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The  relation between carnitine palmitoyltransferase ( C P T )  activity and 3-hydroxy-3-methylg lutary l  c o e n z y m e  A 
( H M G - C o A )  reductase activity was investigated.  Rats  were treated with aminocarni t ine  or  l -carni t ine  overnight .  In rats, 
in which C P T  activity was  inhibited by aminocarnit ine ,  plasma and hepatic  triacylglycerol conten t s  were increased 5- to 
6-fold. The plasma cholesterol  concentrat ion was  unchanged,  while the hepatic  cholesterol  content  was lowered ( -  16%). 
Hepatic  cholesterol  synthesis ,  determined by fo l lowing  the incorporat ion o f  14C-acetate and 3H zO into digi tonin-pre-  
cipitable sterols,  in liver sl ices was increased 5- to  "/-fold. H M G - C o A  reductase  activity in liver m i c r o s o m e s  was  
increased to  the same  extent .  

3-Hydroxy-3-methylglutaryl  coenzyme A (HMG-  
CoA) reductase (EC 1.1.1.34) is the rate-limiting step 
enzyme in cholesterol synthesis [1,2]. The a, nount of 
enzyme and its activity is controlled by several mecha- 
nisms at different levels [3]. Fa t ty  acid-oxidation and 
-esterificatton and cholesterol synthesis are closely re- 
lated by different mechanisms [4-6]. This is of  interest 
as several hypolipidemic drugs are k rown  to affect fatty 
acid metabolism. Fibrates, for example, ipduce prolifer- 
ation to peroxisomes and stimulate peroxisomal fatty 
acid oxidation [7,81. Conversely, it has been reported 
that the HMG - CoA  reductase inhibitor, lovastatin, in- 
duces carnitine palmitoyltransferase activity [9]. During 
studies on the lipid effects of adrenoceptor-blockers in 
hamsters, we found that the cholesterol content  of  
plasma and liver were largely diminished during selec- 
tive at-blockade [10], The lowering of  the cholesterol 
jevel cO,kld be exnlained by a diminished rate of  hepatic 
cho~e,,ter : synthesis. However, since a~-blockade also 
decreases hepatic (and plasma) triacylglycerols, ad- 
ditional mechanisms must be operative. In prel iminary 
experiments, we found that a t -blockade increased 
carnitine palmitoyltransferase (CtXr~ activity (Jansen, 
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H., unpublished data), which could lead to a more  
effective fat ty acid oxidation. Indeed,  Woodside and 
Swindell [11] demonst ra ted ,  that a l -b lockade st imulates 
ketone body formation in rats, indicating an increased 
fatty acid oxidation. We wondered  whether  the effects 
of the a-blocker  on cholesterol synthesis and CPT activ- 
ity could be metabolically linked. Therefore,  we in- 
vestigated whether  inhibition of CPT activity may di- 
rectly affect cholesterol synthesis and, more specifically, 
H M G - C o A  reductase activity. 

