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E n z y m a t i c  T e s t  for  the  D e t e c t i o n  of  a Ribof lav in  Def i c i ency .  N A D P H - D e p e n d e n t  Glu ta th ione  R e -  

d u c t a s e  of Red  B l o o d  Cel ls  and  i ts  A c t i v a t i o n  by  F A D  in v i tro  ~ 

U p  to  now, no  e n z y m a t i c  t e s t  h a s  b e e n  ava i l ab le  for  t h e  
d e t e c t i o n  of ~ r i b o f l a v i n  def ic iency  2. Blood  r i b o f l a v i n  
levels  a n d  u r i n a r y  exc re t i on  d a t a  are  used to  e v a l u a t e  t h e  
r i bo f l av in  i m t r i t i o n a l  s t a t u s  in  a n i m a l s  a n d  h u m a n s .  A n  
e n z y m a t i c  a s say  c o m p a r a b l e  w i t h  t h a t  app l i ed  in m easu r -  
ing t h e  t h i a m i n e  or  p y r i d o x i n e  s t a t u s  ( t r anske to l a se  3 or  
g lu t amic -oxa l ace t i c  t r a n s a m i n a s e  4 ac t i v i t i e s  of e r y t h r o -  
cytes ,  r espec t ive ly )  ha s  been  t r i ed  in ou r  l a b o r a t o r y  a n d  
showed  p r o m i s i n g  resul ts .  

N A D P H - d e p e n d e n t  g l u t a t h i o n e  r e d u c t a s e  of r ed  b lood  
cells a p p e a r s  to  be  a f l avoenzyme .  F A D  is c a p a b l e  of 
s t i m u l a t i n g  t h e  e n z y m e  a c t i v i t y  of  r ed  b lood  cells of r a t s  ~ 
a n d  h u m a n s %  La te ly ,  IC£N 7 d e m o n s t r a t e d  t h a t  t h e  pur i -  
fied e n z y m e  f r o m  h u m a n  red  b lood  cells c o n t a i n s  a f l av in  
w h i c h  b e h a v e s  l ike F A D :  

W e  found  t h a t ,  in  r i bo f l av in -de f i c i en t  ra ts ,  t h e  N A D P H -  
d e p e n d e n t  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 h e m o l y z e d  
r ed  b lood  ceils w h e n  F A D  is a d d e d  is a c t i v a t e d  t o  a 
s ign i f i can t Iy  l a rger  e x t e n t  t h a n  in  a n i m a l s  fed r ibo f l av in .  
Us ing  a n  op t ica l  tes t ,  w h i c h  is based  o n  t he  m e t h o d  of 
RAClCER 8, we obse rved  t h a t  t h e  g l u t a t h i o n e  r e d u c t a s e  
f rom r a t s  fed a r i b o f l a v i n  s u p p l e m e n t e d  d ie t  was  a c t i v a t e d  
b y  a b o u t  70% o n  t h e  ave r age  a f t e r  a d d i t i o n  of F A D  to 
t h e  a s s a y  sys tem,  whi le  t he  e n z y m e  a c t i v i t y  f rom a n i m a l s  
Ied a r i b o f l a v i n  de f ic ien t  d ie t  was  increased  b y  2 0 0 - 3 0 0 % .  

I n  h u m a n s ,  t h e  N A D P H - d e p e n d e n t  g l u t a t h i o n e  reduc-  
tase  in  red  b lood  cells is more  a c t i v e  t h a n  in r a t s  a n d  t h e  
e x t e n t  of a c t i v a t i o n  b y  F A D  is less p r onounced .  I n  
h e a l t h y  b lood  donors ,  for  ins tance ,  t h e  a c t i v i t y  of t he  
e n z y m e  is on ly  s l igh t ly  in f luenced  b y  t h e  a d d i t i o n  of 
FAD,  l ead ing  to  a n  i n h i b i t i o n  or  a c t i v a t i o n  of a b o u t  
0 - 1 0 % .  Th i s  is in a g r e e m e n t  w i t h  t h e  o b s e r v a t i o n  of 
Ic£N 7, who  found  a n  a c t i v a t i o n  of a b o u t  9 %  of t h e  
pur i f i ed  n a t i v e  g l u t a t h i o n e  r e d u e t a s e  w h e n  a d d i n g  FAD.  
I n  p a t i e n t s  w i t h  cl inical  s y m p t o m s  o f ' r i bo f l av in  def ic iency  
( s toma t i t i s  etc.) we obse rved  a n  a c t i v a t i o n  of t he  g lu ta -  
t h i o n e  r e d u c t a s e  of up  to  20% a n d  more.  F u r t h e r  work  
is in progress  9. 

