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Deep-frying oil is a source of free radicals that causes oxidative stress in the body and
lead to chronic and degenerative diseases, including non-alcoholic fatty liver (NAFLD). Steatosis,
or fatty liver, is one of NAFLD and is a common result of moderate to severe hepatocellular
insult. L-Carnitine involves in the metabolism of fat and has a potential role as an antioxidant.
In the present study, we aimed to elucidate the role of L-Carnitine in deep-frying oil-treated
rats. We equally divided thirty-six male Wistar albino rats into three groups: the group of rats
without any treatment (control group), the group of rats treated with deep-frying oil of 0.42 ml/
rat/day (negative control group), and the group of rats co-treated with deep-frying oil of 0.42 ml/
rat/day and L-Carnitine of 30 mg/kg/day (treatment group). After three weeks of experimental
treatment, we found that the deep-frying oil treatment in negative control group caused a
significant elevation in the number of hepatic steatosis, hepatic TG content and serum ALT and
AST accompanied by increased MDA levels, suggesting the oxidative stress-induced fatty liver.
The treatment of L-Carnitine reduced the number of hepatic steatosis and TG content, as well as
serum ALT and AST levels. To test the involvement of antioxidant activity of L-Carnitine to its
beneficial effects on the development of fatty liver, we observed the expression of endogenous
antioxidant. We found that the expression of hepatic SOD, CAT, and GPx were up-regulated by
L-Carnitine, followed by a concomitant depletion of MDA levels. In general, this study suggests
that L-Carnitine prevents the development of hepatic steatosis and oxidative damage, as well
as improves the hepatic antioxidant defenses.
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Indonesian people in general, are fond of
fried foods using a deep-frying process '. During the
deep-frying process, various degradation reactions
(hydrolysis, thermal oxidation, polymerization,
etc) of cooking oil take place and produce trans

fatty acids . Studies in experimental animals and
humans indicated that trans fatty acids raise blood
low-density lipoproteins (LDL), triglycerides, and
insulin and decrease high-density lipoproteins
(HDL) 3. In addition, deep-frying oil can form free
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radicals *. It is well known that the free radicals lead
to oxidative stress, which causes damage to DNA,
protein, lipid peroxidation, and cell membrane
damage. Oxidative stress can accelerate aging and
cause arising chronic and degenerative diseases
5. Nonalcoholic fatty liver disease (NAFLD) is
one of the degenerative diseases with the risk
increased by aging and frequent intake of deep-
fried food. NAFLD is a spectrum of conditions
caused by a build-up of fat in the liver, including
non-alcoholic steatohepatitis (NASH) and steatosis
6. The prevalence of steatosis increases with aging,
with the highest prevalence in those over 40 years
in males and over 60 years in females ’. In addition,
the pathogenesis of steatosis is worsened by an
unhealthy lifestyle, such as a high-fat diet and a
high-deep-frying oil-containing diet 5.

Chronic insult of the free radicals leads to
impairment of antioxidant defense and decreases
endogenous antioxidant activity such as superoxide
dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx) '®!'. In addition, free radicals
caused by deep-frying oil, directly stimulate
lipid peroxidation on the cell membrane of
hepatocytes which can be detected by the elevation
of malondialdehyde (MDA), thereby causing
intracellular enzymes such as plasma aspartate
transaminase (AST) and aminotransaminase
alanine (ALT) to be secreted into the bloodstream
12,13

In order to ameliorate the negative
effects of high consumption of deep-fried foods,
various strategies have been extensively studied,
one of which is by the additional consumption of
antioxidants. L-carnitine is an amino acid derivative
produced in the brain, liver, and kidneys with a
potent antioxidant and protects various tissues
including liver from oxidative damage '*'°. It also
involves in the metabolism of fat and facilitates the
oxidation of fat by regulating the mitochondrial
matrix sequestration of long-chain fatty acids to
be processed in beta-oxidation pathway '. Study
found that the treatment of L-Carnitine alongside
nicotinamide riboside increases fat metabolism;
hence, reducing body weight, total body fat
content, and abdominal fat mass !’. Furthermore,
the research found that L-Carnitine reduces plasma
lipoprotein concentrations as a risk factor for
cardiovascular diseases '¥. However, the biological
role and physiological implication of L-Carnitine
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supplementation to prevent the development and
progression of steatosis-induced deep-frying oil, as
well as in enhancing hepatic antioxidant defense,
is yet to be proved.

