1) a 15,000 X  g superna
tant; 2 ) a 105,000 X  g supernatant —  re
ferred to as cell-sap, and a pH 5-enzyme 
preparation derived from it; 3 ) washed 
microsomes; and 4 ) ribosomes. All iso
lation procedures were performed at zero 
to 2°. For tests on fraction 1, liver was 
minced with scissors and homogenized in 
2 volumes of 0.25 m  sucrose. The homog
enate was centrifuged at 15,000 X  g for 
ten minutes and the supernatant contain
ing microsomes and cell-sap was used as

such (15,000 X  g supernatant). This prep
aration contained 30 to 40 mg protein/ml. 
For tests of amino acid incorporation into 
protein of this fraction, 0.15 ml was in
cubated in 1.0 ml medium containing: 
(nmoles) Tris buffer, pH 7.5, 30; KC1, 80; 
NaCl, 50; MgCL, 5; ATP, 1.0; creatine 
phosphate, 20; GTP, 0.60; 30 ng creatine 
kinase; and radioactive amino acid, 0.2 
nmoles.

For isolation of the cell-sap, pH 5 frac
tion and washed microsomes, the method 
was essentially that of Stone and Joshi (7). 
Pooled livers from 2 or more animals in 
the same dietary group were used for these 
preparations. Cell-sap so prepared con
tained about 25 to 30 mg protein/ml. It 
was used either as such, or as a source of 
pH 5-enzyme. The latter was prepared by 
isoelectric precipitation at pH 5.2. After 
redissolving in buffered salt medium, 1.0 
ml for each gram of fiver homogenized, 
the pH 5-enzyme preparations contained 
about 10 to 15 mg protein/ml.

Preparations of washed microsomes were 
derived from the pellet precipitated by 
centrifuging the 15,000 X  g supernatant 
at 105,000 X  g for one hour. After dis
persal in buffered salt medium 0.5 ml./g 
liver homogenized, these preparations con
tained about 20 to 25 mg protein/ml.

Ribosomes were isolated by the second 
method of Korner (8 ) . Livers from 6 to 
8 animals were used for each preparation. 
Ribosomal pellets were resuspended for 
use in 0.25 ml buffered salt medium /g of 
fiver homogenized. These preparations 
contained about 10 mg protein/ml.

Incubation of recombined fractions. 
Microsome preparation, 0.5 ml was incu
bated with 0.5 ml cell-sap or pH 5-enzyme 
preparation in a total volume of 2.0 ml, 
containing: (um oles/m l) Tris buffer, pH
7.5, 162.5; sucrose, 62.5; KC1, 25; MgCL, 
5; ATP, 4; GTP, 0.5; creatine phosphate, 
20; 25 ug creatine kinase; and 0.4 nmoles 
radioactive amino acid.

Ribosome preparations, 0.4 ml, were 
incubated either with cell-sap or pH 5-en-

3 O b ta in e d  f r o m  N u tr it io n a l  B io c h e m ic a ls  C o r p o r a 
t io n , C le v e la n d .

4 L y p ro , a sp ra y -d r ie d  p o w d e r  c o n t a in in g  a b o u t  6 5 %  
p r o te in  a n d  3 2 %  fa t . O b ta in e d  th r o u g h  th e  c o u r te s y  
o f  I n te r n a t io n a l P ro te in  P ro d u cts  L td ., L o n d o n , E n g 
la n d .

5 See fo o tn o te  3.
6 P u r ita n  c o o k in g  o il, S e p ro d  L td ., K in g s to n , 

J a m a ica .
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zyme preparations, 0.2 ml, in a total 
volume of 1 ml medium of composition 
similar to that used for the 15,000 X  g 
supernatant, with the addition of gluta
thione, 2.5 nmoles.

All samples were incubated in duplicate, 
for 30 minutes with shaking at 38° in air. 
Each set included a blank which was kept 
at 0° during addition of fractions and 
deproteinized at zero time. Incubations 
were terminated by adding an equal vol
ume of 10% trichloroacetic acid contain
ing 100 mg of the appropriate nonradio- 
active amino acid.

Isolation of protein and measurement of 
radioactivity. Samples were washed twice 
with 5%  trichloroacetic acid, heated at 
90° for 10 minutes with the same reagent, 
washed once again with cold 5%  trichloro
acetic acid and once each with ethanol- 
ether ( 3 :1 )  mixture, and with ether. The 
residue was dissolved in the minimum 
volume of 1.0 n  NaOH (about 0.1 m l/m g  
protein), and reprecipitated with ethanol 
(final concentration >  99%  ). The precip
itate was washed once each with ethanol, 
ethanol-ether ( 3 :1 )  mixture and finally 
with ether. For determination of radioac
tivity, a weighed amount ( 1 -3  m g) of the 
air-dried residue was transferred to glass
counting vials, 1 . 0  ml of 1 m  p-(diisobutyl- 
cresoxy-ethoxy ethyl) dimethyl benzyl 
ammonium hydroxide 7 * in methanol was 
added and the protein dissolved by warm
ing at 60° for 3 hours. Scintillator solu
tion was then added and counts deter
mined with a Packard Tri-Carb liquid 
scintillation spectrometer to a probable er
ror of <  2%  . Appropriate standards pre
pared from the stock solutions of radio
active amino acids used (L-leucine-14C,s 
L-lysine-14C, and L-methionine-35S ) were al
ways counted along with experimental 
samples; levels of incorporation could thus 
be calculated as micromoles of amino acid 
per milligram of protein counted. Since 
analyses of protein were made on all cell 
fractions used for incubations, calculations 
could be made, when required, of total 
uptake into protein of incubation mixtures 
and then expressed as millimicromoles per 
milligram of microsomal or ribosomal pro
tein.

Analyses. Protein was determined by 
the biuret method of Gomall et al. (9 ) .

Ribonucleic acid was determined by the 
method of Fleck and Munro (1 0 ).

R E S U L T S

Values are given as means for appropri
ate groups ±  standard error. Significance 
of difference between groups was deter
mined by a standard t  test and was ac
cepted at a level of P =  0.05 or less.

Nutritive value of protein supplements. 
Representative values for PER are shown 
in table 1. Each of the 3 values is signifi
cantly different from the others. Addition 
of methionine improved the growth-pro
moting value of peanut protein; this im
plies that the protein was deficient in 
methionine.9 * * However, the supplementa
tion with methionine did not improve pea
nut protein to the level of egg albumin.

Experiments with 15,000  X  g super- 
tant. Table 2 shows results of tests for 
uptake of leucine-14C with this fraction. 
There was no difference between the 
groups on the basis of these results. It 
was thought that a relative deficiency of

TABLE 1
PER 1 of protein-rich supplements fed to rats

Protein supplement fed PER

P e a n u t  p r o t e i n  10 .1  ±  0 .3 1  2( 1 6 )  3
P e a n u t  p r o t e in  - f  L - m e th io n in e  16 .1  ± 0 . 4 3  ( 1 2 )  
E g g  a l b u m i n  2 1 . 2 ± 0 . 7 7  ( 1 4 )

1 p FT? _  gain in weight ( g)
N intake (g )

2 Mean +  s e . Each mean is significantly different 
(P  <  0.05) from  the other two.

3 Numbers in parentheses represent number o f ani
mals contributing to each value.

TABLE 2
Effect of dietary protein on incorporation of 

leucine into protein of a 1 5 ,0 0 0  X g 
supernatant of liver

P ro te in  s u p p le m e n t  fe d U p ta k e  o f  
le u c in e -14C

m fi m o l e s / m g  p r o t e i n

P e a n u t  p r o t e in 0 .1 4 1  ± 0 . 0 1 4 ’ ( 5 )  2
E g g  a l b u m i n 0 .1 4 9  ±  0 .0 1 1 ( 5 )

1 M e a n  ±  s e . T h e  2  m e a n s  a re  n o t  s ig n if ic a n t ly  
d i ffe r e n t  (P  >  0 .0 5 ) .

2 N u m b e r s  in  p a re n th e s e s  r e p re s e n t  n u m b e r  o f  a n i
m a ls  c o n t r ib u t in g  to  e a c h  v a lu e .

7 H y d r o x id e  o f  H y a m in e  10-X , P a ck a r d  In s tru m e n t  
C o m p a n y , L a  G ra n g e , I ll in o is .

3 L a b e le d  a m in o  a c id s  w e re  p u r c h a s e d  f r o m  S ch w a r tz  
B io -R e s e a rch  In c .,  O ra n g e b u rg , N e w  Y ork .

9 A n a ly t ic a l  d a ta  su g g e s te d  a p o s s ib le  d e f ic ie n c y  o f
ly s in e , b u t  a d d it io n  o f  ly s in e  d id  n o t  a lte r  th e  P E R
(u n p u b lis h e d  o b s e r v a t io n s ) .
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methionine in the diet might specifically 
affect levels of incorporation of this amino 
acid; hence in another series of experi
ments, tests were repeated with this frac
tion using methionine-35S instead of leu- 
cine-14C. In this case, a group fed peanut 
protein showed significantly higher levels 
of incorporation than a group fed egg al
bumin (table 3 ).

To determine whether microsomes con
tributed to the observed differences in 
levels of incorporation, preparations of 
washed microsomes were made from die
tary groups fed either peanut protein or 
egg albumin. These were incubated with 
a common pH 5-enzyme preparation de
rived from animals fed the stock diet. Re
sults are shown in table 4. These data 
show that there is a slight advantage to

TABLE 3
Effect of dietary protein on incorporation of

methionine into protein of a 15,000 X g 
supernatant fraction of liver

P ro te in  su p p le m e n t fed U p tak e  of 
m e th io n in e -35S

P e a n u t  p r o te in  
E g g  a lb u m in

vifimoles/mg protein 
0 .1 3 4  ±  0 .0 0 9  » ( IO )  2 
0 .0 9 6 ± 0 .0 0 7  ( 1 0 )

1 Mean +  se. The 2 means are significantly different (P <  0.05).
2 Numbers in parentheses represent number of animals contributing to each value.

the group fed peanut protein but this 
proved to be not significant on the basis 
of either microsomal protein or RNA. On 
this basis, it seemed likely that changes in 
levels of incorporation reflected changes 
of activity in cell-sap. To test this, a com
mon ribosome preparation obtained from 
rats fed the stock diet was incubated with 
cell-sap prepared from rats fed either pea
nut protein or peanut protein +  methio
nine. Table 5 shows that the cell-sap from 
the former group produced higher levels of 
incorporation. The difference persisted, 
although to a less marked degree, when 
pH 5-enzyme instead of cell-sap from these 
2 dietary groups was tested with a com
mon ribosomal preparation (table 5 ). It is 
clear that at least a part of the dietary in
fluence on incorporating activity takes ef
fect on the pH 5-enzyme fraction.

Amino acid-activating enzymes occur in 
the fraction designated pH 5-enzyme (11, 
12). Enhanced activity of these enzymes, 
such as has been reported for liver cell-sap 
from protein-depleted animals (1 ,2 )  might 
result in increased incorporation. Fur
thermore, it might be expected that the 
effect would be non-specific, applying to 
other amino acids besides methionine, if 
the pH 5-enzyme from protein-depleted 
animals were tested by the criteria used

TABLE 4
Effect of dietary protein on incorporation of methionine into protein, using microsomes 

from 2 dietary groups with a common pH 5-enzyme preparation 1

P ro te in  su p p le m e n t fed U p tak e  o f m e th io n in e -35S

mfivioles/mg m/imoles/mg
microsomal protein microsomal RNA

P e a n u t  p r o t e in 0 .1 6 7 ± 0 .0 1 4  2( 1 0 )  3 1 .1 5  ±  0 .1 1 ( 1 0 )

E g g  a lb u m in 0 .1 4 2 ± 0 .0 2 6  ( 1 0 ) 1.01 ± 0 . 0 8  ( 10)

1 A preparation derived from animals fed the stock diet.
2 Mean +  se. The difference between the 2 means in each column is not significant (P > 0.05).
3 Numbers in parentheses represent numbers of animals contributing to each value.

TABLE 5
Effect of dietary protein on incorporation of methionine into protein, using cell-sap or 

pH 5-enzyme from 2 dietary groups with a common ribosome preparation 1

P ro te in  su p p le m e n t fed
U p tak e  o f m e th io n in e -35S 

W ith  ce ll-sap  W ith  pH  5-enzym e

P e a n u t  p r o t e in
mfimoles/mg ribosome protein 

0 .2 1 6 ,2 0 .2 3 9  0 .1 7 3 ,0 .1 7 2

P e a n u t  p r o t e in  +  m e th io n in e 0 .1 6 2 , 0 .1 7 0  0 .1 5 1 , 0 .1 3 7

1 A p r e p a ra t io n  d e riv ed  f ro m  a n im a ls  fed  th e  stock
2 E ach  e n try  is  a  re s u l t  fo r  ce ll-sap  o r pH  5-enzym e

diet.
d e riv ed  fro m  pooled  liv e rs  o f  2 a n im a ls .
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TABLE 6
Effect of diet on incorporation of lysine into 

protein using a common ribosome 
preparation 1 with pH 5-enzyme 

from 2 dietary groups

D iet U p tak e  of 
ly s in e -14C

m/xmoles/rng
ribosome protein

P ro te in -fr e e 0 .0 9 2 ,2 0 .0 9 5

S tock 0 .0 7 3 , 0 .0 7 0

1 A p re p a ra t io n  d e riv ed  fro m  
diet. a n im a ls  fed  th e  stock

2 Each entry is a result for pH 5-enzyme derived from pooled livers of 2 animals.

in the present work. This proved to be the 
case when the pH 5-enzyme was prepared 
from groups of rats fed either the protein- 
free diet or the stock diet for 2 weeks 
after weaning and was incubated with a 
common ribosome preparation from rats 
fed the stock diet. Table 6 shows that the 
pH 5-enzyme from protein depleted rats 
was more active in promoting uptake of 
lysine.

D IS C U S S IO N

The protein-rich peanut product gave a 
much lower PER than the reference pro
tein egg albumin. To explain this, the 
amino acid balance was considered to be 
of primary importance; digestibility stud
ies were not attempted. A dramatic im
provement in PER was achieved by adding 
to the peanut protein enough methionine 
to equalize the sulphur amino acid con
tent, per 100 g N , of the test and refer
ence proteins. Hence it appeared very 
likely that a relative deficiency of methio
nine existed in the peanut protein, al
though the possibility has to be borne in 
mind that the content of other amino acids 
also may have been suboptimal.

The results of this investigation indi
cate that components of cell-sap were re
sponsible for differences in levels of amino 
acid uptake between liver cell prepara
tions from different dietary groups. It ap
pears that an initial step of protein bio
synthesis was more active when there was 
a relative methionine deficiency in the 
diet. This step requires the activation of 
amino acids by enzymes of narrow speci
ficity; amino acyl adenylates are formed 
and linked to appropriate acceptor chains 
of soluble RNA (sR N A ). The necessary

factors occur in cell-sap and are part of 
the pH 5-enzyme complex (13 , 14).

Dietary influence on incorporation was 
demonstrated when the 15,000 X  g super- 
nant was used with labeled methionine, 
but not wtih labeled leucine. A possible 
interpretation is that there was an in
crease in the activity of the enzyme meth- 
ionyl-sRNA synthetase selectively among 
the other amino acid-activating enzymes 
in liver cell-sap of animals fed peanut 
protein.

Mentioned earlier was an apparent con
flict between previous observations (3 , 4) 
concerning the effects of diets lacking a 
single amino acid on incorporation levels. 
The present study did not resolve these 
differences, since no significant change in 
the incorporating capacity of microsomes 
was noted. The duration of the dietary 
treatment, as well as the labeled amino 
acid used, may be important in this con
nection. Sidransky et al. (4 )  did find that 
cell-sap from threonine-deprived rats was 
about 21%  more active than that from 
controls in stimulating uptake of leucine 
by ribosomes; in view of the present ob
servations, it is interesting to speculate 
what result would have emerged if uptake 
of threonine had been measured in their 
experiments.
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Bioassay of Vitamin K in Chicks * 1
J O H N  T . M A T S C H 1 N E R  and E . A . D O IS Y , J R .
Edward A. Doisy Department of Biochemistry, St. Louis University 
School of Medicine, St. Louis, Missouri

ABSTRACT A c o n v e n ie n t ,  p r e c i s e  b io a s s a y  f o r  v i t a m i n  K  is  r e p o r t e d  b a s e d  o n  th e  
a n a ly s i s  o f  c h ic k  p l a s m a  w i t h  R u s s e l l ’s v ip e r  v e n o m . D a ta  o b t a in e d  b y  t h i s  p r o c e 
d u r e  w e r e  n o r m a l ly  d i s t r i b u t e d  f o r  s t a t i s t i c a l  e v a lu a t io n .  T h e  r e l a t i v e  m o la r  a c t iv i t i e s  
o f  s e v e r a l  f o r m s  o f  v i t a m i n  K  a n d  th e  c o n c e n t r a t i o n  o f  v i t a m i n  K  i n  a  n u m b e r  o f  
a n i m a l  t i s s u e s  a r e  g iv e n .

Bioassay remains an indispensible tech
nique in studies on the occurrence and 
metabolism of vitamin K. Despite a num
ber of available procedures, assay in chicks 
has been used most often because these 
animals are sensitive to deprivation of the 
vitamin and respond in a reliable manner 
to prophylactic or curvative treatment. 
During recent years we have adopted a 
modified chick assay which appears to have 
considerable advantage over published 
methods.

M A T E R IA L S  A N D  M E T H O D S

Chicks. Day-old White Rock chicks of 
mixed sex were otbained from a local 
hatchery. Preliminary studies with sexed 
chicks indicated no difference between 
male and female in response to deficient 
diets or to repletion with the vitamin. The 
chicks were housed in wire-floor brooders 
with contact heat.2 Room temperature was 
maintained at 24° and a roosting period 
was provided between midnight and 6  a m  
by timed overhead lights. Fresh food and 
water were provided daily.

Diet. Chicks were grown for 10 days 
with the vitamin K-deficient diet shown in 
table 1. After 10 days they were separated 
into groups of ten and fed the same diet 
containing controlled amounts of vitamin 
K for 4 days. Lipids were conveniently as
sayed by mixing them in place of an equal 
amount of corn oil in the deficient diet.

