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RESUMEN:

El presente estudio tiene como objetivo investigar si el efecto hipocolesterolémico de la suplementacién L-
carnitina esta relacionado con el metabolismo de los acidos grasos de las lipoproteinas. Los cambios en la
composicion de acidos grasos y el contenido de colesterol fueron medidos en las lipoproteinas de seis grupos
diferentes de conejos, grupo 1, dieta estandar, grupo 2, dieta estandar mas L-carnitina 80 mg/kg, grupo 3, dieta
estandar mas 0,5 % de colesterol, grupo 4, dieta estandar y 0,5 % de colesterol mas L-carnitina 80 mg/kg durante
126 dias. Los grupos 5 y 6 fueron alimentados con la misma dieta del grupo 4 en un periodo previo de 126 dias, y
después de este tiempo, el grupo 5 fue alimentado con una dieta igual al grupo 1y el grupo 6 fue alimentado con
una dieta igual al grupo 2 durante 65 dias.

Sin embargo, la progresion de la hipercolesterolemia fue reducida un 50 % por la administracién de la L-carnitina
en aquellos animales alimentados con dieta de colesterol. Cambios en la composicion de acidos grasos en los
esteres de colesterol de las lipoproteinas fueron encontrados en todos los grupos de animales alimentados con
L-carnitina. Durante el periodo de alimentacion estandar, la relaciéon de acidos grasos saturados/insaturados fue
disminuida en la LDL e incrementada en las particulas de HDL y VLDL. En el periodo de progresion de la
hiperlipidemia la relacién acidos grasos saturados/insaturados fue ligeramente incrementada en la HDL y en la
VLDL+LDL fue disminuida. En el periodo de regresion de la hiperlipidemia los niveles de colesterol plasmaticos
fueron reducidos en un 33 % en el grupo; y la relacion saturados/insaturados tuvo el mismo incremento que el
observado en el periodo de progresion de las particulas HDL y VLDL+HDL. Ademas, se encontré en el grupo 6
una marcada reduccion del 75 % de la placa ateroscleroética de la aorta. Se concluye que la L-carnitina,
contribuye al mejoramiento del metabolismo de las lipoproteinas.
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ABSTRACT

The present study was designed to examine whether the hipocholesterolemic effect of L-carnitine
supplementation is related with lipoprotein fatty acid metabolism. Fatty acid compositional and cholesterol
content changes were measured in lipoproteins of six different groups of rabbits. Group 1, rabbits fed a standard
diet; group 2, rabbits fed standard diet plus L-carnitine 80 mg/kg bw; group 3, rabbits fed a 0.5 % cholesterol diet;
group 4, rabbits fed a 0.5 % cholesterol diet plus L-carnitine 80 mg/kg b.w. These four groups were fed their diets
during 126 days. Group 5 and 6 were fed the same diet as group 4 in a previous period of 126 days, and after this
time, group 5 was fed the same diet as group 1, and group 6 fed the same diet as group 2, during a second period
of 65 days.

However, the progression of hypercholesterolemia was reduced 50 % by L-carnitine administration in those
animals fed cholesterol diet. Fatty acid compositional changes in lipoprotein-cholesteryl esters were found in all
groups of animals supplemented with L-carnitine. During the standard-fed period the saturated and unsaturated
fatty acid ratio was increased in VLDL and HDL particles whereas was decreased in LDL. In the hyperlipidemia
progression period the saturated to unsaturated fatty acid ratio in HDL fraction was slightly enhanced and in the
VLDL+LDL modified particle was diminished. In the hyperlipidemia regression period, plasma cholesterol level
was additionally reduced in a 33 % in the group 6; and the saturated to unsaturated fatty ratio had the same
behaviour from that observed in the progression period for HDL and VLDL+LDL particles. A remarkable reduction
(75%) of aorta atherosclerotic plaques in the group 6 was found. From these results we concluded that L-
carnitine, in this experimental model, induces an improved lipoprotein metabolism.

Key Words: L-carnitine; lipoproteins, cholesterol, rabbits, fatty acids.