Male Wistar rats were used (225-260 g). They had 
free access to food and tap water unless noted other-  
wise. 4 weeks before use, they were placed on a vega- 
tarian diet composed of grains, maize, ( s  nflower) seeds 
and dried vegetables (rabbit  chow, Holland Dier- 
voeders, Hilversum, The Netherlands) .  At the end of the 
day before use, the rats were i.p. injected with amino-  
carnit ine ( t5  m g / k g  bodyweight) ,  an inhibitor of  the 
carnit ine palmitoyl t ransferase (CPT) reaction [12], L- 
carnit ine (140 m g / k g  body weight) or  0.15 M NaCI 
(Controls). The rats were fasted overnight and killed the 
next morning  by decapitat ion.  Cholesterol synthesis was 
determined by following the incorporat ion of 14C-acetate 
and 3H20 into digitonin-precipitable sterots. Part of  the 
livers (about  200 mg) was immediate ly  incubated for 90 
rain at 37 ° C  in a glass count ing vial under  an 02/C02 
(95/5%) a tmosphere  in 2 mi Krebs-Ringer  bicarbonate  
buffer (pH 7.4) containing 11 m M  glucose and 2.5 mCi 
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3H20 .  The formed,  3H-label led,  cholesterol  was  isolated 
as d ig i ton in-prec ip i t ab le  sterols (as desc r ibed  in Ref.  
13). In some  expe r imen t s  the 3 H 2 0  was replaced  b y  1 
m M  ZaC-acetate (1 Ci/mol). In these exper iments ,  t4CO2 
genera ted  was  t r apped  in a plas t ic  reac t ion  vessel con-  
ta in ing filter p a p e r  so~ked  wi th  100 /al H y a m i n e  hy- 
d rox ide  (Packard ,  Warrenvi l le ,  U.S.A.) .  The  ~4C-acetate 
i n c o r p o r a t e d  into choles tero l  was  d e t e r m i n e d  as dig- 
i ton in -prec ip i t ab le  s terols  or, in s o m e  exper iments ,  
non-es te r i f i ed  choles tero l  and choles tero l -es ters  were  
d e t e r m i n e d  separa te ly .  In  these exper imen t s  the l ipids 
were  ex t rac ted  f rom the i n c u b a t i o n  m e d i u m  and  
choles tero l  was  sepa ra t ed  f rom choles terol  ester  by  
th in- layer  c h r o m a t o g r a p h y  [14]. The  con t r i bu t ion  o f  
~4C-fatty ac ids  to the radi~oactivity in the choles tero l  
es ters  was d e t e r m i n e d  in the livers of  rats  t rea ted  with 
e i ther  0.15 M NaC! ,  aminoca rn i t i ne  or  ca rn i tme  af ter  
s apon i f i ca t ion  o f  the choles tero l  esters  and sepa ra t ion  
o f  the  choles terol  ~nd fa t ty  acids  by  th in- layer  chro-  
ma tog raphy ,  it a p p e a r e d  that  ~4C-fatty acids  cont r ib-  
u ted  for  43 + 2% (mean  __+ S.E., n = 18) to the radioac-  
t ivi ty  in the choles tero l  esters.  The re  was  no  s ignif icant  
d i f f e rence  in this pe rcen tage  be tween  the d i f ferent  treat-  
m e n t  groups .  For  each animal  the pe rcen tage  o f  de  
n o v o  synthes ized  choles te ro l  which  was  ester i f ied was  
ca lcula ted .  H M G - C o A  reduc tase  act ivi ty  was  de-  
t e rmined  in liver m i c r o s o m e s  af ter  d e p h o s p h o r y l a t i o n ,  
as  desc r ibed  b y  B a l a s u b r a m a n i a m  et al. [15]. A c y l - C o A  
choles te ro l  acy l t r ans fe rase  ( A C A T )  act ivi ty  was  de- 
t e r m i n e d  in liver h o m o g e n a t e s  as desc r ibed  b y  Er ickson 
and  C o o p e r  [t6]. Liver  and  p l a s m a  lipids and  p la sma  
3 - h y d r o x y b u t y r a t e  were d e t e r m i n e d  with e n z y m a t i c  
m e t h o d s  (Tes tk i t  c o m b i n a t i o n s  (Boehr inger  M a n n h e i m ,  
M a n n h e i m ,  F .R .G. ) ,  All results  were  expressed  as 
m e a n s  ± S.E. The  s tat is t ical  s ignif icance of  d i f fe rences  
b e ' w e e n  g roups  was  eva lua ted  with the unpa i red  Stu- 
den t ' s  t-test. 

The  b o d y w e i g h t s  o f  the  rats was not  a f fec ted  b y  
e i ther  t rea tment ,  con t ro l s  235 _+ 6 g t n  = 12). ca rn i tme  
rats  234 +__ 5 (n  = 12) a~d  amir~ocarnit ine ra.~ 234 +_ 4 g 
(n---- 12). The  liver w e l d  was  increased by the amino-  
ca rn i t ine  t r e a tmen t  (8.6 ± 0.2 g after  aminoca rn i t i ne  
t r ea tmen t ,  7.4 :!: 0.2 g in the con t ro l s  and  in the carni-  
t ine- t rea ted  animals ,  n = 12 in all groups ,  P < 0.001). 

