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Background: The purpose of the present study was to evaluate the regulatory effects of acetyl-L-carnitine (ALCAR) on ath-
erosclerosis in Wister rats and to explore its anti-atherosclerotic mechanism.
Material/Methods: We randomly divided 32 Wister rats into 4 groups: a normal diet group (control group, n=8), a normal diet+ALCAR
group (ALCAR group, n=8), an atherosclerosis group (AS group, n=8), and an atherosclerosis+ALCAR group
(AS+ALCAR group, n=8). The serum lipid distribution, oxidative stress, inflammatory factors and adiponectin
(APN) in the blood, and heart and aortic tissues were determined using the standard assay kits, xanthine oxi-
dase method, and ELISA, respectively. HE staining was performed to observe aortic pathology structure change,
and the level of angiotensin Il (Angll) in the aorta was assessed using radioimmunoassay. In addition, real-time
quantitative PCR and Western blot analysis were applied to detect the expression of iNOS, IL-1f, TNF-o, and
CRP in the aortic and heart tissues.

Results: Compared with the AS group, the levels of serum TC, TG, LDL, and VLDL in rats decreased significantly, while
HDL level significantly increased in the AS+ALCAR group. ALCAR administration enhanced the SOD and GSH-Px
activities and decreased MDA activity. APN level was significantly elevated in the AS group, but ALCAR had no
significant effect on APN. Further, ALCAR reduced the expressions of inflammation factors TNF-a, IL-1f, iINOS,
and CRP, and the concentration of Angll in serum, aortic, and heart tissues.

Conclusions: ALCAR can inhibit the expressions of inflammatory factors and antioxidation to suppress the development of
atherosclerosis by adjusting blood lipid in the myocardium of AS rats.
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Material and Methods

Atherosclerosis (AS) is an arterial disease characterized by fo-
cal thickening of the intima of the artery wall associated with
fatty deposits. High-fat or high-cholesterol diet plays a signifi-
cant role in the pathogenesis of AS. Several studies have shown
that dyslipidemia is an important risk factor for various cardio-
vascular diseases, characterized by decrease in plasma high-
density lipoprotein (HDL) cholesterol, and increase in plasma
triglyceride, low-density lipoprotein (LDL) cholesterol, and to-
tal cholesterol (TC) [1]. Among these lipids, LDL has a pivotal
role and is a predictive marker of atherosclerosis. Elevation of
LDL leads to the development and progression of AS, whereas
elevation of HDL attenuates the progression by blocking the
atherogenic effects of LDL [2,3]. These results suggest that
improving blood lipid profile may prevent cardiovascular dys-
function preventing the formation of pathogenic atheroscle-
rotic plaques and blood vessel injury.

Oxidative stress and inflammation are major features in the de-
velopment of AS. The pathogenesis of AS involves activation of
pro-inflammatory factors, expression of cytokines/chemokines,
and increased oxidative stress [4]. The generation of reactive
oxygen species (ROS) increased oxidative stress, which plays
a vital role in inflammatory responses, apoptosis, cell growth,
and alteration in vascular tone, as well as in oxidation of LDL-
cholesterol; therefore, LDL is thought to be more important
that native-LDL in AS [5,6]. AS is caused by the release of var-
ious cytokines, such as interleukin-1p (IL-1B), tumor necrosis
factor-o (TNF-ar), and nitric oxide (NO) [7,8]. TNF-a and IL-1B
stimulate the expression of vascular cell adhesion molecule-1
(VCAM-1) and intercellular adhesion molecule-1 (ICAM-1) in
endothelial cells [9], and promote the interaction between en-
dothelial cells and monocytes. This induces the transmigration
of circulating monocytes to the intima and the maturation of
monocytes to macrophages. Additionally, these macrophages
accumulate lipids and become foam cells, which cause the
expression of inflammatory genes and formation of athero-
ma plaques [10].

As a natural derivative of carnitine (3-hydroxy-4-N-trinethyl-
aminobutyric acid), acetyl-L-carnitine (ALCAR) is widely distrib-
uted in mammalian tissues, particularly in liver and skeletal
muscles. It has been reported that, when added to the diet,
this antioxidant reverses age-related alterations in metabol-
ic rate, fatty acid profiles, and cardiolipin levels [11]. Some
studies have also shown that ALCAR can provide protection
against oxidative stress in several different situations [12-14].
The present study aimed to determine whether ALCAR is able
to prevent atherosclerosis by regulating lipid profile, the anti-
oxidant system, and inflammatory markers.

