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Abstract
Background and purpose: Carbon tetrachloride (CCl4) has been applied
to induce the toxicity and hepatic fibrosis. Natural antioxidants are
known as efficient and safe treatments for hepatotoxicity compared with
synthetic antioxidants. This study aimed to evaluate the effects of oral
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stress in Wistar rats.

groups including control animals that received olive oil, Toxic control

that administrated with 30% CCl4, Pulegone-20 & 30 that administrated
with pulegone 20 mg/kg and 30 mg/kg, respectively, with in along to
30% CCl4. The liver levels of total cholesterol, triacylglycerides,
phospholipids, superoxide dismutase (SOD), catalase (CAT), reduced
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glutathione (GSH), glutathione peroxidase (GPx), and vitamins C and E
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Results: Administration of CCl4 increased levels of cholesterol,
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were evaluated.

triacylglycerides and lipid oxidation, but it also reduced levels of
phospholipids, SOD, CAT, GSH, GPx, and vitamins C and E (P<0.05). Oral
administration of pulegone, especially in the higher levels, could reverse
negative effects of CCl4 (P<0.05).

Conclusion: Using pulegone is recommended for liver protection due to
its vital therapeutic antioxidant properties.
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Introduction

C

arbon

tetrachloride,

CCl4

is

usually

applied to induce the toxicity and hepatic
fibrosis. The hepatotoxic effect of CCl4

could be attributed to its fast cleavage through
cytochrome P450 in hepatocytes, that produces
trichloromethyl

radicals

leading

to

lipid

peroxidation and then to membrane injury [1].
Activation of the cytochrome catabolizes CCl4 to
trichloromethyl radical (CCl3-) which produces
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toxic reactive trichloromethyl peroxy radical [2].
Oxidative stress increases in case of imbalance
between formation and scavenging of reactive
oxygen species (ROS) [2]. Oxidative stress is known
as cause for the different degenerative diseases such
as oxidative stress [3]. Natural antioxidants are
known as efficient and safe treatments for
hepatotoxicity compared with synthetic antioxidants
[4, 5].
In

this

connection,

Pulegone

is

a

natural

monoterpene ketone which is contained in the
essential oil of a class of plants including Mentha
species. It is reported that Mentha pulegium L. and
Mentha longifolia L. have 60%–90% and 17%
pulegone, respectively, as main component and also
have

anti-bacterial,

antioxidant

and

anti-

inflammatory properties [6, 7]. It is known to have
antimicrobial activity, especially against all the
Salmonella species [8]. A study showed that major
volatile compounds of Satureja macrostema such as
pulegone showed antioxidant activity in 2, 2‑
diphenyl‑1‑picrylhydrazyl and 2, 2’‑azinobis‑3‑
ethylbenzothiazoline‑6‑sulfonic acid [9]. It seems
that pulegone could alleviate adverse effects of
oxidative stress in carbon tetrachloride-induced
oxidative stress. Thus, this study, for first time, was
conducted

to

evaluate

the

effects

of

oral

administration of pulegone in carbon tetrachloride-

A total of 20 adult Male Wistar rats with initial
weight of 220±20 g, were used in this study.
Animals had allowed to ad libitum to a pelleted diet
and water in 25±2 ºC with a 12-h light/dark cycle.
We did not use female rats to avoid the data
variability obtained by hormonal cycles in females.

Experimental procedure
The Pulegone was procured from Sigma Chemical
Co, USA. Based on previous acute toxicological
reports of pulegone, 20 mg/kg body weight of
pulegone was prepared to be nontoxic for rats [10].
The levels of 20 and 30 mg/kg doses of pulegone
were used. Twenty rats were randomly allocated
into four groups and five animals in per group and
pulegone was gavaged with animal oral feeding
cannula and divided as follows,
Group 1: control- olive oil (1 ml/kg), (Control),
Group 2: toxic control-30% CCl4, (Toxic), Group 3:
Pulegone 20 mg/kg + 30% CCl4, (Pulegone-20),
Group 4: Pulegone30 mg/kg + 30% CCl4, (Pulegone30)
Rats in Groups 2, 3, and 4 were treated with 30%
CCl4 olive oil (1 mL/Kg) by using intra-peritoneal
administration for one time every three days for
eight-week period [2]. Animals in pulegone groups
received 20 mg/kg and 30 mg/kg pulegone, 72 h
prior to CCl4 treatment. In the end of trial,
experimental

animals

were

anesthetized

and

sacrificed by cervical dislocation, and the liver
samples were collected, rinsed with saline solution,
and stored at -80ºC.

Investigation of lipid peroxidation, lipid
profile,

enzymatic

and

non-enzymatic

antioxidants

induced oxidative stress in Wistar rats.

