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N A D P H  and A s c o r b a t e  C a t a l y z e d  P e r o x i d a t t o n  of M i c r o s o m a l  Lipids  D u r i n g  A g e i n g  

Lip id  pe rox ides  a n d  m a l o n y l d i M d e h y d e  (MDA) are  
fo rmed  in mic rosomes  d u r i n g  N A D P H  a n d  a s c o r b a t e  
o x i d a t i o n  ~, These  r eac t ions  are s o m e w h a t  d i f fe ren t  in  
t h a t  N A D P H  is l inked  to  t h e  m i c r o s o m a l  d r u g  h y d r o x y -  
l a t i n g  e n z y m e  s y s t e m  ~ whereas  a s c o r b a t e  a p p e a r s  to  
ut i l ize  on ly  m i n o r  po r t i ons  of t h i s  cha in  ~,~. A s c o r b a t e  
causes  d i s a r r a n g e m e n t  of m e m b r a n e s  w i t h  d i m i n u t i o n  
of p h o s p h o l i p i d  c o n t e n t  ~. 

Inc reased  f o r m a t i o n  of l ipid pe rox ides  is cons idered  
one  of t h e  m a i n  ce l l -de rang ing  e v e n t s  d u r i n g  age ing  ~,~, 
r e su l t ing  in l ipofusc in  a c c u m u l a t i o n L  Since t h e  a c t i v i t y  
of t h e  m i c r o s o m a l  d r n g  m e t a b o l i z i n g  e n z y m e  s y s t e m  a n d  
t h e  N A D P H  o x i d a t i o n  decrease  in r a t s  f rom 30 u p  to  
250 d a y s  of age s a n d  mic rosomes  are  t h e  chief  pe rox id -  
iz ing s i te  in  t h e  cell D, l ip id  pe rox ide  f o r m a t i o n  b y  r a t  
l iver  m i c r o s o m a l  p r e p a r a t i o n s  in  t h e  p resence  of N A D P H  
a n d  a s c o r b a t e  h a s  been  i n v e s t i g a t e d  a t  20, 120, 400 a n d  
600 d a y s  of age b y  m e a s u r i n g  MDA.  
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Male ~vVistar r a t s  fed on  a c o m m e r c i a l  pe l le ted  d i e t  a n d  
w a t e r  ad  lib. were  used.  A n i m a l s  were  emp loyed  w i t h o u t  
p rev ious  s t a r v a t i o n  a n d  mic rosomes  o b t a i n e d  accord ing  
to  WILLSL Livers  were  h o m o g e n i z e d  in 0 . 2 5 M  sucrose,  
cen t r i fuged  a t  750g a n d  5000g for  10 min  a n d  t h e n  a t  
105,000g for  60 ra in  in  a Spinco  p r e p a r a t i v e  u l t r acen -  
t r i fuge.  Mic rosomal  pe l le t s  were su spended  in 125 m M  
KC1 a n d  d i lu t ed  to  a p r o t e i n  c o n c e n t r a t i o n  of 0.5-0.7 m g  
(e s t ima ted  co lo r ime t r i ca t ly  b y  t h e  m e t h o d  of LOWRY e t  
al. ~°) p e r  0.3 m t  s a m p l e  employed .  I n c u b a t i o n s  were  
car r ied  ou t  a t  37°C for 60 m i n  w i t h  N A D P H  40 ~M, 
A D P - F e  3 m i t l  xx (Boehr inger ,  M a n n h e i m ) ,  N a - p h o s p h a t e  
buf fe r  20 m M  p H  7.0 a n d  KC1 90 m M .  W h e n  employed ,  
a s c o r b a t e  0.5 m 2 d  rep laced  N A D P H  a n d  A D P - F e  a n d  
f ina l  p H  was  6.0. Samples  of t he  i n c u b a t i o n  m i x t u r e  
were  t a k e n  a t  i n t e rva l s  a n d  t he  r eac t ions  s t opped  w i t h  
5% TCA. M D A  was d e t e r m i n e d  on  t h e  s u p e r n a t a n t s  w i t h  
0 .67% 2 - t h i o b a r b i t u r i c  ac id  a t  80°C for  15 ra in  ~. M D A  
was ca l cu la t ed  us ing  1, 1, 3, 3 - t e t r a e t h o x y p r o p a n e  s t an -  
da rds  ~s. 