Prothrombin After the chicks had 
been fed the experimental diet for 4 days, 
they were anesthetized lightly with ether 
and samples of blood were taken by car
diac puncture. Plasma was analyzed for 
coagulation activity using Russell’s viper

venom according to Hjort et al. (2 ) . In 
mammalian plasma, this procedure de
tects changes in prothrombin and Factor 
X ( 3 ) ;  however in chicks the assay may 
be specific for prothrombin since the ac
tivity of Factor X is not present. The 
reference standard for this assay was a 
pool of plasma obtained from chicks fed 
for 2 weeks a commercial ration 3 contain
ing an added 0.5 ag of phylloquinone/g.4 
The addition of vitamin K was necessary 
to ensure uniform maximum prothrombin 
activity. Aliquots of the reference pool 
diluted to various concentrations were 
analyzed with each group of experimental 
samples. Finally, clotting times were used 
to calculate the activity of the experi
mental samples as a percentage of the 
activity of the reference standard. To 
evaluate the statistical aspects of this pro
cedure, individual samples of reference 
plasma were compared with the reference 
pool. For 78 chicks the average pro
thrombin was 102 ±  1%  5 and individual 
values closely approximated a normal dis
tribution.
Received for publication April 21, 1966.
1 These studies were supported in part under grantno. DA-MO-49-193-62-G41 from the Office of the Surgeon General, Department of the Army and Public Health Service Research grant no. AM09909-01 from the National Institute of Arthritis and Metabolic Diseases. The opinions expressed are those of the authors and not necessarily those of the Department of the 

Army. _ . .
2 James Manufacturing Company, Fort Atkinson, 

Wisconsin.3 Purina Startena, Ralston Purina Company, St.
Louis. . . , .

4 Reference to specific forms of vitamin K is made m  accordance with the recommendation of the Nomenclature Commission of the IUPAC (4). The K 2 vitamins are menaquinones (abbreviated MK-n) and vitamin Ki becomes phylloquinone (abbreviated K). The length of the side chain is designated on the basis of the number of isoprene units (n).s Throughout this report means are accompanied by their standard error.

J. N u t r it io n , 90: ’66 97
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TABLE 1
Vitamin K-deficient diet for chicks

S oy  p r o t e i n  1 3 5 .0 0
D L -M e th io n in e 0 .7 5
G ly c in e 0 .3 0
G lu c o s e  m o n o h y d r a t e  2 4 8 .9 5
V i ta m in iz e d  g lu c o s e  m o n o h y d r a t e  3 5 .0 0
S a l ts  4 4 6  4 5 .0 0
C e llu lo s e  5 3 .0 0
F a t - s o lu b le  v i t a m i n  m ix  6 0.10
C o r n  o i l 7 1 .90

1 ADM  C -l A ssay  P ro te in , A rch er-D an ie ls -M id lan d ,Minneapolis.
2 Cerelose, Corn Products Company, New York.
3 Vitaminized glucose monohydrate supplied the following vitamins in m g / 1 0 0  g of diet: thiamine, 1 ; riboflavin, 1; Ca pantothenate, 5; pyridoxine, 0.5; niacin, 2; folic acid, 0.1; vitamin B 12, 0.005; biotin, 0.01; p-aminobenzoic acid, 1; inositol, 25; and choline chloride, 250.
4 Mameesh and Johnson (1).
5 Alphacel, Nutritional Biochemicals Corporation, Cleveland.
6 The fat-soluble vitamin mixture supplied the following vitamins in f i g /g of diet: vitamin A acetate, 5; vitamin D 3, 0.035; and vitamin E acetate, 60.
7 Mazola, Corn Products Company, New York.

R E S U L T S  A N D  D IS C U S S IO N S

The response of chicks to vitamin K is 
shown in figure 1. Each point is the mean 
prothrombin activity of at least 20 chicks. 
In the upper region of the curve, average 
normal prothrombin activity was observed 
in chicks that received the diet containing 
approximately 0.4 pg of phylloquinone/g. 
The lowest detectable concentration of 
vitamin K was less than 0.05 pg/g.

Chicks used in these studies generally 
weighed about 130 g at 10 days and gained 
approximately 50 g during the 4 days of 
the assay; however, during the winter 
chicks were often stunted by exposure to 
inclement temperatures during shipment. 
This prompted an examination of the ef
fect of weight gain on the assay. In table 
2 prothrombin levels are shown for nor
mal and underweight chicks fed the defi
cient diet or a diet containing 0.2 pg of

PHYLLOQUINONE (pg/g diet)
F ig . 1 R e s p o n s e  o f  v i t a m i n  K -d e f ic ie n t  c h ic k s  

to  d ie t s  c o n t a i n i n g  c o n t r o l le d  a m o u n t s  o f  p h y l-  
lo q u in o n e .  E a c h  p o i n t  i s  a c c o m p a n ie d  b y  th e  
s t a n d a r d  e r r o r  o f  t h e  m e a n .

phylloquinone/g. Body weights as low as 
80 g at 10 days and a weight gain as low 
as 30 g during the assay did not alter pre
dictable prothrombin activities.

As shown in table 1, the deficient diet 
contains corn oil; however, several other 
oils may also be fed without providing sig
nificant amounts of vitamin K. The bioas
say of several oils at 2%  of the diet is 
shown in table 3. Only peanut oil and one 
brand of soybean oil contained detectable 
amounts of vitamin K.

TABLE 2
Comparison of prothrombin in normal and underweight chicks

D iet
Body w e ig h t

P ro th ro m b in
10 d ays 14 days

9 9 %
D e f ic ie n t 1 0 6 ± 3 ( 1 9 )  1 14 9  ± 4 6 ± 0 . 3

1 3 2 ±  3 ( 3 1  ) 1 8 2 ±  5 5 ± 0 . 4

S u p p le m e n te d  2 8 0 ±  1( 10) 1 1 4 ± 2 4 6  ± 7
12 9  ± 2 ( 2 0 ) 18 4  ± 5 4 5  ± 3

1 Mean +  s e .  Number of observations in parentheses.
2 0 . 2 f i g  of phylloquinone/g of diet after 1 0  days.
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TABLE 3
Bioassay of several dietary oils

D ie ta ry  o il P ro th ro m b in

%
C o r n  1 5 ±  0 .4  2
S o y  3 5 ±  1
S o y  4 19  ±  1
C o t to n s e e d  5 5 ± 0 . 2
S a ff lo w e r 4  ±  1
P e a n u t 9 ±  1
O liv e 5 ± 0 . 4

1 Mazola, Corn Products Company, New York.
2 Mean ±  se.
3 Crisco Oil, Procter and Gamble, Cincinnati.
4 Durkee Famous Foods, Cleveland.
5 Wesson Oil Sales Company, Fullerton, California.

TABLE 4
Relative molar activities of several forms of 

vitamin K

V ita m in  1 R e la tiv e  
m o la r  a c tiv ity  2

M K -l i
K-2 3 0
M K -2 35
K -4 100
M K -4 15 6
M K -5 1 1 6
M K -7 122
M K -9 78
M K -9 ( H ) 67
M K -10 4 9
M e n a d io l  d ip h o s p h a te 3 164
M e n a d io n e 4 9

1 Most of the vitamins were donated by Hoffmann- LaRoche, Inc., Nutley, New Jersey, through the generosity of Dr. O. Isler. Menaquinone-7 (MK-7) was donated by Dr. E. A. Doisy. Samples of vitamin K 9(H) (MK-9(H)) were donated by Dr. M. Weber and Dr. C. Coscia.
2 Phylloquinone (K-4) was arbitrarily assigned an activity of 100.
3 Synkavite, Hoffmann-LaRoche, Inc.

In an earlier extensive study, Wiss et al.
(5 )  determined the biological activity of 
several forms of vitamin K using the assay 
of Dam et al. (6 ) . In the present study we 
examined the activity of some of these 
vitamins and extended the assays to more 
lipophilic forms of vitamin K which have 
recently assumed biological interest. Each 
vitamin was compared with phylloquinone 
which was arbitrarily assigned an activity 
of 100. All vitamins were assayed at 2 
concentrations within the useful region of 
the curve shown in figure 1. The tabulated 
values shown in table 4 are the average of 
these assays. By comparison with earlier 
studies, the menaquinones appear to have 
exhibited greater activity, whereas mena

dione was less active than expected. MK-9 
(H ) which differs from MK-9 by the pres
ence of a single saturated isoprene unit in 
the side chain (7 )  was approximately as 
active as MK-9. The remarkable inactivity 
of dietary 2-methyl-3-dimethylallyl-1,4- 
naphthoquinone (M K -1) first observed by 
Wiss et al. (5 )  was also obvious in the 
present assay.

In addition to studies with pure samples 
of vitamin K we have also analyzed the 
vitamin K content of several animal tis
sues. After some preliminary studies, it 
was possible to obtain direct assays by mix
ing 30%  of homogenized raw tissue with 
the standard vitamin K-deficient diet. Tis
sues obtained from the packing house were 
of the best grade available; tissues from 
laboratory animals came from healthy 
specimens fed commercial chows. The data 
recorded in table 5 were obtained by the as
say of tissue from at least 10 animals. There 
was a low level of vitamin K in bird liver 
compared with mammalian species, but 
among mammals there was no apparent 
basis or predictability for the concentra
tion of hepatic vitamin K. The richest 
source we have observed is beef liver which 
may contain as much as 1.2 ug/g of tissue. 
Those tissues in which vitamin K was not 
detected contained less than approximately 
0.07 ug/g; i.e., vitamin K was barely de
tectable in chick and rat liver. In confir
mation of the results of Dam (8 ) , Bou-

TABLE 5
Chick bioassay of animal tissue

T issu e V ita m in  K 1
M/9

L iv e r ,  b e e f 0 .9 2
L iv e r ,  v e a l 0 .2 7
L iv e r ,  l a m b n d  2
L iv e r ,  d o g 0 .5 3
L iv e r ,  p ig 0 .2 5
L iv e r ,  r a b b i t 0 .3 5
L iv e r ,  m o n k e y 0 .3 3
L iv e r ,  r a t  ( M ) 0 .0 7
L iv e r ,  r a t  ( F  ) 0.10
L iv e r ,  g u in e a  p ig 0 .1 5
L iv e r ,  tu r k e y n d
L iv e r ,  p ig e o n n d
L iv e r ,  c h ic k e n 0 .0 8
L iv e r ,  d u c k n d
H e a r t ,  b e e f n d
K id n e y , b e e f n d
M u s c le ,  b e e f n d

1 Activity expressed as phylloquinone.
2 None detected.
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man and Slater (9 )  and others, extrahe- 
patic tissues contained little if any vitamin
K. In a separate study with rats, com
parative assays of fresh and irradiated 
beef indicated the presence of about 0.04 
ug of vitamin K /g  of fresh tissue; how
ever, this is below the level of detection 
in the present assay.

The data presented here emphasize that 
remarkably small amounts of vitamin K 
are required for normal function. The 
concentration in liver, from less than 0.1 
to 1 |ig/g, defines a potency and effective
ness for vitamin K approximating that of 
the notably trace vitamins such as biotin 
and vitamin Bi2.
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C O U N C IL  M E E T IN G S

The Council of the American Institute 
of Nutrition met Sunday evening, April 
10, and Monday morning and evening, 
April 11. The actions of the Council were 
presented at the Institute business meet
ings and are included in the report of 
those meetings.

S C IE N T IF IC  S E S S IO N S

A total of 348 abstracts of papers was 
accepted by the Institute; 70 of them were 
transferred to other societies; 43 were ac
cepted from other societies, making a total 
of 321 papers programmed by the Instit- 
tute. These were arranged into 26 regu
lar AIN and 3 intersociety (atherosclero
sis) sessions. In addition, two informal 
conferences were held, Poultry Nutrition 
and Ruminant Nutrition, and the following 
half-day symposia were presented:

1. The Relationship of Nutrition to
Central Nervous System Devel
opment and Function

2. Trace Elements in Nutrition
3. Nutrition Education
4. Improving the Nutritional Value

of Cereal Grains by the Use of 
Gene Mutations and Selective 
Breeding

5. Interactions of Nutrition and In
fection

B U S IN E S S  M E E T IN G S

Business meetings were held on Tues
day, April 12 and Friday, April 15. Dr. 
O. L. Kline presided at both meetings.

I. Proceedings of 1965 meeting

The Proceedings as published in the 
Journal of Nutrition, 8 6 : 4 3 9 -450 , 1965, 
were approved.

II. Elections

The 682 ballots were counted by Drs. 
Dorothy Arata and Duane Benton. The 
following were elected:

President-elect:
G e o rg e  M . B r ig g s

Councilor:
A lf r e d  E . H a r p e r  

Nominating Committee:
M . L . S c o t t ,  C h a i r m a n
C . O. C h ic h e s te r
D . B . C o u r s in  
B . C . J o h n s o n  
R . M . L e v e r to n

III. Membership Status

As of April 1, 1966, there were 1,034 
members of the Institute: 914 active, 102 
retired and 18 honorary members, this be
ing a net increase of 35 members since 
last year. Fifteen members retired during 
the year. The Clinical Division reports a 
total membership of 171.

Notice of the deaths of these members 
was received this year:

B e r t h a  A . B is b e y  ( C h a r t e r  M e m b e r ) ,  A p r i l  3 ,
1 9 6 5

C . W . C a r r ic k ,  F e b r u a r y  1 7 , 1 9 6 6  
A m y  L . D a n ie l s  ( C h a r t e r  M e m b e r ) ,  J a n u a r y  

3 1 , 1 9 6 5
R ic h a r d  H . F o l l i s ,  J r . ,  D e c e m b e r  5 , 1 9 6 5 . 
A l le n  R . H e n n e s ,  N o v e m b e r  1 2 , 1 9 6 5  
J o s i a h  S. H u g h e s ,  A u g u s t  1 2 , 1 9 6 5  
H . H . M i tc h e l l  ( C h a r t e r  M e m b e r ) ,  M a r c h  2 8 ,

1 9 6 6
E ls ie  Z . M o y e r, J u l y  1, 1 9 6 5  
L y d ia  J .  R o b e r ts  ( C h a r t e r  M e m b e r ) ,  M a y  

2 8 , 1 9 6 5
W . D . S a lm o n  ( C h a r t e r  M e m b e r ) ,  F e b r u a r y  

5 , 1 9 6 6
H a r r y  H . S o b o tk a  ( C h a r t e r  M e m b e r ) ,  D e 

c e m b e r  2 4 , 1 9 6 5
H e r t h a  H . T a u s s k y ,  N o v e m b e r  7, 1 9 6 5  
R o b e r t  R . W i l l i a m s ,  O c to b e r  2 , 1 9 6 5

J. N u t r it io n , 90: ’ 66 101
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The following resolution in honor of Dr. 
Bisbey was read:

R E S O L V E D : T h a t  t h e  A m e r ic a n  I n s t i 
t u t e  o f  N u t r i t i o n  a s s e m b le d  a t  A t la n t ic  
C ity , N e w  J e r s e y ,  a t  i t s  a n n u a l  m e e t in g ,  
A p r i l  12 , 1 9 6 6 , p la c e  i n  i t s  m i n u t e s  f o r  
p e r m a n e n t  r e c o r d  th i s  s t a t e m e n t  o f  d e e p  
r e g r e t  a n d  s o r r o w  a t  t h e  lo s s  b y  d e a t h  o f  
C h a r t e r  M e m b e r ,  D r . B e r th a  A . B is b e y , 
o n  A p r i l  3 , 1 9 6 5 , a n d  f u r t h e r ,  t h a t  s p e 
c ia l  r e c o g n i t io n  b e  g iv e n  to  h e r  u n iq u e  
q u a l i t i e s  t h a t :  e n a b le d  h e r  to  t r a n s l a t e  
h e r  k n o w le d g e  o f  c h e m is t r y  a n d  h e r  
a p p r e c i a t i o n  o f  th e  l i m i t i n g  n u t r i e n t s  o f  
o f  f lo u r  i n to  p r a c t i c a l  r e c o m m e n d a t io n s  
to  o b t a in  th e  “ n u t r i t i o u s  l o a f ,”  w h ic h  
p r o v e d  u s e f u l  f o r  th e  s o c ia l ly  u n d e r 
p r iv i l e g e d ;  p e r m i t t e d  h e r  to  o r g a n iz e  a n d  
a d m i n i s t e r  a  n u t r i t i o n a l  r e s e a r c h  a n d  
t r a i n in g  p r o g r a m  d u r i n g  th e  e a r ly  y e a r s  
o f  o u r  S o c ie ty ;  a f fo r d e d  h e r  s tu d e n ts  
th e  h u m a n  u n d e r s t a n d i n g  a n d  e n c o u r a g e 
m e n t  n e e d e d  to  s e t  a n d  o b ta in  h ig h  
s c h o la s t i c  s t a n d a r d s  a n d  s o u n d  r e s e a r c h  
p r in c ip le s ;  a n d  g a v e  h e r  th e  c o u r a g e  
a n d  s t r e n g t h  to  a c h ie v e  a  s u c c e s s f u l  
c a r e e r  a n d  to  in s p i r e  o th e r s  to  m a k e  
n u t r i t i o n  t h e i r  l i f e ’s w o rk .

The following resolution in honor of 
Dr. Daniels was read:

R E S O L V E D : T h a t  th e  A m e r ic a n  I n s t i 
t u t e  r e c o g n iz e  th e  lo s s  b y  d e a t h  o f  D r .
A m y  L o u is e  D a n ie l s  o n  J a n u a r y  3 1 ,
1 9 6 5 , i n  h e r  9 0 th  y e a r .  D r . D a n ie l s  w a s  
t r u ly  a  p io n e e r  a m o n g  w o m e n  s c ie n t i s t s .
S h e  w a s  a  C h a r t e r  M e m b e r  o f  th e  A m e r 
i c a n  H o m e  E c o n o m ic s  A s s o c ia t io n  
( 1 9 0 9 ) ,  w a s  t h e  f i r s t  w o m a n  to  r e c e iv e  
a  P h .D . i n  P h y s io lo g ic a l  C h e m is t r y  f r o m  
Y a le  ( 1 9 1 2 ) ,  a n d  w a s  a  C h a r t e r  M e m 
b e r  o f  th e  A IN .

