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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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Erythrocyte NADH-Methemoglobin Reductase Activity in Experimental Riboflavin Deficiency 

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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hepa t ic  g lu ta th ione  reductase  ac t iv i ty  by  the  m e t h o d  of 
WENDELLL Pro te in  was de t e rmined  by  the  m e t h o d  of 
LOWRY et al. s Assays were also pe r fo rmed  wi th  F A D  added  
to  t he  me themog lob in  reduc tase  assay in a f inal  concen- 
t r a t i on  of 1 [x2VI and  to the  g lu ta th ione  reduc tase  assay in a 
f inal  concen t ra t ion  of 4 vM. 

Results and discussion. At the  t ime  of sacrifice, r ibof lavin  
def ic iency was readi ly  appa ren t  in ra t s  of Group 1, who 
showed rough  coats  and a failure to  gain weigh t  9, 1% 
Weigh t -ga ins  of ra ts  receiving the  def icient  d ie t  lagged 

Enzyme Groups ~ Mean Standard t ~ pa 
assayed specific error 

activity b 

Erythrocyte 1 4.7 0.7 
methemoglobin 2 4.0 0.7 
reduetase 3 4.9 0.6 

4 5.1 0.7 

Hepatic 1 31.5 4.8 
glutathione 2 50.2 4.5 . ., 
reductase 3 57.7 5.9 

4 50.5 2.8 

No significant 
difference 

3.82 <: 0.001 

. / , 

Six rats in each group: 1. Riboflavin-deficient diet; 2. Deficient diet 
with riboflavin supplementation; 3. Regular. diet with riboflavin 
supplementation; 4. Regular diet. ~Aetivity of methemoglobin re- 
duetase is expressed as nmoles methenmglobin reduced/rain/rag Hb, 
and activity of glutathione reductase is expressed as lxmoles glutha- 
thione reduced/min/g protein, o t -- Student's t-test for comparison of 
difference between means of enzyme activities of deficient and com- 
bined non-deficient groups, ap = p-value as determined by two-tailed 
test. 

s ignif icant ly  beh ind  those  of animals  whose diets  were 
suff icient  in r ibof lavin  (p < 0.001)11. Fur the rmore ,  r ibo- 
f lavin def ic iency of Group 1 animals  was cor robora ted  
b iochemica l ly  by  measur ing  the  ac t iv i ty  of hepa t ic  gluta-  
th ione  reductase .  The Table  shows t h a t  ac t iv i ty  of th is  
enzyme of an imals  in t he  def ic ient  group was  s ignif icant ly  
below t h a t  of animals  receiving adequa te  r ibof lavin  in- 
take  (p < 0.001). However ,  e ry th rocy t e  me themog lob in  
reduc tase  ac t iv i ty  was no t  affected by  r ibof lavin  deficien- 
cy (Table). Sl ight  a u g m e n t a t i o n  of enzyme ac t iv i ty  was 
observed in all groups wi th  addi t ion  of FAD in vi tro,  b u t  
the  increases were insignif icant .  The above f indings show 
t h a t  assay of e ry th rocy te  me themog lob in  reduc tase  act i-  
v i ty  is no t  a val id m e t h o d  for de tec t ion  of r ibof lavin  de- 
ficiency. 

Zusammen/assung. Bei R a t t e n  mi t  Ribof lav in-Mangel  
wurde  eine normale  Akt iv i t / i t  der NADH-abh~tngigen 
Meth~moglob in reduk tase  festgestel l t .  

KATHRYN NICOLAISEN and L. E. t~OGERS 

Department o/Pediatrics~ University o/ Texas, 
Southwestern Medical School at~al las ,  
Dallas (Texas 75235, USA)., 23 August 1971. 

