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Abstract 

Background: High-fat diet (HFD) possesses a major cause of cardiovascular disease, and hepatosteatosis. Unfor-
tunately, long-term use of statins has a theoretical possibility of worsening of hepatic histology in the patients with 
non-alcoholic fatty liver disease (NAFLD). The objective of the study was to explore hepatoprotective potential of 
policosanol as an alternative to statins in experimental NAFLD. For the same, young male Wistar rats were fed with 
HFD for 8 weeks to induce NAFLD. 48 adult Wistar rats were distributed into six investigational groups: normal control, 
HFD control, and four treatment groups, receiving policosanol (50 and 100 mg/kg/day), atorvastatin (30 mg/kg/day), 
and silymarin (100 mg/kg/day) for 8 weeks along with HFD.

Result: HFD consumption caused profound hepatotoxicity evident by hepatic oxidative stress, increased Serum 
glutamic oxaloacetic transaminase (SGOT), Serum glutamic pyruvic transaminase (SGPT), Alkaline phosphatase (ALP), 
and bilirubin content. Treatment with policosanol (100 mg/kg) markedly reduced the elevated SGOT, SGPT, and 
ALP levels in HFD-fed rats. Moreover, policosanol significantly reduced hepatic oxidative stress manifest by reduced 
malondialdehyde (MDA) and increased glutathione (GSH) level. The treatment with policosanol (100 mg/kg) was 
found to be more active in attenuating the HFD-induced hepatotoxicity as compared to policosanol (50 mg/kg) and 
atorvastatin (30 mg/kg). Moreover, we observed that the hepatoprotective potential of policosanol was comparable 
to the silymarin.

Conclusions: The results of the study clearly indicated that the policosanol could be considered an intriguing 
approach for the treatment of NAFLD.
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Background
High-fat diet (HFD) is not only key risk factors for car-
diovascular disease, but also a major cause for hepa-
tosteatosis, also called non-alcoholic fatty liver disease 
(NAFLD) [1]. NAFLD is characterized by lipid deposi-
tion within hepatocytes due to over-consumption of 

HFD. The multifaceted signalling mechanisms have been 
identified to be associated with NAFLD, but the main-
stream theory of NAFLD is based on “multiple parallel 
hits” hypothesis [2]. HFD or diabetes-induced insulin 
resistivity is the “first hit” leading to hepatic steatosis and 
the “second hit" is determined by the increased oxidative 
stress, that liable to steatohepatitis as well as fibrosis. The 
relationship between type 2 diabetes mellitus (T2DM) 
and NAFLD is complex, and bidirectional [3, 4]. Apart 
from the increased prevalence of NAFLD in T2DM, 
NAFLD has been reported to increase the possibility of 
developing T2DM. With ultrasound studies and biopsy 
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of liver, a clinical investigation reported that the preva-
lence of diabetes is approximately three-times higher in 
the patients with NAFLD in comparison to the general 
population [5]. In addition, the relationship between the 
cardiovascular diseases and NAFLD is also bidirectional 
as thrombosis in small intrahepatic veins, was observed 
to elicit hepatic remodelling and thrombotic events are 
frequently present in the NAFLD patients, responsible 
for more advanced fibrosis [6]. On the other hand, evi-
dences also suggest that the patients with NAFLD have 
a greater incidence of cardiovascular disease, compared 
to the general population [7]. Thereby, if untreated, this 
fatty infiltration in the liver not only increases the meta-
bolic abnormality associated with cardiovascular risk but 
also further leads to cirrhosis and liver failure.