A f te r  t e a c h in g  i n  th e  u n iv e r s i t i e s  o f  
M is s o u r i  a n d  W is c o n s in  a n d  t a k in g  g r a d 
u a t e  s tu d y  a t  H a r v a r d  M e d ic a l  S c h o o l,
D r . D a n ie l s  c a m e  to  t h e  U n iv e r s i ty  o f  
I o w a  i n  1 9 1 8  a s  P r o f e s s o r  o f  N u t r i t i o n  
i n  th e  n e w  C h i ld  W e l f a r e  S ta t io n .  U n 
t i l  1 9 2 5  s h e  w a s  a ls o  a f f i l ia te d  w i th  th e  
D e p a r tm e n t  o f  P e d ia t r i c s ,  a n d  m a n a g e d  
a  w e l l - b a b y  f e e d in g  c l in ic .  H e r  r e s e a r c h  
w a s  d i r e c te d  t o w a r d  e s t a b l i s h in g  n u t r i 
t i o n a l  r e q u i r e m e n t s  f o r  i n f a n t s  a n d  c h i l 
d r e n .  S h e  w a s  th e  f i r s t  to  s h o w  t h a t  
i n f a n t s  g iv e n  c o w ’s m i lk  f e e d in g s  n e e d e d  
a d d i t i o n a l  v i t a m i n s .  T h e  e f f e c t  o f  v i t a 
m in  D  o n  c a l c iu m  a n d  p h o s p h o r u s  r e t e n 
t i o n  o f  i n f a n t s ,  a n d  th e  m a g n e s iu m  r e 
q u i r e m e n t s  o f  y o u n g  c h i l d r e n  a r e  a m o n g  
h e r  m a n y  c o n t r ib u t io n s  to  n u t r i t i o n a l  
n e e d s  d u r i n g  g r o w th .

I n  1 9 3 0 , D r . D a n ie l s  w a s  a p p o in t e d  to  
th e  f i r s t  W h i te  H o u s e  C o n f e r e n c e  o n  
C h i ld  D e v e lo p m e n t  a n d  i n  1 9 3 7  s h e  
r e c e iv e d  th e  f i r s t  B o r d e n  A w a r d  g iv e n  b y  
th e  A m e r ic a n  H o m e  E c o n o m ic s  A s s o c i
a t i o n  f o r  h e r  w o r k  i n  c h i ld  n u t r i t i o n .

F a i l i n g  s ig h t  f o rc e d  h e r  r e t i r e m e n t  in  
1 9 4 1  a n d  p r e c lu d e d  f u r t h e r  s c ie n t i f ic  
s tu d y .  D r . D a n ie l s ’ w id e  r a n g e  o f  i n t e r 
e s t s  a n d  h e r  k e e n  w i t  m a d e  h e r  a  d e 
l i g h t f u l  c o m p a n io n .  H e r  h i g h  s t a n d a r d s  
a n d  u n f a i l i n g  h o n e s ty  s e t  a n  e x a m p le  
t h a t  w i l l  lo n g  b e  r e m e m b e r e d  b y  h e r  
s t u d e n ts  a n d  c o -w o rk e rs .

The following resolution in honor of 
Dr. Mitchell was read:

R E S O L V E D : T h a t  t h e  A m e r ic a n  I n s t i 
t u t e  o f  N u t r i t i o n ,  a s s e m b le d  a t  A t la n t ic  
C ity , N e w  J e r s e y ,  a t  i t s  a n n u l a r  m e e t 
in g ,  A p r i l  12 , 1 9 6 6 , w i s h in g  to  e x p r e s s  
i t s  d e e p  r e g r e t  a n d  s o r r o w  a t  t h e  p a s s i n g  
o f  o n e  o f  i t s  m o s t  d i s t i n g u i s h e d  C h a r t e r  
M e m b e rs ,  H a r o ld  H a n s o n  M i tc h e l l ,  p la c e  
t h i s  s t a t e m e n t  i n  i t s  m i n u t e s  f o r  p e r m a 
n e n t  r e c o r d .

E d u c a t e d  a t  th e  U n iv e r s i ty  o f  I l l in o i s ,
D r . M i tc h e l l  s p e n t  h i s  e n t i r e  s c ie n t if ic  
c a r e e r  a t  t h a t  i n s t i t u t i o n ,  j o i n i n g  th e  
s t a f f  i n  191 1  a n d  c o n t i n u i n g  u n t i l  h is  
r e t i r e m e n t  i n  1 9 5 5 . F e w  i n v e s t ig a to r s  
h a v e  h a d  a n  in f lu e n c e  o n  n u t r i t i o n a l  
r e s e a r c h  a n d  c o n c e p ts  e q u a l  to  t h a t  o f  
D r . M i tc h e ll .  H i s  r e s e a r c h  p r o g r a m  w a s  
c h a r a c t e r i z e d  b y  lo g ic a l  p l a n n i n g  a n d  
m i n u t e  a t t e n t i o n  to  e x p e r im e n ta l  d e ta i l s .
H e  w a s  a n  e a r ly  a d v o c a te  o f  t h e  s t a t i s 
t i c a l  t r e a t m e n t  o f  e x p e r im e n ta l  d a t a .  
A m o n g  h i s  m a n y  r e s e a r c h  c o n t r ib u t io n s  
t h e  f o l lo w in g  a r e  o u t s t a n d in g :  t h e  d e 
v e lo p m e n t  o f  t h e  T h o m a s - M itc h e l l  
m e th o d  o f  p r o t e in  e v a lu a t io n  a n d  d e m 
o n s t r a t i o n  o f  t h e  c o r r e la t i o n  b e tw e e n  p r o 
t e in  v a lu e  a n d  a m in o  a c id  c o n t e n t ;  th e  
e s p o u s a l  o f  c o n t r o l le d  f e e d  i n t a k e  i n  
n u t r i t i o n  s tu d i e s ;  t h e  im p o r t a n c e  o f  n u 
t r i e n t  b a l a n c e  i n  r a t i o n s ;  e n e r g y  a n d  
m i n e r a l  m e ta b o l i s m  s tu d ie s  o f  f a r m  a n i 
m a l s  a n d  o f  m a n ;  th e  f a c t o r i a l  a p p r o a c h  
to  d e t e r m i n a t i o n  o f  n u t r i e n t  r e q u i r e 
m e n t s .  T o g e th e r  w i t h  th e s e  r e s e a r c h  
a c c o m p l i s h m e n t s  D r . M i tc h e l l  i s  k n o w n  
f o r  h i s  m e t i c u lo u s  a n d  a s t u t e  a p p r o a c h  
to  th e  s c ie n t i f ic  l i t e r a tu r e  a n d  f o r  h is  
g r e a t  a b i l i ty  to  s u m m a r i z e  a n d  to  c r i t i 
c a l ly  e v a lu a t e  th e  i s s u e s  o f  h i s  d a y . H e  
w a s  f i r m  i n  h i s  o p in io n s ,  b u t  f a i r  a n d  
a lw a y s  a  g e n t l e m a n  i n  t h e i r  d e f e n s e .

A t t e n d a n c e  i n  h i s  c la s s e s  w a s  a  r e 
w a r d in g  e x p e r ie n c e .  H is  c o u r s e  o u t l in e s  
w e r e  p r e p a r e d  a n d  p r e s e n t e d  w i t h  g r e a t  
c l a r i t y  a n d  d e ta i l ,  a n d  h e  e n c o u r a g e d  
o p e n  d i s c u s s io n  a n d  e v a lu a t io n  o f  th e  
d a t a  a n d  c o n c lu s io n s .  A s a  c u lm in a t io n  
o f  h i s  lo n g  t e a c h in g  a n d  r e s e a r c h  e x 
p e r i e n c e  h e  d e v o te d  h i s  r e t i r e m e n t  y e a r s  
to  w r i t in g  a  2 -v o lu m e  t r e a t i s e  o n  C o m 
p a r a t i v e  N u t r i t i o n  o f  M a n  a n d  D o m e s t ic  
A n im a ls  w h ic h  w i l l  lo n g  s e rv e  a s  a n  i n 
v a lu a b le  r e f e r e n c e .

D r . M i tc h e l l  s e rv e d  o n  t h e  e d i to r ia l  
b o a r d  o f  th e  Journal of Nutrition f o r  19 
o f  th e  f i r s t  2 5  y e a r s  o f  i t s  e x i s te n c e .
H e  r e c e iv e d  th e  A IN  B o r d e n  A w a r d  in
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1 9 4 5  a n d  w a s  e le c te d  a  F e l lo w  i n  1 9 5 8 .
A t th e  t im e  o f  h i s  d e a t h  h e  w a s  th e  
n o m in e e  f o r  th e  1 9 6 6  O s b o rn e  a n d  
M e n d e l  A w a r d  w h ic h  w a s  p r e s e n te d  p o s t 
h u m o u s ly  a t  t h e  a n n u a l  b a n q u e t .  H e  
r e c e iv e d  th e  M o r r is o n  A w a r d  o f  th e  
A m e r i c a n  S o c ie ty  o f  A n im a l  P r o d u c t io n  
i n  1 9 5 0  a n d  w a s  e le c te d  a  F e l lo w  o f  
t h a t  s o c ie ty  i n  1 9 6 0 .

T h e  c i r c le  o f  h i s  s c ie n t i f ic  a d m i r e r s  
w a s  w id e  a n d  h e  h a d  a  c lo s e  c i r c le  o f  
i n t i m a t e  f r i e n d s .  H is  w a s  a  f u l l  l i f e  a n d  
a  r i c h  o n e . W e  w h o  a r e  h i s  b e n e f ic ia r ie s  
r e a l i z e  a  g r e a t  lo s s  b u t  r e c o g n iz e  h o w  
g r e a t ly  w e  h a v e  b e e n  p r iv i le g e d .

The following resolution in honor of 
Dr. Roberts was read:

R E S O L V E D : T h a t  t h e  A m e r i c a n  I n s t i 
t u t e  o f  N u t r i t i o n ,  a s s e m b le d  a t  A t la n t ic  
C ity ,  N e w  J e r s e y ,  a t  i t s  a n n u a l  m e e t in g ,  
A p r i l  1 2 , 1 9 6 6 , p la c e  i n  i t s  m i n u t e s  f o r  
p e r m a n e n t  r e c o r d  t h i s  s t a t e m e n t  o f  d e e p  
r e g r e t  a t  th e  lo s s  b y  d e a t h  o f  o n e  o f  i t s  
d i s t i n g u i s h e d  C h a r t e r  M e m b e rs ,  L y d ia  
J a n e  R o b e r ts ,  M a y  2 8 , 1 9 6 5  i n  P u e r to  
R ic o .

A n d  f u r t h e r  t h a t  h i g h  t r i b u t e  b e  p a id  
to  D r . R o b e r ts  f o r  h e r  v e r s a t i l i t y  i n  e x 
c e l l e n c e  i n c l u d i n g  r e s e a r c h ,  t e a c h in g  a n d  
a c t io n  p r o g r a m s  i n  n u t r i t i o n ;  f o r  h e r  
tw o  d i s t i n c t  c a r e e r s ,  o n e  a t  t h e  U n iv e r 
s i ty  o f  C h ic a g o  u n t i l  r e t i r e m e n t  i n  r e 
s e a r c h  a n d  t e a c h i n g ,  a n d  th e  o th e r  a t  th e  
U n iv e r s i ty  o f  P u e r to  R ic o  i n  t e a c h in g  
a n d  i n  c o m m u n i ty  d e m o n s t r a t i o n s  o f  th e  

v a lu e  o f  n u t r i t i o n  i n  im p r o v in g  th e  l iv in g  
s t a n d a r d s  o f  lo w - in c o m e  f a m i l i e s ;  f o r  d i 
r e c t i o n  o f  g r a d u a t e  s t u d e n ts  i n  r e s e a r c h  
o n  n u t r i e n t  a n d  f o o d  n e e d s ,  e s p e c ia l ly  o f  
c h i l d r e n  a n d  t h e  e f f e c ts  o f  s u p p le m e n t 
in g  d ie ts  o f  c h i l d r e n  w i t h  d i f f e r e n t  fo o d 
s tu f f s ;  f o r  h e r  c o n t r ib u t io n s  to  p r o f e s 
s io n a l  a n d  n u t r i t i o n  p o l ic y - m a k in g  
g r o u p s  s u c h  a s  th e  F o o d  a n d  N u t r i t i o n  
B o a rd  o f  th e  N a t i o n a l  R e s e a r c h  C o u n c il ,  
t h e  C o u n c i l  o n  F o o d s  a n d  N u t r i t i o n  o f  
th e  A m e r i c a n  M e d ic a l  A s s o c ia t io n ,  th e  
W h i te  H o u s e  C o n f e r e n c e s  o n  C h i ld r e n  
a n d  Y o u th  a n d  th e  A m e r i c a n  D ie te t ic  
A s s o c ia t io n ;  f o r  h e r  c o n t r i b u t i o n  a n d  
a id  to  n u t r i t i o n  p r o g r a m s  i n  d e v e lo p 
in g  c o u n t r i e s  a n d  t r a i n in g  f o r  th e  P e a c e  
C o rp s ;  f o r  h e r  w r i t in g s ,  n o t  o n ly  r e 
s e a r c h  p a p e r s  b u t  i n t e r p r e t i v e  b o o k s , 
s u c h  a s  N u t r i t i o n  W o r k  w i t h  C h i ld r e n ,  
P a t t e r n s  o f  L iv in g  f o r  P u e r to  R ic a n  F a m 
i l ie s ,  th e  D o n a  E le n a  P r o j e c t ,  a n d  th e  
t e x t  b o o k  o n  n u t r i t i o n  p l a n n e d  p r i m a r i l y  
f o r  u s e  i n  t h e  C a r ib b e a n  a r e a ;  f o r  h e r  
d y n a m ic  a n d  f r i e n d ly  l e a d e r s h ip ,  h e r  i n 
s p i r a t i o n  to  s tu d e n ts  a n d  h e r  a b i l i ty  to  
w in  s u p p o r t  f o r  n u t r i t i o n  p r o g r a m s  n o t  
o n ly  f r o m  o th e r  p r o f e s s io n a l s  b u t  f r o m  
l e g i s la to r s  a n d  g o v e r n o rs .

The following resolution in honor of 
Dr. Salmon was read:

R E S O L V E D : T h a t  T h e  A m e r i c a n  I n s t i 
t u t e  o f  N u t r i t i o n ,  a s s e m b le d  a t  A t la n t ic  
C ity , N e w  J e r s e y ,  a t  i t s  a n n u a l  m e e t in g ,  
A p r i l  1 2 , 1 9 6 6 , p l a c e  i n  i t s  m i n u t e s  f o r  
p e r m a n e n t  r e c o r d  t h i s  s t a t e m e n t  o f  
s in c e r e  r e g r e t  a n d  s o r r o w  a t  th e  lo s s  b y  
d e a t h  o f  o n e  o f  i t s  d i s t i n g u i s h e d  C h a r t e r  
M e m b e rs ,  W i l l i a m  D . S a lm o n ,  o n  F e b r u 
a r y  5 , 1 9 6 6 .

D r . S a lm o n  p io n e e r e d  i n  n u t r i t i o n a l  
r e s e a r c h  i n  th e  S o u th .  A m o n g  h is  m a n y  
c o n t r ib u t io n s  w e r e  h i s  w o r k  i n  d e m o n 
s t r a t i n g  t h e  n a t u r e  o f  v i t a m i n  B a s  a  
c o m p le x  o f  v i t a m i n s ;  h i s  o b s e r v a t io n s  o n  
th e  in f lu e n c e  o f  d i e t a r y  f a t  o n  th e  b o d y  
f a t  c o m p o s i t io n ;  h i s  d is c o v e ry  t h a t  z in c  
d e f ic ie n c y  w a s  t h e  p r i m a r y  c a u s e  o f  
p a r a k e r a t o s i s  i n  s w in e ;  h i s  s h o w in g  t h a t  
d i e t a r y  d e f ic ie n c y , e s p e c ia l ly  o f  c h o l in e ,  
c a n  p r o d u c e  c a n c e r  i n  e x p e r i m e n t a l  a n i 
m a l s ;  a n d  p r o v id in g  th e  e v id e n c e  t h a t  
in f lu e n c e d  le g i s l a t i o n  i n  A la b a m a  r e q u i r 
i n g  th e  e n r i c h m e n t  o f  w h i t e  f lo u r ,  w h i te  
c o r n  m e a l ,  a n d  g r i ts .

H e  s e rv e d  h i s  i n s t i t u t i o n ,  A u b u r n  U n i 
v e r s i ty ,  w i th  d i s t i n c t io n  a s  p r o f e s s o r ,  
d e p a r t m e n t  h e a d ,  a n d  p r o f e s s o r  e m e r i 
tu s ,  a n d  h e  h a d  a  m a r k e d  in f lu e n c e  o n  
th e  q u a l i t y  o f  b o th  i t s  t e a c h i n g  a n d  r e 
s e a r c h .  H is  a lm a  m a te r ,  t h e  U n iv e r s i ty  
o f  K e n tu c k y ,  a w a r d e d  h im  a n  h o n o r a r y  
D o c to r  o f  S c ie n c e  d e g r e e  i n  1 9 5 8  a n d  
n a m e d  h i m  a  C e n te n n ia l  D is t i n g u i s h e d  
A lu m n u s  i n  1 9 6 5 . H e  w a s  o n e  o f  th e  
m o s t  lo y a l  A IN  m e m b e r s ,  s e r v in g  f o r  
tw e lv e  y e a r s  o n  th e  e d i to r ia l  b o a r d  o f  th e  
Journal of Nutrition, a n d  a s  m e m b e r  o r  
c h a i r m a n  o f  n u m e r o u s  c o m m it te e s .  H e  
w a s  e le c te d  a  F e l lo w  o f  t h e  I n s t i t u t e  i n  
1 9 6 2  a n d  w a s  a  n o m in e e  f o r  p r e s i d e n t 
e le c t  a t  t h e  t im e  o f  h i s  d e a th .

D r . S a lm o n  h a d  a n  u n f a i l i n g  s e n s e  o f  
h u m o r  a n d  a  s h a r p  w i t  to  m a t c h  h is  
k e e n  in t e l l e c t .  H is  d e a t h  is  a  g r e a t  lo s s  
to  o u r  S o c ie ty  a n d  to  h i s  c o u n t le s s  
f r i e n d s .

The following resolution in honor of Dr. 
Sobotka was read:

R E S O L V E D : T h a t  th e  A m e r ic a n  I n s t i 
t u t e  o f  N u t r i t i o n ,  a s s e m b le d  a t  A t la n t ic  
C ity ,  N e w  J e r s e y ,  A p r i l  1 2 , 1 9 6 6 , a t  i t s  
a n n u a l  m e e t in g  w i s h in g  to  e x p r e s s  r e 
g r e t  a n d  s o r r o w  a t  th e  lo s s  b y  d e a th  o f  
o n e  o f  i t s  d i s t i n g u i s h e d  C h a r t e r  M e m 
b e r s ,  H a r r y  H . S o b o tk a , p la c e  t h i s  s t a t e 
m e n t  i n  i t s  m i n u t e s  f o r  p e r m a n e n t  r e c 
o rd .

