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increase  in  c o n c e n t r a t i o n  can  occur  d u r i n g  s u b s e q u e n t  
cell d e v e l o p m e n t .  T h e  l im i t i ng  f ac to r  a p p e a r s  to  be  t o t a l  
red cell r i b o f l a v i n  c o n t e n t  r a t h e r  t h a n  t he  i n t r ace l l u l a r  
c o n c e n t r a t i o n .  A l imi t ed  s t u d y  h a s  b e e n  u n d e r t a k e n  to  
d i scover  w h e t h e r  o t h e r  c o n s t i t u e n t s  of t h e  red cell b e h a v e  
in a s imi la r  m a n n e r .  

Methods. Red  cells were  s e p a r a t e d  f rom f resh  v e n o u s  
b lood to wh ich  E D T A  h a d  been  a d d e d  as a n  a n t i c o a g u l a n t  
a n d  h e m o l y s a t e s  were  p r e p a r e d  in  a p p r o p r i a t e  concen-  
t r a t i ons .  R i b o f l a v i n  was e s t i m a t e d  b y  a spec t rof luoro-  
me t r i c  m e t h o d  4 g lu t amic -oxa loace t i c  t r a n s a m i n a s e  a n d  
g l u t a m i c - p y r u v i c  t r a n s a m i n a s e  b y  a co lour ime t r i c  
m e t h o d  5 a n d  ace ty l cho l ine  es terase  b y  t he  m e t h o d  of 
D A c m  a n d  L E w i s  B. Red  cell folate  (L. Casei factor)  was  
m e a s u r e d  b y  t h e  m e t h o d  of WATERS a n d  MOLLIr~L 
S t a n d a r d  h e m a t o l o g i c a l  t e c h n i q u e s  were used  6. 

T h e  sub j ec t s  s tud ied  were 54 m e m b e r s  of t he  hosp i t a l  
s t a f f  a n d  t h e  local p o p u l a t i o n  a n d  27 p a t i e n t s  w i t h  un-  
t r e a t e d  i ron de t i c iency  a n a e m i a .  T he  r a n g e  of m e a n  
co rpuscu la r  vo lume  (MCV) was 56-107/~3 (mean  82.3 #~). 
N o t  al l  d e t e r m i n a t i o n s  were  car r ied  o u t  in  e v e r y  case. 

Results and discussion. T he  Tab le  shows t h e  r e l a t i onsh ip  
of red cell c o n c e n t r a t i o n s  a n d  red  cell c o n t e n t  to  MCV 
for al l  t h e  c o n s t i t u e n t s  examined .  I n  all  cases t h e r e  is a 
s ign i f i can t  n e g a t i v e  co r re l a t ion  of cell c o n c e n t r a t i o n  w i t h  
cell v o l u m e  re su l t i ng  f rom an  increased  c o n c e n t r a t i o n  in 
mic rocy t i c  cells. The  c o n t e n t  pe r  cell shows no  s ign i f i can t  
v a r i a t i o n  w i t h  MCV for fo la te  or  t he  t r a n s a m i n a s e s .  I n  
t he  case of r i b o f l a v i n  a n d  ace ty l cho l ines t e ra se  a l t h o u g h  
the  c o n c e n t r a t i o n  is g r ea t e r  in  mic rocy te s  t h a n  in cells of 
n o r m a l  size t he  t o t a l  cell c o n t e n t  is less in t he  smal le r  
cells. 

