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Table  I I .  Induct ion  of enzymes  by  cortisone in l ivers of carbon te t rachlor ide  t rea ted  mice 

EXPERIENTIA 28/3 

T ime  with CC14 prior  to hormone  

O h  1 6 h  

TT TO TT TO 

Control 5.17 : G,04 1.44 z:  0.02 5.17 n: 0.04 1.44 ~ 0.02 
Cortisone 9.53 = 0.30 2.29 =I= 0.02 9.53 ! 0.30 2.29 ~ 0.02 
CC11 7.67 :z  0.20 0.97 2= 0.10 4.40 nz 0.30 0.19 = 0.07 
CC1 t + Cortisone 11.63 2_ 0.02 2.06 i 0.03 5.10 ~ 0.70 0.17 = 0.05 

Detai ls  of the exper imenta l  design are given in Table  I, except  t h a t  all assays were carr ied out  4 h af ter  hormone  adminis t ra t ion.  The  pro- 
cedures for de te rmina t ion  of l iver  tyrosine t r ansaminase  (TT) and  t r y p t o p h a n  oxygenase (TO) activit ies are well established and have  been 
described in detail previously t, 11. The  enzyme activit ies are expressed as ~xg p -hydroxypheny l -py ruv ic  ac id /mg liver/10 rain and jig kynurenine/  
m g  l iver /h  for T T  and TO, respectively.  All values represent  average  of 5-6 separa te  de te rmina t ions  =K the s t anda rd  error  of the mean.  

e n h a n c e d  t r a n s c r i p t i o n a l  a c t i v i t y  is a p re requ i s i t e  for  
e n z y m e  induc t i on  and  th i s  m a y  be select ively ampl i f i ed  
b y  t h e  s tero id  even  w h e n  R N A  syn thes i s  in  genera l  is 
o the rwise  suppressed.  As t he  l a t t e r  r e m a i n s  lowered for 
p r o t r a c t e d  per iods  of t ime,  a n d  as t he  ava i l ab le  messenger  
R N A  is p r e s u m a b l y  exhaus t ed ,  b o t h  t h e  endogenous  
homeos t a s i s  of enzymes ,  and  t h e i r  i n d u c t i o n  b y  t h e  hor-  
mone,  are g radua l ly  impai red .  I t  has  p rev ious ly  been  
e s t ab l i shed  t h a t  TO is n o t  induc ib le  b y  t he  endogenous ly  
re leased cor t icoids  a t  a n y  t i m e  a f te r  CC14 a d m i n i s t r a t i o n  4. 
So i n d u c t i o n  of TT in such  an i m a l s  u n d e r  selected condi-  
t ions  (Table  I I  ; 4) could ref lect  dif ferences  in  t he  r e l a t ive  
s tab i l i t i es  of m R N A s  for  these  2 enzymes .  This  thes i s  
exp la ins  t he  o b s e r v a t i o n  t h a t  syn thes i s  of uraci l - r ich,  
DNA- l ike  R N A  (p re sum ab l y  m R N A )  can  be  seen w i t h i n  
10-20 ra in  a f t e r  cor t i sone  a d m i n i s t r a t i o n  in r a t s  a n d  
the re fo re  precedes  b o t h  t he  e n z y m e  i n d u c t i o n  a n d  t h e  
genera l  r i bosoma l  R N A  syn thes i s  s, l ead ing  e v e n t u a l l y  to  
l iver  h y p e r t r o p h y  a n d  increased  R N A  con ten t .  A s imi la r  
r e l a t i onsh ip  has  p rev ious ly  been  obse rved  in h e p a t o m a  
cell cu l tu re s  0,10. I n  a n y  even t ,  these  s tud ies  fo rm t he  f i r s t  
ev idence  t h a t ,  in  m a m m a l i a n  liver,  i n d u c t i o n  of se lected 
enzymes  b y  a cor t icos te ro id  can  occur  a t  a t i m e  w h e n  t h e  
s t i m u l a t o r y  effect  of t h e  h o r m o n e  on  t h e  syn thes i s  of 
t o t a l  R N A  is comple t e ly  e l imina ted .  