D r . H a r r y  S o b o tk a  w a s  a w a r d e d  a  
P h .D . i n  c h e m is t r y  u n d e r  P r o f e s s o r  
R ic h a r d  W i l l s t á t t e r ,  a  N o b e l  l a u r e a t e  i n  
e n z y m e  c h e m is t r y .  H is  e a r ly  a p p o i n t 
m e n t s  w e r e  th o s e  o f  R e s e a r c h  A s s i s ta n t  
a t  t h e  R o c k e fe l le r  I n s t i t u t e ,  a n d  R e 
s e a r c h  A s s o c ia te  a t  t h e  N e w  Y o rk  U n i-
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v e r s i ty - B e l le v u e  M e d ic a l  C e n te r .  I n  1 9 2 8  
h e  w a s  a p p o in t e d  D i r e c to r  o f  t h e  D e 
p a r t m e n t  o f  C h e m is t r y  o f  th e  M o u n t  
S in a i  H o s p i ta l  i n  N e w  Y o rk  C ity ,  a  p o s t  
h e  h e ld  u n t i l  1 9 6 5 , w h e n  h e  r e t i r e d .

D r . S o b o tk a  w a s  w e l l  k n o w n  a n d  
h o n o r e d  th r o u g h o u t  th e  s c ie n t i f ic  w o r ld . 
M o re  t h a n  3 0 0  s c ie n t i f ic  c o m m u n ic a 
t io n s  a n d  a  n u m b e r  o f  b o o k s  a n d  m o n o 
g r a p h s  a t t e s t  to  t h e  p r o l if ic  o u t p u t  o f  
t h e  g r o u p  w h ic h  h e  h e a d e d ;  h i s  m o n o 
g r a p h  o n  t h e  P h y s io lo g y  o f  th e  B ile  s t i l l  
r e m a i n s  a  c la s s ic .  A t  t h e  t im e  o f  h i s  
d e a t h  h e  w a s  e d i t i n g  a  w o r k  o n  a lk a 
lo id s  a n d  a w a i t i n g  th e  e ig h th  v o lu m e  o f  
A d v a n c e s  i n  C l in i c a l  C h e m is t r y  w h ic h  
h e  e d i te d  i n  c o l la b o r a t io n  w i th  C. P . 
S te w a r t  o f  th e  u n i v e r s i t y  o f  E d in b u r g h .  
B y  h i s  i n t e r e s t  i n  c l i n i c a l  c h e m is t r y ,  
H a r r y  S o b o tk a  w a s  i n s t r u m e n t a l  i n  th e  
f o u n d i n g  o f  th e  A m e r i c a n  A s s o c ia t io n  
o f  C l in i c a l  C h e m is t s  a n d  s e rv e d  a s  i t s  
f i r s t  p r e s id e n t .  H e  r e c e iv e d  th e  f i r s t  V a n  
S ly k e  A w a r d  i n  1 9 5 8  a n d  th e  A m e s  
A w a r d  f r o m  t h e  A s s o c ia t io n  i n  1 9 6 2 . 
I n  1 9 6 4  h e  w a s  a w a r d e d  a n  h o n o r a r y  
d o c to r a te  b y  th e  U n iv e r s i ty  o f  P e r u g ia ,  
I t a ly ,  a n d  a ls o  r e c e iv e d  th e  m e d a l  o f  th e  
S o c ié té  d e  C h e m ie  B io lo g iq u e .

H a r r y  S o b o tk a  w a s  a  b u s y  m a n ,  e v e r  
i n  s e a r c h  o f  k n o w le d g e .  H is  h i g h  s t a n d 
a r d s  le d  h im  t h r o u g h  a  lo n g  a n d  s u c e s s -  
f u l  c a r e e r  a s  a  s c i e n t i s t .  H is  d e a th  
l e a v e s  a  v o id  i n  o u r  s c ie n t i f ic  c o m m u n 
i t y  w h ic h  w i l l  b e  d if f ic u l t  to  f ill.

t e r p r i s e  c o u ld  b e  a p p l ie d  to  th e  b e t t e r 
m e n t  o f  h u m a n i t y .

T h e  b e s to w a l  o f  h o n o r s  w a s  a c c o m 
p a n i e d  b y  c a l l s  to  s e rv ic e  f r o m  m a n y  
q u a r t e r s ,  a n d  D r . W i l l i a m s  g a v e  o f  
h i m s e l f  u n s t i n t i n g l y  i n  p o s i t io n s  w h ic h  
d e m a n d e d  j u d g m e n t ,  r e s p o n s ib i l i ty ,  
b r o a d  k n o w le d g e  a n d  a  h ig h  o r d e r  o f  
c o m p e te n c e  i n  f u r t h e r i n g  th e  c a u s e  to  
w h ic h  h e  w a s  d e v o te d . O f  p a r t i c u l a r  
n o t e  w e r e  h i s  v a lu a b le  c o n t r ib u t io n s  
a s  a  m e m b e r  o f  th e  F o o d  a n d  N u t r i t i o n  
B o a rd  o f  th e  N a t i o n a l  R e s e a r c h  C o u n c i l  
a n d  a s  C h a i r m a n  o f  i t s  C o m m it te e  o n  
C e re a ls  f r o m  i t s  f o u n d i n g  i n  1 9 4 0  u n t i l  
h i s  r e t i r e m e n t  i n  1 9 5 9 .

I n  1 9 5 7  h i s  c o l le a g u e s  i n  th e  A m e r ic a n  
I n s t i t u t e  o f  N u t r i t i o n  e le c te d  h i m  a s  
t h e i r  P r e s id e n t .  I n  t h i s  c a p a c i ty ,  a s  i n  
a l l  o th e r s  h e  f i l le d , h e  s e rv e d  w i t h  th e  
g r e a t e s t  d i s t i n c t io n ,  r e g a r d in g  i t ,  c h a r 
a c te r i s t i c a l l y ,  n o t  a s  a  w e l l - d e s e r v e d  
h o n o r  b u t  a s  a n  o p p o r tu n i ty  f o r  a d d i 
t i o n a l  s e rv ic e .

R o b e r t  R . W i l l i a m s ,  o n e  o f  th e  f o r e 
m o s t  p io n e e r s  o f  n u t r i t i o n ,  a r c h i t e c t  o f  
c e r e a l  e n r i c h m e n t  p r o g r a m s  t h r o u g h o u t  
th e  w o r ld ,  o u t s t a n d i n g  s c i e n t i s t ,  w a r m  
h u m a n i t a r i a n ,  h a s  a n  a b id in g  p la c e  i n  
h i s to r y  a n d  i n  t h e  h e a r t s  o f  th o s e  w h o  
w e r e  so  f o r t u n a t e  a s  to  k n o w  h im .  B e 
c a u s e  o f  w h a t  h e  w a s ,  t h e  p u r p o s e  i s  
c l e a r e r ,  t h e  r o a d  s t r a i g h t e r ,  th e  g o a l  
n e a r e r ,  a n d  th o s e  w h o  f o l lo w  w i l l  e v e r  
r e c e iv e  i n s p i r a t i o n  f r o m  h i s  l i f e ’s w o rk .

The following resolution in honor of 
Dr. Williams was read:

R E S O L V E D : T h a t  t h e  A m e r i c a n  I n s t i 
t u t e  o f  N u t r i t i o n ,  a s s e m b le d  a t  i t s  a n 
n u a l  m e e t in g  i n  A t l a n t i c  C ity , N e w  
J e r s e y ,  o n  A p r i l  1 2 , 1 9 6 6 , w is h e s  to  
e x p r e s s  i t s  d e e p  s o r r o w  a n d  p r o f o u n d  
s e n s e  o f  lo s s  a t  t h e  p a s s i n g  o f  o n e  o f  
i t s  m o s t  d i s t i n g u i s h e d  m e m b e r s  a n d  b e 
lo v e d  c o l le a g u e s ,  R o b e r t  R . W i l l i a m s ,  
o n  O c to b e r  2 , 1 9 6 5 .

A s a  s c i e n t i s t ,  p h i l a n t h r o p i s t ,  h u m a n 
i t a r i a n  a n d  m a n ,  D r . W i l l i a m s  w o n  r e 
s p e c t ,  a d m i r a t io n  a n d  a f f e c t io n .  H is  
l i f e  w a s ,  a n d  w i l l  c o n t in u e  to  b e , a n  
i n s p i r a t i o n a l  e x a m p le  —  a  l i f e  m a r k e d  
b y  i n t e n s e  d e d ic a t io n  to  th e  h i g h  p u r 
p o s e  h e  s e t  f o r  h im s e l f ,  th e  e r a d i c a 
t i o n  o f  d i e t a r y  d i s e a s e s  w h ic h  h a v e  so 
lo n g  p l a g u e d  m a n k in d .

H is  m o n u m e n t a l  s c ie n t i f ic  a c h ie v e 
m e n t  w a s  th e  i d e n t i f i c a t io n  a n d  s y n th e 
s is  o f  t h i a m i n e ,  t h e  c u l m i n a t i o n  o f  a n  
a r d u o u s  q u e s t  s p a n n i n g  a  q u a r t e r  c e n 
tu r y .  W h i le  r e c o g n i t io n  c a m e  i n  th e  
f o r m  o f  m a n y  h o n o r s  f r o m  a  h o s t  o f  
n a t i o n s ,  h e  s p u r n e d  p e r s o n a l  f i n a n c i a l  
r e w a r d  i n  o r d e r  to  c r e a t e  th e  W il l ia m s -  
W a t e r m a n  F u n d  f o r  t h e  C o m b a t  o f  
D ie t a r y  D is e a s e s  a s  a  m e c h a n i s m  
t h r o u g h  w h ic h  th e  f r u i t s  o f  h i s  la b o r s  
a n d  th o s e  o f  h i s  c o -w o rk e rs  i n  t h i s  e n -

IV. New Members

The membership committee considered 
the qualifications of 92 nominees. The 
following 77 nominees, recommended by 
the Council, were elected to membership 
at the buisiness meeting:

N E W  M E M

Abelson, Denis (C) Abernathy, Richard Paul Allred, John B.Baldwin, R. L.Brown, Elmer B. (C) Brown, William Duane Campagnoli, Mario (C) Carpenter, Lawrence E. Carpenter, Mary P. Carroll, Catherine Chalupa, William Christakis, George J. (C) Christensen, Halvor Niels Cornwell, David G. Coulson, Walter F. Dempsey, Hugh (C) Donald, Elizabeth A.Doyle, Margaret D. Ellenbogen, Leon Evans, Joseph L.Fougere, William Gevirtz, Norman (C) Gortner, Willis A. Hackler, L. Ross Hall, Charles A. (C) Hanna, Fikri M. (C) Hanson, Lester R.Harrill, Inez Hawkins, George E.

B E R S  —  1 9 6 6 *

Herman, Robert H. (C) Hopkins, Leon L., Jr. Jacobs, Francis A.Jansen, G. Richard Jones, Don Paul (C) Kalbfleisch, J. McDowell Kaufman, Nathan (C) Kies, Constance V.Klain, George J.Klavins, Janis V. (C) Knittle, Jerome L. (C) Kornegay, Ervin T. Kronfeld, David S. MacDonald, Ian (C) Majaj, Amin S.Marion, James E. McGandy, Robert B. (C) McKigney, John I. McRoberts, Milton R. Meade, Robert J.Mistry, Sorab Pirozshah Mookerjea, Sailendu Sekhar Motzok, I.Munro, Hamish N. (C) Navia, Juan M.Peifer, James J.Raun, Ned Smith Sandstead, Harold H. (C) Savage, J. E.
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Schroeder, Henry Alfred Schulert, Arthur R. Seward, Coleman R. Sipple, Horace L. Smith,, John T.Snook, Jean Twombly Srebnik, Herbert H. Tinoco, Joan W. H.Turk, Donald E. Vanderveen, John E.

Vaughan, David A.Wang, Hwa. Lih Ward, Gerald M.Welch, James Graham Wheby Munsey Stephen (C) Yang, Modesto G.Yeh, Samuel D. J.Zalusky, Ralph (C)Ziffer, Herman (C)

* For institutional affiliations and addresses of new members, see the Federation D ir e c to r y  o f  M e m b e r s to be published in the fall of 1966.(C) Also elected to membership in the Clinical Division on April 30, 1966.

Drs. Anne M. Briscoe and Fred Kern, 
Jr., already members of the American In
stitute of Nutrition, were elected to mem
bership in the American Society for Clin
ical Nutrition.

H O N O R A R Y  M E M B E R S

The following scientists were elected to 
Honorary Membership:

H . A . P . C . O o m e n , Director,
Institute for Tropical Hygiene, 
Amsterdam, Holland 

B . S. P l a t t ,
National Institute for Medical Re
search, M.R.C. Human Nutrition 
Research Unit, Mill Hill, London, 
N.W. England 

J e a n  T r e m o l ie r e s ,
Institut National d’Hygiene,
Paris, France

V. President’s Report
President Kline advised the member

ship that AIN will continue to pursue its 
efforts to obtain support for developing a 
word list or guide to nutrition terminology 
that would serve as a basis for a documen
tation system for nutrition science litera
ture.

Since the initiation of the Sustaining As
sociates program last year, 19 organiza
tions have become Sustaining Associates 
of the AIN. Contributions ranged from 
$100 to $1000, making a total of $5,500. 
Sustaining Associates are listed in the 
Journal of Nutrition each month.

The Council has approved a budget of 
up to $5,000 for the expert advice, con
sultation and conferences required for re
vising the leaflet, “Careers in Nutrition.”

President Kline advised that, due to the 
pressures of other duties, the AIN Nutri
tion Notes editors, M. R. S. Fox and W il
liam Boehne, have asked to be relieved of 
this assignment. A vote of appreciation 
and thanks was made to the editors for

their efforts in making the newsletter such 
a success.

AIN and the Nutrition Society of Canada 
will plan for a joint meeting in 1970, 
hopefully to be expanded to include the 
recently established Latin American Nu
trition Society.

The Council has initiated the procedure 
that the President will poll the members 
of the newly elected Nominating Com
mittee as a means for their selecting their 
own chairman.

It has been a long-standing custom to 
hold in confidence the identity of the re
cipients of the annual AIN Awards and 
also those to be named Fellows until the 
actual presentation of these honors at the 
Society banquet. Dr. Kline announced 
that the AIN Council had taken the im
portant decision to alter this arrange
ment to permit pre-meeting announce
ment of Award winners and Fellows. This 
change was made to allow for more effec
tive publicity concerning the individuals to 
be honored, their specific scientific ac
complishments which won them recogni
tion, and the nature of the Awards and 
their sponsors. Under the present ar
rangement our news releases were always 
competing with all the others resulting 
from the Federation meetings.

A joint committee representing both AIN 
and ASCN is being established to under
take a thorough revision of the constitu
tion and by-laws of both societies. The 
purpose is to improve the precision of both 
documents and to resolve certain incon
sistencies between them.

The American Board of Nutrition has 
requested the Councils of both AIN and 
ASCN to accept the responsibility of mak
ing a nomination to fill any vacancy that 
occurs on the Board. The latter will elect 
one of these nominees to maintain a bal
ance between those working in human 
nutrition and those in clinical nutrition. 
The AIN Council has accepted this assign
ment and the ASCN Council will act upon 
the request at its next meeting.

VI. Executive Secretary’s Report

Dr. Waddell reported that the total 
funds available to the AIN Committee for 
the support of travel grants to the Vllth 
International Congress of Nutrition in
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EXHIBIT A
Balance Sheet —  December 31, 1965

A s s e t s

C a s h  .................................................................................................................................................................. $ 4 6 ,0 9 7 .7 5
A c c o u n ts  R e c e iv a b le  .............................................................................................................................. 5 ,9 3 8 .7 5
I n v e s t m e n t s  ......................................................................................................................................................  2 1 ,8 3 2 .6 8
F u r n i t u r e  a n d  E q u ip m e n t  ....................................................................................... $ 1 ,6 4 5 .5 7

L e s s  A c c u m u la t e d  D e p r e c i a t i o n  ...................................................................  ( 8 2 .2 8 )  1 ,5 6 3 .2 9

P r e p a id  E x p e n s e s  ...................................................................................................................................... 8 4 .0 0

T o ta l  A s s e ts  .................................................................................... $ 7 5 ,5 1 6 .4 7

L i a b i l i t i e s  a n d  F u n d  C a p i t a l

A c c o u n ts  P a y a b le  ...................................................................................................................................  $ 1 5 ,6 9 6 .5 0
F u n d  C a p i t a l  ( s e e  E x h ib i t  B )  .......................................................................................................  5 9 ,8 1 9 .9 7

T o ta l  L ia b i l i t i e s  a n d  F u n d  C a p i t a l  ............................... $ 7 5 ,5 1 6 .4 7

EXHIBIT B
Statement of Income and Expense and Fund Capital 

For the Period April 1, 1965 through December 31, 1965 
F u n d  C a p i ta l  F o r w a r d e d ,  4 / 1 / 6 5  ..........................................................................................................  $ 4 0 ,5 1 5 .9 6

I n c o m e ;
P a g e  C h a r g e s .................................................................................................................................................  1 1 ,9 0 0 .0 0
I n t e r e s t  I n c o m e    1 ,3 6 8 .2 0
M e m b e rs h ip  D u e s  ( 8 9 7  @ $ 7 .0 0 )  ............................................................................................  6 ,2 7 9 .0 0
S u p p o r t in g  M e m b e rs  C o n t r ib u t io n  ............................................................................................  5 0 .0 0
A n n u a l  M e e t in g  R e g is t r a t i o n s  .......................................................................................................  5 ,5 5 2 .7 0
S a le  o f  S p e c ia l  P u b l i c a t i o n s  .......................................................................................................  1 1 2 .0 0
A d d i t io n a l  N e t  S u b s c r ip t io n  I n c o m e  —  W is ta r  I n s t i t u t e  .......................................... 3 ,7 2 3 .7 5
E d i to r i a l  A l lo w a n c e  —  W is ta r  I n s t i t u t e  ................................................................................. 7 ,2 7 5 .0 0
A w a r d  W in n e r s  R e c e p t io n  R e c e ip ts  ............................................................................................  4 6 0 .6 5
P ro c e e d s  f r o m  S a le  o f  S e r ie s  K  B o n d  ......................................................................................  4 9 3 .5 0
O th e r  I n c o m e  ..............................................................................................................................................  7 .0 0

T o ta l  I n c o m e  ................................................................................. $ 7 7 ,7 3 7 .7 6

E x p e n s e s :
S a la r ie s  a n d  W a g e s  ................................................................................................................................  $ 5 ,3 4 1 .4 2
P a y r o l l  T a x e s  ..............................................................................................................................................  1 4 4 .7 0
P e n s io n  a n d  G ro u p  I n s u r a n c e  C o n t r ib u t io n s  ......................................................................  2 9 2 .2 7
E d i to r i a l  O ffice  E x p e n d i tu r e s  .......................................................................................................  3 ,7 8 5 .0 0
O th e r  P e r s o n a l  S e rv ic e  ........................................................................................................................... 1 2 .3 6
H o te l  a n d  T r a v e l  ......................................................................................................................................  4 ,3 1 9 .7 6
A d d r e s s in g ,  M a i l in g  a n d  S h ip p in g  ............................................................................................  3 0 8 .6 6
T e le p h o n e  a n d  T e le g r a p h  ..................................................................................................................  2 1 5 .3 1
P r i n t i n g  a n d  E n g r a v in g  ........................................................................................................................  6 8 1 .2 9
S u p p l ie s  a n d  D u p l i c a t i n g  ..................................................................................................................  7 5 4 .9 4
R e n ta l  o f  E q u ip m e n t  a n d  S p a c e  .................................................................................................. 1 1 6 .0 0
E q u ip m e n t  R e p a i r s  a n d  M a in te n a n c e  ....................................................................................... 2 5 .7 8
D e p r e c ia t io n  E x p e n s e  .......................................................................................................................  8 2 .2 8
D u e s  to  A A A S ..............................................................................................................................................  4 0 .0 0
A w a r d  W in n e r s  R e c e p t io n  ................................................................................................................ 4 6 0 .6 5
C o ffee  L o u n g e  —  A n n u a l  M e e t in g  ............................................................................................  1 3 4 .8 1
O th e r  E x p e n s e  ...........................................................................................................................................  2 6 1 .6 0

$ 1 6 ,9 7 6 .8 3
F A S E B  B u s in e s s  S e rv ic e  C h a r g e  .................................................................................................. 9 4 0 .9 6

T o ta l  E x p e n s e  ..............................................................................  $ 1 7 ,9 1 7 .9 7

$ 5 9 ,8 1 9 .9 7F u n d  C a p i t a l  a t  1 2 / 3 1 / 6 5
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Hamburg was $45,000 (National Institute 
of Arthritis and Metabolic Diseases, 
$15,000; National Science Foundation, 
$10,000; Nutrition Foundation, Inc., 
$5,000; and AIN $15,000). This was ap
preciably less than had been anticipated, 
while the number of applications was 
greater than expected. The Committee 
awarded 121 travel grants out of a net 
total of 180 applications.