Experimental animals

Male Wister rats (weight, 200-250 g) were used for the pres-
ent study and all the procedures performed on these animals
were in accordance with the guidelines of Institutional Animal
Care and Use Committee at Weifang People’s Hospital. Rats
were maintained at a specific pathogen-free housing facility
and given ad libitum access to food and water. A total of 32
Wister rats were adaptively fed for 1 week, and then randomly
divided into 4 groups: a control group (n=8), an ALCAR group
(n=8), an atherosclerosis (AS) group (n=8), and an AS+ALCAR
group (n=8). Rats fed a routine diet in the ALCAR group were
given oral ALCAR (200 mg/kg/d), and rats in the control group
were given an oral equivalent amount of drinking water. Rats
in the AS group and AS+ALCAR group received intramuscular
injection of 3x10° U/kg of vitamin D3, and the aortic balloon
injury in rats fed with high-fat diet was treated by surgery. Rats
in the AS+ALCAR group were given oral ALCAR (200 mg/kg/d).

AS rat models were built by feeding a high-fat diet, intramus-
cular injection 3x10° U/kg of vitamin D3 in the right lower limb
once every 4 weeks for 4 times, and artery balloon injury sur-
gery 1 week after injection. The specific surgery methods were
as follows: 1% sodium pentobarbital intraperitoneal injection
(50 mg/kg) was used as anesthesia, and then the left carotid
artery was exposed and separated from the organization. Next,
the common carotid artery segment was ligated at a distal line,
and the line was slightly tightened to the proximal end. A small
incision was made between the 2 lines with a pair of scissors.
A Boston 2.0x15 mm balloon catheter was gently inserted into
the aorta and reached the aortic arch. The catheter, with rota-
tion, was slowly pulled and ballooned to continue injury of the
entire common carotid artery 4 times. After drug withdrawal,
the left common carotid artery was ligated and sutured. Then,
8x10* U gentamicin was injected intramuscularly to prevent
infection once a day for 3 days. Body weights and food intake
were measured every week at regular intervals.

Samples preparation

After 16 weeks, all rats were euthanized and blood samples were
collected. Blood samples were centrifuged at 3500 rpm at 4°C for
15 min to collect the supernatant for subsequent analysis of lipid
profile and antioxidant and anti-inflammatory levels. A portion
of the aorta tissues was removed and preserved for histological
examination. Subsequently, the cardiac and aortic tissue were
homogenized in 50 mM phosphate buffer (pH 7.2) and centri-
fuged for 15 min. The supernatant was then collected and used
for biochemical analysis. The protein concentration in each frac-
tion was determined using the method described by Bradford [15]
and crystalline bovine serum albumin was used as a standard.
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Table 1. Primer sequences for RT-qPCR.

Gene Forward primer (5’-3’)

iNOS TTTGGAGCAGAAGTGCAGTCTC
"""" TNFo  ATGAGCACAGAAAGCATG
"""" g ATGGCAACTGTTCCTGAAC
"""" GRP GGGTGGTGCTGAAGTACGAT
"""" Bacin  CCAACCGCGAGAAGATGA

ANIMAL STUDY

Reverse primer (5’-3’)

GATCAGGAGGGATTTCAAAGACCT

CCAGAGGCGTACAGGGATAG

Effect of ALCAR on serum lipid profile

Lipid profile included the contents of triglycerides (TG), total
cholesterol (TC), very low-density lipoprotein cholesterol (VLDL),
low-density lipoprotein cholesterol (LDL), and high-density li-
poprotein cholesterol (HDL). Standard assay kits were used
to determine the serum concentration of these lipids and the
units were expressed as mg/dl.

Effects of ALCAR on expressions of reactive oxygen species
(ROS)

The expression of reactive oxygen species (ROS) in the serum
and the homogenate of aorta and heart tissues were deter-
mined. The xanthine oxidase and the dithio dinitrotoluene acid
methods were used for the determination of rat superoxide
dismutase (SOD) activity and the rat glutathione peroxidase
activity (GSH-Px), respectively, and the thiobarbituric acid col-
orimetric method was performed to determine the content of
malondialdehyde (MDA). All procedures were performed with
commercial kits according to the manufacturer’s instructions.

Effects of ALCAR on expressions of Ang Il in aorta tissue

Radioimmunoassay was used to assess the level of angioten-
sin Il in the aorta. The concentration was analyzed with Ang Il
kit according to the manufacturer’s instructions.