Statins, β-Hydroxy β-methylglutaryl-CoA (HMG-CoA) 
reductase inhibitors, are considered as mainstay for the 
management of hyperlipidemia [8]. As patients with 
NAFLD show a high risk for the cardiovascular disorders, 
statins are recommended to patients with NAFLD, and 
dyslipidemia. However, in regard to the long-term use of 
statins, questions have been raised by the researchers for 
the theoretical possibility of worsening of hepatic histol-
ogy in the patients with NAFLD [9]. In addition, a clinical 
instigation raised the question regarding the efficacy of 
statins in the management of NAFLD by demonstrating 
that simvastatin treatment did not cause any significant 
improvement in serum aminotransferase levels, necro-
inflammatory activity, hepatic steatosis, or stages of 
fibrosis in nonalcoholic steatohepatitis (NASH) [9]. Even 
several lines of evidence revealed that other alternative 
hypolipidemic such as resins, nicotinic acids or fibric acid 
derivatives are also associated with the adverse effects [9, 
10]. Thus, it is essential to develop efficacious and safe 
therapeutic intervention to prevent HFD induced-dyslip-
idemia and associated NAFLD.

Policosanol, a mixture of some aliphatic primary alco-
hols [Octacosanol (62 9%), Tricosanol (12.6%), Hexa-
cosanol (6.2%)] found in wax of sugar cane (Saccharum 
officinarum) [11]. Policosanol has been demonstrated to 
reduce the serum total cholesterol (TC) and low density 
lipoprotein (LDL) and restores the level of high density 
lipoprotein (HDL) [12, 13]. The hypolipidemic potential 
of policosanol is attributed to down-regulating the HMG-
CoA reductase [14]. In addition, policosanol has been 
reported to reduce the lipid peroxidation in rats [15]. 
Furthermore, policosanol has antithrombotic property 
as it inhibits the formation of thromboxane A2 (TXA2) 
[16]. Moreover, policosanol possesses potent antioxidant 
property by reducing the formation of reactive oxygen 
species (ROS) through Reduced nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase inhibition and 
stimulation of the activities of catalase and superoxide 

dismutase [14, 17]. Policosanol also inhibits proprotein 
convertase subtilisin/kexin type 9 (PCSK9), an enzyme 
responsible for degradation of LDL receptors which 
results in the reduction of LDL level [18]. Therefore, by 
considering the hypolipidemic, anti-thrombotic and anti-
oxidant activities of policosanol, the study was aimed to 
explore the effect of policosanol in HFD-induced dyslipi-
demia and associated hepatotoxicity in rats, comparing 
the hypolipidemic and hepatoprotective activities of poli-
cosanol with atorvastatin and silymarin.

Methods
Drugs and chemicals
Policosanol was procured from Arjuna Natural Extracts 
Ltd., Kerala. Atorvastatin and Silymarin were purchased 
from (Sigma Chemicals Co. U.S.A.). Total cholesterol 
(TC) (120194), triglyceride (TG) (120211), high-density 
lipoprotein (HDL) (121260), SGOT (120204), SGPT 
(120208), ALP (BLT00003), Serum bilirubin (120244) 
estimation kits were purchased from ERBA (Transasia 
Bio-Medical Diagnostic Reagent Kit, Solan, India). All 
the chemicals purchased for current study, were of ana-
lytical grade.

Animals
The male adult Wistar rats (200 ± 20  g) of 6  weeks’ old 
were purchased from AIIMS, New Delhi, India. The pro-
tocol was reviewed and approved by the Institutional 
Animal Ethics committee (IAEC). Rats were housed in 
cages at temperature (25 ± 2  °C) and controlled humid-
ity (65 ± 10%) with 12 h light/dark cycle. Food, and pota-
ble water remained ad libitum throughout the study. The 
study was executed (Approval no. IAEC/KSOP/E/16/10) 
as per the guidelines of Committee for the Purpose of 
Control and Supervision of Experimentation on Animals 
(CPCSEA), New Delhi.

Preparation of high‑fat diet
The high-fat diet was prepared using powdered nor-
mal pellet diet (36.50%), cholesterol (1%), casein (25%), 
lard (31%), vitamin and mineral mix (6%), yeast pow-
der (0.1%), DL-Methionine (0.3%), and sodium chloride 
(0.1%) in a fixed ratio described by Srinivasan et al. [19].