INTRODUCTION

L-carnitine (B-hyydroxy-g-trimethylamino butyrate) has been described as a conditionally essential nutrient for
human? and animals2. About 75 % of the carnitine source for the body stores comes from the diet. In man the
liver and the kidney synthesize the remaining 25 % from the immediate precursor gamma butyrobetaine3. 4,

L-carnitine is a quaternary amine which has different biological roles including: mitochondrial long-chain fatty
acid oxidation, activation of aerobic glycolisis, enhancement of respiratory chain function, buffering of the
mitochondrial acyl CoA/CoA couple, scavenger system for acyl groups peroxisomal fatty acid oxidation,
branched amino acid metabolism, membrane stabilization, and donor of acetyl groups for biosynthesis5.
Carnitine in blood is much less concentrated than in tissues. Consequently carnitine, either introduced in the diet
or synthesizes de novo in the liver and kidney, must be actively concentrated from the blood into fatty acid
metabolizing organs®.

In previous experiments it has been demonstrated that L-carnitine administration is capable of reducing
hyperlipidemia after fat diet feeding?: 8. Supplementation of L-carnitine derivatives to hyperlipidemic rabbits
induces a marked lowering of plasma triglycerides, very low density lipoproteins (VLDL) and intermediate density
lipoproteins (IDL) triglycerides, while plasma cholesterol is slightly and transiently reduced along with a
reduction of aortic plaque thickness and extend®. The administration of L-carnitine in patients with type IV
hyperlipoproteinemia increases carnitine and decreases triglycerides plasma levels10-13, Changes in the VLDL
transport and not in lipoprotein metabolism has been proposed as the main mechanisms for lipid-lowering effect
of L-carnitine in the hyperlipidemic rabbits14. However, other authors have stated that L-carnitine and its
derivatives can stimulate the B-oxidation of fatty acids that finally results in a strong control over the plasma lipid
resulting in a decrease in the aortic plaque of this animal model®. In a previous paper we have suggested that the
effect of L-carnitine in this experimental model could be associated with increased systemic breakdown of
cholesteryl esters, a probable increase in reverse cholesterol transport, and the stabilization of a phospholipid-
based structure of the abnormal VLDL + LDL particlesS.

To elucidate whether lowering-lipid effect of L-carnitine is related with lipoprotein fatty acids metabolism, we
examine the effect of L-carnitine treatment on fatty acid change in plasma lipoproteins during rabbit
hyperlipidemia progression and regression periods.

MATERIALS AND METHODS

Animals and diets

Male New Zealand rabbits (2.5-3 kg.) were used in all experiments. Rabbits were fed with 100 g daily of a standard
rabbit chow (Alimentos Protinal C.A., Valencia, Venezuela) with a partial composition of 19 % of crude protein
(minimal), 2% of crude fat (minimal), 10% of crude staple (maximum) and 40% of free nitrogen extracts (minimal),
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and water "ad libitum". The cholesterol diet consisted of the same chow supplemented with 0.5% Cholesterol
(Sigma Company, 95% of purity), dissolved in 5% of corn oil containing 15% of saturated fatty acids and 85 % of
unsaturated fatty acids approximately, (Mazeite, Refinadora de Maiz Venezolana C.A., Aragua, Venezuela); by
kilogram of chow. The L-carnitine (Laboratory Elmor S.A., Caracas, Venezuela) was supplied slowly by oral route
through the use of a stainless steel cannula after overnight fasting. Sodium penthothal (Laboratorios Abbot,
Caracas, Venezuela), was employed intravenously to anesthetize animals. The experimental protocols used in the
present study conformed to accepted standards; define by the Bioethics Commission of the Venezuelan Institute
for Scientific Research.

After an initial adaptation period, rabbits were randomized and separated into six groups: group 1, six rabbits fed
a normal diet; group 2, six rabbits fed a normal diet plus L-carnitine in a daily dose of 80 mg/kg of corporal
weight; group 3, six rabbits fed the cholesterol diet; group 4, six rabbits fed the cholesterol diet plus L-carnitine
(80 mg/kg); group 5, six rabbits fed the normal diet during 65 days post 126 days cholesterol diet administration;
group 6, six rabbits fed the normal diet plus L-carnitine (80 mg/kg) during 65 days post 126 days cholesterol diet
administration.

