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c h l o r u r e  e s t  a p p a r e m m e n t  la  s o m m e  de  l ' e f f e t  p r o d u i t  
p a r  les a n i o n s  H C O ~  e t  C1 p r i s  s 6 p a r 6 m e n t  (130) m a i s  
c ' e s t  u n  e f f e t  f a ib l e  c o m p a r 6  50 ce lu i  d u  m a l 6 a t e  (172) 
p o u r t a n t  n o n  t o t a l e m e n t  c u m u l a t i f .  Ces  r 6 s u l t a t s  m o n -  
t r e n t  d o n c  q u e  le p r o c e s s u s  d ' a c t i v a t i o n  p a r  d e u x  a n i o n s  
e s t  p l u s  c o m p l e x e  q u ' i l  n ' a p p a r a t t  e t  q u ' i l  n e  s a u r a i t  
@tre e x p l i q u 6  p a r  u n  s i m p l e  p h 6 n o m 6 n e  d ' a d d i t i v i t 6  de s  
a c t i v a t i o n s  d u e s  50 c h a q u e  a n i o n .  

U n e  6 t a p e  d a n s  la  c o m p r 6 h e n s i o n  de  c e t t e  d o u b l e  
a c t i v a t i o n  s e r a  de  d 6 t e r m i n e r  les co r r61a t ions  e x i s t a n t  
e n t r e  les a c t i v i t 6 s  e n z y m a t i q u e s  e t l e s  a n i o n s  e f f e c t i v e -  
m e n t  t r a n s p o r t 6 s .  A c e  jou r ,  o n  a d6 j~  m o n t r 6  u n  t r a n s f e r t  
n e t  de  C I -  c o n t r e  u n  g r a d i e n t  de  c o n c e n t r a t i o n  ~~ c h e z  
Sphaeromc~ c o m m e  ce la  a 6t6  f a i t  p o u r  les b r a n c h i e s  de  
p o i s s o n s  % 

Conclusion. L a  p r 6 s e n c e  d a n s  la  f r a c t i o n  m i c r o s o m a l e  
d e s  e n d o p o d i t e s  4 e t  5 de  Sphaeroma serratum d ' u n e  
a c t i v i t 6  A T P a s i q u e  s e n s i b l e  a u  b i c a r b o n a t e  e t  s t i m u l 6 e  
p a r  l ' a d d i t i o n  d ' u n  a u t r e  a n i o n  p e r m e t  de  s u p p o s e r  q u e  
c e t t e  e n z y m e  p o u r r a i t  6 t r e  u n e  A T P a s e  s t i m u l 6 e  p a r  
d e u x  a n i o n s .  L ' e x i s t e n c e  d ' u n e  A T P a s e  ( H C O ~ C I - )  n e  
p e u t  6 t re  e n c o r e  d 6 d u i t e  de  ces  r 6 s u l t a t s  m a i s  c e u x - c i  
c o n s t i t u e n t  n 6 a n m o i n s  u n  d 6 b u t  de  v 6 r i f i c a t i o n  de  
l ' h y p o t h g s e  6 m i s e  p o u r  r e n d r e  c o m p t e  de  la s 6 c r 6 t i o n  
c h l o r h y d r i q u e  de  l ' e s t o m a c  a, de  la  s e c r 6 t i o n  p a n c r 6 a t i q u e  a 
ou  de  la  r 6 g u l a t i o n  i o n i q u e  ehez  les p o i s s o n s  e u r y h a l i n s 2 .  
E n  e f fe t ,  p u i s q u e  ces  d i f f 6 r e n t s  p h 6 n o m 6 n e s  de  t r a n s f e r t s  

p o s t u l e n t  u n  6 c h a n g e  ac t i I  H C O (  :C1- p a r  u n  m 6 c a n i s m e  
s i m i l a i r e  50 ce lu i  d u  t r a n s p o r t  coup l6  de  N a +  :K+,  il e s t  
n o r m a l  de  p e n s e r  q u e  la  co r r61a t ion  m i s e  en  6 v i d e n c e  
c i - d e s s u s  e n t r e  u n e  a c t i v i t 6  A T P a s i q u e  e t  2 a n i o n s  d o n t  
u n  s e r a i t  le b i c a r b o n a t e  c 0 n s t i t u e  u n e  6 t a p e  n o n  n6g l i -  
g e a b l e  dar t s  la  c o m p r 6 h e n s i o n  de  ces  m 6 c a n i s m e s  d e  
t r a n s f e r t .  

