
786 Speeialia EXPEE1ENTIA 24/8 

E f f e c t  of Riboflavin Defic iency on Free A m i n o  A c i d  

P l a s m a  

MORGAN e t  al. *,2 o b s e r v e d  a n  inc reased  g luconeogenes is  
in  l iver  a t  t h e  b e g i n n i n g  of r i b o f l a v i n  def ic iency a n d  a 
depressed  g luconeogenes is  in t h e  l a t e r  p a r t  of r i b o f l a v i n  
det ic iency.  MOOKERJEA e t  al. 3 d e m o n s t r a t e d  inc reased  
t r a n s a m i n a s e  a c t i v i t y  in  t h e  l iver  of r i bo f l av in -de f i c i en t  
ra t s .  F u r t h e r ,  inc rease  in  a l a n i n e  t r a n s a m i n a s e  a c t i v i t y  of 
t h e  l ive r  of r i bo f l av in -de f i c i en t  r a t s  was  f o u n d  to  be  
a s soc ia t ed  w i t h  a g r ea t e r  depos i t i on  of  g lycogen  in  l iver  4. 
NICHOL e t  a l )  a n d  EISENSTEIN 8 o b s e r v e d  a d i r ec t  cor re la-  
t i on  b e t w e e n  a l an ine  t r a n s a m i n a s e  a c t i v i t y  a n d  g lycogen 
depos i t ion  in l iver  t h r o u g h  gluconeogenesis .  Recen t ly ,  i t  
was  s h o w n  t h a t  r i b o f l a v i n  def ic iency caused  a n  inc reased  
in  v ivo  i n c o r p o r a t i o n  of C ~4 f rom labe l led  a l an ine  in to  
l iver  g lycogen  ~. I t  h a s  b e e n  r e p o r t e d  t h a t  t r a n s a m i n a s e  
a c t i v i t y  va r i e s  a c c o r d i n g  to  t h e  size of t h e  f ree  a m i n o  
acid  pool  5. All  t he se  s tud ie s  i n d i c a t e  t h a t  r i b o f l a v i n  
def ic iency  m a y  h a v e  some  in f luence  on  free  a m i n o  acid  
levels  of t issues,  p a r t i c u l a r l y  of l iver.  T h e  p r e s e n t  inves t i -  
g a t i o n  was  the re fo re  u n d e r t a k e n  on  free a m i n o  acid 
n i t r o g e n  c o n c e n t r a t i o n s  of l iver,  musc le  a n d  p l a s m a  in 
r i b o f l a v i n  def ic iency.  

Y o u n g  male  a lb ino  r a t s  of 80-100 g were  d iv ided  i n to  
g roups  A a n d  13 of e q u a l  a v e r a g e  b o d y  weights .  G r o u p  A 
cons i s t ed  of con t ro l  ra t s ,  a n d  g r o u p  13 of r ibo f l av in -  
de f i c i en t  ra t s .  T h e  a n i m a l s  were  pa i r - f ed  o n  1 6 0  p r o t e i n  
for  45 days .  P a r t i c u l a r s  r e g a r d i n g  t he  d i e t  h a v e  b e e n  
r e p o r t e d  e l sewhere  s. W a t e r - s o l u b l e  v i t a m i n s  were  suppl ied  
da i ly  b y  s.c. in jec t ion .  

