Tropical Journal of Pharmaceutical Research August 2019; 18 (8): 1661-1666

ISSN: 1596-5996 (print); 1596-9827 (electronic)
© Pharmacotherapy Group, Faculty of Pharmacy, University of Benin, Benin City, 300001 Nigeria.

Available online at http://www.tjpr.org
http://dx.doi.org/10.4314/tjpr.v18i8.14

Original Research Article

v

Evaluation of L-carnitine in an animal model of cholesterol-
induced atherosclerosis

Mehran Bahrami-Bukani®, Leila Zarei**, Ata Abbasi®, Negin Farhad®, Hawdam
Rostami’, Ali Mehrshad®

'Student Research Committee, *Solid Tumor Research Center, *Department of Pathology, Urmia University of Medical
Sciences, ‘Department of Surgery and Diagnostic Imaging, Faculty of Veterinary Medicine, Urmia University, *Department of
Clinical Sciences, Faculty of Veterinary Medicine, Urmia Branch, Islamic Azad University, Urmia, Iran

*For correspondence: Email: leilazarei652@yahoo.com; Tel: +98-9368203813

Sent for review: 8 September 2017 Revised accepted: 2 August 2019

Abstract

Purpose: To explore the effect of L-carnitine on atherosclerotic plaques in hyperlipidemic rabbits.
Methods: Twenty five male white New Zealand rabbits were randomized into five groups (n = 5): In the
normal control (NC) group, the animals were fed on a plain chow diet for 75 days. In atherosclerosis
(AS) group, the animals were fed on a hypercholesterolemic diet for 75 days. In atorvastatin (ATOR)
group, the animals were fed on a hypercholesterolemic diet for 75 days and received atorvastatin via
oral gavage (20 mg/kg/day) from day 45 for 30 days. In L-carnitine (L) group, the animals were fed on a
hypercholesterolemic diet for 75 days and received intraperitoneal L-carnitine (250 mg/kg/day) from day
45 for 30 days (end of the study). In ATOR/L group, the animals were fed on a hypercholesterolemic
diet for 75 days, and received both atorvastatin and L-carnitine with the aforementioned dosage from
day 45 for 30 days. Triglycerides (TG), total cholesterol (TC), high-density lipoprotein (HDL) and low-
density lipoprotein (LDL-C) in sera were determined. The aorta, including the ascending and
descending parts, was excised to measure plague size (end of the study). The blood samples were
taken from a marginal ear vein.

Results: Rabbits in AS group showed highly significant increase in serum total cholesterol and LDL-C
levels compared to NC group (p < 0.05). Daily administration of L-carnitine significantly reduced serum
levels of total cholesterol and LDL-C compared to AS (positive control) group (p < 0.05). Additionally, no
significant difference was found between serum levels of total cholesterol and LDL-C in groups that
received either atorvastatin or L-carnitine (p > 0.05). Combined administration of L-carnitine and
atorvastatin produced no benefits over either of them alone (p > 0.05).

Conclusion: The results indicate that the administration of L-carnitine has anti-atherosclerotic effects
by reducing oxidized LDL cholesterol levels but further investigations are recommended to ascertain
these findings.
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INTRODUCTION endothelium to atherogenic factors leads to

atherosclerosis [1]. Formation and progression of
It is believed that a sequence of highly specific ~ atherosclerosis is a long-term process which
cellular and molecular responses of the begins with accumulation of fat within vessel
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walls. Fat accumulation triggers an inflammatory
process as well as platelet activation and
accumulation which subsequently lead to
formation of an atherosclerotic plaque [2-4]. This
pathway is boosted by risk factors like
hypercholesterolemia, hypertension, Diabetes
mellitus (DM), smoking, vascular endothelial
injury, decreased nitric oxide bioactivity and/or
synthesis, lipid peroxidation, amplified platelet
aggregation, inflammation and genetic alterations
through increased adhesiveness of endothelium,
accumulation of mononuclear cells, migration
and proliferation of smooth muscle cells that
result in plaque cell formation that would
probably cause thickening of the vessel wall
[2,3]. It is believed that the main initial treatment
approach for managing and/or preventing
progression of atherosclerosis and its
pathological consequences is decreasing the
atherogenic factors. In this regard, several
agents were examined including L-carnitine and
its natural short chain derivative propionyl-L-
carnitine [4].

L-carnitine, a naturally occurring quaternary
ammonium compound, is responsible for carrying
the activated long-chain fatty acids from
cytoplasmic compartment into mitochondria in
which beta-oxidation enzymes are located [5]. It
is believed that L-carnitine is a therapeutic agent
to treat hyperlipidemia based on its involvement
in fatty acid metabolism [6]. According to the
applied hyperlipidemia in rat models, L-carnitine
was capable of reducing the synthesis of VLDL
by promotion of beta-oxidation and increasing
the hepatic level of fatty acid binding proteins
[7,8]. Studies show that the lipid-lowering effect
of L-carnitine could be due to reduced VLDL-TG
transport [9]. Other studies argue that L-carnitine
influences cholesterol metabolism by repressing
3-hydroxy-3-methyl-glutaryl-CoA reductase
activity with increasing LDL binding [10]. It has
been reported that carnitine deficiency is
significantly involved in pathophysiology of
cardiovascular diseases [11,12].

