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Summary. L-Carnitine, L-(—)-/-hydroxy-y-trimethylaminobutyrate, plays an important role as a fac-
tor necessary for the transport of long-chain fatty acids into the mitochondria. In order to investigate
the influence of L-carnitine on hyperlipidaemias, the experimental model of the sucrose-induced
hypertriglyceridaemia of the rat was used. In these experiments L-carnitine in the dose of 11 mg per
day and 100 g body weight (over the period of 1 week) was able to antagonize the sucrose-induced
hypertriglyceridaemia and the increase of serum free fatty acid level in female rats of the Wistar strain.
Carnitine administration did not change the activities of lipogenic enzymes and fatty acid synthesis in
the liver. However, L-carnitine increases the rate of hepatic fatty acid oxidation. Our results indicate a
hypotriglyceridemic and free fatty acid lowering effect of L-carnitine, and suggest the use of this
compound in the therapy of hyperlipidaemias.
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Introduction

L-Carnitine, L-(—)-3-hydroxy-~-trimethylaminobutyrate, plays an important role
in fatty acid metabolism. The main biological function of carnitine is the transport
of fatty acids through the inner mitochondrial membrane to sites of (3-oxidation in
the mitochondrial matrix.

Various investigations have clearly demonstrated that carnitine deficiency
occurs both in classical genetic human carnitine deficiencies and in a number of
other commonly occurring diseases [1—4]. Some findings suggested that carnitine
may be useful not only in the treatment of hypertriglyceridaemia and muscle
carnitine deficiency induced during haemodialysis in uraemic patients [5—7], but
also in other hyper- and dyslipidemic disorders [8—10]. Because of its function in
fatty acid metabolism, carnitine has been considered as therapeutic agent in the
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treatment of hyperlipidaemias. Clinical investigations indicate that carnitine may
be useful in the treatment of hyperlipoproteinaemias.

Marked effects in hypertriglyceridemic patients were observed [9—12]. Several
animal models of hyperlipoproteinaemia were used to clarify mechanisms of
carnitine effects on lipoprotein metabolism. It is speculated that carnitine admin-
istration, by promoting beta-oxidation, lowers synthesis of very low density lipo-
proteins in rat fed olive oil [13, 14]. In this animal model carnitine significantly
decreased the concentrations of triglycerides, cholesterol, phospholipids, and free
fatty acids in plasma. In rats administered with a 30% corn oil diet, simultaneous
application of carnitine reduced serum triglyceride and cholesterol concentrations.
Furthermore the lipid concentrations in liver were lowered under the conditions of
high-fat diet [15]. Experimental investigations with rat hepatocyte cells indicated
that L-carnitine affects the cholesterol metabolism through an inhibition of 3-
hydroxy-3-methyl-glutaryl-CoA reductase activity concomitant with an increased
(125J) LDL binding to the hepatocytes [16, 17]. In rabbits as a good model of diet
induced hyperlipoproteinaemia early atherosclerotic lesions are developed. It was
seen that administration of L-carnitine to rabbits fed a high fat-diet decreased
plasma cholesterol and triglyceride levels and reduced the extent of liver steatosis.
A lowering of total plasma triglycerides, very low density lipoprotein triglycerides
and intermediate density lipoprotein triglycerides under the influence of propionyl-
L-carnitine treatment was also observed in rabbits that received a hyperlipidemic
cholesterol-rich diet. These investigations also showed that long-term oral propio-
nyl-L-carnitine administration was associated with a reduction of plaque cell pro-
liferation and a reduction of the severity of aortic atherosclerotic lesions [18, 19].

In order to investigate the influence of carnitine on hypertriglyceridemias the
experimental model of carbohydrate-induced hypertriglyceridaemia was used,
especially the sucrose-induced hyperlipoproteinaemia. It was the aim of the present
investigations to study the effects of L-carnitine on parameters of lipid metabolism
in serum on the activities of hepatic lipogenic enzymes, on fatty acid synthesis and
on hepatic fatty acid oxidation in normal and sucrose-fed female Wistar rats.