A f t e r  t h e  e x p e r i m e n t a l  pe r iod  was  over ,  t h e  r a t s  were  
k e p t  f a s t i ng  o v e r n i g h t .  T h e n  t h e y  were  ki l led b y  a b low 
on  t h e  h e a d .  B lood  was  col lec ted  f rom t h e  h e p a t i c  ve in .  
P l a s m a  was  s e p a r a t e d  b y  cen t r i f uga t i on .  E q u a l  vo lumes  
of p l a s m a  f r o m  e a c h  of e v e r y  4 - 6  r a t s  were  pooled  to-  
g e t h e r  to  give t h e  pooled  samples .  P ro t e in - f r ee  f i l t r a t e  of 
th i s  p l a s m a  was  used  for  t h e  d e t e r m i n a t i o n  of a m i n o  ac id  
n i t r o g e n  c o n t e n t  b y  t h e  co lo r ime t r i c  m e t h o d  of ROSEN % 
Exc i sed  l ivers  a n d  musc les  (gas t rocnemius)  were  chi l led 
in ice, b l o t t e d  d r y  a n d  weighed.  A 10% h o m o g e n a t e  of 
e ach  of t i s sues  was  p r e p a r e d  in  0 . 2 5 M  sucrose  so lu t ion .  
T h e  t i s sue  h o m o g e n a t e s  of e a c h  of  e v e r y  4 - 6  r a t s  were  
poo led  t o g e t h e r  to  g ive  t h e  poo led  samples .  P r o t e i n - I r e e  
e x t r a c t s  of t he se  poo led  samples  were  t h e n  used for  t h e  
d e t e r m i n a t i o n  of a m i n o  acid n i t r o g e n  c o n t e n t  b y  t h e  
co lo r imet r i c  m e t h o d  of tZOSEN ~. T h e  T a b l e  shows  t h a t  
r i bo f l av in  def ic iency  increases  t he  free a m i n o  acid n i t r o g e n  
c o n c e n t r a t i o n s  of l iver,  musc le  a n d  p l a sma .  

I n  r i b o f l a v i n  def ic iency,  t h e  o x i d a t i v e  e n z y m e  s y s t e m  
is a f fec ted  b y  t h e  decreased  c o n c e n t r a t i o n  of f l av in  
enzymes1% Therefore ,  t h e  o x i d a t i o n  of a m i n o  acid is ex-  
p e c t e d  to  b e  decreased.  Th i s  m a y  r e su l t  in  a n  inc reased  free 
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a m i n o  acid  pool, p a r t i c u l a r l y  in  l iver.  As a r e su l t  of th i s  
inc reased  free a m i n o  acid n i t r o g e n  c o n c e n t r a t i o n s  in  l iver,  
t h e  h e p a t i c  g luconeogenes is  m a y  be  e n h a n c e d  in  r i b o f l a v i n  
def ic iency  as n o t e d  ear l ie rL  I n  our  ear l ier  s tud ies  7 i t  was  
sugges ted  t h a t  a d r e n a l  cor t ica l  a c t i v i t y  m a y  be  in some  
w a y  r e l a t e d  w i t h  inc reased  h e p a t i c  g luconeogenes is  ob-  
s e r v e d  in  r i b o f l a v i n  def ic iency.  T h e  poss ible  role of a d r e n a l  
c o r t e x  o n  t h e  m o b i l i z a t i o n  of a m i n o  acids  h a s  o f t en  b e e n  
d i s c u s s e d n - ~ L  I t  was  c l a imed  t h a t  a d m i n i s t r a t i o n  of 
a d r e n a l  cor t ica l  e x t r a c t s  to  ev i sce ra t ed  r a t s  w i t h  i n t a c t  
a d r e n a l s  inc reased  t h e  r a t e  of rise of p l a s m a  a m i n o  acids 13. 
F u r t h e r ,  a d m i n i s t r a t i o n  of a d r e n a l  cor t ica l  e x t r a c t s  xx or 
co r t i sone  n,  ~v, or  ad r en o co r t i co t ro p i c  h o r m o n e  ~4,~5 in-  
c reased  t h e  c o n c e n t r a t i o n s  of a m i n o  acids  in  p l a sma .  I t  
h a s  b e e n  d e m o n s t r a t e d  b y  a n u m b e r  of worke r s  ~2,~s,x~, 
u s ing  a d r e n a l e c t o m i z e d  a n d  ev i sce ra t ed  ra ts ,  t h a t  in -  
c r eased  c o n c e n t r a t i o n s  of p l a s m a  a m i n o  acids  fol lowing 
a d m i n i s t r a t i o n  of ad r en a l  s t e ro ids  r e su l t  f r om t h e  b r e a k -  
d o w n  of p e r i p h e r a l  t i s sue  pro te ins .  Th i s  was  f u r t h e r  con-  
f i rmed  b y  SMITH et  al. TM, w h o  s tud ied  t h e  effects  of 
a d r e n a l e c t o m y  a n d  of cor t isol  on  p l a s m a  a m i n o  acids  of 
ev i sce ra t ed  a n i m a l s  us ing  a l l oxan -d i abe t i c  ra ts .  T h e y  
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Effect of riboflavin deficiency on free amino acid nitrogen concentrations of liver, muscle and plasma 