Summary. A n  M g 2 + - d e p e n d e n t  A T P a s e  a c t i v i t y  s t i -  
m u l a t e d  b y  t h e  a n i o n s  is f o u n d  in  t h e  m i c r o s o m a l  
f r a c t i o n  p r e p a r e d  f r o m  a h o m o g e n a t e  of  t h e  e n d o p o d i t s  
of  p l e o p o d s  4 a n d  5 of  Sphaeroma serralum. T h i s  e n z y m e  
h a s ,  a n  o p t i m a l  a c t i v i t y  fo r  25 m M  w h a t e v e r  t h e  anion 
a n d  for  p i t  7.6. I t s  i n h i b i t i o n  is a l m o s t  c o m p l e t e  fo r  
10 -a M of  t h i o c y a m a t e .  T h e  s t i m u l a t i o n  of  t h e  e n z y m e  
b y  2 a n i o n s  is c u m u l a t i v e  if H C O -  3 is o n e  of t h e s e  a n i o n s .  
T h i s  a n i o n - s t i m u l a t e d  A T P a s e  c o u l d  be  i n v o l v e d  w i t h  
t h e  ( N a + - K + )  A T P a s e s  in  t h e  o s m o r e g n l a t i o n  m e c h a n i s m  
of  t h i s  i s o p o d .  
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F a t t y  L i v e r s  I n d u c t i o n  b y  O r o t i c  A c i d  C o n t a i n e d  

O r o t i c  ac id ,  a n o r m a l  i n t e r m e d i a t e  of  p y r i m i d i n e  b io-  
s y n t h e s i s ,  w a s  d e m o n s t r a t e d  t o  p r o d u c e  f a t t y  l i ve r s  a n d  
h e p a t i c  ] e s ions  in  m a n y  a n i m a l s  1. L i p i d  a c c u m u l a t i o n  in  
r a t s  is p e r i p o r t a l ,  m o r e  s e v e r e  in  f e m a l e s  t h a n  in  m a l e s  
a n d  d e p e n d e n t  on  t h e  d i e t <  10 m g  of  o ro t i c  a c i d  a d d e d  to  
100 g of  f eed  a l t e r e d  l i ve r  m e t a b o ] i s m  in  c h i c k e n  a, a n d  

i n  S k i m  M i l k  P o w d e r  

oro t i c  a c i d  f ed  to  l a c t a t i n g  g o a t s  m a r k e d l y  d e c r e a s e d  m i l k  
s e c r e t i o n  4. O r o t i c  a c i d  is, h o w e v e r ,  a n o r m a l  c o n s t i t u e n t  
of  r u m i n a n t  m i l k  a n d  f o u n d  o n l y  in  n e g l i g i b l e  a m o u n t s  in  
h u m a n  m i l k <  W e  h a v e  r e p o r t e d  t h a t  d r i e d  m i l k  p o w d e r s  
c o n t a i n e d  r e l a t i v e l y  h i g h  a m o u n t s  ( 1 0 0 - 1 8 0  mg)  of  o ro t i c  
a c i d  p e r  100 g6. W e  d e c i d e d  t o  i n v e s t i g a t e  t o  w h a t  e x t e n t  

Table I. The effect of experimental diets on food intake, rat  weight and liver weight of rats on diets 

Diet Duration of feeding No. of rats Food intake~ per day Rat weight~ Liver wt./100 g rat wt.~ 
(days) (g) (g) (g) 

Control 3 5 12.82 :~ 1.1 176.56 4- 7.2 3.34 ~= 0.17 
Control 8 5 11.68 :J= 2.3 182.60 :t: 8.3 3.38 ~ 0.31 
Group A b 3 5 11.20 -4- 2.9 171.20 :~ 4.5 3.45 :t: 0.24 
Group A b 8 5 9.94 q- 2.1 186.00 -4- 12.8 3.53 4- 0.13 
Group 13o 3 5 9.33 4- 1.7 168.70 4- 4.2 3.72 4- 0.16 
Group B ~ 8 5 8.75 4- 2.0 173.50 • 5.1 3.89 ~: 0.21 

Figures represent mean 4- standard deviation, b Group A diet contained 0.15 % orotic acid added to the balanced diet. o Group ]3 diet consisted 
of an adequately supplemented powdered skim milk diet which was assayed to contain 0.15% orotic acid. 

Table II. The total lipids and fat/protein ratio in livers from rats on 
experimental diets 

3 days feeding 8 days feeding 
(g/100 g liverwt.b Fat/protein ratio 

Control 3.49 • 0.30 3.19 4- 0.24 0.16 
Group A b 5.49 • 1.0 7.10 ~: 0.7 0.35 
Group B * 6.55 -4- 1.0 7.24 -4- 2.2 0.36 

i Standard Deviation. b Rats received control diet +0.15% 
orotic acid. ~ Rats  received skim mill< powder diet. 
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Table III. The fatty acid~ composition of total liver lipids extracted from rats on various experimental diets (molar compositions %) 

Diet C14:0 C16:0 C18:0 C18:1 C18:2 C20:4 

Control 
3 days feeding 0.31 
8 days feeding 0.2 

Test diet A b 
3 day feeding 0.3 
8 days feeding 0.3 

Test diet B~ 
3 days feeding 0.1 
8 days feeding 

28.7 25.0 11.8 14.8 19.2 
28.4 25.0 10.3 16.3 19.4 

24.3 18.3 17.3 15.4 24.0 
22.7 19.5 19.3 18.7 23.2 

28.9 20.2 12.6 16.4 22.4 
18.4 26.2 10.0 20.0 27.3 

C14.0, myristic acid; CI6:0, palmitic acid; C18:0, stearic acid; C18:1, oMc acid; C18:2, linolcic acid; C20:4, arachidonie acid. 
b Group A rats received control diet + 0.15% orotic acid. 
o Group B rats received a skim milk powder diet which was assayed to contain 0.15% orotic acid. 

orotic acid in milk powders  influences liver l ipids in 
l abora to ry  rats.  