The  t r iacylglycerol  con ten t  of  the livers was  great ly  
increased  b y  the aminocarn,_'tine t r ea tmen t  (Tab le  I), so  
that  the  par t  o f  the  increased liver weigl-,t was  d u e  to 
a c c u m u l a t e d  tr iacylglycerols .  P l a sma  t r iacylglycerols  
were  a~so e leva ted  in the  aminoca rn i t ine  rats. P lasma  
choh.s terol  was  no t  a f fec ted ,  liver choles terol  was,  how-  
ever, lowered  ( -  16%) in the  aminoca rn i t i ne  rats  (Tab le  
!). 

Choles te ro l  synthes is  in the liver, assessed lay fol low- 
ing the inco rpora t ion  of  3 H 2 0  as well as ~4C-acetate 
in to  choles tero l  by  liver slices, was  in the aminocarn i -  
t ine- t rea ted  an imals  increased 5 - 7  fold ( P  < 0.005) in 
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T A B L E  1 

Ef fec t s  o f  cara t t ine  a n d  am~no-co~,~::~:~ Jn pla.~ma a n d  h c e r  hp ids  

C o n t e n t s  o f  t r i a cy lg fyce ro l  a n d  ct~olesterol  in t h e  l ivers  o f  r a t s  t r e a t e d  
wi th  e i t he r  0 .15  M NaC1.  1 -ca rn~ t ine  o r  a m i n o ,  c a r n i t i n e .  T h e  d a t a  o f  
the  p l a s m a  a r e  e x p r e s s e d  i~ . ~ M .  o f  t h e  l iver t o t a l  h e p a t i c  c o n t e n t  in 
/ . tmol is g i v e n .  T h e  p l a s m a  ~a~ues  a r e  t h e  m e a n s + - S . E ,  o f  t 2  r a t s  in 
e a c h  g r o u p  t h e  l iver value.-  o f  6 r a t s  in  e a c h  g r o u p  

T r e a t m e n t  T r i a c y l g l y c e r o i  Ch o l e s t e r c , ,  

0 .15 M N a C I  

C a r n i t i n e  

A m i n o c a r n i t i r ,  e 

P l a s m a  L ive r  P t a s m a  L iv e r  
~'mM~ (/a mo*~, , • . . .  

1 .5_+0.2  2 0 8 _ + 2 9  2 .6 : t :0 .1  9 6 + 4  

1 6__+0.1 1 6 7 ± 2 5  2 . 7 + 0 . 1  9 4 _ + 6  

6.0+--1.1 * *  8 4 7 + - 9 5  * *  2 . 7 ± 0 . t  8 1 - + 4  i' 

M e a n s + _ S . E  " d e n o t e s  a s t a t i s t~ca  ly s i g n i f i c a n t  d i f f e r e n c e  f r o m  the  
0.15 M N a C t  g r o u p  w i t h  P < 0 .025.  * * P < 0.001_ 

c o m p a r i s o n  to the o ther  g roups  (Table  ll).  H M G - C o A  
reduc tase  act ivi ty  was s ignif icant ly  ( P  < 0.001) e levated  
to the same  extent  as overal l  choles tero l  synthes is  (657 
± 61 p m o l / m g  pro te in  in the aminoca rn i t i ne  rats (n  = 
8!, 119_+ 14 p m o l / m g  pro te in  in the cont ro ls  ( n = 6 )  
and 176--+ 30 p m o t / m g  pro te in  in the carni t ine  rats 
(n  = 6) (Fig. 1). 