Experimental protocol
The adult male Wistar rats (220 ± 20  g) were allocated 
into six experimental groups and each group comprised 
of 8 animals. Policosanol was suspended in 2% Tween-20/
water and administered orally at dose of 50 and 100 mg/
kg from day-1 to day-56 in different experimental groups. 
An earlier study also demonstrated the hepatoprotective 
effect of policosanol in Carbon Tetrachloride-induced 
liver injury in rats [20]. The doses of atorvastatin and 
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silymarin were selected on the basis of previous studies 
[21, 22].

Group I (Normal control): animals were fed on stand-
ard pellet diet and potable water and administered 
0.5% CMC solution in distilled water for 8 weeks.
Group II (Disease control): animals were fed on 
HFD, and potable water for 8 weeks.
Group III (HFD + policosanol-50  mg/kg): animals 
were fed on HFD and were treated with policosanol 
(50 mg/kg; p.o.) for 8 weeks.
Group IV (HFD + policosanol-100  mg/kg): animals 
were fed on HFD and were treated with policosanol 
(100 mg/kg; p.o.) for 8 weeks.
Group V (HFD + atorvastatin-30  mg/kg): animals 
were fed on HFD and were treated with atorvastatin 
(30 mg/kg; p.o.) for 8 weeks.
Group VI (HFD + silymarin-100  mg/kg): animals 
were fed on HFD and were treated with silymarin 
(100 mg/kg; p.o.) for 8 weeks.

After the completion of eight weeks, animals were first 
weighed and then sacrificed through cervical disloca-
tion. Blood samples were collected to separate the serum 
through a centrifugation (2500  rpm for 10 min) using a 
centrifuge. Liver was isolated quickly, then washed in 
0.9% NaCl solution, weighed and finally homogenized 
(10,000 rpm for 15 min at 4 °C) in 0.1 M Tris–HCl buffer 
at pH 7.4 through homogenizer. The collected serum and 
liver homogenate were stored in − 20 °C used for further 
biochemical analysis.

Estimation of lipid profile
The TC (Cat. No. BLT00036), TG (Cat. No. BLT00024), 
and HDL (Cat. No. BLT00028) were estimated by using 
commercially available kits (ERBA, Transasia Bio-
Medical Diagnostic Reagent Kit, Solan, India). The kit 
protocols provided by the company were followed to 
determine the TC, TG and HDL.

Estimation of atherogenic index
Atherogenic index (AI) is an important predictor for the 
cardiovascular risk assessment [23]. It was measured by 
using the following formula- “AI = (TC-HDL)/HDL”.

Assessment of liver function
The HFD-induced NAFLD was assessed biochemically by 
estimating SGPT (Cat. No. BLT00053), SGOT (Cat. No. 
BLT00051), alkaline phosphatase (Cat. No. BLT00004) 
and total bilirubin level in the serum. SGPT, SGOT and 
ALP were estimated by the method provided with the 
commercially available kit (ERBA, Transasia Bio-Med-
ical diagnostic reagent kit). The total bilirubin level was 

estimated by the protocol available with Agappe diagnos-
tic kit (Mumbai).

Determination of oxido‑nitrosative stress
Tissue lipid peroxidation was assessed using the method 
of Okhawa et  al., 1979 as described in a previous study 
[24, 25]. One ml of the tissue homogenate was mixed 
with 0.2  mL of 4% sodium dodecyl sulphate, 1.5  mL of 
20% acetic acid in 0.27 M HCl (pH 3.5) and by addition 
of 15 mL of 0.8% thiobarbituric acid (pH 7.4). The result-
ing mixture was kept on hot water bath at 95 °C for 1 h. 
1,1,3,3-tetraethoxy propane was taken as a standard. 
After centrifugation (5000 ×g for 5 min with the help of 
centrifuge), the intensity of pink colour obtained after 
heating was compared with a blank reagent at 532  nm. 
The concentration was expressed as nanomoles of 
malondialdehyde (MDA) per mg of protein. The reduced 
glutathione (GSH) level was assessed by the method 
described by Beutler et  al. [26]. The equal proportions 
of liver homogenate and trichloroacetic acid (10%, w/v) 
were mixed and the mixture was centrifuged at 1000 ×g 
for 10  min at a temperature 4  °C. After obtaining the 
supernatant, it was mixed with 2 mL of 0.3 M disodium 
hydrogen phosphate, and 250 µL of 0.001 M (5,5-dithio-
bis-(2-nitrobenzoic acid) DTNB. The absorbance of 
the finally obtained yellow-colored solution was taken 
against the blank at 412 nm. The concentration of GSH 
was represented as μmole/mg of protein. The nitrite level 
was quantified as described by Green et  al. [27]. Equal 
volumes of liver homogenate and the Griess reagent were 
mixed. The mixture was kept at dark place for 20  min. 
The absorbance was noted against blank at 540 nm. The 
results were represented as μmol/mg of protein.