As is s h o w n  in t h e  Figures ,  l i t t l e  l ip id  pe rox ide  is 
fo rmed  b y  con t ro l  microsomes .  W h e n  N A D P H  a n d  
A D P - F e  (Figure  1) or a s c o r b a t e  (F igure  2) a re  added  
f o r m a t i o n  of l ip id  pe rox ide  is g r ea t l y  increasedX. L ip id  
pe rox ide  is g rea t e r  in  t h e  p resence  of N A D P H  t h a n  
a s c o r b a t e  ~, n e x c e p t  in  600-day-old  ra ts .  F r o m  F igu re  1 
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Fig. 1. Lipid peroxide formation in the presence of NADPH and 
ADP-Fe. Each point represents an average with S.E. (vertical bars) 
of 3 experiments. 
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' Fig. 2. Lipid peroxide formation in the presence of 
5 15 ~0 t,5 5Drain ascorbate. Each point represents an average with S.E. 
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i t  is e v i d e n t  t h a t  t h e  pe rox ide  fo rmed  in t he  p resence  
of N A D P H  is less in  r a t s  aged 20 a n d  600 t h a n  120 a n d  
400 days.  These  r e su l t s  are  in  keep ing  w i t h  those  indi-  
c a t i n g  a decreased  a c t i v i t y  of t h e  m i c r o s o m a l  d rug  
m e t a b o l i z i n g  e n z y m e  s y s t e m  in i n f ancy  a n d  d u r i n g  
age ing  of r a t s  s a n d  t h e  inc reased  lag pe r iod  of t h e  
N A D P H  : c y t o c h r o m e  c r e d u c t a s e  i n d u c t i o n  w i t h  increas-  
ing  age 14. 

I n  t h e  p re sence  of a s c o r b a t e  (Figure  2) r e su l t s  are  
s o m e w h a t  d i f f e ren t  t h a n  w i t h  N A D P H  a n d  a t e n d e n c y  
t o w a r d  a n  inc reased  p e r o x i d a t i o n  of m i c r o s o m a l  l ip ids  
b y  t h i s  s u b s t a n c e  w i t h  inc reas ing  age  is p r e sen t ed .  Sole 
e x c e p t i o n s  a re  t h e  400-day-o ld  ra ts ,  s how i ng  m i n o r  l ip id  
pe rox ide  values .  Th i s  r a t h e r  p a r a d o x i c a l  r e su l t  is d i f f icu l t  
to  expla in .  I t  m i g h t  be  due  to  b e t t e r  p r e s e r v a t i o n  a n d  
f u n c t i o n  of t h e  s t r u c t u r a l  s u b u n i t s  of m i c r o s o m a l  m e m -  
b r a n e s  a t  t h i s  age per iod,  as s h o w n  for  t h e  t r y p t o p h a n  
py r ro l a se  a c t i v i t y  xS, or to  h i g h e r  p r o t e c t i n g  effects  b y  
th io l  g roups  i t  

L ip id  p e r o x i d a t i o n  in  t he  p resence  of a s c o r b a t e  ha s  
b e e n  s h o w n  to  re lease  t h e  b o u n d  hydro la ses  f rom lyso- 
somal  g ranu les  ~. A s imi la r  inc reased  release occurs  also 
d u r i n g  age ing  ~7. P r e s e n t  resu l t s  sugges t  t h a t  a n  increased  
suscep t ib i l i t y  of subce l lu la r  m e m b r a n e s  to  t h e  d i s r u p t i n g  
ac t ion  of a s c o r b a t e  occurs  in  old  r a t  t issues.  Th i s  m i g h t  
be  due  to  a lower  c o n c e n t r a t i o n  of G S H  1G a n d  o t h e r  th io l  
c o m p o u n d s  d u r i n g  age ing  xs. A n  inc reased  a c t i v i t y  of l ive r  

g l u t a t h i o n e  pe rox idase  has  been  d e m o n s t r a t e d  in t h i s  
c o n d i t i o n  ~9. On  t h e  con t r a ry ,  V i t a m i n  E deficiencies  do 
no t  occur  in  t he  l iver  of senescen t  r a t s  20. 

Riassunto. L a  fo rmaz ione  di  l ipopeross id i  nei  micro-  
somi  di l ega to  di r a t t o  in  p r e senza  di  N A D P H  d i m i n u i s c e  
con  la  senescenza .  I1 c o n t r a r i o  s e m b r a  inveee  a v v e n i r e  in  
p r e senza  di  a scorba to .  Cib p o t r e b b e  ind ica re  u n a  m a g -  
giore susce t t i b i l i t~  delle m e m b r a n e  mic rosomia l i  a feno-  
men i  l i pope ros s ida t iv i  aspecif ici  in  t a le  condiz ione.  
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L i v e r  D a m a [ ~ e  b y  Protracted Ethanol Uptake and its Reversibil ity 

T h e  o b s e r v a t i o n  t h a t  a f a t t y  l iver  is o f t en  assoc ia ted  
w i t h  a l coho l i sm is old.  Never the les s ,  t h e  m e c h a n i s m s  
i n v o l v e d  in  t h e  a c c u m u l a t i o n  of l ip ids  in  t h e  l iver  a n d  
i ts  r e l a t i on  to  l i ve r  c i r rhos is  r e m a i n  t h e  s u b j e c t  of m u c h  
d e b a t e  1-a  

W e  bel ieve  t h a t  t he  p r o b l e m  invo lves  b o t h  n e u t r a l  fa ts  
a n d  phospho l ip ids ,  a n d  t h a t  t he  changes  of t h e  two  l ipid 
classes are  p r o b a b l y  d i s j u n c t e d  for ce r t a in  aspects .  