Effects of ALCAR on expressions of inflammation factors
and adipocytokines in serum

Enzyme-linked immune sorbent assay (ELISA) was used to as-
sess the concentrations of serum TNF-o, IL-1f3, CRP, and ad-
iponectin (APN). All procedures followed the instructions of
the corresponding kits.

Western blot analysis

Proteins were extracted from the aortic and heart tissue sam-
ples. Next, proteins were separated by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE; 10% stan-
dard gel) and transferred onto polyvinylidene difluoride (PVDF)

membranes. After blocking with 5% fat-free milk powder for
2 h at room temperature, the membranes were incubated over-
night at 4°C with primary antibodies against CRP (#14316, dilu-
tion 1: 1000), IL-1pB (#31202, dilution 1: 1000), TNF-o. (#11948,
dilution 1: 1000), iNOS (#2982, dilution 1: 1000) from Cell
Signaling Technology, Inc., and B-actin (sc-130656, dilution
1: 1000) from Santa Cruz Biotechnology. After washing, the
membranes were incubated with the horseradish peroxidase-
conjugated secondary antibodies for 2 h at room temperature.
Signals were detected using an enhanced chemiluminescence
(ECL) Western blot detection system. B-actin was used to nor-
malize total proteins expression. Image J software was used
to assess the densities of the protein bands.

Quantitative real-time polymerase chain reaction (PCR)

Total RNA was extracted from the aortic and cardiac tissue
samples using a Trizol kit (Takara) according to manufactur-
er’s protocol. For RT-qPCR, RNA was reverse-transcribed using
PrimeScript Reverse Transcription Supermix (Bio-Rad). The re-
verse-transcribed RNA was analyzed using SsoFast Eva Green
Supermix (Bio-Rad). The reverse transcription conditions were
10 min at 25°C, 30 min at 48°C, and a final step for 5 min at
95°C. The primer sequences for amplifying rat genes were as
shown in Table 1. The qPCR reactions (25 ul) were conduct-
ed as follows: 95°C for 2 min, followed by 40 cycles of 15 s at
95°C and 60 s at 60°C. Samples were amplified in triplicates,
and a standard curve was constructed using serial dilutions of
a reference sample. The relative copy numbers were obtained
from the standard curve and data were normalized to B-actin
expression by the comparative CT method [16].

Histopathological staining

Slices of fresh aorta tissues were cut and fixed with buffered
neutral formalin fixative for 24 h. The fixed tissue slices were
then washed and dehydrated with a series of alcohol. After
clearing the tissues in methyl salicylate, they were infiltrated
with wax. Subsequently, sections were cut to 4-um thickness
and stained with aqueous hematoxylin and eosin. The sections
were observed under an optical microscope.
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Table 2. Effects of ALCAR on serum parameters in AS rats (x+s, mg/dL).

Group TC TG
Control 82.2147.72 80.2316.47
CAS 3253413732 1801241569
CACAR 86331510 75644656
CASHALCAR 2351815447 130324882°%

LDL HDL VLDL
21.21+2.21 42.44+45.17 15.11+1.52
20521422127 384642320 5061491
o282 48455483 13324133

127.21+12.62**## 49.5645.23**## 33.33+1.85**##

Compared with control group, * P<0.05 and ** P<0.01; Compared with AS group, # P<0.01.

Figure 1. Effects of ALCAR on serum lipid
400 profiles in rats with AS. The levels of
E4 serum TC, TG, LDL, HDL and VLDL in
[ Control the control, AS, ALCAR and AS+ALCAR
300 7 H = QEA(R groups. Compared with the control
*% * *% .
o B ASHALAGR group, P<0.F)5 and ** P<0.01;
. Compared with the AS group,
S 200 1 = # P<0.01.
E il #
*% *%
100 i
*  ¥¥ X% ##
*%
TC TG LDL HDL VLDL

Statistical analysis

Statistical analysis was performed using SPSS 17.0 software.
Data are presented as the mean+SD. Direct comparisons were
made using a one-way ANOVA and Tukey’s test for multiple
comparison. The differences between 2 groups were assessed
using the minimum significant difference (LSD) test. If the vari-
ance was not homogeneous, we used Dunnett’s T3 test. If data
were not normally distributed, we used the Mann-Whitney test.
P<0.05 was set as the level of statistical significance.

