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Effect of riboflavin deficiency on in vivo incorporation of C 14 from alanine-l.C 14 into liver glycogen (averages 4- S.E.) 

Nutritional state No. of animals Liver 

Weight g/100 g body wt. Glycogen in mg 

per g per 100 g body wt. 

Glycogen 
specific 
activity • 

Group A (control) 6 

Group B (riboflavin 7 
deficient) 

3.21 4- 0.10 0.158 ::t= 0,004 

3.84 4- 0.13 0.190 -I-- 0.001 

0.509 4- 0.029 3.96 4- 0.58 

0.730 + 0.028 7.2 ~ 0.54 

Glycogen specific activity ~ counts per min per mg of glycogen. 

co r r ec t i on  for  b a c k  g r o u n d  a n d  self a b s o r p t i o n .  T h e y  
were expressed  as c o u n t s / m i n / m g  of glycogen.  T h e  T a b l e  
shows  t h a t  t he  inc reased  g lycogen c o n t e n t  in  l iver  in  
r i bo f l av in  def ic iency is a ssoc ia ted  w i t h  inc reased  in-  
c o r p o r a t i o n  of C x4 i n to  i t  f rom label led  a lan ine .  

I t  h a s  b e e n  r e p o r t e d  ear l ier  4 t h a t  inc reased  g lycogen 
depos i t ion  in l iver  is a ssoc ia ted  w i t h  e n h a n c e d  a l an ine  
t r a n s a m i n a s e  a c t i v i t y  in  t he  l iver  of r i bo f l av in  def ic ien t  
ra t s .  T h e r e  are  ev idences  ~,~ sugges t ing  d i rec t  co r re l a t ion  
b e t w e e n  a l an ine  t r a n s a m i n a s e  a c t i v i t y  a n d  g lycogen  de- 
pos i t ion  in l iver  t h r o u g h  gluconeogenesis .  S tud ies  of 
LONG et  a12 a n d  WELT e t  al. 1~ e s t ab l i s hed  t h a t  a d r e n a l  
s t e ro id  hormones ,  w h e n  a d m i n i s t e r e d  to  t h e  whole  
an imal ,  increases  t he  r a t e  of g luconeogenesis .  F u r t h e r  in 
v ivo  a d m i n i s t r a t i o n  of cort isol  to  r a t s  ha s  b e e n  f o u n d  to  
increase  t h e  i n c o r p o r a t i o n  of a l an ine  c a r b o n  in to  l iver  
g lycogen  TM. VON HOLT e t  al. x4 d e m o n s t r a t e d ,  us ing  C 14- 
labe l led  subs t r a t e s ,  t h a t  t he  syn thes i s  of glucose f rom 
a m i n o  acids  a n d  t h e  i n c o r p o r a t i o n  of th i s  g lucose  i n t o  
l iver  g lycogen are  e n h a n c e d  fol lowing t r e a t m e n t s  of r a t s  
w i t h  cort isoL I n  t h e  p r e s e n t  i n v e s t i g a t i o n  also, r i b o f l a v i n  
def ic iency causes  inc reased  i n c o r p o r a t i o n  of C la f rom 
a l a n i n e - l - C  t4 i n t o  l iver  g lycogen.  I n  v i t r o  effect  of a d r e n a l  
s t e ro ids  on  h e p a t i c  g luconeogenes is  h a s  been  d e m o n -  
s t r a t e d  s,9,1~-xT. These  h o r m o n e s  s t i m u l a t e  s y n t h e s i s  of 
c a r b o h y d r a t e  f rom L-a lanine  b y  l iver  slices of n o r m a l  x~,~r, 
a d r e n a l e c t o m i z e d  8 or  py r i dox i ne - de f i c i en t  r a t s  TM. Th i s  
was  re f lec ted  in a n  inc reased  i n c o r p o r a t i o n  of l abe l led  
c a r b o n  f rom a l an ine  i n to  glucose  s or  i n to  glucose a n d  

• g lycogen  lb, So these  obse rva t ions ,  a long  w i t h  t he  r e su l t s  
r epo r t ed  ear l ier  4 a n d  in t he  p r e s e n t  i nves t iga t ion ,  sugges t  
t h a t  r i bo f l av in  def ic iency  causes  inc reased  c o n v e r s i o n  of 
t h e  a m i n o  acid in to  p y r u v a t e  b y  t r a n s a m i n a t i o n .  Th i s  is 

poss ib ly  ef fec ted  b y  inc reased  a d r e n a l  cor t i ca l  sec re t ion  
as  r i bo f l av in  def ic iency  p roduces  inc reased  a d r e n a l  cor t i ca l  
a c t i v i t y  4,~°. Th i s  inc reased  c o n v e r s i o n  of a l an ine  to  
p y r u v a t e  m i g h t  u l t i m a t e l y  lead to  inc reased  inco rpora -  
t i on  of labe l led  c a r b o n  f rom a l a n i n e  i n t o  l iver  g lycogen  is. 