Af te r  all, our  t h e o r y  agrees  w i t h  t he  o b s e r v a t i o n s  of 
FREr~CH 4 t h a t  p h o s p h o l i p i d  mod i f i ca t ions  are  concomi-  
t a n t  w i t h  g lycer ide  a c c u m u l a t i o n .  

W e  be l ieve  i t  is i n t e r e s t i ng  to  s t u d y  t h e  d a m a g e  to  
t he  l iver  of a lcohol  g iven  in d i f f e ren t  quan t i t i e s ,  10 a n d  
20% in w a t e r  as a d r i n k  for  2 weeks :  e n o u g h  t i m e  to  
cause  changes  in  t o t a l  l ip ids  a n d  phosphol ip ids ,  a n d  we 
i n t e n d e d  to  see if t h i s  d a m a g e  d i s appea r s  d u r i n g  t he  
two fol lowing weeks  a f t e r  s t o p p i n g  of t h e  a lcohol  a d m i n -  

' i s t r a t ion .  
Materials and methods. W e  h a v e  used 30-day-old  female  

r a t s  of t h e  W i s t a r  s t r a i n  d iv ided  i n t o  g roups  of  6 ind iv i -  
dua l s  each,  a n d  carefu l ly  r a n d o m i z e d .  2 g roups  rece ived  
as d r i n k  10% a n d  20% a lcohol  in  w a t e r  r e s p e c t i v e l y  for  
a pe r iod  of 15 days .  2 a d d i t i o n a l  g roups  rece ived  w a t e r  
c o n t a i n i n g  sucrose  in  isocalorie  a m o u n t s  of t h e  c i t ed  
a m o u n t s  of alcohol .  A f ina l  g roup  rece ived  on ly  wate r .  

T h e  d i e t  was  iden t i ca l  u n d e r  al l  e x p e r i m e n t a l  condi-  
t ions  a n d  a d m i n i s t e r e d  a d  l i b i t u m ,  a n d  was in  a g r e e m e n t  
w i t h  t h e  n u t r i t i o n a l  r e q u i r e m e n t  for r a t s  s, T e m p e r a t u r e  
in  t h e  r o o m  was  k e p t  a t  19 :k 2°C;  a i r  h u m i d i t y  was  k e p t  
a t  70 4- 2%.  

Af t e r  15 days,  a lcohol  a d m i n i s t r a t i o n  ceased,  and  all  
g roups  rece ived  w a t e r  as t he  on ly  d r ink .  Food  a n d  d r i n k  
c o n s u m p t i o n s  were ca lcu la ted ,  a n d  also t he  we igh t  
changes  were  combined .  

On t h e  16 th  a n d  30 th  day  of e x p e r i m e n t ,  6 i n d i v i d u a l s  
of each  g roup  were  sacr i f iced b y  d e c a p i t a t i o n .  I m m e d i -  
a t e ly  a f t e r  w i t h d r a w a l ,  t he  l ivers  were  a s sayed  for t o t a l  

l ip ids  a c c o r d i n g  to  FOLCH e t  al.n; p h o s p h o l i p i d s  were  
s e p a r a t e d  acco rd ing  to  MARKS e t  al.~; t h e  P c o n t e n t  
was  d e t e r m i n e d  acco rd ing  to  HOOGWlNKEL e t  al. s, 

P h o s p h o l i p i d s  were  i so la ted  a n d  q u a n t i t a t i v e l y  de te r -  
m i n e d  b y  b i d i m e n s i o n a l  TLC accord ing  to  ABRAMSON 
a n d  BLECHER 9. The  s e p a r a t i o n s  were con t ro l l ed  b y  s t a n -  
d a r d s  a n d  b y  P d e t e r m i n a t i o n  of t h e  i n d i v i d u a l  f r ac t ions  
a n d  ca l cu l a t i ng  t h e  r ecove ry  of t he  a m o u n t s  p u t  on  t h e  
p la tes .  

Results and discussion. T a b l e  I shows t h e  p a t t e r n  of 
l iver  l ipids,  p h o s p h o l i p i d s  a n d  n e u t r a l  fa t s  of t h e  dif- 
f e r en t  g roups  sacr i f ied on  the  16 th  a n d  30 th  d a y  of 
e x p e r i m e n t ;  t h e  va lues  found  a t  the  f i rs t  sacrifice agree  
w i t h  those  in t he  l i t e r a t u r e  b o t h  for  t h e  con t ro l s  a n d  for  
the  r a t s  r ece iv ing  alcohol.  A t  t he  30 th  day,  a t  t h e  2nd 
sacrifice, we obse rve  a n  apprec i ab le  r eve r sa l  of t he  bio-  
chemica l  p a t t e r n ,  especial ly  ev iden t  in t h e  g roup  rece iv ing  
a lcohol  in  lower  a m o u n t s .  

T o t a l  phospho l ip id s  are s ign i f i can t ly  inc reased  a t  t h e  
f i r s t  sacrif ice b o t h  in r a t s  rece iv ing  10% a n d  20% alcohol ,  
in  r e spec t  to  t h e  con t ro l s  a n d  to  t h e  g roups  r ece iv ing  
sucrose  in isocalor ie  a m o u n t s .  
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