MATERIALS AND METHODS

Experimental design

Thirty-six experimentally naive rats,
male, Wistar strain, 3-4 months old, weighing 193
+ 12 g at the beginning of the experiment, were
used as subjects. Rats were housed under with
ad libitum source of food and water throughout
the experiment. Rats were randomly divided into
three groups: control untreated (C) group (n= 12,
without any treatment), negative placebo-control
(NC) group (n= 12, deep-frying oil of 0.42 ml/rat/
day for three weeks) and L-Carnitine treatment (T)
group (n= 12, deep-frying oil of 0.42 ml/rat/day,
and L-Carnitine dose of 30 mg/kg/day for three
weeks). The deep-frying oil used in the present
study was a fresh palm oil after the process at
205+5°C for four six-hour periods. L-Carnitine
was obtained from Sigma-Aldrich (St. Louis, MO).
The chemical was given using the forced-feeding
method directly to the stomach of the rat. All
experiments were conducted in accordance with
guidelines on the welfare of experimental animals
and with the approval of the Faculty of Veterinary
Medicine Committee for Animal Experimentation,
Udayana University.
Sample collection

At the end of the study, animals were
anesthetized with ketamine (75 mg/kg) and
xylazine (10 mg/kg). Peripheral blood was the
collected using a sterile hematocrit tube from
the retro-orbital plexus, allowed to clot on the
ice, centrifuged at 3000 rpm for 10 min, and the
serum was collected and stored at -20°C for further
AST, ALT, and MDA analysis. The necropsy was
performed afterward using the previously reported
method with minor adaptation'®. The liver tissue
was collected and fixed with a 10% neutral buffered
formalin (NBF) for histopathology preparation
or with RNAlater Stabilization Solution for the
examination of SOD, CAT, and GPx mRNA
expression.
Histopathology preparation method

The liver was immersed in a fixative
solution for 24 hours, sliced and put into a box
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of a cassette to be further processed in a tissue
processor machine. In this box, the tissues were
immersed in a solution of 70%, 80%, 90%, and
96% alcohol, and two toluene solutions for every
2 hours. The tissue was then inserted into liquid
paraffin in 56°C for 2 hours followed by blocking.
Tissue slicing was done by using a microtome
machine with a thickness of around 4-5 microns
in paraffin blocks. The excised tissue developed on
the water in a water bath at a temperature of 37°C
which was then captured with an object glass and
was dried at room temperature. Paraffin sections
were then stained with hematoxylin-eosin. Liver
histology was then assessed using a binocular light
microscope (Olympus BX50, Hamburg, Germany).
Biochemical analysis

Hepatic triglyceride contents were
measured from 50 mg of liver tissue lysed in 1 ml
of lysis buffer. The supernatants of the lysate were
analyzed using assay kit FO01-2 (Nanjing Jiancheng
Biological Engineering Institute, Nanjing, China).
Plasma AST and ALT level were measured
by enzymatic kinetic UV assay and a kinetic
colorimetric assay (Roche Diagnostics, Mannheim)
following the manufacturer’s instructions. MDA
was measured using the thiobarbituric acid reactive
substances (TBRAS) method. For hepatic MDA
lever, the liver tissue was prepared as follow: one
gram of liver tissue was washed with 0.9% NaCl,
homogenized in 1.15% KCl, and centrifuged for 10
min at 1000 g. The supernatant was used to measure
liver MDA level. The working suspension was used
to measure the absorbance at 525 nm for excitation
and 547 nm for emission. Hepatic MDA levels were
normalized to the protein content measured using
the Lowry’s method.
RNA extraction and real time quantitative PCR

Total RNA was isolated from liver
tissue using Trizol (Roche, Mannheim,
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Germany) in accordance with manufacturer’s
instructions and was converted to cDNA using a
previously described method®. The PCR primer
sequences used are as follows: Rat GAPDH, 52
-CAACTACATGGTTTACATGTTC-32 (forward,
Fw) and 52 -GCCAGTGGACTCCACGAC-32
(reverse, Rv); rat SOD1, 52 -AATGTGTCCATTGA
AGATCGTGTGA-32 (Fw)and 52 -GCTTCCAGC
ATTTCCAGTCTTTGTA-32 (Rv); rat GPxl1, 52
-GAAGCCACGTGATCTCAGCC-32 (Fw)and 52
-CTTGGGGTCGGTCATGAGCGC-32 (Rv);rat Cat,
52-CCCAAGCAACATGCCCCCTGGCAT-32 (Fw)
and 52-4AGAGCCTGGACTCGGGCCCCG-32
(Rv).
Statistical analysis

Data are presented as mean + SD.
Statistical significance were calculated by one-way
ANOVA followed by Tukey post-hoc test.