Zusammen/assung. Miinnl iche  A l b i n o - R a t t e n ,  die w~th- 
r e n d  45 T a g e n  m i t  R i b o i l a v i n - a r m e r  K o s t  e r n ~ h r t  wurden ,  
ze ig ten  e r h 6 h t e n  G l y k o g e n g e h a l t  in  de r  Leber ,  v e r b u n d e n  
m i t  e iner  ges te ige r t en  A u f n a h m e  yon  C t4 aus  A l a n i n - l - C  ~4 
im Lebe rg lykogen .  Die B e f u n d e  lassen au f  e r h 6 h t e  Gly-  
koneogenese  in de r  L e b e r  R i b o f l a v i n - a r m e r  R a t t e n  
schl iessen.  
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Circadian R h y t h m y c i t y  of s o m e  Key Metabol i tes  
in the Fasted and Fed Weanl ing  F e m a l e  Rat s 

Circad ian  r h y t h m y c i t y  ~ ha s  b e e n  e s t ab l i shed  for a g r ea t  
n u m b e r  of biological  p a r a m e t e r s  a. T he  p r e s en t  r e p o r t  
deals  w i t h  t he  c i r cad ian  f l u c t u a t i o n s  obse rved  in seve ra l  
key  m e t a b o l i t e s  in  wean l ing  female  H o l t z m a n  ra ts .  

8 g roups  of 8 r a t s  e ach  were a c c o m m o d a t e d  in s ingle 
cages in a room k e p t  a t  a c o n s t a n t  t e m p e r a t u r e  of 22.5 °C 
a n d  w i t h  12 h l igh t  (06.00-18.00) a n d  12 h d a r k  (18.00 to  
06.00). T h e y  were  g iven  t a p  w a t e r  a n d  l ab  chow a d  
l i b i t um.  Af t e r  4 days  on  t he  a b o v e  r eg i m en  t h e  r a t s  of 
g r o u p  1 were  fas ted  f rom 08.00-08.00 t h e  fo l lowing d a y ;  
s imilar ly ,  t h e  r a t s  of g roups  3, 5 a n d  7 were  fas ted  f rom 
14.00, 20.00 a n d  02.00, respec t ive ly ,  for  t he  n e x t  24 h. 

D u r i n g  th i s  t i m e  t he  c o r r e s p o n d i n g  con t ro l s  (groups  2, 4, 
6 a n d  8) were  fed ad  l i b i t um.  Th i s  was  done  because  food 
i n t a k e  a n d  f a s t i ng  a re  k n o w n  to  af fec t  severa l  p a r a m e t e r s  
m e a s u r e d  in  th i s  s tudy ,  T h e  r a t s  were  sacr i f iced b y  
d e c a p i t a t i o n ,  t r u n k  b lood  was  rece ived  a n d  s e r u m  
o b t a i n e d  for t he  d e t e r m i n a t i o n  of i no rgan ic  p h o s p h o r u s ,  
glucose,  u r e a  n i t r o g e n  a n d  t o t a l  p r o t e i n  ( B e c k m a n  U l t r a -  
m i c r o a n a l y t i c a l  Sys tem,  Model  150, Techn ica l  Bu l l e t i n s  
No.  6079D, 6073D, 607513 a n d  TB-6074D,  respec t ive ly) ,  
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06975 from the National Heart Institute. 

2 F. HALBERG, Z. Vitam.-Horm.-u. Fermentforsch. 10, 225 (1959). 
6 j .  M, MILLS, Physiol. Rev, 46, 128 (1966). 



15.8. 1967 Specialia 635 

and se rum s o d i u m  a n d  p o t a s s i u m  b y  f l ame  p h o t o m e t r y .  
Fed rats. Sign i f i can t  p e a k s  in s e r u m  glucose, s e r u m  

sodium (Na+) a n d  s e r u m  p o t a s s i u m  (K+) were  f o u n d  in 
the  an ima l s  sacr i f iced a t  20.00. L ow  va lues  were  o b s e r v e d  
in s e rum N a  + a n d  K+ in t h e  a n i m a l s  kil led a t  08.00, aga in  
of s e rum Na+ a n d  K + a t  14.00 a n d  a t  t he  s ame  t i m e  also 
of glucose a n d  t o t a l  p ro te in .  A t  20.00 a n d  02.00 t o t a l  
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Fig. 1. Levels of several 
metabolites in fasted (hori- 
zontany-hatehed) and fed 
(solid black) rats that were 
sacrificed at 08.00, 14.00, 
20.00 and 02.00 h; group 
number and sacrifice time 
are shown at bottom of 
graph. 
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Fig. 2. Levels of serum 
sodium and potassium. For 
legend see Figure 1. 

p r o t e i n  va lues  were  s ign i f i can t ly  lower  t h a n  those  a t  08.00. 
No s ign i f i can t  d i u r n a l  f l u c t u a t i o n s  were  o b s e r v e d  in 
s e r u m  ino rgan ic  p h o s p h o r u s  a n d  u rea  n i t r ogen  (Figures  
1 a n d  2). 

