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Incorporation of Acetate- l -C ~4 into Liver Cholesterol of Rats Subjected to Prolonged Exercise 

Fol lowing t h e  effect  of phys ica l  exercise on  fa t  m e t a -  
bo l i sm in animals ,  a lowering of l iver  choles terol  was  re- 
r ea t ed ly  obse rved  1 a. 24 h a f t e r  c a n n u l a t i o n  of t he  bi le  
d u c t  and  a f te r  col lec t ion of all bi le  p roduced ,  l iver  
choles tero l  is s ign i f i can t ly  lower in  r a t s  sub jec t ed  to  
regu la r ly  r epea te  d or a single exercise p r io r  to  c a n n u l a -  
t i on  5,s. F u r t h e r  e x p e r i m e n t a l  ev idence  is needed  to  ex- 
p la in  these  obse rva t ions .  B iosyn thes i s  of choles terol  is one 
of t he  i m p o r t a n t  fac tors  in  r egu la t ion  of l iver  cholesterol .  

3Iaterials  and methods. 10-week-old ma le  wh i t e  rats ,  
whose  s t a r t i n g  we igh t  was  225 g, were sub j ec t ed  to 
regu la r  exercise for 168 days.  T he  exercis ing group  s w a m  
for 1 h daily,  6 days  a week  in 28 ~ water .  Af te r  a few 
days  of a d a p t a t i o n  t he  an i m a l s  qu ick ly  a d j u s t e d  to  swim- 
ming.  T h e i r  we igh t  gains  t h r o u g h o u t  t he  e x p e r i m e n t  were 
s tab le  a n d  no  s ign i f i can t  d i f ferences  f rom t he  we igh t  
curves  of con t ro l  r a t s  were observed .  R a t s  of t h e  con t ro l  
g roup  were i m m e r s e d  regu la r ly  in  t he  w a t e r  to  exc lude  t he  
e x p e r i m e n t a l  inf luence  of t he  b a t h .  B o t h  groups  of r a t s  
were fed a n a t u r a l  pe l le ted  d ie t  of c o n s t a n t  compos i t i on  
(9% fat ,  30% pro te in ,  50% ca rbohydra t e s ,  a b o u t  45 m g  
of n a t u r a l l y  occur r ing  choles tero l  pe r  100 g food). Fo r  t he  
f ina l  e v a l u a t i o n  we h a d  10 r a t s  in  t h e  con t ro l  a n d  13 in t he  
exercis ing group.  

Af te r  18 h of fas t ing  a n d  24 h f rom t h e  las t  exercise, we 
in jec ted  40 ~C of a c e t a t e - l - C  1~ pe r  100 g b o d y  we igh t  in to  
t he  pe r i t onea l  cav i t ies  of t he  r a t s  b o t h  in exerc is ing a n d  
con t ro l  groups.  Af te r  t h e  in jec t ion ,  t he  an i m a l s  were 
p laced  in glass m e t a b o l i c  cages. T h e y  were sacr i f iced 
exac t l y  a f t e r  60 ra in  since t he  app l i ca t i on  of t h e  isotope.  