Two additional group flights to Ham
burg and return were announced, supple
menting those previously described in the 
travel folder sent to all AIN members and 
to applicants for travel grants. These were 
for trans-Atlantic travel only to suit those 
who wished to spend more than 21 days 
abroad but wished to arrange for their 
own European travel.

VII. Treasurer’s Report

Dr. W . A. Krehl distributed copies of 
the financial statement, reproduced here, 
and introduced to the membership the 
AIN business manager, Mr. John Rice. 
The Auditing Committee reported that, on 
their behalf, Dr. John Bieri of the Bethesda 
area had examined the records of the AIN  
finances and found them in order. The 
Auditing Committee recommended that in 
the future the auditing committee consist

of one or more AIN members residing in 
the Bethesda area, and that they be in
structed to review the financial records of 
the Institute in the Federation office. AIN’s 
present business arrangement with the 
Federation includes a professional audit 
of the AIN accounts within the Federa
tion audit.

VIII. Dues
Motion was made, seconded and passed 

to accept the recommendation of the AIN 
Council that membership dues remain the 
same as for last year ($ 7 .0 0 ).

IX. Editor’s Report —- 
Journal of Nutrition

The editor of the Journal of Nutrition, 
Dr. Richard H. Barnes, submitted his re
port for the calendar year 1965 with a 
comparison to 1963 and 1964. He called 
particular attention to the current guide 
for authors and asked that it be followed 
for manuscripts submitted to the Journal.

It was reported that the AIN Committee 
on Publication Management has been 
asked to investigate the costs and proce
dures for moving the redactory services of 
the journal to Beaumont and submit a 
recommendation to the Council.

The report and proposed budget were 
approved and are summarized below:

Editing and Publication Operations (Calendar year)

V o lu m e s  p u b l i s h e d
P a g e s  p u b l i s h e d  ( i n c l u d in g  p a p e r s ,  b io g r a p h ie s ,  

a n n o u n c e m e n t s ,  a n d  p r o c e e d in g s )
( S c ie n t i f i c  p a p e r s  o n ly )

P a p e r s  p u b l i s h e d  ( i n c l u d in g  3  b io g r a p h ie s )
P a p e r s  s u b m i t t e d  
P a p e r s  r e j e c t e d

R e je c t io n  r a t e  ( b a s e d  o n  n o . p a p e r s  s u b m i t t e d )  
S u p p le m e n t s  p u b l i s h e d  
L e t te r s  to  t h e  E d i to r

Operating Schedule
Avg time for date of receipt of

manuscript to mailing to Wistar Press:
A v g  n o . d a y s  w i th  r e v ie w e r  
A v g  n o . d a y s  o u t  f o r  r e v i s io n  
A v g  n o . d a y s  i n  o ffic e , i n  m a i l  

o r  i n  u n a v o id a b le  d e la y

A v g  to t a l  days
Avg time from date of receipt of

manuscript to mailing by Wistar P re s s :
A v g  n o .  m o n t h s  w i t h  E d i to r i a l  O ffice  
A v g  n o . m o n th s  w i t h  W is ta r  P re s s  
A v g  to t a l  months f r o m  d a te  o f

r e c e ip t  to  m a i l i n g  o f  J o u r n a l

1 9 6 3 1 9 6 4 1 9 6 5
. 8 0 , 81 8 2 , 8 3 , 84 8 5 , 8 6 ,8 7

1 4 3 6 1 3 3 9 1 3 8 4
1 3 8 3 ) ( 1 2 6 7 ) ( 1 3 1 3 )

2 0 4 191 189
3 1 2 2 9 3 3 0 3
113 112 98

3 6 % 3 8 % 3 3 %

1 2

21.2 2 0 .7 2 1 .5
2 4 .8 22.6 22.2

3 4 .9 2 9 .2 3 0 .6

8 0 .9 7 2 .5 7 4 .3

2.6 2 .4 2 .5
3 .2 3 .2 3 .0

5 .8 5 .6 5 .5
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S u m m a r y  o f  F in a n c e s  i n  t h e  O p e r a t io n  o f  th e  
E d i to r ’s O ffice , Journal of Nutrition 
J u l y  1, 1 9 6 5  —  D e c e m b e r  3 1 , 1 9 6 5

B a la n c e  b r o u g h t  f o r w a r d  .........................  $ 9 5 9 .2 7
R e c e ip ts ,  A IN  .....................................................  6 ,0 0 0 .0 0

T o ta l  r e c e ip t s  a n d
b a l a n c e  a v a i l a b l e  ..............  6 ,9 5 9 .2 7

E x p e n d i t u r e s ........................................................  4 ,7 5 1 .2 9

B a la n c e  ............................................. $ 2 ,2 0 7 .9 8

( T h i s  s t a t e m e n t  c o v e r s  a  p e r io d  o f  o n ly  6 m o n th s  
b e c a u s e  th e  b e g in n in g  o f  th e  f i s c a l  y e a r  w a s  
c h a n g e d  b y  t h e  A IN  b u s in e s s  o ffice  f r o m  J u ly  1 
to  J a n u a r y  1 .)

T h e  C o u n c i l  a p p r o v e d  t h e  b u d g e t  p r o p o s e d  b y  
D r . B a r n e s  f o r  th e  E d i to r ’s O ffice  f o r  th e  y e a r  
s t a r t i n g  J a n u a r y  1 , 1 9 6 6 .

X. Report of the Clinical Division:
J. F. Mueller

Dr. Mueller advised the membership of 
the coming ASCN annual meeting in 
Atlantic City and invited all members to 
attend and participate in the Second Mc
Collum Award banquet.

Dr. Mueller reminded the members of 
the Norman Jolliffe Fellowship Award. 
The purpose of the award is to stimulate 
interest in clinical nutrition among medi
cal students in the U. S. and to give finan
cial support to those active in the teaching 
of clinical nutrition in American medical 
schools.

XI. Reports of Committees and 
Representatives

A. Standing Committee on Experi
mental Animal Nutrition: G. F. Combs

T h e  p u r p o s e  a n d  f u n c t i o n  o f  th e  C o m m it te e  o n  
E x p e r im e n ta l  A n im a l  N u t r i t i o n  a s  s t a te d  i n  th e  
o p e r a t i n g  p r o c e d u r e  a p p r o v e d  b y  th e  C o u n c i l  a r e  
a s  fo l lo w s :  Purpose: ( a )  T o  e m p h a s i z e  th e  ro le  
t h a t  r e s e a r c h  w o r k e r s  i n  b a s ic  a n d  a p p l ie d  e x 
p e r i m e n t a l  a n i m a l  n u t r i t i o n  h a v e  p la y e d  a n d  w i l l  
c o n t i n u e  to  p l a y  i n  th e  d e v e lo p m e n t  o f  th e  s c i
e n c e  o f  n u t r i t i o n ,  ( b )  T o  a r o u s e  g r e a t e r  i n t e r e s t  
o n  t h e  p a r t  o f  th e s e  s c i e n t i s t s  i n  th e  f u n c t i o n s  o f  
t h e  A IN . Functions: ( a )  T o  p r o v id e  r e p r e s e n t a 
t io n  o f  t h e  e x p e r im e n ta l  a n i m a l  n u t r i t i o n i s t s  i n  
th e  a f f a ir s  o f  t h e  A IN  C o u n c il ,  ( b )  T o  b e  r e 
s p o n s ib le  to  t h e  C o u n c i l  o n  m a t t e r s  p e r t a i n i n g  to  
e x p e r im e n ta l  a n i m a l  n u t r i t i o n i s t s ,  ( c )  T o  w o r k  
w i th  th e  R u m i n a n t  N u t r i t i o n  a n d  P o u l t r y  N u t r i 
t i o n  C o n f e r e n c e s  i n  b e h a l f  o f  th e  C o u n c il ,  ( d )  
T o  i n i t i a t e  s t e p s  n e c e s s a r y  f o r  th e  c o n d u c t  o f  
s p e c if ic  a c t iv i t i e s  a n d  m e e t in g s ,  i n c l u d i n g  s y m 
p o s ia ,  c o n s id e r e d  d e s i r a b le  i n  t h e  a c c o m p l i s h 
m e n t s  o f  th e  p u r p o s e s  s e t  f o r t h  a b o v e , ( e )  T o  
d e v e lo p  a n d  i n i t i a t e  o th e r  a p p r o a c h e s  d e s ig n e d  to  
s t i m u l a t e  th e  g e n e r a l  i n t e r e s t  a n d  p a r t i c i p a t i o n

o f  r e s e a r c h  w o r k e r s  i n  b a s ic  a n d  a p p l ie d  e x p e r i 
m e n t a l  a n i m a l  s c ie n c e s  i n  th e  f u n c t i o n s  a n d  a c 
t iv i t ie s  o f  th e  A m e r ic a n  I n s t i t u t e  o f  N u t r i t i o n .

A  s y m p o s iu m  o n  “ N u t r i t i o n  E d u c a t i o n ”  w a s  
o r g a n iz e d  f o r  th e  a n n u a l  m e e t in g  b y  a  s u b 
c o m m it te e  o n  N u t r i t i o n  a n d  E d u c a t io n ,  c h a i r e d  
b y  J . K . L o o s li .  P a r t i c ip a n t s  i n  th e  s y m p o s ia  i n 
c lu d e d  J o h n  B . Y o u m a n s  a n d  G e o rg e  V . M a n n ,  
C o - c h a i r m e n ,  a n d  th e  f o l lo w in g  s p e a k e r s :  W . H . 
G r if f i th ,  A . E . H a r p e r ,  F . W . H i l l ,  J o h n  F . M u e l le r ,  
a n d  D e n a  C . C e d e rq u is t .

I n  a d d i t i o n ,  tw o  c o n f e r e n c e s  w e r e  o r g a n iz e d  
f o r  t h e  a n n u a l  m e e t in g  a s  f o l lo w s :  ( a )  3 1 s t  
A n n u a l  P o u l t r y  N u t r i t i o n  C o n f e r e n c e ,  c h a i r e d  b y  
F . H . K r a tz e r .  A  m a j o r  p a r t  o f  t h i s  p r o g r a m  
d e a l t  w i th  “ E f f e c t  o f  N u t r i t i o n  o n  C o n n e c t iv e  
T is s u e  a n d  C a r t i l a g e  F o r m a t io n  i n  C h ic k e n s .” 
( b )  7 th  A n n u a l  R u m i n a n t  N u t r i t i o n  C o n f e r e n c e ,  
c h a i r e d  b y  R . L . R e id . T h e  to p ic  o f  t h i s  c o n 
f e r e n c e  w a s  “ F o o d  I n t a k e  b y  R u m i n a n t  A n im a ls .”

E f f o r ts  to  c o l le c t  a  s e r ie s  o f  s l id e s  d e p ic t in g  
n u t r i t i o n a l  d e f ic ie n c y  d is e a s e  i n  e x p e r im e n ta l  
a n im a l s  h a v e  b e e n  i n i t i a t e d  ( s e e  P r o c e e d in g s  o f  
t h e  T w e n ty - n in th  A n n u a l  M e e t in g , J o u r n a l  o f  
N u t r i t i o n ,  86: 4 4 5 , 1 9 6 5 ) .  T h e  r e s p o n s e  b y  A IN  
m e m b e r s  to  r e q u e s t s  f o r  a p p r o p r i a t e  s l id e s  h a s  
b e e n  l im i te d  a s  y e t ,  b u t  t h i s  p r o j e c t  w i l l  b e  g iv e n  
a d d i t i o n a l  e m p h a s i s  b y  th e  c o m m it te e  d u r i n g  
th e  c o m in g  y e a r .  E v e n  n o w  th e  n u m b e r  o f  
s l id e s  a v a i l a b l e  to  th e  c o m m it te e  i s  v e r y  e n 
c o u r a g in g .  M e m b e rs  a r e  a s k e d  to  s e n d  s l id e s  to  
t h e  c o m m it te e  c h a i r m a n  o r  to  t h e  E x c u t iv e  
S e c r e ta r y .

B. Joint Committee on Biochemical 
Nomenclature: S. R. Ames

T h e  C o m m it te e  c o n f in e d  i t s  a c t i v i t i e s  p r i n c i 
p a l ly  to  p r o b le m s  o f  v i t a m i n  n o m e n c l a t u r e  a n d  
to  th e  e s t a b l i s h m e n t  o f  w o r k in g  l i a i s o n s  w i t h  
o th e r  n o m e n c l a t u r e  g ro u p s .

T h e  n o m e n c l a t u r e  o f  c o m p o u n d s  o f  i n t e r e s t  to  
b io c h e m is t s  is  c o n t i n u a l l y  u n d e r  r e v ie w  b y  c o m 
m i t t e e s  o f  th e  IU P A C -IU B  C o m m is s io n  o n  B io 
c h e m ic a l  N o m e n c la tu r e  ( C B N ) .  R e s u l t s  o f  t h e i r  
d e l ib e r a t i o n s  a r e  p u b l i s h e d  a n d  b e c o m e  a c c e p te d  
t e r m in o lo g y  f o r  s c ie n t i f ic  j o u r n a l s .  T h e  I n t e r 
n a t i o n a l  U n io n  o f  N u t r i t i o n a l  S c ie n c e s  ( I U N S )  
o c c a s io n a l ly  h a s  h a d  r e p r e s e n ta t i v e s  a t  C B N  d e 
l i b e r a t io n s .  I n  t h i s  c o u n t r y ,  t h e  O ffice  o f  B io 
c h e m ic a l  N o m e n c la tu r e ,  N A S -N R C  ( O B N )  w a s  
f o r m a l ly  l a u n c h e d  o n  J u ly  1, 1 9 6 5 , w i t h  t h e  a p 
p o i n t m e n t  o f  W a ld o  E . C o h n  a s  d i r e c to r .  T h e  
o b je c t iv e s  o f  O B N  a r e  d e f in e d  “ to  c o o r d in a te  i n 
f o r m a t i o n  c o n c e r n in g  b io c h e m ic a l  n o m e n c l a t u r e  
e f fo r ts  o f  n a t i o n a l  a n d  i n t e r n a t i o n a l  o r g a n iz a t io n s  
a n d  to  t a k e  a p p r o p r i a t e  s te p s  f o r  th e  s t i m u l a t i o n  
o f  e f fo r ts  a n d  th e  d i s s e m in a t io n  o f  t h i s  i n f o r m a 
t io n  i n  a p p r o p r i a t e  j o u r n a l s  a n d  b y  o th e r  m e a n s . ”

N u t r i t i o n i s t s  b o th  h e r e  a n d  a b r o a d  a p p e a r  to  
h a v e  t a k e n  a  r e l a t i v e ly  p a s s iv e  r o le  i n  t h e  e s t a b 
l i s h m e n t  o f  b io c h e m ic a l  n o m e n c l a t u r e  a n d  m o r e  
a c t iv e  p a r t i c i p a t i o n  i s  d e s i r a b le .  T h e r e  i s  n e c e s 
s i ty  f o r  i m m e d ia t e  a c t i o n  i n  s o m e  a r e a s ,  e s p e 
c ia l ly  t h e  v i t a m i n s  a n d  r e l a t e d  c o m p o u n d s .