Thest. results  show that impa i rmen t  of  fat ty acid 
ox ida t ion  at tt~e level CPT,  great!y" s t imula tes  the 
choles tero l -synthes iz ing  cap,~city of  the liver. The  un- 
der ly ing mechan i sm is not  clear. O n e  poss ibi l i ty  is that  
by inhibi t ion of  the ox ida t ion  fa t ty  acid der ivat ives  
( acy l -CoA and acylcarn i t ine j  a c c u m u l a t e  and b e c o m e  
more  esterif ied.  In this way,  bes ides  t r iacylglyceroi  for- 
mat ion ,  choles terol  es ter  fo rma t ion  ma y  be increased.  
The  pool  of  H M G - C o A  reduct , , -e  :cgul-_ting non-  
ester if ied cholesterol  m a y  be lowered and the suppres-  
sion of  H M G - C o A  reduc tase  relieved. In c onc u r r e nc e  
with this idea. it a p p e a r e d  th,~t in vi , ro  in the amino-  
carn i t ine- t rea ted  rats. a much  l:.i-ger par t  of  the de 
ho rn - syn thes i zed  cholesterol  was esterif ied than in the 

T A B L E  I1 

Ef fec t  o f  c a r m t t n e  a n d  a m i n o - c a r r o t . h e  on h e p a t w  choles tero l  s )nthes~ ¢ 

C h o l e s t e r o l  s y n t h e s i s  w a s  d e t e r m i n e d  in l iver  .slices o f  ra t s  t r e a t e d  
wi th  e i t h e r  0 .15  M N a C I ,  l - c a r n i t i n e  o r  a m i n o c a r , ' t i n e .  ~ '~C-Aceta te  
a n d  3 H 2 0  i n c o r p o r a t e d  i n t o  d i g ~ t o n m - p r e c i p a t a b l e  s t e r o l s  ~,a.', d e -  
t e r m i n e d  in d i f f e r e n t  a n i m a l , .  T h e  d a t a  a r e  e x p r e s s e d  in d p m / g  l iver  

( m e a n s + _  S.E.)  

T r e a t m e n t  d p m  i n c o r p o r a t e d  i n t o  c h o l e s t e r o l  

14C-ace t a t e  3 H 2 0  

0 , t 5 M  N a C I  4 6 6 0 ±  4 9 0 ( 6 )  200+_ t 5 ~ 4 )  

C a r n i t i n e  4930+_ 970  (6 j  n .d .  

A m i n o c a r n i t i n e  2 3 5 1 0 _ + 2 0 3 0  (6)  * 1 4 7 0  4- 150 (4)  * 

~' d e n o t e s  a s t~ t i s l i caJ ly  s i g n i f i c a n t  d i f f e r e n c e  f r o m  th e  0, | 5 .  M NaC'I  
g r o u p  w i t h  P ~ 0 .005.  n . d_  n o t  d e t e r m i n e d  
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Fig. 1. Effects of aminocarnitine and carnitin¢ administration on 
HMG-CoA reductase activity in rat liver. HMG-CoA reductase in 
hepatic microsomes was determined as described under Methods (and 
in Ref. 15)r The activity of HMG-CoA reductase is expressed in 
pmol/min per mg microsomal protein (six controls and carnitine- 
treated, eight rats treated with aminocarnitine). Given are means + S.E. 
* denotes a significant difference from both other groups ( P  < 0.001). 

o t h e r  g r o u p s  ( T a b l e  I I I ) .  T h e  e n h a n c e d  e s t e r i f i c a t i o n  o f  
c h o l e s t e r o l  c o u l d  n o t  b e  e x p l a i n e d  b y  a c t i v a t i o n  o f  t h e  
a c y l - C o A  c h o l e s t e r o l  a c y l t r a n s f e r a s e ,  a s  the  a c t i v i t y  o f  
th i s  e n z y m e  w a s  n o t  s i g n i f i c a n t l y  a f f e c t e d  b y  t h e  t r e a t -  
m e n t  w i t h  a m i n o c a r n i t i n e  ( T a b l e  If) .  R a t h e r ,  in v i t r o ,  
t he  A C A T  a c t i v i t y  t e n d e d  to  b e  l o w e r  in t h e  a m i n o -  
c a r n i t i n e  g r o u p  in  c o m p a r i s o n  to  t he  o t h e r ,  e s p e c i a l l y  
t h e  e a r n i t i n e - t r e a t e d ,  a n i m a l s .  S i n c e  e n d o g e n o u s  
c h o l e s t e r o l  s e rves  a s  a s u b s t r a t e  fo r  t he  A C A T  r e a c t i o n ,  
in v i t r o  d i f f e r e n c e s  in c e l l u l a r  c h o l e s t e r o i  c o n t e n t  m a y  
b e  r e f l e c t e d  in t h e  m e a s u r e d  ac t i v i t y .  T h e  r e l a t i o n  b e -  
t w e e n  f a t t y  ac id  o x i d a t i o n  a n d  t r i a c y l g l y c e r o l  a n d  
c h o l e s t e r o l  s y n t h e s i s  h a s  b e e n  d e m o n s t r a t e d  in s e v e r a l  