I t  shou ld  be  r e m e m b e r e d  t h a t  CC14 r ap i d l y  an  d m a r k e d l y  
a l te rs  Kupf fe r  cell f unc t i on  in t he  l iver  4. Since t he  
cor t i sone  induc ib le  enzymes  are found  in l iver  p a r e n c h y m a l  
cells, i t  h a d  p rev ious ly  been  sugges ted  t h a t  in i t ia l  infor-  
m a t i o n  process ing  m a y  occur  in  the  r e t i cu loendo the l i a l  

s y s t e m  of t he  a n i m a l  (for a br ie f  rev iew s e e n L  The  m a n n e r  
in  wh ich  th i s  is accompl i shed  r ema ins  to be  de t e rmined ,  
b u t  i t  is c lear  t h a t  t he  i n f o r m a t i o n  t h u s  g a t h e r e d  would  be  
of u n u s u a l  s ingi f icance  in de l i nea t ing  t he  control ,  orga- 
n i sa t ion  a n d  express ion  of genet ic  i n fo rma t ion  m m a m -  
m a l i a n  liver.  

Rdsumd. Chez des souris  t r a i t6es  p a r  le t 6 t r a c h l o r u r e  de 
ca rbone  l ' i n d u c t i o n  de que lques  enzymes  s61ectives p a r  la 
cor t i sone  s 'es t  p rodu i t e  A u n  m o m e n t  off la  syn th~se  de 
YARN t o t a l  6 t a i t  inf6r ieure  au n i v e a u  observ6 chez les 
t6moins .  
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Biochemica l  Changes  of Brain and Liver in Neonatal  Offspring of Rats Fed Monosod ium-L-  
Glutamate  

M u c h  a t t e n t i o n  ha s  r ecen t l y  been  focused on  some of 
t he  poss ible  h a z a r d s  of h i g h  levels of monosod ium-L-  
g l u t a m a t e  (MSG) g iven  b y  in j ec t ion  or fed to severa l  
species of e x p e r i m e n t a l  an imals .  These  effects  r ange  f rom 
obes i ty  a n d  neu roendoc r ine  d i s t u r b a n c e s  to  s t e r i l i t y  a n d  
b r a i n  lesions 1-s. I n  a p rev ious  s t u d y  9 we a t t e m p t e d  to  
e s t ab l i sh  a b iochemica l  bas is  for t he  ac t ion  of M S G  b y  
feeding i t  to  r a t s  a t  levels up  to 20% of t h e  d ie t  and  t h e n  
m e a s u r i n g  t he  c o n c e n t r a t i o n s  of a n u m b e r  of b r a i n  a n d  
l iver  cons t i t uen t s .  Ana lys i s  of l iver  i nd i ca t ed  t h a t  d i e t a r y  
M S G  h a d  no  effect  on  p ro te in ,  RNA,  DNA,  g l u t a m a t e ,  
l ac ta te ,  m a l a t e  or c~-glycerophosphate.  C o n c e n t r a t i o n s  of 
g l u t a m a t e ,  g lu tamine ,  a spa r t a t e ,  D N A  a n d  p ro t e in  a n d  

a c t i v i t y  of g l u t a m i c  deca rboxy la se  (GAD) in b r a i n  re- 
m a i n e d  c o n s t a n t  whi le  y - a m i n o b u t y r i c  acid (GABA) con-  
c e n t r a t i o n s  were  s ign i f i can t ly  decreased in an ima l s  fed 
MSG. T h e  r a t s  inges t ing  M S G  exh ib i t ed  increased  i r r i t ab -  
i l i ty,  wh ich  m a y  be  r e l a t ed  to  decreased levels of b r a i n  
G A B A  9,10. 

The  pu rpose  of t he  p r e sen t  i nves t i ga t i on  was to  s t u d y  
t h e  effects  of d i e t a r y  M S G  on some selected b r a i n  a n d  
l iver  m e t a b o l i t e s  of second g e n e r a t i o n  n e o n a t a l  r a t s  b o r n  
to  p a r e n t s  fed a d ie t  s u p p l e m e n t e d  w i t h  10% MSG. 