Therefore, this study was conducted to
investigate the beneficial effects of
intraperitoneal administration of L-carnitine on
the development of atherosclerosis in
hyperlipidemic rabbits.

EXPERIMENTAL

Study design and animals

Male white New Zealand rabbits, 3 — 4 months
old and weighing 2.0 — 2.5 kg were selected.

They were divided randomly into five
experimental groups (n = 5). In normal control

(NC) group, the animals were fed on a plain
chow diet (Super Fosskorn, Dam Pars Co.,
Tehran, Iran) for 75 days. In atherosclerosis (AS)
group, the animals were kept on a
hypercholesterolemic diet (2 % cholesterol) for
75 days. In atorvastatin (ATOR) group, the
animals were fed on hypercholesterolemic diet
for 75 days and received atorvastatin via oral
gavage (20 mg / kg / day) from day 45 for 30
days (end of the study) [13]. In L-carnitine (L)
group, the animals  were kept on
hypercholesterolemic diet for 75 days and
intraperitoneal L-carnitine (250 mg / kg / day)
was administered from day 45 for 30 days [14].
In ATOR/L group the animals were kept on
hypercholesterolemic diet for 75 days, and
received atorvastatin and L-carnitine as
mentioned above from day 45 for 30 days.

The animals were housed in individual plastic
cages with an ambient temperature of (23 = 3) °
C, stable air humidity and a 12:12 h light:dark
cycle . The rats had free access to standard
rodent laboratory food and tap water. All
measurements were made by two observers
unaware of the analyzed groups. All animal
procedures were in accordance with guide for the
care and use of laboratory animals (NIH US
publication no. 85-23 revised 1985) [15]. All
experiments were performed in agreement with
the ethical considerations, recommended by the
Pasteur Institute of Iran and the study protocol
was reviewed and approved by the Ethical
Committee of Urmia University of Medical
Sciences [ir.Umsu.rec.1395.115]. L-carnitine and
cholesterol were bought from Sigma (St. Louis,
USA). All the used chemicals were of the highest
analytical grade.

Induction of hypercholesterolemia in rabbits

To induce hypercholesterolemia, rabbits were fed
with 2 % cholesterol-enriched fat diet for 75 days
following the method described earlier [16]. To
prepare the diet, the plain chow pellets were
spray coated with cholesterol along with acetone,
ethyl alcohol, PVP, acetyl alcohol and carbowax
as solvent and binding agents [14].

Histopathological studies of aorta

The aorta including ascending and descending
parts was excised from its base and totally
immersed in phosphate buffered formalin (PBF)
for at least 24 h for fixation in 10 % neutral-
buffered formalin. After fixation the samples were
embedded in paraffin. Then 5 pm sections were
obtained from each paraffin block and stained
with Hematoxylin and Eosin (H&E). After
microscopic evaluation of the sections, the
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images from the best areas were captured under
light microscopy. Maximum intima thickness
(plaque size) of each sample was measured
using an image evaluation program (Optika, Italy)
and compared with others.

Assessment of serum biochemistry profile

At the end of the experiment, the rabbits were
fasted for 12 h prior to anesthesia (combination
of ketamine-xylazine) and peripheral blood
samples were obtained from the marginal vein of
their ear. To separate the serum samples, they
were centrifuged at 3500 rpm for 10 min. Next,
analysis was carried out to determine
triglycerides (TG), total cholesterol (TC), high
density lipoprotein (HDL) and low density
lipoprotein (LDL-C) in serum using
manufacturers’ kits (Pars Azmoon, Iran).

Statistical analysis

The results are expressed as mean + standard
error of the mean (SEM). Statistical analysis was
performed using SPSS version 16.0 (SPSS Inc.,
Chicago, IL, USA) and analysis of variance
(ANOVA). Normality of data was evaluated with
Kolmogorov—Smirnov test. P-values < 0.05 were
considered statistically significant.

RESULTS
Histopathological findings

Figure 1 A shows the histopathological
examination of aorta obtained from NC group.
The aorta wall revealed uniform thickness with
no bulging in the lumen and the endothelial lining
was complete with no irregularities. Furthermore,
elastic lamina and muscle fibers were regular. In
contrast, rabbits receiving cholesterol-enriched
diet displayed atherosclerotic lesions with
noticeable irregularities in the aortic wall (Figure
1 B). Magnifying these plaques displayed
endothelial gaps with accumulated foam cells in
sub-endothelial layer. The results showed that
the administration of L-carnitine did not decrease
the size of plaques comparing to the control
group (Figure 1 C), but atorvastatin significantly
decreased their size (Figure 1 D).

Furthermore, combination therapy of L-carnitine
and atorvastatin (ATOR/L group) showed no
advantages over using atorvastatin alone and the
plagues size in these two groups (ATOR/L group
vs ATOR group) was not different (p > 0.05),
(Figure 2).