Statistical analysis
All obtained values expressed as mean ± standard devia-
tion. The data obtained was statistically analysed using 
one-way ANOVA, followed by Tukey’s multiple compari-
son tests. The p < 0.05 was considered to be statistically 
significant. GraphPad Prism 5 software (GraphPad Inc., 
La Jolla, CA) was used for statistical analysis of data.

Results
All the parameters were measured at the end of 8 weeks 
in normal and treated rats. Rats fed on HFD showed 
profound hyperlipidemia and hepatotoxicity after eight 
weeks. Less than 5% of mortality was noted in rats fed on 
HFD with or without the drug treatments.

Effect of pharmacological interventions on lipid profile
We found significant (p < 0.001) elevation of serum TC 
and TG level in HFD-fed rats as compared to normal 
control (Table  1). On the other hand, HFD fed animals 
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showed significantly (p < 0.001) reduction in the serum 
HDL level as compared to normal control. Policosa-
nol (50 and 100 mg/kg) treatment significantly (p < 0.05, 
p < 0.001 respectively) reduced serum TC and TG level in 
HFD-fed animals. Moreover, atorvastatin and silymarin 
treatment significantly (p < 0.001) prevented the HFD-
induced alteration in lipid levels (Table 1).

Effect of pharmacological interventions on atherogenic 
index
The atherogenic index based on the serum level of TC 
and HDL was noted significantly (p < 0.001) high in HFD 
fed animals as compared to the normal control group. 
Administration of policosanol (100  mg/kg), atorvastatin 
and silymarin significantly (p < 0.001) restored the ather-
ogenic index in HFD-fed animals (Table 1).

Effect of pharmacological interventions on serum AST, ALT, 
and ALP levels
HFD consumption caused a marked (p < 0.001) surge in 
the serum concentration of AST, ALT, and ALP levels 
(Table  1). However, policosanol (100  mg/kg), atorvasta-
tin, and silymarin treated groups presented significant 

(p < 0.001) fall in the AST level as compared to the HFD 
group. Atorvastatin and silymarin treated groups also 
showed marked (p < 0.001) decline in AST level. Moreo-
ver, Policosanol (100  mg/kg), atorvastatin and silymarin 
significantly (p < 0.001, p < 0.01, p < 0.001 respectively) 
reduced the ALT level in HFD-fed animals. However, 
Policosanol-50 mg/kg failed to reduce the elevated levels 
of ALT, AST and ALP in the HFD group (Table 2).

Effect of pharmacological interventions on serum bilurubin
We found that bilurubin level was markedly (p < 0.001) 
increased in rats fed on HFD. Policosanol (100  mg/kg), 
atorvastatin and silymarin treated groups showed sig-
nificant (p < 0.001, p < 0.01, and p < 0.001 respectively) 
decrease in the bilirubin level as compared to the HFD 
group. Policosanol-50 mg/kg failed to produce a substan-
tial outcome on bilirubin level in HFD-fed rats.

Effect of pharmacological interventions on total protein 
and albumin in serum
We found that HFD consumption significantly (p < 0.001) 
decreased serum concentration of total protein in the 
HFD group as compared to the normal control (Fig. 1a). 