Nutritional state No. of Free amino acid nitrogen content 
experiments~ 

Liver Muscle 
mg/100 g rag/100 g 

Plasma 
rag/100 ml 

Group A (control) 7 28.28 4- 0.74 21.54 =h 0.62 

Group B (riboflavin deficient) 8 36.45 q- 0.78 28.70 ~ 0.66 
P < 0.001 P < 0.001 

5,68 :J: o.ii 

6.88 41 0.08 
P < 0.001 

Mean values ~ S.E. a Each experiment involves investigation on pooled samples of 4-6 rats. 
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noted  t h a t  the  rise in p lasma amino  acid n i t rogen of 
d iabet ic  ra ts  was marked ly  reduced  by  adrena tec tomy.  
Cortisol res tored and  increased the  ra te  of rise of p lasma 
amino  acids of adrena lec tomized-d iabe t ic  rats.  I t  was also 
no ted  t h a t  in jec t ion  of adrenal  s teroids increases the  free 
amino  acid  concent ra t ions  of l iver  x~ and  muscle x2,~°. I n  
the  present  inves t igat ion,  r ibof lavin  deficiency has  been 
found to e levate  the  free amino  acid n i t rogen  concentra-  
t ions in l iver  as well as in p lasma and muscle.  I t  is there-  
fore possible that ,  apa r t  f rom accumula t ion  of free amino 
acids in l iver  due to reduced ox ida t ion  of amino  acids, 
there  occurs mobi l iza t ion  of amino  acids f rom the  break-  
down of per ipheral  t issue proteins,  resul t ing in e levat ion  
of free amino  acid  n i t rogen concent ra t ions  of liver, 
muscle  and p lasma in r ibof lav in  deficiency, This  is prob-  
ab ly  effected by  t h e  increased adrenal  cort ical  secret ions 
in r ibof lav in  deficiency ~x. 

Zusammen/assung. M/innliche Alb ino-Rat ten ,  45 Tage  
bet r ibof lav inarmer  Nahrung,  zeigten e rh6hten  Geha l t  
freien Aminos~ure-St icks tof fs  in Leber,  Muskel  und 

Plasma.  Die E r h 6 h u n g  scheint  durch  eine geste iger te  
Akt iv i t i i t  der  Nebennie renr inde  be im Ribof lav inmangeI  
herbeigef i ihr t  zu seth. 
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T h e  K i d n e y  a n d  F i b r i n o l y s i s  i n  M a n  

I t  is c o m m o n l y  known t h a t  oxygen  consumpt ion  by  the  
k idney  is v e r y  high. B o t h  h is tochemical  s tudies and deter-  
mina t ions  in renal  homogena tes  revea led  the  h ighes t  
known ac t i v i t y  of var ious  enzymes  in renal  tissue. The  
presence of a po t en t  t ryps ine  inhibi tor  and a p lasminogen 
ac t i va to r  (urokinase) was demons t r a t ed  in urine, bo th  
being supposedly  produced  by  the  kidney.  All these  cir- 
cumstances  just i f ied an  idea of a possible role of the  
k idney  in ma in t enance  and regula t ion of blood fibrino- 
ly t ic  ac t iv i ty .  W h e n  BULUK e t  al. 1,~ demons t r a t ed  in 
rabbi t s  t he  p o t e n t  effect  of t he  u re te r  obs t ruc t ion  or  of 
rena l  i schaemia  on the  f ibr inolyt ic  a c t i v i t y  in venous  
blood f rom the  corresponding kidney,  we decided to  s t udy  
this  p rob lem in man.  