Results and Discussion

A high intake of dietary sucrose leads to a significant increase of plasma triglycer-
ide and free fatty acid concentrations. The hyperlipidemic effect of sucrose is
associated with the intense conversion of fructose to fatty acids and triglycerides
in the liver. It has been shown that dietary sucrose increases the activities of several
lipogenic liver enzymes, among others citrate cleavage enzyme, malic enzyme,
glucose-6-phosphate dehydrogenase, and 6-phosphogluconate dehydrogenase.
Therefor, the sucrose-rich alimented rat is a good model with respect to the endog-
enous carbohydrate-induced hypertriglyceridaemia [21, 22]. This model was used
to test mechanisms of the influence of carnitine on blood lipid levels. In view of the
question whether exogenous carnitine does not only effect fatty acid oxidation but
also other metabolic pathways, the activities of lipogenic liver enzymes and the
rate of hepatic fatty acid synthesis were measured.

The administration of L-carnitine does not change the basal serum triglyceride
levels significantly. Under the conditions of the sucrose-rich diet the well-known
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Fig. 1. Serum triglyceride levels under the influence of sucrose-rich diet and L-carnitine (n =36
female rats of the Wistar strain in each experimental group, average values =+ standard error,
p =probability of error of the significance)

increase of serum triglyceride levels can be seen. L-Carnitine antagonizes this
sucrose effect (Fig. 1).

The L-carnitine supplementation does not change the basal serum free fatty
acid levels significantly. The effect of carnitine with and without sucrose-rich diet
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Fig. 2. Serum free fatty acid concentration under the conditions of sucrose-rich diet and L-carnitine
(n=15 female rats of the Wistar strain in each experimental group, average values =+ standard error,
p =probability of error of the significance)



1504 F. Rassoul et al.

on the level of free fatty acids is shown in Fig. 2. Serum free fatty acid concentra-
tions in the carnitine plus sucrose group were significantly lower (p <0.05) when
compared with the sucrose-rich diet group.

Furthermore, the activities of the lipogenic liver enzymes, citrate cleavage
enzyme, malic enzyme, glucose-6-phosphate dehydrogenase, and 6-phosphogluco-
nate-dehydrogenase were determined in order to study a possible effect of carnitine
on these enzymes. Carnitine does not change the activities of these lipogenic
enzymes. Under the conditions of a sucrose-rich diet the activities of these
lipogenic enzymes increased two-fold, but carnitine had no further effect (Figs. 3
and 4).

Under the conditions of sucrose-rich diet not only the activities of lipogenic
liver enzymes are elevated but also the rate of fatty acid synthesis was studied
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Fig. 3. Activities of lipogenic liver enzymes (citrate cleavage enzyme and malic enzyme) and the
influence of sucrose-rich diet and L-carnitine (mean =+ standard error, number of the animals in the
experimental groups n=136)
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Fig. 4. Activities of lipogenic liver enzymes (glucose-6-phosphate dehydrogenase and 6-phospho-
gluconate dehydrogenase) and the influence of sucrose-rich diet and L-carnitine (mean =+ standard
error, number of the animals in the experimental groups n =36)
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Fig. 5. Synthesis of fatty acid in liver palmitic acid (PA) equivalents — under the effects of sucrose
rich diet and carnitine (mean =+ standard error, n =23 of animals in each group)

(Fig. 5). Sucrose feeding results in a significant increase of the rate of fatty acid
synthesis. However, carnitine has no effect on sucrose induced elevation of fatty
acid synthesis.

The increase of activities of lipogenic liver enzymes and the rise in velocity of
fatty acid synthesis under the influence of sucrose-rich diet leads to the hypertri-
glyceridaemia in the rat. It can be concluded that carnitine administration does not
change the lipogenic state of the liver.
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Fig. 6. Oxidation of palmitate of liver-['*C] CO, production — under the effect of sucrose rich diet
and L-carnitine (mean = standard error, n =23 of animals in each group)
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Carnitine increases the rates of hepatic fatty acid oxidation (p<0.01). An
elevated oxidation of [14C]—palmitate was also seen under the conditions of com-
bined carnitine and sucrose administration (Fig. 6).