The i r  l ivers  were removed ,  and  t h e i r  surfaces  r insed  
w i t h  w a t e r  a n d  b lo t t ed .  A l iquo t  para l le l  a m o u n t s  of l iver  
t i s sue  were weighed,  hom ogen i zed  and  e x t r a c t e d  w i t h  
c h l o r o f o r m - m e t h a n o l  ~. Th i s  e x t r a c t  was  used for  t he  s t an -  
d a r d  b iochemica l  l ip id  ana lyses  a n d  for t h i n - l a y e r  c h r o m a -  
t o g r a p h y  (TLC) of l ipids.  T o t a l  l iver  choles tero l  was  
ana lyzed  us ing  t h e  LIEBERMANN-BURCHARD color reac-  
t i on  s, t o t a l  l iver  es ter i f ied f a t t y  acids (FA) were de ter -  
m i n e d  9 a long  w i t h  l iver  phospho l ip ids  10. T he  p rocedure  of 
BOBERG n,  c o m b i n e d  w i t h  t h e  fol lowing steps,  was  used in 
TLC s e p a r a t i o n  of l iver  l ipids.  Silica Gel  CH Spo lana  400 
m e s h  was  m i x e d  w i t h  abso lu te  e t h a n o l  c o n t a i n i n g  2% 
to luene  sc in t i l la tor .  T he  e x t r a c t e d  l ipids were appl ied  to  
t he  a c t i v a t e d  p la tes  and  t h e  s e p a r a t i o n  of phospho l ip ids  
f rom o the r  l ip id  f rac t ions  was ach ieved  a t  r oom t e m p e r a -  
t u r e  us ing  e thy l  e ther .  Af te r  separa t ion ,  t he  spots  were 
v isua l ized  in UV-l ight .  

Lipids,  excep t  t h e  p t losphol ip id  f rac t ion,  were  t h e n  ex- 
t r a c t e d  f rom t h e  a d s o r b e n t  b y  c h l o r o f o r m - m e t h a n o l  (2 : 1) 
a n d  h y d r o l y z e d  in 0 .4% e t h a n o l  so lu t ion  of KOH.  Af te r  
n e u t r a l i z a t i o n  (0 .2N su lphur ic  acid) a n d  e x t r a c t i o n  w i t h  
h e x a n e  t h e  s ample  was app l ied  aga in  to t he  p la tes  coa ted  
w i t h  t h e  a d s o r b e n t  a l r eady  descr ibed.  T he  so lven t  mix-  
t u r e  used  was p e t r o l e u m  ether ,  h e x a n e  a n d  a m m o n i u m  
hydrox ide ,  7 0 : 3 0 : 3  respect ively .  Ttl is  a d s o r p t i o n  s y s t e m  
d i f fe ren t i a t e s  t o t a l  choles tero l  f rom t o t a l  F A  (free FA, F A  
b o u n d  in t r ig lycer ides  a n d  in choles tero l  esters).  T he  spots  
of l ip id  f r ac t ions  de t ec t ed  u n d e r  t he  U V - l i g h t  were  
sc raped  in to  c o u n t i n g  vials.  E a c h  sample  was c o u n t e d  
a f t e r  a d d i t i o n  of 1 m l  m e t h a n o l  a n d  5 ml  of l iquid  scint i l -  
l a to r  ( to luene so lu t ion  of P P O  a n d  P O P O P ) .  T he  q u a n t i t y  
of r a d i a t i o n  was c o u n t e d  in a M a r k  I Nuc lea r  Chicago 
i n s t r u m e n t  a t  0 ~ T he  que l l ch ing  of t h e  samples  was 
cor rec ted  for b y  a n  e x t e r n a l  s t a n d a r d  m e t hod .  Rad io -  
a c t i v i t y  of t he  samples  was  expressed  as d i s in t eg ra t ions  
pe r  m i n  (DPM),  of t h e  respec t ive  l ipid f r ac t ion  i so la ted  
f rom 1 g of l iver  t issue.  T he  s ignif icance of d i f ferences  was  
p r o v e d  us ing  t h e  s t a n d a r d  S t u d e n t  t- test .  

