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tyrosine.  Moreover,  the  magn i tude  of  the  effect  increases 
wi th  prolonged sleeplessness par t icu la r ly  in the  t i m e  per iod 
be tween  72 and 96 h. In  a separa te  exper iment ,  we have  
noted ex t remely  high levels  for p lasma cor t icosterone a t  
these t ime  in tervals  which correlate  wi th  and can expla in  
the  high levels  of enzyme  ac t i v i t y  noted.  Tyros ine  amino-  
transferase seems to  be par t i cu la r ly  sensi t ive to  sleep de- 
p r iva t ion  resul t ing in e x t r e m e l y  h igh  levels  of enzyme  ac- 
t iv i ty .  Similar ly,  we had  previous ly  no ted  t h a t  when  mice 
are exposed to acute  cold stress (0-4°C), there  is also a 
marked  effect  upon the  ac t i v i t y  and per iodic i ty  of TAT.  

Interes t ingly ,  hepat ic  tyrosine concent ra t ion  is e levat -  
ed th rough  84 h of sleep depr iva t ion  cu lmina t ing  in a 
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Fig. 2. Effects of sleep deprivation on hepatic levels of tyrosone (~tg 
tyrosine/g liver wet weight). Each point represents the mean of a mi- 
nimum number of 5 animals, and vertical lines denote :t: 1 S.E.M. 
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Fig. 3. Effects of sleep deprivation on plasma levels of tyrosine in 
terms of ~g tyrosinelml plasma. Each point represents the value of 
pooled plasma from at teast 5 animals performed in duplicate. 

sharp decline a t  96 h. In  v iew of t he  increased ac t iv i ty  of 
tyros ine  aminotransferase ,  it, a t  first, appears  plausible 
t h a t  hepat ic  and p lasma tyrosine levels m a y  decline. How-  
ever,  tyros ine  concent ra t ions  can be main ta ined  by  inges- 
t ion,  ca tabol i sm of pro te in  or  convers ion f rom phenyl-  
a lanine  z°, and our  work  wi th  o ther  enzyme-subs t ra te  
sys tems  indicates  the  l a t t e r  mechan i sm is p robab ly  mos t  
responsible  for ma in ta in ing  hepa t ic  and p lasma  tyrosine.  

The  m e t h o d  of sleep depr iva t ion  used in this  s tudy  dis- 
tu rbs  the  per iod ic i ty  of tyros ine  v ia  the  induct ion  of its 
ca tabol ic  enzyme dur ing the  first  60-72 h of sleeplessness. 
However ,  i t  appears  plausible t h a t  p lasma levels of this 
amino  acid are being ma in ta ined  most  i m p o r t a n t l y  by  he- 
pa t ic  reple t ion (phenytalanine -+ tyrosine).  Fur ther ,  i t  is 
appa ren t  t h a t  w i th  prolonged sleep depr iva t ion  the  stress 
response intensifies wi th  concommi t an t  increases in p lasma 
cor t icosterone and enzyme  act iv i ty .  Thus,  wi th  l imi ted  
amino  acid avai labi l i ty ,  enzyme induct ion  m a y  reduce 
tyros ine  concent ra t ions  in the  l iver  and plasma,  and hence 
i ts  ava i lab i l i ty  for thyroxin ,  protein,  and  ca techolamine  
synthesis.  I n  fact ,  CURZON and GREEN 15 re la te  decreases 
in bra in  serotonin  to  an  increase in l iver  t r y p t o p h a n  oxy-  
genase ac t i v i t y  in immobi l ized  rats.  In  a ve ry  recent  publi-  
cation,  FERNSTRO3/I and WURTMAN 16 conf i rm these re- 
sults suggest ing t h a t  p l a sma  t r y p t o p h a n  concent ra t ions  
m a y  affect  bra in  serotonin levels. Hence,  i t  appears  l ikely 
t h a t  the  precipi tous  decrease in hepa t ic  and p lasma tyro-  
sine concent ra t ions  dur ing  the  f inal  72-96 h of sleep de- 
p r iva t ion  m a y  be closely re la ted  to  t he  sharp  increases in 
enzyme ac t i v i t y  observed dur ing this  in terval .  