Results

ALCAR regulates serum lipid profiles

To investigate the effects of ALCAR on serum lipid profiles,
standard assay kits were used to determine the serum con-
centration of these lipids. As shown in Table 2 and Figure 1,
compared with the control group, the serum levels of TC,
TG, LDL, and VLDL of rats in the AS group increased sharply
(P<0.01) and the level of HDL decreased significantly (P<0.05).
Compared with the AS group, the serum levels of TC, TG, LDL,
and VLDL of rats in the AS+ALCAR group were remarkably low-
er (P<0.01), while the level of HDL clearly higher (P<0.01). af-
ter giving ALCAR, the serum TC, TG, LDL and VLDL content of
normal-diet rats had certain changes, but without a significant

statistical difference (P>0.05); however, HDL levels were signif-
icantly elevated (P<0.05). These results indicated that ALCAR
regulated the serum lipid profiles in the rats with AS.

ALCAR attenuated the oxidative stress

To evaluate the effects of ALCAR on expression of reactive ox-
ygen species, we used xanthine oxidase method, thiobarbituric
acid colorimetric method, and dithio dinitrotoluene acid meth-
od. In AS rats, the activities of SOD, GSH-Px, and MDA in se-
rum (Table 3), aortic tissue (Table 4) and heart tissue (Table 5)
were weaker than those in the control group (P<0.01), while the
MDA level was increased significantly compared with the con-
trol group (P<0.01). By contrast, in the AS+ALCAR group when
compared with the AS group, the levels of SOD and GSH-Px
in serum (Table 3) and in aortic tissue (Table 4) and heart tis-
sue (Table 5) were remarkably increased (P<0.05 or P<0.01),
whereas the MDA level was significantly decreased (P<0.01).
These results suggested that ALCAR enhanced the SOD and
GSH-Px activities and decreased the MDA level, thereby inhib-
iting the oxidative stress response in rats with AS.

ALCAR regulated the levels of inflammation factors and
adiponectin (APN) in serum

To measure the concentrations of TNF-a, IL-1f, CRP, and APN
in serum, ELISA was conducted. As shown in Table 6, compared
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Table 3. Effects of ALCAR on reactive oxygen species in serum of AS rats (ys).

Group SOD (U/ml) GHS-Px (U/ml) MDA (nmol/ml)

Control 62.15+8.21 146.38+16.52 1.9440.21
s 38.13:459%  11552:1531% 2661020
M 6588:782 1628941846 186£026
C AseMlAR salsa2st  13362t1476 213:019%

Compared with control group, ** P<0.01; Compared with AS group, * P<0.05 and #*# P<0.01.

Table 4. Effects of ALCAR on reactive oxygen species in aortic tissue of AS rats ()+s).

Group SOD (U/mg-prot) GHS-Px (U/mg:-prot) MDA (nmol/mg-prot)
Control 66.75+7.74 165.42+17.62 1.9740.25
s 38726422  11354x1219% 695:073%
oM 71541812 1688741933 2141032
C aseMlAR 5034:616*  14871x1580% . 426:051%

Compared with control group, ** P<0.01; Compared with AS group, # P<0.01.

Table 5. Effects of ALCAR on reactive oxygen species in heart tissue of AS rats (xs).

Group SOD (U/mg-prot) GHS-Px (U/mg-prot) MDA (nmol/mg-prot)
Control 70.3349.74 174.32+21.62 2.83+0.35
s 42722 1431662 533:043%
oM 8867:1042 1969482311 264:032
C aseAlAR 65741816%  14ssar1gorr 384:037%

Compared with control group, ** P<0.01; Compared with AS group, * P<0.05 and *# P<0.01.

Table 6. Effects of ALCAR on inflammation factors and adiponectin in serum of AS rats (x+s).

TNF-o: (ng/L) IL-1f (ng/L) CRP (ug/L) APN (ug/L)

Control 245.63+38.45 45.86+6.83 543.7788.73 148.94+13.94
""""" AS 4029843324 821941057  8826149433%  83.67+1265%
""""" ALCAR 227854316 4325:468 5056447322 1593282164
""""" AStALCAR  318.0743634%  71.86:574'  622.34484.19% 75044855

Compared with control group, ** P<0.01; Compared with AS group, * P<0.05 and *# P<0.01.

with the control group, the concentrations of TNF-o, IL-1f3, and ALCAR suppressed the mRNA and protein levels of

CRP in serum were distinctly increased in AS rats (P<0.01), and inflammatory markers in aortic and heart tissues

the concentration of APN was significantly decreased (P<0.01).