Fasted rats. Sign i f i can t  peaks  were  seen in  t o t a l  s e r u m  
p r o t e i n  a t  08.00, in  u r ea  n i t r o g e n  a t  14.00 a n d  in 
s e r u m  N a  + a t  20.00. S ign i f i can t  t r o u g h s  a n d  low values ,  
respec t ive ly ,  were o b s e r v e d  in  ino rgan ic  p h o s p h o r u s  a t  
08.00, of t o t a l  p ro te in ,  u r e a  n i t r o g e n  a n d  ino rgan ic  
p h o s p h o r u s  a t  02.00. No s ign i f i can t  f l u c t u a t i o n s  were  
f o u n d  in s e r u m  glucose a n d  K +. 

The  p r e s e n t  d a t a  show s ign i f i can t  d i u r n a l  f l u c t u a t i o n s  
in some m e t a b o l i t e s  b u t  n o t  in  o thers .  As expec ted ,  some 
p a r a m e t e r s  t h a t  f l u c t u a t e  in  fed r a t s  do  n o t  do so in f a s t ed  
an imals .  Thus ,  h igh  s e r u m  glucose va lues  a t  20.00 in fed 
a n i m a l s  a re  l ike ly  r e l a t ed  to  inc reased  a c t i v i t y  a n d / o r  
food i n t a k e  a r o u n d  t h a t  t ime.  RICHTER 4 ha s  r e p o r t e d  
t h a t  r a t s  show t h e  pe r iod  of t h e i r  g r e a t e s t  a c t i v i t y  a f t e r  
t h e  o n s e t  of da rkness ,  w h i c h  in I:{ICHTER'S a n d  t h e  
p r e s e n t  s tud ies  was  18.00. I n  keep ing  w i t h  th i s  a s sump-  
t i on  is t he  lack  of d i u r n a l  f l u c t u a t i o n s  in  s e r u m  glucose 
in  f a s t ed  ra ts .  I t  is n o t e w o r t h y  t h a t  in  t he  fas ted  r a t s  a 
n u m b e r  of p a r a m e t e r s ,  i.e. t o t a l  s e rum pro te in ,  showed  a 
p e a k  v a l u e  in t h e  m o r n i n g  h o u r s  (08.00) t h a t  was  signifi-  
c a n t l y  h i g h e r  t h a n  t he  levels  found  d u r i n g  t he  s u b s e q u e n t  
18 h.  Similar ly ,  u r ea  n i t r o g e n  was  h igh  a t  08.00 a n d  14.00 
whi le  s u b s e q u e n t  d e t e r m i n a t i o n s  (20.00 a n d  02.00) 
showed  s ign i f i can t ly  lower  values.  

S e r u m  a n d  p l a s m a  inorgan ic  p h o s p h o r o u s  levels  h a v e  
been  r e l a t ed  to  g r o w t h  h o r m o n e  a c t i v i t y  6-7. The  signifi-  
c a n t  p e a k  in th i s  p a r a m e t e r  in  t he  f a s t ed  r a t s  a t  14.00 
sugges ts  a possible  p e a k  of p l a s m a  g r o w t h  h o r m o n e  levels  
a t  t h i s  t ime.  P r e l i m i n a r y  resu l t s  on  p i t u i t a r y  a n d  p l a s m a  
g r o w t h  h o r m o n e  levels  b y  r a d i o i m m u n o a s s a y  o b t a i n e d  
in co l l abo ra t i on  w i t h  Dr.  L. A. FROHMAN of t he  Buf fa lo  
Gene ra l  Hosp i t a l ,  D e p a r t m e n t  of Medicine,  sugges t  t h a t  
th i s  m i g h t  indeed  b e  t he  case. 

W h a t e v e r  t he  mechan i sm(s )  are  for these  p h e n o m e n a  - 
be  i t  ( they)  f l u c t u a t i o n s  of 1 or severa l  e n d o c r i n e  secre- 
t ions  - t h e  f ac t  t h a t  t h e y  occur red  in f a s t i ng  an imals ,  i.e. 
w i t h o u t  t he  exogenous  s t i m u l u s  of food in take ,  p o i n t s  
to  a d e p e n d e n c e  on  n e r v o u s  a n d  n e u r o e n d o c r i n e  agen t s  
t h a t  in t u r n  seem to  be  s u b j e c t  to  f l u c t u a t i o n s  in  t he  
a c t i v i t y  of t he  'Bio logica l  Clock '  s,0. 

Zusammenfassung. Bei  je 32 R a t t e n  im H u n g e r z u s t a n d  
u n d  m i t  n o r m a l e r  F i i t t e r u n g  w u r d e n  T a g e s s c h w a n k u n g e n  
y o n  Na,  K, P ro te in ,  Ha rns to f f ,  P h o s p h o r  u n d  Glukose  
im S e r u m  gefunden .  Die  S c h w a n k u n g e n  spiegeln  zwei- 
fellos die A k t i v i t i i t  m e h r e r e r  e n d o k r i n e r  S e k r e t i o n e n  
wider ,  welche  w i e d e r u m  y o n  de r  Bio log ischen  U h r  s be-  
e inf luss t  werden .  
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