Lipoprotein isolation

Blood samples were taken from marginal ear vein at day 0, after 126 days (groups 1 to 4) and at 191 days (groups
5 and 6). Blood cells were removed by centrifugation at 2 000 g for 20 min and plasma from animals of each
group was pooled. The lipoproteins of each pool of plasma were isolated sequentially by differential
ultracentrifugation at 110 000 g at 20°C in a Beckman rotor 60-Ti. The procedure for obtaining plasma lipoproteins
has been previously described in detail18. The isolated fractions were dialyzed exhaustively against a buffer
containing 0.2 M monobasic sodium phosphate, 0.2 M dibasic sodium phosphate and 0.16 sodium chloride, pH
7.4. The lipoproteins were stored al 2°C until used. The lipoprotein purity was checked by agarose gel
electrophoresis.

Lipid analysis

Cholesterol and its esters, after separation by thin-layer chromatography, were measured by the procedure of
Bowman and Wollf!7. Percentage of damaged area in aorta After sacrificing the animals, the aorta extract was
proceeding in its descendent segment up to the iliac artery bifurcation. The arteries were put into a preserving
solution, which contained: Tris 5 mM, CLNA 0.15 M, sodium EDTA 0.5 mM, Thimerosal 0.1%, PMSF (p-methyl
sulphonyl fluoride) 0.2 mM, E-aminocaproic acid 10 mM and copper sulphate 10 mM. Tunica adventitia was
eliminated dissecting the tissue with scissors, and the arteries were put into the preserving solution at 4°C up to
the moment of the analysis. All samples were randomly distributed for their subsequent analysis of the
percentage of damage area, by lipids staining technique by the Willis method18,

Gas-liquid Chromatography

The methyl esters of fatty acids of the different fractions were prepared by direct transesterification19. The
cholesteryl esters were separated by thin-layer chromatography20. Methylation was performed with 3 vol. of 6%
methanolic sulfonic acid (v/v) in stoppered tubes at 85 0C for 90 min; the phases were separated by addition of 3
vol. of distilled water. The methyl esters were extracted three times with 2 vol. of chloroform. The chloroform was
collected, evaporated under N2, and the residue was redissolved in 50 mL of chloroform.

The fatty acids were chromatographed as methyl esters on a 180 cm fused silica column with an internal diameter
of 2 mm. The column packed with 10% SILAR 10 C coated on 30-200 mesh Diatoport S. The analyses were
performed on Varian 3 700 gas chromatograph equipped with a flame ionization detector and a digital Perkin
Elmer integrator. Helium was used as carrier gas (1.9 mL/min at 80 0C) and nitrogen as make-up gas. The
temperature was programmed from 145 0C to 245 0C at 4 0C/min. External fatty acid standards (Sigma-Aldrich
Chemical Company) were used to identify components.

Statistical analysis
All data are presented as means * standard deviations. Where applicable, Wilcoxon or Mann Whitney tests were
used to determine statistical significance at p < 0.0521,

RESULTS

Normal and hyperlipidemia progression period

In table 1, the total plasma levels of cholesterol after L-carnitine administration to normal and cholesterol-fed
rabbits are shown. Two relevant aspects are observed in this table. One is that L-carnitine had no significant
effect on plasma cholesterol levels of animals fed a normal diet (group 2 vs. 1). The other one is a decreased
pattern in cholesterol plasma levels (p < 0.01) from animals fed a cholesterol diet plus L-carnitine (group 4), when
compared with those animals fed a cholesterol diet without L-carnitine supplementation (group 3).
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Table 1. EMect of L-carnitine supplementation on plasma total cholesterol conteni
during normal and hypercholesierolemia progression periods.

Diet (group No.) Day O Day 126
Mormal diet (1) 0.7l 016 0.52 +0.09
Mormal plus L-carniting {2) 070+ 022 0.54 + 0.07
Cholesterol-fed (3) 0.54 £ 0.10 20096 + 4 46"
Cholesterol-fed plus L-carniting {4) 064+ 015 1039 + 207

WValues (g/L) are means = 5D for six animals in each experimental group.
a) p = 0.05 when compared with day 0,
by bB)p = 0.01 when compared with group 3 at day 126