T h e  C o m m it te e  c o n s id e r s  t h a t  g e n e r ic  d e s c r ip 
to r s  f o r  th e  v i t a m i n s  a r e  u s e f u l  a n d  n e c e s s a r y .  
B e c a u s e  c l a r i f i c a t i o n  o f  th e  IU P A C -IU B -C B N  p o s i 
t i o n  i n  t h i s  a r e a  w a s  e s s e n t i a l ,  C B N  w a s  a s k e d
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i f  t h e  d e s ig n a t io n  o f  s u i t a b l e  g e n e r ic  d e s c r ip to r s  
o f  t h e  v i t a m i n s  w a s  w i t h i n  i t s  p r o v in c e .  C B N  
a d v is e d  t h a t  i t  i s  n o t  n o w  n o r  d o e s  i t  p r o p o s e  to  
b e c o m e  i n  t h e  f o r s e e a b le  f u t u r e  c o n c e r n e d  w i th  
th e  n o m e n c l a t u r e  o f  v i t a m i n s  a s  v i t a m in s .  I t  
c o n s id e r e d  th e  p r o b le m  o f  g e n e r ic  d e s c r ip to r s  o f  
v i t a m i n s  a s  l y in g  o u t s id e  i t s  p r o v in c e  a n d  w i t h i n  
th e  p r o v in c e  o f  IU N S . W h e r e  C B N  h a s  c o n c e r n e d  
i t s e l f  w i t h  s u b s t a n c e s  w i t h  v i t a m i n  a c t iv i t i e s ,  i t  
h a s  d o n e  so  o n  a  c h e m ic a l  b a s i s  n o t  o n  a n  a c 
t iv i ty  b a s i s .  O u r  C o m m it te e  is  t h u s  f r e e  to  w o rk  
w i th  IU N S  to  e s t a b l i s h  s u i t a b l e  g e n e r ic  d e s c r ip 
to r s  f o r  th e  v i t a m i n s  w i t h o u t  c o n f l ic t  o f  i n t e r e s t  
w i t h  C B N .

T h e  f o l lo w in g  s y s te m  o f  n o m e n c l a t u r e  f o r  th e  
s te r e o i s o m e r s  o f  to c o p h e r o ls  a n d  t h e i r  e s te r s  w a s  
p r o p o s e d  b y  th e  C o m m it te e  a n d  a c c e p te d  b y  th e  
C o u n c il .

a -T o c o p h e ro l :

F o l lo w in g  i t s  i s o l a t i o n  f r o m  n a t u r a l  s o u r c e s ,  
n a t u r a l l y  o c c u r r in g  a - to c o p h e r o l  w a s  t e r m e d  a- 
to c o p h e r o l .  L a t e r ,  to  d i s t i n g u i s h  i t  f r o m  s y n 
t h e t i c  a - to c o p h e r o l,  n a t u r a l l y  o c c u r r in g  a - to c o p h 
e ro l  w a s  r e f e r r e d  to  a s  d -a - to c o p h e ro l .  R e c e n t  
e v id e n c e  h a s  s h o w n  i t  to  b e  2 D ,4 'D ,8 'D -a -tocoph- 
e r o l  ( 2 R ,4 'R ,8 'R - a - to c o p h e r o l ) .  I n  v ie w  o f  i t s  
n a t u r a l  o c c u r r e n c e  a n d  i n  a g r e e m e n t  w i t h  IU P A C  
p r a c t i c e s  f o r  o t h e r  v i t a m i n s  h a v i n g  a s y m e t r ic  
c e n t e r s ,  th e  n a m e  a - to c o p h e r o l  is  p r o p o s e d  f o r  
t h e  p u r e  s u b ta n c e  h i t h e r to  k n o w n  a s  d -a - to c o p h -  
e ro l.

R a c e m ic -a - to c o p h e r o l :

R a c e m ic -a - to c o p h e r o l ,  s y n th e s iz e d  f r o m  r a c e m ic  
i s o p h y to l ,  i s  a  m i x t u r e  o f  th e  e ig h t  p o s s ib le  
s te r e o i s o m e r s  o f  a - to c o p h e r o l.  I t  w a s  in c o r r e c t ly  
t e r m e d  d i - a - to c o p h e ro l  ( r a .- a - to c o p h e r o l)  im p ly 
in g  i d e n t i t y  w i t h  t h e  p r e v io u s ly  s y n th e s iz e d  
2 D L ,4 'D ,8 'D -a -to co p h ero l d e r iv e d  f r o m  n a t u r a l  p h y -  
to l  ( s e e  b e lo w ) .  T o  r e s o lv e  t h e  p r e s e n t  c o n f u 
s io n  a n d  i n  r e c o g n i t i o n  o f  i t s  b e in g  r a c e m ic  a t  
t h r e e  a s y m e t r ic  c e n t e r s ,  th e  t r iv i a l  n a m e  r a c e m ic -  
a - to c o p h e r o l  is  p r o p o s e d  f o r  t h e  m i x t u r e  o f  e ig h t  
s t e r e o i s o m e r s  h i t h e r to  k n o w n  a s  d i-a - to c o p h e ro l .

2DL-a-tocopherol:
T h e  s y n th e t i c  a - to c o p h e r o l  d e r iv e d  f r o m  n a t u r a l  

p h y to l  w a s  th e  f i r s t  s u b s t a n c e  to  b e  n a m e d  d l-a- 
to c o p h e r o l  a n d  h a s  b e e n  u n i f o r m l y  c o n f u s e d  w i th  
r a c e m ic - a - to c o p h e ro l  ( s e e  a b o v e )  f o l lo w in g  s y n 
th e s is  o f  th e  l a t e r  s u b s t a n c e  f r o m  r a c e m ic  i s o 
p h y to l .  T h e  s y n th e t i c  a - to c o p h e r o l  d e r iv e d  f r o m  
n a t u r a l  p h y to l  h a s  b e e n  s h o w n  to  b e  2d l ,4 'd ,8 'd- 
a - to c o p h e r o l  ( 2 R S ,4 'R ,8 'R - a - to c o p h e r o l ) ,  a  m i x t u r e  
o f  o n ly  2 o f  th e  8 p o s s ib le  s te r e o is o m e rs  o f  a- 
to c o p h e r o l .  A s  t h e  a c e t a t e  e s te r ,  i t  w a s  t e r m e d  
d i - a - to c o p h e ry l  a c e t a t e  w h ic h  a s  a  1%  s o lu t io n  in  
o i l  w a s  th e  f o r m e r  I n t e r n a t i o n a l  S t a n d a r d .  S y n 
t h e t i c  a - to c o p h e r v l  a c e t a t e  d e r iv e d  f r o m  n a t u r a l  
p h y to l  (2 D L ,4 'D ,8 'D -a -to co p h e ry l a c e t a t e )  i s  p r e s 
e n t ly  b e in g  s p e c i f ie d  f o r  th e  A n im a l  N u t r i t i o n  
R e s e a r c h  C o u n c i l  V i t a m in  E  R e f e r e n c e  S t a n d a r d .  
T o  r e s o lv e  t h e  p r e s e n t  c o n f u s io n  a n d  i n  r e c o g n i 
t i o n  o f  i t s  b e in g  r a c e m ic  a t  o n ly  t h e  2 p o s i t io n ,  
th e  n a m e  2 D L -a -to co p h e ro l is  p r o p o s e d  f o r  th e  
m ix tu r e  o f  2 s t e r e o i s o m e r s  h i t h e r to  k n o w n  a s  
s y n th e t i c  a - to c o p h e r o l  f r o m  n a t u r a l  p h y to l .

2L -a-T  o c o p h e r o l :
2 L ,4 'D ,8 'D -a -T o co p h e ro l (2 S ,4 'R ,8 'R -a - to c o p h e ro l)  

i s  th e  i - e p im e r  o f  a - to c o p h e r o l.  I t  h a s  b e e n  p r e 
p a r e d  i n  p u r e  f o r m  b y  r e s o lu t io n  o f  2D L -a-tocoph- 
e r o l  ( s e e  a b o v e )  a n d  i t s  b io c h e m ic a l  a n d  n u t r i 
t i o n a l  p r o p e r t i e s  a r e  b e in g  e x te n s iv e ly  i n v e s t i 
g a te d .  I n  v ie w  o f  th e  im p o r t a n c e  o f  t h i s  s t e r e o 
is o m e r  i n  r e s e a r c h  o n  t h e  b io c h e m is t r y  o f  a - to 
c o p h e r o l ,  th e  n a m e  2L -a - to c o p h e ro l i s  p r o p o s e d  
f o r  th e  s u b s t a n c e  h i t h e r to  k n o w n  a s  th e  ¡ -e p im e r  
o f  a - to c o p h e ro l.

T o c o p h e r y l  e s te r s :
I n  v ie w  o f  h i s to r i c a l  p r e c e d e n t  a n d  s in c e  n o  

c h a n g e  s e e m s  ju s t i f i e d ,  th e  r e t e n t i o n  o f  th e  -yl 
s u ff ix  to  r e f e r  to  to c o p h e r y l  e s te r s  i s  p r o p o s e d  
( e .g . ,  a - to c o p h e r y l  a c e t a t e ) .

(3-, 7- a n d  S -T o c o p h e ro ls :
T h e  a b o v e  p r o p o s a l s  c a n  b e  d i r e c t ly  a p p l ie d  to  

th e  c o r r e s p o n d in g  s te r e o i s o m e r s  o f  j3,- y - a n d  5- 
to c o p h e r o ls .

W i th  t h e  f o r m a t i o n  o f  O B N , th e  J o i n t  C o m 
m i t t e e  o n  B io c h e m ic a l  N o m e n c la tu r e  b e c o m e s  
s u p e r f lu o u s  a n d  w i l l  b e  d i s c o n t in u e d .  T h e  C o m 
m i t t e e  r e c o m m e n d s  th e  f o r m a t io n  o f  a  p e r m a n e n t  
N o m e n c la tu r e  C o m m it te e  o f  A IN . T h is  c o m m it te e  
w o u ld  s e rv e  to  e v a lu a t e  a n d  m a k e  r e c o m m e n d a 
t io n s  i n  a r e a s  n o t  b e in g  r e v e iw e d  b y  C B N  a n d  
O B N  a n d  in  c o o p e r a t io n  w i th  IU N S  w o u ld  r e 
so lv e  n o m e n c l a t u r e  p r o b le m s  t h a t  a r e  p e c u l i a r  
to  n u t r i t i o n i s t s .

C. Ad hoc Committee on International 
Nutrition: W . N. Pearson

T h is  C o m m it te e  r e c e n t ly  c a r r i e d  o u t  a  s u r v e y  
o f  th e  A IN  m e m b e r s h ip  to  d e t e r m in e  t h e  e x t e n t  
to  w h ic h  in d i v i d u a l  m e m b e r s  w e r e  i n v o lv e d  i n  
i n t e r n a t i o n a l  n u t r i t i o n  p r o g r a m s .  T h e  r e s u l t s  o f  
t h i s  s u r v e y  w e r e  th e  b a s i s  o f  a  r e p o r t ,  p r e p a r e d  
b y  th e  C o m m it te e  l a s t  y e a r ,  s h o w in g  th e  n u m 
b e r  o f  m e m b e r s  w h o  h a d  a c t u a l ly  w o r k e d  i n  a  
f o r e ig n  c o u n t r y ,  th o s e  m e m b e r s  w h o  e x p e c te d  to  
p a r t i c i p a t e  i n  f o r e ig n  n u t r i t i o n  p r o g r a m s  i n  th e  
i m m e d ia t e  f u t u r e ,  a n d  th e  n a m e s  a n d  a d d r e s s e s  
o f  6 2 5  f o r e ig n  s t u d e n ts  t r a i n e d  i n  t h e  U . S. b y  
m e m b e r s  o f  th e  A IN . C o p ie s  o f  th i s  r e p o r t  a r e  
a v a i l a b l e  f r o m  th e  o ffice  o f  t h e  E x e c u t iv e  S e c re 
ta r y .

D r . P e a r s o n  r e p o r t e d  to  t h e  C o u n c i l  t h a t  th e  
C o m m it te e ,  h a v in g  c o m p le te d  t h e  a b o v e  r e p o r t ,  
h a d  n o t  e m b a r k e d  o n  a n y  f u r t h e r  p r o g r a m s  d u r 
in g  th e  p a s t  y e a r ,  b u t  h e  r e c o m m e n d e d  th e  c o n 
t i n u a n c e  o f  th e  C o m m it te e  a n d  th e  w o r k  w h ic h  
h a d  b e e n  s t a r t e d .

P r e s id e n t - e le c t  S c h a e f e r ,  i n  h i s  i n f o r m a l  c o m 
m e n t s  to  th e  m e m b e r s ,  r e p o r t e d  t h a t  th e  C o u n c i l  
h a d  t a k e n  p o s i t iv e  a c t io n  to  c o n t in u e  th i s  w o r k  
a n d  t h a t  h e  w o u ld  a p p o in t  a  s t r o n g  c o m m it te e  
to  c a r r y  i t  o n . S p e c if ic a l ly ,  th e  l a t t e r  w a s  
c h a r g e d  w i t h  d e v e lo p in g  a  c o n t r a c t  b e tw e e n  th e  
A g e n c y  f o r  I n t e r n a t i o n a l  D e v e lo p m e n t  a n d  A IN  
i n  s u p p o r t  o f  t h e  A ID  “ F o o d  f o r  P e a c e ”  p r o g r a m .  
T h is  w o u ld  i n c lu d e ,  a m o n g  o th e r  t h i n g s ,  t h e  d e 
v e lo p m e n t  o f  a  r o s t e r  o f  n u t r i t i o n  s c i e n t i s t s  w o r k 
in g ,  o r  a v a i l a b l e  f o r  w o r k ,  o n  f o r e ig n  a s s ig n 
m e n t s ;  f o r e ig n  s tu d e n ts  b e in g  t r a i n e d  i n  th e
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U . S. a n d  th e  l o c a t io n  a n d  a v a i l a b i l i t y  o f  th o s e  
w h o  h a v e  c o m p le te d  t h e i r  t r a i n i n g ;  a n d  a  r e v ie w  
o f  o n g o in g  r e s e a r c h  a s s o c ia te d  w i th  f o r e ig n  i n 
s t i t u t e s .

D. Representative to the Food and Agri
culture Organization: B. S. Schweigert

F A O  h a s  b e e n  a c t iv e  i n  a  n u m b e r  o f  f ie ld s  o f  
i n t e r e s t  to  n u t r i t i o n i s t s  d u r i n g  th e  p a s t  y e a r  a n d  
o f  p a r t i c u l a r  s ig n i f i c a n c e  is  th e  s u m m a r y  i n  th e  
N o v e m b e r - D e c e m b e r  i s s u e  i n  1 9 6 5  o f  F R E E D O M  
F R O M  H U N G E R  f o r  th e  2 0  y e a r s  o f  p r o g r a m  
a c t iv i t i e s  i n  t h i s  f ie ld . I t  i s  a p p r o p r i a t e  to  p o in t  
o u t  t h a t  w h i le  e x te n s iv e  p r o g r e s s  h a s  b e e n  
a c h ie v e d  i n  a  n u m b e r  o f  c o u n t r i e s  i n  im p r o v in g  
f o o d  p r o d u c t io n  a n d  h e a l t h ,  e x p a n d in g  w o r ld  
p o p u la t i o n  i n  r e l a t i o n  to  fo o d  s u p p l ie s  h a s  r e 
s u l te d  i n  a n  e v e n  g r e a t e r  c o n c e r n  to  a c h ie v e  
“ f r e e d o m  f r o m  h u n g e r ” i n  1 9 6 6 .

T h r e e  o th e r  r e p o r t s  o f  i n t e r e s t  p u b l i s h e d  b y  
F A O  o r  j o in t ly  w i t h  W H O  a r e  a p p r o p r i a t e  f o r  
m e n t io n :  ( 1 )  P r o t e in  R e q u ir e m e n t ,  R e p o r t  n o .
3 7 ;  ( 2 )  S p e c i f ic a t io n s  f o r  th e  I d e n t i ty  a n d  P u r i t y  
o f  F o o d  A d d i t iv e s  a n d  T h e i r  T o x ic o lo g ic a l  E v a lu 
a t io n :  F o o d  C o lo r  a n d  s o m e  A n t im ic r o b ia l s  a n d  
A n t io x id a n t s ,  R e p o r t  n o . 3 8 ;  a n d  ( 3 )  S y m p o s iu m  
o n  I n d u s t r i a l  F e e d in g  a n d  C a n te e n  M a n a g e m e n t  
i n  E u r o p e ,  R e p o r t  n o . 3 6 .

E. Representative to National Research 
Council Division and Boards: G. F. Combs

T h e  D iv is io n  o f  B io lo g y , N R C -N A S , u n d e r  th e  
a b le  l e a d e r s h ip  o f  D r . A . G . N o r m a n ,  t h r o u g h  i t s  
F o o d  a n d  N u t r i t i o n  B o a rd ,  A r g i c u l t u r a l  B o a rd ,  
A g r i c u l tu r a l  R e s e a r c h  I n s t i t u t e ,  I n s t i t u t e  o f  L a b 
o r a to r y  A n im a l  R e s o u r c e s ,  U . S . N a t i o n a l  C o m 
m i t t e e  o f  I n t e r n a t i o n a l  U n io n  o f  N u t r i t i o n a l  
S c ie n c e s ,  U . S. N a t io n a l  C o m m it te e  f o r  th e  I n t e r 
n a t i o n a l  B io lo g ic a l  P r o g r a m ,  U . S. N a t i o n a l  C o m 
m i t t e e  f o r  th e  I n t e r n a t i o n a l  U n io n  o f  B io lo g ic a l  
S c ie n c e s  a n d  th e  U . S. N a t i o n a l  U n io n  f o r  P u r e  
a n d  A p p l ie d  B io p h y s ic s ,  h a s  h a d  a n o t h e r  m o s t  
p r o d u c t iv e  y e a r .

T h e  F o o d  a n d  N u t r i t i o n  B o a r d ,  w h i c h  c o m 
p le te d  i t s  2 5 th  a n n iv e r s a r y  w i t h  i t s  68t h  m e e t 
in g ,  h a s  p u b l i s h e d  a n  h i s t o r i c a l  b r o c h u r e ,  Twenty- 
five Years in Retrospect.

O th e r  p u b l i c a t i o n s  o f  th e  F o o d  a n d  N u t r i t i o n  
B o a rd  d u r in g  th e  y e a r  in c lu d e :  P u b .  1 2 8 2 , Pre- 
School Child Malnutrition —  Primary Deterrent 
to Human Progress, a n d  P u b .  1 2 7 0 , Some Con
siderations in the Use of Human Subjects in 
Safety Evaluation of Pesticides and Food Chem
icals. A lso , t h e  f i r s t  e d i t i o n  o f  th e  Foods Chem
icals Codex w i l l  b e  a v a i la b le  i n  th e  s u m m e r  o f  
1 9 6 6  w i t h  s p e c i f ic a t io n s  o f  i d e n t i t y  a n d  p u r i ty  
f o r  a b o u t  5 0 0  fo o d  c h e m ic a l s .  O th e r  n e w  r e p o r t s  
p r o g r e s s in g  in c lu d e :  The Role of Cereals in
World Nutrition, Nutritional Diseases Around the 
World —  Geographic Nutrition, a n d  Dietary Fat 
and Human Health.