These  f ind ings  s u p p o r t  the  v iew t h a t  i n t r ace l l u l a r  
c o n c e n t r a t i o n  is n o t  a l im i t i ng  f ac to r  for  s y n t h e t i c  
a c t i v i t y  in red cells e x c e p t  in  t he  case of hemoglob in .  An  

increased  life s p a n  of t he  n u c l e a t e d  red  cell r e su l t i ng  in 
mic rocy tos i s  appea r s  to  p ro long  s y n t h e t i c  a c t i v i t y  a n d  
leads to  a n  inc reased  c o n c e n t r a t i o n  of n o n - h e m o g l o b i n  
c o n s t i t u e n t s .  The  l im i t i ng  f ac to r  for  al l  t he se  c o n s t i t u e n t s  
a p p e a r s  to  be  t o t a l  cell c o n t e n t  a n d  in  t h e  case of r ibo-  
f l av in  a n d  ace ty l cho l ine  es te rase  th i s  l imi t  is no t  a lways  
r eached  in i ron  def ic ien t  microcytes .  W h e n  red  cell 
fac tors  a re  e s t i m a t e d  for  t he  a s s e s s m e n t  of n u t r i t i o n a l  
s t a t u s  or  o t h e r  reasons  t h e  express ion  of resu l t s  in  t e r m s  
of cell c o n t e n t  r a t h e r  t h a n  c o n c e n t r a t i o n  will avo id  
di f ferences  due  to  t h e  effect  of cell sizeS. 

Zusammen[assung. Der  G e h a l t  a n  R ibof l av in ,  Aze- 
t y l cho l in -Es t e r a se ,  G l u t a m a t - O x a l a e e t a t - T r a n s a m i n a s e ,  
G l u t a m a t - P y r u v a t - T r a n s a m i n a s e  u n d  Folins~ture w u r d e  
in m e n s c h l i c h e n  E r y t h r o z y t e n  ve r sch i edene r  Gr6ssenord-  
n u n g  b e s t i m m t .  Die E r g e b n i s s e  sp rechen  dafi ir ,  dass  ihre  
in t r aze l lu l~ re  K o n z e n t r a t i o n ,  im  Gegensa tz  zu de r j en igen  
des  H/ imoglob ins ,  k e i n e n  l i m i t i e r e n d e n  E in f luss  au f  die 
F o r t d a u e r  de r  S y n t h e s e  dieser  Stoffe aus t ib t .  
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S a r c o s i n e  D e h y d r o g e n a s e  A c t i v i t y  i n  L i v e r  
M i t o c h o n d r i a  o f  I n f a n t  a n d  A d u l t  R a t s  

Sarcos ine  d e h y d r o g e n a s e  be longs  to t he  g roup  of de- 
m e t h y l a t i n g  e n z y m e s  a n d  is t he  f i rs t  l ink  in t he  sarcosine-  
ox ido reduc t a se  s y s t e m  (E.C. 1.5.3.1) which  ca ta lyses  t he  
r eac t i on  : 

sarcosin  + H 2 0  + O 3 = glycine  + H C H O  + H~O 2 

Th i s  e n z y m e  is p r e s e n t  on ly  in t h e  so luble  p r o t e i n  
f r ac t ion  of l iver  m i t o c h o n d r i a  in a d u l t  r a t s  1,2. T h u s  i t  
seemed p e r t i n e n t  to  s t u d y  i ts  a c t i v i t y  d u r i n g  p o s t n a t a l  
d e v e l o p m e n t  since d e v e l o p m e n t a l  changes  m i g h t  ref lect  
changes  in m i t o c h o n d r i a l  s t ruc tu re .  

Sarcos ine  d e h y d r o g e n a s e  a c t i v i t y  was  d e t e r m i n e d  
m a n o m e t r i c a l l y  3 a n d  c o l o u r i m e t r i c a l l y !  L i v e r  mi to -  
c h o n d r i a  i so la ted  in 0 . 2 5 M  sucrose  (600-5000 g f rac t ion)  
w i t h o u t  t he  f luffy l aye r  were w a s h e d  once w i t h  0 . 2 5 M  
sucrose  a n d  t h e n  s u s p e n d e d  in p h o s p h a t e  buf fe r  7.SmM, 
p H  7.5. 