The changes in fatty acid composition from cholesteryl esters of the different lipoprotein particles are presented

in table 2.
Table 2. Fatty acid compositional changes in lipoproteins-cholesteryl esters at the end
of the hyperlipidemia progression period.
Diet (group No.) 16:0* 18:0 18:1 18:2 saurateds
VLDL
Normal (1) MD 241+05 252+05 508=08 0.3
Mormal plus L-carnitine {2) 128+04 380204 8002 400202 1.0
LDL
Normal (1) 279=06 430+08 60205 230:08 24
Normal plus L-carnitine {2) 270:04 100208 132102 41005 0.9
HDL
Normal (1) ND 11.0+06 48006 413204 0.1
Mormal plus L-carnitine (2) 440:02 247208 B1:05 220102 22
Cholesterol-fad(3) 87.0=202 20+01  1.0+x02 ND 8.1
Cholesterol-fed plus L-carnitineg (4) 85.1=04 81202 70202 NOD 13.3
VLDL + LDL
Cholesterol-fad {3} 230£02 118203 332+05 30:02 0.6
Cholesterol-fed plus L-carniting (4) 7.1 £ 0.3 12103 25003 580=02 0.2
a) Mumber of carbon atom: number of double bonds. ND: not detectable.,
The results were obtained in a pool of plasma from six expenmental animals for each
expenmental group, and are expressed as percentages.

The C16 and C18 fatty acids constituted more than 70% of total fatty acids, the rest being a variable mixture of
long-chain polyunsaturated acids. On VLDL particle, L-carnitine in normal fed animals induced an important
increase in the levels of the saturated C16 and C18 and a decrease in the level of monounsaturated C18 (group 2
vs. 1); all these changes leading to 3 times increase in the saturated to unsaturated ratio. In contrast, L-carnitine
administration produces a marked reduction of this ratio in LDL particle from the same animals (group 2 vs 1),
due to reduction in the saturated C18 content and a rise in the diunsaturated C18 content. Fatty acid
compositional changes mediated by L-carnitine in cholesteryl esters of HDL were observed in both normal and
cholesterol-fed animals as we have previously reported (15). This substance led to a notable growth in the
saturated C16 and C18, and an important decline in mono/diunsaturated C18 levels, in HDL fraction from normal-
fed plus L-carnitine animals (group 2 vs. 1), given a prominent increment in the saturated to unsaturated ratio. In
cholesterol-fed rabbits, the largest fraction of cholesterol and triglycerides of exogenous or endogenous origin is
present in abnormal VLDL particle with electrophoretic mobility (8-VLDL)22, which is named by other as VLDL +
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LDL particle (16). In our study, the fatty acid composition in cholesteryl esters of VLDL + LDL particle changes in
favor of a decay in the content of saturated C16 and an enhancement in the level of diunsaturated C18 leading to
a 3-fold reduction of the saturated to unsaturated ratio of those animals supplemented with L-carnitine (group 4
vs 3).

Hyperlipidemia regression period

L-carnitine-induced effects on plasma cholesterol level during the regression period of hypercholesterolemia are
presented in table 3. Hypercholesterolemic animals without administration of L-carnitine (group 5) had a
significant average reduction in plasma cholesterol (-11.99 g/L). Supplemented animals with L-carnitine (group 6)
had a higher significant average plasma cholesterol reduction (-15.96 g/L) than rabbits of group 5. The decrease
in group 6 was highly significant (p < 0.01), when compared with group 5.

Table 3. Total plasma cholesterol values from rabbits with and without L-carnitine

suplementation during the hyperlipidemia regression period.
Diet (group Mo Dray 126 Day 195 Difference

Mormal post 126 days cholesteral-fed (5) 1642 + 520 449+ 136" 1199+ 1,37

Mommal plus L-carniting post 126 days cholesternl-fed (6 1843 £677 2494071 —1598 £+ 1 58

Values {gL) are means + 80 for six animals in each experimental group.
(a) p = 0,00 when compared with day 126,
{b) p = 0,01 when compared with group 3.

Table 4 shows some changes in fatty acids composition from cholesteryl esters of lipoproteins during the
regression period. In HDL, L-carnitine induced an increased level of the saturated fatty acid C16 leading to an
increase in the saturated to unsaturated ratio of approximately 3 fold (group 6 vs. 5). However, in the abnormal
VLDL + LDL fraction a remarkable reduction in the saturated fatty acids C16 and C18 and an increase in
monounsaturated C18 occurred when animals were supplemented with L-carnitine (group 6). In this case the
saturated to unsaturated ratio decreases 4 fold.

