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V ita m in  0  lia s  been, m e a s u r e d  in  th e  se ru m  o f  c h i ld r e n  in  
v a r io u s  g e o g r a p h ic  a re a s  o f  th e  U n ite d  S ta te s  (M o y e r  e t  a l., 
’4 8 ; C la y to n  e t  a l., ’53 ; B a b c o c k  e t  ah , ’5 3 ; W il l ia m s  et ah , ’51; 
M o s c h e tte  e t ah , ’52; S t o r v ic k  et ah , ’51; M a ck  a n d  U r b a c h , 
’4 8 ; B e s s e v  a n d  L o w r y ,  ’47). S e r u m  c o n c e n tr a t io n s  o f  v ita m in  
C  c o n s id e r a b ly  b e lo w  th o se  w h ic h  in d ic a te  t is su e  s a tu r a t io n  
a p p e a r  to  be  w id e s p r e a d . I n  c o n t r o l le d  e x p e r im e n ts , ch a n g e s  
in  in ta k e  o f  v ita m in  C  a r e  r e fle c te d  r a p id ly  b y  ch a n g e s  in  
th e  c o n c e n tr a t io n  o f  th is  n u tr ie n t  in  fa s t in g  b lo o d  sa m p le s . 
L e s s  c le a r -cu t , b u t  s ig n ifica n t , r e la t io n s h ip s  b e tw e e n  in ta k e s  
a n d  se ru m  c o n c e n tr a t io n s  h a v e  b e e n  o b s e r v e d  in  th e  s u r v e y e d  
p o p u la t io n s .

I n fo r m a t io n  a b o u t  th e  n u tr it io n a l  s ta tu s  o f  I o w a  s c h o o l  
c h i ld r e n  w ith  r e s p e c t  to  v ita m in  C  h a s  b e e n  o b ta in e d  b y  a 
s u r v e y  c a r r ie d  o u t  f r o m  1949 t o  1951. T h e  p r e s e n t  r e p o r t  is  
c o n c e r n e d  w ith  c h ild re n  f r o m  6 to  18 y e a r s  o f  a g e  in  Io w a . 
D a ta  f r o m  th e  9-, 10-, a n d  1 1 -y e a r -o ld  c h ild r e n  a ls o  w ill  be  
a n a ly z e d  a lo n g  w ith  d a ta  f r o m  c h ild r e n  o f  th e  sa m e  a g e  g r o u p  
in  O h io  a n d  K a n s a s  a n d  w ill  b e  p u b lis h e d  s e p a r a te ly .

1 Contribution no. IS, Subproject 2, of the North Central Regional Cooperative 
Project NC-5, Nutritional status and dietary needs of population groups, in 
cooperation with the Human Nutrition Research Branch, Agricultural Research 
Service, Wahington, D. C. This manuscript is published as Journal paper no. 
J-2616, of the Iowa Agricultural Experiment Station, Ames, Project no. 1021.
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EXPERIMENTAL PROCEDURE

C h ild r e n  w e r e  s e le c te d  r a n d o m ly  b y  a g e  a n d  s e x  w ith in  
e le m e n ta r y  a n d  ju n io r  a n d  s e n io r  h ig h  s c h o o ls  w h ich  w e r e  
s a m p le d  f r o m  tw o  p o p u la t io n  g r o u p s  in  I o w a . E le v e n  e le m e n 
t a r y  s c h o o ls  w e r e  lo c a te d  in  c it ie s  w ith  o v e r  50 ,000 p e o p le  a n d  
26 e le m e n ta r y  a n d  7 ju n io r  a n d  s e n io r  h ig h  s c h o o ls  w e r e  l o 
c a te d  in  c it ie s  a n d  to w n s  w ith  a  p o p u la t io n  o f  le ss  th a n  50,000. 
T h e  e n t ire  sa m p le  u s e d  in  th e  s tu d y  o f  s e ru m  c o n c e n tr a t io n s  
c o n s is te d  o f  705 c h i ld r e n  f r o m  th ese  44  s ch o o ls . P e r m is s io n s  
w e r e  o b ta in e d  f r o m  p a r e n ts  f o r  th e  c h i ld r e n  t o  p a r t ic ip a te  
in  th e  s tu d y . R e fu s a ls  n e c e s s ita te d  r e p la ce m e n ts  b u t  a c 
c o u n te d  f o r  le s s  th a n  1 0 %  o f  th e  sa m p le . T h e  c h ild re n  w e r e  
r e q u e s te d  to  ea t n o  f r u i t  f o r  b r e a k fa s t  o n  th e  d a y  th a t  th e ir  
f in g e r -t ip s  w e r e  to  b e  p r ic k e d . B lo o d  sa m p le s  w e r e  c o lle c te d  
w ith in  tw o  h o u r s  a f t e r  th e  c h i ld r e n  a r r iv e d  a t s ch o o l. S e v e n - 
d a y  d ie t a r y  r e c o r d s  w e r e  o b ta in e d  f o r  692 ch ild re n , se ru m  
a s c o r b ic  a c id  c o n c e n tr a t io n s  f o r  655.

V ita m in  C  in  th e  se ru m  w a s  a n a ly z e d  b y  th e  m ic r o ch e m ic a l 
p r o c e d u r e  ( L o w r y  et a l., ’45 , a n d  B e s s e y  et a l., ’4 7 )  a n d  th e  
n u tr it io n a l  v a lu e s  o f  th e  d ie ts  w e r e  c a lc u la te d  w ith  th e  u se  
o f  th e  U S D A  A g r ic u l t u r e  H a n d b o o k  n u m b e r  8 ( W a t t  a n d  
M e r r il l ,  ’ 5 0 ) .

RESULTS AND DISCUSSION

M e a n s , s ta n d a r d  d e v ia t io n s  a n d  r a n g e s  b y  se x  a n d  a g e  f o r  
th e  c o n c e n tr a t io n  o f  se ru m  v ita m in  C a re  p r e s e n te d  in  ta b le  1. 
S e x  d i f fe r e n c e s  in  s e ru m  v ita m in  C le v e ls  o f  th e se  ch ild re n  
w e r e  n o t  a p p a r e n t . A  se q u e n t ia l  r a n g e  te s t  (H a r t le y ,  ’5 4 ) 
in d ic a te d  th a t  th e  s e ru m  c o n c e n tr a t io n  o f  v ita m in  C  d i f fe r e d  
a t s u c c e s s iv e  a g e s . F o r  b o y s , s ig n if ica n t  d i f fe r e n c e s  o c c u r r e d  
f r o m  8 to  9, 9 to  10, 11 to  12, 13 to  14 a n d  17 to  18 y e a r s . F o r  
g ir ls ,  d if fe r e n c e s  w e r e  s ig n if ica n t  f r o m  10 to  11, 12 t o  13, 13 to  
14, 14  to  15, 15 to  16 a n d  16 to  17 y e a r s  o f  a g e . W h ile  th e se  
d if fe r e n c e s  f r o m  y e a r  to  y e a r  w e r e  t o o  la r g e  to  a t tr ib u te  to  
r e a s o n a b le  s a m p lin g  f lu c tu a t io n  th e re  w a s  n o  c o n s is te n c y  as 
t o  d ir e c t io n  as m a y  b e  se e n  in  ta b le  1. F o r  b o y s , h o w e v e r , 
th e re  w a s  a  p r e p o n d e r a n c e  o f  s ig n if ica n t  n e g a t iv e  d i f fe r e n c e s
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in d ic a t in g  a  g e n e r a l  d e c lin e  in  s e ru m  c o n c e n tr a t io n  o f  v ita m in  
C  w ith  a g e  (s e e  b e lo w ) .

T h e  m e a n  in ta k e s  o f  v ita m in  C  (ta b le  1 ) r e m a in e d  th e  sa m e  
o r  in c r e a s e d  s l ig h t ly  w ith  in c r e a s in g  a g e . D e v ia t io n  o f  m e a n  
in ta k e s  h a v e  b e e n  r e p o r t e d  b y  E p p r ig h t  a n d  o th e r s  ( ’ 5 4 b ) . I t

T A B L E  1

Average daily intakes and serum concentrations of vitamin C of Iowa children 
sampled from 44 schools in 1949-1951

AGE HO. MINIMUM MEAN MAXIMUM STANDARDDEVIATION MEANINTAKE
yrs. mg /100ml vig/100 ml mg/100 ml mg¡100 ml mg H ay

B O Y S

6 2 1 0 .3 0 0 .9 1 2 .1 8 0 .5 7 7 8
7 2 6 0 .1 6 0 .8 3 1 .7 9 0 .4 6 6 2  ( 2 5 ) 1
8 3 7 0 .1 5 0 .8 6 2 . 0 0 0 .5 1 7 4
9 3 5 0 .1 5 1 .0 7 1 .8 5 0 .5 7 8 0

1 0 3 2 0 .1 4 0 .8 0 1 .7 4 0 .4 3 7 4
11 2 4 0 .3 3 0 .8 8 1 .8 7 0 .4 8 8 2
1 2 6 4 0 .2 2 0 .7 2 1 .7 4 0 .3 9 8 7  ( 6 2 )
1 3 2 7 0 . 1 5 0 .7 0 1 .8 1 0 .5 0 9 1
1 4 1 7 0 .1 5 0 .5 6 1 .6 0 0 .3 5 8 9  ( 1 6 )
1 5 1 4 0 .1 9 0 .5 0 0 .8 8 0 .2 2 8 6
1 6 1 5 0 .1 5 0 .5 6 1 .1 9 0 .3 5 1 1 5  ( 1 4 )
1 7 7 0 .2 1 0 .6 0 1 .9 4 0 .3 2 7 8  ( 6 )
1 8 1 0 0 .1 3 0 .4 7 1 .3 4 0 .4 2 9 1  ( 1 2 )

All boys 3 2 9 0 .7 8 8 2  ( 3 2 5 )

G I R L S

6 2 4 0 .1 9 0 .9 6 1 .8 7 0 .5 3 6 6
7 3 1 0 .2 6 1 .0 5 2 .1 0 0 .4 9 7 1
8 2 5 0 .2 0 0 . 9 4 2 .5 0 0 .6 1 7 9  ( 2 4 )
9 3 7 0 .1 4 0 .9 4 2 .4 7 0 .5 8 8 2

1 0 2 8 0 .2 8 1 .0 0 1 .9 2 0 .5 8 8 7
1 1 3 4 0 .2 3 0 .7 0 1 .6 4 0 .3 5 7 3  ( 3 3 )
1 2 6 2 0 .1 6 0 .7 3 2 .2 9 0 .4 4 8 6  ( 5 8 )
1 3 2 5 0 .1 2 0 .4 9 1 .2 7 0 .3 1 6 9
1 4 1 3 0 .0 9 0 .5 8 1 .6 9 0 .4 6 8 0
1 5 1 5 0 .1 2 0 .4 7 1 .2 5 0 .2 9 8 5
1 6 1 5 0 .1 6 0 .6 7 1 .6 2 0 .5 0 7 8
1 7 1 0 0 .2 2 1 .0 1 1 .9 5 0 .6 2 7 6
1 8 7 0 .2 7 1 .0 0 1 .6 9 0 .5 6 9 4

All girls 3 2 6 0 .8 1 7 9  ( 3 2 0 )

1 Numbers in parentheses indicate difference in the number of dietary records 
available as compared to number of serum vitamin C determinations.



312 CHARLOTTE RODERUCK AND OTHERS

a p p e a r s  th a t  b e y o n d  11 o r  12 y e a r s  o f  a g e , m ea n  s e ru m  v i t a 
m in  C  c o n c e n tr a t io n s  w e r e  f r e q u e n t ly  lo w e r  th a n  0.8  m g  % , 
w h ic h  m a n y  n u tr it io n is ts  b e lie v e  is  d e s ir a b le , a lth o u g h  m e a n  
in ta k e s  s im ila r  to  th e  R e c o m m e n d e d  A llo w a n c e s  w e r e  a s s o 
c ia te d  w ith  th e se  b lo o d  v a lu e s . D u r in g  te e n -a g e  y e a r s , s tre s se s  
a c c o m p a n y in g  p h y s ic a l  ch a n g e s  m a y  in c re a s e  th e  n e e d  f o r  
v ita m in  C.

TABLE 2

Distribution of Iowa children according to classification by serum vitamin C levels

SERUM VITAMIN C
SEX AGE P o o r

B e lo w  0 .4
m g  %

P a ir  
0 . 4 - 0 .6  
mg %

G o o d  
0 .7 —1.0
m g  %

E x ce l le n t  
1 .0 1  +  
m g  %

TOTAL

vrs. No. % No. % No. % No. % No.
6 ,7 ,8 1 9 ( 2 3 ) ' 1 5 ( 1 8 ) 1 7 ( 2 0 ) 3 3 ( 3 9 ) 8 4

9 , 1 0 ,1 1 1 7 ( 1 9 ) 1 8 ( 2 0 ) 1 6 ( 1 8 ) 4 0 ( 4 4 ) 9 1

B o y s 1 2 , 1 3 , 1 4 2 8 ( 2 6 ) 3 0 ( 2 8 ) 2 8 ( 2 6 ) 2 2 ( 2 0 ) 1 0 8

1 5  + 2 0 ( 4 3 ) 9 ( 2 0 ) 1 3 ( 2 8 ) 4 (  9) 4 6

T o t a l 8 4 ( 2 6 ) 7 2 ( 2 2 ) 7 4 ( 2 2 ) 9 9 ( 3 0 ) 3 2 9

6 ,7 ,8 1 1 ( 1 4 ) 1 6 ( 2 0 ) 1 5 ( 1 9 ) 3 8 ( 4 7 ) 8 0

9 , 1 0 , 1 1 1 8 ( 1 8 ) 2 0 ( 2 0 ) 2 9 ( 2 9 ) 3 2 ( 3 3 ) 9 9

G i r l s 1 2 , 1 3 , 1 4 3 4 ( 3 4 ) 2 4 ( 2 4 ) 2 1 ( 2 1 ) 2 1 ( 2 1 ) 1 0 0

1 5  + 1 6 ( 3 4 ) 1 1 ( 2 3 ) 6 ( 1 3 ) 1 4 ( 3 0 ) 4 7

T o t a l 7 9 ( 2 4 ) 7 1 ( 2 2 ) 7 1 ( 2 2 ) 1 0 5 ( 3 2 ) 3 2 6

1 Figures within parentheses are percentages of the totals given in the last 
column.

T h e  c h ild r e n  in  th is  s tu d y  h a v e  b e e n  c la s s if ie d  b y  se ru m  
v ita m in  C c o n c e n tr a t io n s  as s u g g e s te d  b y  B e s s e y  a n d  L o w r y  
( ’4 7 ) a n d  th e  d is t r ib u t io n  is  p r e s e n te d  in  ta b le  2. M o r e  o f  
th e  o ld e r  b o y s  a n d  g ir ls  th a n  o f  th e  y o u n g e r  w e re  in  th e  p o o r  
a n d  fa i r  c a te g o r ie s .  T h e  g r e a te s t  in c re a s e  in  th e  p e r c e n ta g e  
o f  c h i ld r e n  fa l l in g  in to  th ese  tw o  c a te g o r ie s  o c c u r r e d  f r o m  the 
9-, 10-, a n d  1 1 -y e a r -o ld s  to  th e  12-, 13-, a n d  1 4 -v e a r -o ld s . A b o u t  
5 0 %  m o r e  b o y s  a n d  g ir ls  w e r e  c la s s if ie d  as  p o o r  o r  f a i r  in  
th e  la t te r  g r o u p  th a n  in  th e  fo r m e r .

S in ce  th e  r e p o r t e d  v a lu e  o f  v ita m in  C  in  se ru m  is  a  c o n 
c e n tr a t io n  f ig u re , th e  in ta k e s  o f  th is  n u tr ie n t  w e r e  c a lc u la te d
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p e r  k i lo g r a m  o f  b o d y  w e ig h t  in  o r d e r  to  m a k e  so m e  a d ju s tm e n t  
f o r  d if fe r e n c e s  in  b o d y  s ize . D e c r e a s in g  m e a n  in ta k e s  p e r  k i lo 
g r a m  b o d y  w e ig h t  a n d  d e c r e a s in g  m e a n  c o n c e n tr a t io n s  o f  
v ita m in  C in  th e  b lo o d  s e ru m  b o t h  a c c o m p a n ie s  in c r e a s in g  
a g e  (f ig . 1 ) .  T h e  v ita m in  C  c o n c e n tr a t io n s  in  the s e ru m  o f  g ir ls  
o ld e r  th a n  14 y e a r s  o f  a g e  w e r e  a n  e x c e p t io n  to  th is  g e n e r a liz a -

Fig. 1 Changes in mean intakes and mean serum concentrations of vitamin C 

with age for Iowa children sampled from 44 schools in 1949-1951 and for whom 

both serum values and dietary records were available.

t io n  a n d  th e y  h a v e  b e e n  h a n d le d  s e p a r a te ly  in  a  su b se q u e n t 
a n a ly s is  in  th is  p a p e r . T h e  c o r r e la t io n  co e ffic ien t  ( r )  b e tw e e n  
in ta k e  p e r  k i lo g r a m  o f  b o d y  w e ig h t  a n d  se ru m  c o n c e n tr a t io n  
o f  v ita m in  C w a s  0.53 f o r  b o y s  a n d  0 .47  f o r  g ir ls .  W h e n  to ta l  
v ita m in  C in ta k e  p e r  d a y  a n d  s e ru m  v ita m in  C  w e r e  c o n 
s id e r e d , r  e q u a lle d  0 .39  f o r  b o th  b o y s  a n d  g ir ls .  H e n ce , the 
in ta k e  p e r  k i lo g r a m  o f  b o d y  w e ig h t  w a s  b e t te r  th a n  in ta k e  
p e r  d a y  f o r  p r e d ic t in g  se ru m  c o n c e n tr a t io n  o f  th e  n u tr ie n t .
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W h e n  v ita m in  C f r o m  to m a to e s , c it r u s  fr u it s ,  ra w  c a b b a g e , 
ca n ta lo u p e s  a.] id s o m e  b e r r ie s  w a s  c o n s id e r e d , th e  c o r r e la t io n  
o f  th is  f r a c t io n  o f  th e  t o ta l  v ita m in  C in ta k e  a n d  se ru m  v i t a 
m in  C w a s  0 .4o  f o r  th e  b o y s  in  th is  s tu d y , e s s e n t ia lly  th e  sam e 
v a lu e  as th a t  w h en  to ta l  in ta k e  o f  v ita m in  C w a s  u se d . C o r 
r e la t io n  b e tw e e n  v ita m in  C -r ich  f o o d s  a n d  to ta l  v ita m in  C in 
tak e  w a s  0.93, b e tw e e n  “ o t h e r ”  s o u r c e s  o f  v ita m in  C a n d  to ta l 
v ita m in  C  in ta k e , r  =  0.47, a n d  b e tw e e n  v ita m in  C -r ich  fo o d s  
a n d  “ o t h e r ”  s o u r c e s  o f  v ita m in  C , r  =  0 .11. T h e s e  c o r r e la 
t io n s  m a y  be  in te r p r e te d  to  m e a n  th a t  “ o t h e r ”  s o u r c e s  o f  
v ita m in  C w e re  a s m a lle r  a n d  m o r e  v a r ia b le  f r a c t io n  o f  th e  
to ta l  in ta k e  th a n  th e  v ita m in  C -r ich  fo o d s ,  a n d  th a t  th e  ch a n g e  
in  in ta k e  o f  v ita m in  C -r ich  fo o d s  a c c o u n te d  f o r  8 6 %  o f  th e  
ch a n g e  in  the to ta l v ita m in  C in ta k e . “ O t h e r ”  s o u r c e s  o f  v i t a 
m in  C a re  a lso  m o r e  u n c e r ta in  s o u r c e s  s in ce  th e y  a re  u s u a lly  
e x p o s e d  to  c o o k in g  lo s s e s . T h u s  it  a p p e a r s  th a t k n o w le d g e  o f  
th e  v ita m in  C -r ich  f o o d s  in  th e  d ie t  p r o v id e d  as m u ch  in fo r m a 
t io n  as t o ta l  v ita m in  C  in ta k e  f o r  p r e d ic t in g  se ru m  le v e ls  o f  
v ita m in  C  f o r  th e  b o y s  in  th is  p o p u la t io n , a lth o u g h  n eitlie*1 w a s  
a p r e c is e  p r e d ic t o r .

R e g r e s s io n  e q u a t io n s  h a v e  b e e n  c a lc u la te d  f o r  th e  d a ta  f r o m  
g ir ls .  A g e  a n d  in ta k e  o f  v ita m in  C f r o m  f r u it s  a n d  v e g e ta b le s  
p e r  k ilo g r a m  o f  b o d y  w e ig h t  p e r  d a y  w e re  c o n s id e r e d  as f a c 
t o r s  in flu e n c in g  th e  b lo o d  se ru m  c o n c e n tr a t io n  o f  v ita m in  C. 
W h e n  Y  =  b lo o d  se ru m  v ita m in  C , X j  =  v ita m in  C f r o m  fr u it s  
a n d  v e g e ta b le s  p e r  k ilo g r a m  b o d y  w e ig h t  p e r  d a y , a n d  X 2 
=  a g e  in  y e a r s , th en , f r o m  6 to  14  y e a r s  o f  a g e  Y '  =  63.2 
+  0 .1 8 X i —  0 .1 9 X 2, a n d  f o r  15 y e a r s  a n d  a b o v e  Y '  =  203.9  
+  0 .2 3 X ! +  1 .2 2 X 2. T h e s e  tw o  a g e  g r o u p s  w e r e  c h o s e n  b e 
ca u se  a n  a p p a r e n t  ch a n g e  in  r e la t io n s h ip  o f  in ta k e  to  b lo o d  
s e ru m  v ita m in  C  w a s  o b s e r v e d  in  f ig u re  1. T h e  coe ffic ien ts  f o r  
in ta k e  (0 .1 8  a n d  0 .2 3 ) w e r e  n o t  d i f fe r e n t  f o r  th e  tw o  a g e  
g r o u p s , b u t  th e  co e ffic ie n ts  f o r  th e  a g e  fa c t o r  ( —  0 .19 a n d  1 .22 ) 
w e re  s ig n if ic a n t ly  d i f fe r e n t  a n d  c h a n g e d  f r o m  a  n e g a t iv e  to  a 
p o s it iv e  r e la t io n s h ip  w ith  a g e . I t  is  p o s s ib le  th a t  a  s im ila r  
ch a n g e  in  t r e n d  o f  th e  c o n c e n tr a t io n  o f  v ita m in  C in  th e  b lo o d  
se ru m  is  a s s o c ia te d  w ith  a g e  a m o n g  b o y s , to o , b u t  th e  a p p a r e n t
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ch a n g e  in  d ir e c t io n  m a y  n o t  o c c u r  u n til  a b o u t  17 y e a r s  o f  a g e  
a n d  th e  n u m b e r  o f  o b s e r v a t io n s  in  th is  s u r v e y  b e y o n d  th a t  a g e  
w as in a d e q u a te  f o r  a n a ly s is .

T o t a l  d ie t a r y  in ta k e s  w e r e  g r o u p e d  in to  (1 )  th o se  d ie ts  
m e e t in g  a ll o f  th e  A l lo w a n c e s  r e c o m m e n d e d  b y  the N a t io n a l 
R e s e a r c h  C o u n c il  (2 )  th o se  h a v in g  so m e  n u tr ie n t  le ss  th a n  
1 0 0 %  o f  th e  A l lo w a n c e  b u t n o n e  le ss  th a n  6 7 % , a n d  (3 )  th o se

T A B L E  3

Serum and dietary ascorbic acid of Iowa survey children whose intakes of nutrients 
met all the National .'Research Council allowances or were lacking one-third 

of some single nutrient

A G E
G R O U P  I  1 G R O U P  I I  2

N o. S e ru m I n t a k e N o . S e ru m I n t a k e

yrs. mg/100 ml mg /day mg/100 ml mg/day

B O Y S

3 3 0 .9 6 9 0 2 1 0 .6 2 4 6

9 , 1 0 ,1 1 2 5 1 .0 7 : o 2 2 5 0 .6 8 5 2

1 2 , 1 3 ,1 4 19 0 .9 2 1 3 7 4 3 0 .6 0 6 8

1 5  + 4 0 .9 0 1 5 8 1 5 0 .3 5 6 1

G I R L S

0 ,7 ,8 2 3 1 .2 2 1 0 2 1 8 0 .8 1 4 6

9 , 1 0 ,1 1 1 4 0 .9 4 1 0 4 2 9 0 .6 4 5 7

1 2 , 1 3 ,1 4 9 0 .7 2 1 1 6 4 8 0 .5 6 6 2

1 5  + 2 0 .5 6 1 4 9 3 3 0 . 6 6 7 7

1 Group I includes children whose nutrient intake met or exceeded the National 

Research Council allowances and for whom serum vitamin C analyses were available.

2 Group II includes children whose nutrient intake lacked one-third of some 

single nutrient when compared with the National Research Council allowances and 

for whom serum vitamin C analyses were available.

la c k in g  3 3 % %  o f  th e  A llo w a n c e  f o r  s o m e  s in g le  n u tr ie n t . I n  
ta b le  3, d a ta  f o r  g r o u p s  1 a n d  3 a r e  g iv e n . G r o u p  3 w a s  c o m 
p r is e d  o f  c h ild r e n  w h o s e  in ta k e s  o f  v ita m in  C w e r e  a b o u t  
o n e -h a lf  th a t  o f  g r o u p  1 ;  a t  th e  sa m e  tim e , th e  se ru m  le v e l  o f  
v ita m in  C w a s  r e d u c e d  to  tw o -th ir d s  th a t  o f  g r o u p  1. C a lc iu m  
w a s  th e  n u tr ie n t  w h ic h  m o s t  f r e q u e n t ly  c a u s e d  th e  d ie ts  to  be 
c la s s if ie d  in to  g r o u p  3 ( E p p r ig h t  et al., ’ 5 4 a ) ,  a n d  v ita m in  C 
w a s  th e  s e c o n d  n u tr ie n t  m o s t  a p t  to  he la ck in g . H o w e v e r ,
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d ie ts  p o o r  in  on e  n u tr ie n t  w e r e  l ik e ly  to  b e  p o o r  in  se v e ra l 
n u tr ie n ts .

C h ild re n  w e r e  d iv id e d  in to  g r o u p s  o n  th e  b a s is  o f  th e ir  
b lo o d  se ru m  c o n c e n tr a t io n s  o f  v ita m in  C . G r o u p  A  w e r e  
th o se  c h ild r e n  w ith  b lo o d  se ru m  c o n c e n tr a t io n s  w ith in  ±  
1 s ta n d a r d  d e v ia t io n  o f  th e  m e a n  a t ea ch  a g e , g r o u p  B , th o se  
b e lo w  1 s ta n d a r d  d e v ia t io n , a n d  g r o u p  C, th o se  a b o v e  1 s ta n d 
a r d  d e v ia t io n . In ta k e s  f o r  th ese  g r o u p s  w e r e  th en  c o m 
p u te d  a n d  th e  d a ta  f o r  th e  e x tre m e  g r o u p s  o n ly  a re  g iv e n

T A B L E  I

Vitam in C in takes o f  Iow a  survey children classified outside one standard deviation  
o f  the mean serum  concen tra tion  o f  each age

BOYS GIRLS
AGE G ro u p  B l G r o u p  C 2 G r o u p  B l G r o u p  C  2

N o . S e ru m  I n t a k e N o. S e ru m I n t a k e N o. S e ru m  I n t a k e N o. S e ru m I n t a k e

mg % mg/
day mg % mg/

day mg % mg/
day mg % rrt.g/

day
6 3 0 .3 2 6 5 4 1 .8 1 9 3 5 0 .3 1 4 0 6 1 .6 6 1 0 6

7 5 0 .2 8 4 5 6 1 .5 1 8 1 6 0 .4 1 4 9 6 1 .7 5 8 4

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

1 0 7 0 .2 5 5 5 7 1 .4 3 1 0 1 5 0 .3 3 5 4 7 1 .7 8 1 1 8

1 1 4 0 .3 6 7 0 5 1 .5 4 1 0 5 4 0 .3 0 4 7 5 1 .3 7 8 0

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

1 Group B, children with serum vitamin G levels below 1 S.D. from the mean. 

- Group C, children with serum vitamin C levels above 1 S.D. from the mean.

in  ta b le  4. T h e  lo w e r  s e ru m  c o n c e n tr a t io n s  o f  v ita m in  C  in  
g r o u p  B  w e r e  a s s o c ia te d  w ith  lo w e r  in ta k e s  th a n  g r o u p  C. 
T h e  se ru m  o f  g r o u p  B  w a s  u s u a lly  le ss  th a n  o n e -fi fth  th a t  o f  
g r o u p  C w h ile  th e  in ta k e  o f  g r o u p  B  w a s  a b o u t  o n e -h a lf  th a t  o f  
g r o u p  C . T h e  f ig u r e s  a re  g iv e n  f o r  c h ild re n  6 to  13 y e a r s  o f  
a g e  o n ly  b e ca u se  th e  n u m b e rs  in  th e  e x tre m e  g r o u p s  b e y o n d  
th a t  a g e  a re  sm a ll. I t  a p p e a r s  th a t  c la s s if ic a t io n  b y  e ith e r  
in ta k e s  o r  b lo o d  le v e ls  p r o d u c e s  d i f fe r e n t ia t io n  in  th e  o th e r , 
b u t  th e  d e g r e e  o f  d if fe r e n c e  is  s m a lle r  in  th e  d e p e n d e n t  v a r i 
a b le .
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SUMMARY

D a ta  u s e fu l  in  d e fin in g  th e  n u tr it io n a l  s ta tu s  w ith  r e s p e c t  
to  v ita m in  C  h a v e  b e e n  o b ta in e d  f r o m  a b o u t  650 b o y s  a n d  
g ir ls  in  I o w a  to w n s  a n d  c it ie s . D e c r e a s in g  c o n c e n tr a t io n s  o f  
v ita m in  C in  th e  s e ru m  (e x c e p t  g ir ls  o v e r  14  y e a r s  o f  a g e )  
a n d  d e c r e a s in g  in ta k e s  o f  v ita m in  C p e r  k i lo g r a m  b o d y  w e ig h t  
w e r e  a s s o c ia te d  wdth in c r e a s in g  a g e . F r o m  15 y e a r s  o f  a g e , 
th e  c o n c e n tr a t io n  o f  v ita m in  C in  th e  b lo o d  s e ru m  o f  g ir ls  in 
c r e a s e d  a lth o u g h  th e re  w a s  n o  c o m p a r a b le  ch a n g e  in  in ta k e . 
M o r e  c h i ld r e n  o v e r  12 y e a r s  o f  a g e  th a n  c h ild r e n  u n d e r  12 
y e a r s  o f  a g e  w e r e  c la s s if ie d  as p o o r  o r  f a i r  a c c o r d in g  to  th e  
c a te g o r ie s  s u g g e s te d  b y  B e s s e y  a n d  L o w r y .

T h e  c a lc u la te d  in ta k e  o f  v ita m in  C f r o m  v ita m in  C -r ich  
f o o d s  o n ly  w a s  as g o o d  a s  t o ta l  v ita m in  C  in ta k e  f o r  p r e d ic t 
in g  b lo o d  s e ru m  c o n c e n tr a t io n s  o f  th is  n u t r ie n t ;  in ta k e  p e r  
k i lo g r a m  b o d y  w e ig h t  w a s  a  s o m e w h a t  b e t te r  p r e d ic t o r  o f  
s e ru m  c o n c e n tr a t io n s  th a n  w a s  to ta l  in ta k e  p e r  d a y . N o n e  
o f  th ese  m e a s u r e s  o f  in ta k e  w a s  a  p r e c is e  p r e d ic t o r  o f  the 
v ita m in  C c o n c e n tr a t io n  in  th e  se ru m . M e a n  in ta k e s  o f  v i t a 
m in  C  s im ila r  to  th e  B e c o m m e n d e d  A l lo w a n c e s  w e r e  a s s o 
c ia te d  w ith  m e a n  se ru m  c o n c e n tr a t io n s  lo w e r  th a n  0.8  m g %  
in  c h i ld r e n  b e y o n d  11 o r  12 y e a r s  o f  a g e .
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I n  a p r e v io u s  p a p e r  it  w a s  p o s tu la t e d  (M u r r a y  a n d  C a m p 
b e ll, ’5 5 ) th a t, w h ile  a u r e o m y c in  in c r e a s e d  th e  r e s p o n s e  to  
v ita m in  A  as m e a s u r e d  b y  th e  v a g in a l  sm e a r  a ss a y , i t  d id  n o t  
d o  s o  b y  in c r e a s in g  a b s o r p t io n  o f  th e  v ita m in  f r o m  th e  in te s 
t in a l t ra c t . T h is  th e o r y  w a s  b a s e d  on  th e  a s s u m p tio n  th a t  
a ll  v ita m in  A  h a d  d is a p p e a r e d  f r o m  th e  g u t  c o n te n ts  w ith in  
24 h o u r s  a f t e r  a d m in is t r a t io n  o f  a n  o r a l  d o s e . W h ile  th is  
a s s u m p t io n  se e m e d  ju s t if ie d , m o r e  d ir e c t  e v id e n c e  w a s  r e 
q u ire d . T h e  p u r p o s e  o f  th is  p a p e r  is  t o  r e p o r t  (1 )  d a t a  o n  th e  
a b s o r p t io n  a n d  d is t r ib u t io n  o f  d o s e s  o f  v ita m in  A  in  d e p le te d  
ra ts  a n d  (2 )  fu r t h e r  o b s e r v a t io n s  on  th e  e f fe c t  o f  a u r e o m y c in  
o n  v ita m in  A  u t iliz a t io n .

METHODS

T h e  v a g in a l  sm e a r  te ch n iq u e  a n d  d ie ts  w e r e  th o se  p r e v io u s ly  
d e s c r ib e d  (M u r r a y  a n d  C a m p b e ll, ’ 5 5 ) .  C h e m ica l a s s a y s  f o r  
v ita m in  A  w e r e  c a r r ie d  o u t  a c c o r d in g  to  th e  m e th o d  o f  A m e s , 
R is le y  a n d  H a r r is  ( ’ 5 4 ) .  F o r  o r g a n s  in  w h ich  o n ly  sm a ll 
a m o u n ts  o f  v ita m in  A  w e r e  e x p e c te d , a  k n o w n  a m o u n t  o f  
v ita m in  A  a ce ta te  w a s  a d d e d , a n d  th en  s u b tr a c te d  f r o m  the 
t o ta l  fo u n d  b y  a n a ly s is .