Figure 1: A: Section of a normal aorta without any
atheroma plaque. B: Section of aorta of
atherosclerotic rabbit that received high fat diet for 75
days without any medication. A large atherosclerotic
plaque is seen containing foamy macrophages (area
shown by *) attached to muscular layer of aorta
(shown by black square). C: Section of aorta of
atherosclerotic rabbit received L-carnitine along with
high fat diet. A large atherosclerotic plaque (area
shown by *) is seen containing foamy macrophages
attached to muscular layer of aorta (muscle layer is
shown by black square). No obvious reduction is seen
in the plaque size compared to B. D: Section of aorta
of atherosclerotic rabbit received atorvastatin along
with high fat diet. A small atherosclerotic plaque (area
shown by *) is seen attached to muscular layer of
aorta (shown by black square). The smaller size of the
attached plaque is obvious compared to B, C. (H&E
staining, x 20).
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Figure 2: Aortic intima thickness in examined rabbits.
Intima thickness analysis showed that L-carnitine did
not reduce the plague size comparing to positive
controls. The Figure shows that atorvastatin can
reduce atherosclerotic plaque size effectively (p <
0.05) and subsequently the aortic intimal thickness.
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Serum profile

Rabbits in AS group showed highly significant
increase in serum total cholesterol and LDL-C
levels compared to NC group (p < 0.05). Daily
administration of L-carnitine significantly reduced
serum levels of total cholesterol and LDL-C
compared to AS (positive control) group (p <
0.05). Additionally, no significant difference was
found between serum levels of total cholesterol
and LDL-C in groups that received either
atorvastatin or L-carnitine (p > 0.05). Combined
administration of L-carnitine and atorvastatin
produced no benefits over using each of them
alone (p > 0.05), (Figure 3). No statistical
difference was found between serum levels of
TG and HDL in the examined groups (Figure 3).
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Figure 3: Serum concentration of triglyceride (TG),
total cholesterol (TC), high-density lipoprotein (HDL)
and low-density lipoprotein (LDL-C) in the examined
groups. The graph shows that LDL and TC levels
significantly decreased after the administration of L-
carnitine. Atorvastatin as a main anti-lipemic drug has
also reduced serum LDL and TC levels. There is no
statistically significant difference between serum levels
of HDL and TG in examined groups

DISCUSSION

The purpose of the present study was to
evaluate the effects of L-carnitine administration
on atherosclerotic plaques in a rabbit model of
atherosclerosis. Rabbits are very similar to
human in many aspects including lipoprotein
metabolism which makes them excellent models
to assess various aspects of lipoproteins
metabolism and atherosclerosis [17,18].

In this model, it was showed that although L-
carnitine reduced serum levels of TC and LDL-C,
unlike previous studies, it had no significant
effect on atherosclerotic plaques and did not
reduce the plaque sizes [19,20].

It has been shown that L-carnitine is a crucial
cofactor for mitochondrial transportation and
oxidation of long chain fatty acids, which are the
favorite substrate to produce ATP in adult
myocardium of vascular endothelial and smooth
muscle cells [21,22]. This would be the reason
why vessels are found to be susceptible for
alteration of serum L-carnitine level. Former
studies reported a close link between L-carnitine
deficiency and numerous forms of cardiovascular
disorders [12,23], and cardiac function was
enhanced by  administrating L-carnitine
supplements in many cases [4,5,24], but some
controversies do exist. There are new studies
reporting against the protective effects of
carnitine on atherosclerosis and some of them
have even introduced adverse effects [25]. Thus,
to explore this relationship, the current study has
tried to show if administrating L-carnitine would
inhibit the development of atherogenesis in rabbit
model of high fat induced atherosclerosis. Under
our experimental conditions, 35-day treatment
with L-carnitine did not prevent the progression
of atherosclerotic lesions which were clearly
shown in aorta of hypercholesterolemic rabbits.
Earlier, it was shown that administrating L-
carnitine inhibited the progression of early
atherosclerotic lesions through reduction of
plasma cholesterol and triglyceride levels, and
decreasing the extent of liver steatosis [4];
however, this issue is questioned by new studies
suggesting that L-carnitine and its intermediary
products are capable of accelerating
atherosclerosis [25]. Our results are in line with
recent studies showing that L-carnitine does not
have any significant effect on reducing
atherosclerotic plaques size.

Results of this study, in line with the present
controversial findings, warrant establishing new
studies to monitor the effects of carnitine and its
intermediary metabolites on various aspects of
atherosclerosis.

CONCLUSION

Overall, we showed that L-carnitine admini-
stration could reduce serum levels of LDL-C and
TC, but it was not effective on atherosclerotic
plagues and the plaques size was not decreased
after L-carnitine administration. Our results do
not support the previous reports showing anti-
atherosclerosis effects of L-carnitine. According
to our results, the use of L-carnitine is
recommended not as the main anti-
atherosclerotic drug in the treatment of
atherosclerotic patients, but as a supplementary
medication to control serum levels of LDL-C and
total cholesterol in these patients.
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