Tahle 4. Fatly acid compositional changes in lipoproteins-cholesteryl esters the Ninal state of
the hypedipidemia regression period.
Sabu rated/
Dict (group No.) 16:0F 15:0 18:1 18:2 Unsatorated
HDL
Mormal post 126 davs FPAL0T M40l 151102 b I | 32
cholestoral-fed (3)
Mormal plus L-camitine post lL0d  3l4+02  Metil ND 9.1
126 days cholesioral-fed {6)
VLDL+LDL

Mormal post 126 davs JA2+06  MIL02 222202 2451035 1.1
cholesteral-fed (3)
Mormal plus Lcamitine post 1354005 B4 512405 22103 (.3
126 days cholesterol-fed ()

a) Mumber of carbon atom: number of double bonds. NI not dateciable

The results were obtaned in a pool of plasma from sx expenmental ammals for each

experimental group, and are expressed as percenlages.

The relationship between fatty acid compositional changes in plasma and the regression of the damaged aorta
luminal area was also analyzed. Figure 1 shows that those rabbits without the administration of L-carnitine
(group 5) exhibited the 83.5% of their aortas with atherosclerotic plaques at the end of the regression period (day
195), while, the animals with L-carnitine in their diet (group 6) displayed only the 21% of injury in their aortas,
equivalent to a significantly reduction of 75% (p < 0.01).

DISCUSSION
Lowering lipid effect of L-carnitine has been found using several concentrations of this substance. Secombe et
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al. showed that administration of L-carnitine at a dose of 170 mg/kg to rabbits along with hypercholesterolemic
diet, induced significant reduction in plasma VLDL-cholesterol, VLDL-triglycerides and increases the activity of
hepatic acyl-CoA cholesterol acyl transferasa23. In humans, a as low dose of L-carnitine as approximately 43
mg/kg was effective in promoting lipid reduction in dyslipidemic patients24: 25, The dose of L-carnitine used in the
present study (80 mg/kg) has been employed previously in humans, without adverse effects, for the treatment of
different primary or secondary disturbances of the levels of this important metabolic component26; 27,

In the hyperlipidemic progression period we found that L-carnitine induced remarkable diminution in the content
of saturated acids in the abnormal VLDL + LDL fraction and increased this content in HDL particle. This behavior
is consistent with an increase in the fatty acid b-oxidation and/or an enhancement in the metabolism between
lipoproteins. We have previously postulated that these kinds of fatty acid compositional changes could be
associated with a preferential stimulation by L-carnitine of saturated fatty acid breakdown in peripheral tissues
due to the specificity of the transesterifying enzymes of mitochondrial outer membranes’S. If this is the case, a
mayor proportion in unsaturated fatty acid would be expected in VLDL and LDL de novo biosynthesis. On the
other hand, a favorable change of unsaturated fatty acids in LDL lipoprotein has been postulated to increase the
metabolism of this particle28 29, The main changes in cholesterol load are in the esterified form of cholesterol
from lipoproteins of hypercholesterolemic rabbits. The decrease of cholesteryl esters in the modified fraction
VLDL + LDL caused by L-carnitine suggests changes in fatty acid composition that favor the catabolism of this
fraction5. The fractional catabolic rate of LDL has been observed significantly higher from the polyunsaturated
fatty acid diet than from saturated regimens30, We observed a remarkable increase in the content of linoleate
(C18:2) in VLDL + LDL from L-carnitine cholesterol fed rabbits (table 2, group 4 vs. 3), mimicking the pattern
observed in the polyunsaturated diet studies30. In those rabbits fed normal diet, differential changes in fatty acid
composition were observed in VLDL, LDL and HDL lipoprotein fractions of those animals supplemented with L-
carnitine (table 2, group 2 vs. 1). Whereas saturated to unsaturated fatty acid ratio in the cholesteryl esters from
LDL and HDL diminished, in contrast, this ratio rose in VLDL particle. We have not yet explanation for the
differential effect of L-carnitine on VLDL fraction in normal fed rabbits. Maybe, it could be related with the fact
that hepatic acyl-CoA cholesterol acyl transferase must first be stimulated by exogenous cholesterol before a
stimulatory effect by L-carnitine can take place3, 32,