319
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RESULTS

Distribution of an oral dose. V it a m in  A -d e f ic ie n t  fe m a le  
ra ts , 28 in  n u m b e r , w e r e  d o s e d  o r a l ly  w ith  0.1 m l o f  a n  o il  s o lu 
t io n  c o n ta in in g  625 I .U . o f  v ita m in  A .  F o u r t e e n  o f  th e se  r a ts  
w e r e  f e d  a v ita m in  A - f r e e  d ie t , c o n ta in in g  66 m g  o f  a u r e o m y c in  
p e r  k ilo g r a m , d u r in g  th e  d e p le t io n  p e r io d .  T h e  r e m a in d e r  
w e r e  g iv e n  o n ly  th e  v ita m in  A - f r e e  d ie t . A t  in te r v a ls  r a n g in g

Fig. 1 Effect of aureomycin on the distribution of an oral dose of 625 I. U. 

of vitamin A.

f r o m  on e  to  72 h o u r s  a f t e r  d o s in g , 4  ra ts , tw o  o f  w h ic h  h a d  
r e c e iv e d  a u r e o m y c in  a n d  tw o  o f  w h ic h  h a d  n o t , w e r e  k il le d  b y  
d e c a p ita t io n . T h e  s to m a ch  (a n d  c o n t e n t s ) ,  in te s t in a l c o n te n ts , 
in te s t in a l w a lls , ca e cu m  (a n d  c o n t e n t s ) ,  l iv e r  a n d  k id n e y  w e r e  
a n a ly z e d  f o r  v ita m in  A .  I n te s t in a l  c o n te n ts  w e r e  o b ta in e d  b y  
f lu sh in g  th e  in te s t in e  s e v e r a l  t im e s  w ith  0 .9 %  sa lin e . T h e  
t is su e s  o f  u n d o s e d , v ita m in  A -d e f ic ie n t  r a ts  w e r e  a ls o  a n a ly z e d  
a n d , w h e r e  a n y  v ita m in  A  w a s  fo u n d , th e  b a s a l v a lu e s  w e r e  
su b tr a c te d  f r o m  th o se  o f  th e  te s t  a n im a ls . F r o m  th e  re s u lts
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o f  th is  e x p e r im e n t , sh o w n  in  f ig u r e  1, it  is  a p p a r e n t  th a t  
a u r e o m y c in  h a d  n o  m e a s u ra b le  in flu e n ce  o n  th e  d is t r ib u t io n  o f  
v ita m in  A . I t  is  a ls o  e v id e n t  th a t  th e  in te s t in a l c o n te n ts  w e r e  
f r e e  f r o m  v ita m in  A  w ith in  24 h o u r s  a f t e r  a n  o r a l  d o s e . T h e  a s 
s u m p tio n  th a t  a u r e o m y c in  c o u ld  n o t  in flu en ce  th e  a b s o r p t io n  
o f  v ita m in  A  f r o m  th e  in te s t in e  w h e n  it  w a s  f e d  o n ly  24 h o u rs  
a f t e r  d o s in g , w a s  t h e r e fo r e  s u p p o r te d . T h e  m u ch  sm a lle r  
d o s e s  u s e d  in  th e  v a g in a l  sm e a r  a s s a y  m ig h t  b e  e x p e c te d  to  
d is a p p e a r  f r o m  th e  g u t  c o n te n ts  e v e n  m o r e  q u ick ly . A s  h a s  
b e e n  n o te d  p r e v io u s ly  b y  P o p p e r  a n d  Y o lk  ( ’4 8 ) th e  g u t  
w a ll h e ld  a  sm a ll a m o u n t  o f  v ita m in  A  f o r  p e r io d s  u p  to  72 
h o u rs .

Effect of aureomycin on subcutaneous doses. T h e  u se  o f  
s u b cu ta n e o u s  d o s e s  o f  v ita m in  A  o f fe r e d  a n o th e r  a p p r o a c h  
to  th e  s tu d y  o f  th e  m o d e  o f  a c t io n  o f  a u r e o m y c in . T w o  v a g in a l  
sm e a r  a s s a y s  w e r e  c o n d u c te d  in  w h ic h  h a l f  th e  ra ts  r e c e iv e d  
a u r e o m y c in  ( 6 6 m g /k g )  in  th e ir  d ie ts  f r o m  tw o  d a y s  b e fo r e  
d o s in g  u n t il  th e  en d  o f  th e  test . E a c h  a s s a y  c o m p r is e d  60 
ra ts  a n d  w a s  id e n t ic a l  to  th o se  d e s c r ib e d  p r e v io u s ly  (M u r r a y  
a n d  C a m p b e ll, ’ 5 5 ) e x c e p t  th a t  th e  d o s e s  w e r e  a d m in is te r e d  
b y  su b cu ta n e o u s  in je c t io n  r a th e r  th a n  o r a l ly . I n  on e  o f  th ese  
a s s a y s  th e  d o s e s  w e r e  c o r n  o i l  d ilu t io n s  o f  v ita m in  A  a ce ta te  
w h ile  in  th e  o th e r  th e  d o s e s  w e r e  m a d e  b y  d i lu t in g  a c o m 
m e r c ia l  a q u e o u s  d is p e r s io n  1 o f  v ita m in  A . A u r e o m y c in  in 
c r e a s e d  th e  r e s p o n s e  to  v ita m in  A  in  ea ch  o f  th e  a s s a y s . T h e  
in c re a s e  in  r e s p o n s e  a m o u n te d  to  1 8 .2 %  ( l im it s  a t P  =  0 .05 =  
dz 1 1 .6 % )  w h e n  th e  d o s e s  w e r e  g iv e n  in  a n  a q u e o u s  d is p e r 
s ion , a n d  to  1 6 .3 %  ( l im its  a t P  =  0 .05 =  ±  2 5 .0 % )  w h e n  o il  
s o lu t io n s  o f  v ita m in  A  w e r e  u se d . A u r e o m y c in  t h e r e fo r e  in 
c r e a s e d  th e  r e s p o n s e  to  su b cu ta n e o u s  d o s e s  o f  v ita m in  A  b y  
a b o u t  th e  sa m e  a m o u n t  as  h a s  b e e n  r e p o r t e d  (M u r r a y  a n d  
C a m p b e ll , ’ 5 5 ) in  th e  ca se  o f  o r a l  d o s e s . T h is  s u p p o r t s  the 
th e o r y  th a t  a u r e o m y c in  d o e s  n o t  a f fe c t  th e  r e s p o n s e  to  d o s e s  
o f  v ita m in  A  b y  in c r e a s in g  th e  p r o p o r t io n  o f  th e  d o s e  a b s o r b e d  
f r o m  th e  in te s t in e .

1 Aquasol A, TJ.S. Vitamin Corporation.
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Distribution of a subcutaneous dose. S in ce  th e  in te s t in a l 
w a ll h e ld  a  p o r t io n  o f  a n  o r a l  d o s e  o f  v ita m in  A  f o r  as lo n g  
as 72 h o u rs , th e  p o s s ib i l i t y  e x is te d  th a t  a u r e o m y c in  m ig h t  h a v e  
som e  in flu en ce  o v e r  th e  m o b il iz a t io n  o f  th is  p o r t io n  o f  the 
v ita m in  f r o m  th e  in te s t in a l w a ll. H o w e v e r , i f  it  c o u ld  b e  sh o w n  
th a t v ita m in  A  d id  n o t  a p p e a r  in  th e  g u t  w a ll  a f t e r  a su b 
cu ta n e o u s  in je c t io n , th is  p o s s ib i l i t y  w o u ld  b e  e lim in a te d . A n  
e x p e r im e n t  w a s  t h e r e fo r e  c o n d u c te d  in  w h ich  d o s e s  o f  1,250
I.U . o f  v ita m in  A  w e r e  a d m in is te r e d  s u b c u ta n e o u s ly  to  v ita m in  
A -d e f ic ie n t  ra ts . S in g le  ra ts  w e r e  k il le d  a t in te r v a ls  f r o m  th re e  
to  72 h o u r s  a f t e r  r e c e iv in g  th e  d o s e s . T a b le  1 sh o w s  th e

T A B L E  1

Distribution of vitamin A in single rats after a subcutaneous dose of 1250 I.U.

H O U R S
A F T E R

D O S IN G

V I T A M I N  A  P E R  O R G A N  ( I . U . )

L iv e r K id n e y I n te s t in a l
w a l l s

S to m a ch I n te s t in a l
c o n te n ts C a e cu m

3 2 1 0 0 4 3 0 0

5 9 7 0 0 7 8 0 0

7 1 1 3 6 5 0 8 0 0

2 4 5 7 0 0 0 9 0 0

4 8 9 1 0 1 0 1 2 1 3 0 0

7 2 1 0 4 0 7 7 1 1 7 8 0 0

d is t r ib u t io n o f v ita m in  A in  v a r io u s o rg a n s . In  th is ca se ,
a f t e r  72 h o u rs , th e  l iv e r  c o n ta in e d  8 1 %  o f  th e  d o s e  w h ile  v i r 
tu a lly  n o n e  w a s  fo u n d  in  th e  in te s t in a l w a lls , in te s t in a l c o n 
ten ts  o r  ca e cu m . T h e  v e r y  sm a ll a m o u n ts  w h ic h  a re  l is te d  
as a p p e a r in g  in  th e  in te s t in a l w a ll  48 h o u r s  a f t e r  th e  d o s e  a re  
c o n s id e r e d  to  b e  w e ll  w ith in  th e  l im its  o f  e r r o r  o f  th e  a s s a y  
m e th o d . T h e  e f fe c t  o f  a u r e o m y c in  o n  th e  u t i liz a t io n  o f  s u b 
cu ta n e o u s  d o s e s  o f  v ita m in  A  c a n n o t  b e  a t tr ib u te d , t h e r e fo r e , 
to  m o b il iz a t io n  o f  v ita m in  A  f r o m  th e  g u t  w a ll  o r  to  in c re a s e d  
a b s o r p t io n  f r o m  th e  g u t  c o n te n ts .

Influence of dietary changes on the aureomycin effect. I t  
w a s  o f  in te r e s t  to  d e te rm in e  w h e th e r  ch a n g e s  in  th e  d ie t  h a d
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a n y  in flu en ce  o n  the u t i l iz a t io n  o f  v ita m in  A  in  th e  p r e s e n ce  
o f  a u r e o m y c in . I t  w a s  fe l t  th a t  th is  m ig h t  fu r n is h  som e  
fu r t h e r  c lu e  to  th e  m e ch a n ism  o f  th e  a c t io n  o f  a u r e o m y c in . 
T h e  fo l lo w in g  ch a n g e s  w e r e  m a d e  in  th e  v ita m in  A - f r e e  d ie t  : 
(1 )  s ta r ch  w as r e p la c e d  b y  s u c r o s e ;  (2 )  v ita m in  m ix tu r e , 
the c o m p o s it io n  o f  w h ich  is  sh o w n  in  ta b le  2, w a s  a d d e d ;  (3 )  
f o l i c  a c id  w a s  a d d e d  a t th e  r a te  o f  8 m g / k g ;  (4 )  a s c o r b ic  * 40

T A B L E  2

The effect of changes in the vitamin A-free diet and of aureomycin on the 
utilization o f vitamin A

DIET

Nr:M BE a O FDAYS TO BECOME DEFICIENT AFTER AN ORAL DOSE OF VITAMIN A

A -fr e e

A -fr e e
+

a u r e o 
m y c in

S u c r o s e

S u c r o s e
+

a u r e o 
m y c in

V i t a 
m in  
m ix 
t u r e  1

V i t a 
m in  
m ix 
t u r e  1

-t-
a u r e o 
m y c in

F o l ic
a c id

F o l ic
a c id

+
a u r e o 
m y c in

A s 
c o r b ic

a c id

A s 
c o r b ic

a c id
+

a u r e o 
m y c in

T e s t

1 1 8 .3 1 9 .3 1 9 .1 1 9 .3 1 7 .3 1 8 .8 1 9 .1 1 9 .4 1 8 .8 1 8 .3

2 1 6 .7 1 7 .5 1 6 .1 1 6 .6 1 6 .9 1 7 .4 1 6 .6 1 6 .8 1 7 .0 1 6 .6

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

4 1 5 .6 1 7 .0 1 5 .3 1 5 .3 1 6 .4 1 7 .5 1 6 .5 1 6 .8 1 5 .7 1 4 .5

M e a n 1 6 .6 1 7 .6  2 1 6 .5 1 6 .6 1 6 .8 1 7 .7  2 1 7 .3 1 7 .5 1 6 .9 1 6 .5

1 T h e  composition of the  vitamin mixture was as follows (amounts in milligrams 

per kilogram of diet) : thiamine 20, riboflavin 40, niacin 80, pyridoxine 20, calcium 

d-pantothenate 80, inositol 800, choline 4000, folic acid 8, para amino benzoic acid

40, vitamin B,2 16.

- Significant at P = 0.05.

a c id  w a s  a d d e d  a t th e  r a te  o f  2 g m /k g .  E a c h  o f  th ese  d ie ts  
w a s  fe d  to  10 v ita m in  A -d e f ic ie n t  ra ts , a n d  10 o th e rs  w e r e  
g iv e n  th e  sa m e  d ie ts  p lu s  66 m g  o f  a u r e o m y c in  p e r  k ilo g r a m . 
A f t e r  tw o  d a y s  a ll ra ts  w e r e  d o s e d  w ith  100 I .U . o f  v ita m in  A  
a n d  th e  n u m b e r  o f  d a y s  th a t  e la p s e d  u n til  ea ch  r a t  a g a in  b e - 
earfie d e fic ie n t , w a s  r e c o r d e d . D e fic ie n c y  w a s  ju d g e d  b y  a n  e x 
a m in a tio n  o f  th e  v a g in a l  sm e a rs . T h is  te s t  w a s  r e p e a te d  tw ice  
w ith  the sa m e  g r o u p s  o f  ra ts  a f t e r  w h ic h  th e  r a ts  w e r e  d is t r ib 
u te d  r a n d o m ly  to  f o r m  th e  g r o u p s  o f  te s ts  3 a n d  4. T h e  re su lts
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o f  th ese  te s ts  a re  sh o w n  in  ta b le  2. A u r e o m y c in  in c r e a s e d  th e  
r e s p o n s e  to  v ita m in  A  to  a  sm a ll b n t  s ig n if ica n t  e x te n t  w h e n  
th e  r e g u la r  s ta r c h  d ie t , o r  th e  r e g u la r  d ie t  s u p p le m e n te d  w ith  
a m u lt iv ita m in  m ix tu re , w a s  fe d . I t  h a d  n o  e f fe c t , h o w e v e r , 
w h e n  a d ie t  c o n ta in in g  s u c r o s e , a s c o r b ic  a c id  o r  f o l i c  a c id  w a s  
fe d . I t  a p p e a r e d  f r o m  th e se  re s u lts  th a t  f o l i c  a c id  i t s e l f  
m ig h t  h a v e  in c r e a s e d  th e  u t i liz a t io n  o f  v ita m in  A , h u t in  
a n o th e r  e x p e r im e n t  in  w h ich  tw o  le v e ls  o f  f o l i c  a c id  w e r e  fe d  
it  w a s  fo u n d  to  h a v e  n o  in flu en ce  o n  th e  v ita m in  A  a ssa y .

DISCUSSION

T h e  a s s u m p t io n  (M u r r a y  a n d  C a m p b e ll, ’ 5 5 ) th a t  v ita m in  
A  d is a p p e a r s  f r o m  th e  in te s t in e  w ith in  24 h o u r s  a f t e r  a n  o r a l  
d o se  h a s  b e e n  sh o w n  to  be  a  fa c t .  T h u s  th e  fe e d in g  o f  a u r e o 
m y c in , 24 h o u r s  a f t e r  th e  v ita m in  A  d o s e , ca n n o t  a f fe c t  th e  
a b s o r p t io n  o f  v ita m in  A . T h is  fin d in g  h a s  b e e n  c o n fir m e d  b y  
th e  o b s e r v a t io n  th a t  a u r e o m y c in  in c re a s e s  th e  r e s p o n s e  to  
su b cu ta n e o u s  d o s e s  o f  v ita m in  A  a lth o u g h  n o  p a r t  o f  th ese  
d o s e s  c o u ld  b e  fo u n d  in  th e  in te s t in a l w a ll  o r  c o n te n ts . T h e  
in c re a s e  in  r e s p o n s e , w h ic h  c o u ld  b e  a t t r ib u te d  to  a u re o m y c in , 
w a s  o f  th e  sa m e  o r d e r  as th a t  f o u n d  w h e n  o r a l  d o s e s  w e r e  u se d . 
A  so m e w h a t  s im ila r  o b s e r v a t io n  h a s  b e e n  m a d e  b y  J o n e s  a n d  
B a u m a n n  ( ’5 5 ) a n d  b y  S ch e n d e l a n d  J o h n s o n  ( ’5 4 ) w ith  
r e s p e c t  to  v a r io u s  B  v ita m in s .

T h e  s ig n ifica n ce  o f  th e  v ita m in  A  fo u n d  in  th e  s to m a ch  
a f t e r  a s u b cu ta n e o u s  in je c t io n  is  n o t  k n ow n . In  th e  e a r ly  
h o u rs  o f  th e  e x p e r im e n t  th is  c o u ld  h a v e  b e e n  a r e s u lt  o f  
th e  r a t  l ic k in g  th e  s ite  o f  in je c t io n , b u t  th is  c o u ld  n o t  h a v e  
b een  th e  ca se  a f t e r  72 h o u rs . T h e  a v e r a g e  a m o u n t  fo u n d  in  
th e  s to m a ch  o f  th e  in je c t e d  ra ts  w a s  37 I .U . g r e a t e r  th an  
th a t fo u n d  in  u n d o s e d  r a ts . H o w e v e r , th e re  w a s  c o n s id e r a b le  
v a r ia t io n  a m o n g  b o th  th e  d o s e d  a n d  u n d o s e d  ra ts . R e ifm a n , 
H a llm a n  a n d  D e u e l ( ’4 3 ) h a v e  a lso  co m m e n te d  on  th e  v a r ia b le  
a n d  a p p r e c ia b le  a m o u n ts  o f  v ita m in  A  fo u n d  in  th e  g a s t r o 
in te s t in a l t r a c t  o f  u n d o s e d  ra ts . I n  a n y  c a s e  th e  sm a ll a m o u n t 
o f  v ita m in  A  fo u n d  in  th e  s to m a ch  is  n o t  th o u g h t  to  h a v e  a n y  
b e a r in g  o n  th e  p r o b le m  b e in g  d is cu s s e d . I f  a u r e o m y c in  w e re
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to  h a v e  a n y  in flu en ce  o n  v ita m in  A  in  th e  s to m a ch , on e  w o u ld  
e x p e c t  th e  e f fe c t  to  be  m u ch  m o r e  m a r k e d  a f t e r  an o r a l  d o s e  
th a n  a f t e r  a s u b cu ta n e o u s  in je c t io n . T h is , h o w e v e r , w a s  n o t  
the ca se . F u r th e r m o r e , n o n e  o f  the v ita m in  A  w a s  fo u n d  in  th e  
in te s t in a l c o n te n ts  o r  w a lls .

T h e  o b s e r v a t io n  th a t  d ie ta r y  s u c r o s e  a n d  a s c o r b ic  a c id  a re  
c a p a b le  o f  in flu e n c in g  th e  a c t io n  o f  a u r e o m y c in  h a s  b e e n  m a d e  
b y  o th e rs , a lth o u g h  n o t  w ith  r e g a r d  to  v ita m in  A  u t iliz a t io n . 
S to k s ta d , J u k e s  a n d  W il l ia m s  ( ’5 3 ) r e p o r t e d  th a t  a u r e o m y c in  
w a s  m o r e  e f fe c t iv e  in  p r o m o t in g  g r o w th  in  ch ick s  w h e n  th e  
s ta r ch  o f  th e  d ie t  w a s  r e p la c e d  b y  s u cro s e . D a f t  a n d  S ch w a r z  
( ’ 5 2 ) fo u n d  th a t  e ith e r  a u r e o m y c in  o r  a s c o r b ic  a c id  p r e v e n te d  
th e  a p p e a r a n c e  o f  d e f ic ie n cy  s y m p to m s  in  ra ts  f e d  d ie ts  d e v o id  
o f  r ib o f la v in  o r  p a n to th e n ic  a c id . I t  is  k n o w n  (M o n s o n  et 
a l., ’ 5 4 ) th a t  th e  in te s t in a l s y n th e s is  o f  f o l i c  a c id  is  in c re a s e d  
in  th e  p r e s e n ce  o f  a u r e o m y c in . T h is  m a y  b e  th e  m e ch a n ism  b y  
w h ic h  a d d e d  f o l i c  a c id  e lim in a te s  th e  e f fe c t  o f  a u r e o m y c in , 
b u t  f o l i c  a c id  i t s e l f  h a d  n o  in flu en ce  on  th e  v ita m in  A  a ssa y . 
T h e  fa c t  th a t  a u r e o m y c in  h a d  n o  in flu en ce  on  th e  v ita m in  A  
a s s a y  w h e n  s u c r o s e , a s c o r b ic  a c id  o r  f o l i c  a c id  w e r e  a d d e d  to  
th e  d ie t , s u g g e s ts  th a t  in te s t in a l b a c te r ia  a re  in v o lv e d . T h u s , 
a u r e o m y c in  c o u ld  in c re a s e  th e  r e s p o n s e  to  d o s e s  o f  v ita m in  A  
b y  e lim in a t in g  b a c te r ia  w h ic h  w o u ld  o th e r w is e  d e s t r o y  p a r t  
o f  th e  d o s e , o r  b y  p r o m o t in g  th e  g r o w th  o f  b a c te r ia  w h ich  a re  
c a p a b le  o f  s y n th e s iz in g  v ita m in  A . P a r t ia l  d e s tr u c t io n  o f  th e  
d o s e  ca n  b e  ru le d  o u t  b e ca u s e  a u r e o m y c in  w a s  e f fe c t iv e  ev e n  
w h e n  f e d  a f t e r  th e  v ita m in  A  d o s e  h a d  l e f t  th e  in te s tin e . 
In te s t in a l  s y n th e s is  r e m a in s  a p o s s ib il i t y .  L u c k e y  ( ’ 5 5 ) h a s  
r e c e n t ly  p r e s e n te d  e v id e n ce  th a t  d ie t a r y  a n t ib io t ic s  s t im u la te  
th e  g r o w t h  o f  g e r m -fr e e  ch ick s  b y  d ir e c t  a c t io n  on  the tissu es . 
I t  is  im p o s s ib le  to  s a y  w h a t  p a r t ,  i f  an y , su ch  a m e ch a n ism  
h a s  in  th e  w o r k  r e p o r t e d  h e re .

SUMMARY

F u r t h e r  e v id e n c e  h a s  b e e n  o b ta in e d  w h ic h  in d ic a te s  th a t  
a u r e o m y c in  d o e s  n o t  e x e r t  its  e f fe c t  on  th e  v a g in a l  sm e a r  
a s s a y  f o r  v ita m in  A  b y  in c r e a s in g  the a b s o r p t io n  o f  the d o s e .
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I t  lia s  b e e n  sh o w n  th a t th e  in te s t in a l c o n te n ts  a re  f r e e  o f  
v ita m in  A  d u r in g  the p e r io d  in  w h ich  a u r e o m y c in  is  e ffe c t iv e . 
F u r th e r m o r e , a u r e o m y c in  in c r e a s e d  th e  r e s p o n s e  to  s u b 
cu ta n e o u s  d o s e s  o f  v ita m in  A  ev e n  th o u g h  n o  p a r t  o f  th ese  
d o s e s  a p p e a r e d  in  the in te s t in a l c o n te n ts  o r  w a ll.

A u r e o m y c in  h a d  n o  e f fe c t  o n  th e  u t i liz a t io n  o f  v ita m in  A  
w h e n  a s c o r b ic  a c id  o r  f o l i c  a c id  w e re  a d d e d  to  th e  d ie t , o r  
w h e n  s u c r o s e  w a s  su b s t itu te d  f o r  s ta r ch . P o s s ib le  m e ch a n ism s  
o f  th e  a c t io n  o f  a u r e o m y c in  a re  d is cu s se d .

LITERATURE CITED
A m e s , S. R., H. A. R is i .e y  a n d  P. L. H arris 1954 Simplified procedure for 

extraction and determination of vitamin A in liver. Analytical Chem., 
2 6 :  1378.

D a f t , E . S ., a n d  K . S c h w a r z  1952 Prevention of certain B  vitamin deficiencies 
with ascorbic acid or antibiotics. Federation Proc., 11: 200.

J o n e s , .J. D., a n d  C. A. B a u m a n n  1955 Relative effectiveness of antibiotics in 
rats given limiting B vitamins by mouth or by injection. J. Nutri
tion, S7: 61.

L u c k e y , T. D. 1955 Mode of action of antibiotics — evidence from germ-free 
birds. Cliom. and Eng. News, S3: 4644.

M o n s o n , W. J., A. E. H arper , M. E. W in j e  a n d  C. A. E l v e h j e m  1954 A 
mechanism of the vitamin-sparing effect of antibiotics. J. Nutrition, 
5 2 :  627.

M u r r a y , T. K., a n d  J. A. Ca m p b e l l  1955 The effect of aureomycin on the ap
parent utilization of vitamin A by the ovariectomized rat. Ibid., 
5 7 :  89.

P o p p e r , H., a n d  B. W. V o l k  1948  Intestinal absorption from aqueous and oily 
menstrum. Proc. Soc. Exp. Biol. Med., 6S: 562.

R e i m a n , A. G., L. F. H a l l m a n  a n d  H. J. D e u e l , Jr. 1943 The effect of 
concentration on the absorption of vitamin A. J. Nutrition, 2 6 :  33. 

S c h e n d e l , H. E., a n d  B. C. J o h n s o n  1954 Studies of antibiotics in weanling 
rats administered suboptimal levels of certain B vitamins orally and 
parenterally. Ibid., 54: 461.

S to c k st a d , E. L. R., T. H. J u k e s  a n d  W. L. W il l ia m s  1953 The growth- 
promoting effect of aureomycin on various types of diet. Poultry 
Sci., 32: 1054.



T H E  B I O L O G I C A L  U T I L I Z A T I O N  O F  T H E  P A L M I T I C  

A C I D  E S T E R S  O F  P A N T O T H E N I C  A C I D  1

TAKETAMI SAKURAGI AND PEED A. KUMMEROW
Department of Food Technology, University of Illinois, Urhana

(Received for publication January 12, 1956)

INTRODUCTION

P o o r  u t i l iz a t io n  o f  o r a l ly  a d m in is te r e d  p a n to th e n ic  a c id  
(H e n d e r s o n  e t  a l., ’4 2 ; S ilb e r , ’4 5 ) h a s  b e e n  sh o w n  to  b e  d u e  
to  th e  r e a d y  e x c r e t io n  o f  th e  ca lc iu m  a n d  th e  s o d iu m  sa lts  
in to  th e  fe c e s  (N e ls o n  et a l., ’4 7 ;  R u b in  et a l., ’4 8 ) ,  a n d  to  
th e  p o s s ib le  d e s tr u c t io n  o f  th e  v ita m in  in  th e  g a s t r ic  ju ic e  
(R u b in , ’4 8 ;  R u b in  et a l., ’ 4 8 ) .  S in c e  th e  lo n g -c h a in  fa t t y  
a c id  e s te r s  o f  p a n to th e n ic  a c id  (S a k u r a g i  a n d  K u m m e r o w , 
’5 6 ) a re  s o lu b le  in  fa t s ,  th e  a b s o r p t io n  a n d  th e  e x c r e t io n  o f  
th e  p a n to th e n ic  a c id  m o ie t y  w o u ld  b e  d i f fe r e n t  f r o m  th o se  
o f  th e  w a te r -s o lu b le  fo r m s . I m p r o v e d  s ta b il i ty  o f  th e  a c t iv e  
f r a g m e n t  m a y  a ls o  b e  e x p e c te d  b e ca u s e  o f  le ss  c o n ta c t  o f  th e  
fa t -s o lu b le  e s te rs  w ith  th e  g a s t r ic  ju ic e .

I n  th e  p r e s e n t  s tu d y , th e  b io lo g ic a l  u t i liz a t io n  o f  th e  p a l 
m it ic  a c id  e s te r s  o f  p a n to th e n ic  a c id  w a s  in v e s t ig a te d  w ith  
ra ts . S o  c a l le d  fa t -s o lu b le  d e r iv a t iv e s  o f  p a n to th e n ic  a c id  
su ch  as th e  a ce ta te , th e  p -n it r o b e n z o a te  o r  th e  c a r b o b e n z o x y  
d e r iv a t iv e  h a v e  b e e n  p r e p a r e d  (S t i l le r  e t a l., ’4 0 ;  H a r r is  et 
a l., ’4 1 ;  V vtioley , ’4 5 ) .  Q u a n tita t iv e  e v a lu a t io n  o f  th e  b i o 
lo g ic a l  a c t iv i t y  o f  th ese  p r e p a r a t io n s , h o w e v e r , w a s  n o t  c o m 
p le te  (W il l ia m s  et a l., ’ 5 0 ; R o b in s o n , ’ 5 1 ; S e b r e l l  a n d  H a r r is ,  
’ 5 4 ) .

1 This work was supported by research grant no. A-257 from the National 
Institutes of Zealth, U. S. Public Health Service, Department of Health, Educa
tion and Welfare.
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EXPERIMENTAL

T e s t  com pou n d s. T h e  sy n th e s is  o f  e th y l d ip a lm ito x y p a n -  
to th e n a te  ( I ) ,  e th y l 2 '-m o n o p a lm ito x y p a n to th e n a te  ( I I )  a n d  
p a n to th e n y l  t r ip a lm ita te  ( I I I )  h a s  b e e n  r e p o r t e d  e ls e w h e re  
(S a k u r a g i  a n d  K u m m e r o w , ’ 5 6 ) .

cmh3X

h o

OH3 0  0
H I  I || H H H

B j - O - O - C  — C - C - N - C - O  — Ej 
H I H H H

CH3

0 o
II II(I) Rx =  C16HS1 -  C -  ; R, =  -  C -  0 -  C2H6

O
(II) B, =  H -  ; Bj =  -  H -  O — C2H6

o  0
II H ||

(III) R* =  ChH31 -  C -  ; Bi =  - C - 0 - C “ CKH3X
H

F eed in g  ex p er im en ts  w ith  va riou s  p a n to th en a te  p r ep a ra 
tion s. T h ir t y - f iv e -d a y -o ld  m a le  ra ts  w h ic h  h a d  b e e n  k e p t  o n  
a  p a n to th e n a te -d e fic ie n t  d ie t  (ta b le  1 ) f o r  tw o  w e e k s  w e r e  
d iv id e d  in to  v a r io u s  g r o u p s . T h e  d ie ts  w e r e  su p p le m e n te d  
w ith  v a r io u s  le v e ls  o f  c a lc iu m  p a n to th e n a te , e th y l d ip a lm ito x y -  
p a n to th e n a te  ( I ) ,  p a n to th e n o l  o r  p a n to t h e n y l  t r ip a lm ita te  
( I I I )  w ith  o r  w ith o u t  th e  in c o r p o r a t io n  o f  a  s u lfa  d r u g 2 in  
th e  d ie t . T h e  d ie ts  w e r e  f e d  a d  lib itu m  a n d  th e  ch a n g e  in  
b o d y  w e ig h t  w a s  r e c o r d e d  o v e r  a p e r io d  o f  th re e  w e e k s . T h e  
p a n to th e n a te  le v e ls  te s te d  w e r e  3.5, 7 .0 , 10.0  a n d  20.0 Mg as 
d -c a lc iu m  p a n to th e n a te  p e r  g r a m  o f  r a t io n . T h e  c a lc iu m  
p a n to th e n a te  a n d  th e  p a n to th e n o l  s e r v e d  as c o n t r o ls  f o r  ¿the

2 The sulfaguanidine was kindly supplied by the American Cyanamid Company, 
Pine Chemicals Division; the succinylsulfathiazole was a. gift from the Paul Lewis 
Laboratories, Inc.
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e th y l d ip a li 'n ito x y p a n to th e n a te  ( I )  a n d  p a n to th e n y l  t r ip a lm i-  
ta te  ( I I I )  r e s p e c t iv e ly .

G row th  r e sp o n se  o f  th e p a n to th en a te -d ep le ted  ra ts  to a 
sin g le  d ose  o f  va r iou s  p rep a ra tio n s . T h e  m a le  w e a n lin g  ra ts  
w h ic h  w e r e  u s e d  in  th is  e x p e r im e n t  h a d  b e e n  k e p t  f o r  4  w e e k s  
o n  a  p a n to t h e n a te - fr e e  r a t io n  (ta b le  1 , 1 ) .  O n e p e r  cerr: s n lfa -

TABLE 1

Composition of the hasal ration
DIET I DIET II1

Glucose2 68 gm 64 gm
Vitamin-free casein 18 gm , 24 gm
Corn oil 10 gm 8 gm
Wesson salts 4 gm 4 gm

Vitamins per 100 gm ration
Choline chloride 200.0 mg 100.0 mg
Inositol 100.0 mg 40.0 mg
Niacin 10,0 mg 2.0 mg
Riboflavin 0.9 mg 1.0 mg
Thiamine hydrochloride 0.45 mg 0.5 mg
p-Aminobenzoie acid 0.3 mg 1.0 mg
Pyridoxine hydrochloride 0.15 mg 0.5 mg
Menadione 0.5 mg
Folic acid 0.08 mg
Biotin 0.4 /ig
Vitamin A 160 LIT./week
Vitamin D 1.6 ¿tg/week
Vitamin E 259 /ig/week

' Composition of diet III was the same as diet II, except that it included 0.05 mg 
each of folic acid and biotin per 100 gm of ration.

2 Cerelose.

g u a n id in e  c r  2 %  s u c c in y ls u lfa th ia z o le  w a s  a d d e d  to  th is  d ie t  
a t  th e  e x p e n s e  o f  th e  g lu c o s e . T h e  r a ts  w e r e  th en  d iv id e d  
in to  4 g r o u p s  o f  4 to  5 r a ts  ea ch , a n d  su p p le m e n te d  w ith  a  
s in g le  d o s e  o f  (¿ -ca lc iu m  p a n to th e n a te , d i-e th y l 2/-m o n o p a l-  
m ito x y p a n to th e n a te  ( I I ) ,  o r  d i-e th y l d ip a lm ito x y p a n to th e n a te  
( I )  e q u iv a le n t  to  500 y g  o f  d -c a lc iu m  p a n to th e n a te  p e r  ra t . 
I t  h a s  b e e n  r e p o r t e d  th a t  a s in g le  d o s e  o f  ca lc iu m  p a n to th e n a te  
a t  a  le v e l  o f  800 yg  in d u ce s  a m a r k e d  w e ig h t  g a in  in  p a n t o 
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th e n a te -d e p le te d  r a ts  (S t i l le r  e t  a l., ’4 0 ) .  T h e  c a lc iu m  p a n t o 
th e n a te  w a s  f e d  a s  a n  a q u e o u s  s o lu t io n  a n d  th e  fa t t y  a c id  
e s te r  w a s  d is s o lv e d  in  60 m g  o f  o l iv e  o il. A n  e q u a l a m o u n t  o f  
o l iv e  o i l  w a s  f e d  to  th e  a n im a ls  w h ic h  h a d  b e e n  su p p le m e n te d  
w ith  ca lc iu m  p a n to th e n a te . T h e  g a in  in  b o d y  w e ig h t  w a s  
r e c o r d e d  o v e r  a  p e r io d  o f  13 d a y s .

U rin a ry  e x c r e t io n  o f  p a n to th en ic  acicl b y  ra ts  fo llo w in g  the  
ad m in istra tion  o f  a s in g le  d ose  o f  va r iou s  p a n to th en a te  p r ep a 
ra tion s. N o r m a l m a le  r a ts  w e ig h in g  b e tw e e n  192 a n d  210 g m  
w e r e  d iv id e d  in to  th re e  g r o u p s  o f  th re e  r a ts  ea ch . T h e  ra ts  
w e r e  k e p t  o n  th e  s y n th e t ic  d ie t  (ta b le  1, I )  w h ic h  h a d  b e e n  
s u p p le m e n te d  w ith  10 pg  o f  d -c a lc iu m  p a n to th e n a te  p e r  g r a m  
o f  r a t io n . T h e  r a ts  w e r e  th en  s u p p le m e n te d  w ith  10 m g  o f  
d -c a lc iu m  p a n to th e n a te  o r  a n  e q u iv a le n t  a m o u n t  o f  d l-eth y l 
d ip a lm ito x y p a n to th e n a te  ( I )  o r  d i-e th y l 2 '-m o n o p a lm ito x y -  
p a n to th e n a te . T h e  ca lc iu m  p a n to th e n a te  w a s  f e d  as  a n  a q u e 
o u s  s o lu t io n  w ith  th e  a id  o f  a  c a l ib r a t e d  m e d ic in e  d r o p p e r , 
a n d  th e  f a t t y  a c id  d e r iv a t iv e s  w e re  f e d  as  s o lu t io n s  in  o l iv e
o il. T h e  u r in e  w a s  c o l le c te d  in  th re e  1 2 -h o u r  p e r io d s  o v e r  
a  t o ta l  o f  36 h o u r s . T h e  y e a s t  m ic r o b io lo g ic a l  a s s a y  o f  A tk in  
et a l. ( ’ 4 4 ) w a s  u s e d  t o  d e te r m in e  th e  a m o u n t  o f  p a n to th e n ic  
a c id  in  th e  u r in e  sa m p le s .