Mater ials  and methods. H o l t z m a n  wean l ing  r a t s  were 
fed P u r i n a  l a b o r a t o r y  chow a lone  or s u p p l e m e n t e d  w i t h  
10% M S G  for 100 days.  The  r a t s  were m a t e d  on a one- to-  
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Table I. Body, brain and liver weights ~ of rats during postnatal development 

261  

Days Control Treated 

Body weight Brain weight Liver weight Body weight Brain weight Liver weight 

1 7.21 • 0.26 0.2871 fl:_ 0.0058 0.280 4- 0.011 7.39 4- 0.20 0.2939 • 0.0088 0.288 4- 0.009 
2 8.40 4- 0.26 0.3400 4- 0.0063 0.336 4- 0.010 8.64 4- 0.27 0.3488 i 0.0089 0.332 • 0.009 
3 10.32:2~ 0.17 0.4148 • 0.0068 0.410 • 0.011 9.47 ::L 0.23 0.4003 -4- 0.0085 0.358 4- 0.018 
5 13.13 4- 0.52 0.5442 4- 0.0082 0.485 4- 0.016 13.59 4- 0.57 0.5882 4- 0.0154 0.453 4- 0.019 

10 25.55 4- 0.39 1.0132 4- "0.0117 0.796 4- 0.017 24.43 4- 0.38 1.0000 ~ 0.0127 0.726 j_ 0.020 
21 51 :J_ 3 1.4242 =L 0.0243 1.934 • 0.137 52 ::L 1 1.4356 2t2 0.0187 1.963 4- 0.061 

�9 Each value is the average of 10 rats and is expressed as g ~ S.E.M. The control rats were born of parents fed Purina chow. Treated rats were 
born of parents fed Purina chow supplemented with 10% MSG. All 20 control rats conceived and 17 of the 20 treated rats conceived; the 
average litter sizes were 9.7 4- 0.4 and 10.2 4- 0.5 pups/litter, respectively. 

one  b a s i s  for  a 7 - d a y  p e r i o d  a n d  t h e  r e s u l t a n t  o f f s p r i n g  
( f i r s t  g e n e r a t i o n ;  F~) a f t e r  w e a n i n g  we re  c o n t i n u e d  on  t h e  
s a m e  d i e t  a s  t h e i r  r e s p e c t i v e  p a r e n t s  for  100 d a y s .  A t  t h i s  
t i m e  t h e  F~ g e n e r a t i o n  r a t s  w e r e  m a t e d  as  d e s c r i b e d  a b o v e  
a n d  10 n e o n a t a l  o f f s p r i n g  ( s e c o n d  g e n e r a t i o n ;  F2) f r o m  
e a c h  g r o u p  we re  s a c r i f i e d  a t  d a y s  1, 2, 3, 5, 10 a n d  21. 
B r a i n s  we re  r e m o v e d  for  d e t e r m i n a t i o n s  of  G A D ,  G A B A ,  
g l u t a m a t e ,  a s p a r t a t e ,  p r o t e i n  a n d  D N A  b y  p r e v i o u s l y  
d e s c r i b e d  m e t h o d s  n .  L i v e r s  w e r e  a s s a y e d  for  R N A ,  D N A ,  
p r o t e i n  a n d  g l u t a m a t e .  T h e  s t o m a c h  c o n t e n t s  o f  t h e  5- 
d a y - o l d  r a t s  w e r e  a l so  a s s a y e d  for  g l u t a m a t e  as  a n  i n d i c a -  
t o r  o f  t r a n s f e r  of  M S G  b y  w a y  of  m o t h e r s '  m i l k .  

M e a n  v a l u e s ,  s t a n d a r d  e r r o r s  a n d  t h e i r  s i g n i f i c a n c e  
w e r e  c a l c u l a t e d  a c c o r d i n g  t o  t h e  S t u d e n t ' s  t - t es t .  