O th e r  a c t iv i t i e s  i n c lu d e  a  p r o g r a m  i n  fo o d  
m ic r o b io lo g y  w h ic h  d e a l s  w i th :  1 ) im p r o v in g
t h e  r e p o r t i n g  o f  fo o d -b o rn e  d i s e a s e s ;  2 ) s t a n d 
a r d  m e th o d s  o f  m ic r o b io lo g ic a l  e x a m i n a t i o n  o f  
f o o d s ,  a n d ;  3 )  m ic r o b io lo g ic a l  c o n t r o l  m e a s u r e s  
u n d e r  c o n d i t i o n s  o f  g o o d  m a n u f a c t u r i n g  p r a c 
t ic e s .

T h e  C o m m it te e  o n  M a r in e  P r o t e in  R e s o u r c e s  
D e v e lo p m e n t ,  w i t h  th e  h e lp  o f  M r. G e o rg e  K. 
P a r m a n ,  E x e c u t iv e  S e c r e ta r y ,  h a s  c o n t i n u e d  to  
b e  a c t iv e  i n  i t s  a d v is o ry  s e rv ic e  o n  t h e  r e s e a r c h  
a n d  p r o d u c t io n  o f  m a r i n e  p r o t e in  c o n c e n t r a t e s  
f o r  h u m a n  c o n s u m p t io n  a n d  t h e  e f f e c t iv e  u t i l i 
z a t io n  o f  s u c h  p r o d u c ts .  T h is  c o m m i t t e e  h a s  
s t a te d  t h a t  t h e  f i s h  p r o t e in  c o n c e n t r a t e ,  f r o m  
w h o le  h a k e ,  a s  p r e p a r e d  b y  th e  B u r e a u  o f  C o m 
m e r c i a l  F i s h e r ie s  p r o c e s s ,  is  s a f e ,  n u t r i t i o u s ,  
w h o le s o m e  a n d  f i t  f o r  h u m a n  c o n s u m p t io n .

T h e  A g r i c u l t u r a l  B o a rd  is  n o w  p r i n t i n g  r e 
v is e d  p u b l i c a t i o n s  o n  n u t r i e n t  r e q u i r e m e n t s  o f  
d a i r y  c a t t l e ,  p o u l t r y  a n d  r a b b i t s .  A  n e w  p u b l i c a 
t i o n  o n  n u t r i e n t  c o m p o s i t io n  o f  f e e d s tu f f s  w a s  
r e le a s e d .  A  s p e c ia l  s t e e r in g  c o m m it te e  o f  th e  
A g r i c u l tu r a l  B o a rd  a r r a n g e d  a n d  c o n d u c te d  a  
p u b l i c  s y m p o s iu m  o n  th e  s c ie n t i f ic  a s p e c t s  o f  
p e s t  c o n t r o l ,  ( J a n u a r y  31  —  F e b r u a r y  3 , 1 9 6 6 )  
a  Proceedings w h ic h  w i l l  a p p e a r  a r o u n d  M a y  1, 
1 9 6 6 .

T h e  a f f i l ia te d  A g r i c u l tu r a l  R e s e a r c h  I n s t i t u t e  
h e ld  i t s  a n n u a l  m e e t in g  o n  O c to b e r  1 8 - 1 9 ,  
1 9 6 5 , o n  th e  th e m e  o f  World Food Needs and 
Production —  Present and Future, Proceedings 
o f  w h ic h  a r e  p u b l i s h e d .  T h e  1 9 6 6  p r o g r a m  w i l l  
d e a l  w i t h  The Role of Animal Agriculture in 
Meeting World Food Needs.

A Symposium on Research in Agriculture a lso  
w a s  s p o n s o r e d  jo in t ly  b y  U S D A  a n d  th e  N a t io n a l  
A c a d e m y  o f  S c ie n c e s  o n  F e b r u a r y  2 3 - 2 5 ,  1 9 6 6 . 
T h e  A g r i c u l tu r a l  R e s e a r c h  I n s t i t u t e  is  c o o p e r a t 
i n g  w i t h  U S D A  a n d  s t a te  a g r i c u l t u r a l  e x p e r i 
m e n t  s t a t i o n s  i n  p r e p a r in g  a  n a t i o n a l  in v e n to r y  
o f  a g r i c u l tu r e .  P u b l i c a t i o n  is  e x p e c te d  b y  m id 
s u m m e r ,  1 9 6 6 , a f t e r  i t  h a s  b e e n  a n a ly z e d .

T h e  I n s t i t u t e  o f  L a b o r a to r y  R e s o u r c e s  is  c u r 
r e n t l y  u p d a t i n g  a n d  r e v i s in g  Laboratory Ani
mals II, Animals for Research; Standards f o r  th e  
c a r e ,  b r e e d in g  a n d  m a n a g e m e n t  o f  m ic e ,  r a t s ,  
h a m s te r s ,  g u in e a  p ig s ,  c a t s ,  d o g s , r a b b i t s ,  p r i 
m a te s  ( M a c a c a  m u l a t t a ) ;  th e  s h ip p in g  o f  d o g s , 
th e  u t i l i z a t i o n  o f  t e s t  a n im a l s ;  a n d  th e  s h i p m e n t  
o f  l a b o r a to r y  p r im a te s .  I n  p r e p a r a t i o n  a r e  p o u l 
t r y  s t a n d a r d s ,  g e n e t ic  s t a n d a r d s ,  l a b o r a to r y  a n i 
m a l  q u a l i t y  s t a n d a r d s ,  l a b o r a to r y  a n i m a l  p r o 
c u r e m e n t  s t a n d a r d s ,  h e a l t h  s t a n d a r d s  f o r  
i n t e r n a t i o n a l  s h i p m e n t  o f  l a b o r a to r y  a n im a l s ,  
a n d  p r i m a te  s t a n d a r d s  ( o t h e r  t h a n  r h e s u s ) .

T h e  U .S . N a t i o n a l  C o m m it te e  f o r  th e  I n t e r 
n a t i o n a l  B io lo g ic a l  P r o g r a m  h a s  p r o g r e s s e d  
n ic e ly  i n  p l a n n i n g  th e  b a s i s  f o r  p a r t i c i p a t i o n  o f  
U .S . s c i e n t i s t s ,  i n c lu d in g  n u t r i t i o n  s c i e n t i s t s ,  i n  
IB P . T h e  p r e l i m i n a r y  f r a m e w o r k  o f  t h e  U .S . 
p r o g r a m  o f  IB P  is  p r e s e n t e d  in  U S N C , IB P  P u b .  
n o . 1, N R C -N A S , A u g u s t  1, 1 9 6 5 .

M e m b e rs  o f  th e  A IN  s h o u ld  b e  f u l ly  a w a r e  o f  
th e  n a t u r e  o f  t h i s  p r o g r a m  a n d  u n i q u e  o p p o r 
tu n i t i e s  w h ic h  i t  c a n  p r o v id e  f o r  n u t r i t i o n  r e 
s e a r c h  s c i e n t i s t s  i n t e r e s t e d  i n  i n t e r n a t i o n a l  n u 
t r i t io n .

F. Representative to the Federation: 
A. E. Schaefer

T h e  F e d e r a t io n  B o a rd  a c te d  to  a p p r o v e  th e  
a d d i t io n  o f  a n o t h e r  w in g  to  th e  n e w  b u i l d i n g  a t  
B e a u m o n t  ( M i l to n  O. L e e  B u i ld in g ) .
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T h e  F e d e r a t io n  h a s  e s t a b l i s h e d  a  p a t e n t  p o l ic y  
c o n c e r n in g  i n v e n t io n s  b y  e m p lo y e e s  w h ic h  w i l l  
b e  v o te d  o n  b y  th e  B o a rd  a f t e r  r e v ie w  b y  le g a l  
c o u n s e l .

T h e  F e d e r a t io n  b y la w s  h a v e  b e e n  r e v i s e d  to  
d e f in e  f u n c t i o n s  a n d  d u t i e s  o f  E x e c u t iv e  D i
r e c to r ,  C o m p t r o l le r ,  T r e a s u r e r .  A f fa i r s  o f  th e  
F e d e r a t io n  a r e  i n  g o o d  o r d e r ;  th e  n e w  E x e c u t iv e  
D ir e c to r ,  D r . J .  F . A . M c M a n u s  i s  c o n t i n u i n g  th e  
l e a d e r s h ip  o f  t h e  F e d e r a t io n  i n  a  c o m m e n d a b le  
m a n n e r .

G. U.S. National Committee, IUNS: 
G. F. Combs

T h e  U .S . N a t i o n a l  C o m m it te e  o f  th e  I n t e r 
n a t i o n a l  U n io n  o f  N u t r i t i o n a l  S c ie n c e s  h e ld  tw o  
m e e t in g s  d u r i n g  th e  y e a r  a n d  c o n t in u e s  to  s u p 
p o r t  th e  a d m is s io n  o f  IU N S  in to  t h e  I n t e r n a 
t i o n a l  C o u n c i l  o f  S c ie n t i f ic  U n io n s .  T o  th i s  e n d ,  
t h e  C o m m it te e  h a s  e n c o u r a g e d  s t r e n g t h e n i n g  th e  
p r e s e n t  p r o g r a m  o f  t h e  IU N S  to  i n c lu d e  p a r t i c i 
p a t io n  i n  th e  I n t e r n a t i o n a l  B io lo g ic a l  P r o g r a m ,  
to  d e v e lo p  a  d o c u m e n ta t io n  o f  n u t r i t i o n  s c ie n c e  
a t  th e  i n t e r n a t i o n a l  le v e l ,  to  e n c o u r a g e  a  c o m 
m o n  n o m e n c l a t u r e  f o r  i n t e r n a t i o n a l  u s e ,  a n d  to  
m a i n t a i n  a  l i s t  o f  n u t r i t i o n  s c i e n t i s t s  b y  c o u n 
t r ie s  t h r o u g h o u t  t h e  w o r ld .

A  r e v i s e d  C o n s t i t u t i o n  a n d  B y - la w s  f o r  IU N S  
h a s  b e e n  p r e p a r e d  f o r  p r e s e n t a t i o n  to  t h e  d e le 
g a te s  a t  th e  f o r th c o m in g  C o n g re s s .  T h e  C o m 
m i t t e e  h a s  e n c o u r a g e d  th e  a p p o i n t m e n t  o f  a  
n u t r i t i o n  s c i e n t i s t  to  a c t  a s  c o o r d in a to r  o f  n u 
t r i t i o n  s c ie n c e  p e r t i n e n t  to  th e  I n t e r n a t i o n a l  
B io lo g ic a l  P r o g r a m .

T h e  C o m m it te e  c o n t in u e s  to  e n c o u r a g e  th e  
d e v e lo p m e n t  o f  s t r o n g e r  n u t r i t i o n  s o c ie t ie s  i n  
o t h e r  c o u n t r i e s  a s  a  m e a n s  o f  s t r e n g t h e n i n g  th e  
IU N S .

H. Ad hoc Committee on Meeting 
Evaluation: Carl D. Douglass

D r. D o u g la s s  a d v is e d  th e  m e m b e r s h ip  t h a t  
A IN  h a d  f o r m e d  a  c o m m it te e  to  a s s e s s  th e  
e f f e c t iv e n e s s  o f  t h e  a n n u a l  m e e t in g  i n  s e rv in g  
t h e  n e e d s  o f  t h e  m e m b e r s h ip .  T o  p r o v id e  th e  
b a s i s  f o r  s o u n d  r e c o m m e n d a t io n s ,  th e  c o m m it te e  
a s k s  t h a t  m e m b e r s  g iv e  d i l i g e n t  c a r e  to  th e  
A IN  q u e s t io n n a i r e  p r e p a r e d  b y  t h i s  c o m m it te e  
w h ic h  w i l l  b e  s e n t  to  a l l  m e m b e r s .

I. Affiliation with AIBS: R. W . Engel
T h e  A IN  c o m m i t t e e  c o n s id e r in g  th e  f e a s ib i l i t y

o f  A IN  a f f i l ia t io n  w i th  A IB S  a d v is e d  t h a t  th e y  
h a d  n o  r e c o m m e n d a t io n  to  m a k e  a t  t h i s  t im e .

J. International Biological Program. 
See U.S. National Committee, IUNS, XI, 
G, of these Proceedings.

XII. New Business 
A. Resolution on Fluoridation. The 

following resolution was adopted by the 
membership at its meeting on April 15, 
1966:

W H E R E A S  th e  a d d i t io n  o f  a p p r o p r i a t e  
a m o u n t s  o f  f lu o r id e ,  to  th o s e  m u n i c i p a l

w a te r  s u p p l ie s  w h ic h  a r e  d e f ic ie n t  i n  
f lu o r id e ,  h a s  b e e n  s h o w n  to  im p ro v e  
t h e  d u r a b i l i t y  o f  d e n t a l  e n a m e l  a n d  to  
d e c r e a s e  th e  r a t e  o f  d e n t a l  d e c a y ,  a n d  
W h e r e a s  t h i s  w e l l - te s te d  p u b l ic  h e a l t h  
m e a s u r e  h a s  th e  s u p p o r t  o f  t h e  U .S . 
P u b l i c  H e a l t h  S e rv ic e ,  th e  A m e r ic a n  
M e d ic a l  A s s o c ia t io n ,  t h e  A m e r i c a n  D e n 
t a l  A s s o c ia t io n ,  a n d  m a n y  o th e r  s c i 
e n c e - o r ie n te d  g r o u p s ,  t h e r e f o r e  
B E  IT  R E S O L V E D  t h a t  t h e  A m e r ic a n  
I n s t i t u t e  o f  N u t r i t i o n  a t  i t s  a n n u a l  
m e e t in g  A p r i l  15 , 1 9 6 6  r e c o g n iz e s  f lu 
o r id a t io n  a s  a  s a f e ,  e f fe c t iv e  a n d  lo w - 
c o s t  m e a n s  o f  im p r o v in g  d e n t a l  h e a l t h  
b y  im p r o v in g  n u t r i t i o n .

B. Future Federation meetings;
1 9 6 7 : A p r i l  16—2 1 , C h ic a g o  
1 9 6 8 : A p r i l  15—2 0 , A t l a n t i c  C ity  
1 9 6 9 : A p r i l  1 3 - 1 8 ,  A t l a n t i c  C ity

C. The next Council meeting will be 
held on October 29, 1966, in Washington,
D.C.

A N N U A L  D I N N E R  A N D  
P R E S E N T A T IO N  O F  F E L L O W S  

A N D  A W A R D S

The annual banquet was held Thurs
day, April 14, 1966 at the Shelburne 
Hotel, with 377 individuals attending. 
Dr. Kline presided.

Dr. Charlotte Young, as chairman of 
the Fellows Committee, introduced the 
newly appointed Fellows, whose citations 
follow:

M a x  K l e i b e r — i n  r e c 
o g n i t io n  o f  h i s  d i s t i n 
g u is h e d  c a r e e r  a s  a n  
i n s p i r i n g  t e a c h e r ,  a u 
th o r  a n d  r e s e a r c h  
s c i e n t i s t ;  f o r  h i s  a t 
t e m p t  to  m a k e  n u t r i 
t io n  a  q u a n t i t a t i v e  s c i 
e n c e  b y  e x p r e s s in g  
b io lo g ic a l  c o n c e p ts  i n  
m a t h e m a t i c a l  a n d  u n i 
v e r s a l  t e r m s ;  f o r  h i s  
u n r a v e l i n g  o f  t h e  c o n 
d i t io n s  w h ic h  in f lu e n c e  
th e  m e ta b o l ic  r a t e  o f  
th e  b o d y ;  f o r  h i s  d i s 

c o v e ry  o f  t h e  r e l a t i o n s h i p  b e tw e e n  b o d y  s iz e  a n d  
m e ta b o l ic  r a t e ;  f o r  h is  c o n t r ib u t io n s  c o n c e r n in g  
th e  e v a lu a t io n  o f  d ie ts  f o r  a n i m a l s ,  p a r t i c u l a r l y  
h i s  “ r e p l a c e m e n t  e q u i v a l e n t ” m e th o d  o f  i n v e s t i 
g a t in g  t h e  u t i l i z a t i o n  o f  d i e t a r y  e n e r g y ;  f o r  h i s  
p io n e e r in g  u s e  o f  is o to p e s  i n  t h e  c l a r i f i c a t i o n  o f 
t h e  b io g e n e s is  o f  t h e  c o n s t i t u e n t s  o f  m i lk .  H is  
s u c c e s s  a s  a  t e a c h e r  a n d  l e c t u r e r  i s  d u e  i n  p a r t  
to  h i s  i n d e p e n d e n c e  o f  t h o u g h t  b u t  i n  l a r g e  
m e a s u r e  to  h i s  g r e a t  s e n s e  o f  h u m o r .  H e  r e 
c e iv e d  th e  A IN  B o r d e n  A w a r d  i n  1 9 5 2  a n d  th e  
M o r r is o n  A w a r d  o f  th e  A m e r ic a n  S o c ie ty  o f  
A n im a l  S c ie n c e  i n  1 9 5 3 .