D ep o s it io n  o f  p a n to th en ic  acid  in  th e  liv ers  o f  th e p a n to 
th en a te -d ep le ted  ra ts  a f t e r  a d m in istra tion  o f  calcium  p a n to 
th en a te  and o f  e th y l d ip a lm itoxyp a n to th en a te . M a le  w e a n lin g  
ra ts  w e r e  k e p t  o n  a  p a n to th e n a te -d e fic ie n t  1 %  s u lfa g u a n id in e  
d ie t  ( ta b le  1, I )  f o r  5 w e e k s ; th e y  w e ig h e d  b e tw e e n  78 a n d  
99 g m  a t  th is  t im e .

T w o  o f  th e se  ra ts  w e r e  s a c r if ice d , a n d  th e  l iv e r s  s a v e d  f o r  
p a n to th e n a te  a ss a y . T h e  r e s t  o f  th e  a n im a ls  w e r e  f e d  d i-e th y l 
d ip a lm ito x y p a n to th e n a te  ( I )  in  o l iv e  o i l  o r  a n  a q u e o u s  s o lu 
t io n  o f  d -c a lc iu m  p a n to th e n a te  a t  a  le v e l  o f  10 m g  p e r  ra t . 
T w o  o f  th e  ra ts  in  e a ch  g r o u p  w e r e  s a c r if ic e d  tw o , 6, a n d  12 
h o u r s  a f t e r  su p p le m e n ta t io n . T h e  f r e s h  l iv e r s  w e r e  w e ig h e d , 
p o o le d  a n d  h o m o g e n iz e d . T h e  h o m o g e n a te  w a s  d ig e s te d  w ith
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“ C la r a s e ,” 3 a n d  th e  p a n to th e n ic  a c id  le v e l  w a s  d e te r m in e d  
b y  th e  y e a s t  m ic r o b io lo g ic a l  a s s a y  o f  A t k in  et a l. ( ’ 4 4 ) .

RESULTS AND DISCUSSION

T h e  re s u lts  o f  th e  fe e d in g  e x p e r im e n ts  in d ic a te d  th a t  th e  
fa t  as w e ll  as th e  w a te r -s o lu b le  d e r iv a t iv e s  o f  p a n to th e n ic  
a c id  w e re  b io lo g ic a l ly  a c t iv e . L e v e ls  o f  p a n to th e n a te  r a n g in g  
b e tw e e n  3.5 a n d  20 ng p e r  g r a m  o f  r a t io n , w h e th e r  c a lc iu m

T A B L E  3

A verage growth responses of pantothenate depleted rats to a single dose of various 
pantothenate preparations

SUPPLEMENTS 1 NO. OF NUMBER OF DAYS AFTER SUPPLEMENTATION
RATS 1 2 3 10 13

None (Control) 4
gm

0.0 ±  0.0 2
gm

0.0
gm

— 3.0
gm  
_3

gm  
___  3

Calcium
pantothenate 5 +  6.8 ±  1.0 +  10.4 +  11.0 +  15.6 ±  1.9 +  13.2

Ethyl
monopalmitoxy-
pantothenate 5 +  3.2 ±  0.9 +  9.8 +  11.2 +  17.2 ±  1.2 +  12.6

Ethyl
dipalmitoxy-
pantothenate 5 +  3.6 ±  0.9 +  9.4 +  12.0 +  14.2 ±  1.5 +  13.0

1 Supplementation was made so as to supply 500 /¿g as (2-calcium pantothenate.
2 Standard error of the mean, l/ 2d2/n 0 - 1 ) .
2 No data were obtained due to the death of the animals.

p a n to th e n a te , e th y l d ip a lm ito x y p a n to th e n a te , p a n to th e n o l o r  
p a n to th e n y l t r ip a lm ita te  g a v e  id e n t ic a l  b o d y  w e ig h t  g a in s  in  
th e  p r e s e n ce  o r  a b s e n ce  o f  th e  s u lfa  d r u g s  (ta b le  2 ) .  T h u s  
the e s te r if ica t io n  o f  th e  w a te r -s o lu b le  f o r m  o f  th e  v ita m in  
w ith  a  lo n g -c h a in  fa t t y  a c id  d id  n o t  a p p e a r  to  d im in is h  o r  
to  in c re a s e  its  a v a ila b i l i ty .

T h e  g r o w t h  r e s p o n s e  te s t  to  a  s in g le  d o s e  o f  v a r io u s  p a n t o 
th e n a te  su p p le m e n ts  in d ic a te d  th a t  th e  a d m in is t r a t io n  o f  ca l-

3 We are indebted to the Takamine Laboratory, Inc. for a sripply of “ Clarase.”
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c iu m  p a n to th e n a te , e th y l m o n o p a lm ito x y p a n to th e n a te  o r  e th y l 
d ip a lm ito x y p a n to th e n a te  r e s u lte d  in  s im ila r  b o d y  w e ig h t  
g a in s  (ta b le  3 ) .  T h e  g a in  in  b o d y  w e ig h t  r e a c h e d  a  m a x im u m  
a t the 10th  d a y . T h e  g r o w th  r e s p o n s e  w h ic h  w a s  in d u c e d  b y  
ca lc iu m  p a n to th e n a te  a f t e r  th e  f ir s t  d a y  a p p e a r e d  to  b e  h ig h e r  
th a n  th e  r e s p o n s e  o b s e r v e d  in  th e  o th e r  g r o u p s  ; th e  d i f f e r 
en ces , h o w e v e r , w e r e  n o t  s ta t is t ic a l ly  s ig n ifica n t .

E s te r i f ic a t io n  o f  th e  v ita m in  w ith  p a lm it ic  a c id  in c r e a s e d  
th e  a m o u n t o f  p a n to th e n ic  a c id  th a t  a p p e a r e d  in  th e  u r in e  
a ft e r  the a d m in is tr a t io n  o f  a  s in g le  la r g e  d o s e  (ta b le  4 ) .

TABLE 4

Average urinary excretion of pantothenate 1 per rat following the administration 
of a single large dose of various supplements

HOURS AFTER ADMINISTRATION TOTAL °fc AV.BODY
0-12 12-24 24-36 RECOVERY WT.3

Calcium pantothenate
fid
600

fid
300

fid
220

fid
1120 l i

gm
203.3

Ethyl monopalmitoxy-
pantothenate 1970 1030 260 3260 33 202.3

Ethyl dipalmitoxy-
pantothenate 1270 800 370 2440 24 206.0
1 The amounts are indicated, as d-ealcium pantothenate.
2 Bach rat was supplemented with a preparation at a level equivalent to 10 mg 

of d-calcium pantothenate.
3 Each group consisted of three normal male rats. Analysis was made on a 

pooled sample from each group.

W it h  c a lc iu m  p a n to th e n a te , 1 1 % , w ith  th e  m o n o p a lm ita te , 
3 3 %  a n d  w ith  th e  d ip a lm ita te , 2 4 %  o f  th e  p a n to t h e n ic  a c id  
w a s  r e c o v e r e d  f r o m  th e  u r in e  in  36 h o u r s . I n  a ll o f  th e  th r e e
1 2 -h ou r  c o l le c t io n  p e r io d s , a h ig h e r  e x c r e t io n  o f  p a n to th e n ic  
a c id  w a s  o b s e r v e d  a f t e r  th e  p a lm it ic  a c id  e s te r s  w e r e  fe d .  
D u r in g  the fir s t  a n d  th e  s e c o n d  p e r io d s  s u p p le m e n ta t io n  w ith  
e th y l m o n o p a lm ito x y p a n to th e n a te  r e s u lte d  in  a h ig h e r  e x c r e 
t io n  o f  the v ita m in  th a n  w a s  o b ta in e d  w ith  th e  d ip a lm ita te . 
I n  th e  la sr  p e r io d , h o w e v e r , th e  a v e r a g e  e x c r e t io n  p e r  r a t  
f e d  th e  d ip a lm ita te  w a s  h ig h e r  th a n  i t  w a s  f o r  th o s e  s u p p le 



334 TAK ETAM I SAKTJEAGI AND PEED A. KU M M EROW

m e n te d  w ith  e th y l m o n o p a lm ito x y p a n to th e n a te , o r  370 a n d  
260 Mg r e s p e c t iv e ly . I t  th u s  a p p e a r e d  p o s s ib le  th a t  a  h ig h e r  
u t i l iz a t io n  o f  p a n to th e n ic  a c id  is  a c h ie v e d  w h e n  th e  v ita m in  
is  f e d  in  th e  f o r m  o f  p a lm ita te , a n d  a  lo n g e r  r e te n t io n  in  th e  
b o d y  is  m a in ta in e d  w h e n  th e  p a n to th e n ic  a c id  is  e s te r if ie d  
w ith  2 m o le s  r a th e r  th a n  1 m o le  o f  p a lm it ic  a c id . T h is  o b 
s e r v a t io n , h o w e v e r , w a s  n o t  re fle c te d  in  th e  gTOwth ra te s  u p o n  
a  s in g le  d o s e  a s s a y , a s  d e s c r ib e d .

I t  h a s  b e e n  p o in te d  o u t  th a t  th e  u t i l iz a t io n  o f  p a n to th e n ic  
a c id , w h e n  a d m in is te r e d  o r a l ly ,  is  s u r p r is in g ly  l o w  (H e n d e r 
s o n  et a l., ’4 2 ; S i lb e r , ’4 5 ) ,  a n d  a  c o n s id e r a b le  a m o u n t  o f  th e  
v ita m in  is  e x c r e t e d  in to  th e  fe c e s  (N e ls o n  et a l., ’ 4 7 ; R u b in  
et a l., ’ 4 8 ) .  T h e  u se  o f  p a n to th e n o l  h a s , th e r e fo r e , b e e n  s u g 
g e s te d , s in ce  th e  a lc o h o l  is  m o r e  s ta b le  a n d  h a s  b e e n  sh o w n  
to  p o s s e s s  b e t te r  b io lo g ic a l  u t i l iz a t io n  (D r e k te r  e t a l., ’ 4 8 ; 
R u b in , ’4 8 ; R u b in  et ah , ’ 4 8 ) .  T h e  r e s u lts  o b ta in e d  in  the 
p r e s e n t  e x p e r im e n ts  a p p e a r  to  in d ic a te  th a t  e s te r i f ic a t io n  w ith  
a  lo n g -c h a in  f a t t y  a c id  m a y  s im ila r ly  im p r o v e  th e  b io lo g ic a l  
a v a i la b i l i t y  o f  th e  v ita m in .

T h e  v ita m in  le v e l  in  th e  l iv e r s  4 o f  d e fic ie n t  r a ts  w a s  fo u n d  
to  b e  48 Mg (a s  ca lc iu m  p a n to th e n a te )  p e r  g r a m  o f  th e  f r e s h  
t is su e  b e fo r e  s u p p le m e n ta t io n  w ith  th e  p a n to th e n a te  p r e p a 
r a t io n s . T h is  v a lu e  in d ic a te d  th a t  th e  a n im a ls  w e r e  d e p le te d  
o f  th e  v ita m in , s in ce  a  le v e l  b e lo w  50 Mg p e r  g r a m  o f  l iv e r  
h a s  b e e n  c o n s id e r e d  to  s e r v e  a s  e v id e n ce  o f  p a n to th e n a te  d e 
f ic ie n c y  (W r ig h t  a n d  W e lc h , ’4 4 ) .  S t r ik in g  in c r e a s e s  in  th e  
p a n to th e n a te  le v e l  in  th e  l iv e r  w a s  n o te d  in  tw o  h o u r s  a f t e r  
10  m g  o f  th e  ca lc iu m  p a n to th e n a te  w a s  a d m in is te r e d . T h e  
le v e l  w a s  115 Mg p e r  g r a m  o f  th e  l iv e r ,  w h ic h  r e p r e s e n te d , 
h o w e v e r , o n ly  a t e m p o r a r y  a c c n m u la t io n  o f  th e  v ita m in  as 
m a r k e d  d r o p s  w e r e  o b s e r v e d  a f t e r  th e  6 th  a n d  12th  h o u r s , o r  
73 Mg a n d  68 Mg r e s p e c t iv e ly . W h e n  th e  ra ts  w e r e  s u p jjle - 
m e n te d  w ith  e th y l d ip a lm ito x y p a n to th e n a te , th e  le v e l  o f  th e  
v ita m in  in c r e a s e d  to  71 Mg p e r  g r a m  o f  th e  f r e s h  l iv e r  in  tw o  
h o u rs . T h is  a m o u n t  w a s  4 4  Mg le ss  th a n  w h e n  ca lc iu m  p a n to -

4 The experimental rats weighed between 78.0 and 99.0 gm, and the fresh livers 
weighed between 3.6 and 4.9 gm.
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th e n a te  w a s  u s e d  as a  s u p p le m e n t . T h e  71 ng le v e l  o f  p a n t o 
th e n a te , h o w e v e r , is  w ith in  n o r m a l r a n g e  f o r  l iv e r  (W r ig h t  
a n d  W e lc h , ’43 , ’4 4 ;  F o r d  e t  a l., ’ 5 3 ; E v e r s o n  et a l., ’ 5 4 ) .  
D u r in g  th e  c o u r s e  o f  th e  1 2 -h o u r  e x p e r im e n t , it  w a s  n o te d  
th a t  th e  a m o u n t  o f  l iv e r  p a n to th e n a te  te n d e d  to  in c r e a s e ;  
th e  le v e ls  a t th e  6 th  a n d  th e  1 2 th  h o u r  w e r e  72 Mg a n d  82 Mg 
p e r  g r a m  o f  l iv e r  r e s p e c t iv e ly . T h e  re s u lts  th u s  a p p e a r e d  to  
in d ic a te  th a t  a  g r a d u a l  u t i l iz a t io n  o f  p a n to th e n ic  a c id  to o k  
p la c e  w h e n  th e  d ip a lm ita te  o f  e th y l p a n to th e n a te  w a s  fe d . 
H o w e v e r , a  le v e l  o f  p a n to th e n a te  e q u iv a le n t  to  th a t  o f  n o r m a l 
r a t  l iv e r  w a s  n o te d  w ith in  tw o  h o u r s  a f t e r  s u p p le m e n ta t io n  
w ith  th e  d ip a lm ita te .

SUMMARY

T h e  b io lo g ic a l  u t i l iz a t io n  o f  fa t -s o lu b le  d e r iv a t iv e s  o f  p a n t o 
th e n ic  a c id , e th y l d ip a lm ito x y p a n to th e n a te  a n d  e th y l 2/ -m o n o - 
p a lm ito x y p a n to th e n a te  w a s  c o m p a r e d  w ith  th a t  o f  ca lc iu m  
p a n to th e n a te  in  ra ts . T h e  o v e r -a l l  a c t iv i t y  o f  th e  p a lm it ic  
a c id  e s te r s  w a s  e q u a l to  th a t  o f  th e  w a te r -s o lu b le  f o r m  as a  
su p p le m e n t  f o r  p a n to th e n ic  a c i d ; th is  w a s  p r o v e d  b y  f e e d in g  
e x p e r im e n ts  u n d e r  v a r io u s  c o n d it io n s . W h e n  a  la r g e  s in g le  
d o s e  o f  th e  p r e p a r a t io n  w a s  a d m in is te r e d  to  th e  ra ts , th e  
e x c r e t io n  o f  th e  p a n to th e n ic  a c id  in to  th e  u r in e  w a s  m a r k e d ly  
in c r e a s e d  b y  e s t e r i fy in g  th e  v ita m in  w ith  o n e  o r  tw o  m o le s  
o f  p a lm it ic  a c id . T h e  b io lo g ic a l  u t i l iz a t io n  o f  th e  p a n to th e n ic  
a c id  m o ie t y  w h e n  p r e s e n t  as a n  e s te r  a p p e a r e d  to  b e  s lo w e r  
th a n  th a t  o f  th e  f r e e  v ita m in . T h e  l iv e r  o f  p a n to th e n a te -  
d e fic ie n t  ra ts , h o w e v e r , c o n ta in e d  a n o r m a l p a n to th e n a te  le v e l  
w ith in  tw o  h o u r s  a f t e r  th e  a d m in is t r a t io n  o f  e th y l d ip a l 
m ito x y p a n to th e n a te . T h e  a c t iv i t y  o f  p a n to th e n y l  t r ip a lm ita te  
w a s  fo u n d  to  b e  e q u a l to  th a t  o f  f r e e  p a n to th e n o l.
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THE BENEFICIAL EFFECT OF PROGESTERONE 
ON PREGNANCY IN THE VITAMIN 

A-DEFICIENT R A B B IT 1

R .  L .  H A Y S  A N D  K .  A .  K E N D A L L  

Department o f  Dairy Science, University o f  Illinois, Urbana

( R e c e i v e d  f o r  p u b l i c a t i o n  J a n u a r y  3 0 ,  1 9 5 6 )

It is known that progesterone is required to maintain preg
nancy in the rabbit (Allen and Corner, ’29; Pincus and 
Werthessen, ’38). It is also known that a deficiency of vita
min A  causes an impairment in reproduction in the rabbit 
(Lamming, ’49; Lamming et al., ’54). The latter workers 
suggested that exogenous progesterone may alleviate some 
of the impairment in reproduction induced by a vitamin A 
deficiency.

This is a report of experiments in which an attempt was 
made to increase the reproductive performance of vitamin 
A-deficient female rabbits by the injection of progesterone.1

E X P E R I M E N T A L

In the first experiment, 34 adult New Zealand white female 
rabbits were placed on a diet (Lamming et al., ’54) containing 
no detectable carotene. After 4, 8 or 12 weeks on this diet, 
the females were mated to fertile males with one-half of the 
females receiving daily injections of 8 mg of progesterone in 
oil starting on the day of mating. This dosage of progesterone 
was selected to make it well in excess of the 4 mg minimum 
daily level required to maintain pregnancy in the rabbit (Allen 
and Heckel, ’39). At the conclusion of this experiment the

1 A n  a b s t r a c t  o f  t h i s  p a p e r  w a s  p r e s e n t e d  a t  t h e  4 7 t h  A n n u a l  M e e t i n g -  o f  t h e  

A m e r i c a n  S o c i e t y  o f  A n i m a l  P r o d u c t i o n  1 9 5 4 .
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question was raised as to whether the administration of a 
higher level of progesterone daily might show even a greater 
beneficial effect.

In the second experiment, 24 females were placed on the 
carotene-deficient diet for 13 weeks before mating. Beginning 
on the day of mating, 8 received daily injections of 12.5 mg of 
progesterone in oil, 8 received an excess of vitamin A acetate 
(100,000 I.U. weekly) and 8 served as controls.

The females were autopsied on the 28th day after mating 
and the numbers of corpora lutea, living young, resorptions 
and implantation sites were determined.

At autopsy, blood and liver samples were taken for vitamin 
A analysis. The procedure of Gallup and Hoefer ( ’46) was 
used for extraction of vitamin A from the liver and that of 
Kimble ( ’39) for blood plasma. Vitamin A was determined 
by the procedure of Sobel and Werbin ( ’45).

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

The results are shown in table 1. The column “ Dead”  in
cludes dead fetuses and placental remnants while the column 
“ Sites”  includes implantation sites which had no placentae. 
In all groups the number of living young was considerably 
below the normal 8.3 (Kendall et al., ’50) for this breed. The 
average number of living young did not differ significantly in 
the does on the diet for 4 or 8 weeks, but the number of living 
young of the females on the vitamin A-deficient ration for 
12 weeks before mating and not receiving progesterone was 
drastically reduced. Progesterone injections markedly in
creased the reproductive performance of the 14 females on 
the ration for 12 or 13 weeks prior to mating. The average 
number of living young was increased from 0.9 in the con
trols to 4.8. There was a highly significant difference in the 
living and in the dead young of the two groups. The f?ict 
that females treated with progesterone had an average of
7.8 living and dead young as compared to an average of 1.5 
for the untreated group, indicates that the progesterone in
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jections enabled the females to carry the young for a much 
longer period of time.

The low number of corpora lutea in the untreated groups 
on the diet for 12 or 13 weeks was probably due to abortion 
or resorption early in gestation which has been shown to 
occur in rabbits on a carotene-deficient diet (Lamming et al., 
’54). I f pregnancy is terminated in the early stages, the cor
pora lutea are not grossly discernible 28 days post coitum.

TABLE 1

The reproductive performance of New Zealand white female rabbits 
on a carotene-deficient diet

N O . OF
W K S . ON  

D IE T T R E A T - A V . y o u n g / f e m a l e A V . A V . 
L IV E R  
V IT . A

A V .
PLASM A. 

V IT . A
F E M A L E S B E F O E S  

M A T IN G
M E N T Living D e a d Sites O .Ii.

no/em ¡ig/ioo
ml

6 4 N o n e 5 . 0 1 . 8 0 . 8 9 . 6 9 . 9 8 . 2

6 4 P r o g . 1 3 . 7 0 . 3 0 . 5 7 . 2 8 . 3 8 . 0

5 8 N o n e 4 . 0 0 . 6 0 . 0 7 . 6 2 . 8 3 . 6

5 8 P r o g . 1 2 . 5 1 . 3 0 . 5 9 . 0 1 . 0 6 . 4

6 1 2 N o n e 0 . 8 0 . 8 0 . 0 1 . 0 1 . 8 7 . 6

6 1 2 P r o g . 1 4 . 3 2 . 2 0 . 3 9 . 8 2 . 0 9 . 9

8 1 3 N o n e 1 . 0 0 . 5 2 . 1 5 . 0 0 . 5 2 . 0

8 1 3 P r o g . 2 5 . 1 3 . 4 0 . 0 1 0 . 2 0 . 5 2 . 5

8 1 3 V i t .  A 3 1 . 2 2 . 9 1 . 0 5 . 5 7 8 7 . 0 4 0 . 7

1 D a i l y  i n j e c t i o n  o f  8  m g .

2 D a i l y  i n j e c t i o n  o f  1 2 . 5  m g .

3 W e e k l y  f e e d i n g  o f  1 0 0 , 0 0 0  I . U .  v i t a m i n  A  a c e t a t e .

As a result of this, the number of corpora lutea 28 days post 
coitum was not an accurate measure of the number of ovula
tions.

Since the levels of vitamin A  found in table 1 were taken 
28 days post coitum, they were undoubtedly higher at the be
ginning of pregnancy. It is not known whether the levels of 
vitamin A were sufficiently low during pregnancy in the 4- and
8-week groups to cause a decrease in the number of live 
young. However, feeding this carotene-deficient ration for 
12 weeks caused a marked reduction in reproductive efficiency.
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The vitamin A per gram of liver or total liver vitamin A is 
reduced below normal in the 4-week group. The liver vitamin 
A of rabbits on normal diets is 20 to 40 jig/gm (Lamming et 
al., ’54). The vitamin A per gram of liver in the 8- and 12- 
week groups were essentially the same at autopsy. It is pos
sible that the vitamin A of the 8-week group was sufficiently 
high during pregnancy to enable more young to survive than 
in the 12-week group even though the liver vitamin A levels 
were the same at autopsy. Progesterone injections had no 
apparent effect on the vitamin A levels in the liver or the 
plasma. In none of the rabbits were gross symptoms of vita
min A deficiency observable.

There is no apparent reason why vitamin A injections failed 
to improve the reproduction of vitamin A-deficient. females 
unless the deficiency had progressed to such a state that either 
the females could not return to normal in time to maintain 
pregnancy or that permanent tissue damage had occurred.

The underlying causes for the observed progesterone effects 
are not readily apparent. Possibly the injected progesterone 
enables the female to mobilize nutrients which are not present 
in sufficient quantities to maintain pregnancy. This mobiliza
tion may occur not only in the case of vitamin A deficiency 
but also when there are other deficiencies in the diet as has 
been shown on a protein-free diet (Nelson and Evans, ’54), 
or perhaps vitamin A is associated with the formation of pro
gesterone. Also, it is possible that vitamin A and progesterone 
are involved in some physiological process essential to the 
maintenance of pregnancy and that injected progesterone may 
be substituted at least in part for vitamin A.

S U M M A R Y

Fifty-eight adult female rabbits were placed on a carotene- 
deficient diet for varying lengths of time and were then mated 
to fertile males. The average litter size of the 22 females on 
the diet for 4 or 8 weeks was well below the normal of 8.3 and 
injections of 8 mg of progesterone in half of them had no 
apparent effect on litter size. The 14 females on the diet for
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12 or 13 weeks before mating averaged 0.9 living and 0.6 dead 
young at autopsy on the 28th day of pregnancy, while 7 com
parable females injected with 8 mg of progesterone daily had
4.3 living and 2.2 dead young and the 7 females receiving
12.5 mg of progesterone had 5.1 living and 3.4 dead young.
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( R e c e i v e d  f o r  p u b l i c a t i o n  F e b r u a r y  2, 1 9 5 6 )

I N T R O D U C T I O N

Earlier experiments established that the increase in weight 
of young rats is dependent on the type of the dietary fat 
(Thomasson, ’55a). These investigations further revealed 
that the different growth-action of the fats and oils investi
gated is actually due to a different food intake.

It is conceivable that food intake and growth are cor
related with the rate at which the fat in question is 
absorbed. The literature in this field is very restricted, 
however. Steenbock et al. ( ’36) established that halibut- and 
cod-liver oil are absorbed significantly more rapidly than lard 
and maize oil. In addition, a number of fats and oils could be 
arranged in the order of decreasing rates of absorption as 
follows: linseed oil, olive oil, whale oil, soya-bean oil, ground
nut oil, rancid lard, cottonseed oil, coconut fat, and palm oil. 
Deuel et al. ( ’40) observed no differences in the rates of ab
sorption of cottonseed oil, butterfat, and coconut fat; they 
found, however, that rapeseed oil was absorbed at a much 
lower rate. In later investigations carried out in Deuel’s 
laboratory it could be shown that maize oil (Bavetta and 
Deuel, ’42) and lard (Crockett and Deuel, ’47) possessed the 
same rate of absorption. In addition, Bhalerao et al. ( ’47) 
found that sesame oil, coconut fat, and butterfat are absorbed 
at the same rate, and safflower, groundnut and cottonseed oil 
slightly, although not significantly, slower.

343
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In the present investigation the rate of absorption of a 
series of 18 different natural oils and fats, of vegetable and 
animal origin, has been studied.

E X P E R I M E N T A L  P A R T

For the determination of the absorption rate a modifica
tion of Deuel’s method (Deuel et al., ’39, ’40) was used. Male 
Wistar rats weighing 150 to 350 gm and fed a Sherman diet 
( f  wheat, J milk powder and salts), were fasted for 48 hours 
(drinking-water was available during this period) the fat to be 
investigated then being administered by stomach-tube. After 
a certain test period the fat remaining in the gastro-intestinal 
tract was determined. Since, according to Deuel et ah, ( ’40, 
’41) more constant results are achieved when the amount 
of absorbed fat is expressed per unit of body surface, a dosage 
of 400 mg of fat per 100 cm2 surface was administered in all 
cases. The body surface was calculated from Lee’s formula 
(Lee, ’29). For the determination of the fat content in the 
gastrointestinal tract the animal was decapitated, the abdomen 
opened, and the contents of stomach, small and large intestine 
separated by means of ligatures. Subsequently, each of these 
three parts was flushed twice with 20 ml of diethyl ether, 
using a syringe with blunt needle, care being taken to ensure 
that all solid material in the tract was removed. The three 
extracts obtained in this way were dried overnight with 
Na2S04, and filtered. The residue was washed with 100 to 
125 ml of ether, the ether evaporated, and the residue weighed. 
Blank determinations carried out with fasted animals to which 
no fat had been administered, showed that an average correc
tion of 5, 8 and 17 mg of fat must be applied to the values 
found for stomach, small and large intestine respectively.

As a criterion for comparing the fats and oils investigated 
the A (bsorption) T(im e)50 was employed, i.e. the time after 
which 50% of the administered fat has disappeared from the 
entire gastrointestinal tract. This value was determined as 
follows: in two groups, each of 6 animals, the contents of the 
gastrointestinal tract were analyzed three and 6 hours re-



FATS IF . RATE OF ABSORPTION 345

speetively after administering tlie fat. From these values it 
was calculated at what time 50% of the dosage would have 
disappeared from the gastrointestinal tract. The value so ob
tained (it varied from 5 to 11 hours) was applied to a third 
series of 6 animals.

When calculating A T50 it was supposed that, at any rate 
within the scope of the relevant observations, a linear rela
tionship exists between time and the percentage of fat ab
sorbed. ATjo was calculated as follows: a t 60=7-|- — — -  ,

b

in which
x  =  a b s o r p t i o n  t i m e  =  t i m e  i n t e r v a l  b e t w e e n  a d m i n i s t e r i n g  t h e  f a t  a n d  t h e  a n a l y 

s i s  ( i n  m i n s . )  ;

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

t i m e  x ;

" x  =  t h e  m e a n  o f  a l l  x  v a l u e s ; 

y  =  t h e  m e a n  o f  a l l  y  v a l u e s ;

b  =  r e g r e s s i o n - c o e f f i c i e n t  o f  y  u p o n  x  =

S x y  -

S x 2

2 x - 2 y

( 2 x ) 2

in which n =  number of observations.
The 95% confidence interval of the AT50 value is:

_  5 0  —  7
X  +  c .  — --------- ±  t ( „ . 06, - s x  ,

b

in which
s X50 =  s t a n d a r d  d e v i a t i o n  o f  t h e  A T S0- v a l u e ;  

t<o.o5) =  c r i t i c a l  v a l u e  f r o m  S t u d e n t - d i s t r i b u t i o n  f o r  P 2 =  0 . 0 5 ;  

c  =  c o r r e c t i o n  f a c t o r  f o r  s k e w n e s s  =  b 2 : ( b 2 —  t 2(0.o5> - s b 3) ,  i n  w h i c h  s b =  s t a n d a r d  

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

In the calculation of A T50 the values for the entire gastro
intestinal tract have been employed. Actually, however, sepa
rate data for each of the three parts — stomach, small and 
large intestine — are available.

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

The amounts of fat recovered in the entire gastrointestinal 
tract after administration of 400 mg per 100 cm2 of body sur
face are shown in table 1 as percentages of the dosage. These
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figures are for absorption times of three and 6 hours, as well 
as the time in which (as estimated from the absorption values 
after three and 6 hours), 50% of the fat would have been ab
sorbed (d hours). Following the latter percentages the cor
responding “ d hour’ ’-value is shown in parentheses. Each 
percentage represents a mean of 6 determinations, with the 
exception of the values for rapeseed oil after 8 and 9 hours, 
which are based on 17 and 18 determinations respectively.

TABLE 1

Percentages of the fats recovered in the gastrointestinal tract, 3, 6 and d hours 
after administering 400 mg /1<00 cm2, their A T  ̂ -values and their relative 

order of growth-promoting ability 1

C LA SS T Y P E  O F  F A T

P E R C E N T A G E  O F  F A T  
R E C O V E R E D  A F T E R A T 50-V A L U E S  (M I N S .) O RDER OF 

G R O W T H - 
P R O M O T IN G  

A B I L I T Y3 h 6  h d  h m e a n 9 5  %  l i m it s

i B u t t e r f a t 6 3 4 1 5 5  ( 5 ) 3 0 5 2 7 2 - 3 4 9 2

M a i z e  o i l 8 1 4 7 4 9  ( 6 ) 3 5 0 3 2 9 - 3 7 8 7

C o t t o n s e e d  o i l 7 5 4 9 4 9  ( 6 ) 3 5 2 3 2 8 - 3 8 5 4

B e e f  t a l l o w 7 8 4 7 5 6  ( 6 ) 3 5 4 3 2 7 - 3 9 4 5

C o c o n u t  f a t 7 3 4 8 5 0  ( 6 ) 3 5 4 3 1 0 - 4 3 6 1 3

S o y a - b e a n  o i l 7 7 4 7 5 3  ( 6 ) 3 5 9 3 2 1 - 4 2 9 8

S u n f l o w e r  o i l 8 3 4 8 6 0  ( 6 ) 3 6 2 3 3 3 - 4 0 9 1 1

G r o u n d n u t  o i l 6 9 4 8 5 6  ( 6 ) 3 6 5 3 1 8 - 4 8 7 9

O l i v e  o i l 8 2 4 8 6 1  ( 6 ) 3 6 9 3 3 8 - 4 1 8 3

I I I  S e s a m e  o i l  7 9  6 0

L a r d  7 4  5 0

P a l m  f a t  7 9  6 2

W h a l e  o i l  7 9  5 9

I V  S h e a  b u t t e r  7 6  6 4  4 0  ( 9 4 )  4 7 7  4 2 7 - 5 4 8  6

H e r r i n g  o i l  7 9  6 0  5 2  ( 8 )  4 8 7  4 2 3 - 6 1 9  1 6

R a p e s e e d  o i l 8 6 6 3
6 3  ( 8 )  1 
4 9  ( 9 )  (

5 5 8 5 1 0 - 6 0 8 1 7

P o p p y s e e d  o i l 8 3 7 0 4 1  ( 1 1 ) 5 6 0 5 0 0 - 6 4 6 1 2

K a p o k s e e d  o i l 8 2 6 9 4 6  ( 1 0 4 ) 5 8 8 5 2 3 - 6 9 0 1 8

1 A T 50 i s  t h e  n u m b e r  o f  m i n u t e s  a f t e r  w h i c h  5 0 %  o f  t h e  f a t  a d m i n i s t e r e d  h a d  

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

i n g  t o  a n  e s t i m a t i o n  b a s e d  u p o n  t h e  a b s o r p t i o n  v a l u e s  a f t e r  t h r e e  a n d  6  h o u r s ,  

5 0 %  o f  t h e  f a t  w o u l d  h a v e  b e e n  a b s o r b e d .

5 4  ( 6 ) 3 9 2 3 4 9 - 4 8 6 1 4

5 8  ( 6 ) 3 9 6 3 4 3 - 5 3 2 1

5 6  ( 7 )  I 
3 1  ( 8 4 )  J

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

4 7  ( 7 4 ) 4 2 6 3 7 3 - 5 2 5 1 5
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In table 1 the A T50 values ( =  number of minutes after which 
50% of the fat administered disappears from the gastroin
testinal tract) calculated from these percentages, are also re
corded. In addition, values are given for the 95%-interval 
representing the limits between which lie 95% of the A T50 
values of the respective fats. From these statistical data the 
fats under investigation can be arranged in 5 classes of de
creasing rates of absorption, although it is not certain whether 
sesame oil and lard belong to group II or to group III or form 
a separate group. The influence of these oils and fats on the 
increase in weight of new-born male rats is known from previ
ous investigations (Thomasson, ’55a). On the basis of these 
findings the fats have been arranged according to decreasing 
growth-action; these rank numbers are given in the last 
column of table 1. It appears that a correlation exists between 
the rate of absorption (ATgo values) and the growth-action 
(p =  0.62 with P <  0.01 ).1

Such a correlation suggests that the divergent growth- 
action of various fats and oils [which, as previously shown 
(Thomasson, ’55), is in turn determined by the food intake], 
might be due to the rate at which these fats are absorbed. 
Some doubt regarding this supposition is justified, however, 
as certain fats do not conform to it. The growth-action of 
lard, shea butter, olive oil and poppyseed oil for example, is too 
favorable in respect of their relative slow rate of absorp
tion, whereas coconut fat and maize oil have a poorer growth- 
action than would be expected from the favorable rates of 
absorption of these fats. However, rapid growth and a cor
respondingly rapid absorption need not necessarily be con
sidered as favorable. It has been shown (Thomasson, ’55b) 
that longevity on butterfat-containing diets is less than when 
this fat is replaced by rapeseed oil, in spite of the fact that 
with the former fat the growth rate and the rate of absorption

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

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

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

( D i x o n  a n d  M a s s e y ,  ’ 5 1 ) .
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are considerably greater. The reason why fats have different 
rates of absorption is unknown. It is plausible to suppose the 
rate of absorption is determined by the rate at which fats are 
hydrolyzed by lipase in the intestinal lumen. An investiga
tion into the rate of hydrolysis of various types of fat by 
pancreas lipase is at present being carried out at this labora
tory.

The mean amounts of fat recovered in the gastrointestinal 
tract after three hours varied from 63 to 86% of the dose 
administered (table 1). After 6 hours these values were from 
41 to 70%, and after an absorption time of 81-11 hours ( = d  
hours) the percentage was between 31 and 63.

The distribution of these widely varying amounts of fat 
over stomach, small and large intestine is shown in table 2. 
In this table the amount recovered in the entire gastroin
testinal tract is taken as 100% (this value actually varies 
from 31 to 86% of the dosage administered), and the amounts 
present in stomach, small and large intestine are shown as 
percentages of the amount recovered.

