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Background: Chemical drugs in treatment of liver diseases are still scare
and with many complications. Citrullus colocynthis known as bitter apple
is on of herbals that can affect liver function. This study evaluated the
effect of C. colocynthis on serum lipid profile and hepatic tissue histology
in CCl4-induced liver injury rat model.
Methods: In this experimental animal study, forty-two Wistar rats were
randomly divided into 6 equal groups of control received 1 mL/kg of distilled
water, twice a week for 2 weeks intraperitoneally (IP); sham injected with
50% CCl4 identically; and experimental groups administered with just 20
mg/kg of C. colocynthis similarly; receipt of 20 mg/kg of C. colocynthis
after induction of fatty liver disease by CCl4, identically; received 50 mg/
kg of C. colocynthis in the same manner; and receipt of 50 mg/kg of C.
colocynthis after induction of fatty liver disease by CCl4, identically. The
triglyceride (TG) and cholesterol levels were determined and liver tissue
changes were assessed histologically before and after interventions.
Results: C. colocynthis could decrease TG, total cholesterol (TC), highdensity lipoprotein (HDL), but not low-density lipoprotein (LDL) after
liver injury. C. colocynthis could significantly ameliorate the injured liver.
Conclusion: Based on the decrease in TG, TC and HDL levels and
histological healing picture in hepatic tissue after administration of C.
colocynthis, it can be recommended as an alternative medical therapy for
liver injuries because it is inexpensive and is easily available. These findings
can be added to the literature when targeting treatment of liver injuries.
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and Hepatic Histology in CCl 4-Induced Liver Injury Rat Model. Int J Nutr Sci. 2020;5(4):208-213. doi: 10.30476/
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Introduction
The liver is one of the major organs responsible
for detoxification of drugs, biotransformation of
xenobiotics, and disposal of metabolism wastes.
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Its role in fat absorption and the defense against
microorganisms and toxins should not be ignored
too (1). The metabolites from viruses, bacteria
and fungi, the environmental pollutants and
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chemotherapy agents can have adverse influences
on the liver. Among the chemicals, carbon
tetrachloride (CCl4) can lead to liver damages via
NADPH-cytochrome P450 as the enzymatic system
that can reactivate trichloromethyl and peroxy
trichloromethyl radicals (2).
These free radicals target the alkaline functional
groups, unsaturated fatty acids, proteins, and
other cellular macromolecules and result into lipid
peroxidation in cell membrane and change the
enzymatic activities and finally induce cellular
damages and necrosis (3). Administration of CCl4
in mice during a short period was compared with
other toxins and revealed liver damages and cirrhosis
identical to cirrhosis in humans after use of CCl4 (4).
Fatty liver disease can be experimentally induced
by administration of CCl4 that was identified before
(5). Non-alcoholic fatty liver disease (NAFLD) is
also among liver injuries occurring when more
than 5-10% of liver weight is consisted of fat and
is associated with hypertension, lipid disorders,
overweight, and diabetes, which are parts of
metabolic syndrome (6).
Fatty liver disease can be a symptom of resistance
against insulin, and that is why early detection and
appropriate treatment can prevent further liver
damages, that are the most important cause of
mortality in patients with fatty liver disease (7). The
prevalence of fatty liver disease in adults in Western
countries was reported 34-46% that 70-80% of the
cases are among obese population (8, 9). In Iran, the
prevalence of this disease was estimated by 21.531.5% (10).
The effect of various herbals on liver injuries has
been studied revealing inhibition of the progression
of injuries after their use (11, 12). As medicinal plants
are easily available and with low side effects and
have reasonable prices, they are considered worthy
alternative drugs in treatment of liver diseases too.
Among them, Citrullus colocynthis, also known as
Bitter Apple, is one of the tropical herbals found
in several Middle East countries including Iran. It
contains koulosintilin, citrulline, resinous substances,
pectin materials and various minerals (13).
The seed of this plant is similar to the fruit
with a bitter taste. It is composed of linoleic acid
(67-73%), oleic acid (10-16%), stearic acid (5-8%),
palmitic acid (9-12%) and also proteins (14). In
traditional medicine, this plant is used in treatment
of diabetes, jaundice, constipation, edema, fever,
bacterial infections, cancer and also abortion (15).
Administration of C. colocynthis fruit was shown to
be effective in protecting the pancreatic cells from
tissue damages (16). So this study was undertaken to
determine the effect of C. colocynthis on serum lipid
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profile and hepatic tissue histology in CCl4-induced
liver injury rat model.
Materials and Methods
C. colocynthis was purchased from herbal drug
store in Shiraz, southern Iran in dried from. The
plant was identified and confirmed by Department
of botany, Islamic Azad University, Shiraz Branch,
Shiraz, Iran. In this experimental study, the seed
and pulp of C. colocynthis were converted into
powder using a mortar. LD50 of C. colocynthis in
aqueous form was assessed and reported as 100
mg/kg as described before (17). Two different doses
of 20 mg/kg and 50 mg/kg of C. colocynthis in
aqueous form were used in this study via gavage.
LD50 of carbon tetrachloride (CCl4) for induction
of CCl4-induced liver injury was determined to be
1.9 mL/kg based on a previous report (18). During
interventions in all groups, a volume of 1 mL/kg
(ratio 1:1 diluted with olive oil), twice a week for 2
weeks was administered.