However, the concentrations of TNF-q, IL-1, and CRP in the RT-qPCR was applied to analyze the gene expression of in-
AS+ALCAR group were noticeably decreased in comparison flammatory markers in aortic and heart tissues. As shown in
with the AS group (P<0.05 or P<0.01), and the concentration of Figure 2, AS rats exhibited higher mRNA levels of TNF-a, iNOS,
APN was slightly decreased, but without statistical significance IL-1B, and CPR in the aortic (Figure 2A) and heart (Figure 2B)
(P>0.05). Therefore, ALCAR decreased the concentrations of tissues when compared to the control group (P<0.01). However,
TNF-q, IL-1B, and CRP, but had no significant effect on APN level. ALCAR significantly reduced the mRNA levels of TNF-a, iNOS,
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Figure 2. Effects of ALCAR on the mRNA
expressions of CRP, TNF-q, IL-1f3, and
iNOS in aorta and heart tissues of AS
rats. (A) The relative mRNA expression
of CRP, TNF-q,, IL-1B, and iNOS in the
aorta tissue among the control, AS,
ALCAR, and AS+ALCAR groups. (B) The
relative mRNA expression of CRP,
TNF-q, IL-1pB, and iNOS in the heart
tissue among the control, AS, ALCAR,
and AS+ALCAR groups. Compared
with the control group, * p<0.05 and
** P<0.01; Compared with the AS

iNOS group, #*# P<0.01.

[ Control
W AS

[ ALACR

I AS+ALACR

iNOS

IL-1B, and CPR in the aorta tissues of AS rats when compared
with the AS group (Figure 2A, P<0.01). Similarly, ALCAR signif-
icantly downregulated the protein expression of TNF-a, IL-1,
iNOS, and CRP in heart tissues both in the AS rats (Figure 2B,
P<0.01) and in normal rats (Figure 2B, P<0.05 or P<0.01). These
results suggest the mechanism underlying the action of ALCAR
on lipid deposition in the aorta and heart tissues.

To investigate the effects of ALCAR on CRP, TNF-q, IL-1f3, and
iNOS in the aorta and heart tissues, Western blot assay was
performed to detect the protein expression of TNF-a, IL-1,
iNOS, and CPR. It was revealed that the protein expression of
TNF-a, IL-1B, iNOS, and CRP in the aorta (Figure 3A) and heart
(Figure 3B) tissues were significantly higher in rats with AS
than in those in the control group (P<0.01), while the protein
expressions of CRP, TNF-q,, IL-1B, and iNOS in the AS+ALCAR
group were distinctly lower in the aorta tissues in compari-
son to the AS group (Figure 3A, P<0.01). In addition, ALCAR
significantly downregulated the protein expression of TNF-q,
IL-1B, iNOS, and CRP in heart tissues both in rats with AS
(Figure 3B, P<0.01) and in normal rats (Figure 3B, P<0.05 or
P<0.01). Therefore, ALCAR can significantly decrease the pro-
tein expression of TNF-q, IL-1P, iNOS, and CRP in rats with AS.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

ALCAR reduced the concentration of angiotensin Il (Ang I1)
in aorta

To investigate the effects of ALCAR on the expression of Ang Il
in the aorta, radioimmunoassay using the Ang Il kit was used
to detect the concentration of angiotensin Il in the aorta. As
shown in Figure 4A, the concentration of Ang Il was significant-
ly increased in rats with AS when compared with the control
group (P<0.01). On the contrary, the concentration of Ang Il
in the AS+ALCAR group was significantly decreased compared
with the AS group (P<0.01). Accordingly, these results demon-
strated that ALCAR significantly reversed the high expression
of Ang Il in the aorta induced by atherosclerosis.

ALCAR improved structural integrity of aortas in AS rats

As shown in Figure 4B, in the control group and the ALCAR
group, the aorta vascular lumen of the rats was large with
thin walls, and its intimal structure was clear and smooth,
having intact internal elastic membrane, muscle cells were
smooth and regularly arranged, with parallel internal elastic
membranes. The aorta vascular lumen of atherosclerotic rats
was narrow with thickening wall, scarce endothelial cells, wid-
ened endothelial gap, ruptured and wavy internal elastic mem-
brane, and disorderly arranged middle elastic membrane and
smooth muscle cells. Additionally, some smooth muscle cells
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Figure 3. Effects of ALCAR on the protein expressions of CRP, TNF-a, IL-1B, and iNOS in aorta and heart tissues of AS rats. (A) The
relative protein expression of CRP, TNF-o, IL-1B and iNOS in the aorta tissue among the control, AS, ALCAR, and AS+ALCAR
groups. (B) The relative protein expression of CRP, TNF-, IL-1f, and iNOS in the heart tissue among the control, AS, ALCAR,
and AS+ALCAR groups. Compared with the control group, * p<0.05 and ** P<0.01; Compared with the AS group, #*# P<0.01.

