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Innhibition of carnitine palmitoyltransferase leads to induction of
3-hydroxymethylglutaryl coenzyme A reductase activity in rat liver
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The relation between carnitine palmitovitransferase (CPT) activity and 3-hydroxy-3-methyiglutaryl coenzyme A
(HMG-CoA) reductase activity was investigated. Rats were treated with aminocarnitine or I-carnitine overnight. In rats,
in which CPT activity was inhibited by aminocarnitine, plasma and hepatic triacylglycerol contents were increased 5- to
6-fold. The plasma cholesterol concentration was unchanged, while the hepatic cholesterol content was lowered (— 16%).
Hepatic cholesterol synthesis, determined by following the incorporation of C-acetate and *H ;O into digitonin-pre-
cipitable sterols, in liver slices was increased 5- to 7-fold. HMG-CoA reductase activity in liver microsomes 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 cholestero! synthesis [1,2). The z.nount of
enzyme and its activity is controlled by several mecha-
nisms at different levels [3]. Fatty acid-oxidation and
-esterification and cholesterol synthesis are closely re-
lated by different mechanisms [4—6]. This 1s of interest
as several hypolipidemic drugs are krown to affect fatty
acid metabolism. Fibrates, for example, induce prolifer-
ation to peroxisomes and stimulate peroxisomal fatty
acid oxidation [7,8). 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 a,-blockade [10). The lowering of the cholesterol
revel conid be exnlained by a diminished rate of hepaitic
choieater ! synthesis. However, since a,-blockade also
decreases hepatic (and plasma) triacylglycerols, ad-
ditional mechanisms must be operative. In preliminary
experiments, we found thai a,-blockade increased
carnitine palmitoyltransferase (CPT} activity (Jansen,
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H.. unpublished data), which could lead to a more
effective fatty acid oxidation. Indeed, Woodside and
Swindell [11] demonstrated, that a,-blockade stimulates
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 n-
vestigated whether inhibition of CPT activity may di-
rectly affect cholesterol svnthesis and, more specifically,
HMG-CoA 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-
carnitine (15 mg- kg bodyweight), an inhibitor of the
carnitine palmitoyltransferase (CPT) reaction [12}, L-
carnitine (140 mg/kg Lody weight) or .15 M NacCl
(Controls). The rats were fasted overnight and killed the
next morning by decapitation. Cholesterol synthesis was
determined by following the incorporation of '*C-acetate
and 3H20 into digitonin-precipitable sterols. Part of the
livers (about 200 mg) was immediately incubated for 90
min at 37°C in a glass counting vial under an O,/CO,
(95,/5%) atmosphere in 2 mi Krebs-Ringer bicarbonate
buffer (pH 7.4) containing 11 mM glucose and 2.5 mCi
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’H,0. The formed, “H-labelled, cholesterol was isolated
as digitonin-precipitable sterols (as described in Ref.
13). In some experiments the 3H20 was replaced by 1
mM "C-acetate (1 Ci/mol). In these experiments, '*CQ,
generated was trapped in a plastic reaction vessel con-
taining filter paper soaked with 100 pl Hyamine hy-
droxide (Packard, Warrenville, U.S.A.). The “C-acetate
incorporated into cholesterol was determined as dig-
itonin-precipitable sterols or, in some experiments,
non-esterified cholesterol and cholesterol-esters were
determined secparately. In these experiments the lipids
were extracted from the incubation medium and
cholesterol was separated from cholesterol ester by
thin-layer chromatography [14]. The contribution of
¥ C-fatty acids to the radioactivity in the cholesterol
esters was determined in the livers of rats treated with
either 0.15 M NaC!, aminocarnitine or carnitine after
saponification of the cholesterol esters and separation
of the cholesterol and fatty acids by thin-layer chro-
matography. It appeared that '*C-fatty acids contrib-
uted for 43 + 2% (mean + S.E.. n = 18) to the radioac-
tivity in the cholesterol esters. There was no significant
difference in ihis percentage between the different treat-
ment groups. For each animal the percentage of de
novo synthesized cholesterol which was esterified was
calculated. HMG-CoA reductase activity was de-
termined in liver microsomes after dephosphorylation.
as described by Balasubramaniam et al. [15]. Acyl-CoA
cholesterol acyltransferase (ACAT) activity was de-
termined in liver homogenates as described by Erickson
and Cooper [16]. Liver and plasma lipids and plasma
3-hydroxybutyrate were determined with enzymatic
methods (Testkit combinations (Boehringer Mannheim,
Mannheim, F.R.G.). All results were expressed as
means %+ S.E. The statistical significance of differences
be‘ween groups was evaluated with the unpaired Stu-
dent’s s-test.