The  r a t i o  of t he  m e m b r a n e  to  t he  soluble  f r ac t ion  in 
t h e  m i t o c h o n d r i a  was  d e t e r m i n e d  b y  f reezing a n d  t h a w -  
ing t h e m  3 t imes  2. The  s e d i m e n t  a f t e r  60 m i n  cen t r i fuga -  
t ion  a t  100,000 g (MSE Superspeed-50)  was t a k e n  as t he  
m e m b r a n e  f rac t ion .  P r o t e i n s  were  d e t e r m i n e d  acco rd ing  
to  L o w R y  et  a l ) .  

L i v e r  m i t o c h o n d r i a  f rom 7-day-old  r a t s  h a v e  a sarco-  
sine d e h y d r o g e n a s e  a c t i v i t y  t h a t  is 41% t h a t  of a d u l t  
rats ,  i.e. 1.6 i 0.68 /zl 02/30 ra in / rag  m i t o c h o n d r i a l  pro-  
t e in  aga in s t  3.9 ~: 0.96 (Figure,  A). Us ing  t he  colouri-  
me t r i c  m e t h o d  a p p r o x i m a t e l y  t he  s ame  resu l t s  were 
o b t a i n e d  (Figure,  B). 

The  e lec t ron  t r a n s p o r t  f l a v o p r o t e i n  necessa ry  for  coup-  
l ing w i t h  t he  e lec t ron  t r a n s p o r t  c h a i n  m i g h t  be  r a t e  
l imi t ing  for sarcos ine  d e h y d r o g e n a s e  a c t i v i t y  in  7-day-o ld  
ra ts .  Th i s  f l a v o p r o t e i n  can  be  s u b s t i t u t e d  for b y  p h e n -  
a z i n e - m e t h a s u l p h a t e  : 

sa rcos ine  --,- d e h y d r o g e n a s e  - -~  f l avop ro t e in  --~ O 2 
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The presence of phenazine-metha.sulphate ,  however ,  did 
not  decrease the  difference in sarcosine dehydrogenase  
ac t iv i ty  be tween  adu l t  and infan t  rats.  

I n  7-day-old ra ts  mi tochondr ia l  sarcosine dehydro-  
genase ac t iv i ty  represents  83 4- 17~/o of the  to ta l  ac t iv i ty  
in l iver homogenates .  Hence  i t  is unl ikely t h a t  the  lower 
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Sarcosine dehydrogenase activity of rat liver mitoehondria from 
YOung and adult rats determined manometrically (A) and eolourime- 
trieally (B). Enzyme activity is expressed as/~1 O2130 min/mg mito- 
ehondrial protein (A) and mpmoles of indophenol reduced/h/rag 

protein (B). 
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ac t i v i t y  in mi tochondr i a  f rom 7-day-old ra ts  is due to  t he  
release of i n t r ami tochondr i a l  prote ins  dur ing  isolat ion of  
mi tochondr ia .  

The  lower ac t i v i t y  of sarcosine dehydrogenase  in l iver  
mi tochondr i a  f rom in fan t  ra t s  m igh t  signify a change in 
the  ra t io  of m e m b r a n e  and soluble prote in  f rac t ion in 
them.  This, however ,  was found no t  to be the  case, since 
this ra t io  was found to be t he  same in the  mi tochondr ia l  
f rac t ion (600-5000 g) of 7-day-old and adul t  rats,  i.e. 
64% of m e m b r a n e  prote ins  and 36% of soluble proteins.  

Thus  the  change wi th  age in sarcosine dehydrogenase  
a c t i v i t y  described here  seems to be due to a change in 
enzyme  ac t i v i t y  t h a t  is no t  re la ted  to an overal l  increase 
in soluble proteins  in mi tochondr ia .  