Table 1 Effect of policosanol, atorvastatin, and silymarin treatments on serum triglyceride, total cholesterol, high density lipoproteins 
(HDL), and atherogenic index in HFD-fed animals

Data are represented as mean ± SD (n = 6)
@@@ p < 0.001 compared with the normal control group

*p < 0.05 compared with the HFD group

**p < 0.01 compared with the HFD group

***p < 0.001 compared with the HFD group

Serum parameters Normal control Disease control (HFD) Policosanol 50 
(mg/kg) + HFD

Policosanol 100 
(mg/kg) + HFD

Atorvastatin30 
(mg/kg) + HFD

Silymarin 100 
(mg/kg) + HFD

Triglycerides (mg/dl) 98.56 ± 9.18 196.48 ± 18.65@@@ 164.15 ± 20.11* 116.84 ± 13.04*** 136.45 ± 13.14*** 141.23 ± 15.56***

Total cholesterol (mg/dl) 58.94 ± 6.41 88.95 ± 11.29@@@ 77.46 ± 8.38 64.96 ± 8.16*** 66.05 ± 6.43*** 70.86 ± 8.38**

High density lipoprotein 
(mg/dl)

36.15 ± 3.67 26.04 ± 2.86@@@ 31.06 ± 3.51 34.92 ± 3.32** 34.59 ± 4.06** 32.48 ± 3.65*

Atherogenic Index 0.52 ± 0.06 2.01 ± 0.28@@@ 1.74 ± 0.17 0.87 ± 0.11*** 0.91 ± 0.12*** 1.18 ± 0.13***

Table 2 Effect of policosanol, atorvastatin, and silymarin treatments on AST, ALT, and ALP in the HFD-fed animals

Data are represented as mean ± SD (n = 6)
@@@ p < 0.001 compared with the normal control group

*p < 0.05 compared with the HFD group

**p < 0.01 compared with the HFD group

***p < 0.001 compared with the HFD group

Serum parameters Normal control Disease control (HFD) Policosanol 50 
(mg/kg) + HFD

Policosanol 100 
(mg/kg) + HFD

Atorvastatin30 
(mg/kg) + HFD

Silymarin 100 
(mg/kg) + HFD

AST (IU/L) 45.45 ± 6.10 89.46 ± 9.89@@@ 74.32 ± 9.01 52.56 ± 7.29*** 59.84 ± 6.54*** 56.18 ± 5.98***

ALT (IU/L) 41.52 ± 5.69 78.14 ± 9.09@@@ 70.65 ± 6.92 60.83 ± 12.18** 52.42 ± 6.77*** 50.64 ± 5.46***

ALP (IU/L) 98.48 ± 15.64 167.51 ± 22.43@@@ 150.83 ± 19.88 134.81 ± 13.13* 120.12 ± 13.89*** 125.56 ± 16.92**

BILIRUBIN (IU/L) 0.76 ± 0.18 1.77 ± 0.31@@@ 1.39 ± 0.33 0.101 ± 0.27*** 1.19 ± 0.11** 0.91 ± 0.18***
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Treatment with low dose of policosanol did not pro-
duced any noteworthy outcome on serum total protein 
and albumin levels. However, treatment with policosa-
nol (100  mg/kg), atorvastatin and silymarin markedly 
increased the serum concentration of total protein in 
HFD-fed rats. The serum level of albumin was signifi-
cantly (p < 0.001) decreased after consumption of HFD 
(Fig.  1b). However, higher dose of policosanol and sily-
marin significantly (p < 0.001) restored the serum albu-
min level. Low-dose policosanol and atorvastatin failed 
to produce any noteworthy effect on serum albumin level 
in rats.

Effect of pharmacological interventions 
on oxidative‑nitrosative stress markers in the liver
Thiobarbituric acid reactive substances (TBARS), 
a marker of oxidative stress was found significantly 
(p < 0.001) elevated in the liver of HFD-fed rats (Fig. 2a). 