The bodyweights of the rats was not affected by
either treatmeni, controls 235+ 6 g (n = 12). carniune
rats 234 + 5 (n = 12) a~d aminocarnitine ra.s 234 + 4 g
{n=12). The liver weig, was increased by the aminc-
carnitine treatment (8.6 + 0.2 g after aminocarnitine
treatment, 7.4 + 0.2 g in the controls and in the carni-
tine-treated animals, » = 12 in all groups, P < 0.001).

The triacylglycerol content of the livers was greatly
increased by the aminocarnitine treatment (Table 1), so
that the part of the increased liver weight was due to
accumulated triacylglycerols. Plasma triacylglycerols
were aiso elevated in the aminocarnitine rats. Plasma
cholcsterol was not affected, liver cholesierol was, how-
ever, lowered { — 156%) in the aminocarnitine rats (Table
D).

Cholesterol synthesis in the liver, assessed by follow-
ing the incorporation of 3 H,O as well as C-acetate
into cholesterol by liver slices, was in the aminocarni-
tine-treated animals increased 5-7 fold (P < 0.005) in

TABLE 1
Lffects of carmitine and anuno-carsiiine o plasma and heer lipids

Contents of triacylglycerol and cholesterol in the livers of rats treated
with either 0.15 M NaCl, l-carnitine or aminocarnitine. The data of
the plasma are expressed in mM, of the liver total hepatic content in
gmol is given. The plasma sajues are the means+ S.E. of 12 rats in
each group. the liver values of 6 rats in each group

Treatment Trnacviglycerol Cholestero.
Plasma Liver Plasma Liver
{(mM) {umot, -,
0.1SMNaCl  15+02 208 + 29 26401 9%+4
Carnitine 16+01 167 + 25 27+01 9416

Aminocarnitinve 60+11** 847+95** 27401 Bl+4 ™

Means+ S.E. * denotes a statistically significant difference from the
0.15 M NacCti group with P < 0.025. ** P < 0.001.

comparison to the other groups (Table 1I). HMG-CoA
reductase activity was significantly ( P < 0.001) elevated
to the same extent as overall cholesterol svnthesis (657
+ 61 pmol,/mg protein in the aminocarnitine rats (n =
&), 119 + 14 pmol/mg protein in the controls (n = 6)
and 176 + 30 pmol/mg protein in the carnitine rats
{n=26) (Fig. 1).

These results show that impairment of fatty acid
oxidation at tue level CPT, greatly stimulates the
cholesterol-synthesizing capacity of the liver. The un-
derlying mechanism is not clear. One possibility is that
by inhibition of the oxidation fatty acid derivauves
(acyl-CoA and acvlcarnitine) accumulate and become
more esterified. In this way, besides triacylglycerol for-
mation. cholesterol ester formation may be increased.
The pool of HMG-CoA reducte~¢ icgulating non-
esterified cholesterol may be lowered and the suppres-
sion of HMG-CoA reductase relievad. In concurrence
with this idea. it appeared th.t in viiro in the amino-
carnitine-treated rats. a much laiger part of the de
novo-synthesized cholesterol was esterified than in the

TABLE 11
Effect of carmitine and amino-carni=ne on hepatic cholesterot synthesis

Cholesterol synthesis was determined in liver slices of rats treated
with either 0,15 M NaCl, 1-carnitine or aminocarn-tine, '*C-Acetate
and 3HZO incorporated into digitonin-precipitable sterols was de-
termined in different animal.. The data are expressed in dpm/g liver
{means + S.E.)

Treatment dpm incorporated into cholesterol
“C-acetaie 3H2()

0.15 M NacCl 4660+ 490 (6) 200+ 15(4)

“arnitine 4930+ 970¢6) n.d.