Zusammen/assung. Die Aktivi t /~t  der  Sarcos inedehydro-  
genase in Lebe rmi tochondr i en  7t~Lgiger R a t t e n  ist  u m  
50% kleiner  als in adu l t en  Tieren.  Dieser  Unte rsch ied  ist  
n icht  durch  dos E l ek t ron t r anspo r t f l avop ro t e in  I imi t ier t  
und  kann  auch n ich t  durch  eine ~ n d e r u n g  in dem rela-  
t iven  W e r t  der  16slichen Pro te ine  in den Mi tochondr ien  
erkHirt werden.  
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E f f e c t  o f  Ribof lav in  Def ic iency  on in v i v o  
Incorporat ion  of C 14 f r o m  Label led Alanine  

into Liver G l y c o g e n  

MORGAN et  al. I,~ observed  an increased gluconeogenesis  
in the  l iver  a t  t he  beginning of r ibof lavin  def ic iency and 
a depressed gluconeogenesis in the  la te r  pa r t  of r ibof lavin  
deficiency. MOOKHERJEA et  al. 3 demons t r a t ed  increased 
t ransaminase  ac t i v i t y  in the  l iver  of r ibof lavin  deficient  
rats. Recent ly ,  increase in a lanine t ransaminase  ac t iv i ty  
of the  l iver  of r ibof lavin  def ic ient  r a t s w a s  found to be 
aSSociated wi th  a grea ter  deposi t ion of glycogen in the  
liver 4. NICHOL et  al. 5 and EISENSTEIN ~ observed a di rect  
Correlation be tween  alanine t ransaminase  ac t iv i ty  and 
glycogen deposi t ion in l iver  th rough  gluconeogenesis.  
.They have  s tudied this associat ion in var ious  ways,  
including the  use of the  pyr idox ine  deficient  rats.  F u r t h e r  
studies of LONG7 demons t r a t ed  t h a t  adrenocor t ica l  
hormone admin i s t r a t ion  increased body  ca rbohydra t e  
Stores. The  rise in l iver  glycogen and blood sugar  were 
a t t r ibu ted  to gluconeogenesis.  HAYNES s and OKUNO ~ 
demons t ra ted  t h a t  adrenal  s teroids s t imula te  carbohy-  
drate synthesis  f rom alanine when incuba ted  in v i t ro  
With ra t  liver, f indings which suppor t  the  idea t h a t  a 
pr imary  effect  of these  hormones  is to enhance  gluconeo- 
genesis. The  present  exper iments  were  therefore  carr ied 
out wi th  alanine-1-C ~4 to  s t udy  whe the r  increased glycogen 
content  in r ibof lavin  def ic ient  l iver  as repor ted  earl ier  4 
resulted f rom increased gluconeogenesis  or  not.  

~Z'oung male  albino rats  of 80-100 g were d iv ided  into  
2 groups of equal  average  body  weights .  Group A consisted 
of control animals,  and group B of r ibof lavin deficient  rats.  
The animals  were  pair-fed on 16% prote in  for 45 days.  
Part iculars  regarding the  diet  have  been repor ted  else- 

where I°. Water - so lub le  v i t amins  were suppl ied dai ly  by  
s.c. inject ion.  

Af te r  t he  expe r imen ta l  per iod was over,  the  ra ts  were 
kep t  fas t ing ove rn igh t  and then  in jec ted  i.p. wi th  5 /~c 
of a lan ine- l -C  la (specific a c t i v i t y  1.38 m c / m M )  and  af te r  
6h t h e y  were sacrificed. The  l ivers were removed ,  c leaned 
of adhe ren t  blood, weighed,  and chil led in ice. A weighed 
q u a n t i t y  of l iver  was digested in 30% K O H .  The  diges ted  
t issue was then  subjec ted  to  processings to  ex t r ac t  gly- 
cogen 11. The  glycogen ex t rac ted  was then suspended in 
2 ml  of water .  1 ml  of a l iquot  was used on p lanche t  for 
rad ioac t ive  counts  in a windowless  gas flow counter .  The  
remain ing  pa r t  was used for de t e rmina t ion  of glycogen 
af ter  hydrolys is  11. Rad ioac t ive  counts  were subjec ted  to 
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