Malondialdehyde (MDA) was assessed as one

Materials and methods

nm as reported by others [11]. We have used

Animals

standard procedure for lipid peroxidation in the 532
Chloroform-methanol mixture (2:1 v/v) [12] for
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extraction

of lipids in

investigation

of

the

the liver tissue for

total

cholesterol

[13],

triacylglycerides [14, 15], and phospholipids [16].
Standard methods were applied to estimation of the
superoxide dismutase (SOD) [17], catalase (CAT)
[18],

reduced

glutathione

(GSH),

glutathione

peroxidase (GPx) [19], Vitamin C [20] and vitamin E

Effects of the different levels of pulegone on lipid
peroxidation,

Triacylglycerides,

cholesterol

and

phospholipids in liver of Wistar rats are shown in
Table 1. Results showed that levels of lipid
peroxidation, triacylglycerides and cholesterol were

[21].

significantly higher and also level of phospholipids

Statistical analysis

with control group (P<0.05). Oral administration of

The data were analyzed by one-way Analysis of
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Results

Variance (ANOVA) and Duncan’s Multiple Range
Test (DMRT). Statistical Package for Social Sciences
(SPSS) 23.0 (IBM Corporation, Chicago, IL, USA) was
used for analysis of the data and Graph Pad Prism
was used for analysis of the data. The data were
reported as means±SD.

was significantly lower in Toxic group compared
pulegone reversed adverse effects of CCl4 on the
mentioned parameters (P<0.05). The best response
was observed in level of 30 mg/kg pulegone. The
data for enzymatic and non-enzymatic antioxidants
are illustrated in Figure 1. As results show, CCl4
lowered levels of antioxidants, but pulegone could
partly spare antioxidants and the best response was
observed in the highest level (P<0.05).

Figure 1 Effects of the different levels of pulegone on enzymatic and non-enzymatic antioxidants in liver of rats. Superscripts
(a-d) show significant differences among groups.
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Table 1. Effects of the different levels of pulegoneon on lipid peroxidation (nmoles of MDA/mg protein), Triacylglycerides
(mg/g tissue wt), cholesterol (mg/g tissue wt) and phospholipids (mg/g tissue wt) in liver of Wistar rats.

Control

Toxic

Pulegone-20

Pulegone-30

P-values

Lipid peroxidation

1.19±0.05d

3.23±0.07a

2.83±0.15b

2.13±0.08c

**

Triacylglycerides

3.61±0.25d

6.59±0.17a

5.41±0.21b

4.83±0.13c

**

Cholesterol

3.21±0.08d

4.89±0.03a

4.30±0.05b

3.85±0.04c

**

Phospholipids

14.39±0.95a

11.21±0.77d

12.93±0.55c

13.21±0.38b

**

Parameters
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Superscripts (a-d) show significant differences among groups.

Discussion
The liver is known to have essential roles in

oxidation showed higher levels in Toxic group in

metabolic homeostasis and it is also responsible for

comparison to control group in terms of MDA, as

the metabolism, synthesis, storage and redistribution

final-product of membrane lipid oxidation. It means

of nutrients and macromolecules. It is not only

that increased lipid oxidation is paralleled decreased

involved in the metabolism and detoxification of the

antioxidant enzymes, as illustrated in Figure 1. It

body but also removes wastes and xenobiotics via

seems that pulegone spares antioxidants and help to

metabolic conversion and biliary excretion [22]. The

protect of the antioxidants. On the other hand, we

CCl4 metabolism has been used as model for liver

observed

necrosis and fibrosis. Oxidative stress is known to

triacylglycerides in Toxic group. It is accepted that

have essential role in CCl4-induced toxicity.

CCl4 increases levels of cholesterol to rise in

Moreover, the induction of trichloromethyl-free

hepatocytes. On the other hand, reduced levels of

radical increases lipid peroxidation process. It

phospholipids were seen following administration of

destroys membrane integrity and Ca2+ homeostasis

CCl4 treatment, that could be a result to an

for production of hepatocellular damage [23]. In the

augmentation in phospholipase activity [26, 27]. To

current study, the CCl4 disturbed lipid profile and

better understand of the pulegone activities, it is

increased lipid oxidation and decreased levels of

need to explain further the antioxidant parameters.

antioxidants. However, the use of pulegone could

GSH is one key non-enzymatic antioxidant which

attenuate the effects of CCl4 which could be

controls the intracellular redox homeostasis and

attributed to its antioxidant activity. It is shown that

protects cells from deleterious effects of ROS [28].

antioxidant

oxidative

CCl4 reduced levels of GSH but pulegone spared its

damages [24]. Natural antioxidants are involved in

levels. To be higher GSH levels can protect the liver

oxidative stress by ROS scavenging activity and

against oxidative damage via directly scavenging the

induction of antioxidant and phase II detoxifying

ROS by component of the GSH redox system

enzymes [25]. Improvement in lipids levels in

including

pulegone could be attributed to CCl4 mechanism.

glutathione-s-transferase [29]. On the other hand,

The CCl4-induced liver injury stimulates lipid

results showed that CCl4 reduced levels of vitamins

oxidation and increases production of ROS [23]. Our

C and E. Increased levels of vitamins means

findings for lipid

antioxidant nature of pulegone. It seems that

phyto-chemicals

protect

a

raised

GPx,

level

in

glutathione

cholesterol

reductase,

and

and
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treatment with pulegone maintains membrane from
damages and also protects active forms of vitamin C
and vitamin E from ROS by increased levels of GSH,
due to their close relation [30]. Three main enzymes
CAT, GPx, and SOD are initial lines against damages.
SOD is known to have ability for conversion of the
superoxide anion to H2O2 and O2. The H2O2
decreased is catalyzed via CAT and GPx that protects
the tissue from biomolecule-damaging ROS [31].
Thus, CCl4 reduces the levels of enzymatic and nonenzymatic antioxidants but pulegone attenuates its
effects.

The authors declared no conflict of interest.
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