RESULTS

The histopathological examination of the
hepatic tissues stained with H&E revealed that the
three-week deep-frying oil treatment increased the
number of steatosis and that the supplementation
of L-Carnitine prevented the formation of this
steatosis (Fig. 1). Quantification of the number of
steatosis showed that the average hepatic steatosis
in the C group was 6.26 = 1.66 lipid droplets/field
of view, the NC group was 48.13 + 9.41 lipid
droplets/field of view, while in the T group was
12.67 +2.21 lipid droplets/field of view (p <0.001).
Next, we examined the hepatic TG content due to
its role in the pathogenesis of NAFLD. Expectedly,
the hepatic TG content was elevated by deep-frying
oil treatment as compared to the untreated rats, and
the supplementation of L-Carnitine in the T group
ameliorate increasing hepatic TG content (Fig. 2).

Table 1. Effects of three-weeks deep-frying oil treatment with or without L-Carnitine
supplementation on hepatic function and oxidative damage

C Group NC Group T Group
Serum AST level (U/L) 93.47 +8.93 187.83 + 19.98** 112.07 +29.44'
Serum ALT level (U/L) 60.43 + 11.87 98.17 +£13.94%* 72.29 + 12.66"
Serum MDA (nmol/ml) 6.54+0.61 12.14 + 1.87%* 15.74 + 2.347t

Hepatic MDA (nmol/gr.prot)

487.32 £ 35.86

552.68 +21.76%* 503.77 +£12.43"f

Values are mean + SD, *p<0.05 and **p<0.01 of C vs NC group, p<0.05 and "7p<0.01 of NC vs T group.
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Next, oxidative stress and the impairment
of the antioxidant system are known to play a
crucial role in the pathogenesis and severity
of NAFLD/NASH. This led us to examine the
expression of endogenous antioxidant. Consistent
with the widely approved theory, the deep-
frying oil treatment caused a depletion on the
expression of SOD, CAT and GPx; and that the
supplementation protects the impairment of these
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antioxidant systems (Fig. 3). The improvement of
antioxidant status was followed by the prevention
of oxidative damage to the hepatocyte. As listed
in Table 1., serum AST and ALT which are the
marker of liver function were decreased in the NC
group as compared to the C group, and lower in
the T group as compared to the NC group. Similar
trends were also observed for both serum and
hepatic MDA, which is the marker of oxidative

Microscopic observation of liver sections from rats (1000x, scale bar = 100 um) are shown. (A) There was no fatty degeneration
observed in C group without any treatment. (B) Large number of fatty degenerations indicated a steatosis was observed in NC
group. (C) The addition of 30 mg/kg/day L-Carnitine treatment in the T group prevents the formation of steatosis as compared to

the NC group. (Stained with H&E, 1000x magnification).

Fig. 1. Effect of three-weeks deep-frying oil treatment with or without L-Carnitine supplementation on steatosis
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The hepatic TG content of the NC group was significantly higher than that of C group without any treatment, and the addition of
30 mg/kg/day L-Carnitine treatment in the T group prevents the elevation of hepatic TG content as compared to the NC group.

(*p <0.05, **p < 0.01).

Fig. 2. Effect of three-weeks deep-frying oil treatment with or without L-Carnitine supplementation
on hepatic TG content
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stress-induced lipid peroxidation. Together, these
data suggesting that L-Carnitine prevent the deep-
frying oil treatment-induced oxidative stress and
damage.

DISCUSSION

Studies showed that deep-frying oil causes
lipid peroxidation, moderate to severe cytoplasmic
vacuolization, hepatocyte hypertrophy, and
necroinflammation that indicate the initiation of
NAFLD and progression of the disease 2*2'. Here,
similarly, we also showed that the three-weeks
deep-frying oil treatment increased the number of
steatosis, induced oxidative stress marked by the
depletion of endogenous antioxidant expression,
and causing oxidative damage as shown by the
elevation of liver function marker (AST and ALT)
as well as lipid peroxidation marker (hepatic and
systemic MDA). The treatment of L-Carnitine in the
present study can prevent the process of fatty liver,
as demonstrated by our data showing that the group
of rats with L-Carnitine exhibited a significantly
lower number of hepatic steatosis than that of
negative control group. The L-Carnitine treatment
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also prevented oxidative stress by improving the
expression of antioxidant and decrease the damage
to the liver. This effect is might be mediated by
various mechanisms, including reducing lipid
levels, preventing oxidative stress, and modulating
the inflammatory response in the liver %%,

Several studies have shown that
L-Carnitine improves lipid profiles. For instance,
Malaguarnera et al. 2* observed that Ox-LDL,
TBARS, and conjugated diene were reduced after 12
weeks of treatment compared to baseline. Similarly,
another study found that L-Carnitine treatment for
30 days in the rabbit model of cholesterol-induced
atherosclerosis can reduce LDL and increase HDL
levels . Until now, the mechanisms by which
L-Carnitine regulates lipid profiles are not known
but may involve the improvement of fatty acids
transport into the mitochondria for metabolism
and energy. Mobilization, oxidation, and excretion
of fatty acids also increased with L-Carnitine
supplementation 6%

Apart from increasing levels of LDL
and VLDL and decreasing systemic HDL,
decreased fatty acid oxidation in the liver is also
an important process that causes fat accumulation

*

I .