( i 

7 p. L. WENDELL, Biochim. biophys. Acta 159, 179 (1968). 
80 .  H. LOWRY, N. J. ROSEBROUGH, A. L. FARR and R. J. RANDALL, 

J. biol. Chem. 193, 265 (1951). 
90.  A. BESSEY, O. H. LOWRY, E. B. DAVIS and J. L. DORN, J. Nutr. 

64, 185 (1958). 
lo S. FASS and R. S. RIVLIN, Am. J. Phys. 217, 988 (1969). 
n P-value for difference between the means of the average daily 

weight gains as determined by Student's t-test (two-tailed). 

Side-Chain Hydroxylation in the Biosynthesis of j3-Ecdysone (20-Hydroxyecdysone) in the Blowfly 
Calliphora Stygia 

F r o m  a s t u d y  i of t h e  me tabo l i sm of 25-deoxyecdysone 
in th6' b lowfly  C. stygiaJit was concluded t h a t  s ide-chain 
h3)6ro,xylation p robab ly  precedes  modi f ica t ion  o f  the  
steroid ' i iucleus in the  b iosynthes is  of fi-edysone (20-hydro- 
xT~cd#sone ) f rom cholesterol.  To t es t  th is  conclusion we 
ha,~e now s tudied  the  me tabo l i sm in C. stygia of [26 -1~ C~- 
25-hydroxycholes tero l  and [22 -a H- l - (22R)-22-hydroxy-  
cholesterol .  

A colloidal suspension of E26-14 C~ - 25-hydroxycholes tero l  
(37.0 • 10Sdpm, 60 mCi/mmole)  in wa te r  conta in ing  0.5% 
sodium oleate was in jec ted  into 3rd ins ta r  larvae  of C. 
stygia (100 insects) 6-9 h pr ior  to  p u p a r i u m  fo rma t ion  
toge the r  w i th  [1-3HI-cholesterol (145 •  10 Ci/ 
mmole)  to  serve as a reference s t anda rd  (3H:14C = 3.9:1). 
The p repupae  were collected 6-9 h af ter  p u p a r i u m  forma-  
t ion  (about  18 h incubat ion) ,  homogenized  in e thanol  and 
the  fi-ecdysone isolated as descr ibed previous ly  2. As 
observed earlier a, [1-3H~-cholesterol was found  to  be 
incorpora ted  in to  fl-ecdysone (0.016%). However ,  the  
3H : 14C ra t io  of the  puri f ied fi-ecdysone isolated was 20 : 1, 
ind ica t ing  t h a t  25-hydroxycholes terol ,  if incorpora ted ,  
was incorpora ted  to  a m u c h  lower ex t en t  t h a n  cholesterol .  
Recen t ly  i t  was repor ted4  t h a t  25-hydroxycholes te ro l  is 
no t  metabo l i sed  to fi-ecdysone in seedlings of Podocarpus 
elatus. 

[22=3H]-(22R),22-hydroxycholesterol (1 • dpm,  2.46 
Ci/mmole,  radioChemical  pu r i t y  98 %), p repared  by  reduc-  
t ion  of 22-ketocholesterol  wi th  sodium boro t r i t ide  5 was 
incuba ted  in C. stygia and the  f l -ecdysoneisolated as before. 
Af ter  ex tens ive  pur i f ica t ion the  fi-ecdysone f rac t ion was  
ch ro ma t o g rap h ed  wi th  non- rad ioac t ive  fl-ecdysone. The  
curve of the  UV-abso rp t ion  p lo t t ed  agains t  e lut ion 
vo lume t h e n  coincided wi th  a weak peak  of r ad ioac t iv i ty  
which  cor responded  to  an incorpora t ion  of no t  more  t h a n  
0.0001%, t h a t  is abou t  1/100 of t h a t  ob ta ined  wi th  cho- 
lesterol.  

The cholesterol  pool  in C. stygia is very  large a and  
p robab ly  ve ry  much  larger t h a n  any  of its more  polar  

1 j.  A. THOMSON, J. B. SIDDALL, M. N. GALBRAITH, D. H. S. HORN 
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