Females  Sprague Dawley  ra ts  weighing 155 to 165 g 
were selected for s tudy  and div ided in to  th ree  groups  of 
10 and housed  in a i r -condi t ioned cages wi th  access to  cool 
wa te r  ad l ibi tum.  Control  ra t s  were fed 50% sucrose, 32% 
v i t amin  free casein, 4% corn oil (Mazola), 4% Hegs t ead  
salt  mix  7 and  1% s t anda rd  v i t amin  mix.  Group A ra ts  
were fed a normal  skim milk  powder  die t  conta in ing  4% 
corn oil (lViazola), 4% H e g s t e a d  salt  m ix tu r e  7, 1% 
s t anda rd  v i t amin  mix tu re  and 1% sucrose. The orotic 
acid con ten t  of th i s  d ie t  was found to  be 0.15% b y  a 
previous ly  descr ibed method% The 3 diets  were isocaloric 
and  conta ined  ident ical  casein pro te in  content .  Groups A 
and  B conta ined  ident ical  o ro ta te  concent ra t ions .  F ive  
ra ts  were sacrified f rom each group af ter  3 and  8 days  
respect ively.  Livers  were r emoved  and weighed,  and 
al iquots  were analyzed for pro te in  by  the  Kjedah l  me t h o d  
and for l ipid con ten t  by  the  me thod  of FOLCH s. E x t r a c t e d  
lipids were analyzed for c o m p o n e n t  f a t t y  acids by  gas 
l iquid c h r o m a t o g r a p h y  ~. 

Al though  s teatosis  was visible in oro t ic -ac id- t rea ted  
rats,  there  was only a small,  no t  h ighly  signif icant ,  
hepa t ic  hype r t rophy .  This is in con t ras t  to  a p ronounced  
h y p e r t r o p h y  in bo th  Wis ta r  and Sprague Dawtey  wean-  
lings fed 1% orotic acid 10. The low concen t ra t ion  of orotic 
employed,  combined  wi th  the  use, in the  p resen t  s tudy,  of 
ma tu re  ra ts  migh t  account  for the  lack of d rug- induced  
hepa t ic  hype r t rophy .  There  was a marked  increase in 
to ta l  l ipid con#ent of the  liver which  increased progressive-  
ly wi th  orotic acid feeding (Table II).  This  increase is in 
good ag reemen t  wi th  the  repor t s  of others1, ~,1~ The 
effect  of the  diets  uti l ized on f a t t y  acid composi t ion  of 
l iver l ipids is shown on Table I I I .  E x c e p t  for a progressive 
decline in pMmit ic  acid and  an increase in arachidonic  
acid in oro t ic -ac id- t rea ted  rats,  no clear p ic ture  was 
ob ta ined  as to the  effect  of the  diets  on f a t t y  acid compo-  
si t ion of the  livers. 

Al though  WtND2CIUELLER et  al. 11 have  repor ted  t h a t  
the re  was  no change  in p lasma  l ipids in pa t i en t s  receiving 
orotic acid for gout, it  is p roper  to  speculate  on possible 
impl ica t ions  of orotic acid ingest ion in normal  humans .  
I t  is n o t e w o r t h y  t h a t  whereas  h u m a n  milk  conta ins  no 
orotic acid, r u m i n a n t  milk, and especial ly powdered  milk 
and whey  concent ra tes ,  conta in  re]a t ively  h igh  amoun t s  of 

th is  co mp o u n d  6. Our s tudies  show t h a t  the  presence of 
calcium and lactose in the  powdered  milk does no t  
p ro tec t  against  f a t t y  l ivers induced by  orotic acid was 
previous ly  repor ted  12. FINK 13 repor ted  cases of ex tens ive  
liver necrosis due to feeding skim milk  in powdered  form 
to rats.  Our p resen t  s tudy  m a y  provide  a par t ia l  explana-  
t ion for these  init ial  observat ions .  I t  is indeed ironic t h a t  
an essent ial ly  fat-free p roduc t  such as dried skim milk 
should conta in  chemicals  capable of inducing f a t t y  livers. 

Rdsumd. Chez des ra t s  nourr is  avec 0.15% d 'ac ide  
orot ique ou de Ia poudre  de lair 6cr6m6e con t enan t  0.15% 
d 'o ro t a t e  le foie s ' enve loppe  de graisse sans s ' hyper t ro -  
phier.  On cons ta ta  seulement  de 16gers changemen t s  dans  
la compos i t ion  des graisses acides du foie des ra t s  t rai t6s 
5~ l 'acide orotique.  Ces r6sul ta ts  m e t t e n t  en discussion 
l ' emploi  r @ a n d u  de produi t s  lait iers s6ch6s dest in6s 
l ' a l imel l ta t ion humaine .  
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