Rdsumd. La p r iva t ion  de sommei l  pendan t  96 h a cr~e 
des rup tures  duns la p~riodicit6 d ' enzyme- ty ros ine -ami-  
notransf6rase  du foie, A cause de l ' induct ion.  Des concen- 
t ra t ions  h~pat iques  de tyros ine  on t  augment6  alors que  sa 
pr6sence duns le p la sma  ru t  sans effet. La  p r iva t ion  de 
sommei l  affecte non seulement  les r h y t h m e s  quot idiens  
naturels ,  mais,  si elle est prolongfie, elle intensifie la r6- 
ponse de ,s t ress  + g6n6ralis6 peut-~tre  au po in t  d 'a f fec ter  
n o t a b l e m e n t  l ' e f fe t  de l ' ac ide  amid~. 
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C u m u l a t i o n  of  L i v e r  L i p i d s  a f t e r  A d m i n i s t r a t i o n  o f  I r o n  

W h e n  pe rox ida t ive  degrada t ion  of polyenic  f a t t y  acids 
in the  l iver  t issue in v i c e  is ac t iva ted  by  d iva len t  iron and 
ascorbic acid adminis t ra t ion ,  a s imul taneous  accumula-  
t ion of neut ra l  l iver  l ipids was found 1. This  effect of i ron 
has  no t  been  descr ibed solar.  T h a t  is the  reason w h y  we 
s tudied the  inf luence of iron on the  cumula t ion  of d i f ferent  
l iver  l ipid fractions.  

Male whi te  mice (strain H - KonArovice) weighing 
20-25 g kept  on a s t andard  l abora to ry  die t  were  used in 
the  exper iments .  

I ron  was adminis te red  in solut ion wi th  ascorbic acid 
(Fe-AA complex) ;  conta in ing  0 . 1 M  FeClz and 0 .2M 
ascorbic acid neut ra l ized  by  sodium hydrox ide  solut ion to 
p H  7.4. The  dose was 0.5 m m o l  FeZ+]kg. The  animals  
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Estimations Controls Iron complex Percent 
changes 

1. Neutral lipids Sitic acid fractionation (mg/g) 7.9 ± 1.78 (8) b 15.8 :t: 2.41 (8) c,a + 102 
Heptanefraction(mg/g) 11.7 ± 0.77 (8) 22.3 :t: 2,71 (12)* + 91 
Radioactivity in glycerides (dpm]mg) 589 4- 115 (8) 917 4- 100 (8) a + 56 

2. Polar lipids 
Lipoid P (mg/g) 2.24 4- 0.09 (5) 2.25 i 0.09 (5) 4- 0 
Polar fraction (mg]g) 20.7 4- 0.40 (9) 21.9 4- 0.52 (7) + 6 
Radioactivity in phospholipids (dpm/mg) 685 4- 101 (8) 879 :t: 43 (8) + 28 

3. Total lipids 
Gravimetricalty (mg/g) 56.4 :k 2.99 (9) 65.5 4- 4°80 (9) + 16 
Radioactivity (dpmlmg) 1279 4- 102 (8) 1796 + 91 (8) a + 41 

4. Cholesterol (mg/g) 13.7 4- 0.36 (5) 18.1 4- 0.75 (5) r + 33 

5. Protein (rag/g) 193 4- 5.7 (6) 198 ~ 3.1 (7) + 3 

6. Iron ([~g/g) 9.8 q- 1.70 (6) 108.0 4- 5.34 (7) t +1002 

7. Ascorbic acid (mg]g) 1.2 4- 0.11 (6) 2.2 :k 0,12 (7) z + 90 

100% equals the values of controls, b Figures in parentheses give the number of analyzed animals. * Statistical evaluation comparing appro- 
priate controls to Fe-AA complex treated animals (Student's t-test); statistically significant on the level of a5, ~ 1 and t0.1%, respectively. 

were sacr i f ied  3 h a f t e r  i.p. a d m i n i s t r a t i o n  of t h e  so lu t ion  
a n d  a 10% h o m o g e n a t e  was p r e p a r e d  e i t h e r  in  ch lo ro fo rm-  
m e t h a n o l  (2 + 1 v /v )  for  t h e  g r a v i m e t r i c a l  e s t i m a t i o n  of 
t o t a l  l ipids,  l ipo id  p h o s p h o r u s  2 a n d  choles te ro l  a, or  in  
h e p t a n e - i s o p r o p a n o l  (1 + 1 v /v)  for  t h e  e s t i m a t i o n  of  
n e u t r a l  a n d  po la r  l ip ids  x, or  else a 25 % h o m o g e n a t e  in  
0 .9% NaC1 for  t h e  e s t i m a t i o n  of p r o t e i n s  4, i ron  5 a n d  
ascorb ic  ac id  *, N e u t r a l  l ip ids  were  e s t i m a t e d  as es ter i f ied  
f a t t y  ac ids  7 e i t h e r  a f t e r  r e m o v i n g  t h e  po l a r  l ip ids  b y  
m e a n s  of a b s o r p t i o n  on  silicic acid 8 or  b y  s e p a r a t i n g  t h e  
l ip ids  i n to  t he  h e p t a n e  layer  for  n e u t r a l  l ip ids  e s t i m a t i o n  
(in t h e  i s o p r o p a n o l - w a t e r  l ayer  po la r  I ipids were  assessed ~). 

