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Increased Suscept ibi l i ty  of Riboflavin Deficient Rats  to Galactose  Cataract 

R e c e n t  s tud ies  h a v e  s h o w n  t h a t  t he  g l u t a t h i o n e  reduc-  
t a se  a c t i v i t y  of h u m a n  red blood cells is s t r ong ly  depen-  
d e n t  u p o n  t h e  s t a t e  of r ibof lav in  n u t r i t i o n  1-3. T h e  
m e t a b o l i s m  of t h e  lens  of t he  eye closely r e sembles  red 
cell m e t a b o l i s m  4. Because  of t he  cri t ical  role t h a t  g lu ta -  
t h ione  r e d u c t i o n  appea r s  to  p l a y  in t he  defense  of lens  
p ro t e in  a g a i n s t  p r ec ip i t a t i on  as c a t a r a c t s  5, 6, we h a v e  in- 
v e s t i g a t e d  t h e  role of r ibof lav in  i n t a k e  on lens  g l u t a t h i o n e  
r e d u c t a s e  a c t i v i t y  and  on ga l ac tose - induced  ca ta rac t .  

W h e n  23-day-old  a lbino r a t s  were p laced on r ibof lav in-  
def ic ient  d ie t  (Nut r i t iona l  ]3iochemicals  Corp. USA),  t he  
ave rage  g l u t a t h i o n e  r e d u c t a s e  a c t i v i t y  of red cells was  
f o u n d  to be 40% of t h a t  of a n o r m a l  cont ro l  g roup  which  
received an  iden t ica l  diet ,  s u p p l e m e n t e d ,  however ,  w i th  
33 m g  of r ibof lav in /kg .  T h e  g l u t a t h i o n e  r educ t a se  a c t i v i t y  
of t h e  lens of t h e  r a t s  fed t he  r ibof lav in-def ic ien t  d ie t  for 
21 day s  was  a b o u t  75% t h a t  of the  e n z y m e  a c t i v i t y  in t he  
lens of r a t s  fed t h e  r ibof lavin- for t i f ied  diet.  20 r a t s  wh ich  
h a d  been  on a r ibof lav in -def ic ien t  d ie t  for 21 d a y s  were 
p laced  on a 68 % ga lac tose  d ie t  (Nut r i t iona l  B iochemica l s  
Corp. USA)  def ic ient  in r ibof lavin .  20 r a t s  wh ich  h a d  been  
rece iv ing  t h e  r i b o f l a v i n - s u p p l e m e n t e d  diet  received 68% 
ga lac tose  diet  c o n t a i n i n g  33 m g  r ibo f l av in /kg  diet .  T h e y  
were e x a m i n e d  o p h t h a l m o s c o p i c a l l y  eve ry  few days .  A t  
a p p r o p r i a t e  in t e rva l s  equa l  n u m b e r s  of r ibof lavin-  
def ic ient  a n d  cont ro l  r a t s  were sacrificed, t he  degree of 
c a t a r a c t  f o r m a t i o n  in t he  lenses  was  e v a l u a t e d  v isual ly ,  
a n d  t h e  a m o u n t  of soluble  lens  pro te in ,  g lu t a th ione ,  

g l u t a t h i o n e  r e d u c t a s e  a c t i v i t y  a nd  t o t a l  th iol  was  de ter -  
m ine d .  T h e  Tab le  shows  t he  resu l t s  of these  s tudies .  