MAX KLEIBER
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S a m u e l  L e p k o v s k y  —  

f o r  h i s  d i s t i n g u i s h e d  
c a r e e r  o f  r e s e a r c h  in  
b o th  f u n d a m e n t a l  a n d  
a p p l ie d  n u t r i t i o n ;  f o r  
h i s  c o n t r ib u t io n s  to  th e  
e a r ly  d is c o v e r ie s  o f  th e  
B v i t a m i n s  i n c lu d in g :  
th e  r e l a t i o n s h i p  o f  v i 
t a m i n  B 6 to  x a n t h u 
r e n i c  a c id  e x c r e t io n  
a n d  to  t h e  l e v e l  o f  
d i e t a r y  p r o t e in ,  th e  
i d e n t i t y  a n d  s t r u c t u r e  
o f  r ib o f la v in ,  th e  r e l a 
t i o n s h ip  o f  t h i a m i n e  
n e e d  to  th e  f a t  a n d  c a r b o h y d r a t e  o f  t h e  d ie t ,  
a n d  th e  m e ta b o l i s m  o f  p a n t o t h e n i c  a c id ;  f o r  h i s  
c o n t r ib u t io n s  to  o u r  u n d e r s t a n d i n g  o f  t h e  m e c h 
a n i s m s  o f  d ig e s t io n ,  h u n g e r  a n d  s a t ie ty .  H is  
m o d e s t  u n s e l f - s e e k in g  a n d  g e n e r o u s  a t t i t u d e  to 
w a r d  h i s  w o r k  a n d  h i s  f e l lo w  s c i e n t i s t s  i s  w e ll-  
k n o w n  th r o u g h o u t  th e  w o r ld  o f  n u t r i t i o n .  H is  
q u i e t  v o ic e  h a s  c le a r e d  u p  m a n y  a  c o n t r o v e r s y  
a n d  h i s  c h u c k le  h a s  s m o o th e d  o u t  m a n y  a rg u -

J o h n  B . Y o u m a n s  —  

f o r  a  d i s t i n g u i s h e d  c a 
r e e r  a s  p h y s i c ia n  a n d  
m e d ic a l  e d u c a to r  w h o s e  
l e a d e r s h ip  i n  c l i n i c a l  
n u t r i t i o n  h a s  p r o f o u n d 
ly  a f f e c te d  n u t r i t i o n a l  
s c ie n c e ;  f o r  h i s  d e s ig n  
a n d  a p p l i c a t i o n  o f  th e  
t e c h n ic  o f  n u t r i t i o n a l  
s u r v e y  in  th e  U n i te d
S ta te s  a n d  a b r o a d  p r io r
to  W o r ld  W a r  I I  a n d  
h i s  m a j o r  c o n t r ib u t io n s  
to  IC N N D ; f o r  h i s  e f 
f e c t iv e  g u id a n c e  in  

c l i n i c a l  n u t r i t i o n  a n d  r e s e a r c h  f o r  th e  U . S. 
A rm y  t h r o u g h  th e  O ffice  o f  th e  S u rg e o n  G e n e r a l  
a n d  f o r  t h e  A m e r ic a n  M e d ic a l  A s s o c ia t io n
th r o u g h  lo n g  m e m b e r s h ip  o n  th e  C o u n c i l  o n
F o o d s  a n d  N u t r i t i o n  a n d  a s  i t s  S c ie n t i f ic  D i
r e c to r .  A s a  t e a c h e r  h e  h a s  e x e r t e d  a  t e l l in g  
e f f e c t  u p o n  th e  c a r e e r s  o f  m a n y  m e m b e r s  o f  
A IN .

m e n ts .

JOHN B. YOUMANS

A
SAMUEL LEPKOVSKY

f a t t y  a c id s .  H e  h a s  d e t e r m in e d  t h e  d i e t a r y  r e 
q u i r e m e n t s  f o r  p o l y u n s a tu r a t e d  f a t t y  a c id s  i n  
s e v e r a l  s p e c ie s ,  i n c lu d in g  m a n ,  a n d  th e  f a c to r s  
w h ic h  in f lu e n c e  th e s e  r e q u i r e m e n t s .  H e  h a s  d e 
v e lo p e d  s e v e r a l  m e th o d s  f o r  t h e  a n a ly s i s  o f  f a t t y  
a c id s  a n d  h a s  c a r r i e d  o u t  e x te n s iv e  i n v e s t i g a 
t i o n s  o f  th e  i n t e r r e l a t i o n s h i p s  o f  f a t t y  a c id s  w i t h  
o th e r  l ip id s .  H e  h a s  m a d e  e s t im a te s  o f  th e  
d i e t a r y  l i n o l e a t e  i n t a k e  o f  m e n  a n d  o f  i n f a n t s  
a n d  a s s e s s e d  th e  r e q u i r e m e n t s  o f  th e  l a t t e r  f r o m  
s e r u m  f a t t y  a c id  a n a ly s e s .

T H E  C O N R A D  A . E L V E H J E M  A W A R D  
F O R  P U B L IC  S E R V IC E  

IN  N U T R IT IO N

T h e  f i r s t  C o n r a d  A . 
E lv e h je m  A w a r d  o f  
$1000 a n d  a  s c ro l l  
w a s  p r e s e n te d  to  D r. 
C h a r le s  G le n  K in g , 
A s s o c ia te  D ir e c to r ,  I n 
s t i t u t e  o f  N u t r i t i o n  S c i
e n c e s ,  C o lu m b ia  U n i 
v e r s i ty .  T h e  a w a r d  
w a s  m a d e  i n  r e c o g n i 
t i o n  o f  D r . K in g ’s lo n g  
a n d  d i s t i n g u i s h e d  s e r 
v ic e  to  th e  p u b l i c  a s  
e x e m p l i f ie d  b y  th e  f o l 
lo w in g :  h i s  i s o l a t i o n
o f  v i t a m i n  C p e r m a -  

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

t h r o u g h  p r o f e s s io n a l  s o c ie t ie s  a n d  n a t i o n a l  a n d  
i n t e r n a t i o n a l  a g e n c ie s ;  a s  t e a c h e r  a n d  c o u n s e lo r  
h e  h a s  i n f e c t e d  s t u d e n ts  a n d  a s s o c ia te s  w i t h  h is  
s p i r i t  o f  p u b l i c  s e rv ic e .  A lso  a s  th e  f i r s t  D i r e c to r ,  
a n d  l a t e r  P r e s id e n t ,  o f  th e  N u t r i t i o n  F o u n d a t io n  
h e  e s t a b l i s h e d  a  p a t t e r n  f o r  th e  s u p p o r t  b y  i n 
d u s t r y  o f  n u t r i t i o n a l  r e s e a r c h  a n d  e d u c a t io n  
w h ic h  h a s  b e e n  w id e ly  im i t a t e d .  T h is  F o u n d a 
t i o n  h a s  h a d  a  p r o f o u n d  im p a c t  u p o n  th e  d e v e l 
o p m e n t  o f  n u t r i t i o n a l  s c ie n c e  a n d  t h e  a p p l i c a t i o n  
o f  r e s e a r c h  f in d in g s  to  th e  b e n e f i t  o f  m a n k i n d  
e v e r y w h e r e .  D r . K in g  h a s  i n d e l ib ly  im p r i n t e d  
th e  im p o r t a n c e  o f  n u t r i t i o n  o n  t h e  i n s t i t u t i o n s  
o f  g o v e r n m e n t ,  o f  i n d u s t r y ,  a n d  o f  e d u c a t io n .

M E A D  J O H N S O N  A W A R D  F O R  
R E S E A R C H  IN  N U T R I T I O N

CHARLES GLEN KING

n e n t l y  b e n e f i t s  m a n ;  h e  
h i s  e f fo r ts  to  f u r t h e r  th e

Dr. Kline, as toastmaster, presided at 
the presentation of the following awards:

B O R D E N  A W A R D  IN  N U T R IT IO N

T h e  1 9 6 6  B o rd e n  
A w a r d  o f  $ 1 0 0 0  a n d  a 
g o ld  m e d a l  w a s  p r e 
s e n te d  to  D r . R a lp h  
T h e o d o re  H o lm a n ,  P r o 
f e s s o r  o f  B io c h e m is t ry ,
H o r m e l  I n s t i t u t e ,  U n i 
v e r s i ty  o f  M in n e s o ta .
T h e  a w a r d  w a s  m a d e  
i n  r e c o g n i t io n  o f  D r .
H o lm a n ’s o u t s t a n d in g  
c o n t r i b u t i o n s  to  k n o w l
e d g e  o f  th e  m e ta b o l i s m  
a n d  t h e  r e q u i r e m e n t s
o f  th o s e  i m p o r t a n t  c o n -  ralph t. holman 
s t i t u e n t s  o f  m i lk ,  th e

T h e  1 9 6 6  M e a d  J o h n 
s o n  a n d  C o m p a n y  
A w a r d  o f  $ 1 0 0 0  a n d  a  
s c ro l l  w a s  a w a r d e d  to  
D r . M . D a n ie l  L a n e ,  A s
s o c ia te  P r o f e s s o r  o f  B io 
c h e m is t r y ,  N e w  Y o rk  
U n iv e r s i ty  S c h o o l  o f  
M e d ic in e . D r . L a n e  w a s  
s e le c te d  i n  c o n s id e r a 
t io n  o f  h i s  f u n d a m e n 
t a l  c o n t r ib u t io n s  to  o u r  
u n d e r s t a n d i n g  o f  th e  
m o d e  o f  a c t i o n  o f  b io 
t i n  i n  e n z y m a t ic  c a r 
b o x y la t io n  r e a c t io n s ,  
a n d  o f  h i s  p io n e e r in g  d e m o n s t r a t i o n  t h a t  in  
b io t in  e n z y m e s  th e  v i t a m i n  is  c o v a le n t ly  b o u n d  
i n  a n  a m id e  l i n k a g e  in v o lv in g  i t s  c a r b o x y l  g r o u p  
a n d  th e  e p s i lo n  a m in o  g r o u p  o f  ly s y l  r e s id u e s  o f  
th e  p r o te in .

M. DANIEL LANE
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O S B O R N E  A N D  M E N D E L  A W A R D

T h e  1 9 6 6  O s b o rn e  
a n d  M e n d e l  A w a r d  o f  
$1000 a n d  a  s c ro l l  w a s  
a w a r d e d  p o s th u m o u s ly  
to  D r . H a r o ld  H . M it 
c h e l l ,  P r o f e s s o r  E m e r i 
tu s  o f  A n im a l  N u t r i 
t io n ,  U n iv e r s i ty  o f  
I l l in o i s .  I t  w a s  p r e 
s e n t e d  i n  r e c o g n i t io n  
o f  h i s  p r e - e m in e n t  s t u d 
ie s  i n  m a m m a l i a n  p r o 
t e in ,  m i n e r a l  a n d  
e n e r g y  m e ta b o l i s m ,  c u l 
m i n a t i n g  i n  t h e  a u 
th o r s h ip  o f  a  tw o -  v o l 

u m e  c o m p e n d iu m ,  “ C o m p a r a t iv e  N u t r i t i o n  o f

M a n  a n d  D o m e s t ic  A n im a ls .”  H is  m a n y  p u b l i 
c a t i o n s  o n  th e  b io lo g ic a l  e v a lu a t io n  o f  p r o te in s  
h a d  a  p r o f o u n d  in f lu e n c e  o n  m e th o d o lo g y  a n d  
u n d e r s t a n d i n g  o f  t h i s  i m p o r t a n t  f ie ld  a n d  i l l u s 
t r a t e  th e  t h o r o u g h n e s s  o f  h i s  a p p r o a c h  to  s c ie n 
tif ic  m a t t e r s .  H is  i n t e r p r e t i v e  r e v ie w s  o n  c a l 
c iu m  r e q u i r e m e n t s ,  f lu o r in e  to x ic i ty ,  a n d  th e  
e f f e c t  o f  e n v i r o n m e n t a l  s t r e s s  o n  n u t r i e n t  m e t a b 
o l i s m  r e v e a le d  h i s  u n u s u a l  c a p a b i l i t y  a s  a  
m e t i c u lo u s  c r i t ic .  H is  i n f lu e n c e  w a s  f e l t  a ls o  by  
th e  e x c e l le n c e  o f  h i s  t e a c h in g  a n d  th e  a c c o m 
p l i s h m e n t s  o f  m a n y  s tu d e n ts .  A c h a r t e r  m e m b e r  
a n d  F e l lo w  o f  th e  I n s t i t u t e ,  h e  s e rv e d  f o r  24  
y e a r s  o n  t h e  e d i to r ia l  b o a r d  o f  th e  Journal of 
Nutrition. H e  r e c e iv e d  t h e  A IN  B o r d e n  A w a r d  
in  1 9 4 5 , a n d  th e  M o r r is o n  A w a r d  f r o m  th e  
A m e r ic a n  S o c ie ty  o f  A n im a l  P r o d u c t io n  i n  1 9 5 0 .

HAROLD H. MITCHELL

A M E R IC A N  IN S T I T U T E  O F  N U T R IT IO N

Founded April 11, 1933; Incorporated November 16, 1934; Member of Federation 1940

O F F IC E R S , 1 9 6 6 - 1 9 6 7

President: A . E . S c h a e f e r ,  N u t r i t i o n  S e c t io n , O f
fic e  o f  I n t e r n a t i o n a l  R e s e a r c h ,  N a t i o n a l  I n 
s t i t u t e s  o f  H e a l th ,  B e th e s d a ,  M a r y la n d .  

President-Elect: G. M . B r ig g s , D e p a r tm e n t  o f  
N u t r i t i o n a l  S c ie n c e s ,  U n iv e r s i ty  o f  C a l i 
f o r n i a ,  B e rk e le y , C a l i f o r n ia .

Past President: O . L . K lin e , 3 5 0 9  R o d m a n  
S t r e e t ,  N .W ., W a s h in g to n ,  D . C.

Secretary: W . N . P e a r s o n ,  D e p a r tm e n t  o f  B io 
c h e m is t r y ,  V a n d e r b i l t  U n iv e r s i ty  S c h o o l o f  
M e d ic in e .  N a s h v i l le ,  T e n n e s s e e  ( 1 9 6 9 ) .  

Treasurer: W . A . K r e h l ,  C l in i c a l  R e s e a r c h  C e n 
te r ,  U n iv e r s i t y  o f  Io w a , I o w a  C ity , Io w a
( 1 9 6 8 ) .

Councilors: N . S. S c r im s h a w  ( 1 9 6 7 ) ,  E . L . R . 
S to k s ta d  ( 1 9 6 8 ) ,  A . E . H a r p e r  ( 1 9 6 9 ) ,  A.
B . E is e n s te in  ( 1 9 6 9 ) .

Executive Secretary: J a m e s  W a d d e l l ,  9 6 5 0  R o c k 
v i l le  P ik e ,  B e th e s d a ,  M a r y la n d  2 0 0 1 4 .

C O M M IT T E E S

Nominating Committee: M . L . S c o tt ,  c h a i r m a n ;
D . B . C o u r s in ,  B . C . J o h n s o n ,  R u th  L e v e r to n ,
C. O . C h ic h e s te r .

Membership Committee: K . W . K in g  ( 1 9 6 8 ) ,
c h a i r m a n ;  C . H . H i l l  ( 1 9 6 7 ) ,  D e n a  C. C e d e r-  
q u i s t  ( 1 9 6 9 ) ,  G . V . M a n n  ( 1 9 7 0 ) ,  B . L. 
O 'D e ll  ( 1 9 7 1 ) .

Nominating Committee for Mead Johnson Aivard: 
P . L . D a y  ( 1 9 6 7 ) ,  c h a i r m a n ;  A . R . K em - 
m e r e r  ( 1 9 6 8 ) ,  L . M . H e n d e r s o n  ( 1 9 6 9 ) .  

Nominating Committee for Borden Aivard: P . H . 
W e s w ig  ( 1 9 6 8 ) ,  c h a i r m a n ;  E . L . H o v e
( 1 9 6 7 ) ,  K. E . H a r s h b a r g e r  ( 1 9 6 8 ) .  

Nominating Committee for Osborne-Mendel 
Aivard: M . O. S c h u l tz e  ( 1 9 6 7 ) ,  c h a i r m a n ;  
A le x  B la c k  ( 1 9 6 8 ) ,  L . E . H o l t ,  J r .  ( 1 9 6 9 ) .  

Nominating Committee for Conrad A. Elvehjem 
Award: E . E . H o w e  ( 1 9 6 7 ) ,  c h a i r m a n ;  F . 
W . Q u a c k e n b u s h  ( 1 9 6 8 ) ,  R . E . S h a n k  (1 9 6 9 ).

Fellows Committee: S. L . H a n s a r d  ( 1 9 6 7 ) ,  c h a i r 
m a n ;  P . E . J o h n s o n  ( 1 9 6 7 ) ,  W . H . G r if f i th
( 1 9 6 8 ) ,  A g n e s  F . M o r g a n  ( 1 9 6 9 ) ,  R . M . 
F o rb e s  ( 1 9 6 9 ) .

Committee on Honorary Memberships: P a u l
G y b rg y , c h a i r m a n ;  G ra c e  A . G o ld s m i th ,  R . 
W . E n g e l .

Auditing Committee: W . A. G o r tn e r ,  c h a i r m a n ;
G. V. V a h o u n y .

Finance Committee: W . A . K r e h l ,  c h a i r m a n ;
H . W . H o w a r d ,  D . V . F ro s t ,  G ra c e  A . G o ld 
s m i th ,  J a m e s  W a d d e l l  ( e x  o f f ic io ) .

Symposia Committee: E . L . R . S to k s ta d ,  c h a i r 
m a n ;  F . J .  I n g e l f in g e r ,  S. M . G a r n ,  L u c i l le  
S. H u r le y ,  D o r is  H . C a llo w a y , W . S. H a r t r o f t ,
C . G . K in g .

Committee on Publication Management: W . J .
D a r b y  ( 1 9 6 8 ) ,  c h a i r m a n ;  F . L. I b e r  ( 1 9 6 7 ) ,
D . M . H e g s te d  ( 1 9 6 7 ) ,  R . W . E n g e l  ( 1 9 6 8 ) ,  
J .  F . M u e l le r  ( 1 9 6 8 ) ,  J a m e s  W a d d e l l  ( c o n 
t i n u i n g )  s e c r e ta r y .  E x  o ffic io : W . N . P e a r 
s o n . A. B. E is e n s te in

Committee on Nomenclature: S. R . A m e s , c h a i r 
m a n ;  P . L . H a r r i s ,  H . H . W i l l i a m s ,  H . E . 
S a u b e r l i c h ,  M . E . S h ils .

Public Information Committee: M . S. R e a d
( 1 9 6 8 )  , c h a i r m a n ;  A . L . F o rb e s  ( 1 9 6 7 ) ,  
C . J .  A c k e r m a n  ( 1 9 6 7 ) ,  R u th  L . P ik e  ( 1 9 6 7 ) ,  
M a ry  A . W i l l i a m s  (1 9 6 7 ) , P . L . W h i te  (1 9 6 8 ) , 
J .  T . S im e  ( 1 9 6 8 ) ,  R . S. G o o d h a r t  ( 1 9 6 8 ) .

Committee on Experimental Animal Nutrition:
G . F . C o m b s  ( 1 9 6 9 ) ,  c h a i r m a n ;  W . H . 
P f a n d e r  ( 1 9 6 7 ) ,  v ic e - c h a i r m a n ;  R . W . L u e c k e
( 1 9 6 9 )  , E . W . C r a m p to n  ( 1 9 6 8 ) ,  F . W . H il l  
( 1 9 6 8 ) ,  J . K. L o o s l i  ( 1 9 6 7 ) .  E x  o ffic io : 
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