At the foot of table 2 the mean values found after three, 
6 and d hours are given. Although these values show a cer
tain constancy, they suggest that the percentage of fat in the 
stomach decreases on extending the absorption time (after 
three, 6 and d hours, averaging 74.9, 73.1 and 70.0% respec
tively) whereas the percentage of fat in the large intestine 
shows the opposite tendency (after three, 6 and d hours, 
averaging 2.2, 5.1 and 7.3% respectively). Application of 
the sign test (Dixon and Massey, ’51) reveals that the differ
ences in fat contents of the large intestine are, in fact, statis
tically significant after three and 6 hours, and after three 
and d hours. This is not the case, however, for the values 
found for the stomach, so that there is no conclusive evidence 
that the percentage of fat in the stomach decreases with an 
increase in the time of absorption.

Contrary to the differences observed in the percentage of 
fat present in the stomach and the large intestine, that of the 
small intestine is notably constant throughout the test period.
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The mean values after three, 6 and d hours are 23.0, 21.9 and 
22.7% respectively. This homogeneity prompted the calcula
tion of the mean percentage from all the 56 observations: 
22.5% with a standard error of 0.945%. Thus, this value

TABLE 2

Percentage distribution, over stomach, small and large intestine,
of the recovered fat

T Y P E  O F  F A T

D U R A T IO N  OF 
A B S O R P T IO N  : 

3 H O U RS

D U R A T IO N  OF 
A B S O R P T IO N  : 

6  H O U R S

D U R A T IO N  OF 
A B S O R P T IO N  : 

D H O U R S 1

i n t e s t i n e i n t e s t i n e i n t e s t i n e

s m a l l  l a r g e s m a l l  l a r g e s m a l l  l a r g e

B u t t e r f a t 7 4 2 5 2 7 7 2 1 2 5 8 3 5 7 5

M a i z e  o i l 7 8 2 0 2 6 5 2 7 8 6 6 3 2 2 6

C o t t o n s e e d  o i l 8 4 1 6 0 7 4 2 4 2 6 8 2 8 4 6

B e e f  t a l l o w 8 5 1 4 1 8 5 1 5 0 8 7 1 0 3 6

C o c o n u t  f a t 7 4 2 2 4 7 5 1 9 6 6 3 2 7 1 0 6

S o y a - b e a n  o i l 6 2 3 3 5 5 8 3 8 4 6 6 2 8 6 6

S u n f l o w e r  o i l 8 1 1 7 2 7 7 1 9 4 7 4 2 3 3 6

G r o u n d n u t  o i l 6 9 3 1 0 7 8 2 0 2 6 4 2 9 7 6

O l i v e  o i l 6 7 3 1 2 7 2 2 3 5 7 9 1 6 5 6

S e s a m e  o i l 7 0 2 9 1 6 7 2 9 4 7 7 2 0 3 6

L a r d 7 8 2 2 0 7 3 2 1 6 8 2 1 4 4 6

1 9
1 5 8 3 2 1 0 8 1

P a l m  f a t 8 7 1 0 3 7 7 4
1 7 1 1 9 1 0 7

W h a l e  o i l 7 2 2 5 3 7 6 2 1 3 7 2 2 1 7 n
S h e a  b u t t e r 6 6 2 9 5 6 0 2 2 1 8 5 0 3 5 1 5 9Ì
H e r r i n g  o i l 7 1 2 9 0 6 0 3 4 6 7 1 2 5 4 8

1 8
(1 7 3 1 5 1 2 8

R a p e s e e d  o i l 7 0 2 3 7 7 5 7  •
> 5 8 1 9 2 3 9

P o p p y s e e d  o i l 7 6 2 2 2 8 0 1 4 6 8 5 1 1 4 1 1

K a p o k s e e d  o i l 8 4 1 6 0 8 6 1 0 4 7 8 1 5 7 1 0 1

M e a n 7 4 . 9 2 3 . 0 2 . 2 7 3 . 1 2 1 . 9 5 . 1 7 0 . 0 2 2 . 7 7 . 3

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

a f t e r  t h r e e  a n d  6  h o u r s ,  5 0 %  o f  t h e  f a t  w o u l d  h a v e  b e e n  a b s o r b e d .

seems to he independent of the time of absorption and, inde
pendent, therefore of the total amount of fat present in the 
gastrointestinal tract. Probably the body has a mechanism 
at its disposal which attempts to maintain the percentage of 
fat in the small intestine at a constant level, namely 22.5% of
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the total amount of fat in the gastrointestinal tract. Similarly, 
the fat contents of the stomach and the large intestine, al
though involving greater variations, also show a certain con
stancy, about 73 and 5%, respectively. Finally it is note
worthy that the distribution of the fat over stomach, small 
and large intestine seems to be independent of the nature of 
the fat administered.

Some practical objections can be raised to the dosage of 400 
mg/100 cm2 as applied in these experiments. In the case of 
fats which are absorbed at a slow rate, the ATB0 value is 
especially unfavorable from a point of view of the normal

TA BLE  3

ATS0-values of butter fat and rapcseed oil related to various dosages

DOSAGE 
m g /100 c m 2

A T50
Butterfat

■VALDES ( M I N S . )

Rapeseed oil
100 194 258
200 204 336
300 270 442
400 305 558

1 A T S0 i s  t h e  n u m b e r  o f  m i n u t e s  a f t e r  w h i c h  5 0 %  o f  t h e  f a t  a d m i n i s t e r e d  h a d  

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

working hours in the laboratory. Consequently, a lower dos
age is to be preferred. Table 3 records the AT50 values at 
various dosages of two fats: butterfat, which is rapidly ab
sorbed and rapeseed oil as an example of an oil having a very 
low absorption rate. The table shows that on administering 
200 mg/100 cm2 of the slowly absorbed rapeseed oil the A T50 
value is approximately 6 hours. This period is undoubtedly 
more convenient and for further investigations this dosage 
is therefore recommended.

SUM M ARY

The rates of absorption of 18 natural oils and fats of vege
table and animal origin have been studied. It appeared that
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these oils and fats conld be divided into 5 groups according 
to a decreasing rate of absorption:

1. Butterfat.
2. Maize oil, cottonseed oil, beef tallow, coconut fat, soya

bean oil, sunflower oil, groundnut oil and olive oiL
3. Sesame oil, lard, palm fat and whale oil.
4. Shea butter and herring oil.
5. Rapeseed oil, poppyseed oil and kapokseed oil.
A  significant correlation appeared to exist between the rate 

of absorption and the growth-action of the oils and fats.
The fat recovered three to 11 hours after the administra

tion of 400 mg per 100 cm2 of body surface appeared to be 
distributed over stomach, small and large intestine with a cer
tain constancy, averaging 73, 22.5 and 5% respectively.

The percentage of fat in the small intestine, seems to be 
independent of the absorption time and consequently of the 
amount of fat in the tract; that in the stomach slowed a ten
dency to decrease while that in the large intestine increased 
when absorption time was extended.
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AMINO ACID IMBALANCE 
AS RELATED TO METHIONINE, ISOLEUCINE, 

THREONINE AND TRYPTOPHAN 
REQUIREMENT OP THE 

RAT OR MOUSE 1

H .  E .  S Ä U B E R L I C H

Department of Animal Husbandry and Nutrition, 
Agricultural Experiment Station o f the 

Alabama Polytechnic Institute, Auburn

( R e c e i v e d  f o r  p u b l i c a t i o n  F e b r u a r y  8 ,  1 9 5 6 )

Recent reports from this laboratory by Salmon ( ’54) ana 
by Sauberlieh and Salmon ( ’55) have been concerned with 
the production of an amino acid imbalance in the rat. The 
reduction in growth due to this imbalance could be corrected 
by dietary supplements of tryptophan, but not by niacin alone. 
Prom these studies it was revealed that the tryptophan re
quirement of the rat is not a constant factor, but is related to 
the diet employed and in particular to the protein or nitrogen 
level of the diet. Tryptophan is peculiar among amino acids 
because of its relationship to niacin. Therefore, it was of in
terest to determine whether or not similar imbalance condi
tions with other amino acids could be produced.

The present report is concerned with the production of 
methionine, isoleucine and threonine imbalances in the rat.

1 P u b l i s h e d  w i t h  t h e  a p p r o v a l  o f  t h e  D i r e c t o r  o f  t h e  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  o f  t h e  A l a b a m a  P o l y t e c h n i c  I n s t i t u t e .  S u p p o r t e d  i n  p a r t  b y  a  g r a n t  

f r o m  t h e  W i l l i a m s - ' W a t e r m a n  F u n d  a n d  b y  a  c o n t r a c t  w i t h  t h e  U n i t e !  S t a t e s  

A t o m i c  E n e r g y  C o m m i s s i o n  ( n o .  A T - ( 4 0 - l ) - 1 6 7 4 ) .  T h e  a u t h o r  i s  i n d e b t e d  t o  

T h e  D o w  C h e m i c a l  C o m p a n y ,  M i d l a n d ,  M i c h i g a n  a n d  E .  I .  d u  P o n t  d e  N e m o u r s  

a n d  C o m p a n y ,  I n c . ,  N e w a r k ,  D e l a w a r e ,  f o r  a m i n o  a c i d s ,  t h e  L e d e r l e  L a b o r a t o r i e s  

D i v i s i o n ,  A m e r i c a n  C y a n a m i d  C o m p a n y ,  P e a r l  R i v e r ,  N e w  Y o r k ,  f o r  f o l a c i n ,  

t h e  A .  E .  S t a l e y  M a n u f a c t u r i n g  C o m p a n y ,  D e c a t u r ,  I l l i n o i s ,  f o r  i n o s i t o l ,  a n d  

M e r c k  a n d  C o m p a n y ,  I n c . ,  R a h w a y ,  N e w  J e r s e y ,  f o r  o t h e r  v i t a m i n s .
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Certain additional studies on tryptophan imbalance in wean
ling mice are also included. Methionine was selected for study 
because of its known interrelationship with vitamin Bi2. 
Threonine and isoleucine, however, unlike tryptophan and 
methionine, represent amino acids that have not been demon
strated to possess unique interrelationships with vitamins. 
Part of the material in this paper has been previously reported 
in abstract form (Sauberlich, ’52).

E X P E R IM E N T A L

Weanling rats of either the Sprague-Dawley strain (SD, 
male) or the Alabama Experiment Station strain (AES, 
mixed-sex), 45 to 55 gm in weight, were placed in individual 
wire-bottom cages. In two series of experiments, young adult 
male rats of the SD strain were used. Food and water were 
given ad libitum and the animals were weighed weekly. The 
animals were fed the basal diets (table 1) or modifications of 
them for a period of three weeks or longer as indicated. 
Food consumption records were maintained on nearly all 
animals. In one series of experiments, weanling male albino 
mice of the Rockland Swiss-Webster strain Avere used.

Heparinized blood samples were obtained by heart punc
ture under light ether anesthesia from certain series of 
animals at the termination of the experiments. Protein-free 
filtrates of the plasma were prepared immediately from the 
blood samples by essentially the procedure of Hier and Ber- 
geim ( ’45).

The amino acid analyses of the plasma samples Avere per
formed with the use of previously employed microbiological 
assay methods (Sauberlich and Baumann, ’46; Steele et al., 
’49). Hemoglobin values were obtained by the oxyhemoglobin 
method.

RESULTS

Effect of methionine imbalance on groivth of the rat

An amino acid imbalance of methionine Avas successfully 
produced in weanling rats with the use of peanut meal-ox-
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idized casein diets (table 1, diets 1 to 4). Results obtained with 
these diets are summarized in table 2. In experiments A  and 
B (table 2), rats of the SD strain were used. In experiment 
A (table 2, groups 1 to 8), rats fed the 42% peanut meal diet

TABLE 2

Effect o f methionine on the growth of weanling rats fed the 
methionine imbalance diet 

( W e a n l i n g  S D  r a t s ;  4 - w e e k  e x p e r i m e n t a l  p e r i o d )

G R O U P
N O .

B A S A L
D IE T
N O .

D IE T  1
N O . O F 
R A T S

A V . G A I N /
r a t / w k .

A V .D A I L Y  
FOOD C O N 

S U M P T IO N / 
R A T

GM  FOOD 
IN G E S T E D  
GM G A IN

EXPERIMENT A
gm gm

l l 4 2 %  P M 8 3 4 . 0 1 6 . 9 2 . 3

2 2 4 2 %  P M  +  2 0 %  o x i d .  

c a s e i n

4 1 7 . 1 1 3 . 7 4 . 9

3 2 S a m e  a s  g r o u p  2  

+  M

4 2 1 . 3 1 1 . 7 2 . 8

4 2 S a m e  a s  g r o u p  2

+  b I2

4 2 7 . 3 1 3 . 8 2 . 7

5 2 S a m e  a s  g r o u p  2

+  b u  +  m

4 3 1 . 7 1 5 . 1 2 . 4

6 1 4 2 %  P M  +  B ; ; , 8 4 0 . 8 1 7 . 6 2 . 2

7 1 4 2 %  P M  +  M 4 3 8 . 5 1 6 . 6 2 . 4

8 1 4 2 %  P M  +  M  +  B 12 4

EXPERIMENT B

4 0 . 3 1 8 . 0 2 . 4

9 3 3 5 %  P M 4 3 6 . 5 1 4 . 0 2 . 5

1 0 4 3 5 %  P M  +  2 0 %  o x i d .  

c a s e i n

4 1 9 . 7 9 . 4 3 . 9

1 1 4 S a m e  a s  g r o u p  1 0  

+  M

4 3 0 . 1 1 1 . 3 3 . 0

1 2 4 S a m e  a s  g r o u p  1 0  

+  a u r e o m y c i n 2

4 2 1 . 2 1 1 . 3 2 . 6

1 P M  =  extracted peanut meal ( 4 8 %  protein); M  =  DL-methionine, 5  gm/kg 
diet; vitamin B 12 (where indicated in experiment A ) ,  6 0  ¿¿g/kg diet.

2 A u r e o m y c i n  ( C h l o r t e t r a c y c l i n e )  a d d e d  a t  l e v e l  o f  1 0 0  m g / k g  d i e t .
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gained in weight an average of 34.0 gm per week during the 
4-week experimental period. However, when 20% of oxidized 
casein was added to the diet and supplemented with 0.2% of 
DL-tryptophan, the growth of the animals was reduced to 17.1 
gm per week (table 2, group 2). The methionine imbalance 
also produced a marked increase in the amount of food con
sumed per gram of gain of the animals, as may he noted 
from the ratios of food consumption to body-weight gain.

Supplements of either methionine or vitamin Bi2 partly 
reversed the reduction in growth while a supplement of both 
methionine and vitamin B12 gave essentially normal growth 
and food conversion (31.7 gm per week). Supplements of 
vitamin Bi2 or methionine also improved somewhat the growth 
of rats fed the 42% peanut basal diet.

In experiment B (table 2, groups 9 to 12), the level of 
peanut meal used in the diet was reduced to 35% to restrict 
the methionine content more rigidly. The diet was sup
plemented with lysine, cystine, folacin and vitamin B12 (table 
1). This diet permitted the same growth as that obtained with 
the 42%  peanut meal diet unsupplemented with vitamin B12. 
Again the addition of 20% oxidized casein to the 35% peanut 
meal diet caused a marked reduction in growth and rate of 
food conversion of the animals despite the presence of vitamin 
B12 in the diet (36.5 to 19.7 gm per week, respectively). Sup
plementation of the diet with 0.5% of DL-methionine almost 
completely corrected the imbalance (30.1 gm per week), 
whereas, the addition of aureomycin to the imbalance diet 
had little, if any, effect.

An amino acid imbalance of methionine was also readily 
produced in weanling rats of the AES strain when fed the 
diets employed in the above experiments. The imbalance con
dition was also corrected by methionine. Since the results 
we-re essentially the same as those obtained with the SD 
strain of rats, data were not presented. These experiments 
also revealed that rats of the SD strain were more efficient 
than rats of the AES strain in the conversion of food to gains
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in body weight when fed the above diets. Rats of the SD 
strain ingested about 2.3 gm of food per gram of gain when 
fed the 42% peanut meal diet, whereas rats of the AES strain 
required 3.0 gm.

TA BLE  3

Effect o f isoleucine on the growth of weanling rats fed isoleucine imbalance diets 
( W e a n l i n g  S D  r a t s ;  4 - w e e k  e x p e r i m e n t a l  p e r i o d )

GROUP
NO.

BASAL
DIET
NO.

DIET NO. OF 
RATS

AV. 
g a in /  

RAT/Wit.

AV. DAILY 
FOOD CON

SUMPTION/ 
RAT

GM FOOD 
INGESTED 
CM GAIN

gm gm
E XPE R IM EN T C

l 5 7 5 %  C o r n 1 2 8.7 7 . 5 6 . 0

2 6 7 5 %  C o r n  + 1 5 % 1 2 0 . 9 5 . 4 4 2 . 2

h e m o g l o b i n

3 6 S a m e  a s  g r o u p  2 8 2 0 . 8 1 0 . 3 3 . 4

+  i s o l e u c i n e  1

E XP E R IM E N T D
4 7 7 0 %  C o r n 7 1 6 . 3 8 . 7 3 . 7

5 8 7 0 %  C o r n  +  2 0 % 4 1 . 2 6 . 3 3 7 . 1

h e m o g l o b i n

6 8 S a m e  a s  g r o u p  5 4 1 6 . 7 8 . 7 3 . 4

+  i s o l e u c i n e  1 2

7 7 7 0 %  C o r n  +  i s o - 3 1 5 . 8 8 . 8 3 . 9

l e u c i n e  2

1 D L - I s o l e u c i n e  a d d e d  a t  a  l e v e l  o f  5 . 5  g m / k g  o f  b a s a l  d i e t .

2 D L - I s o l e u c i n e  a d d e d  a t  a  l e v e l  o f  4  g m / k g  o f  t h e  r e s p e c t i v e  b a s a l  d i e t s .

Effect of isoleucine imbalance on growth of the rat

The production of an amino acid imbalance of isolencine was 
attempted by feeding weanling rats a corn-hemoglobin diet. 
Ground corn grain was employed as the source of protein in 
order to control the isoleucine content of the diet. Earlier 
studies in this laboratory had demonstrated that corn was 
deficient in isoleucine, tryptophan, lysine, threonine and valine
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(Sauberlich et al., ’53). Therefore, the basal diets were sup
plemented with these amino acids. Isoleucine was added in 
amounts sufficient to provide only a suboptimal level (table 1, 
diets 5 to 8). Hemoglobin, because of its low isoleucine con
tent, was employed in an attempt to produce an imbalance 
condition.

From the results summarized in table 3, it may be noted 
that the addition of hemoglobin to the corn basal diet caused 
a very severe inhibition in growth. In experiment C, growth 
was reduced from an average gain of 8.7 gm per week to only
0.9 gm by the addition of 15% hemoglobin to the 75% basal 
corn diet (table 3, groups 1 and 2). Supplementation of the 
diet with 0.55% of DL-isoleucine readily reversed the depres
sion in growth.

In experiment I) (table 3), the content of corn in the basal 
diet was reduced to 70%, but the level of DL-isoleucine was in
creased to 0.2% to permit increased growth of the animals. 
Hoivever, when 20% of hemoglobin was added to the diet, a 
severe inhibition in growth was again noted (16.3 vs 1.2 gm 
per week, respectively). Deaths were noted when the animals 
were maintained on the imbalance diet for periods beyond 4 
weeks. An increased addition of DL-isoleucine (0.4%) to the 
diet prevented death and depression in growth. The amount 
of food required per gram of gain in body weight was also 
markedly increased, but was returned to normal with an in
creased supplementation of isoleucine to the diet.

Effect of threonine imbalance on growth of the rat

When a series of amino acids was added to a 6% casein- 
corn grits basal diet (table 1, diets 9 and 10), growth of 
weanling rats was very markedly reduced. For example, in 
experiment E (table 4, groups 1 to 3), growth of the rats fed 
the 6% casein-corn grits basal diet was reduced from an aver
age weekly gain of 19.6 gm to only 7.3 gm by the addition 
of the amino acids to the diet. However, the depression in 
growth was prevented by supplementation of the diet with
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0.4% of DL-threonine. It is evident, then, that an amino acid 
imbalance of threonine could be produced in the rat by sup
plementation of the diet with certain amino acids. Imbalances 
of lysine, histidine, isoleucine or leucine were not produced 
when similar respective combinations of amino acids were 
added to the 6% casein-corn grits basal diet (table 4, groups 
4 to 7).

In experiment F (table 4, groups 8 to 11), the amino acid 
supplement used to produce the threonine imbalance was twice 
that employed in experiment E, and also included valine. 
Again the observed depression in growth could be prevented 
by the addition of threonine to the diet. The addition of only 
tryptophan and methionine to the basal diet did not produce 
an inhibition in growth. Supplementary experiments also 
revealed that the addition of the other amino acids singly 
and in certain pairs to the basal diet effected no reduction in 
growth.

The imbalance effect was also observed when the level of 
casein was increased to 10% and the corn grits omitted from 
the diet (table 4, experiment G). Again threonine reversed 
the effect. In each experiment, it may be noted that the 
imbalance condition also increased the amount of food required 
per gram of gain in body weight. This was readily reversed 
by supplements of threonine to the diet.

Effect of amino acid and protein 
deficiencies upon adult rats

Recent studies in this laboratory (Sauberlich and Salmon, 
’55) revealed that a tryptophan imbalance in the rat caused 
an increased urinary excretion of amino acids, including that 
of tryptophan itself. When the imbalance condition was 
corrected by the addition of increased supplements of tryp
tophan to the diet, the urinary excretion of amino acids re
turned to normal. The increased loss of amino acids produced 
by the tryptophan imbalance may have reflected an attempt
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TABLE 4

Effect o f threonine on the growth of weanling rats fed  threonine imbalance diets 
( S D  r a t s ;  4 - w e e k  e x p e r i m e n t a l  p e r i o d )

GRO U P
N O .

B A S A L
D IE T
N O .

D IE T N O . OF 
R A T S

A V .
g a i n /

r a t / w k .

A V . D A IL Y  
FOOD C O N 

S U M P T IO N / 
R A T

G M  FOOD 
IN G E S T E D  
G M  G A IN

gm gm
EXPERIMENT E

l 9 6 %  C a s e i n 5 1 9 . 6 9 . 0 3 . 1

2 1 0 6 %  C a s e i n  - f

a m i n o  a c i d s 6 7 . 3 3 . 8 3 . 7

3 1 0 S a m e  a s  g r o u p  2 ,

+  t h r e o n i n e  1 5 1 8 . 0 5 . 9 2 . 3

4 1 0 S a m e  a s  g r o u p  3 ,

l y s i n e  o m i t t e d 5 1 9 . 0 8 . 5 3 . 1

5 1 0 S a m e  a s  g r o u p  3 ,

h i s t i d i n e  o m i t t e d 5 2 2 . 5 7 . 4 2 . 3

6 1 0 S a m e  a s  g r o u p  3 ,

i s o l e u c i n e  o m i t t e d 5 1 8 . 0 6 . 4 2 . 5

7 1 0 S a m e  a s  g r o u p  3 ,

l e u c i n e  o m i t t e d 5 2 4 . 3 7 . 8 2 . 3

EXPERIMENT F
8 9 6 %  C a s e i n 4 1 8 . 4 7 . 9 3 . 0

9 9 6 %  C a s e i n  +  T

+  M 2 4 1 8 . 2 8 . 1 3 . 1

1 0 1 1 6 %  C a s e i n  +  a m i n o

a c i d s 5 1 0 . 4 6 . 8 4 . 6

1 1 1 1 S a m e  a s  g r o u p  1 0 ,

- f -  t h r e o n i n e 4 2 3 . 8 8 . 3 2 . 4

EXPERIMENT G
1 2 1 2 1 0 %  C a s e i n 4 2 2 . 4 9 . 1 2 . 8

1 3 1 3 1 0 %  C a s e i n  +

a m i n o  a c i d s 4 1 2 . 9 7 . 2 3 . 9

1 4 1 3 S a m e  a s  g r o u p  1 3 ,

+  t h r e o n i n e 3 2 2 . 6 8 . 6 2 . 7

1 DL-Threonine, supplemented at a level o f 4 gm/kg diet.
2 T  =  dl-tryptophan, 1  gm /kg diet ; M  =  DL-methionine, 3  gm/kg diet.
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by the animal to remove the excess nnnsed amino acids. In 
so doing, tryptophan was also lost.

In an attempt to determine further the effect excess amino 
acids may have on the imbalance phenomenon, adult rats were 
placed on a protein-free diet (table 1, diet 14). Other groups 
of animals received this diet supplemented with proteins 
deficient in certain amino acids, or with glycine, or with urea. 
Under these more pronounced conditions, one could then, 
perhaps, determine whether or not excess amino acids exerted 
an effect by causing an increased urinary loss of amino acids 
limiting to the animal. Such losses of amino acids may then be 
reflected in an increased rate in loss of body weight and a 
reduced survival time of the animals.

Results of such a study are summarized in table 5. The 
data indicate that rats fed the diets supplemented with amino 
acid-deficient proteins, glycine or urea lost weight at no 
greater rate than animals fed the protein-free diet. Similarly, 
the excess amino acids or nitrogen did not reduce the survival 
time of the animals. The hemoglobin values of all arimals 
remained near normal for a period of at least 11 weeks, even 
with the complete absence of protein in the diet. Food con
sumption of the animals also remained surprisingly high 
throughout the experiment.

Plasma amino acid levels of rats fed 
certain imbalance diets

S u m m a r iz e d  in  ta b le  6 a re  le v e ls  o f  s e v e r a l  a m in o  a c id s  in  
th e  p la s m a  o f  r a ts  f e d  c e r ta in  im b a la n ce  d ie ts . I n  e x p e r im e n t  
I ,  r a ts  w e r e  f e d  th e  m e th io n in e -im b a la n c e  d ie ts . F r o m  th ese  
e x p e r im e n ts , i t  w a s  n o te d  th a t  th e  m e th io n in e  le v e l  in  th e  
p la s m a  w a s  n o t  a f fe c te d  b y  th e  a d d it io n  o f  2 0 %  o x id iz e d  ca s e in  
to  th e  d ie t . T h e  s u p p le m e n ta t io n  o f  th e  p e a n u t  m e a l -o x i 
d iz e d  c a s e in  d ie t  w ith  0 .5 %  o f  D L -m eth ion in e  in c r e a s e d  th e  
le v e l  o f  m e th io n in e  f r o m  10.6 to  20.6  | jg /m l o f  p la s m a  (ta b le  
6, g r o u p s  2 a n d  3 ) .  O n ly  th e  n -is o m e r  o f  m e th io n in e  w a s  
m e a s u r e d  in  th e  m ic r o b io lo g ic a l  m e th o d  e m p lo y e d . T h e  a d -
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TABLE 6

Plasma amino acid levels of rats fed certain imbalance diets 
( S D  r a t s )

GROUPNO.
BASAI/DIETNO. DIET 1 AMINO ACID CONTENT 1 2 3

l l

(fjig/ml plasma)
EXPERIMENT I

(4 weanling rats/group; 4-week experimental period)
Met hionin e V alin e

42% PM 10.4 ± 1.0 8.4 ±  1.9
2 2 42% PM + 20% oxid. 

casein
10.6 ± 0.3 24.6 ± 2.1

3 2 42% PM +20% oxid. 
casein + M

20.6 ± 2.8 27.6 ± 7.4

4 2 42% PM + 20% oxid. 
casein + B12

15.2 ±  2.1 23.0 ±  5.0

5 2 42% PM + 20% oxid. 
casein + B12 + M

20.2 ± 1.3 33.3 ±  6.9

6 1 42% PM + B12 13.5 ±  1.7 13.7 ± 1.1
7 1 42% PM + M 18.6 ± 1.2 15.0 ±  2.7
8 1 42% PM + B12 + M 21.8 ± 2.4 12.0 ±  3.7

9 14

EXPERIMENT J*
(4 adult rats/group; 3-week experimental period)

Methionine Proline Tryptophan Valine 
Basal -j- 20% 19.0 ±  0.7 34.4 ±  8.8 32.3 ± 2.9 31.8 ±  3.9 

casein4
10 14 Basal + 20% 12.7 ± 0.8 31.6 ± 4.4 

oxid. casein 
+ T + M + 0

29.1 ±  2.6 32.5 ± 1.3

11 14 Basal + 20% 10.7 ± 
oxid. casein 
+ C + M

0.1 15.7 ± 0.9 14.1 ± 2.1 15.0 ± 1.3

1 P M  =  extracted peanut meal ( 4 8 %  protein) ;  M  =  DL-methionine (5 gm/kg 
diet) ; G =  L-eystine ( 3  gm/kg diet) ; T  =  DL-tryptophan ( 3  gm/kg diet) ;  vitamin 
B 12 added at a level of 6 0  Mg per kilogram of diet.

2 A v e r a g e  ±  s t a n d a r d  e r r o r  o f  t h e  m e a n .

3 A v e r a g e  i n i t i a l  w e i g h t  o f  a n i m a l s  2 8 0  g m ; g r o u p  9  g a i n e d  a n  a v e r a g e  o f  1 4 . 2  

g m / w k . ; g r o u p  1 0  g a i n e d  a n  a v e r a g e  o f  3 . 2  g m / w k .  a n d  g r o u p  1 1  l o s t  a n  a v e r a g e  o f  

2 4 . 2  g m / w k .

4 P r o t e i n s  w e r e  a d d e d  a t  t h e  e x p e n s e  o f  s u c r o s e  t o  t h e  p r o t e i n - f r e e  b a s a l  d i e t .
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dition of vitamin B12 to the imbalance diet increased the 
plasma level of methionine to 15.2 gg/ml. Supplementation 
of the basal peanut meal diet with methionine likewise 
produced a very marked increase in the concentration of 
methionine in the plasma (10.4 to 18.6ng/ml). Vitamin Ba2 
supplementation also produced some increase.

The valine level in the plasma, however, was increased 
nearly three-fold by the addition of oxidized casein to the 
basal peanut meal diet (8.4 to 24.6Mg/ml). Supplements of 
methionine or vitamin Bi2 to the diets had little effect on the 
level of valine in the plasma.

In experiment J, the methionine, proline, tryptophan and 
valine levels were determined in plasma from adult rats fed 
a 20% normal casein diet or a 20% oxidized casein diet sup
plemented with both tryptophan and methionine or only 
with methionine for a period of three weeks. The plasma 
amino acid levels of rats fed the casein diet or the fully 
supplemented oxidized casein diet were essentially the same, 
except for methionine. The methionine level was somewhat 
higher for rats fed the casein diet. This may be related to 
the level of DL-methionine added to the oxidized casein diet.

When tryptophan was omitted from the diet, the plasma 
amino acid levels were considerably lowered. This occurred 
despite the fact that the animals were consuming considerable 
quantities of amino acids, in addition to losing in body weight 
an average of 24 gm per week. Thus, the animals apparently 
were capable of removing from the blood stream considerable 
quantities of amino acids despite the dietary deficiency of 
tryptophan.

Effect of tryptophan imbalance on growth of the mouse

An amino acid imbalance was also produced in the mouse 
by the use of casein-oxidized casein diets. Results of these 
studies are presented in table 7. When mice were fed an 
8% casein diet, growth of 8.4 gm was obtained in 4 weeks. 
The addition of 20% of oxidized casein to the diet, supple-
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merited with 0.5% of DL-methionine, reduced the growth of 
the animals to only 1.1 gm in 4 weeks. This reduction in 
growth could he largely prevented by supplementation o'f the 
diet with 0.25% of DL-tryptophan (6.6 gm in 4 weeks). A 
higher level of supplementation may have improved the 
growth further, since the mouse utilizes the D-tryptophan 
with difficulty.

TABLE 7
Effect o f  tryptophan imbalance on growth o f  weanling albino mice 1

D IE T  2 A V . G A IN  IN  4  W E E K S

gm
8 %  C a s e i n 8 . 4

8 %  C a s e i n  +  2 0 %  o x i d i z e d c a s e i n  +  M 1 .1

8 %  C a s e i n  +  2 0 %  o x i d i z e d c a s e i n  +  M  +  T 6 . 6

2 8 %  C a s e i n 1 4 . 3

‘ A v e ra g e  in it ia l  w e ig h t  11 .4  g m ;  fiv e  m ice  used  p e r  g ro u p .
2 D ie ts  e m p lo y e d  w ere  s im ila r  to  th ose  p re v io u s ly  used  (S a u b e r lich  a n d  S a lm on , 

’ 55) e x ce p t  th e  le v e l o f  ca se in  w a s  re d u ce d  to  8 %  a n d  a ll d ie ts  w ere  su p p lem en ted  
w ith  0 .3 %  o f  D L -threonine. M  =  D L -m eth ion ine, a d d e d  a t  a  le v e l o f  0 .5 %  o f  th e  
d ie t ;  T  =  D L -tryp top h an , a d d e d  a t  a  le v e l o f  0 .2 5 %  o f  th e  d ie t.

D I S C U S S I O N

The production of imbalances of methionine, isoleucine and 
threonine in the rat as described in these studies demonstrates 
that the amino acid imbalance condition is not peculiar to 
tryptophan alone. Previous studies have demonstrated that 
a tryptophan imbalance can be produced in the rat independ
ently of niacin (Salmon, ’54; Sauberlich and Salmon, ’55), 
although it is true that under certain conditions niacin does 
demonstrate a corrective effect, the so-called “ niacin effect”  
(Krehl et ah, ’45, ’46; Briggs et ah, ’46; Singal et ah, ’48; 
Hankes et ah, ’49 ; Anderson et ah, ’51 ; Salmon, ’54 ; Koeppe 
and Henderson, ’55). In the present studies a similar rela
tionship was observed for vitamin B12 with respect to the 
production of a methionine imbalance. Other studies have 
shown that vitamin Bi2 can exert a sparing-action on methi
onine under certain conditions (Patrick, ’50, ’52; Sunde et 
ah, ’50; Sauberlich, ’54). Vitamin B12 also exhibited a spar



AM INO ACID IMBALANCES 367

ing action on methionine in the present experiments as was 
observed by the growth and corrective effects on the amino 
acid* imbalance. When the methionine level in the diet was 
sufficiently reduced, an imbalance was produced even in the 
presence of vitamin B12. The addition of methionine to the 
diet corrected the imbalance.

Tryptophan imbalances are similar to methionine in this 
respect (Salmon, ’54; Säuberlich and Salmon, ’55). When the 
level of tryptophan in the diet was reduced sufficiently, an 
imbalance condition was produced regardless of the presence 
of niacin: Under these circumstances tryptophan, but not 
niacin, corrected the condition.

The imbalances of isoleucine and threonine were produced 
without any apparent unique vitamin-amino acid interrela
tionships. These results suggest that the imbalance effect 
may be a general phenomenon associated with specified condi
tions for probably most of the essential amino acids and pos
sibly even for some of the “ non-essential”  amino acids. Re
sults of the present study emphasize again that the amino acid 
requirements of the rat are not constant factors hut are re
lated to the diet employed and in particular to the protein or 
nitrogen level of the diet. Such an effect was demonstrated 
previously in this laboratory for the tryptophan requirement 
of the rat (Salmon, ’54; Säuberlich and Salmon, ’55). The 
mouse also appears to be subject to the effects of an imbalance 
in tryptophan. Although determinations of the quantitative 
increase in the requirements for methionine, isoleucine or 
threonine under the imbalance conditions were not made in 
the present investigation, such increased requirements are 
evident.

Several possible explanations were previously offered for 
the increased demand for tryptophan (Salmon, ’54; Säuber
lich and Salmon, ’55). Such explanations are also applicable 
to the increased requirements noted for methionine, isoleucine 
and threonine. For example, a possible explanation was that 
in the absence of sufficient tryptophan to permit a balance 
of the ingested amino acids for synthesis into tissue proteins,
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the surplus amino acids must be excreted or disposed of 
in some other manner and that in this process there is a 
wasting of the tryptophan originally available. The tryp
tophan imbalance produced an increased loss of tryptophan 
and other amino acids in the urine and a marked lowering 
of the tryptophan level in the plasma. However, from the 
results of the present study such losses of amino acids do 
not appear to be the basic cause of the imbalance. When 
rats were fed diets deficient in protein or amino acids, excess 
amino acids did not appear to increase the loss of limiting 
amino acids as noted by weight loss and survival of the 
animals.