F i f t een  d a y s  a f te r  t he  feeding of t h e  h igh -ga l ac tose  d ie t  
def ic ien t  in r ibof lav in  h a d  been  s t a r t ed ,  a b o u t  60 % of r a t s  
deve loped  m a t u r e  c a t a r a c t s  a nd  t he  r e m a i n i n g  h a d  severe  
opac i ty ;  t he  lenses  of cont ro l  ra ts ,  rece iv ing  a h igh-  
ga lac tose  d ie t  s u p p l e m e n t e d  w i th  r ibof lavin ,  showed  on ly  
s l igh t  vacuo l iza t ion .  3 d a y s  la te r  a b o u t  90% of t he  r ibo- 
f l av in -def ic ien t  r a t s  h a d  deve loped  m a t u r e  ca ta rac t s ,  
whe reas  80yo of t he  cont ro l  r a t s  fed on  h igh -ga l ac tose  d ie t  
for t i f ied w i t h  r ibof lavin ,  deve loped  on ly  pa r t i a l  s u b s c a p u -  
lar  ca t a r ac t s .  However ,  26 d a y s  a f te r  feeding  of t he  h igh  
ga lac tose  d ie t  w i th  r ibof lav in  h a d  be e n  in i t ia ted ,  a b o u t  
85% of con t ro l  r a t s  h a d  also deve loped  m a t u r e  ca ta r -  
acts .  

I t  is clear  t h a t  r ibof lav in  def ic iency p roduc e s  no t  on ly  
decreased  lens  g l u t a t h i o n e  r e d u c t a s e  ac t iv i ty ,  b u t  also in- 
creases  suscep t ib i l i t y  to c a t a r a c t  fo rma t ion .  A l t h o u g h  i t  
is a t t r a c t i v e  to suppose  t h a t  m e c h a n i s m  of t h e  e n h a n c e d  
suscep t ib i l i t y  of t hese  a n i m a l s  to c a t a r a c t  f o r m a t i o n  is 
d i m i n i s h e d  c a p a c i t y  to reduce  gluta th io l le ,  o the r  more  
r e m o t e  effects  of r ibof lavin  def ic iency m u s t  also be con- 
sidered.  For  example ,  t he  b o d y  we igh t  of r ibof lavin-  
def ic ien t  a n i m a l s  ave rages  25% less t h a n  t h a t  of control  
an ima l s .  F u r t h e r  s tud ies  to  de l inea te  the  role of ribo- 
f l av in  n u t r i t i o n  on suscep t ib i l i t y  to  c a t a r a c t  f o r m a t i o n  
are  c lear ly  indica ted ,  a nd  m a y  p rove  to  be of u l t i m a t e  
cl inical  i m p o r t a n c e  v. 

Protein, total thiol and glutathione reductase activity in the lens of rats kept on high galactose diet a 

Days after No. of Riboflavin Protein Total thiol Glutathione reductase 
feeding rats Total Soluble #moles/100 mg Units/100 mg wet wt. 
high galactose mg[100 mg mg/100 mg wet wt. No FAD With FAD 
diet wet wt. wet wt. 

0 2 + 30.0 ND b 2.38 12.6 18.9 
2 - -  24.8 ND 2.08 9.2 13.1 

8 1 + ND b 36.8 "ND 24.9 ND 
1 - -  ND 40.0 ND 19.0 ND 

20 3 + 28.0 25.6 2.53 18.6 19.9 
3 - -  22.0 13.6 1.14 10.4 13.5 

26 2 + 15.6 8.2 0.93 7.6 8.7 
2 - -  19.6 4.8 0.43 9.0 10.3 

All values are given as mean of the number of rats given in the table. ~ Conditions of experiments are described in the text. The methods of 
analysis have been described previously 8,6. b Not done. 
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Zusammen/assung. ]3ei r i b o f l a v i n a r m  ern~thrten Albino-  
f a t t e n  betr~igt die Aktivit~it  der  E r y t h r o c y t e n - G l u t a t h i o n -  
r e d u k t a s e  n u t  40% u n d  die jenige der  Augen l in sen -  
G l u t a t h i o n r e d u k t a s e  75% der  Aktivi t~t t  n o r m a l e r  K on-  
t rol l t iere  u n d  es k o m m t  zu vo rz e i t i ge m A u f t r e t e n  von  
K a t a r a k t e n .  
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