proliferated, and the plaque showed numerous foam cells and
lipid deposition. The lumen area of the AS+ALCAR group was
significantly larger than that of the AS group, and the severity
of the plaque was far lower than that of the AS group. These
results confirmed that ALCAR improves the structural integri-
ty of the aorta and indicates that ALCAR has anti-atheroscle-
rotic activity against aortic vascular lesions.

Discussion

Establishing the animal model of AS is one of the basic condi-
tions of this study. Rats are easily obtained and omnivorous
animals, and are similar to humans in anatomy and physiolo-
gy; therefore, the rat AS model was established for this study.
Since rats have lipids with natural anti-atherosclerosis ability,
especially cholesterol, it is difficult to establish the AS model|,
and this is only possible in rats fed a high-fat diet. Although
hyperlipidemia is easy to form, it is not easy to bring about
damage to artery and plaque. Moreover, ingestion of large dos-
es of vitamin D3 can cause calcium overload in vivo, vascular
endothelial injury, and facilitation of the cholesterol invasion,

which needs a long time to develop. Further, the application
of high-fat diet, vitamin D3, and mechanical balloon vascular
endothelium injury accelerate the invasion of lipid deposition
and promote the formation of atherosclerosis to establish a
stable model of AS.

Modern research has shown that L-carnitine can enter the mi-
tochondrial membrane through long-chain acyl coenzyme A (co-
enzyme A CoA) to oxidize fatty acid beta energy, accelerate the
production of ATP, and increase the level of ATP in treatment
of myocardial cells in heart failure [17]. However, for treatment
of coronary heart disease and AS, research is still at a prelim-
inary stage. Although there are many similarities, L-carnitine
did not decrease or enhance oxidative damage, while ALCAR
did decrease MDA, nitrotyrosine, and 0xo8dG/0x08G in old
rat brains. These data suggest that ALCAR is a more effective
dietary supplement than L-carnitine [13]. To further explore
the therapeutic effect of ALCAR-induced AS and coronary ar-
tery disease induced, the research group observed the forma-
tion of ALCAR anti-atherosclerosis in rats. The results showed
that the morphology of the aortas in AS rats after ALCAR in-
tervention was healthier than that of AS rats, and the severity
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Figure 4. Effects of ALCAR on Ang Il content and histological patterns arterial tissue in AS rats. (A) The Angll content in the control, AS,
ALCAR, and AS+ALCAR groups. (B) Histological examination in aorta (HE staining, x400). Compared with the control group,

** P<0.01; Compared with the AS group, * P<0.01.

of atherosclerotic plaque was significantly reduced. The path-
ological study suggested that the ALCAR intervention could
improve the pathological changes of aortas in AS rats. In ad-
dition, further experiments proved that ALCAR could prevent
and treat AS by regulating the level and distribution of lipid in
vivo, reducing the level of inflammatory factors, and improv-
ing the antioxidant capacity of the body.

High-fat diet can deposit cholesterol in the form of cholesterol
esters in the blood vessels and other parenchymal organ tis-
sue [18], leading to the formation of AS. Low-density lipopro-
tein (LDL) plays a key role in AS, and LDL is a lipid component
related to the development of AS, which has a pivotal role in