Although the imbalance in methionine did not produce a 
depression in the plasma level of this amino acid, it did 
appear to alter the ratio of methionine with respect to 
other amino acids. Such alterations in plasma amino acid 
concentrations may he an explanation for the imbalance phe- 
nemonon, since such a condition could very likely interfere 
with enzymatic ability and activity for protein synthesis. 
Thus in order for efficient and maximum tissue protein syn
thesis to proceed in an animal, the diet must furnish amino 
acids not only in sufficient quantity, hut also in proper balance.

S U M M A R Y

1. Growth of weanling rats was depressed more than 50% 
when oxidized casein was added to a diet containing peanut 
meal as a protein source. This growth depression (or im
balance) could be corrected by additions to the diet of methi
onine or, under certain conditions, of vitamin B12.

2. The addition of hemoglobin to a corn grain diet pro
duced an imbalance that was corrected by supplements of 
isoleucine.

3. The supplementation of certain amino acids to a casein 
diet produced a marked reduction in growth. Threonine sup
plements, however, prevented the depression in growth.

4. The amino acid imbalances increased the amount of food 
required per gram of gain in body weight of the animals.
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This was corrected by supplementation of the diet with the 
corresponding amino acids.

5. Plasma levels of methionine were not altered by the 
methionine imbalance. Tryptophan deficiency, however, caused 
a reduction in plasma amino acids.

6. The survival of adult rats fed protein-free diets was 
not influenced by supplements of certain amino acid-deficient 
proteins, glycine or urea.

7. An amino acid imbalance was produced in weanling 
mice Ted a casein-oxidized casein diet. This imbalance could 
be largely prevented by supplements of tryptophan to the 
diet.
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INTRODUCTION

Calcium utilization and bone mineralization are greatly 
reduced when the dietary protein is low in either quality or 
quantity (McCance et al., ’42; Desikachar and Subrahmanyan, 
’49; Frandsen et al., ’54). Poor calcium utilization also occurs 
on diets deficient in one or more of the essential amino acids 
(Bavetta et al., ’54 and Haggar et al., ’55). These amino 
acid insufficiencies result in a narrowing of the epiphyseal 
cartilage plate due to the reduction of cartilage cells, and a 
marked osteoporosis in both the epiphysis and diaphysis of 
the femur. Similarly, structural changes in the intestinal 
wall or a reduction of pertinent enzymes resulting from severe 
protein lack, or both, may interfere with mineral absorption.

Short term interactions between proteins or protein deriva
tives and calcium are indicated from the studies of Lehman 
and Pollack ( ’41-’42). These investigators observed that a- 
amino acids increase the solubility of calcium salts and pro-

1 On assignment from the United States Air Force Veterinary Corps.
2 Under contract with the United States Atomic Energy Commission.
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posed that the simultaneous presence of both factors in the gut 
would aid mineral absorption. The present study was con
cerned with the direct estimation of the effect of various amino 
acids on the absorption of ingested radiocalcium and radio
strontium by the rat. Also studied were other organic sub
stances that have been reported to increase calcium absorption. 
Radiostrontium was employed to observe the comparative 
behavior of the two alkaline earths and because of contem
porary interest in the hazards of radiostrontium.

MATERIALS AND METHODS

Young male (90 to 130 gm) Carworth albino rats, reared on 
a commercial stock diet, were used in most of these experi
ments. The schedule of treatment was as follows: (1) the 
rats were fasted for 22 hours with water available; (2) the 
rats were given, by stomach tube, 2 ml of a solution contain
ing 10 pc of Sr89 , 20 pc of Ca45, 10 mg of CaCl2 carrier and
0.84 millimoles of the test substance; (3) the animals Avere 
killed 24 hours after dosage, having been maintained on the 
fast. The femurs Avere removed, ashed, dissolved in 3N HC1, 
and made to 50 ml volume. An external solution count was 
made on one aliquot with a conventional Geiger tube; a 55 
mg/cm2, absorber was inserted between the solution and 
tube to eliminate any Ca45 contribution. The counting rate 
was evaluated in terms of a standard and results were ex
pressed as “ percentage of Sr89 dose in the femurs.”  For the 
Ca45 determination, another aliquot of the ash solution was 
precipitated as the oxalate and radioassayed by procedures 
described by Comar ( ’55). The Ca45 content of the sample 
was determined by the usual methods for radioassay of 
mixtures using differential absorption (Comar, ’55). The 
calcium-strontium ratios (Ca*/Sr*) were calculated by divid
ing the percentage of Ca45 dose in the femurs by the cor
responding Sr89 value.

Commercial amino acids were used without further purifi
cation. Amino acids of low solubility were put into solution
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with hydrochloric acid and all test solutions in each series 
were, adjusted to equivalent acidities. Other reagents were
C. P. grade.

RESULTS

Tables 1 and 2 show the effects of essential and certain non- 
essential amino acids on the accumulation of Ca45 and Sr89 
in rat femurs following simultaneous ingestion. Since the 
percentage increase was similar for both Ca43 and Sr89, a

TABLE 1

Effect o f essential amino acids on the accumulation of Ca'’- and Srs‘ in rat femurs '

T R E A T M E N T Ca® Sr8»
A V E R A G E  

IN C R E A S E  I N  
Ca45 A N D  Sr89

C a* /S r*
IN

F E M U R

( %  of dose 
in femurs )

( % of dose 
in femurs) ( % of control)

Control 4.6 ±  0.2 2.8 ±  0.1 100 1.63
L-Lysine 8.0 ±  0.4 5.4 ±  0.4 182 1.48
L-Arginine 7.4 ±  0.3 5.5 ±  0.4 176 1.33
L-Tryptophan 7.3 ±  0.4 4.5 ±  0.4 159 1.62
L-Leucine 6.6 ±  0.2 4.0 ±  0.3 142 1.62
L-Hiatidine 6.3 ±  0.2 3.3 ±  0.1 126 1.89
i.-Metliionine 6.0 ±  0.3 3.1 ±  0.2 119 1.96
L-Isoleueine 5.3 ±  0.2 3.1 ±  0.3 112 1.70
L-Valine 5.4 ±  0.2 2.9 ±  0.1 110 1.84
L-Threonine 5.1 ±  0.2 2.9 ±  0.2 107 1.78
L-Phenyla.lanine 5.3 ±  0.2 2.8 ±  0.2 105 1.91

'Values represent mean ±  standard error of the mean; 8 animals per group; 
mean body wt. =  92 ±  1 gm; mean femur ash wt. =  184 ±  4 mg; dose contained 
10 mg carrier CaCl2 and 0.84 millimoles of amino acid.

single average value is given for brevity. It will be noted 
that lysine and arginine were most effective in promoting the 
appearance of the radioisotopes in the bone; these two amino 
acids almost doubled the Ca43 and Sr89 values in the femur. 
Tryptophan, leucine, and aspartic acid were also appreciably 
effective. The other amino acids studied had lesser or no 
significant effect. It should be noted that the administration 
of lysine resulted in an occasional diarrhea; this was not 
observed with any other amino acid.
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TA BLE  2

Effect o f lysine and some nonessential amino acids on the accumulation of 
Cam and Srw in rat fem urs1

A V ERAG E Ca*/Sr*
T R E A T M E N T Ca45 Sr" IN C R E A S E  I N I N

Ca45 A N D  Sr89 F E M U R

(% of dose 
in rat femurs)

( % of dose 
in rat femurs) ( % of control)

Control 4.6 ±  0.5 2.5 ±  0.3 100 1.85
L-Lysine 8.5 ±  0.4 5.2 ±  0.3 198 1.64
L-Aspartic acid 6.3 ±  0.4 3.8 ±  0.3 146 1.67
Hydroxy-L-proline 6.3 ±  0.3 3.4 ±  0.2 136 1.73
L-Glutamic acid 6.0 ±  0.4 3.4 ±  0.2 135 1.86
liL-Tyrosine 5.8 ±  0.5 3.3 ±  0.4 130 1.75
L-Serine 6.0 ±  0.3 3.0 ±  0.3 126 2.00
Glycine 5.7 ±  0.2 3.0 ±  0.2 123 1.90
i.-Proline 4.9 ±  0.2 2.6 ±  0.1 107 1.89
L-Alanine 4.8 ±  0.4 2.5 ±  0.1 104 1.94

1 Values represent mean ±  standard error of the mean; 8 animals per group;
mean body wt. =  101 ±  2 gm; mean femur ash wt. =  212 ±  5 gm; dose contained
10 mg carrier CaCl2 :and 0.84 millimoles of amino acid.

T A BLE  3

Comparison of amino acids with various substances on the accumulation of
Cam and Srm in rat femurs 1

A V ERAG E Ca*/Sr*
T R E A T M E N T Ca“ Sr89 IN C R E A S E  I N I N

Ca“  A N D  Sr80 F E M U R

(°fo of dose 
in femurs )

( %  of dose 
in femurs) ( %  of control)

Control 3.2 ±  0.3 2.0 ±  0.2 100 1.63
Lactose 7.5 ±  0.3 5.3 ±  0.2 252 1.43
L-Lysine 6.2 ±  0.3 4.1 ±  0.3 201 1.53
L-Arginine 5.8 ±  0.3 4.0 ±  0.3 193 1.46
L-Leueine 4.5 ±  0.3 3.0 ±  0.2 146 1.51
Na gluconate 5.0 ±  0.2 2.7 ±  0.2 146 1.86
Na lactate 4.1 ±  0.1 2.7 ±  0.1 130 1.52
B vitamin mixture 3.2 ±  0.2 2.0 ±  0.2 100 1.66
Na citrate 3.3 ±  0.4 1.7 ±  0.2 94 1.95

'Values represent mean ±  standard error of the mean; 8 animals per group; 
mean body wt. =  129 ±  3 gm; mean femur ash wt. =  266 ±  6 mg; dose contained 
10 mg carrier CaCl2 and 0.84 millimoles of test substance. The B vitamin mixture 
contained 0.35 mg thiamine-HCl, 0.75 mg riboflavin, 2 mg calcium pantothenate, 
0.70 mg niacin, 1.0 mg pyridoxine-HCl, 2 mg p-amino benzoic acid, and 0.25 mg 
folic acid per dose.
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Table 3 summarizes a comparison of lysine, arginine and 
leucine with other organic compounds that have been re
ported to influence calcium absorption. It may first be noted 
that the results with the amino acids showed good agreement 
with other experiments (tables 1 and 2). Of particular in
terest was the action of lactose, which was more effective 
than either lysine or arginine, and which increased the radio
isotope content of the femur by a factor of about 2.5. The 
lactose effect on calcium absorption and utilization has been 
generally accepted and recently emphasized by Fournier ( ’55).

T A BLE  4

Effect o f lysine on femur accumulation of oral versus parenterally 
administered CaK and Srm 1

T R E A T 
M E N T

M E T H O D  O P 
Ca45 A N D  Sr?? 

A D M IN IS T R A T IO N
Ca« Sr89

A V ERAG E 
IN C R E A S E  IN  
Ca45 A N D  Sr89

Ca*/Sr*
IN

F E M U R

(°/o of dose 
in femurs)

( % of dose 
in femur) (%  of control)

Control Oral 1+ o 2.5 ±  0.3 100 1.78
L-Lysine Oral oo b i+ © bo 5.4 ±  0.1 199 1.47

Control I. P. 8.2 ±  0.3 7.5 ±  0.3 100 1.10
L-Lysine I. P. 9.0 ±  0.3 7.7 ±  0.1 107 1.17

'Values represent mean ±  standard error of the mean; 6 animals per group; 
mean body wt. =  138 ±  4 gm; mean femur ash wt. =  229 ±  14 mg; dose contained 
10 mg CaClj and 0.84 millimoles of amino acid.

The sodium lactate and sodium gluconate showed only small 
positive effects; the vitamin B mixture and sodium citrate 
had no effect. The negative results with citrate tend to cor
roborate the findings of Antoni and Cremer ( ’55).

The appearance of ingested Ca45 and Sr89 in the bone can be 
theoretically related to absorption from the gut, and also 
to any other processes concerned with the removal of the 
radioisotopes from the blood; for example, exchange into 
extravascular spaces and excretion. When animals to be 
compared are under similar physiological conditions, it is 
generally accepted that the appearance of ingested Ca45 and 
Sr89 in bone is a reliable index of absorption of these radio
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isotopes from the gut. An experiment was performed, how
ever, to show that the effect of lysine was predominantly upon 
gastrointestinal absorption rather than upon hone mineraliza
tion or other processes within the body. The experimental 
plan and results are presented in table 4. The conditions and 
quantities of test substances were identical with previously 
described experiments. In principle, a comparison was made 
of the effects of lysine on ingested versus parenterally ad
ministered Ca45 and Sr89. Lysine again doubled the amount 
of the radioisotopes found in the bone when the minerals 
and amino acids were administered orally. Injected Ca45 
and Sr89, however, were deposited to about the same extent 
in lysine-treated and control rats. This supports the premise 
that the reported amino acid responses do indeed reflect ab
sorption from the gut rather than other processes concerned 
with the disappearance of the radioisotopes from the blood. 
If one assumes that the same proportion of the absorbed and 
injected dose enters the skeleton, it appears that the control 
rats absorbed 54 and 33% of the Ca45 and Sr89 dose, respec
tively, while the comparable values for the lysine-treated rats 
were 88 and 70%.

An indication of the comparative metabolism of radio- 
calcium and radiostrontium can be gained from the Ca*/Sr# 
ratios that have been presented in tables 1 to 4. These ratios 
show that, in general, radiocalcium was preferentially ab
sorbed over radiostrontium by a factor of about 1.7. This 
is in agreement with data for man (Harrison et ah, ’55). It 
is important to note that the substances that increased Ca4e 
absorption also increased Sr89 absorption. The Ca*/Sr* ratios 
indicate, however, that the test substances tended to promote 
Sr89 absorption more than they did Ca45 absorption. This is 
shown in figure 1, a scattergram including data from all of 
the experiments ; the normalized values of the Ca*/Sr* ratios 
are plotted against the corresponding increase in absorption. 
The explanation for this behavior is not clear. It is certain,
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however, that the calcium and strontium ions do not respond 
equally to the processes causing the increased absorption. 
This may be related to ionic characteristics, the presence of 
the carrier calcium, or discriminating processes in the absorp
tion mechanism.

Figure 2 presents a dose-response curve for lysine and the 
Ca45 and Sr89. The conditions of this experiment were the 
same as those previously described, with the exception that

RT/ Rc
Pig. 1 Scattergram of the correlation between the Ca*:Sr* ratio and percentage 

increase in accumulated Ca45 and Sr89 in rat femurs. Mt* =  average percentage 
dose of Ca43 and Sr89 in bones of treated group and Me* =  average percentage dose 
of Ca45 and Sr89 in control group. Rt/R c =  Ca*:Sr* ratio in treated group divided 
by Ca*:Sr* ratio in control.

the carrier CaCl2 was increased to 60.8 mg to reduce the 
effect of endogenous calcium. The varying amounts of L-lysine 
and the molar ratios of L-lysine to CaCl2 are shown in the 
graph. There appeared to be little effect at a lysine to 
calcium molar ratio of less than one half; the greatest increase 
in absorption occurred as the ratio increased from 1 to 2. 
This suggests that the action of lysine is other than that due 
to a vitamin-like stimulation; one would expect a much lower 
effective lysine to calcium ratio if this were true.
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Fig. 2 Effect of various molar ratios of lysine to calcium on the accumulation 
of Ca® and Sr89 in rat femurs.

DISCUSSION

The present study demonstrates that certain amino acids, 
notably lysine and arginine, promote the absorption of radio- 
calcium and radiostrontium. Other amino acids give little 
or no response. It seems unlikely that a stimulation of 
osteoid tissue synthesis or hormonal production would be 
involved as factors because of the short duration of these 
experiments. The correction of any of these disorders by ad
ministration of a single amino acid would be unexpected. 
Also, arginine and lysine were equally effective in promoting 
mineral absorption; arginine is considered to be only mar
ginally required by the rat for growth as compared to the 
absolute need for lysine (Almquist, ’51). In addition, one 
cannot conceive that such a nonspecific property as the energy
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provided by the amino acid is primarily responsible for the 
increased mineral absorption.

Examination of the metabolic and physicochemical charac
teristics of these compounds as related to their effect on 
mineral absorption permits some limited interpretations con
cerning the mechanisms. The theory of Lehmann and Pollack 
( ’41-’42), relating increased mineral absorption to the in
creased solubility of the calcium salts in the presence of 
a-amino acids, cannot entirely explain the present data. 
Glycine, Avhich has a pronounced solvent action on calcium 
salts, was relatively ineffective in these studies. Except for 
the dicarboxylic amino acids, the other amino acids, especially 
the basic types, would probably be no more effective than 
glycine in the solution of calcium salts. Complex formation 
between the amino acid per se and the mineral also cannot 
alone account for the present observations. This is based 
on inferences from the data of Li and Doody ( ’52) in which 
it was shown that lysine and arginine form unstable complexes 
with the cupric ion, whereas glutamic acid forms a stable 
complex. Preliminary observations in this laboratory indicate 
that calcium and strontium are similar to copper in this 
respect. Since lysine and arginine (isoelectric points of 9.74 
and 10.76, respectively) are in the cationic form under the pH 
conditions of the intestine, strong complex formation between 
these basic amino acids and calcium would be theoretically 
unexpected. As pointed out by Greenberg ( ’44), in the main, 
electrostatic forces can be considered as acting to prevent or 
retard the ionization of alkaline earth cations. Prom these 
considerations, it appears that the effectiveness of aspartic 
acid and glutamic acid may be related to complex formation, 
but one must look elsewhere to understand the mechanism 
of the stimulation by lysine and arginine.

The passage of the amino acid itself through the gut barrier 
is quite likely associated with its effect on mineral absorption. 
It has been shown with everted gut sacs in vitro that glycine 
and the L-isomers of alanine, phenylalanine, methionine, his
tidine, isoleucine, and proline are “ actively”  transported
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against a concentration gradient ; such transport did not occur 
with L-glutamic acid, L-aspartic acid, n-lysine, and L-ornithine 
(Wiseman, ’55). Assuming that these data apply to in vivo 
conditions, it appears that there is no direct correlation 
between the ability of the amino acid to promote calcium 
absorption and its ability to undergo “ active”  transport. 
If the dicarbosylie acids were “ actively”  transported, a 
greater response from these amino acids might have been 
realized.

Inhibitor studies by Fridhandler and Quastel ( ’55), which 
were limited to the L-isomers of alanine, phenylalanine, and 
histidine, indicate that a phosphorylation process, possibly 
indirect, may he involved in their active absorption. Tuba 
and Dickie ( ’55) observed that phosphoproteins (casein and 
vitellin) and possibly single dietary amino acids increase the 
amount of intestinal alkaline phosphatase in fasted rats ; this 
was taken as indicating that the active absorption of amino 
acids may involve the action of phosphatase. These recent 
reports suggest two hypotheses that may be applicable to 
the present data. The first would be that lysine and arginine 
in some manner interact with the mineral either in the gut 
lumen or the gut wall, resulting in increased mineral absorp
tion. This interaction may involve the formation of an inter
mediate compound, such as a phosphorylated lysine or ar
ginine, which would act as carrier for the mineral. Enzyme- 
resistant phosphopeptides isolated from milk protein have 
been shown to favor the absorption of calcium and iron 
(Mellander, ’55), and, similarly, a phosphorylated amino 
acid may act likewise. Secondly, enzyme production might be 
stimulated, such as intestinal alkaline phosphatase, which 
aids, directly or indirectly, the absorption of Ca45 and Sr89. 
These possibilities are highly speculative and further studies 
are in progress to confirm or deny these postulations. Also, 
the structural similarities of lysine and arginine with basic 
functional groups on the § or co carbon suggest some common 
denominator of activity for these compounds.
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The effect of lactose on calcium absorption and utilization 
has not been definitively explained. Fournier ( ’55) suggested 
that lactose, galactase, and certain pentoses increase calcium 
utilization by a favorable metabolic effect on ossification; 
however, the foregoing studies were of longer duration than 
those reported in this paper and may not be entirely applicable. 
More classical explanations of lactose action involve the 
formation of a more acid condition in the gut, which in turn 
promotes calcium absorption (Maynard, ’51). Gluconate and 
lactate probably increased the absorption of Ca43 and Sr89 by 
virtue of the greater solubility of the salts; little is known 
of the transport mechanism for either lactate or gluconate. 
Citrate, which forms a soluble complex with calcium, did not 
increase Ca45 or Sr89 absorption. This would suggest that 
complex formation is not necessarily a decisive factor in 
promoting mineral absorption. Other factors, such as the 
movement of the complex itself, must be considered. The lack 
of effect from the administration of vitamin B was expected 
since the test animals were not depleted of these nutrients 
under the present experimental conditions.

Although the practical implications of these results are not 
clear at this time, the data certainly offer an additional ex
planation for the favorable effect of protein or protein deriva
tives on calcium metabolism. Further studies are in progress 
to elucidate the mechanism of action, and to observe inter
relationships with other factors, such as vitamin D and 
phosphorus.

SUMMARY

1. Eighteen amino acids, including those essential for 
the rat, were assayed for effect on the gastrointestinal absorp
tion of Ca45 and Sr89. The minerals and amino acid were 
ingested simultaneously; radioassay values for the femur 
obtained 24 hours after dosage were used as a measure of 
absorption.

2. L-Lysine and L-arginine w ere the m ost potent in prom ot
ing  m ineral absorption, approxim ately  doubling the Ca45 and
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S r88 found in the fem urs. L-Tryptophan, L-leucine, and 
L-aspartic acid also produced notable increases. The other 
amino acids were less effective or ineffective.

3. Lactose produced a greater response than L-lysine and 
L-arginine. The latter two were more effective in promoting 
mineral absorption than either gluconate, lactate, citrate, or 
a mixture of B vitamins.

4. Injection of Ca45 and Sr89 into lysine-treated rats 
resulted in no increase in radioactivity in the femur while 
ingestion of both the minerals and lysine produced the usual 
twofold increase in femur values.

5. The rat preferentially absorbed Ca45 over Sr89 by a 
factor of about 1.7.

6. Analysis of the Ca*/Sr* ratios in the femurs revealed 
that most substances were slightly more effective in promoting 
Sr89 absorption than Ca45 absorption.

7. A  dose-response curve of lysine versus femur Ca45 and 
Sr89 values showed that a molar ratio of lysine :CaCl2 between 
1 and 2 was necessary for significant increases in mineral 
absorption.

8. These findings were discussed in terms of possible 
mechanisms of action for the stimulatory amino acids.

ADDENDUM

In an additional experiment, it was observed that D-lysine was as 
effective as L-lysine in promoting mineral absorption; therefore, the 
lysine response is apparently not stereo-specific.
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The energy content of a ration appears to exert a consid
erable influence upon both food consumption and protein util
ization. Several experiments with the chick have indicated 
that the productive energy content of the ration is a major 
factor in controlling feed intake. Hill and Dansky ( ’50, ’54), 
and Dansky and Hill ( ’51), have pointed out the remarkable 
ability of the chick to compensate for reduced dietary energy 
level by increasing feed consumption. Similarly, Peterson 
et al. ( ’54) noted that feed intake increased to satisfy the 
energy needs of chicks, though when the rations were of a 
very low energy content the birds were unable to consume 
sufficient feed to satisfy their energy requirements.

Investigations relating to the effects of energy levels on 
food consumption, in species other than the chick, have not 
been widely developed. Hegsted and Haffenreffer ( ’49), 
working with rats, stated that, “ the food intake of an ani
mal is governed by means yet unknown at a certain percentage 
above its normal basal metabolism. ’ ’ In the same paper it is 
suggested that, “ the mean daily calorie intake varied as the 
mean body weight raised to the 0.88 power.”  Cowgill ( ’28)

1 Supported in part by a grant from the National Research Council o f Canada.
? The authors are indebted to Hoffmann-La Roche Inc., Nutley, New Jersey, 

Lederle Laboratories Division American Cyanamid Ltd., Pearl River, New York, 
Merck and Cc., Inc., Montreal, Canada and to Charles Albert Smith, Toronto, 
Canada for the vitamins used in this experiment.
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reported that the feed intake of the adult dog appeared to be 
governed by the energy content of the feed.

Since Hoppe (1856) reported that carbohydrate ingestion 
lowered the nitrogen excretion of dogs, many workers have 
noted the sparing action of energy-rich foods on protein util
ization. Bosshardt and Barnes ( ’46) indicated that protein 
utilization of growing rats and mice, as measured by the 
percentage of absorbed protein used for body nitrogen gain, 
increased with caloric intake when the animals were fed iso
caloric diets ad libitum. These workers also noted that, “ with 
each protein source there was a maximal caloric intake per 
unit body size.”  Among other works giving evidence of the 
protein sparing action of energy are those of Swanson ( ’51) 
who worked with rats, Rosenthal and Allison ( ’51) with dogs 
and Leverton et al. ( ’51) with young women.

METHODS

The experiment reported herein was designed to study the 
nitrogen retention and food consumption of the weanling rat 
when two different levels of bulk 3 were fed, while the nitro
gen content of the rations was maintained at a constant level.

Four male and 4 female weanling rats of the Sprague- 
Dawley strain were alloted to each of the two rations listed in 
table 1, the rations varying in Alphacel content by a level of 
10%. After a 7-day ration acclimatization period the rats 
were placed in metabolism cages for a further 7 days. 
Throughout the experiment the rats were fed ad libitum in 
individual cages.

The metabolism cages were sprayed with a hot 2% boric 
acid solution prior to the experiment. On the termination of 
the experiment the cages were rinsed with distilled water, the 
washings being added to the urine which was collected in 50% 
sulphuric acid. The total volume of urine and cage washings 
was brought to 500 ml with distilled water prior to analysis.

s Alphacel, a “ non-nutritive cellulose”  obtained from Nutritional Biochemicals 
Corporation, Cleveland, Ohio.
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Feces were collected daily, dried in an air oven at 105 °C. and 
then ground to a fine powder.

T A BLE  1

Mations fed during acclimatisation and metabolism periods

R A T IO N  1 R A T IO N  2

Nitrogen source “ A ” , 1 % 15.2 15.2
Sucrose, % 54.8 44.8
Alphacel,2 % 20.0 30.0
Mazola oil, % 5.0 5.0
Salts, % * 4.0 4.0
Vitamin mix,4 % 1.0 1.0
Analysis

Gross energy, Cal./gm 4.22 4.23
Nitrogen content, gm % 2.07 2.0S

'Nitrogen source “ A . ”  Casein 58.7 gm ( ~  8 gm i f ) ,  laetalbumin 68.8 gm 
( ~ 8 g m N ) ,  DL-methionine 0.3 gm, L-histidine HC1 1.5 gm, DL-threonine 1.0 gm. 
Calculated tc supply the amino acid requirements of the rat when expressed as a 
ratio to lysine =  1.0 (Rose, '38; Block and Bolling, ’51).

2 Alphacel “ non-nutritive cellulose.”  Nutritional Biochemical Corporation, 
Cleveland, Ohio.

2 Jelinek et al., ’ 52.
4 Vitamin mix modification of Jelinek et al., ’ 52. Vitamin B,2 at a level of 

0.03 mg/kg of food replaced W ilson’s whole liver powder.

RESULTS AND DISCUSSION

The data which follow refer solely to the 7-day metabolism 
period. Table 2 lists the principal mean values obtained dur
ing this experiment. The initial weight of the rats was the 
weight at the start of the 7-day metabolism period. Diges
tible energy consumption was determined by subtracting the 
total fecal energy from the gross energy intake. Digestible 
nitrogen consumption was calculated in a similar manner to 
digestible energy, while nitrogen retained was equivalent to 
nitrogen digested minus total urinary nitrogen. It should be 
noted that the term “ digestible”  refers to apparent and not 
true digestibility.

Ration 1 with an Alphacel content of 20% had a total 
digestibility of 78% while ration 2, containing 30% of Alpha
cel, had a digestibility level of 68%. That an increase of 10%
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of Alphacel in the diet reduced the digestibility by 10% would 
indicate the suitability of Alpliacel as a diluent in work of 
this nature.

In order to measure the influence on food consumption of 
the digestible energy content of the ration, an analysis of 
variance comparing food and digestible energy consumption 
of the two groups of rats was performed. No difference in 
either food or digestible energy consumption of the two ration

T A B L E  2 1

Mean values for data relating to the effect o f digestible energy on food 
consumption and nitrogen retention during the seven-day 

metabolism period

Ration group 1 (20% Alphacel) 2 (30% Alphacel)
Number of rats 8 (4 males, 7 (3 males,

4 females) 4 females)
Initial weight, gm 79 66
Final weight, gm 116 100
Change in weight, gm 37 33
Food consumption, gm 81 83
Food digestibility, % 78 68
Energy digested, Cal. 273 248
Nitrogen digested, mg 1530 1514
Urinary nitrogen, mg 408 505
Nitrogen retained, mg 1122 1008

1 As one male rat on ration 2 lost considerable weight during the experiment, 
data relating to this animal have been omitted from this report.

groups was observed. However, a significant difference be
tween the initial weights of the two groups of rats was ob
served, the difference being primarily a function of the 
superior growth-promoting effect of ration 1 during the 7- 
day acclimatization period. It was, therefore, considered 
advisable to adjust the two groups to a common initial weight 
by means of an analysis of covariance (Crampton, ’34). The 
results of this analysis indicated that although food consump
tion between the two groups of rats was significantly different, 
there was no difference in digestible energy consumption. 
Table 3 contains a summary of the analyses of variance and 
covariance referred to above.
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The results of the analysis of covariance indicate that the 
food intake of weanling rats, receiving rations containing 
approximately 2.07% nitrogen and varying in Alphacel con
tent by 10% (20% and 30%), was significantly influenced by 
the digestible energy content of the food; that is, it would 
appear that the rats ate to satisfy their energy requirement. 
It is anticipated that the increase in food consumption, result
ing from a reduction in the digestible energy content of the 
ration, could only occur within certain physiological limits; 
this having already been demonstrated for the chick (Peter
son et al., -54).

T A BLE  3

Analyses of variance and covariance o f food consumption and digestible energy 
consumption between two rations differing in Alphacel content 

(non-nutritive cellulose)

N O N -A D  JU S T E D A D JU S T E D  FO E 
I N I T IA L  W E IG H T

A N A L Y S E S SOU RCE O P 
V A R IA T IO N Degrees

of
freedom

Mean
square

Degrees
of

freedom
Mean
square

Pood consumed Between rations i 12 i 263 1
Within rations 13 79.4 12 43.6

Digestible energy Between rations 1 2307 1 124
- consumed Within rations 13 700 12 284

1 Significant at 5% level.

It was also desired to determine the influence which the 
digestible energy consumption may have had on the amount 
of nitrogen retained. The correlation between these factors 
was 0.928 for ration 1 (20% Alphacel) and 0.910 for ration 2 
(30% Alphacel). The pooled correlation for both rations was
0.918. All these correlations were very large and highly sig
nificant indicating a strong association between digestible 
energy consumption and retained nitrogen.

Since initial weight might have influenced both digestible 
energy consumption (r =  0.829) and nitrogen retention (r =
0.720), it was necessary to remove the effects of initial weight 
from the correlation between digestible energy consumption 
and nitrogen retention. This was accomplished by calculating
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the partial correlation between digestible energy consumption 
and nitrogen retention independent of initial weight. The 
resulting r value of 0.829 was significant at the 1% level and 
indicated that approximately 69% of the variation in nitrogen 
retention was associated with digestible energy consumption 
when the effects of initial weight were removed. A summary 
of the correlation coefficients is presented in table 4.

It has previously been pointed out that the rats on ration 
2 (30% Alphacel) consumed a significantly greater quantity

TABLE 4

Correlation coefficients relative to nitrogen retention, digestible energy 
consumption and initial weight

V A R IA B L E S  C O R R E LA TE D R  V A L U E S  1

Retained nitrogen ¡digestible energy consumption: 
Ration 1 (20% Alphacel) 0.928
Ration 2 (30% Alphacel) 0.910
Rations 1 and 2 pooled 0.918

Retained nitrogen: initial weight 0.720

Initial weight: digestible energy consumption 0.829

Partial correlation 2 0.829

' All highly significant at 1% level.
2 Partial correlation being the correlation between nitrogen retained and di

gestible energy consumed when the influence of initial weight is statistically con
trolled.

of food than did rats on ration 1 (20% Alphacel) when ad
justed to a common initial weight by covariance. As the nitro
gen content of the two rations was essentially the same, it 
is suggested that for each food nitrogen level there will be 
an optimum digestible energy level, when nitrogen retention 
is the criterion of measurement. The optimum digestible en
ergy level will vary according to the quality and availability 
of the nitrogen source and with the species and stage of growth 
of the animal consuming the food. Further investigations to 
further clarify some of these relationships are in progress.
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SUMMARY

It has been demonstrated that the food intake of two groups 
of weanling rats, whose rations contained respectively 20 and 
30% of non-nutritive cellulose, was significantly influenced by 
the digestible energy content of the food. This would indicate 
that within physiological limits, as yet not determined, wean
ling rats eat to satisfy their energy requirements.

Digestible energy consumption has been shown to influence 
the nitrogen retention of the weanling rat. Approximately 
69% of the variation in the nitrogen retention of the weanling 
rats used in this experiment was associated with digestible 
energy consumption when the effects of initial weight were 
removed.

It is postulated that within limits there is an optimum di
gestible energy level for each nitrogen level of a ration when 
the criterion of measurement is nitrogen retention.
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In an earlier study (Bronner et al., ’54) it was reported that 
phytates significantly depressed the calcium uptake when the 
test breakfast contained approximately 85 mg of calcium (Ca) 
and 100 mg of phytic phosphorus. We are now reporting on

1 Presented at the Annual Meeting of the American Institute of Nutrition, 
Chicago, Illinois, April 6-10, 1953. Contribution no. 276, from the Department 
of Food Technology, Massachusetts Institute of Technology.

2 Partial support for this study came from grants by the Quaker Oats Com
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3 The data in this publication are taken from the dissertation presented (1952) 
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Doctor of Philosophy.

4 Authorization for the use of restricted quantities of Ca45 in patients institu
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Applications by the Isotope Division of the Atomic Energy Commission. The 
Ca45 was obtained on allocation from the Oak Ridge National Laboratory.

3 Quaker Oats Fellow, 1950-51. Present address: The Rockefeller Institute for 
Medical Research, New York 21, N. Y.
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the effect of phytates on the uptake of radiocalcium (Ca45) 
in boys who were given a test breakfast which contained 80 mg 
of phytic P and 239 mg of Ca, an amount of calcium typical of 
that in the breakfast of many children in the United States.

In principle, the design and methods employed in this 
study were similar to those described in the previous report 
(Bronner et al., ’54). A single test breakfast was employed 
to compare the effect on Ca45 uptake of a phytate-rich cereal 
(oatmeal) with that of a phytate-free cereal (farina). Milk 
served as the principal source of Ca and as the vehicle for 
Ca45 administration. At suitable intervals following the test 
breakfast, the concentration of Ca45 was determined in samples 
of blood, urine and feces.

A criss-cross design was employed. Individuals who had 
received oatmeal in the first experiment (experiment A) ate 
the farina test meal three weeks later (experiment B ) ; those 
who had eaten the farina meal in the first experiment received 
the oatmeal in the second. Just prior to experiment B, the 
concentration of Ca45 in the serum, urine, and feces of the 
subjects was determined to be negligible.

EXPERIMENTAL

Subjects
Seventeen adolescent boys, who were institutionalized in a 

State school under uniform conditions because of subnormal 
intelligence, volunteered for these experiments.

Nine boys, subjects 19 to 27, were given the oatmeal break
fast first and the farina meal three weeks later. Their average 
age was 12.9 years, with a range of 10.5 to 15.5 years; their 
weight averaged 39.1 kg with a range of 28.6 to 55.4 kg; and 
their average mental age was 7.7 years, with a range of 7.0 
to 9.8 years.