5l~Ci of pa lmi ta te - l -14C in a n  a l b u m i n  c o m p l e x  was 
a d m i n i s t e r e d  i.v. 120 ra ins  a f t e r  Fe -AA com pl ex  admin i s -  
t r a t i on .  A t  5 a n d  120 ra in  i n t e r v a l s  a f t e r  p a l m i t a t e  a d m i -  
n i s t r a t i on ,  t h e  r a d i o a c t i v i t y  in g lycer ides  a n d  p h o s p h o -  
l ip ids  ( sepa ra t ed  b y  t h i n  l aye r  c h r o m a t o g r a p h y  9) a n d  
t o t a l  l ip ids  was m e a s u r e d  b y  a l iqu id  sc in t i l l a t ion  c o u n t e r  
A B A C  - 40L I n t e r t e c h n i q u e  (Paris) .  T h e  a m o u n t  of 
p a l m i t a t e - l - l a G  t r a p p e d  in t he  l ive r  5 ra in  a f t e r  a d m i n i s t r a -  
t i o n  did  n o t  differ :  con t ro l s  2646 ± 240 d p m / m g ,  F e - A A  
c o m p l e x  2455 ~ 630 d p m / m g .  

3 h a f t e r  i.p. a d m i n i s t r a t i o n  of t h e  i ron-ascorb ic  acid 
complex ,  a n  increased  c o n c e n t r a t i o n  of n e u t r a l  l ip ids  was 
f o u n d  b y  al l  3 t ypes  of assessment .  I n  t h e  t o t a l  l ipids,  t he  
increase  of t h e  n e u t r a l  l ip id  f r ac t i on  is m a s k e d  b y  phospho -  
l ip ids  w h i c h  a re  n o t  a f fec ted  b y  t h i s  t r e a t m e n t .  T h e  
c o n c e n t r a t i o n  of d i v a l e n t  i ron  reaches  e n o r m o u s l y  en-  
h a n c e d  concen t r a t i ons ,  whi le  t h e  c o n c e n t r a t i o n  of ascorb ic  
ac id  is inc reased  on ly  twice.  T h e  i ron-ascorb ic  acid c o m p l e x  
causes  a t r a n s i e n t ,  m e t a b o l i c  a c c u m u l a t i o n  of l ive r  l ipids,  
w h i c h  a f t e r  a s ingle  dose  r e t u r n s  to  n o r m a l  levels  w i t h i n  
24 h. 

T h e  m e c h a n i s m  of t h e  d i v a l e n t  i ron  ef fec t  (in c o m b i n a -  
t i o n  w i t h  ascorb ic  acid) ha s  n o t  y e t  b e e n  fol lowed as 
regards  ox ido reduc t i ve  s y s t e m s  of t h e  l iver  cell  i n  connec-  
t i o n  w i t h  i m p a i r e d  l ip id  m e t a b o l i s m .  However ,  f r o m  t h e  
e x p e r i m e n t a l  cond i t i ons  a n d  a s sembled  resul ts ,  i t  m a y  be  
conc luded  t h a t  t h e  l ip id  c u m u l a t i o n  is no t  a f fec ted  b y  
a n  increased  l ip id  i n t a k e  ( sho r t - t ime  i n d u c t i o n  per iod,  
t h e  same  r a d i o a c t i v i t y  t r a p p e d  in l iver  of con t r o l  a n d  

t r e a t e d  an imals ) .  Th i s  is w h y  we a s sume  t h a t  a r educed  
o u t p u t  of l ip ids  f rom t h e  l iver  is invo lved .  W e  m u s t  also 
t a k e  i n t o  a c c o u n t  t h a t  d i v a l e n t  iron,  b e i n g  a l ip id  pe rox-  
i d a t i o n  a c t i v a t i n g  c o m p o u n d  x, m a y  i n d u c e  a p p r o p r i a t e  
f u n c t i o n a l  or  s t r u c t u r a l  i m p a i r m e n t  of t h e  h e p a t o c y t e ,  
w h i c h  in  t u r n  a f fec ts  t h e  l ip id  m e t a b o l i s m ,  as  is p r e s m n e d  
in o t h e r  t y p e s  of l iver  d a m a g e  assoc ia ted  w i t h  f a t t y  l iver  
f o r m a t i o n  lo- l a  

Zusammen/assung, Die v o r i i b e r g e h e n d e  K u m u l a t i o n  
d e r  Leber l ip ide  n a c h  V e r a b r e i c h u n g  y o n  zwe iwer t igem 
E i sen  u n d  Askorb insAure  f i ih r te  zur  A n n a h m e ,  dass  de r  
d u r c h  E i sen  i n d u z i e r t e  p e r o x i d a t i v e  A b b a u  de r  unges~t -  
t i g t e n  F e t t s ~ u r e n  a m  a n o m a l e n  S tof fwechse l  t e i l n i m m t .  
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