AS. Currently, LDL overexpression is considered as one of the
risk factors of atherosclerosis. LDL is transported to the dam-
aged vascular endothelium, and oxidized low-density lipopro-
tein (OX-LDL) is formed under the attack of reactive oxygen
species (ROS). OX-LDL causes vasodilation and contraction
dysfunction [19], activates apoptotic pathways, has cytotox-
ic effects, and causes EC damage. The uptake of lectins like
OX-LDL receptor-1 plays an important role in the formation
of foam cells [20]. It is considered that the overexpression of
LDL is one of the most dangerous factors for AS, and regulat-
ing serum LDL can effectively control the occurrence and de-
velopment of AS [21]. Medical research has shown that HDL
is a key factor in reversing AS [22]. For instance, the decrease
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of HDL leads to the increase of free cholesterol in plasma, the
decline of lipid clearance function, the formation of vascular
plaques, and the acceleration of AS. High-fat feeding can re-
sult in the disorders of serum lipid metabolism in rats, as well
as increasing levels of serum TG, TC, and LDL and the decreas-
ing HDL levels. The results of the present experiment showed
that ALCAR is one of the pathogenic factors of lipid disorder
in rats induced by high-fat diet, had a good mitigatory effect,
significantly reducing the levels of TC, TG, and LDL in serum
of rats, and increasing the level of HDL in serum. In normal-
diet rats, ALCAR had no significant changes in TC, TG, or LDL
contents of lipid composition. Furthermore, our results sug-
gested that ALCAR in hyperlipidemia can improve the distri-
bution of liposomes, including lowering the level of LDL and
elevating the level of HDL, through which ALCAR plays a crit-
ical role in AS. Our study also found that there was no obvi-
ous change in serum TG and LDL levels, while HDL level was
significantly increased after ALCAR intervention in normal an-
imals. Therefore, these results suggest that ALCAR is a gener-
al expression of the upregulation of HDL expression.

Vascular oxidative stress leads to disordered lipid metabolism,
which can further aggravate AS, and the vascular endothelial
cells in hyperlipidemia environment produce severe lipid per-
oxidation damage, induced by AS or further aggravated by it
[23]. Oxygen free radicals play an important role in the devel-
opment of AS [24,25]. MDA is the product of lipid peroxidation,
whose levels can indirectly reflect the degree of lipid peroxi-
dation. High-fat diet can lead to increased production of free
radicals, lipid peroxidation, and elevated levels of MDA. In the
dietary management of aged rats, a combination of ALCAR and
r-a-lipoic acid, or r-a-lipoic acid alone, decreased the content
of MDA in brain tissue of aged rats, and oral administration
of ALCAR hydrochloride and « lipoic acid reduced the MDA
level in the liver [13]. The decline of their antioxidation abil-
ity might be one of the factors contributing to atherosclero-
sis; thus, the selection of antioxidants may be an important
way to treat AS. This study found that ALCAR could effective-
ly decrease MDA in serum and aortic tissue, reduce lipid per-
oxidation production, and increase the level of antioxidants,
suggesting that ALCAR can strengthen the body’s own free
radical defense system through its antioxidants, and alleviate
the oxidative damage of DNA, protein, and lipid free radicals.
Combined with aortic pathomorphological detection, ALCAR
can significantly alleviate the symptoms of atherosclerosis in
rats with AS, and the antioxidant capacity of aortic tissue was
significantly improved after administration of ALCAR. Our re-
sults suggest that ALCAR exerts an anti-AS effect through the
intervention of LDL oxidation to OX-LDL.

The inflammation theory states that AS is a chronic inflamma-
tory process. To explore whether ALCAR can exert an anti-AS
effect by reducing the high expression of inflammatory factors

ANIMAL STUDY

in the environment of high blood lipids, we assessed the lev-
els of TNF-q, IL-1B, C-reactive protein (CRP), and mRNA in se-
rum and aortic tissues. CRP is an important marker of inflam-
mation, and is clinically used to predict the severity of aorta
AS [26]. CRP promotes oxidative stress in vascular endothe-
lial cells, and OX-LDL stimulates expression of adhesion mol-
ecules and promotes the differentiation and development of
plague-mediated migration of vascular smooth muscle cells
(VSMCQ) [27]. Additionally, CRP activates VSMC nuclear tran-
scription factor kappa B (NF-xB) to induce monocyte chemo-
taxis protein, IL-6, and iNOS expression [28,29]. Treatment with
IL-1B platelet-derived growth factor stimulates the differenti-
ation phenotype of VSMC and enhances the proliferation and
migration of VSMCs [30]. TNF-a. can upregulate the expres-
sion of syndecan-4 protein, thereby promoting the infiltration,
polymerization, and proliferation of VSMC intimal [31]. At the
same time, we found the levels of iNOS were closely associ-
ated with inflammation. In recent years, researchers have at-
tached more importance to the role of nitric oxide (NO) in in-
flammatory diseases. iNOS is widely involved in chemotaxis
expression of inflammatory factors and ROS/reaction of nitride
product (RNS), further demonstrating the key role of nitric ox-
ide in the development of inflammation. In the present study,
we found that ALCAR can significantly reduce the concentra-
tion of inflammatory factors TNF-a, IL-1p, and CRP in athero-
sclerotic rats. After atherosclerosis formation and ALCAR in-
tervention, TNF-q, IL-1B, CRP, and mRNA levels of iNOS and
protein expression were significantly decreased compared to
the AS group, showing that the anti-inflammatory action may
be one of the mechanisms underlying the effect of ALCAR in
treating AS.