Results.  N o  s i g n i f i c a n t  d i f f e r e n c e s  w e r e  n o t e d  in  con -  
c e p t i o n  r a t e ,  p u p s  p e r  l i t t e r  o r  b o d y ,  b r a i n  a n d  l ive r  
w e i g h t s  b e t w e e n  o f f s p r i n g  of  c o n t r o l  a n d  M S G - f e d  r a t s  
( T a b l e  I) d u r i n g  t h e  f i r s t  21 d a y s  of  p o s t n a t a l  d e v e l o p -  
m e n t .  A s  s e e n  i n  F i g u r e  1, t h e  b r a i n - t o - b o d y  w e i g h t  r a t i o  
w a s  s i g n i f i c a n t l y  h i g h e r  ( P  < 0.05) for  t r e a t e d  r a t s  a t  d a y  
3, w h e r e a s  t h e  l i v e r - t o - b o d y  w e i g h t  r a t i o  w a s  l ower  t h a n  

t h a t  o f  c o n t r o l s  a t  d a y s  3 a n d  5 ( P < 0 . 0 5 ) .  T h e s e  d i f fe r -  
e n c e s  d i s a p p e a r e d  be fo r e  t h e  n e o n a t a l  r a t s  we re  w e a n e d .  

F i g u r e  2 s h o w s  t h a t  t h e  p r o t e i n  c o n t e n t  of  t h e  b r a i n s  ot  
t r e a t e d  r a t s  p a r a l l e l s  t h a t  of  t h e  c o n t r o l s .  T h e  D N A  
c o n c e n t r a t i o n s  in  b r a i n s  of  c o n t r o l  a n d  t r e a t e d  r a t s  w e r e  
r e m a r k a b l y  s i m i l a r  ( F i g u r e  3) a n d ,  w h e n  e x p r e s s e d  as  

1 D. R. Lucns  and J. P. NEWHOUSE, Am. med. Ass. Arch. Ophtal. 58, 
193 (1957). 

2 j .  W. OLNEY, J. Neuropath. exp. Neurol. 28, 455 (1969). 
a j .  W. OLNEV, Science 76,t, 719 (1969). 
4 j .  W. OLNEY and L. G. SHARPE, Science 166, 386 (1969). 

E. A. AREES and J. MAYER, Science 170, 549 (1970). 
0 T. W. REDDING and A. V. SHALLY, Fedn Proe. 29, 755 (1970). 
T j .  W. OLdEr and O. Ho, Nature, Lond. 227, 609 (1970). 
8 j .  W. OLNEY, J. Neuropath. exp. Neurol. 30, 75 (1971). 
a L. PROSKY, R. G. O'DELL and O. C. JOHNSOS, Fedn Proc. 30, 460 

(1971). 
10 E. ROBERTS and K. KURIYAr~A, Brain Res. 8, 1 (1968). 
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Fig. 1. Effect of 10% dietary MSG on brain-to-body weight and liver- 
to-body weight ratios of F i generation neonatal rats. 
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Fig. 2. Effect of 10% dietary MSG on brain protein of F 2 generation 
neonatal rats. 
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mg/g  tissue, were comparab le  to adul t  values  at  day  5 of 
pos tna t a l  deve lopment .  Figures  4 and  5 show the  con- 
cen t ra t ions  of aspar ta te ,  g lu t ama te  and  GABA in brain.  
Aspa r t a t e  and  g lu t ama te  did no t  reflect  the  increased 
d ie ta ry  in take  of MSG ; however,  GAt3A was s ignif icant ly  
e levated ( P < 0 . 0 0 1 )  on day  1. This  e levat ion  did no t  
pers is t  and  by  day  2 the  values were down to normal .  

z ~ 
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Fig. 3. Effect of 10~o dietary MSG on brain DNA of F 2 generation 
neonatal rats. 
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Fig. 4. Effect of 10% dietary MSG on concentrations of glutamate 
(GLU), aspartate (ASP) and y-aminobutyric acid (GABA) in brains 
of F 2 generation neonatal rats. 

GAD, the  enzyme responsible  for the  fo rmat ion  of GABA, 
did no t  change  s igni f icant ly  in t r ea ted  ra ts ;  ac t iv i ty  
var ied f rom 62 to  100 ~moles  GABA formed/g  p ro te in /h  
dur ing  the  21-day pos tna t a l  period.  

The resul ts  in Table  I I  show t h a t  10% MSG in the  die t  
had  no effect  on l iver protein ,  IRNA-P, D N A - P  or gluta-  
mate .  