Eight boys, subjects 28 to 35, received the farina meal, but 
one of them did not participate in the oatmeal study three 
weeks later. The average age of these 7 boys was 13.3 years, 
with a range of 10.6 to 15.5 years; their average weight was
37.2 kg, with a range of 26.1 to 47.6 kg; their mental age
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averaged 7.6 years, with a range of 5.0 to 9.8 years. If the 
8th boy is included (subject 33) the respective group averages 
were 12.8 years, 40.2 kg and 7.1 years.

The subjects had been prepared for the study by receiving 
a daily supplement of one multivitamin tablet6 and of one 
quart of milk, for a period extending from two weeks preceding 
the study period to the end of the experiment. Analysis of 
the diet served at the school revealed that it very nearly met 
the Recommended Daily Dietary Allowance of the National 
Research Council ( ’48) for children of this age group.

jExperimental meals
Two breakfasts were given: an oatmeal breakfast (0 ) 

with phytate naturally present in the cereal, and a farina 
breakfast (F) which contained no phytate. Table 1 shows the 
composition of the breakfasts.

The radiocalcium (Ca45Cl2) was added to approximately 
60 ml of the milk which was then mixed intimately with the 
cereal. The children drank the remainder of the milk as they 
ate the cereal.

Sample collection
Blood was drawn by venipuncture at about 2.5 hours post- 

prandially. It was allowed to clot and, following centrifuga
tion, the serum was analyzed for its content of Ca and Ca43.

Urine was collected daily for 5 days. Ca and Ca45 analyses 
were carried out on the pooled samples collected during the 
first three days, and also on pooled samples of days 4 and 
5 7.

Feces were collected daily for 5 days and a pooled 5-day 
specimen was analyzed for its content of Ca and Ca45.

Samples were preserved and handled in the manner de
scribed previously (Bronner et al., ’54). The quantities of 
Ca4S given in these studies were so low that the level of

6 Vi-Penta Perles Porte, generously donated By Hoffman-LaBoehe, Inc.
1 Because of the very low radioactivity of the urine samples collected on days 

4 and 5, the analytical results are not reported, nor were they included in the 
statistical evaluation.
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radioactivity of the urine and stool specimens approached 
background in about 5 days and collections were therefore 
discontinued.

Analytical procedures

The analytical techniques have already been described 
(Bronner et al., ’54). All counting’ data are reported as 
corrected to the time of ingestion of Ca43. Decay corrections 
were made with the aid of suitable Ca45 standards used in all 
counting runs.

In the radiochemical determinations, experimental difficul
ties caused poor precision in some serum and urine samples. 
Serum samples in both the experiments, but particularly in 
experiment A, tended to gel during* the preparative stage. 
Limitation in sample size often made repeat determinations 
impossible. The activities of many urine samples were so low 
that the error of replicate analyses in some cases reached 
20 to 30% standard deviation (S. D.).8 The error in the Ca45 
analyses of replicate ash solutions prepared from stool spec
imens was always less than 10% S. D.

EXPERIM ENTAL RESULTS

The average results of the analyses for content of Ca and 
Ca43 of the serum, urine and feces of each individual are 
presented in table 2. The group averages are shown in 
table 3.

Inspection of the serum data revealed no striking group 
differences. This was confirmed by statistical evaluation (see 
below). The specific activity of the serum averaged 0.023% 
of the ingested Ca45 per milligram of serum Ca at 2.5 hours 
following the ingestion of the test meal. This figure is lower 
than the comparable uptake figure (0.028%/m g) reported by 
us previously for somewhat older boys (Bronner et al., ’54; 
see table 4).

8 Percent standard deviation:
1 0 0  ( 2 x ¡ 2 —  X i 2 x ¡ )  S

!“ , (n —  l ) ] i  "
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Both the urinary and fecal excretions of Ca (table 2) reveal 
wide intra- and interindividual differences. Interindividual 
differences are common, especially in growing subjects. In
traindividual differences can also be expected in these boys,

Pig. 1 Cai3 output in urine as a function of the output of calcium, using 
pooled 72-hour samples.

particularly when experiments cannot be conducted under 
conditions which permit absolute control of intake.

Figure 1 shows the highly significant linear relationship 
observed between the output of Ca and Ca43 in the urine. 
The slope of this regression line is the specific activity and 
is independent of variations in the Ca output in the urine.
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This led ns to use specific activity measurements in the 
evaluation of the urine data.

Because fecal Ca is made up of unabsorbed Ca and of endo
genous Ca, one would expect the output of unabsorbed and

5.0

4.0

Eo>
CPÜJo
1Ü 3.0 
z
aO

2.0

1.0
10 20 30 40 50 60 70 80

C a45 IN FECES (percent  of ingested Ca45)

Fig. 2 Ca43 output in feces as a function of the output of calcium, using pooled 
120-hour samples.

reexcreted Ca45 following ingestion of Ca45 to be fairly in
dependent of the total Ca output in the feces over a period of 
several days. This appears to be the case (fig. 2), since no 
significant linear relationship can be shown to exist between 
the output of Ca and of Ca45 in the stools of these subjects.
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Therefore the measurements of total Ca43 output were used 
in the evaluation of the fecal data.9

Table 2 shows that total Ca output had a wider range in the 
urine than in the feces. Excretion in the urine is a more 
direct measure of Ca metabolism than is excretion in the 
stool. On the other hand, fecal output reflected more directly 
the relatively uniform intake of Ca in the diet of these 
subjects.

STATISTICAL ANALYSIS

Paired comparison tests (Snedecor, ’46) were done on the 
data for specific activity and output to see how differently 
the two diet groups had disposed of their Ca43. Table 3 
summarizes the results of these tests.

Because the data for serum were incomplete in experiment 
A, the paired comparison test was supplemented with a group 
comparison. This test again showed no significant effect 
attributable to the presence of pliytate in the diet.

In general, the specific activity of the urines paralleled 
that of the sera. However, the mean specific activity of the 
urines, but not of the sera, of subjects 28 to 35 was higher 
after oatmeal than after farina. This difference was significant 
on a 10% probability level, but is not likely to have been caused 
by phytate, which would have depressed Ca43 uptake and, 
therefore, decreased the Ca43 output in the urine. A  similar 
reversal was also observed for the data on fecal output 
(table 3).

Analysis of the data for the output of Ca43 in the feces 
showed that subjects 19 to 27 excreted significantly more 
Ca43 following the oatmeal than following the farina break
fast. On the other hand, subjects 28 to 35 excreted significantly 
more Ca43 after the farina than after the oatmeal breakfast.

9 It lias been shown (Bronner et al., ’56) that the total quantity of absorbed 
Ca which is reexcreted within 5 days of its ingestion is relatively small and can 
probably be neglected in a first approximation.



402 FELIX BRONNER AND OTHERS

W h e n  th e  d a ta  o n  fe c a l  o u tp u t  o f  th e  s u b g r o u p s  w e r e  p o o le d , 
i t  a p p e a r e d  th a t  th e  ty p e  o f  c e r e a l  e a te n  h a d  n o  s ig n ifica n t  
e f fe c t  o n  th e  e x c r e t io n  o f  f e c a l  C a 45.

TABLE 3

Hjfect of oatmeal and farina test breakfasts on the distribution of Caa

SUBJECTS SAMPLE OATMEAL
GROUP

FARINA IS DIFFERENCE SIGNIFICANT 1 
GROUP (PAIRED COMPARISON TEST)

19-27 Serum 2 0.021 0.022 No
Urine 3 0.0041 0.0045 No
Feces 4 66.6 47.6 Yes

28-35 Serum 2 0.024 0.025 No
Urine 3 0.0058 0.0046 No
Feces 4 38.2 45.3 Yes

All Serum 2 0.023 0.023 No
subjects Urine 5 0.0048 0.0045 No

Feces 4 54.2 46.6 No

' V  ^  0.05.
- Percentage of ingested Ca15 per milligram serum Ca 2.5 hours following test 

meal.
3 Percentage of ingested Ca“ per milligram urinary Ca 72-liour urine pool.
1 Percentage of ingested Ca“  in 120-hour feces pool.

DISCUSSION

T h e s e  f in d in g s  a r e  in te r p r e te d  to  m e a n  th a t p h y ta te s  d id  
n o t  s ig n if ic a n t ly  a f fe c t  C a 45 a b s o r p t io n  u n d e r  th e  c o n d it io n s  
o f  th ese  e x p e r im e n ts . P e r h a p s  d ifficu ltie s  o f  m e a su re m e n t  
o b s c u r e d  th e  fin d in g s , b u t  n o t  to  th e  e x te n t  o f  h id in g  a lto g e th e r  
a p h y ta te  e ffe c t , i f  it  h a d  b e e n  p r e s e n t .

I t  is  d ifficu lt  to  e x p la in  w h y  o n e  g r o u p  o f  s u b je c ts  (1 9  to  
2 7 ) e x c r e t e d  so  m u ch  m o r e  C a 45 in  th e ir  fe c e s  a f t e r  th e  
o a tm e a l b r e a k fa s t  th a n  th e  o th e r  g r o u p  (2 8  to  3 5 ) a f t e r  a 
c o m p a r a b le  o a tm e a l b r e a k fa s t .  B o t h  sa m p le s  w e re  d ra w n  
f r o m  th e  sa m e  lo t  o f  r o l le d  o a ts . H o w e v e r , th e  a v e r a g e  
o u tp u t  o f  C a 45 in  th e  s to o ls  o f  th ese  s u b je c ts  is  in  g o o d  
a g r e e m e n t  w ith  th e  q u a n t ity  w h ich  c o m p a r a b le  s u b je c ts  e x 
c r e t e d  in  a  s im ila r  s tu d y  (B r o n n e r  a n d  H a r r is ,  ’ 56, f ig . 3 ) .
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T h e  re s u lts  o b ta in e d  in  th is  a n d  in  th e  p r e c e d in g  s tu d y  o f  
th is  s e r ie s  (B r o n n e r  e t  a l., ’ 5 4 ) a re  c o m p a r e d  in  ta b le  4  w h ich  
s h o w s  th a t  p h y ta te  lo w e r e d  C a  a b s o r p t io n  a t th e  lo w e r , b u t  
n o t  a t th e  h ig h e r , le v e l  o f  C a  in ta k e . T a b le  4  a ls o  s h o w s  
th a t  u n d e r  c o m p a r a b le  c o n d it io n s  a n  in c re a s e  in  th e  C a  in ta k e  
c a u s e d  a d e c r e a s e  in  the percentage o f  C a  a b s o rb e d . H a n s a r d  
a n d  P lu m le e  ( ’5 4 ) h a v e  p r e s e n te d  s im ila r , b u t  m o r e  e x te n s iv e , 
d a ta  f o r  ra ts  a n d  h a v e  co m e  to  a s im ila r  c o n c lu s io n  (a ls o  H o ltz ,

TABLE 4

Effect of two levels of calcium and of phytate intake on the 
distribution of ingested CaK‘

P H Y T A T E  IN T A K E
C A L C IU M  IN T A K E

86 m g  1 2 3 9  m g

gm
0.1 Serum 2 0.028 3 0.023
(Oatmeal) Urine 1 0.0058 0.0048

Feces 5 44.5 54.2
0.0 Serum 2 0.046 3 0.023
(Parina) Urine 1 0.0065 0.0045

Feces 5 24.2 46.6
'Data adapted from Bronner et al. ( ’54).
2 Percentage of ingested Ca"/mg serum Ca at 2.5 hours following test meal.
3 Serum data adjusted to mean body weight of 38.8 kg. Unadjusted figures: 

0.020%/mg (oatmeal), 0.034%/mg (farina).
“ Percentage of ingested Ca41' per milligram urinary Ca in 72-hour urine pool.
3 Percentage of ingested Ca" in 120-hour feces pool.

P o p p e r  a n d  S ilb e rm a n , ’4 7 ) .  R e c e n t ly  B r in e  a n d  J o h n s to n  
( ’ 5 5 ) a n a ly z e d  th e  d a ta  in  th e  l it e r a tu r e  a n d  r e p o r t e d  th a t  
th e  p e r c e n ta g e  o f  c a lc iu m  a b s o r b e d  b y  a d u lts  d e c r e a s e s  w h e n  
th e ir  in ta k e  in c re a s e s .

T h e  e x p e r im e n ts  r e p o r te d  h e re  a n d  p r e v io u s ly  (B r o n n e r  
e t ah , ’5 4 ) ,  w e r e  d e s ig n e d  to  a n s w e r  tw o  r e la te d  q u e s t io n s : 
( a )  w h e th e r  le s s  C a  w o u ld  b e  ta k en  u p  f r o m  a p h y ta te -r ic h  
th a n  f r o m  a  p h y t a t e -p o o r  m e a l ;  a n d  ( b )  w h a t  s ig n if ica n ce  th is  
m ig h t  h a v e  in  te rm s  o f  p r a c t ic a l  n u tr it io n . T a b le  4 sh o w s
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th a t  w h e n  th e  in ta k e  o f  p h y t ic  P  a p p r o x im a te d  th a t  o f  C a 
(w e ig h t  b a s is ) ,  a n d  th e  le v e l  o f  b o th  w a s  lo w , th e  u p ta k e  o f  
C a  f r o m  th e  p h y ta te -c o n ta in in g  b r e a k fa s t  w a s  r e d u c e d  to  
n e a r ly  h a l f  th a t  f r o m  th e  p h y ta te - fr e e  b r e a k fa s t . O n  th e  o th e r  
h a n d , w h e n  th e  C a  in ta k e  w a s  in c re a s e d , th e  r e la t iv e  a b s o r p 
t io n  d e c r e a s e d  e q u a lly  in  th e  p r e s e n c e  o r  a b s e n ce  o f  p h y ta te s .

I t  is  p r o b a b le  th a t  le ss  th a n  2 5 %  o f  th e  t o ta l  P  in  th e  a v e r a g e  
d ie t  in  th e  U n ite d  S ta te s  is  in  th e  f o r m  o f  p h y t ic  P .  T h e r e fo r e ,  
th e  r a t io  o f  c a lc iu m  to  p h y ta te  p h o s p h o r u s  is  se ld o m  le ss  
th an  2 :1  o r  3 :1 ,  i f  a  d a i ly  in ta k e  o f  0.5 to  0 .8  g m  o f  C a  is  
a ssu m ed . T h e s e  c o n d it io n s  w e re  a p p r o x im a te d  in  th e  te s t  m e a l 
u se d  in  th e  p r e s e n t  s tu d y . W e  w e r e  u n a b le  to  d e m o n s tr a te  a 
p h y ta te  e f fe c t  u n d e r  th ese  c o n d it io n s  (s e e  a ls o  K r e b s  a n d  M e l- 
la n b y , ’4 3 ;  M e lla n b y , ’4 9 ; M cC a n ce  a n d  W id d o w s o n , ’ 4 9 ) ,  a n d  
th e r e fo r e  c o n s id e r  p h y ta te s  to  h a v e  n o  n u tr it io n a l  s ig n ifica n ce  
in  t y p ic a l  d ie ts  o f  th e  U n ite d  S ta te s .

SUMMARY AND CONCLUSIONS
1. S e v e n te e n  b o y s  w e r e  g iv e n  tw o  te s t  b r e a k fa s ts ,  on e  o f  

o a tm e a l a n d  on e  o f  fa r in a , a t  a n  in te r v a l  o f  th re e  w ee k s , f o r  
th e  p u r p o s e  o f  c o m p a r in g  ca lc iu m  u p ta k e  in  th e  p r e s e n ce  a n d  
in  th e  a b s e n ce  o f  f o o d  p h y ta te . T h e  b o y s  h a d  s u b n o rm a l 
in te ll ig e n c e  b u t  w e r e  o th e r w is e  n o rm a l, w e r e  in s t itu t io n a liz e d  
u n d e r  r e la t iv e ly  u n i fo r m  c o n d it io n s . T h e  tw o  te s t  b r e a k fa s ts  
c o n ta in e d , r e s p e c t iv e ly :  220 a n d  2 2 0 m l o f  m ilk ; 241 a n d  237 
m g  o f  C a ., 80 a n d  0 m g  p h y t ic  P ; a n d  0.85 a n d  0.85 pc o f  C a 45. 
C a  u p ta k e  w a s  s tu d ie d  b y  d e te r m in in g  th e  C a 45 c o n te n ts  o f  
th e  se ru m  sa m p le s  ta k en  2.5 h o u r s  f o l lo w in g  in g e s t io n  o f  
th e  te s t  b r e a k fa s t , a n d  b y  m e a s u r in g  th e  C a 45 o u tp u t  in  p o o le d  
u rin e  a n d  s to o l  sp e c im e n s  c o l le c te d  f o r  72 a n d  120 h o u rs , 
r e s p e c t iv e ly , f o l lo w in g  in g e s t io n  o f  th e  C a 4r’- la b e le d  m ea ls .

2. T h e  s p e c if ic  a c t iv it ie s  o f  th e  se ru m  a n d  u r in e  sa m p le s  
o b ta in e d  f r o m  th ese  s u b je c ts  w e r e  n o t  s ig n if ic a n t ly  ch a n g e d  
w h e n  th e  ce r e a l o f  th e  te s t  b r e a k fa s t  w a s  c h a n g e d  f r o m  
o a tm e a l to  fa r in a , o r  th e  r e v e rs e .

3. F o r  p u r p o s e s  o f  a c r is s -c r o s s  d e s ig n  th e  in d iv id u a ls  
h a d  b e e n  d iv id e d  in to  tw o  s u b g r o u p s . T h e  fe c a l  o u tp u t  o f
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C a 4-'1 o f  e a ch  s u b g r o u p  w a s  a f fe c te d  s ig n if ic a n t ly  b y  c h a n g in g  
th e  c e r e a l  o f  th e  te s t  b r e a k fa s t  f r o m  o a tm e a l to  fa r in a . 
H o w e v e r , th e  d ir e c t io n  o f  ch a n g e  w a s  o p p o s it e  f o r  e a ch  s u b 
g r o u p . W h e n  th e  r e s u lts  o f  th e  f e c a l  o u tp u t  o f  th e  tw o  s u b 
g r o u p s  w e r e  p o o le d , th e  d i f fe r e n c e  b e tw e e n  th e  tw o  te s t  
b r e a k fa s t s  w a s  n o  lo n g e r  s ig n ifica n t .

4. T h e  p e r c e n ta g e  o f  a b s o r b e d  C a  d e c r e a s e d  a s  th e  C a  
in ta k e  in c re a s e d .

5. I t  is  c o n c lu d e d  th a t  p h y ta te s  d o  n o t  e x e r t  a  s ig n ifica n t  
e f fe c t  o n  C a 4S a b s o r p t io n  w h e n  th e  m e a l p r o v id e s  239 m g  o f  
C a  a n d  w h e n  th e  p h y t ic  P  in ta k e  is  80 m g . B e c a u s e  th is  r a t io  
o f  C a  t o  p h y t ic  P  is  t y p ic a l  o f  d ie ts  in  th e  U n ite d  S ta te s , 
it  m a y  b e  c o n c lu d e d  th a t  f o o d  p h y ta te s  a re  o f  n o  n u tr it io n a l  
c o n c e r n  in  th is  c o u n tr y .
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I t  h a s  b e e n  sh o w n  th a t  th e  r a t ’ s d ie t a r y  r e q u ir e m e n t  f o r  
n ia c in  c o u ld  b e  a lte r e d  b y  c h a n g in g  th e  ty p e  o f  c a r b o h y d r a te  
in  th e  d ie t  (H u n d le y , ’4 9 ) .  S in c e  c a r b o h y d r a te  m e ta b o lis m  
is  m o d if ie d  in  d ia b e t ic  a n im a ls , i t  a p p e a r e d  o f  in te r e s t  to  
d e te r m in e  w h e th e r  th e  p r e s e n c e  o f  a  d ia b e t ic  s ta te  w o u ld  
in flu en ce  H e  n ia c in  r e q u ir e m e n t  o f  ra ts . I t  w a s  r e p o r t e d  th a t 
th e  u r in a r y  e x c r e t io n  o f  N M n e th y ln ic o t in a m id e  (N M N )  f o l 
lo w in g  te s t  d o s e s  o f  n ic o t in a m id e  w a s  s ig n if ic a n t ly  lo w e r  in  
h u m a n  d ia b e t ic s  th a n  in  c o n t r o l  s u b je c ts  (L o s s y  et ah , ’5 1 ) ,  
a lth o u g h  la te r  s tu d ie s  b y  G o ld s m ith  et ah  ( ’ 5 5 ) d id  n o t  
c o n fir m  th is  f in d in g . X a n t h u r e n ic  a c id  a n d  3 -h y d r o x y k y n u r e -  
n in e  w e r e  fo u n d  in  th e  u r in e  o f  d ia b e t ic  p a t ie n ts  b y  K o ta k e  
a n d  T a n i  ( ’ 5 3 ) .  R o s e n  et al. ( ’ 5 5 ) o b s e r v e d  in c r e a s e d  u r in a r y  
x a n th u r e n ic  a c id  in  d ia b e t ic s  f o l lo w in g  o r a l  t r y p to p h a n , in 
d ic a t in g  d is tu r b a n c e s  in  t r y p t o p h a n  m e ta b o lis m .

R e p o r t e d  h e re  a r e  e x p e r im e n ts  d e s ig n e d  to  s tu d y  th e  e f fe c t  
o f  a l lo x a n  d ia b e te s  u p o n  th e  a b i l it y  o f  th e  r a t  to  p r o d u c e  a n d  
e x c re te  N M N  fo l lo w in g  a d m in is t r a t io n  o f  v a r io u s  p r e c u r s o r s .

1A preliminary report of this work has been published (McDaniel et al., ’55).
2 The American Cancer Society, New York.
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EXPERIMENTAL

A d u lt  fe m a le  3 S p r a g u e -D a w le y  r a ts  w e r e  m a d e  d ia b e t ic  b y  
a  p r o c e d u r e  s im ila r  to  th a t  d e s c r ib e d  b y  K a s s  a n d  W a is b r e n  
( ’4 5 ) .  A n im a ls  w e r e  m a in ta in e d  f o r  48  to  72 h o u r s  w ith o u t  
f o o d  o r  w a te r , th en  in je c t e d  in t r a p e r it o n e a lly  w ith  11 m g  o f  
a l lo x a n  m o n o h y d r a te  p e r  100 g m  o f  b o d y  w e ig h t . T h e  a l lo x a n  
w a s  a d m in is te r e d  as a  f r e s h ly  p r e p a r e d  2 %  a q u e o u s  s o lu 
t io n . A  c o m m e r c ia l  s to c k  r a t i o n 4 w a s  f e d  p r io r  t o  a n d  f o r  
a b o u t  14  d a y s  a f t e r  th e  a d m in is t r a t io n  o f  a llo x a n . A n im a ls  
w e re  h o u s e d  in d iv id u a l ly  in  w ir e  m e sh  c a g e s  a n d  f o o d  a n d  
w a te r  o f fe r e d  a d  l ib itu m  u n le ss  o th e r w is e  in d ic a te d .

U r in e  f o r  d e te r m in a t io n  o f  g lu c o s e  a n d  N M N  w a s  c o l le c te d  
in  g la s s  b o t t le s  c o n ta in in g  2 m l o f  1 0 %  s u l fu r ic  a c id . W h e n  
x a n th u r e n ic  a c id  w a s  to  b e  d e te r m in e d  to lu e n e  w a s  u s e d  as 
th e  p r e s e r v a t iv e  in  p la c e  o f  s u l fu r ic  a c id . D e te r m in a t io n s  
w e r e  m a d e  o n  2 4 -h o u r  u r in e  sa m p le s , w h ic h  in c lu d e d  w a te r  
u se d  to  w a s h  d o w n  th e  m e ta l a n d  g la s s  m e ta b o l is m  c a g e s . 
U r in a r y  g lu c o s e  w a s  d e te r m in e d  b y  t i t r a t io n  w ith  B e n e d ic t ’ s 
( ’ l l )  q u a n t ita t iv e  r e a g e n t . T h e  m e th o d  u s e d  to  d e te r m in e  
u r in a r y  N M N  w a s  e s s e n t ia lly  th a t  o f  H u f f  a n d  P e r lz w e ig  
( ’4 7 ) .  X a n th u r e n ic  a c id  w a s  d e te r m in e d  b y  th e  m e th o d  o f  
W a c h s te in  a n d  G u d a it is  ( ’ 5 2 ) .  A  c o lo r im e t r ic  p r o c e d u r e  
d e s c r ib e d  b y  E c k e r t  ( ’4 3 ) ,  w h ic h  m e a s u r e s  b o th  t r y p t o p h a n  
a n d  a n th r a n ilic  a c id , w a s  u s e d  to  d e te r m in e  o th e r  p o s s ib le  
t r y p to p h a n  m e ta b o lite s  in  u r in e .3

B lo o d  f o r  d e te r m in a t io n  o f  g lu c o s e  w a s  c o l le c te d  f r o m  th e  
ta il. B lo o d  g lu c o s e  w a s  d e te r m in e d  b y  th e  m e th o d  o f  H a s le -  
w o o d  a n d  S tr o o k m a n  ( ’3 9 ) .

3 In the present study only female animals were used. It is not known whether 
sex would have influenced the findings.

4 Hunt Club Dog Meal.
5 Although the method used gave positive color reactions with both anthranilic 

acid and tryptophan, tests with pure compounds indicate that most but not all of 
the material measured in these experiments was anthranilic acid. Por the purposes 
of this report, values shown for “ other”  metabolites will represent such compounds 
in urine as reacted positively to the color test cited. Since marked differences were 
observed between diabetics and non-diabetics, with respect to the excretion of 
such compounds following administration of tryptophan, the data were included 
in this report even though all the compounds included in ‘ ‘ other ’ ’ metabolites are 
not known.



I n  a d d it io n  to  th e  s to c k  d ie t , th re e  n ia c in -d e fic ie n t  p u r if ie d  
d ie ts  w e r e  u se d  in  th ese  e x p e r im e n ts . D ie t  9221 c o n ta in e d  8 0 %  
s u c r o s e , 8 %  v ita m in - fr e e  ca se in , 8 %  h y d r o g e n a te d  c o t to n s e e d  
o i l 6 a n d  4 %  W e s s o n  ( ’ 3 2 ) s a lt  m ix tu r e . D ie t  9260 c o n ta in e d  
7 5 .8 5 %  s u c r o s e , 9 %  v ita m in - fr e e  ca se in , 3 %  g e la t in , 0 .1 5 %  
L -cy s tin e , 8 %  h y d r o g e n a t e d  c o t to n s e e d  o i l  a n d  4 %  W e s s o n  
s a lt  m ix tu r e . D ie t  9276 w a s  s im ila r  to  d ie t  9221, e x c e p t  th a t  
s u c r o s e  w a s  r e p la c e d  h y  fr u c t o s e .  I n c o r p o r a t e d  in to  ea ch  
100 g m  o f  th e  p u r if ie d  d ie ts  w e r e  1 m g  ea ch  o f  th ia m in e  H C 1 
a n d  p y r id o x in e  H C 1, 4 m g  c a lc iu m  p a n to th e n a te , 2 m g  r ib o 
fla v in , 1.25 m g  f o l i c  a c id , 200 m g  c h o lin e  C l, 1 ng b io t in , 0 .4  m g  
m e n a d io n e , 5 m g  a -to c o p h e r o l  a ce ta te , 12000 U S P  u n its  v i 
ta m in  A  a n d  2500 U S P  u n its  v ita m in  D . I n  a d d it io n  12.5 Mg 
v ita m in  B 12 w e r e  a d d e d  to  d ie ts  9221 a n d  9276.

RESULTS

I n  p r e l im in a r y  e x p e r im e n ts  i t  w a s  o b s e r v e d  th a t  a llo x a n  
d ia b e t ic  r a ts  e x c r e t e d  lo w e r  a m o u n ts  o f  N M N  in  th e  u r in e  
th a n  d id  n o n -d ia b e t ic  ra ts  o n  s im ila r  d ie ts . A d m in is t r a t io n  o f  
n ia c in a m id e  o r  n ia c in  r e s u lte d  in  m a r k e d  in c re a s e s  in  N M N  
in  b o th  n o r m a l a n d  d ia b e t ic  r a ts , b u t  a d m in is t r a t io n  o f  t r y p 
to p h a n , w h ic h  h a s  b e e n  sh o w n  to  b e  a p r e c u r s o r  o f  N M N  in  
th e  r a t  (R o s e n  et a l., ’4 6 ; H u n d le y  a n d  B o n d , ’4 9 ) ,  p r o d u c e d  
m a r k e d  in c re a s e s  o n ly  w ith  n o n -d ia b e t ic  ra ts . T h e  lo w  c o n 
v e r s io n  o f  t r y p t o p h a n  to  N M N  in  d ia b e t ic  ra ts  w a s  o b s e r v e d  
w h e th e r  th e  t r y p t o p h a n  w a s  g iv e n  w ith  the d ie t , b y  s to m a ch  
tu b e , o r  b y  in t r a p e r it o n e a l  in je c t io n ,  a n d  w h e th e r  l -  o r  D L-tryp- 
to p h a n  w a s  u s e d  (ta b le  1 ) .

I t  h a d  b e e n  o b s e r v e d  in  e a r l ie r  e x p e r im e n ts  th a t  u r in a r y  
N M N  v a lu e s  o f t e n  w e r e  h ig h e r  d u r in g  p e r io d s  o f  fa s t in g  o r  
l im ite d  f o o d  in ta k e  th a n  d u r in g  p e r io d s  in  w h ic h  f o o d  w a s  
c o n s u m e d  a d  lib itu m . F o o d  in ta k e  o f  d ia b e t ic  a n im a ls  w a s  
m u ch  g r e a t e r  th a n  f o r  n o n -d ia b e t ic s . H o w e v e r , it  w a s  sh ow n  
b y  p a ir e d  fe e d in g  a n d  b y  fa s t in g  th a t  th e  a b n o r m a lly  lo w  
N M N  v a lu e s  o b s e r v e d  f o r  th e  d ia b e t ic  ra ts  g iv e n  t r y p to p h a n  
w e r e  n o t  th e  re s u lt  o f  e x c e s s iv e  f o o d  in ta k e  (ta b le  2 ) .
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TABLE 1

Effect of various supplements upon the urinary N 1-methylnicotinamide (N M N ) of 
diabetic and non-diabetic rats ( mg/day)'

SUPPLEMENT 2
DIABETICS NON-DIABETICS

No.
rats Av. Range No.

rats Av. Range

None (F)3 4 0.05 0.03-0.08 6 0.16 0.05-0.23
None (NF)3 14 0.07 0.02-0.14 14 0.17 0.04-0.47
DL-Tryptophan (F) 19 0.47 0.05-0.90 19 1.39 0.36-3.12
DL-Tryptophan (NF) 22 0.21 0.08-0.44 23 1.68 0.39-3.09
L-Tryptophan (F) 5 0.26 0.05-0.63 5 1.18 0.53-2.22
Niacinamide (F) 17 2.12 0.37-4.85 18 1.66 0 52-4.03
Niaeinamide (NF) 13 1.30 0.23-2.34 12 1.63 0.73-2.82
Niacin (F) 12 1.11 0.21-1.65 12 0.96 0.39-2.18
NMN (F) 15 2.66 1.57-3.53 ]5 2.52 2.11-3.25

Water intake (ml/day) 18 156 98-247 19 22 12-35
Food intake (gm/day) 18 ' 19.4 12.0-29.4 19 13 7.5-15.6
Urine glucose (gm/day) 18 11.9 6.9-21.1

1 Data shown in this table wore compiled from rats fed diets 9221 or 9260, and 
receiving supplements with the diet, by stomach tube, or by intraperitoneal injec
tion. No significant differences in urinary NMN were observed with respect to diet 
or route of administration of the supplements.

3 Supplements were given in the following dosages: 100 mg d l - or l -tryptophan ; 
3 mg niacinamide; 3 mg niacin; 3 mg NMN.

3 (F) =fasting; (NF) =  non-fasting.

TABLE 2

Lack of influence of excessive food intake on failure of diabetic rats to convert 
tryptophan to N l-methylnicotinamide (N M N )

Diet 9221

TREATMENT
DIABETICS 1 NON-DIABETICS 1

Food, intake NMN Food intake NMN

Ad libitum
gm/ day 

21.3
mg/day

0.06
gm/day

10.5
mg/day
0.07

Ad lib +  100 mg tryptophan3 21.0 0.14 9.3 2.16
Pair fed +  100 mg tryptophan 9.5 0.24 9.5 4.17
Fasting -f 100 mg tryptophan 0.53 2.26

' Values shown are averages of two diabetic and two non-diabetic rats.
2 Tryptophan was added to the diet during periods of feeding and given by 

stomach tube when fasted.
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T h e  p o s s ib i l i t y  th a t  g lu c o s e  o r  o th e r  m e ta b o lite s  in  d ia b e t ic  
u r in e  m ig h t  in t e r fe r e  w ith  th e  d e te r m in a t io n  o f  N M N  w a s  
in v e s t ig a te d . N M N  w a s  d e te r m in e d  o n  u r in e  f r o m  n o r m a l 
ra ts  s u p p le m e n te d  w ith  t r y p to p h a n , a n d  o n  th is  u r in e  d ilu te d  
w ith  u r in e  f r o m  d ia b e t ic  r a ts  c o n ta in in g  k n o w n  a m o u n ts  o f  
g lu c o s e , a n d  a f t e r  a d d it io n  o f  k n o w n  a m o u n ts  o f  0 .  P .  g lu c o s e  
to  n o r m a l u r in e s . I t  w a s  o b s e r v e d  th a t  th e  a m o u n t  o f  N M N  
d e te r m in e d  w a s  r e d u c e d  b o th  b y  d i lu t io n  w ith  d ia b e t ic  u r in e  
a n d  b y  a d d it io n  o f  g lu c o s e . T h e  r e d u c t io n  c a u s e d  b y  th e  
d ia b e t ic  u r in e  a p p e a r e d  to  b e  d u e  e n t ir e ly  to  th e  p r e s e n c e  o f  
g lu c o s e . U r in a r y  N M N  v a lu e s  f o r  n o r m a l ra ts  g iv e n  t r y p 
to p h a n  w e r e  r e d u c e d  b y  a b o u t  2 5 %  w h e n  m e a s u r e d  in  
the p r e s e n c e  o f  d ia b e t ic  u r in e s  (su ffic ie n t  d ia b e t ic  u r in e  w a s  
a d d e d  to  a p p r o x im a te  a r a t  e x c r e t in g  8 g m  o f  g lu c o s e  p e r  d a y ) . 
A n  e q u iv a le n t  a m o u n t  o f  C . P .  g lu c o s e  a d d e d  to  th e  n o r m a l 
u r in e  r e s u lte d  in  e s s e n t ia lly  th e  sa m e  r e d u c t io n . W h e n  th e  
a m o u n t o f  g lu c o s e  w a s  d o u b le d  (e q u iv a le n t  to  a  r a t  e x c r e t in g  
16 g m  o f  g lu c o s e  p e r  d a y ) ,  th e  N M N  d e te r m in e d  w a s  r e d u c e d  
b y  a b o u t  4 0 % . A lt h o u g h  g lu c o s e  in  a m o u n ts  o f t e n  f c u n d  in  
s e v e r e  d ia b e te s  m a y  lo w e r  th e  N M N  v a lu e  b y  a s  m u ch  as 
4 0 % , th is  r e d u c t io n  is  n o t  o f  su ffic ien t m a g n itu d e  to  a c co u n t  
f o r  th e  v e r y  lo w  N M N  v a lu e s  o b s e r v e d  f o l lo w in g  a d m in is t r a 
t io n  o f  t r y p to p h a n  to  d ia b e t ic  ra ts . F u r th e r m o r e , as  is  sh o w n  
in  ta b le s  1 a n d  2, d u r in g  p e r io d s  o f  fa s t in g  w h e n  n o  g lu c o s e  
is  p r e s e n t  in  d ia b e t ic  u r in e , th e  a p p a r e n t  c o n v e r s io n  o f  t r y p 
to p h a n  to  N M N  is  s t i l l  a b n o r m a lly  lo w . T o  d e m o n s tr a te  
fu r t h e r  th a t  th e  lo w  N M N  v a lu e s  o b s e r v e d  f o r  d ia b e t ic s  w e r e  
n o t  d u e  to  in t e r fe r in g  s u b s ta n ce s  in  th e  u r in e , i t  w a s  sh o w n  
th a t N M N  r e s u lt in g  f r o m  a d m in is t r a t io n  o f  n ia c in a m id e , 
n ia c in  a n d  N M N  c o u ld  b e  d e te r m in e d  r e a d ily  ev e n  in  d ia b e t ic  
u r in e s  (ta b le  1 ) .