Treatment with policosanol (100  mg/kg), atorvasta-
tin, and silymarin significantly (p < 0.001, p < 0.05, and 
p < 0.001 respectively) reduced TBARS level in HFD-
fed rats. Additionally, we found that HFD consumption 
caused significant (p < 0.001) decline in GSH level in 
comparison to the normal control group (Fig. 2b). How-
ever, policosanol (100  mg/kg), atorvastatin, and sily-
marin treated groups presented significant (p < 0.001, 
p < 0.01, and p < 0.001 respectively) augmentation of 
hepatic GSH as compared to the HFD group. Nitrite 
level was noted significantly (p < 0.001) increased in 
the HFD group comparative to the normal control 
group (Fig. 2c). Policosanol (100 mg/kg), and silymarin 
treated groups showed significant (p < 0.001) decrease 
in hepatic nitrite level as compared to the HFD group. 
However, a low dose of policosanol failed to produce 
any significant result on hepatic oxido-nitrosative level.

Fig. 1 Effect of Policosanol, Atorvastatin, and Silymarin treatments on serum. a Total protein, b Albumin in HFD-fed animals. All values are 
represented as mean ± SD (n = 6). @@@p < 0.001 as compared with normal control animals; ***p < 0.001 as compared with HFD group
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Discussion
The HFD is supposed to be an independent risk factor 
in the induction and development of NAFLD. In recent 
years, many reports are available where attempts are 
being made to manage HFD-associated NAFLD. Among 
the available pharmacological treatment including insu-
lin sensitizers, antioxidants, lipid-lowering drugs, ACE 

inhibitors, pentoxyphylline or other herbal remedies, 
the lipid-lowering drugs, especially statins, have taken 
the lead in the term of management of NAFLD as well 
as associated cardiovascular disorders (CVD). However, 
the toxicity related to statins raised a need to explore 
natural hypolipidemic agent for the management of HFD 
associated with NAFLD and dyslipidemia. In the present 

Fig. 2 Effect of policosanol, atorvastatin, and silymarin treatments on oxido-nitrosative parameters: a TBARS, b reduced glutathione, c nitrite level 
in HFD-fed animals. All values are represented as mean ± SD (n = 6). @@@p < 0.001 as compared with normal control animals; *p < 0.05, **p < 0.01, 
***p < 0.001 as compared with HFD group
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study, HFD-induced NAFLD and dyslipidemia model 
was employed to investigate the therapeutic potential of 
policosanol. We found that HFD increases the number 
of chylomicrons in the intestine that leads to augmenta-
tion of free fatty acid (FFA) in circulation that is taken 
up by the liver. Thus, under the influence of HFD, the 
liver exhibits characteristic fatty infiltration that associ-
ates with the initiation of dyslipidemia and subsequent 
initiation of insulin resistance, that results in excessive 
lipid accumulation and finally liver damage. In the pre-
sent study, rats fed on HFD showed increase in adipose 
tissue mass along with increase in the circulating level 
of TC and TG. Treatment with policosanol 100  mg/kg/
day for eight weeks significantly reduced HFD-induced 
elevated levels of serum TG and TC. In a dose-dependent 
manner, policosanol attenuated the increased adipose 
tissue mass, therefore reduced HFD associate obesity. 
The observed hypolipidemic effect of policosanol was 
corroborated with previous findings [28, 29]. It is worth 
mentioning that HFD-induced NAFLD is indepen-
dently linked to cardiovascular risk and patients with 
NAFLD have a greater frequency of cardiovascular dis-
ease [30, 31]. The present study supports this contention 
as marked increase in atherogenic index was noted in the 
HFD-fed rats. Treatment with high-dose of policosanol 
significantly decreased the atherogenic index. A previous 
clinical study also suggested the potential of policosanol 
in the treatment of hyperlipidemia with NAFLD [32]. In 
addition, a recent study demonstrated the potential of 
policosanol against obesity and metabolic disorders by 
increasing brown adipose tissue activity through aug-
mentation of Free fatty acid receptors 4 (FFAR4) expres-
sion, a gene encoding polyunsaturated fatty acid receptor 
[33].