E x a m i n a t i o n  of the  s t o mach  con ten t s  of 5-day-old ra t s  
showed t h a t  offspr ing of pa ren t s  fed the  MSG diet  had  
20~o more  free g lu t ama te  t h a n  controls  (0.574 ~mole as 
compared  to  0.476 for controls ;  P < 0 . 0 5 ) .  Trea ted  
offspr ing had  rough,  shaggy-hai r  coats which  became 
normal  dur ing  the  th i rd  week. 

Discussion.  Feed ing  MSG to ra t s  t h ro u g h  several  gen- 
erat ions  had  no effect  on reproduc t ive  func t ion  as mea-  
sured by  concept ion  ra te  and  pups  born  per  l i t ter.  These 
da t a  are in ag reemen t  wi th  earl ier  repor t s  f rom th is  
agency 12 and  o ther  laborator ies  who s tudied  the  r a t  13. 
Fur the rmore ,  no differences were no ted  ill the  develop-  
m e n t  of t he  ra t  dur ing  the  pos tna t a l  per iod as measured  
by  brain,  l iver  and  body  weights .  The increased bra in- to-  
body  weight  ra t io  a t  day  3 and  decreased l iver - to-body 
weight  ra t ios  a t  days  3 and 5 for ra ts  fed MSG were 
t r ans i en t  e f fec ts  f rom which  the  animals  recovered by  
day  10. 

DNA concen t ra t ions  in bra in  reflect  cell n u mb e r  and  
size, and  a decrease is associa ted wi th  neuron  deficiency z4 ; 
the  values  found in th is  s tudy  were  not  d i f fe rent  for con- 
t rol  and MSG-fed rats.  P ro t e in  concen t ra t ions  in brain,  as 
well as those  of DNA, are ind ica t ive  of g rowth  and devel-  
o p m e n t  of th is  organ and are ma rk ed l y  decreased in real- 

2' 
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O ~ A S P  l 

Z S 5 10 zlaays 
Age 

Fig. 5. Effect of 10 % dietary MSG oi1 total brain content of glutamate 
(GLU), aspartate (ASP) and y-aminobutyric acid (GABA) in F 2 ge- 
neration ileonatal rats. 

12 j .  F. LYNCH JR., L. M. LEWIS, E. L. HOVE and J. S. ADKINS, Fedn. 
Proc. 29, 567 (1970). 

13 N.J. ADAMO and A. RATNER, Science 169, 674 (1970). 
14 S .  Z A M E N H O F ,  E .  V .  ~V[ARTHENS and F. L. M A R G O L I S ,  Science 760, 

322 (1968). 
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Table II. Liver protein, RNA-P, DNA-P and glutamate~ in rats during postnatal development 

2 6 3  

Days Control Treated 

Protein RNA-P DNA-P Glutamate Protein RNA-P DNA-P GIutamate 

1 138 ~z 8 0.913 ~ 0.037 0.294 4- 0.029 4.27 J= 0.24 127 ~ 2 0.956 i 0.031 0.295 ~ 0.017 3.46 ~2 0.11 
2 112 -4- 2 0.965 ~ 0.031 0.288 ~: 0.017 4.41 4- 0.15 122 ~ 7 0.899 -4- 0.022 0.314 -4- 0.025 4.31 • 0.17 
3 146 4- 12 1.072 ~ 0.065 0.380 ~ 0.014 4.21 4- 0.17 130 ~ 9 1.107 4- 0.041 0.400 ~ 0.010 4.05 4- 0.22 
5 134 -V 12 1.035 ~ 0.022 0.344 4- 0.009 3.57 -t- 0.25 128 4- 3 1.067 4- 0.016 0.314 -t- 0.009 4.28 • 0.29 

10 149 4- 5 0.942 ~= 0.014 0.280 :J_ 0.011 3.22 4- 0.09 166 • 12 0.962 4- 0.032 0.284 4- 0.008 3.43 -4- 0.07 
21 171 :t= 8 0.930 ::k 0.164 0.251 4- 0.036 4.09 ~z 0.21 166 4- 5 0.954 ~ 0.133 0.266 4- 0.029 4.51 4- 0.25 

aEach value is the average of 5 rats and is expressed as mg/g liver -4- S.E.M. for protein, RNA-P and DNA-P and as wnole/g liver for gluta- 
mate. Control rats were born of parents fed Purina chow. Treated rats were born of parents fed Purina chow supplemented with 10% MSG. 

n u t r i t i o n l ~ ;  t h e s e  c o n c e n t r a t i o n s  we re  a l so  u n a f f e c t e d  b y  
d i e t a r y  M S G .  