I t  was done in 2 d i f ferent  ways :  (a) the  b lood p lasma 
f ibr inolyt ic  a c t i v i t y  and u r ina ry  p lasminogen ac t i va to r  
were de te rmined  in a large group of pa t i en t s  wi th  var ious  
renal  diseases and  compared  to those in hea l t hy  subjects.  
(b) Di rec t  de te rmina t ions  of f ibr inolyt ic  a c t i v i t y  in the  
blood p lasma f rom renal  veins. 

The  urokinase was de te rmined  according to the  pro- 
cedure  described in ano ther  paper  3 while t he  p lasma 
f ibr inolyt ic  a c t i v i t y  in the  euglobul in  f ract ion according 
to  KOWALSKI e t  al. 4. I n  t he  first  series i t  was found ~ t h a t  
no d is t inc t  difference in blood p lasma ac t iv i ty  occurs be- 
tween  the  hea l t hy  subjects  and  mos t  of those  wi th  renal  
disease. I n  u raemia  and nephrosis the  f ibr inolyt ic  ac t iv i ty  
was decreased (p < 0.01). The  urokinase e l iminat ion,  
however ,  decreased dis t inc t ly  (p < 0.01) in chronic glo- 
merulonephr i t i s ,  nephrosis  and uraemia  (Figure 1). A 
similar  phenomenon  seemed to appear  in renovascular  
obs t ruc t ion  bu t  t he  small  number  of pa t ien ts  did not  
al low a convincing evaluat ion.  

In  t he  second series the  blood was drawn by vein-  
punc tu re  in pa t i en t s  opera ted  on because of a uni la tera l  
renal  disease (hydronephrosis,  TB,  nephrocirrhosis).  The  
p lasma  f ibr inolyt ic  a c t i v i t y  in cubi ta t  and  renal  veins  
(the l a t t e r  on the  side of the  lesion) was de termined .  The  
ur ine f rom the  sick k idney  was t aken  by  the  pelvic  punc-  

ture  while f rom the  o ther  i t  was col lected th rough  a 
ca the t e r  inser ted a f te r  the  oppos i te  ure ter  had been 
l igated.  We  were not  able to demons t r a t e  any  difference 
in the  f ibr inolyt ic  ac t iv i ty  be tween  the  renal  and the  
cubi ta l  ve ins  while the  ur ine f rom the  damaged  kidney 
showed much  lower con ten t  of the  urokinase than  tha t  
f rom the  hea l thy  one (Figure 2). 

Af te r  some pi lo t  exper iments  we abandoned  fur ther  
s tudy  and these d a t a  h a v e  no t  ye t  been published,  be- 
cause - facing convinc ing  and  opposi te  resul ts  of BULUK 
research - we had m a n y  doubts  as to t he  t echn ique  of  our  
expe r imen t s ;  i t  is well  unders tandab le  t h a t  dur ing sur- 
gical  procedure  t he  k idney  and its vessels were mal-  
t rea ted ,  our  approach  was diff icult  and all was done in a 
hu r ry  in order  not  to d i s turb  the  surgeons, 

Now, af ter  m a n y  years  we have  re turned  5 to the  
p rob lem when a modern  technique  of select ive ca the te r i -  
zat ion of var ious  vessels has become avai lable.  We  took  
the  o p p o r t u n i t y  of ca the te r iza t ion  per formed  in order  to 
assess t he  renin ac t i v i t y  in 17 pa t ien ts  suspected to have  
reno-vascular  hyper tension.  The  renal  a r t e ry  obs t ruc t ion  
was prev ious ly  demons t r a t ed  by  select ive a r t e r iography  
and the  % of a r t e ry  nar rowing  was calculated.  Two  
ca the te rs  were inser ted in bo th  renal veins,  t he  th i rd  in 
the  hepa t ic  ve in  and  the  four th  in t he  v e n a  c a v a  ju s t  
above  its bifurcat ion.  The  deta i ls  of t he  p rocedure  are 
r epor t ed  in the  paper  by KOKOT et  a12. T h e y  h a v e  found 
the  typica l  behav iour  of renin a c t i v i t y ' i n  hor izonta l  and  
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