I n  e a r l ie r  s tu d ie s  a  m a r k e d  in d iv id u a l  v a r ia t io n  w a s  o b 
s e r v e d  in  th e  le v e ls  o f  u r in a r y  N M N  a m o n g  ra ts  o n  s im ila r  
d ie ts  e ith e r  w ith  o r  w ith o u t  s u p p le m e n ta r y  n ia c in  o r  t r y p 
to p h a n  (H u n d le y , ’ 4 7 ) .  I n  v ie w  o f  th is  k n o w n  in d iv id u a l  
v a r ia t io n  a n d  to  e lim in a te  th e  p o s s ib i l i t y  th a t  th e  d if fe r e n c e s  
o b s e r v e d  in  th e  p r e s e n t  e x p e r im e n ts  w e r e  m e r e ly  th e  re su lt  o f
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su ch  v a r ia t io n , n o r m a l ra ts  w e r e  c h a r a c te r iz e d  as to  N M N  
e x c r e t io n  on  a  n ia c in -d e fic ie n t  d ie t  a n d  f o l lo w in g  s u p p le m e n ts  
o f  n ia c in a m id e  a n d  t r y p to p h a n . T h e s e  r a ts  w e r e  th en  tr e a te d  
w ith  a llo x a n  a n d  s im ila r  s tu d ie s  r e p e a te d . I t  w a s  o b s e r v e d  
th a t  f o r  a ll ra ts  w h ich  b e ca m e  d ia b e t ic  th e  c o n v e r s io n  o f  t r y p 
to p h a n  to  N M N  w a s  g r e a t ly  r e d u c e d , a n d  th a t  th e  c o n v e r s io n  
o f  n ia c in a m id e  to  N M N  w a s  m o d e r a te ly  r e d u c e d  in  a b o u t  h a l f  
o f  the ra ts  a n d  g r e a t ly  r e d u c e d  in  a fe w . R a ts  w h ich  d id  n o t  
b e co m e  d ia b e t ic  as in d ic a te d  b y  n o r m a l w a te r  in ta k e  a n d  n e g a 
t iv e  u r in a r y  g lu c o s e , w e r e  s t ill  a b le  to  c o n v e r t  b o th  n ia c in 
a m id e  a n d  t r y p t o p h a n  to  N M N .

S in ce  it  h a d  b e e n  sh o w n  th a t  a l lo x a n  in  la r g e  a m o u n ts  w ill  
ca u se  l iv e r  d a m a g e  (G fo ld n er a n d  G o m o r i ,  ’ 4 3 ; P a la y  a n d  
L a z a r o w , ’4 6 ) ,  a n d  th a t  l iv e r  is  th e  s ite  o f  c o n v e r s io n  o f  
n ia c in a m id e  to  N M N  (P e r lz w e ig  e t a l., ’4 3 ;  E l l in g e r , ’46a  a n d  
’4 8 ) ,  a n d  th a t  l iv e r  d a m a g e  c a u s e d  b y  a  m ix tu r e  o f  c h lo r o fo r m  
a n d  c a r b o n  te t r a c h lo r id e  d e c r e a s e s  th e  N M N  e x c r e t io n  o f  
ra ts  g iv e n  n ia c in a m id e  (E l l in g e r ,  ’4 6 b  a n d  ’4 7 ) ,  e x p e r im e n ts  
w e r e  c o n d u c te d  to  d e te rm in e  th e  c o n v e r s io n  o f  t r y p to p h a n  
to  N M N  w ith  d ia b e t ic  ra ts  in  w h ich  th e  s y m p to m s  o f  d ia b e te s  
w e re  a l le v ia te d  b y  a d m in is t r a t io n  o f  in su lin . A  ty p ic a l  r e s 
p o n s e  is  sh o w n  in  f ig u re  1. T h is  r a t  w a s  d ia b e t ic  a n d  
c o n v e r te d  a b n o r m a lly  lo w  a m o u n ts  o f  t r y p t o p h a n  to  N M N , 
h u t th e  u r in a r y  e x c r e t io n  o f  N M N  fo l lo w in g  s in g le  d o s e s  o f  
e ith e r  n ia c in a m id e  o r  N M N  w a s  w ith in  n o r m a l l im its . A d 
m in is t r a t io n  o f  in s u lin  w a s  fo l lo w e d  b y  a  r a p id  d e c r e a s e  in  
w a te r  in ta k e  a n d  u r in a r y  g lu c o s e , a n d  a  g r a d u a l  in c re a s e  in  
th e  N M N  le v e ls  to  w ith in  th e  n o r m a l r a n g e . T h e  in c re a s e  in  
N M N  a p p e a r e d  to  p a r a l le l  th e  ch a n g e  in  d o s a g e  o f  in su lin  
w h ich  w a s  g iv e n  in  in c r e a s in g  a m o u n ts  to  th is  ra t . H o w e v e r , 
an  im m e d ia te  d e c r e a s e  in  N M N  to  p r e tr e a tm e n t  le v e ls  f o l 
lo w e d  w ith d r a w a l o f  th e  t r y p to p h a n , e v e n  th o u g h  th e  in su lin  
w a s  c o n t in u e d , th u s  in d ic a t in g  th a t  th e  in c r e a s e d  N M N  w a s  
d e r iv e d  f r o m  th e  a d m in is te r e d  t r y p t o p h a n  a n d  w a s  n o t  m e r e ly  
a n  e f fe c t  o f  in su lin  o r  th e  a c t io n  o f  in su lin  u p o n  so m e  o th e r  
m e ch a n ism .
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I t  w a s  o b s e r v e d  th a t  th e  r a te  o f  r e s p o n s e  to  in su lin  (w ith  
r e s p e c t  to  c o n v e r s io n  o f  t r y p t o p h a n  to  N M N ) v a r ie d  in  
d i f fe r e n t  ra ts , e v e n  th o u g h  th e  w a te r  in ta k e  a n d  u r in a r y  
g lu c o s e  o f  a ll  r a ts  te s te d  d e c r e a s e d  r a p id ly  a f t e r  th e  in su lin  
w a s  s ta r te d . I n  o n e  su ch  ra t , w h ic h  a ls o  c o n v e r te d  a b n o r m a lly  
lo w  a m o u n ts  o f  t r y p t o p h a n  to  N M N , th e  r e s p o n s e  to  in su lin  
w a s  m u c h  m o r e  r a p id , w ith  N M N  in c r e a s in g  to  a  n o r m a l le v e l

EFFECT OF INSULIN IN DIABETIC RATS
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Fig. 1 Effect of insulin on conversion of tryptophan to NMN in diabetic rat. 
Diet 9221. T =  100 mg tryptophan; N =  3 mg niacinamide; M =  3 mg N̂ -methyl- 
nicotinamide.

Niacinamide, NMN, and insulin were given intraperitoneally. Single doses of 
tryptophan were given by stomach tube, and added to the diet for daily feeding.

w ith in  24 h o u r s  a f t e r  th e  in s u lin  w a s  s ta r te d . F o r  th is  r a t  th e  
in s u lin  w a s  d is c o n t in u e d  a f t e r  4  d a y s . T h e  c o n v e r s io n  o f  
t r y p t o p h a n  to  N M N  r e m a in e d  r e la t iv e ly  c o n s ta n t  a n d  in  th e  
n o r m a l r a n g e  f o r  8 d a y s  th e n  d e c r e a s e d  g r a d u a l ly  to  a  d ia b e t ic  
le v e l  in  a b o u t  16 d a y s  a f t e r  th e  in s u lin  w a s  s to p p e d . I n  v ie w  
o f  th ese  o b s e r v a t io n s  fu r t h e r  s tu d ie s  w e r e  m a d e  t o  d e te rm in e  
th e  e f fe c t  o f  in s u lin  o n  th e  c o n v e r s io n  o f  t r y p t o p h a n  a n d
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n ia c in a m id e  to  N M N , a n d  u p o n  th e  e x c r e t io n  o f  a d m in is te r e d  
N M N . D ia b e t ic  a n d  n o n -d ia b e t ic  a n im a ls  w e re  g iv e n  s in g le  
d o s e s  o f  t r y p to p h a n , n ia c in a m id e  o r  N M N  a n d  th e  u r in a r y  
N M N  w a s  d e te rm in e d . In s u lin  w a s  th en  g iv e n  in  d a i ly  d o s e s  
su ffic ie n tly  la r g e  to  c le a r  g lu c o s e  f r o m  the u r in e  o f  the 
d ia b e t ic s , w ith  n o n -d ia b e t ic s  r e c e iv in g  s im ila r  d o s e s . T h e  
s in g le  d o s e s  o f  t r y p to p h a n , n ia c in a m id e  o r  N M N ‘ w e r e  th en  
r e p e a te d  7. T h e  a d m in is t r a t io n  o f  in s u lin  w a s  n o t  e ffe c t iv e  
in  in c r e a s in g  th e  u r in a r y  N M N  r e s p o n s e  to  th ese  s in g le  d o s e s  
in  e ith e r  th e  d ia b e t ic s  o r  n o n -d ia b e t ic s . D ia b e t ic  a n im a ls , f o r  
w h ich  th e  c o n v e r s io n  o f  s in g le  d o s e s  o f  t r y p to p h a n  to  N M N  
w a s  n o t  in c r e a s e d  b y  in su lin , w e r e  c o n t in u e d  on  in su lin  t r e a t 
m e n t a n d  f e d  a p p r o x im a t e ly  100 m g  o f  D L -try p top h a n  d a ily . 
E x c r e t io n  o f  N M N  in c r e a s e d  g r a d u a lly  f r o m  an a v e r a g e  o f  
0 .31 m g  p e r  d a y  to  1 .32  m g  p e r  d a y  in  a b o u t  19 d a y s , in d ic a t in g  
th a t  in su lin  w a s  e f fe c t iv e  in  r e s t o r in g  th e  c o n v e r s io n  o f  
t r y p to p h a n  to  N M N  a f t e r  a p e r io d  o f  t im e . T h is  r e s p o n s e  w a s  
v e r y  s im ila r  to  th a t  sh o w n  in  f ig u r e  1, a n d  s u g g e s ts  the 
p o s s ib i l i t y  o f  a n  in d ir e c t  o r  d e la y e d  r e s p o n s e  to  th e  in su lin  
tre a tm e n t . I t  w a s  fu r th e r  o b s e r v e d  th a t f o r  n o n -d ia b e t ic  ra ts  
in  w h ich  the c o n v e r s io n  o f  t r y p to p h a n  to  N M N  w a s  n o r m a lly  
lo w , a d m in is t r a t io n  o f  in su lin  a n d  t r y p t o p h a n  w a s  n o t  e f fe c 
t iv e  in  in c r e a s in g  th is  c o n v e r s io n , ev e n  a f t e r  p r o lo n g e d  p e 
r io d s .

S in ce  it  w a s  e v id e n t  th a t  t r y p t o p h a n  w a s  n o t  b e in g  m e ta b o 
liz e d  in  th e  n o r m a l w a y  b y  th ese  d ia b e t ic  ra ts , th e  p o s s ib i l i t y  
th a t  p a r t  o f  th e  t r y p to p h a n  w a s  b e in g  c o n v e r te d  to  g lu c o s e  w a s  
c o n s id e r e d . C o n v e r s io n  o f  C 14 la b e le d  t r y p to p h a n  to  g lu c o s e  in  
p h lo r h iz in  d ia b e t ic  ra ts  h a s  b e e n  d e m o n s tr a te d  b y  S a n a d i a n d  
G r e e n b e r g  ( ’5 0 ) .  I t  h a s  b e e n  sh o w n  b y  C h e rn ick  a n d  C h a i- 
k o f f  ( ’5 1 )  th a t  l iv e r  s lice s  o f  a l lo x a n  d ia b e t ic  ra ts  o x id iz e  
f r u c t o s e  a t n o r m a l ra te s  b u t th a t g lu c o s e  o x id a t io n  is  d e 
p r e s s e d . I t  h a s  a ls o  b e e n  sh o w n  th a t fr u c t o s e  is  u t i liz e d  
n o r m a lly  b y  d e p a n c r e a t iz e d  d o g s  (P le t s c h e r  a n d  H e s s , ’ 5 1 )

7 Determinations after insulin were usually begun the day following the first 
24-hour period during which the amount of urinary glucose was no longer sig
nificant.
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a n d  b y  d ia b e t ic  h u m a n s  (C r a ig  e t ah , ’ 5 1 ;  M ille r  e t  ah , ’ 5 2 ) .  
S a r e t t  a n d  S n ip p e r  ( ’ 5 4 ) h a v e  sh o w n  th a t  a l lo x a n  d ia b e t ic  
ra ts  f e d  f r u c t o s e  d ie ts  co n su m e  m u ch  le s s  w a te r  a n d  e x c re te  
le ss  c a r b o h y d r a te  in  th e  u r in e  th a n  d o  ra ts  f e d  g lu c o s e  d ie ts . 
I n  the p r e s e n t  e x p e r im e n ts  s u b s t itu t io n  o f  f r u c t o s e  f o r  s u c r o s e

TABLE 3

Effects of dietary fructose in alloxan diabetic rats 1

CATEGORY OF INTEREST DIET 9221 
( Sucrose)

diet 9267 
(Fructose)

Basal arinarv NMN (mg/day; 0.08 (0.06-0.12) 0.07 (0.07)
Urinary NMN/100 mg tryp (mg/day) 0.22 (0.17-0.26) 0.18 (0.13-0.24)

Urinary glucose (gm/day) 11.1 (8.0-14.9) 7 1 (3.8-8.5)
Water intake (ml/day) 155 (135-194) 107 (94-123)

1 Three, diabetic rats were used ill this experiment. Values in the second column 
were obtained from the same three rats after 8 to 24 days of fructose feeding. 
Ranges of values are shown within the parentheses.

EFFECT OF TRYPTOPHAN ON BLOOD 
GLUCOSE CURVES

Fig. 2 Effect of tryptophan on blood glucose curves. Both rats on diet 9260. 
Glucose and tryptophan were given by stomach tube following a 16-hour fast.
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in  th e  d ie ts  o f  d ia b e t ic  r a ts  d id  lo w e r  th e  w a te r  in ta k e  a n d  
n r in a r y  g lu c o s e  so m e w h a t , b u t  w a s  n o t  e f fe c t iv e  in  r e s t o r in g  
th e  a b i l it y  to  c o n v e r t  t r y p t o p h a n  to  N M N , as sh o w n  in  
ta b le  3.

T o  in v e s t ig a te  fu r t h e r  th e  p o s s ib le  c o n v e r s io n  o f  t r y p to p h a n  
to  g lu c o s e , th e  e f fe c t  o f  t r y p t o p h a n  on  th e  b lo o d  g lu c o s e  le v e ls  
o f  fa s t in g  ra ts  w a s  in v e s t ig a te d  (fig . 2 ) .  I t  w a s  o b s e r v e d  
th a t  o r a l  a d m in is t r a t io n  o f  400  m g  o f  t r y p to p h a n  r e s u lte d  in  
m a r k e d  in c re a s e s  in  b lo o d  g lu c o s e  in  d ia b e t ic  ra ts  b u t h a d  
n o  m a r k e d  e f fe c t  in  n o r m a l ra ts . T r y p t o p h a n  a p p e a r e d  to  b e  
a b o u t  o n e - fo u r th  as a c t iv e  as g lu c o s e  in  e le v a t in g  th e  b lo o d  
g lu c o s e  c u r v e s  o f  d ia b e t ic  ra ts . H o w e v e r  it  w a s  o b s e r v e d  
th a t  t r y p t o p h a n  w o u ld  g iv e  a  p o s it iv e  te s t  f o r  g lu c o s e  b y  th e  
m e th o d  u s e d  in  th ese  e x p e r im e n ts . T o  e lim in a te  th e  p o s s ib i l i t y  
th a t  t r y p t o p h a n  in s te a d  o f  g lu c o s e  w a s  b e in g  m e a su re d , it  
w a s  sh o w n  b y  fe r m e n ta t io n  w ith  b a k e r s ’ y e a s t  th a t  90 to  
9 5 %  o f  th e  m a te r ia l  d e te r m in e d  as g lu c o s e  f o l lo w in g  a d 
m in is t r a t io n  o f  t r y p to p h a n  w a s  fe r m e n ta b le . A lth o u g h  th ese  
d a ta  in d ic a te  th a t  t r y p t o p h a n  d o e s  in c re a s e  b lo o d  g lu c o s e  in  
fa s t e d  d ia b e t ic  ra ts , th e y  d o  n o t  n e c e s s a r i ly  m e a n  th a t  t r y p 
to p h a n  w a s  b e in g  c o n v e r te d  to  g lu c o s e . I t  is  p o s s ib le  th a t  
t r y p to p h a n  p r o m o t e d  th e  fo r m a t io n  o f  g lu c o s e  in  som e  in d ir e c t  
m a n n e r .

T h e  e f fe c t  o f  v e r y  la r g e  d o s e s  o f  t r y p to p h a n  u p o n  u r in a r y  
N M N , x a n th u r e n ic  a c id , a n d  o th e r  m e ta b o lite s  8 w a s  d e t e r 
m in e d . T h r e e  d ia b e t ic  ra ts , in  w h ich  th e  c o n v e r s io n  o f  t r y p 
to p h a n  to  N M N  w a s  lo w , a n d  th re e  n o n -d ia b e t ic  ra ts , in  w h ich  
th e  a b i l it y  to  m a k e  th e  c o n v e r s io n  r a n g e d  f r o m  lo w  to  n o rm a l, 
w e r e  g iv e n  d o s e s  o f  100 a n d  4 0 0 m g  o f  t r y p t o p h a n  (ta b le  4 ) .  
I t  w a s  o b s e r v e d  th a t  th e  h ig h e r  d o s e  o f  t r y p to p h a n  r e s u lte d  
in  in c r e a s e d  a m o u n ts  o f  N M N  in  a ll ra ts  te s te d , a lth o u g h  th e  
in c re a s e  w a s  le ss  m a rk e d  f o r  th e  d ia b e t ic  ra ts . T h e  a m o u n ts  
o f  o th e r  m e ta b o lite s  a n d  x a n th u r e n ic  a c id  fo u n d  in  th e  u r in e  
fo l lo w in g  d o s e s  o f  100 m g  o f  t r y p to p h a n  w e r e  lo w  a n d  n o  
s ig n ifica n t  d if fe r e n c e s  w e r e  o b s e r v e d  b e tw e e n  d ia b e t ic s  a n d

s See footnote 5, page 408.
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n o n -d ia b e t ic s . H o w e v e r , w h e n  400 m g  o f  t r y p to p h a n  w e r e  
g iv e n , b o th  x a n th u r e n ic  a c id  a n d  o th e r  m e ta b o lite s  in c r e a s e d  
m a r k e d ly  in  th e  u r in e  o f  a ll ra ts . X a n th u r e n ic  a c id  w a s  
in c r e a s e d  m u ch  m o r e  in  d ia b e t ic s  th a n  in  n o n -d ia b e t ic s , w h ile  
f o r  the o th e r  m e ta b o lite s  th e  r e v e r s e  w a s  tru e .

TA BLE  4

Effect of tryptophan upon the urinary excretion of various tryptophan metabolites 
in diabetic and non-diabetic rats 1

A F T E R  1 0 0  MG T R Y P T O P H A N  2 A F T E R  4 0 0  M G  T R Y P T O P H A N  2
RAT NO.

NMN X A 1 2 3 “ Other”  4 NMN X A 3 “ Other”  4

mg / day mg/day
8690 0.05 14 0.23 32 70

Diabetics 8709 0.10 2 5 19 0.52 50 62
8675 0.18 19 0.88 65 82

Non
diabetics

8720 0.76 13 2.28 14 133
8731 3.12 2 5 14 5.12 12 117
8750 0.54 14 1.30 16 101

1 Five diabetic and two non-diabetic rats not listed above were given 200 mg 
L-tryptophan. Average urinary values for the above compounds were as follows:

Diabetics 0.76 mg NMN; 25 mg XA; 13 mg “ Other”
Non-diabetics 3.23 mg KMN ; 8 mg XA; 70 mg “ Other”

Unsupplemented rats (diabetics and non-diabetics) excreted averages of 3.5 mg/ 
day of XA and 3.2 mg/day of “ other”  metabolites.

2 Tryptophan was given by stomach tube during periods when animals were 
otherwise fasted. When 400 mg tryptophan were given it was necessary to use 
the more soluble L-form. No marked differences in the conversion of L- and DL- 
tryptophan tc NMN have been observed.

3 XA =  xanthurenic acid.
4 ‘ ‘ Other ’ ’ indicates compounds excreted in the urine which give a positive re

action in the Eckert ( ’43) test, and expressed as mg/day using tryptophan as a 
standard. Anthranilic acid, tryptophan, possibly kynurenine and other metabolites 
will react in this test.

5 Values shown for xanthurenic acid (XA) following 100 mg tryptcphan are 
averages of two diabetic and two non-diabetic rats not listed above.

DISCUSSION

I t  is  e v id e n t  th a t  in  th e  a llo x a n  d ia b e t ic  r a t  th e re  is  s o m e  
d is tu r b a n c e  in  th e  m e ta b o lis m  o f  t r y p t o p h a n  w h ic h  re s u lts  in  
a m a r k e d  im p a ir m e n t  in  c o n v e r t in g  t r y p t o p h a n  to  n ia c in  a n d  
th e n  to  N M N . T h e  r e s u lts  o f  th e  p r e s e n t  s tu d y  s u g g e s t  th a t
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the p r im a r y  d ifficu lty  is  in  th e  c o n v e r s io n  o f  t r y p t o p h a n  to  
n ia c in , r a th e r  th a n  an  in a b il i t y  to  m e th y la te  o r  e x c r e te  th e  
m e ta b o lite , s in ce  a d m in is t r a t io n  o f  n ia c in , n ia c in a m id e  a n d  
N M N  ea ch  r e s u lte d  in  m a r k e d  in c r e a s e s  in  u r in a r y  N M N . 
C o n v e r s io n  o f  n ia c in a m id e  to  N M N  w a s  r e d u c e d  so m e w h a t  
in  a b o u t  h a l f  o f  th e  d ia b e t ic  a n im a ls  a n d  g r e a t ly  r e d u c e d  in  
a fe w . I t  is  n o t  k n o w n  w h e th e r  th is  r e d u c t io n  in  m é th y la t io n  
o f  n ia c in a m id e  is  a r e s u lt  o f  the sa m e  d e fe c t  r e s p o n s ib le  f o r  
the r e d u c e d  c o n v e r s io n  o f  t r y p to p h a n  to  n ia c in . T h e  d a ta  
s u g g e s t , h o w e v e r , th a t th e re  a r e  tw o  d i f fe r e n t  m e ch a n ism s  
in v o lv e d  as sh o w n  b y  th e  fa c t  th a t  in  a ll d ia b e t ic  ra ts  th e  
c o n v e r s io n  o f  t r y p to p h a n  w a s  g r e a t ly  r e d u c e d  w h ile  m a n y  
w e re  a b le  to  m e th y la te  a n d  e x c re te  n ia c in a m id e  in  a  n o r m a l 
m a n n er . T h e  fa i lu r e  in  m é th y la t io n  c o u ld  p o s s ib ly  re su lt  f r o m  
l iv e r  d a m a g e  o r  so m e  o th e r  e f fe c t  o f  th e  a llo x a n , r a th e r  th a n  
f r o m  th e  d ia b e te s  i t s e l f .  I t  w a s  o b s e r v e d  th a t  f o r  ra ts  in  w h ich  
the c o n v e r s io n  o f  n ia c in a m id e  to  N M N  v Tas g r e a t ly  re d u ce d , 
the s u r v iv a l  t im e  w a s  u s u a lly  s h o r t . E a t s  in  w h ich  o n ly  
th e  t r y p to p h a n  to  N M N  c o n v e r s io n  w a s  r e d u c e d  u s u a lly  a p 
p e a r e d  r e la t iv e ly  h e a lth y  a n d  s u r v iv a l  w a s  g o o d .

I t  is  n o t  k n o w n  a t p r e s e n t  w h e th e r  a s im ila r  a b n o r m a lity  
e x is ts  in  o th e r  s p e c ie s  o r  in  o th e r  ty p e s  o f  d ia b e te s . I t  is  
in te r e s t in g  th a t  a b n o r m a l t r y p to p h a n  m e ta b o lite s  h a v e  b e e n  
fo u n d  in  th e  u r in e s  o f  d ia b e t ic  p a t ie n ts  b y  E o s e n  et al. ( ’ 55 ) 
a n d  b y  K o ta k e  a n d  T a n i  ( ’ 53 ).

T h e  in c re a s e  in  b lo o d  g lu c o s e  le v e ls  r e s u lt in g  f r o m  a d 
m in is t r a t io n  o f  t r y p to p h a n  to  d ia b e t ic  ra ts  s u g g e s ts  th a t  th ese  
ra ts  m a y  c o n v e r t  t r y p t o p h a n  to  g lu c o s e  in  a n  a t te m p t  to  
s u p p ly  e n e r g y  r a th e r  th a n  c o n v e r t in g  it  to  n ia c in . T h e  la ck  o f  
a n y  b e n e fic ia l e f fe c t  o f  d ie t a r y  fr u c t o s e  u p o n  th e  c o n v e r s io n  
o f  t r y p to p h a n  to  N M N  is  a g a in s t  su ch  a n  a s s u m p tio n . I t  
is  p o s s ib le  th a t  t r y p t o p h a n  p r o m o te s  th e  fo r m a t io n  o f  g lu c o s e  
in  som e  in d ir e c t  m a n n e r .

C a ta ra c ts  w e r e  o b s e r v e d  q u ite  f r e q u e n t ly  in  d ia b e t ic  ra ts  
f e d  p u r if ie d  d ie ts . I t  is  k n o w n  th a t  t r y p t o p h a n  d e f ic ie n cy  
re s u lts  in  th e  d e v e lo p m e n t  o f  c a ta r a c ts  in  r a ts  (C u r t is  e t  ah , 
’ 3 2 ; T o t t e r  a n d  D a y , ’4 2 ; A lb a n e s e  a n d  B u sch k e , ’4 2 ) .  E ib o -
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fla v in  d e f ic ie n cy  in  ra ts  h a s  b e e n  sh o w n  to  ca u se  a b n o r m a l 
t r y p t o p h a n  m e ta b o lis m  (H e n d e r s o n  et a l., ’5 1 ; M a so n , ’ 5 3 ) 
a n d  a ls o  r e s u lts  in  d e v e lo p m e n t  o f  c a ta r a c ts  (D a y  et a l., ’ 3 1 ; 
D a y  a n d  L a n g s to n , ’ 3 4 ; B o u r n e  a n d  P y k e , ’ 3 5 ) .  T h e  c a ta r a c ts  
r e s u lt in g  f r o m  r ib o f la v in  d e f ic ie n cy  c lo s e ly  r e s e m b le d  th o se  
d u e  to  t r y p t o p h a n  d e fic ie n cy , a c c o r d in g  t o  A lb a n e s e  a n d  
B u s c h k e  ( '4 2 ) .  W h e th e r  th e re  is  a r e la t io n s h ip  b e tw e e n  a b 
n o r m a l t r y p t o p h a n  m e ta b o lis m  a n d  d e v e lo p m e n t  o f  c a ta r a c ts  
r e m a in s  to  b e  d e te rm in e d .

I t  is  o f  in te r e s t  th a t  f o r  s o m e  d ia b e t ic  ra ts , in  w h ic h  the 
c o n v e r s io n  o f  t r y to p h a n  to  N M N  w a s  lo w  w h e n  100 m g  d o s e s  
w e r e  g iv e n , in c r e a s e d  a m o u n ts  o f  N M N  c o u ld  b e  e x c r e te d  
i f  v e r y  la r g e  d o s e s  (4 0 0  m g )  o f  t r y to p h a n  w e r e  g iv e n . T h is  
s u g g e s ts  th a t, a lth o u g h  th e  m e ch a n ism  f o r  c o n v e r s io n  a p p e a r s  
to  b e  g r e a t ly  im p a ir e d , th e  r e a l  d ifficu lty  m a y  r e s u lt  f r o m  
s h if t s  in  th e  p r im a r y  m e ta b o l ic  p a th w a y s  o f  t r y p to p h a n  
r a th e r  th a n  f r o m  th e  c o m p le te  a b s e n ce  o f  th e  p r o p e r  m e c h 
a n ism s . I n  a d d it io n , th e  m a r k e d  d if fe r e n c e  b e tw e e n  d ia b e t ic s  
a n d  n o n -d ia b e t ic s , w ith  r e s p e c t  to  th e  r e la t iv e  a m o u n ts  o f  
u r in a r y  x a n th u r e n ic  a c id  a n d  o th e r  m e ta b o lite s  f o l lo w in g  
la r g e  d o s e s  o f  t r y p to p h a n , a ls o  s u g g e s ts  m o d if ic a t io n  o f  th e  
p a th w a y s  o f  t r y p t o p h a n  m e ta b o l is m  in  d ia b e t ic  ra ts .

T h e  r a te  o f  r e s p o n s e  to  in su lin , w ith  r e s p e c t  to  c o n v e r s io n  
o f  t r y p t o p h a n  to  N M N , v a r ie d  w ith  d i f fe r e n t  ra ts . A lth o u g h  
th e  w a te r  in ta k e  a n d  u r in a r y  g lu c o s e  d e c r e a s e d  r a p id ly  a f t e r  
in s u lin  w a s  s ta r te d , th e  r e s p o n s e  w ith  r e s p e c t  to  N M N  e x 
c r e t io n  r a n g e d  f r o m  on e  to  19 d a y s . T h e  d e la y e d  r e s p o n s e s  
o b s e r v e d  f o l lo w in g  a d m in is t r a t io n  o r  w ith d r a w a l o f  in su lin  
s u g g e s t  th a t  th e  p r o c e s s  w h ic h  p e r m its  in c r e a s e d  c o n v e r s io n  
o f  t r y p t o p h a n  to  N M N  m a y  r e s u lt  in d ir e c t ly  f r o m  th e  a c t io n  
o f  in s u lin  u p o n  so m e  o th e r  m e ch a n ism .

D a ta  o b ta in e d  b y  c h r o m a t o g r a p h ic  a n d  c h e m ica l p r o c e d u r e s  
in d ic a te  th a t  a b i l it y  to  e x c re te  a n th r a n ilic  a c id  a n d  3 -h y d r o x y -  
a n th ra n ilie  a c id  in  th e  u r in e  f o l lo w in g  a d m in is t r a t io n  o f  
t r y p t o p h a n  is  m a r k e d ly  r e d u c e d  in  d ia b e t ic  ra ts , a n d  th at 
k y n u r e n ic  a c id  is  p r e s e n t  in  th e  u r in e  o f  b o th  d ia b e t ic  a n d  
n o n -d ia b e t ic  ra ts . T r y p t o p h a n  m a y  b e  c o n v e r te d  to  n ia c in
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v ia  the r o u te  o u t lin e d  b y  U m b r e it  ( ’ 5 2 ) ,  i.e ., t r y p t o p h a n  —  
k y n u re n in e  —  3 -h y d r o x y k y n u r e n in e  —  3 -h y d r o x y a n th r a n il ic  
a c id  —  n ia c in . I n  th is  s ch em e a n th r a n ilic  a c id  a n d  3 -h y d r o x y 
a n th r a n ilic  a c id  a re  f o r m e d  f r o m  k y n u re n in e  a n d  3 -h y d r o x y 
k y n u re n in e  b y  r e m o v a l o f  the r e s p e c t iv e  a la n in e  s id e  ch a in s . 
K y n u r e n ic  a c id  a n d  x a n th u r e n ic  a c id  r e s u lt  f r o m  k y n u re n in e  
a n d  3 -h y d r o x y k y n u r e n in e  r e s p e c t iv e ly  b y  r in g  c lo s u r e . T h e  
in c r e a s e d  a m o u n ts  o f  x a n th u r e n ic  a c id  a n d  th e  p r e s e n ce  o f  
k y n u r e n ic  a c id  in  th e  u r in e  o f  d ia b e t ic  ra ts  f o l lo w in g  d o s e s  
o f  t r y p to p h a n , in d ic a te  th a t  th e re  is  n o  d ifficu lty  in  th e  c o n 
v e r s io n  o f  t r y p to p h a n  to  k y n u re n in e  th en  to  3 -h y d r o x y k y n u r e 
n in e . I t  a p p e a r s  p o s s ib le  t h e r e fo r e  th a t  a n  in a b il i t y  to  e f fe c t  
r e m o v a l  o f  th e  a la n in e  s id e  ch a in  f r o m  3 -h y d r o x y k y n u re n in e  
to  f o r m  3 -h y d r o x y a n th r a n il ic  a c id  m a y  b e  a c o n t r ib u t in g  fa c t o r  
in  th e  r e d u c e d  c o n v e r s io n  o f  t r y p t o p h a n  to  n ia c in  in  the 
a l lo x a n  d ia b e t ic  ra t.

SUMMARY

I t  h a s  b e e n  sh o w n  th a t th e re  is  a m a r k e d  r e d u c t io n  in  th e  
c o n v e r s io n  o f  t r y p to p h a n  to  N M N  in  th e  a l lo x a n  d ia b e t ic  ra t . 
T h e  p r im a r y  fa i lu r e  a p p e a r s  to  b e  in  th e  c o n v e r s io n  o f  t r y p 
to p h a n  to  n ia c in  r a th e r  th a n  in  th e  m e th y la t io n  o r  e x c r e t io n  
o f  th e  m e ta b o lite , s in ce  a d m in is t r a t io n  o f  n ia c in , n ia c in a m id e  
o r  N M N  d id  re s u lt  in  in c r e a s e d  u r in a r y  N M N .

T h e  fa i lu r e  to  c o n v e r t  t r y p t o p h a n  to  n ia c in  a p p e a r e d  to  
re su lt  p r im a r i ly  f r o m  th e  d ia b e te s  per se r a th e r  th a n  f r o m  
som e  m o re  d ir e c t  e f fe c t  o f  the a llo x a n , s in ce  th e  d e fe c t  w a s  c o r 
r e c te d  in  so m e  ra ts  b y  a d m in is t r a t io n  o f  in su lin , a n d  a llo x a n  
tr e a te d  ra ts  w h ich  fa i le d  to  b e co m e  d ia b e t ic  c o n v e r te d  t r y p 
to p h a n  to  N M N  as d id  n o r m a l ra ts .

I n  som e  d ia b e t ic  a n im a ls  th e  c o n v e r s io n  o f  n ia c in a m id e  to  
N M N  w a s  a ls o  re d u ce d , b u t  to  a le s s e r  e x te n t  th a n  w a s  th e  
c o n v e r s io n  o f  t r y p to p h a n  to  N M N .

A d m in is t r a t io n  o f  t r y p to p h a n  e le v a te d  th e  b lo o d  g lu c o s e  
in  fa s t in g  d ia b e t ic  ra ts , b u t  n o t  in  n o r m a l c o n tr o ls , s u g g e s t in g  
th a t  p a r t  o f  th e  t r y p t o p h a n  m a y  b e  c o n v e r te d  in to  g lu c o s e  
in  a n  a tte m p t to  m e e t  e n e r g y  re q u ire m e n ts . H o w e v e r , th e  la ck
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o f  a  b e n e fic ia l e f fe c t  o f  d ie t a r y  f r u c t o s e  in  c o r r e c t in g  th e  lo w  
c o n v e r s io n  o f  t r y p t o p h a n  to  N M N , in d ic a te s  th a t  c o n v e r s io n  
to  g lu c o s e  is  n o t  th e  e n tire  e x p la n a t io n .