Zusammen/assung. Die N A D P H - s p e z i f i s c h e  G l u t a t h i o n -  
r e d u k t a s e a k t i v i t ~ t  hXinolys ie r te r  E r y t h r o z y t e n  e r s che in t  
b r a u c h b a r  s is  P a r a m e t e r  zur  E r f a s s u n g  y o n  R i b o f l a v i n -  
mange lzus tAnden .  Die  E n z y m a k t i v i t l i t  w i rd  in  v i t ro  d u t c h  
e inen  Z u s a t z  yon  F A D  bet  R i b o f l a v i n m a n g e l r a t t e n  we- 
s en t l i ch  s t / i rker  e r h 6 h t  als bet  K o n t r o l l r a t t e n .  U n t e r -  
s u c h u n g e n  m i t  m e n s c h l i c h e n  E r y t h r o z y t e n  d e u t e n  d a r a u f  
bin,  dass  s u c h  b ie r  die A k t i v i e r b a r k e i t  des  E n z y m s  
d u r c h  F A D  v o m  R i b o f l a v i n s t a t u s  a b h ~ t n g t  
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The following abbreviations are used: NADPH, reduced form of 
nicotinamide adenine diuucleotide phosphate (triphosphopyridine 
imcleotide); FAD, flavin adenine dimmteotide. 
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F i s c h e  m i t  a b w e i c h e n d e r  N o r m a l l a g e  

Bet e in igen F i s c h a r t e n  b i lde t  die Li ingsachse  bet N or ma l -  
lage  e inen  W i n k e l  m i t  de r  H o r i z o n t a l e n .  U n t e r  N o r m a l l a g e  
v e r s t e h e n  wir  die G le i chgewich t shMtung ,  bet  de r  ke ine  
L a g e k o r r e k t u r  erfolgt .  %Vir n e n n e n  Ar ten ,  die in  N or ma l -  
lage m i t  d e m  Kopf  schrl ig n a c h  o b e n  zeigen (Thayer ia ,  
Hemiodus, Peocilobrycon), Schr~gs teher .  Ar ten ,  die in  
N o r m a l l a g e  m i t  d e m  K o p i  schr~g oder  s e n k r e c h t  n a c h  
u n t e n  weisen  (Abramites, Chilodus, Alonocirrhus, A eoIis- 
cus), b e z e i e h n e n  wir  als  K opf s t ehe r .  Ar ten ,  die in  N o r m a l -  
lage 180 ° b a u c h o b e n  s c h w i m m e n  (Synodontis nigriventris), 
he i s sen  R i i c k e n s c h w i m m e r .  Die  s y s t e m a t i s c h e  S te t tung  
de r  b e s p r o c h e n e n  A r t e n  geh t  aus  Tabel le  3 he r vo r .  

Thayeria u n d  Hemiodus 1 weisen f r amer  25 ° n a c h  oben.  
2Poecitobrycon s c h w i m m t  a m  T ag  im Hel len  45-75  ~ kopf-  
oben,  n a c h t s  im D u n k e l n  viel  wen ige r  schr/ig. Die N e i g n n g  
f~ll t  m i t  z u n e h m e n d e r  K6rper l / tnge .  A u c h  die K o p f s t e h e r  
Abramites u n d  Chitodus v e r r i n g e r n  ihre  Schr~tglage m i t  
s t e igende r  K6rperl~inge. J u n g t i e r e  s c h w i m m e n  f a s t  senk-  
r e c h t  k o p f u n t e n ,  a d u l t e  F i sche  n e h m e n  d a u e r n d  e ine  
N o r m a l l a g e  y o n  45 ° ein. Monocirrhus t r e i b t  no rma le rwe i se  

e twa  450 k o p f u n t e n  u n d  legt  s ich bet  B e u n r u h i g u n g  au f  
die Seite, m i t  h o r i z o n t a l e r  L~ngs-  n n d  Dor soven t r a l achse .  
Aeoliscus s c h w i m m t  in N o r m a l l a g e  v e r t i k a l  k o p f u n t e n .  
Die m e i s t e n  Synodontis-Arten s c h w i m m e n  n u r  in  Ri icken-  
lage, w e n n  sic K o n t a k t  m i t  der  Wasse rober f lRche  h a b e n .  
S. nigriventris u.a,  s c h w i m m e n  s u c h  im Fre iwasse r  in  
Ri ickenlage .  Die  D r e h u n g  in  R t i cken lage  gesch ieh t  u m  die 
L~ngs-  ode r  m n  die Querachse .  Die  Synodontis-Arten k6n-  
h e n  in  R u h e  ve r t ika l ,  k o p f o b e n  oder  - u n t e n  schweben .  
Anostomus u n d  Leporinus Werden f~lschl ich  als  Kopf -  
s t ehe r  b e z e i c h n e t  3-6 d e n n  sic s c h w i m m e n  n u r  a u s n a h m s -  
weise k o p f u n t e n .  Sie k 6 n n e n  b e i m  F r e s s e n  jede  Lage  ein-  
n e h m e n ,  r u h e n  a b e r  s t e t s  in  Hor i zon ta l l age .  Leporinus 
ne ig t  s ich s e n k r e c h t  n a c h  oben ,  w e n n  er die U n t e r s e i t e  vol t  
B l ~ t t e r n  abwe ide t .  Anostomus d r e h t  s ich u m  135-180 ° in  
Ri ickenlage ,  w e n n  er  m i t  se inem obe r s t / i nd igen  Maul  Nai l -  
r u n g  v o m  B o d e n  a n f n i m m t .  Die  D r e h u n g  in  R i i cken lage  
e r fo lg t  u m  die L/ings-  ode r  u m  die Qnerachse .  N a c h  d e m  
F re s sen  d r e h t  s ich ~1 nostomus sofor t  wieder  in  die hor izon-  
ta le  Normal lage .  