I n  a p r e v i o u s  s t u d y  16, in  w h i c h  r a t s  w e r e  f ed  M S G  a t  
l eve l s  u p  t o  2 0 %  of  t h e  d i e t  for  15 w e e k s ,  we  f o u n d  t h a t  
G A B A  c o n c e n t r a t i o n s  we re  r e d u c e d  b u t  G A D  a c t i v i t y  
w a s  n o t  a f f e c t e d .  I n  t h e  p r e s e n t  s t u d y ,  we  f o u n d  t h a t  
m o t h e r s '  m i l k  f r o m  M S G - f e d  r a t s  c o n t a i n e d  2 0 %  m o r e  
f ree  g l u t a m a t e  t h a n  d i d  c o n t r o l s ,  r e s u l t i n g  in  i n c r e a s e d  
c o n c e n t r a t i o n s  of  G A B A  in  b r a i n s  of  o f f s p r i n g  a t  d a y  1. 
ADKINS e t  al. 17 r e p o r t e d  a s i m i l a r  i n c r e a s e  in  f ree  g l u t a m a t e  
of  m i l k  f r o m  M S G - f e d  r a t s .  T h e  t r a n s i e n t  r i s e  in  G A B A  
p r o b a b l y  r e s u l t e d  in  ' a c t i v a t i o n '  of  e n z y m e s  r e s p o n s i b l e  
fo r  t h e  m e t a b o l i s m  of  G A B A  a n d  t h e r e f o r e  t h e  G A B A  con -  
c e n t r a t i o n s  we re  d e c r e a s e d  t o  c o n t r o l  v a l u e s  b y  d a y  2. 
B r a i n  a s p a r t a t e  a n d  g l u t a m a t e  w e r e  u n r e s p o n s i v e  t o  
M S G  in  t h e  d ie t .  

L i v e r  p r o t e i n ,  R N A - P ,  D N A - P  a n d  g l u t a m a t e  l eve l s  
w e r e  a l so  i n d e p e n d e n t  of  d i e t a r y  M S G .  T h e  h i g h  a c t i v i t i e s  
o f  t r a n s a m i n a s e s  a n d  o x i d a s e s  w h i c h  m e t a b o l i z e  g l u t a m a t e  
in  l i ve r  a r e  s u f f i c i e n t  t o  m a i n t a i n  g l u t a m a t e  c o n c e n t r a -  
t i o n s  a t  4 [zmole /g  l iver .  T h e  a c t i v i t i e s  of  t h e  c o r r e s p o n d i n g  
e n z y m e s  in  t h e  b r a i n  wi l l  be  r e p o r t e d  in  a f u t u r e  p a p e r .  

T h e s e  g e n e r a t i o n  s t u d i e s  a r e  in  g e n e r a l  a g r e e m e n t  w i t h  
o u r  e a r l i e r  r e p o r t s  o n  e f f ec t s  o f  d i e t a r y  l eve l  of  M S G  in  
t h a t  we  we re  u n a b l e  t o  f i n d  c h a n g e s  in  b i o c h e m i c a l  c o m -  
p o n e n t s  of  b r a i n  a n d  l iver .  W e  h a v e  n o w  r e a c h e d  t h e  F 4 

g e n e r a t i o n  w i t h  no  f u r t h e r  e f f e c t s  n o t e d  e x c e p t  for  t h e  
r o u g h ,  s h a g g y - h a i r  c o a t  w h i c h  p e r s i s t s  fo r  a p p r o x i m a t e l y  
30 d a y s .  