The present results show that L-carnitine counteracts the carbohydrate —
induced hyperlipidaemia. A high intake of dietary sucrose increases the blood
triglyceride and free fatty acid concentration. The hyperlipidemic effect of sucrose
is associated with the intense conversion of fructose to fatty acids and triglycerides
in the liver. The sucrose-rich alimented rat is a good model with respect to the
endogenous carbohydrate-induced hypertriglyceridaemia. This model was used in
order to test mechanisms of the influence of carnitine on blood lipid levels. In view
of the question whether exogenous carnitine effects not only fatty acid oxidation
but also other metabolic pathways, the activities of lipogenic liver enzymes were
measured. According to our results, the activities of citrate cleavage enzymes,
malic enzyme, glucose-6-phosphate dehydrogenase, and 6-phosphogluconate de-
hydrogenase are increased under the conditions of sucrose-rich diet. L-Carnitine
has no effect on these enzyme activities and it can be concluded that carnitine
administration does not change the lipogenic capacity of the liver, but an increased
rate of fatty acid oxidation was found. The latter seems to be the primary mecha-
nism of the counteraction of L-carnitine also under the conditions of sucrose-
induced hyperlipidaemia.

Several studies suggested that carnitine may be useful in the treatment of hyper-
triglyceridaemia and muscle carnitine deficiency states induced during haemodi-
alysis. Type IV hyperlipidaemia of patients on dialysis is reversed by carnitine
therapy [10, 23]. According to Ramacci et al. [24] carnitine counteracts triglyceride
and cholesterol accumulation in the liver, which is closely related to the sucrose-
induced hypertriglyceridaemia of the rat. Furthermore, L-carnitine could reduce
serum triglycerides only in hypertriglyceridemic patients [9]. Our investigations
extend these observations with regard to the model of the sucrose-induced hyperlip-
idaemia and show that lipogenic liver enzymes are not influenced. However, the rate
of fatty acid oxidation is increased. This is in accordance with clinical studies which
demonstrated that oral L-carnitine supplementation results in an increase in long-
chain fatty acid synthesis in subjects without carnitine deficiency [25].

The carnitine dose per body mass used in our animal experiments corresponds
to the 2-3 fold used in clinical studies. According to our results, exogenous L-
carnitine is able to regulate the metabolism of fatty acids by facilitating their
intramitochondrial oxidation also under the conditions of carbohydrate-induced
hyperlipidaemia. The most important result of our study is the triglyceride low-
ering effect of L-carnitine under the conditions of a sucrose-rich diet. We suggest
the use of this physiological compound in the therapy of hypertriglyceridaemias.

Experimental

Female Wistar rats weighing ca. 300 g and fed a standard pellet diet were used. To test the effect of L-
carnitine, the animals were divided into a control and 3 experimental groups. The control groups
received standard food and drinking water ad libitum. The second group received standard food and L-
carnitine in the drinking water (11 mg per day and 100 g body weight) over the period of 1 week. The
third group was given standard food and a 10% sucrose in drinking-water, and the fourth group of
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animals received sucrose combined with L-carnitine. The sucrose intake was around 30% of the total
energy uptake and the daily energy intake was balanced between the different groups.

The rate of palmitate oxidation (fatty acid oxidation) in the liver was measured with [*C)-
palmitate [26]. Synthesis of fatty acid (palmitic acid equivalents) in the liver was determined with
the Tritium water method [27]. The determination of lipogenic enzymes in the supernatant of liver
homogenate was carried out with the optical test in the kinetic analyser (LKB Producter AB, Bromma
Sweden): citrate cleavage enzyme (EC 4.1.3.8), malic enzyme (EC 1.1.1.38), glucose-6-phosphate
dehydrogenase (EC 1.1.1.49), and 6-phosphogluconate dehydrogenase (EC 1.1.1.43). Serum triglycer-
ides and free fatty acids were assayed by enzymatic kits (CHOD-PAP method, Boehringer Mannheim,
Mannheim, Germany). The statistical analysis was carried out with the U-test by Mann and Whitney.
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