TABLE III 

Effect o f  carnitiae and  aminocarni t iae on the format ion  o f  cholesterol- 
esters in rat liver 

The cholesterol esterification in the livers of rats treated with either 
0.15 M NaCI, l-carnitine or aminocarnitine was established Ivy mea- 
suring the ACAT activity and by determination of the percentage of 
the total de novo syntb,'~ized cbol,'sterol which was esterified in vitro. 
Cholesterol synthesis was followed by measuring '4C-acetate incorpo- 
ration. Data are ex~,res~ed as mean :1: S.E. (ACAT activity: 1 0 0 %  = 55.7 
mU,/g liver) 

T rea tm ent  ACAT activity t4C-eholesterol esterified 
(% of control) (% ~" .~otal synthesized) 

0.15 M NaCI (6) 1t30+5 16.3±:K7 

Cafnitine (6) 108 + 8 t 3.1 -t- 3.1 

Amino-carnitine (6) K ~ + 9 38.0 + 7,1 * 

* d e n o t e s  a statistically significant difference from the other group:. 
P < 0.001. 

ways .  A n  i n c r e a s e d  s u p p l y  o f  f a t t y  a c i d s  l e a d s  to  s t i m u -  
! a t i o n  o f  t he  e s t e r i f i c a t i o n  i n t o  t r i a c y l g l y c e r o l  a n d  
c h o l e s t e r o l  e s t e r s  a n d  i n d u c t i o n  o f  l i p o g e n i c  e n z y m e  
a c t i v i t i e s  [4]. T h e  e n h a n c e d  e s t e r i f i e a t i o n  o f  c h o l e s t e r o l  
m a y  resu l t  in a l o w e r i n g  o f  t he  r e g u l a t i n g  c e l l u l a -  n o n -  
e s t e r i f i e d  c h o l e s t e r o l  p o o l  a n d  to  s t i m u l a t i o n  o f  
cho l e~ : e ro l  s y n t h e s i s  [4]. A l s o ,  a c h a n ~ e  in  t h e  p a r t i t i o n  
o f  f a t t y  a c i d s  f r o m  t a t t y  a c i d  o x i d a t i o n  t o  e s t e r i f i c a t i o n ,  
as f o u n d  in the  o b e s e  Z u c k e r  r a t ,  is a c c o m p a n i e d  b y  
e n h a n c e d  t r i a c y l g l y c e r o I  a n d  c h o l e s t e r o l  s y n t h e s i s  [51. 
C o n v e r s e l y ,  i i ah ib i t i on  o f  t r i a c y i g l y c e r o l  s y n t h e s i s  leae '~  
to  a n  i n c r e a s e d  c o n v e r s i o n  o f  f a t t y  a c i d s  t o  k e t o n e  
b o d i e s  [6]. O u r  r e s u l t s  f i t  we l l  in t h e  c l o s e  r e l a t i o n  
b e t w e e n  f a t t y  a c i d  o x i d a t i o n  a n d  l i p o g e n e s i s .  T h e  in-  
c r e a s e d  H M G - C o A  r e d u c t a s e  a c t i v i t y  a f t e r  a m i n o -  
c a r n i t i n e  d i d  n o t  r e s u l t  in a n  e l e v a t i o n  o f  l i ve r  o r  
p l a s m a  c h o l e s t e r o l .  T h i s  is p r o b a b l y  d u e  t o  a d e f i c i t  o f  
s u b s t r a t e  ( a c e t y l - C o A )  f o r  c h o l e s t e r o l  s y n t h e s i s  d u r i n g  
a m i n o c a r n i t i n e  t r e a t m e n t  in s i tu ,  a s  r e f l e c t e d  in  a 5 0 %  
d e c r e a s e  in t h e  p l a s m a  k e t o n e  b o d y  ( f l - h y d r o x y b u t y r i c  