Previous research has shown that the level of plasma APN in
patients with AS was significantly lower than that in the neg-
ative control function of physiological anti-AS [32], and it de-
creased with the increase of AS degree, which was negatively
related to stenosis and coronary artery [33]. Here, the serum
APN in high-fat diet group rats was significantly lower than that
in the normal-diet group, compared with the previous research
results. However, there was no obvious change in serum APN
level in rats of the ALCAR group, suggesting that the APN func-
tion of ALCAR has no significant effect on adipocyte secretion.

The renin-angiotensin-aldosterone system (RAAS) exists wide-
ly in vascular endothelial tissue. Studies have shown that Ang
Il is associated with the development of atherosclerosis, and
the increase of Ang Il concentration in the aortic tissue is one
of the main mechanism of AS formation[34]. According to the
results of the present study, ALCAR can play an anti-atheroscle-
rosis role by reducing the expression of Ang Il in aortic tissue.

Based on observing the preventive effect of ALCAR on athero-
sclerotic plaque formation, inflammatory factors in heart tissue
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and antioxidant capacity of heart tissue were detected. The
results showed that, on the basis of the formation of the ath-
erosclerosis, the expression of inflammatory factor gene and
protein was significantly increased in myocardial tissue, where-
as the antioxidant capacity decreased. The expression of in-
flammatory factor gene and protein in the AS+ALCAR group
was significantly lower than that in the AS group, and the an-
tioxidant capacity was higher than that in the AS group. AS is
a systemic vascular disease related to heart disease. High-fat
diet and vitamin D3 injection can cause chronic coronary ar-
tery disease and mild atherosclerotic symptoms, resulting in
mild myocardial ischemia, cardiac oxidative stress, and chron-
ic inflammation. Analysis of the causes suggested that ALCAR
can reduce inflammation and antioxidants to prevent coronary
heart disease. Studies have found that fat itself can cause in-
flammation and oxidative damage, and the reduction of in-
flammatory factors may be involved in the anti-atherosclero-
sis and direct myocardial protection of ALCAR [35]. We found
that ALCAR significantly decreased the expression of inflam-
matory cytokines in myocardial tissue of rats fed a normal diet
compared with the control group. The intervention of ALCAR
in heart inflammation may not depend exclusively on the an-
ti-atherosclerotic effect. A recent study [36] showed that le-
vocarnitine was able to upregulate the expression of TIMP-1,
inhibit the expression of ICAM-1, and had a myocardial pro-
tection effect. From the level of myocardial cells protection,
it may be one of the crucial reasons to further reduce the se-
verity of inflammation.
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In recent years, many studies have found that regulation of in-
testinal microbial metabolism is important, especially the tri-
methylamine (TMA) oxides of intestinal flora in the liver, which
can increase the risk of cardiovascular disease. L-carnitine
is an important source of TMA production in intestinal flo-
ra. Koeth [37] found that giving large doses of L-carnitine to
mice accelerated the process of AS, which was in conflict with
our study. In their study, after adding 1.3% levocarnitine to
the drinking water (equivalent to 600-800 mg/kg dose) for a
long time, mice were healthy. However, our findings used AS
model rats, and the model was in high blood lipids, high oxi-
dation, and high inflammatory state, and given low doses of
L-carnitine. The conflicting research showed that, in athero-
sclerosis rats with high-fat diet, a certain dose of levocarni-
tine could improve the process of coronary AS. An editorial
published by McCarty [38] also explicitly mentioned the one-
sided study of Koeth.

Conclusions

ALCAR inhibits the development of atherosclerosis by regulat-
ing blood lipids and inhibiting the gene expression of inflam-
matory factors and oxidant stress. ALCAR can reduce the lev-
el of mRNA and protein of CPR, TNF-a, IL-1f, and iNOS in the
aorta and heart tissues of rats with AS, which may be relat-
ed to anti-coronary artery atherosclerosis and myocardial pro-
tection. Further in-depth research on the mechanism underly-
ing ALCAR is needed.
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