Aminocarnitine 2351042030 (6) * 1470+ 150 ¢4 *

* denotes a statistically significant difference from the 0.15. M Na(l
group with P < 0.005. n.d.. not determined.
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Fig. 1. Effects of aminocarnitine and carnitine 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). 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).

other groups (Table 1I1). The enhanced esterification of
cholesterol could not be explained by activation of the
acyl-CoA cholesterol acyltransferase, as the aciivity of
this enzyme was not significantly affected by the treat-
ment with aminocarnitine (Table II). Rather, in vitro,
the ACAT activity tended to be lower in the amino-
carnitine group in comparison to the other, especially
the carnitine-treated, animals. Since endogenous
cholesterol serves as a substrate for the ACAT reaction,
in vitro differences in cellular cholesieroi content may
be reflected in the measured activity. The relation be-
tween faity acid oxidation and triacylglycerol and
cholesterol synthesis has been demonstrated in several

TABLE IiI

Effect of carnitine and aminocarnitine on the formation of cholesterol-
esters in rat liver

The cholesterol esterification in the livers of rats treated with either
0.15 M NaCl, 1-carnitine or aminocarnitine was established by mea-
suring the ACAT activity and by determination of the percentage of
the total de novo synihesized cholesterol which was esterified in vitro.
Cholesterol synthesis was followed by measuring 4C.acetate incorpo-
ration. Data are exyres<ed as mean + S.E. (ACAT activity:100% = 55.7
mU /g liver)

Treatment ACAT activity  '“T-cholesterol esterified
(% of control) (% <" rotal synthesized)

0.15 M NaCl (6) 100+ 5 163+ 3.7

Carnitine (6) 108+8 13.1+3.1

Amino-carnitine (6) 8’+9 380+71*

* denotes a statistically significant difference from the other group:.
P < 0.001.

ways. An increased supply of fatty acids leads to stimu-
lation of the esterification into triacylglycerol and
cholesterol esters and induction of lipogenic enzyme
activities {4]. The enhanced esterification of cholesterol
may result in a lowering oi the regulating cellulz- non-
esterified cholestercl pool and to stimulation of
chole<terol synthesis [4]. Also, a change in the partition
of fatty acids from tauy acid oxidation to esterification,
as found in the obese Zucker rai, is accompanied by
enhanced triacylglycerol and cholesterol synthesis [5].
Conversely, inhibition of triacyiglycerol synthesis leacs
to an increased conversion of fatty acids to ketone
bodies [6]. Qur results fit well in the close relation
between fatty acid oxidation and lipogenesis. The in-
creased HMG-CoA reductase activity after amino-
carnitine did not result in an elevation of liver or
plasma cholesterol. This is probably due to a deficit of
substrate (acetyl-CoA) for cholesterol synthesis during
aminocarnitine treatment in situ, as reflected in a 50%
decrease in the plasma ketone body ( 8-hydroxybutyric
actd) concentration after aminocarnitine treatment
(Controls 1.28 + 0.08 mM, aminocarnitine 0.66 + 0.03
mM, carnitine 1.358 + 0.16 (means + S.E., n =8 for all
groups)) [9]). In contrast, if determined in vitro, overall
cholesterol synthesis was increased in the livers of
aminocarnitine-treated rats. The availability of acetyl-
CoA under these conditions was not limited as glucose
(11 mM) was added to the incubation mixture. This
means that, in vivo, under conditions where substrate
supply is sufficient, lowering of CPT activity may lead
to cholesterol accumulation. The same holds tor condi-
tions thai cholesiercl is available from a source other
than de novo synthesis, such as the diet. In this respect,
it is of interest to note that during the feeding of a
cholesterol-enriched diet of golden hamster, CPT activ-
ity was found to be depressed (Jansen, H., unpublished
data). This .nay, in the light of our present results,
contribute to the development of hypercholssterolemia
in these animals. Our results demcnstraie that the
cholesterol synthesizing capacity and CPT activity and
closely metabolically interrelated. This is of importance
in evaluating the effect of diets and drugs on cholesterol
homeostasis.
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