Results  and discussion. The  i n t e n s i t y  of phys ica l  ac t i -  
v i t y  in  t h e  exerc is ing group was modera te ,  no  s ign i f ican t  
differences  in  b o d y  weigh ts  were obse rved  (Table  I). 
Tile t e n d e n c y  to  h igher  b o d y  we igh t  in  t h e  s w i m m i n g  
an ima l s  was obse rved  in severa l  of our  e x p e r i m e n t s  a n d  
we a t t r i b u t e  i t  to  t h e  h igher  p r o p o r t i o n  of l ean  b o d y  mass .  
I n  regu la r ly  exerc is ing animals ,  l iver  choles tero l  was  lower  
( P  < 0.05). The  differences  in  o the r  l ip id  f ract ions ,  viz. 
t he  t o t a l  ester if ied F A  and  phosphol ip ids ,  h a v e  no signi-  
f icance (Table  I). T a b l e  I I  i l lus t ra tes  a c e t a t e - l - C  14 incor-  
p o r a t i o n  in to  t o t a l  l iver  choles tero l  a n d  t o t a l  l iver  F A  
(except  t h e  phospho l ip id  FA).  I n  s w i m m i n g  an ima l s  t h e ,  
i n c o r p o r a t i o n  of ace t a t e  in to  t o t a l  choles terol  is h ighe r  
( P < 0 . 0 5 ) ,  i ts  i nco rpo ra t i on  in to  t o t a l  F A  f r ac t ion  is 
lower ( P  < 0.01). 

Table I. The influence of 1 h of swimming daily for 168 days on the 
body weight, liver cholesterol, liver esterified FA and liver phospho- 
Iipids in rats 

Group Body Liver 
of rats weight (g) 

(end of Cholesterol Esterified Phospholipids 
experiment) (rag/100 g) fatty acids (rag/100 g) 

(mEq/100 g) 

Resting 247.7 4- 16.9 240.2 4- 6.4 15.2 4- 1.3 151.2 4- 3.3 
Swimming 289.3 4- 12.2 211.7 4- 8.6 14.8 4- 1.1 148.2 4- 5.5 
Significance P >  0.05 P <  0.05 P >  0.05 P >  0.05 

Means 4- S.E.M. 

Table II. Incorporation of acetate-l-C 14 into total cholesterol and 
total FA (except FA bound in phospholipids) of the liver in swimming 
and lion-exercising rats. 

Group of rats Aeetate-l-C 14 incorporation 
(DPM/1 g liver weight) 

Total liver Total liver 
cholesterol fatty acids 

Resting 18,262 4- 3,096 14,327 4- 1,068 
Swimming 29,825 4- 4,306 9,130 4- 1,232 
Significance P < 0.05 P < 0.01 
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A lower level  of choles terol  in t he  l iver  t i ssue  of regula r ly  
s w i m m i n g  ra t s  as r epo r t ed  here,  conf i rms  earl ier  f indings.  
Lower ing  of l iver  choles terol  was  n o t e d  in exercis ing r a t s  
fed a n a t u r a l  diet ,  as well  as in  an ima l s  fed a h igh  chole- 
sterol, h igh  s a t u r a t e d  fa t  d ie t  S. The  effect  of exercise on  
lowering l iver  choles tero l  in  an ima l s  fed a h i g h  choles tero l  
d ie t  wh ich  inh ib i t s  cholesterologenesis ,  is f u r t h e r  ev idence  
t h a t  exercise does no t  accompl i sh  t h e  lowering of l iver  
choles terol  b y  i n h i b i t i n g  choles terol  b iosynthes i s .  

The h igher  ace t a t e  i n c o r p o r a t i o n  in to  cholesterol ,  re- 
p o r t e d  in th i s  ar t ic le  in exercis ing rats ,  m a y  be  exp la ined  
b y  t he  ex is tence  of an  inverse  r e l a t ionsh ip  be tween  t h e  
a m o u n t  of choles tero l  p r e sen t  in  t he  l iver  a n d  t he  syn-  
thes is  of choles terol  f rom ace ta te .  H ighe r  a ce t a t e  incor-  
p o r a t i o n  in to  l iver  choles terol  a n d  i ts  lower i n c o r p o r a t i o n  
in to  l iver  F A  were obse rved  in an ima l s  fed die ts  r i ch  in 
p o l y u n s a t u r a t e d  F A  t2,1a. W e  sugges t  t h a t  t h e  increased  
i nco rpo ra t i on  of ace t a t e  in to  l iver  choles terol  in exerc is ing 
ra t s  is s econda ry  to t he  lower ing  of l iver  choles tero l  wh ich  
m a y  be  af fec ted  b y  u n s a t u r a t e d  F A  released f rom depo t  
f a t  d u r i n g  exercise ~. 