GPx

T group

The expression of endogenous antioxidants was significantly lower in the NC group than that of C group without any treatment,
and the addition of 30 mg/kg/day L-Carnitine treatment in the T group prevents the downregulation of all endogenous antioxidants

as compared to the NC group. (¥p <0.05, **p <0.01).

Fig. 3. Effect of three-weeks deep-frying oil treatment with or without L-Carnitine treatment on the hepatic
antioxidant defenses gene expression.
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due to disturbances in mitochondrial &-oxidation
in the hepatocyte. The oxidation system in the
mitochondria and peroxisomes as well as the
u-oxidation in the microsomes are controlled
by peroxisome proliferator-activated receptor
alpha (PPAR-4) ***. The epidemiologic study
revealed that the expression of hepatic PPARd is
significantly lower in the patients with NAFLD
3 Study showed that L-Carnitine can increase
the protein level of PPAR-4 in the liver, therefore
enhances fatty oxidation *'. Furthermore, the
results of this study are also supported by various
studies showing that L-carnitine supplementation
led to the restoration of liver lipid metabolism in
dyslipidemic animals *.

We also found that L-Carnitine can
prevent oxidative stress by ameliorating the effect
of deep-frying oil on the depletion of endogenous
antioxidants mRNA. Our study supports previous
finding by Montesano et al. '> who reported that
beneficial effects of L-Carnitine on the prevention
of hepatic steatosis is mediated by inhibition of
oxidative stress. Mechanistically, Giilgin et al. **
and Lee et al. ** separately reported that L-Carnitine
is a good antioxidant that works on free radicals
including 2,2-diphenyl-1-picrylhydrazyl (DPPH),
O, (superoxide anion) radical, H,O, (hydrogen
peroxide). In addition to its direct antioxidant
activity, L-Carnitine also has been proved to
increase the expression and activity of endogenous
antioxidants through the activation of PPAR-4 %,
nuclear factor erythroid 2 (NFE2)-related factor 2
(Nrf2) 36, and Forkhead box O3 (FOXO03) ¥, both
in vitro and in vivo.

Next, we showed here that oral L-carnitine
can reduce levels of ALT and AST as well as
decrease the MDA levels which are biomarkers of
liver function deterioration and oxidative damage
respectively; hence, preventing the progression
of NAFL to NASH caused by deep-frying oil.
Interestingly, we found that both hepatic and serum
MDA levels were decreased by the treatment
of L-carnitine, suggesting that the antioxidant
activity of L-carnitine is systemic. A cross-sectional
study revealed that serum MDA is associated
with NAFLD and NASH in men but not women,
presumably due to the protection of estrogen *%.
L-Carnitine has been previously reported to have
a protective effect on mitochondria and reduces
oxidative stress. It was found that L-Carnitine
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inhibited hydroperoxide radical production and
induction of enzymatic antioxidant system in
mitochondria. L-Carnitine also reduces oxidative
damage to the mitochondrial DNA **!. Inhibition of
oxidative stress by L-carnitine, in turn, prevents the
peroxidation of hepatic membrane polyunsaturated
fatty acids which eventually results in the depletion
of hepatic and serum MDA.

CONCLUSION

In summary, L-Carnitine possesses both
an anti-dyslipidemia and antioxidant activity that
can protect the liver from the aging phenotype
caused by unhealthy food, including deep-frying
oil. We demonstrated that L-carnitine prevents the
development of steatosis, improves antioxidant
defense and inhibits oxidative liver damage. The
current research constraints are: 1) the composition
of deep-frying oil such as content of unsaturated
trans fatty acids and the peroxidized acids that lead
to NASH is unclear; 2) the intracellular direct target
of L-Carnitine remain unknown, therefore the
mechanistic explanation of L-carnitine beneficial
effects remain partial; 3) various factors involved
in lipid metabolism (i.e., PPAR-4, CPTI, and
acyl-CoA oxidase) and oxidative stress response
(i.e., Nrf2 and FOXO3) were not measured; 4)
the findings in this study are correlative in nature
and the causative relationships were not directly
examined. To this end, further study is required
to: 1) profile the composition of deep-frying
oil, 2) elucidate the intracellular direct target of
L-Carnitine, 3) examine the effects of L-carnitine
on the factors involved in lipid metabolism and
oxidative stress response, and 4) study the causative
relationships between these factors and L-carnitine
by using genetically-knockout rats. Additionally,
further study to examine the beneficial effects of
L-carnitine consumption epidemiologically in the
context of prevention and healing of diseases is
necessary.
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