ac id )  c o n c e n t r a t i o n  a f t e r  a m i n o c a r n i t i n e  t r e a t m e n t  
( C o n t r o l s  1.28 + 0 .08  m M ,  a m i n o c a r n i t i n e  0 .66  ± 0 .03  
m M ,  c a r n i t i n e  1.58 ___ 0 .16  ( m e a n s  + S .E . ,  n ---- 8 f o r  a l l  
g r o u p s ) )  [9]. I n  c o n t r a s t ,  i f  d e t e r m i n e d  in  v i t ro ,  o v e r a l l  
c h o l e s t e r o l  s y n t h e s i s  w a s  i n c r e a s e d  in  t h e  l i ve r s  o f  
a m i n o c a r n i t i n e - t r e a t e d  r a t s .  T h e  a v a i l a b i l i t y  o f  a c e t y l -  
C o A  u n d e r  t h e s e  c o n d i t i o n s  w a s  n o t  l i m i t e d  a s  g l u c o s e  
(11 r a M )  w a s  a d d e d  to  t h e  i n c u b a t i o n  m i x t u r e .  T h i s  
m e a n s  tha t ,  in  v i v o ,  u n d e r  c o n d i t i o n s  w h e r e  s u b s t r a t e  
s u p p l y  is s u f f i c i e n t ,  l o w e r i n g  o f  C P T  a c t i v i t y  m a y  l e a d  
to  c h o l e s t e r o l  a c c u m u l a t i o n .  T h e  s a m e  h o l d s  f o r  c o n d i -  
t i ons  t h a t  c h o l e s t e r o l  is a v a i l a b l e  f r o m  a s o u r c e  o t h e r  
t h a n  d e  n o v o  s y n t h e s i s ,  s u c h  as  t h e  d ie t .  I n  th i s  r e s p e c t ,  
it is o f  i n t e r e s t  t o  n o t e  t h a t  d u r i n g  t h e  f e e d i n g  o f  a 
c h o l e s t e r o l - e n r i c h e d  d i e t  o f  g o l d e n  h a m s t e r ,  C P T  a c t i v -  
i ty  w a s  f o u n d  to  b e  d e p r e s s e d  ( J a n s e n ,  H . ,  u n p u b l i s h e d  
d a t a ) .  T h i s  , n a y ,  in  t he  l i gh t  o f  o u r  p r e s e n t  r e su l t s ,  
c o n t r i b u t e  to  t he  d e v e l o p m e n t  o f  h y p e r c h o l e s t e r o l e m i a  
in  t h e s e  a n i m a l s .  O u r  r e s u l t s  d e m o n s t r a t e  t h a t  t h e  
c h o l e s t e r o l  s y n t h e s i z i n g  c a p a c i t y  a n d  C P T  a c t i v i t y  a n d  
c l o s e l y  m e t a b o l i c a l l y  i n t e r r e l a t e d .  T h i s  is  o f  i m p o r t a n c e  
in e v a l u a t i n g  t h e  e f f e c t  o f  d i e t s  a n d  d r u g s  o n  c h o l e s t e r o l  
h o m e o s t a s i s .  

S i g m a  T a u  ( R o m e )  is a c k n o w l e d g e d  f o r  f i n a n c i a l  
he lp ,  D r .  F.  M a c c a r i  f o r  t h e  g i f t  o f  a m i n o c a r n i t i n e  a n d  
Prof .  H . R .  S c h o i t e  f o r  h e l p f u l  d i s c u s s i o n s .  I n a  g a l k -  
m a n ,  M r s .  L i l i a n  W e e k s ,  M r s .  N i e o l e  W o u t e r s  a n d  M r s .  
El ly  d e  W i t  h a v e  c o n t r i b u t e d  w i t h  e x c e l l e n t  t e c h n i c a l  
a s s i s t a n c e .  
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