Zusammen[assung. I n k o r p o r a t i o n  yon  A z e t a t - l - C  1~ in 
Lebercho les te ro l  erweis t  sich bei  regelm~tssig schwim-  
m e n d e n  R a t t e n  im Vergle ich  m i t  n i c h t t r a i n i e r t e n  T ie ren  
als h6her .  E r s t e r e  b a t t e n  niedr igere  Lebercholes te ro l -  
werte .  Die hShere  I n k o r p o r a t i o n  yon  A z e t a t  ins Leber -  
choles terol  wi rd  m i t  der  i n d i r e k t e n  Bez iehung  zwischen 
Lebercho les te ro l  u n d  der  Syn these  yon  Cholesterol  in  der  
Leber  erkl/irt .  
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Renal Regeneration in Chloroform-Poisoned Male Mice of Strain C3H]He Treated with d i -Sodium 
Versenate 

Chloroform induces  necrosis  of p r o x i m a l  c o n v o l u t e d  
tubu les  in  ma le  mice of t he  s t r a ins  C3H/He,  C57BL/6JN,  
BN,  as well  as in those  of gene ra t ion  F1 f rom the  cross ing 
29 C 3 H / H e  •  C 5 7 B L / 6 J N  1'~. I n  males  of t he  s t r a i n  
C 3 H / H e  necrosis  is followed b y  t u b u l a r  calc i f icat ion an d  
d e a t h  of a n i m a l  w i t h i n  4 -8  days  a f t e r  po isoning  ~. I n  
c o n t r a s t  to  t he  males  of all  o the r  s t r a ins  m e n t i o n e d  
above ,  those  of t h e  s t r a i n  C 3 H / H e  fail  to  show a n y  signs 
of t u b u l a r  r egene ra t i on  3. A s s u m i n g  t h a t  t u b u l a r  calcifica- 
t ion  could in te r fe re  w i t h  t h e  r egene ra t i on  we w a n t e d  to 
check  t he  effect  of a d rug  used for t he  e l im ina t i o n  of 
ca lc ium f rom t h e  body.  Accord ing  to our  knowledge  t r i -  
sod ium v e r s e n a t e  or t e t r a - s o d i u m  v e r s e n a t e  are  used for 
cl inical  purposes  ~, 4. Since on ly  d i - sod ium v e r s e n a t e  used 
as decalcif ier  in  his tological  l a b o r a t o r y  was ava i l ab le  for 
us  we decided to use i t  in  our  expe r imen t .  

Material and methods. 15 male  mice  of t h e  s t r a i n  
C3H/He,  aged 2-3 m o n t h s  a n d  weighing  18-20 g, were 
p r e t r e a t e d  w i t h  a single dose of d i - sod ium v e r s e n a t e  
- C H  2.N (CH2COOH) -CH2COONa ~- 2H20 - / 2  m g  dis- 
so lved in 0.2 cm 3 of physio logica l  sal ine i.p. some m i n  
pr ior  to  t h e  s.c. a d m i n i s t r a t i o n  of a single dose of chloro-  
form (0.1 cm 8 of t h e  so lu t ion :  0.05 g of ch loroform in 
1 ml  of e thy l  laura te) .  T h e  an ima l s  were kil led succes- 
s ively a f t e r  2 4 h / 2  mice, 48 h/2  mice  (1 mouse  d ied  
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Fig. 1. Di-sodium versenate-treated male 
mouse of the strain C3H/He 24 h after 
chloroform poisoning. Tubular necrosis. H.E., 
x 400. 