S o m e  d ia b e t ic  a n im a ls  in  w h ich  th e  c o n v e r s io n  o f  t r y p to p h a n  
to  N M N  w a s  g r e a t ly  im p a ir e d  d id  e x c r e te  in c r e a s e d  a m o u n ts  
o f  N M N  w h e n  v e r y  la r g e  d o s e s  o f  t r y p to p h a n  (4 0 0  m g )  w e r e  
g iv e n , in d ic a t in g  th a t  th e  d e fe c t  m a y  he d u e  to  ch a n g e s  in  th e  
p r im a r y  m e ta b o l ic  p a th w a y s  o f  t r y p t o p h a n  r a th e r  th a n  to  
a b s e n ce  o f  th e  p r o p e r  m e ch a n ism s .

D ia b e t ic s  e x c r e t e d  m u ch  m o r e  x a n th u r e n ic  a c id  th a n  d id  
n o n -d ia b e t ic s , f o l lo w in g  la r g e  d o s e s  (2 0 0  to  400 m g )  o f  t r y p 
to p h a n .
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F lu o r in e  d e p o s it io n  in  the s k e le to n  m a y  o c c u r  b y  m e a n s  o f  
a c tu a l in c o r p o r a t io n  in to  th e  b o n e  sa lt  m o le cu le , o r  b y  io n ic  
e x ch a n g e  as s u g g e s te d  b y  E le m e n t  ( ’ 3 7 ) ,  N e u m a n  et al. ( ’ 5 0 ) 
a n d  M e g ir ia n  a n d  H o d g e  ( ’5 1 ) .  A  g r o w in g  a n im a l w o u ld  
th e r e fo r e  in c o r p o r a t e  f lu o r in e  b y  b o th  m e a n s  w h ile  th e  p r e 
fo r m e d  b o n e s  o f  th e  a d u lt  w o u ld  d e p o s it  sk e le ta l f lu o r in e  in  
la r g e  m e a s u re  o n ly  b y  io n ic  e x c h a n g e s  a n d  p e r io s te a l  g r o w th . 
E x o s t o s e s  o r  n e w ly  fo r m e d  s p ic u le s  o f  b o n e  sa lts  in  c a n ce llo u s  
b o n e s  u n d e r  th e  in flu en ce  o f  e x ce s s  d ie t a r y  flu o r in e  w o u ld  in 
c r e a s e  th e  flu o r in e  c o n te n t  o f  the r e s u lt in g  b o n e  d e p o s it s  o f  
th e  a n im a l r e g a r d le s s  o f  th e  a g e  fa c t o r .

A  r e v e r s e  o f  th e  io n ic  e x ch a n g e  r e a c t io n  a p p a r e n t ly  ta k es  
p la c e  in  th e  r e d u c t io n  o f  th e  to ta l  f lu o r in e  co n te n t  in  th e  s k e le 
ton . F o r  a  r e d u c t io n  in  th e  t o ta l  sk e le ta l f lu o r in e  to  o c cu r ,
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th e  F _  o f  f lu o r o a p a t ite  m u st b e  r e p la c e d  a t a  v e lo c i t y  g r e a te r  
th a n  th a t  o f  th e  d e p o s it io n  o f  n e w  flu o r in e .

I n  th e  s tu d ie s  r e p o r t e d  h e r e w ith  a n  a t te m p t h a s  b e e n  m a d e  
to  d e te rm in e  th e  r e la t io n s h ip  o f  a g e  to  th e  s to r a g e  a n d  lo s s  
o f  f lu o r in e  f r o m  th e  sk e le to n  o f  th e  f lu o r id a te d  ra t . T h r e e  
s tu d ie s  w e re  m a d e  as f o l l o w s :  (1 )  th e  e f fe c t  o f  a g e  u p o n  the 
c o n c e n tr a t io n , d e p o s it io n  a n d  m o b il iz a t io n  o f  fe m u r  f lu o r in e ;
(2 )  the e f fe c t  o f  a g e  a n d  tim e  u p o n  fe m u r  F ^  s a t u r a t io n ;  a n d
(3 )  th e  e f fe c t  o f  a g e  u p o n  fe m u r  f lu o r in e  o f  ra ts  s u b je c te d  to  
r e p e a te d  e x p o s u r e  a n d  r e c o v e r y  p e r io d s .

EXPERIMENTAL

F e m a le  a lb in o  ra ts  w e re  u s e d  in  th e  f ir s t  a n d  th ir d  e x p e r i 
m en ts . S in ce  fe m u r  f lu o r id a t io n  w a s  so u g h t, n o  e f fo r t s  w e re  
m a d e  to  m e a s u re  f lu o r in e 4 in t a k e ; h en ce  f o o d  a n d  w a te r  
w e re  f e d  a d  lib itu m . T h e  b a s a l r a t io n  u sed  w a s  n o r m a l w ith  r e 
s p e c t  to  its  f lu o r in e  co n te n t  a n d  a v e r a g e d  5 p .p .m . o f  F  o r  less . 
I t  w a s  c o m p o s e d  o f  g r o u n d  w h o le  w h e a t  29 p a r ts , g r o u n d  y e l 
lo w  c o r n  25, p o w d e r e d  sk im  m ilk  12, s o y b e a n  o i l  m e a l 10, l in 
se e d  o il  m e a l 10, a l fa l fa  m e a l 8, b u t te r  o i l  5, c a lc iu m  c a r b o n a te  
1 a n d  io d iz e d  sa lt  1 p a r t . D u r in g  f lu o r id a t io n  p e r io d s  0 .1 0 %  
o f  N a F  (4 5 2  p .p .m . o f  F )  m ix e d  in  th e  d ie t  w a s  u se d  as the 
s o u r c e  o f  flu or in e .

A l l  a n a ly s e s  f o r  f lu o r in e  w e r e  m a d e  b y  the W il la r d  a n d  
W in t e r  m e th o d  ( ’ 3 3 ) as m o d ifie d  b y  th e  A lu m in u m  C o m p a n y  
o f  A m e r ic a  R e s e a r c h  L a b o r a t o r ie s  ( ’ 4 7 ) ,  a n d  th e  re s u lts  
w e re  c a lc u la te d  o n  th e  fe m u r  a sh  b a s is .

E x p e r im e n t 1

T h r e e  g r o u p s  o f  24  w h ite  r a ts  ea ch  w e r e  s e le c te d  a t th re e  
w eek s, 7 w e e k s , o r  6 m o n th s  o f  a g e . T h e y  w e re  f e d  th e  b a s a l 
r a t io n  to  w h ich  w a s  a d d e d  0 .1 0 %  o f  N a F  (0 .0 4 5 %  o f  F )  f o r  
a n  in it ia l  p e r io d  o f  40  d a y s . T h is  le v e l  o f  N a F  fe e d in g  h as 
b e e n  u se d  r e p e a te d ly  o n  m a n y  o c c a s io n s  in  th is  la b o r a t o r y  
a n d  is  k n o w n  to  b e  n o n -le th a l b u t  g r o w t h  r e ta r d in g . T h e
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a n im a ls  w e r e  th en  t r a n s fe r r e d  to  th e  b a s a l r a t io n  o n ly  (w it h 
o u t  a d d e d  f lu o r in e )  f o r  p e r io d s  u p  to  300 d a y s . T h e  p r e l im 
in a r y  fe e d in g  p e r io d  w a s  f o r  the p u r p o s e  o f  r a p id ly  f lu o r id a t 
in g  th e  s k e le to n s  o f  th ese  ra ts  o f  v a r io u s  a g e s . A t  th e  c lo s e  
o f  th e  f lu o r id a t in g  p e r io d  ra ts  f r o m  e a ch  a g e  g r o u p  w e r e  s a c 
r ifice d , th e  fe m u r s  r e m o v e d  a n d  a n a ly z e d  f o r  th e ir  f lu o r in e  
co n te n t . F o u r  ra ts  w e r e  r e m o v e d  a t in te r v a ls  o f  15, 30, 60, 
90 a n d  120 d a y s  p o s t - f lu o r id a t io n  a n d  fe m u r  f lu o r in e  d e 
te r m in e d  as in d ic a te d . F o u r  ra ts  (6  m o n th s  a g e  g r o u p )  w e re  
s a c r if ic e d  a t 300 d a y s .

T h e  re su lts  o b ta in e d  a re  s u m m a r iz e d  in  ta b le  1. T h e  d a ta  
in d ica te  r a p id  a n d  h e a v y  flu o r in e  d e p o s it io n  in  the fe m u r s  o f  
the th re e  w e e k  a g e  g r o u p  to  n e a r  th e  sk e le ta l s a tu r a t io n  le v e ls  
(16 ,0 0 0  to  20 ,000 p .p .m .) ,  w h ile  th e  7 w e e k s  (y o u n g  a d u lt )  a n d  
6 m o n th s  o ld  ra ts  (a d u lt )  s to r e d , r e s p e c t iv e ly , a p p r o x im a t e ly  
50 a n d  2 5 %  as m u ch  flu o r in e  as  th e  w e a n lin g s .

T h e  d a ta  a ls o  s h o w  c le a r ly  th a t  the flu o r in e  c o n c e n tr a t io n  
a n d  t o ta l  flu o r in e  o f  th e  fe m u r s  o f  th e  y o u n g  d r o p p e d  r a p id ly  
fo l lo w in g  th e  r e m o v a l  o f  the a d d e d  d ie ta r y  flu o r in e . T h e s e  
re su lts  a re  s im ila r  in  p a t te r n  a n d  m a g n itu d e  to  th o se  o b ta in e d  
e a r l ie r  b y  M il le r  a n d  P h i l l ip s  ( ’ 5 3 ) ,  a n d  th e y  a re  in  lin e  w ith  
th e  o b s e r v a t io n s  r e p o r t e d  b y  S a v c h u c k  a n d  A r m s t r o n g  ( ’ 5 1 ) .  
T h e  to ta l  flu o r in e  c o n te n t  o f  th e  m a tu re  b o n e  as in d ic a te d  
b y  m ill ig r a m s  o f  flu o r in e  p e r  fe m u r  d id  n o t  d e c r e a s e  d u r in g  
th e  p o s t - f lu o r id a t io n  p e r io d  a lth o u g h  th e re  w a s  a s lig h t  d e 
c r e a s e  in  fe m u r  f lu o r in e  c o n c e n tr a t io n , e x p r e s s e d  as p a r ts  p e r  
m ill io n . T h is  o b s e r v a t io n  is  b e l ie v e d  to  be  the re su lt  o f  th e  
d i lu t io n  e f fe c t  o f  n e w  b o n e  g r o w th . I t  is  r e m a rk a b le  th a t th e  
flu o r in e  v a r ie d  o n ly  a b o u t  600 p .p .m . b e tw e e n  the v a r io u s  lo ts  
a t 120 d a y s  p o s t - f lu o r id a t io n .

Experiment 2
T h is  e x p e r im e n t  w a s  d e s ig n e d  to  d e te rm in e  th e  fe m u r  c o n 

c e n tr a t io n s  o f  f lu o r in e  in  y o u n g  r a ts  u n d e r  c o n t in u o u s  e x 
p o s u r e  to  0 .1 0 %  o f  d ie t a r y  N a F  f r o m  w e a n in g  u p  to  p e r io d s  
o f  18 w ee k s . T h r e e  g r o u p s  o f  18 w h ite  ra ts  w e r e  s e le c te d  a n d
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d is t r ib u te d  as f o l l o w s : lo t  1, w e a n lin g s  th re e  w e e k s  o l d ; lo t
2, y o u n g  a d u lts  9 w e e k s  o l d ;  a n d  lo t  3, a d u lts  5 m o n th s  o ld . 
A l l  ra ts  w e r e  f e d  th e  b a s a l r a t io n  u s e d  in  e x p e r im e n t  1.

T h e  re s u lts  o b ta in e d  f r o m  fe m u r  flu o r in e  a n a ly s e s  (a s h e d  
b a s is )  o f  th e  ra ts  o f  th e  v a r io u s  a g e s  s h o w  th a t  th e  fe m u r s  
o f  th e  y o u n g  w e a n lin g  ra ts  w e r e  fu l ly  f lu o r id a te d  (p .p .m .)  
a f t e r  6 w e e k s  ’ e x p o s u r e  to  th e  d ie t a r y  f lu o r in e , w h ile  th e  fe m u r  
f lu o r in e  c o n c e n tr a t io n  o f  th e  tw o  g r o u p s  o f  a d u lt  ra ts  c o n 
t in u e d  t o  in c re a s e  f o r  th e  e n t ir e  p e r io d  o f  18 w e e k s  (ta b le  1 ) .  
A t  th e  c lo s e  o f  th e  e x p e r im e n ta l p e r io d  th e  y o u n g  a d u lt , 9 
w e e k s  o ld  ra t  fe m u r s  a v e r a g e d  8 0 %  as m u ch  flu o r in e  in  p a r ts  
p e r  m ill io n  as th e  w e a n lin g  ra ts . L ik e w is e  the a d u lt  ra ts  (5  
m o n th s  o ld  a t th e  b e g in n in g  o f  th e  e x p e r im e n t )  h a d  fe m u r  
f lu o r in e  c o n c e n tr a t io n s  a p p r o x im a t e ly  h a l f  th o se  o f  th e  w e a n 
l in g  ra t . T h e  to ta l  f lu o r in e  c o n te n t  o f  th e  fe m u r s  in c re a s e d  
w ith  th e  le n g th  o f  th e  e x p o s u r e  p e r io d . T h e  in c re a s e , w h ich  
m a y  b e  a c c o u n te d  f o r  b y  th e  g r o w t h  o f  th e  b o n e , c a n n o t  be  
c o m p le te ly  e x p la in e d  o n  th is  b a s is  s in ce  the a d u lt  g r o u p , lo t
3, w o u ld  se e m  to  h a v e  s ta r te d  w ith  a  fu l ly  m a tu re  fe m u r  at, 
5 m o n th s  o f  a g e  a n d  y e t  th e  t o ta l  flu o r in e  d e p o s it e d  in  th e  
fe m u r s  b e tw e e n  12 a n d  18 w e e k s  w a s  g r e a t e r  th a n  d u r in g  
e a r l ie r  p e r io d s .

Experiment 3

T h is  e x p e r im e n t  -was c o n d u c te d  to  d e te rm in e  th e  e f fe c t  o f  r e 
e x p o s u r e  to  d ie t a r y  flu o r in e  u p o n  th e  d e p o s it io n  o f  f lu o r in e  
in  th e  fe m u r , as  r e la te d  to  a g e  w h e n  fir s t  e x p o s e d . T h ir t y - t w o  
w h ite  r a ts  r e p r e s e n t in g  on e  o f  th re e  a g e  le v e ls  w e r e  u s e d  p e r  
lo t . L o t  1 w a s  c o m p o s e d  o f  w e a n lin g s  th re e  w e e k s  o ld , lo t  2, 
y o u n g  a d u lts  9 w e e k s  o ld , a n d  lo t  3, a d u lts  5 m o n th s  o f  a g e  
w h e n  th e y  w e r e  f ir s t  e x p o s e d  to  a d d e d  d ie t a r y  N a F  ( 0 .1 0 % ) .  
T h e  r a t io n  u s e d  wras th e  sa m e  as th a t  u se d  in  th e  p r e v io u s  
e x p e r im e n ts . E a c h  lo t  s ta r te d  w ith  26 ra ts  f o r  th e  f ir s t  f lu o r i 
d a t io n  p e r io d . I n  a d d it io n , 6 u n flu o r id a te d  ra ts  s e r v e d  as 
c o n t r o ls  a n d  w e r e  f e d  th e  b a s a l  r a t io n  o n ly  u n t il  th e ir  lo t  
m a te s  w e r e  r e a d y  f o r  r e f lu o r id a t io n . F o u r  o f  th e se  v re re  th en  
f lu o r id a te d  a n d  th u s  r e c e iv e d  o n ly  a  s in g le  6 vseeks e x p o s u r e
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to  d ie t a r y  flu o r in e  w h e n  th e y  w e r e  a p p r o x im a t e ly  5, 7 a n d  10 
m o n th s  o f  a g e . T w o  ra ts  w e r e  u s e d  f r o m  th is  c o n t r o l  g r o n p  
to  ch e ck  flu o r in e  le v e ls  o f  th e  a d u lt  fe m u r  b e fo r e  f lu o r id a t io n  
o f  th ese  a n im a ls .

T h e  r e s u lts  o f  e x p e r im e n t  3 a re  s u m m a r iz e d  in  ta b le  2. 
T h e s e  re s u lts  s h o w  th a t  th e  w e a n lin g  ra t  ( lo t  1 ) im m e d ia te ly  
f lu o r id a te d  a t th a t  a g e , c o u ld  s u b s e q u e n t ly  m o b il iz e  a p o r t io n  
(6 6  to  7 0 % )  o f  its  fe m u r  flu o r in e  d u r in g  a  60- o r  1 2 0 -d a y  lo w - 
flu o r in e  in ta k e  p o s t - f lu o r id a t io n  p e r io d , a  r e s p o n s e  w h ich  d id  
n o t  o c c u r  in  th e  fu l ly  m a tu re  ra t . T h e  r a ts  o f  in te r m e d ia te  
a g e  ( lo t  2, in it ia l  a g e  9 w e e k s )  r e ta in e d  th e  a b i l i t y  to  m o b il iz e  
f lu o r in e , b u t  to  a  le s s e r  d e g r e e . A t t e n t io n  is  c a l le d  to  th e  fa c t  
th a t  th e  c o n c e n tr a t io n s  o f  f lu o r in e  in  th e  fe m u r s  o f  th is  lo t  
w a s  o n ly  h a l f  th a t  in  th o se  o f  th e  w e a n lin g  ra t. T h e  w e a n lin g  
r a t  ( lo t  1 ) ,  w h e n  f lu o r id a te d  a s e c o n d  tim e  a f t e r  a  n o n -f lu o r i
d a t in g  o r  r e c o v e r y  p e r io d  la s t in g  60 o r  120 d a y s , lo s t  its  a b i l ity  
to  d e p o s it  th e  o r ig in a l  h ig h  c o n c e n tr a t io n  o f  f lu o r in e  w h ic h  
w a s  o b s e r v e d  a t th e  e a r l ie r  a g e . T h e  fe m u r  f lu o r in e  d e p o s i 
t io n  th en  b e h a v e d  v e r y  m u ch  lik e  th a t  se e n  in  the o ld e r  m a tu re  
a n im a ls , w h ich  in d ic a te d  th a t th e  ra ts  o f  lo t  1 w e r e  “ m a t u r e ”  
a t  th e  t im e  o f  r e flu o r id a t io n .

I n  te rm s  o f  t o ta l  fe m u r  flu o r in e , m o b il iz a t io n  o f  flu o r in e  
o c c u r r e d  w h ic h  r e a c h e d  its  m a x im u m  d u r in g  a  6 0 -d a y  lo w - 
flu o r in e  fe e d in g  p e r io d  a n d  w h ich  w a s  n o t  fu r t h e r  a f fe c te d  
b y  d o u b lin g  th e  r e c o v e r y  p e r io d  to  120 d a y s . U p o n  r e -e x p o s u r e  
to  a d d e d  d ie t a r y  N a F  (0 .1 0 % )  w h e th e r  a t  th e  en d  o f  th e  60- o r  
th e  1 2 0 -d a y  r e s p ite  f r o m  su p p le m e n ta l f lu o r in e , a g a in  th e  
to ta l  fe m u r  flu o r in e  in c re a s e d . T h e  a m o u n ts  d e p o s it e d  in  th e  
fe m u r s  o f  lo t s  1 a n d  2 w e r e  s im ila r  w h ile  th o se  o f  lo t  3 m o 
b i liz e d  le s s  a n d  r e d e p o s it e d  le ss  f lu o r in e  u p o n  a  se c o n d  d ie ta r y  
e x p o s u r e  to  th e  a d d e d  flu o r in e .

T h e  r a ts  u n flu o r id a te d  a t th e  fir s t  e x p o s u r e , as m e a s u r e d  
b y  tw o  ra ts  s a c r i f ic e d  a t th e  en d  o f  e ith e r  th e  60- o r  th e  1 2 0 -d a y  
r e c o v e r y  p e r io d , h a d  fe m u r s  th a t  c o n ta in e d  n o r m a l fe m u r  
f lu o r in e , o r  le ss  th a n  0.2 m g  to ta l  fe m u r  flu o r in e  a n d  u n d e r  
600 p .p .m . o f  F .  T h e  4  r e m a in in g  ra ts  w e r e  th en  e x p o s e d  to  
th e  N a F  s u p p le m e n ta t io n  f o r  6 w e e k s  s im ila r ly  to  th o se  in
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th e  r e flu o r id a te d  g r o u p s , lo ts  1, 2, a n d  3. A l l  o f  th ese  ra ts  
w h ile  d i f f e r in g  in  a c tu a l in it ia l  a g e , as in d ic a te d , w e r e  a ll 
m a tu re  ra ts  w h e n  th e y  w e r e  g iv e n  th e ir  o n ly  e x p o s u r e  to  the 
d ie ta r y  f lu o r in e . I t  is  q u ite  e v id e n t  th a t  th e se  m a tu re  ra ts  
w e re  a b le  to  d e p o s it  o n ly  a b o u t  h a l f  th e  to ta l  fe m u r  f lu o r in e 1 
w h e th e r  m e a s u r e d  as m ill ig r a m s  o f  t o ta l  flu o r in e  o r  in  p a r ts  
p e r  m ill io n  in  c o m p a r is o n  to  th e ir  lo t  m a te s  p r e v io u s ly  f lu o r i
d a te d .

T h e  d a ta  in  th ese  e x p e r im e n ts  a lso  sh o w  th a t th e re  w a s  a 
m a rk e d  d if fe r e n c e  in  th e  r a te  o f  fe m u r  flu o r in e  d e p o s it io n  
w h ich  w a s  c o r r e la t e d  w ith  a g e . T h e  fe m u r  o f  th e  w ean ling- 
ra t  f lu o r id a te d  q u ic k ly  to  s a tu r a t io n  w ith  p r o g r e s s iv e ly  s lo w e r  
ra te s  o f  f lu o r in e  c o n c e n tr a t io n  w ith  in c re a s e  in  age .

DISCUSSION

T h e  w e a n lin g  r a t  h a s  a  tr e m e n d o u s  c a p a c it y  to  c o n c e n tr a te  
flu orin e  in to  its  sk e le ta l s tr u c tu r e s . T h e r e  a p p e a r  to  b e  tw o  
ro u te s  b y  w h ic h  th is  a c c u m u la t io n  o c c u r s , a n d  p r e s u m a b ly  
th ese  a re  th e  in c o r p o r a t io n  o f  f lu o r in e  in to  th e  b o n e  sa lt  m o le 
cu le  in  th e  p r o c e s s  o f  it s  fo r m a t io n  a n d  b y  io n ic  e x ch a n g e . 
T h e  p r e s e n t  s tu d ie s  fu r t h e r  in d ic a te  th a t  in  th e  y o u n g  ra t, 
flu o r in e  d e p o s it e d  in  th e  b o n e  is  s u b je c t  to  a r a p id  m e ta b o lic  
tu r n o v e r . T h e  in a b i l i t y  o f  th e  o ld e r  ra ts , w diether f lu o r id a te d  
f o r  th e  f ir s t  t im e  o r  r e - f lu o r id a te d , to  s to r e  f lu o r in e  at a  ra te  
e q u iv a le n t  to  th a t  o f  th e  y o u n g  r a t  w o u ld  s u g g e s t  th a t  in  th e  
a g e d -m a tu r e  b o n e  fe w e r  io n ic  e x ch a n g e  s ite s  w e re  a v a ila b le  
to  F --. H e n c e  th e  s a tu r a t io n  r a n g e  o f  th e  y o u n g  ra t  w a s  n o t  
a t ta in e d  b y  th e  o ld e r  a n im a ls  d u r in g  th e  t im e  p e r io d  u s e d  in  
th ese  s tu d ie s .

T h e  r a t  p o s s e s s e s  th e  a b i l it y  to  m o b il iz e  o r  c a ta b o liz e  a  p o r 
t io n  o f  it s  fe m u r  flu o r in e  d u r in g  p e r io d s  o f  lo w  flu o r in e  in ta k e  
f o l lo w in g  a p e r io d  o f  f lu o r id a t io n . T h is  p h e n o m e n o n  w a s  o b 
s e r v e d  in  th e  a d u lt  r a t  a n d  m o r e  d r a m a t ic a l ly  so  in  th e  young- 
ra t. A p p a r e n t ly  th e  c a ta b o l ic  a c t iv i t y  o f  the b o n e  ch a n g e s  in  
the y o u n g  r a t  a re  su ch  th a t  m a n y  o f  th e  r e - f lu o r id a t io n  s ite s  
in  th e  fe m u r  w e re  u n a v a ila b le  f o r  a  s e c o n d  f lu o r id a t io n  w ith  
F " .  T h is  a p p e a r s  to  b e  a s s o c ia te d  w ith  th e  p r o c e s s  o f  b o n e
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m aturation. The explanation o f these observations is not clear 
at the present time.

SUMMARY

A n effect o f age upon the deposition  and retention o f  fem ur 
fluorine has been dem onstrated. F luorine was deposited in 
greater amounts in the fem ur o f  the young rat than in that o f  
the m ature ra t; how ever, both the young and mature rat fe 
m urs continued to concentrate fluorine progressively  with time. 
Fem ur fluorine in the rat was m obilized from  this hone during 
periods o f  low  fluorine intake. A ga in  age affected the rate 
and extent o f  such fem ur F _  catabolism . The m obilization o f 
fem ur fluorine o f  the w eanling rat accom panied by  an increase 
in age caused hone changes in the fem ur which closed a p o r 
tion o f  the available fluorine deposition  sites to subsequent 
re-fluoridation.
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INTRODUCTION

Although there have been occasional publications concern
ing indican (potassium 3-indoxyl sulfate), the attitude toward 
research on this subject has been aptly described by Meikle- 
john and Cohen ( ’42) : “ For nearly a quarter of a century, 
there has been a general absence of interest in the significance 
of the urinary excretion of indole derivatives. The doctrine 
established by tradition that urinary indoles are derived from 
putrefactive processes in the intestines apparently has made 
further investigation of this subject unprofitable.”  The au
thors are aware of no direct proof that indican arises from 
intestinal putrefaction or more particularly from tryptophan 
degradation although such may be presumed from available 
data. Underhill and Simpson ( ’20) reported that indican 
was increased by a meat diet and that only a trace of indican 
was excreted on a gelatin diet. On the other hand, Sherwin 
and Hawk { ’14) reported that indican excretion continued in 
a dog which was fasted for 117 days. The in vivo formation 
of indoxyl by means other than putrefaction and from com
pounds other than indole or its immediate derivatives has

’ Published with the approval of the Director as Paper no. 716, Journal Series, 
Nebraska Agricultural Experiment Station. Some of these data were taken from a 
thesis presentee by Djanhanguir Mohammad-Abadi to the Graduate College, Univer
sity of Nebraska, in partial fulfillment of the requirements for the M. S. Degree, 
June 13, 1955. A preliminary report was given at the annual meeting of the 
American Institute of Nutrition, San Francisco, April 11-15, 1955.
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been suggested by Houssay et al. ( ’35), Bohm ( ’39) and 
Stoppani ( ’45). The compounds studied were mainly deriva
tives of the o-nitrobenzyl group. Wellers ( ’35) found that 
feeding indole to rats on a 6% casein ration resulted in growth 
depression. However, feeding indole plus cystine or methio
nine, supposedly to furnish adequate sulfur for detoxication, 
resulted in normal growth.

An indication that indican formation involves the action of 
intestinal bacteria is afforded by reports that antibiotics 
reduce indican excretion. Muller ( ’50) found that indican 
disappeared after oral administration of large doses of strep
tomycin to children. Feeding 0.05% of terramycin to rats was 
found by Makino and Umezu ( ’52) to result in a low excretion 
of indican even after the intestinal bacterial count had risen. 
Bacterial isolates from such antibiotic-fed rats did not produce 
indole in vitro.

Indican has been found to be excreted in amounts approx
imately three to 10 times greater by rats fed raw soybean oil 
meal than by rats fed autoclaved meal (Borchers and Moham
mad- Abadi, ’55). Quantitative data supporting these observa
tions are presented in the present paper. Inasmuch as rats 
fed raw soybean oil meal rations grow at a slower rate than 
rats fed autoclaved soybean, indican (or its precursors) may 
be the cause of the growth depression resulting from the feed
ing of raw soybean oil meal. The following experiments were 
undertaken to investigate a possible causal relationship be
tween indican and growth depression.

PROCEDURES

Weanling rats of the Sprague-Dawley strain were used in 
these investigations. Litter mates of the same sex and ap
proximate weight were paired between experimental groups. 
Animals were housed in screen-bottom cages with food and 
water available ad libitum. The feeding period was for 20 
days, results are expressed as average gain per day, in grams. 
The rations fed contained per 100 gm : 25 gm raw or autoclaved 
soybean oil meal (45.5% protein, N X 6.25), 0.6 gm DL-methio-
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nine,2 vitamins (including 2 ng vitamin B12), minerals, starch 
and fat (for details, see Borchers and Ackerson, ’51). Urine 
samples, collected under mineral oil, were obtained on alter
nate two-day periods beginning on the 4th day of feeding. 
Indican was determined by a quantitative modification of the 
Obermayer test as described in detail by Zacherl ( ’33). Re
sults are expressed as milligrams of indican excretion/day/100 
gm body weight. Because of wide variations in excretion by 
the same animal in successive periods, data for progressive 
changes with time in indican excretion are not presented.

EXPERIMENTS AND RESULTS

Rats fed raw soybean oil meal gained 2.93 gm/day and 
excreted 3.83 mg of indican/100 gm body weight/day; those 
fed autoclaved soybean oil meal gained 4.15 gm and excreted 
0.89 mg of indican. These results are itemized in table 1, 
experiment 1.

In the second experiment, 5% of crude trypsin powder was 
added to each ration. A  previous report (Borchers and Ac
kerson, ’51) established that the addition of 5% of crude 
trypsin equalized the growth rate of rats fed autoclaved versus 
raw soybean oil meal ( addition of 5% of casein was ineffec
tive). In experiment 2, growth was similar for autoclaved 
and raw soybean oil meal plus trypsin. However, indican 
excretion on the raw soybean ration plus trypsin continued 
at a high level as in experiment 1.

Wellers ( ’53) reported that dietary indole did not depress 
growth provided adequate cystine or methionine was included 
in the ration. His publication gave no data on indican excre
tion. Hence, it was necessary to establish the effect of indole 
on rats fed soybean rations and to determine the actual level 
of indican excretion after indole feeding. In experiment 3, 
indole was fed at levels of 0.05 and 0.1% in an autoclaved 
soybean ration. These levels did not affect the growth rate. 
Indican excretion on 0.05% of indole was approximately equal

2DL-Methionme, courtesy of The Dory Chemical Company, Midland, Michigan.
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to, and on 0.1% of indole twice that of rats fed raw soybean 
oil meal in experiments 1 and 2. Similar results were obtained 
when 0.1% of indole was added to a raw soybean oil meal 
ration. The average amount of indican excreted at either 
the 0.05 or 0.1% level accounted for approximately 40% of 
the indole intake. Whether the remainder was not absorbed or 
was metabolized in some other manner was not determined 
in these experiments. Feeding of indole above 0.1% has re
sulted in some depression of the growth rate which veas due, 
in part, to reduced food consumption.

If indican arises from bacterial action in the intestine, 
suppresion of bacterial growth should reduce indole produc
tion and indican excretion. Furthermore, if indican or its 
precursors or bacterial action in general are the cause of 
growth depression, suppression of intestinal bacteria should 
not only decrease indican excretion but should as well in
crease the growth rate of rats fed raw soybean oil meal. 
Since earlier experiments in our laboratory with antibiotics 
fed at moderate levels had shown no effects on growth of 
rats fed autoclaved or raw soybean oil meal rations, strep
tomycin sulfate was fed at a level of 0.1%. In this experiment, 
the usual difference in growth rate between animals fed auto
claved and raw soybean oil meal was observed. However, 
indican excretion was reduced for both the autoclaved and raw 
soybean rations; the excretion was approximately equal for 
the two rations as shown in experiment 4 of table 1. The 
0.1% level of streptomycin has, in some experiments, stimu
lated the growth rate of rats fed raw soybean oil meal. A more 
detailed report of these feedings will be published later.

DISCUSSION

These investigations were conducted to determine whether 
a causal relationship existed between the increased excretion 
of indican and the reduced growth rate of rats when raw 
soybean cil meal was fed. If the assumption is made that 
possible intestinal putrefactive compounds, such as indole,
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are toxic; that is, toxic to the extent of reducing the growth 
rate; then the conclusion might follow that the feeding of 
raw soybean oil meal reduced the growth rate because of in
creased intestinal putrefaction as indicated by increased 
indican excretion. An examination of the data presented in 
experiments 2 to 4 does not, however, support such a con
clusion.

First of all, the addition of crude trypsin powder to the 
rations did not change the level of indican excretion although 
the growth rate of the animals fed the raw soybean oil meal 
was increased to the rate of those fed the autoclaved meal. 
This indicates that the sequence of events culminating in 
indican excretion was still operating hut that these events 
were without effect on the growth rate. That the effect of the 
crude trypsin on the growth rate was not due to an increased 
protein level per se was established in a previous publication 
(Borchers and Ackerson, ’51) where it was shown that the 
addition of 5 % of casein was without effect on the comparative 
growth rates of rats fed autoclaved versus raw soybean oil 
meal. However, the effect of the crude trypsin may have been 
accomplished by unidentified factors in this material which 
protected the animal from or aided the animal in combating 
the effects of possible intestinal putrefactive compounds, such 
as indole.

Furthermore, and in confirmation of the work of Wellers 
( ’53), the feeding of indole was without effect on the growth 
rate of rats under the conditions employed. Since the levels of 
indican excretion attained after indole feeding were in excess 
of those observed with the raw soybean oil meal rations, it is 
unlikely that indole produced by bacterial putrefaction has 
an effect on the growth rate. However, indole may not re
present the only putrefactive product which is detoxified and 
excreted as indican. Such other compounds may have pro
nounced effects on the growth rate.

Finally, the suppression of bacterial putrefactive activities, 
accomplished by streptomycin feeding and indicated by a



INDICAN EXCBETION AND RAW  SOYBEAN 441

marked decrease in indican excretion, was without effect on the 
comparative growth rates of rats fed autoclaved and raw 
soybean oil meal. Since the reduced growth rate with raw 
soybeans persisted while indican excretion was markedly 
reduced, it seems unlikely that events leading to the excretion 
of indican have any effects on the growth rate. Or, the factors 
which redace the growth rate of rats fed raw soybean oil meal 
are operating in the absence of indican excretion. Therefore, 
the reduced growth rate and increased indican excretion fol
lowing raw soybean oil meal feeding are unrelated phenomena; 
neither may he regarded as a cause or a result of the other.

The question as to the actual source or cause of the in
creased indican excretion remains unanswered. The assump
tion that bacterial putrefaction is a factor seems warranted 
in view of the suppression of indican excretion after strep
tomycin feeding. In this connection, Carroll et al. ( ’52) have 
concluded, on the basis of chromic oxide marker experi
ments, that a greater proportion of the nitrogen reached the 
cecum when rats were fed raw soybean oil meal than when 
fed autoclaved meal. These authors then reasoned that much 
of this cecal nitrogen must be absorbed from the cecum, 
presumably as putrefactive products. Such cecal absorption 
would then account for the generally observed similar diges
tibility values for raw and autoclaved soybean oil meal. How
ever, similar marker studies in our laboratory (Borchers, ’53) 
failed to substantiate the basic observations of Carroll et al. 
( ’52), thus vitiating their reasoning that cecal absorption was 
an important factor in raw versus autoclaved soybean di
gestibility studies.

SUMMARY

Bats fed raw soybean oil meal were found to excrete about 
4 times as much indican and to grow at about three-fourths 
the rate of rats fed autoclaved meal. Addition of crude tryp
sin powder to the rations equalized the growth rate without 
affecting indican excretion. Addition of indole to rations
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markedly increased indican excretion without affecting the 
growth rate. The feeding of streptomycin greatly depressed 
indican excretion without affecting the growth rate. Each 
of the two conditions under study, namely indican excretion 
and growth inhibition, was produced independently of the 
other. Therefore, it is concluded that no causal relationship 
exists between increased indican excretion and the decreased 
growth rate which result from raw soybean oil meal feeding.
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