Evidence suggesting that supplementation of L-carnitine improved peripheral and hepatic fatty acid b-oxidation
along with rise in lipoprotein metabolism can be drawn from the obtained results in the hyperlipidemia regression
period. The significant reduction of cholesterol from L-carnitine fed rabbits (table 3, group 6 vs. 5) can be related
with the fatty acid compositional changes in lipoprotein fractions (table 4, group 6 vs. 5). These changes were
similar to those observed in the hyperlipidemia progression period. Thus, we can assume that L-carnitine effects
were through the same mechanisms in both periods. However, we found a significant reduction of atherosclerotic
lesions in the aortas from L-carnitine fed rabbits during the regression period (Fig. 1). This result suggests,
among other things, that intensification in the cholesterol reverse transport has taken place. We have postulated
(15) that increased breakdown of cholesterol esters from VLDL + LDL as a consequence of L-carnitine-induced
catabolism of fatty acids, combined with transfer of cholesterol esters from VLDL + LDL to HDL, probably
mediated by cholesteryl ester transfer protein33; 34, leads to increased cholesterol reverse transport and
excretion35; 36, This is one of the pathways by which plaque cholesterol can be eliminated.

Figure 1.- Percentage of damage aorta in rabbits fed normal diet alone (group 5) or
normal diet plus L-carnitine (group 6) during 65 days of hyperlipidemia regression period.

Area (%)
- [=1]
(=] (=

20

Group

In contrast, during the progression period we have not found significant reduction of atherosclerotic plaque33.
We think that during the progression period L-carnitine-induced effect on atherosclerotic plaque is overlapped
due to the prolonged time of high cholesterol regimen of these animals. Therefore, regression period was a good
model to see the molecular effect of this substance related with the final antiatherogenic effect. This relationship
strengthens the conclusion that L-carnitine, in this experimental model, induces the peripheral and hepatic
metabolism of lipoprotein fatty acids leading at the same time to an improved lipoprotein metabolism.
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Comment of the reviewer Angel San Miguel, MD. PhD Servcio de Analisis Clinicos. Hospital Universitario Rio
Hortega. Valladolid. Espana

The aim of this work was to examine whether the hipocholesterolemic effect of L-carnitine supplementation is
related with lipoprotein fatty acid metabolism. As methodology, the authors measured the fatty acid
compositional and cholesterol content changes in lipoproteins of hipercholesterolemic and normal rabbits,
before and after L-carnitine supplementation, by the procedure of Bowman and Wolf. (Previously, cholesterol and
its ester were separated by thin-layer chromatography). As results, the authors have found fatty acid
compositional changes in lipoprotein-cholesteryl ester in all groups of animals supplemented with L-carnitine.
Also they have found that: (1) during the standard-fed period, the saturated and unsaturated fatty acid ratio was
increased in VLDL and HDL particles whereas was decreased in LDL; (2) in the hyperlipidemia regression period,
plasma cholesterol level was additionally reduced in a 33%; (3) the saturated to unsaturated fatty ratio had the
same behaviour from that observed in the progression period for HDL and VLDL+LDL particles; and (4) a
remarkable reduction of 75% of aorta atherosclerotic plaques in a group. From these results the authors
concluded that L-carnitine induces an improved lipoprotein metabolism.

| think that both the experimental model proposed by the authors and the measures that they have carried out are
accurate. Also, | believe that the aim of the work it was reached.

Comment of the reviewer Prof. Pilar Muiiiz PhD. Area de Bioquimica y Biologia Molecular. Facultad de Ciencias.
Universidad de Burgos. Burgos. Spain

The authors have carried out an interesting study that suggests the potential role of L-carnitine in the lipoprotein
metabolism.

In this paper the authors studied the effect of L-carnitine on fatty acid lipoproteins during rabbit hyperlipidemia
progression and regression periods. The authors observed that the supplementation with L-carnitine reduced
significantly the progression of hypercholesterolemia and that this can be related with the changes observed in
the composition of fatty acid of lipoproteins fractions.

Finally, they describe an important reduction of aorta atherosclerotic plaques in rabbits whose diet had been
supplemented with L-carnitine during the hypelipidemia regression period.
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