Zusammen/assung. N a c h w e i s ,  d a s s  d ie  Ern~Lhrung  v o n  
R a t t e n  m i t  M o n o s o d i u m  L - G l u t a m a t  (MSG) i m  L a u f e  d e r  
e r s t e n  21 T a g e  n a c h  d e r  G e b u r t  k e i n e n  E i n f l u s s  a u f  d ie  
E n t w i c k l u n g  sowie  a u f  d a s  K 6 r p e r - ,  G e h i r n -  u n d  L e b e r -  
g e w i c h t  h a t t e .  D i / i t e t i s c h e s  M S G  h a t t e  a u s s e r d e m  k e i n e n  
E f f e k t  a u f  P r o t e i n ,  A s p a r t a t  u n d  G l u t a m a t  i m  G e h i r n .  
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M e a s u r e m e n t  of  a c t i v i t y  of  e n z y m e s  r e q u i r i n g  v i t a m i n  
c o f a c t o r s  h a s  b e e n  s h o w n  to  be  a s e n s i t i v e  a n d  spec i f i c  
m e a n s  of  d e t e c t i n g  v i t a m i n  de f i c i enc i e s  1-3. A f l a v i n - d e -  
p e n d e n t  e n z y m e ,  N A D H - d e p e n d e n t  m e t h e m o g l o b i n  re-  
d u c t a s e ,  h a s  b e e n  p r o p o s e d  a s  a p o s s i b l e  i n d i c a t o r  of  t h e  
s t a t u s  of  r i b o f l a v i n  n u t r i t i o n  4. A c t i v i t y  o f  t h e  e n z y m e  in  
e r y t h r o c y t e s  f r o m  n o r m a l  s u b j e c t s  is  e n h a n c e d  a p p r o x i -  
m a t e l y  t w o - f o l d  b y  a d d i t i o n  of  f l a v i n - a d e n i n e - d i n u c l e o -  
t i d e  ( F A D )  t o  t h e  a s s a y  s y s t e m  ~, b u t  a c t i v i t y  of  t h e  en -  
z y m e  f r o m  r i b o f l a v i n - d e f i c i e n t  s u b j e c t s  h a s  n o t  b e e n  s t u -  
d i ed .  T h e  p u r p o s e  of  t h i s  p a p e r  w a s  to  s t u d y  e r y t h r o c y t e  
N A D H - m e t h e m o g l o b i n  r e d u c t a s e  a c t i v i t y  in  r i b o f l a v i n  
d e f i c i e n t  r a t s ,  a n d  t o  d e t e r m i n e  t h e  e f f ec t  of  a d d i t i o n  of  
F A D  u p o n  a c t i v i t y  of  t h e  e n z y m e .  

Materials and methods. 24 S p r a g u e - D a w l e y  w e a n l i n g  
r a t s  w e r e  d i v i d e d  i n t o  4 g r o u p s .  G r o u p s  1 a n d  2 w e r e  f ed  
a r i b o f l a v i n - d e f i c i e n t  d i e t  ( N u t r i t i o n a l  B i o c h e m i c a l s ) .  
G r o u p s  3 a n d  4 w e r e  g i v e n  a r e g u l a r  b a l a n c e d  d i e t  c o n -  
t a i n i n g  7 9 4 m g  of  t h e  v i t a m i n  p e r  kg .  S u p p l e m e n t s  of  80 lzg 

of  r i b o f l a v i n  we re  g i v e n  b y  s .c.  i n j e c t i o n  e v e r y  o t h e r  d a y  
to  r a t s  in  G r o u p s  2 a n d  3 in  a c c o r d a n c e  w i t h  e s t a b l i s h e d  
r i b o f l a v i n  r e q u i r e m e n t s  5. 2 r a t s  f r o m  e a c h  g r o u p  w e r e  
s ac r i f i c ed  on  d a y s  21, 23 a n d  26 f o l l o w i n g  i n i t i a t i o n  of t h e  
d ie t s .  B l o o d  w a s  c o l l e c t e d  b y  c a r d i a c  p u n c t u r e ,  a n d  t h e  li-  
v e r  w a s  r e m o v e d .  E r y t h r o c y t e  m e t h e m o g l o b i n  r e d u c t a s e  
a c t i v i t y  w a s  a s s a y e d  b y  t h e  m e t h o d  of  t-IEGESH e t  al. 6 a n d  
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