A number of enzymes are biosynthesized and stored 
in hepatic cells. Liver serum ALT and AST are consid-
ered as reliable markers of liver functioning. The elevated 
serum levels of AST and ALT signifies the impairment in 
hepatic structural integrity, and level raised into circula-
tion as a consequence of cellular damage [34, 35]. HFD 
feeding results in marked elevation of both the enzymes 
as a result of cell lyses. The damaged cell liberates these 
enzymes into systematic circulation. In the present study, 
significant elevation of all these enzymes were observed 
that indicates hepatic cell necrosis. Treatment with high-
dose policosanol reversed the activity of transaminases 
and restored them towards normal, depicting a marked 
protective effect. ALP found in the cells, lining the biliary 
ducts. Plasma ALP level may be note to be raised during 
obstruction in large bile duct/ intra-hepatic cholestasis/ 
and infiltrative ailments of the liver. In the present study, 
HFD feeding resulted in marked elevation of serum ALP 
levels which represent the alteration in the integrity of 

the hepatobiliary system. Treatment with high-dose poli-
cosanol reversed the elevated levels of serum ALP in rats 
on HFD which further confirms the hepatoprotective 
property of policosanol. Bilirubin produced in the retic-
ulo-endothelial tissue from the catabolism of heme pig-
ments is carried to the liver, and then it conjugates with 
the glucuronic acid. The bilirubin glucuronide is much 
more soluble in aqueous medium than the free (uncon-
jugated) bilirubin. Thus, hyper-bilirubinaemia is consid-
ered as one of the outmost indicators of the severity of 
necrosis and hepatic damage [36].

The protein contents in the plasma of HFD-bearing 
animals appear to be associated with impaired hepatic 
function resulting from infiltration with lipid peroxides. 
The administration of policosanol (100  mg/kg) to the 
HFD group restored the protein levels to a normal level 
and also in comparison with the reference drug silyma-
rin; thereby, provide direct evidence of hepatoprotective 
potential of policosanol in the HFD-induced hepatotox-
icity. Further, lipid peroxidation is known as one of the 
key causes of HFD-induced liver damage, and is link to 
generation of free radical derivatives of fatty acid oxi-
dation [37]. Thereby, the inhibition of free radical’s 
generation is vital in terms of shielding the liver from 
HFD-induced damage. GSH, an endogenous antioxidant 
plays an important role in combating oxidative stress 
[38]. In the current study, HFD elevated the TBARS level 
with reduction of GSH level in the liver. Accordingly, 
these results reflect the oxidative imbalance in the liver 
after HFD consumption. High dose of policosanol treat-
ment restored the TBARS and GSH level. Several studies 
had demonstrated the antioxidant potential of policosa-
nol [39]. This study, for the first time, exhibits policosanol 
antioxidant property in HFD-induced hepatic damage. 
Nitrite content indirectly reflects nitric oxide level. Nitric 
oxide readily reacts with free radicals and forms a strong 
oxidant, i.e., peroxynitrite. Peroxynitrite, in turn, causes 
protein and DNA damage and impairment of oxidative 
phosphorylation that finally leads to hepatocellular cell 
death [40]. Moreover, a high level of nitrite in the HFD 
group as compared to the normal control group. Thus, 
elevated level of nitrite further exacerbates oxidative 
stress-induced hepatic damage. The study results indi-
cated policosanol and silymarin were found to be effec-
tive against HFD-induced nitrosative stress.

Conclusions
In conclusion, our experimental data revealed the protec-
tive effects of policosanol are comparable with silymarin 
against HFD-evoked hepatotoxicity. This protective effect 
is likely due to the inhibition of oxidative and nitrosative 
stress and restoration of the atherogenic index. Hence, 
the current investigation suggested that policosanol 
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could be an intriguing therapeutic approach for the treat-
ment of HFD-induced hepatotoxicity.
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