In grouping of rats forty two male Wistar rats
(weighing 170-250 g) were enrolled. The animals were
purchased from Animal House of Shiraz University
of Medical Sciences, Shiraz, Iran. Animals were
kept in standard conditions of 12 hours light and
12 hours darkness, temperature of 22-20°C and a
relative humidity of 40-60%. They had free access
to water and food and were allowed to accommodate
to their condition before the experiments. The study
was approved in Ethics Committee of Shiraz Islamic
Azad University (7-E-IR-MIAU.REC.80-B-1395),
and all experiments were carried out based on
guidelines of Iran Veterinary Organization.
The rats were randomly divided into 6 equal
groups including the control group receiving just 1
mL/kg of distilled water, twice a week for 2 weeks
intraperitoneally (IP), the sham group that was
injected with 50% CCl4 (IP, 1 mL/kg, twice a week for
2 weeks), and the experimental groups including the
group that received just 20 mg/kg of C. colocynthis
aqueous extract (IP, 1 mL/kg, twice a week for 2
weeks), the group that was administered 20 mg/kg
of C. colocynthis after induction of liver injury by
CCl4 (IP, 1 mL/kg, twice a week for 2 weeks), the
group received just 50 mg/kg of C. colocynthis (IP, 1
mL/kg, twice a week for 2 weeks), and the last group
receiving 50 mg/kg of C. colocynthis after induction
of liver injury by CCl4 (IP, 1 mL/kg, twice a week for
2 weeks). Liver injury was confirmed histologically.
Following 2 weeks of CCl4-induced liver injury,
a blood sample was provided from the heart of each
rat under general anesthesia using ether. Blood
samples were transferred into a chelate tube, and
later placed in a centrifuge at 2000 rpm for 15
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minutes. The serum was isolated and transferred
in ependorf tubes and evaluated triglyceride (TG)
and cholesterol using Pars Azmoon Company’s kits.
The high-density lipoprotein (HDL) and low-density
lipoprotein (LDL) were assessed using Pars Azmoon
Company’s kits and auto analyzer machine.
Tissue sampling was carried out after CCl4induced liver injury, as well as 2 weeks after
interventions. Liver processing was conducted based
on a previous study (19). In brief, 5% neutral formalin
solution was used to fix the liver tissue. It was later
embedded in paraffin, sliced as 5 µ thickness, and
stained with H&E and visualized under microscope.
The mean±standard deviation of data was
calculated using Excel software. The difference
between continuous parameters was calculated using
t-test. For all comparisons, P<0.05 was considered
statistically significant.
Results
A statistically significant reduction in TG level was
noted when C. colocynthis at a dose of 50 mg/kg
was administered following liver injuries caused
by CCl4 (P<0.05, Table 1). Regarding the total
cholesterol level, the decrease was visible when
50 mg/kg of C. colocynthis was injected IP after
induction of fatty liver disease by CCl4 and the
difference was statistically significant with other
groups (P<0.05, Table 1). When HDL level was
compared between different groups, it was shown
that 50 mg/kg of C. colocynthis could significantly
reduce the serum HDL level in rats with fatty liver
disease experimentally induced by CCl4 (P<0.05,
Table 1).
LDL serum level did not reveal any significant
change after IP injection of 20 and 50 mg/kg of C.
colocynthis following liver injuries induced by IP
injection of CCl4 in experimental rats (P>0.05, Table
1). Following IP injection of 20 and 50 mg/kg of C.
colocynthis after induction of liver injuries by CCl4
in experimental rats, total cholesterol (TC)/HDL

ratio demonstrated a significant decrease (P<0.05,
Table 1). Comparison of LDL/HDL ratio denoted to
a significant decline after administration of 50 mg/
kg of C. colocynthis following liver injuries induced
by IP injection of CCl4 in experimental rats (P<0.05,
Table 1).
Figure 1 illustrates the histological findings of
CCl4-induced liver injury and repair in hepatic tissue
after administration of C. colocynthis. Infiltration of
inflammatory cells happened after IP injection of
CCl4. A decline in inflammatory cells and healing
effect and rearrangement to normal hepatocytes were
noted 2 weeks after the injection of C. colocynthis.
A significant amelioration in hepatic tissue was
illustrated by H&E staining when 50 mg/kg of C.
colocynthis was administered.
Discussion
The liver is armed with the endogenous system
of antioxidants enzymes to counter the offending
oxidative stress (20). However, when the oxidative
stress is more than the neutralizing capacity, the
liver would be the most vulnerable region for free
radicals related tissue damage (20). The peroxide
produced in the lipid metabolic process can attack
hepatic cells leading to liver injury (21). The
produced harmful reactive intermediates including
redox-active reactants, and free radicals can cause
metabolic pressure (22) that can damage hepatic cells
and induce steatosis and cirrhosis (23). Collagen
synthesis in hepatic stellate cells are responsible for
the direct causative role of fibrogenesis in liver that
is triggered by lipid peroxidation due to oxidative
stress and liver damage (24).
A model of CCl4-induced liver injury has been
applied to assess a chemical hepatic injury. The
mechanism involves liver metabolism, wherein
cytochrome P450 (CYP) enzymes in the form of
CCl4, the trichloromethyl radical (CCl3) (25) can
impair the vital cellular processes and cause extensive
cell damage and apoptosis. In apoptosis and fibrosis

Table 1: Comparison of lipid profile in different groups (mean±standard deviation).
Group TC/HDL* LDL/HDL* LDL
HDL*
TC*
TG*
P value*
(mg/dL)
(mg/dL)
(mg/dL)
(mg/dL)
(mg/dL)
(mg/dL)
1
2.80±0.51
0.92±0.41
20.26±8.27 22.43±3.00
62.00±9.52
96.14±6.70
<0.05
2
3.35±0.37
1.38±0.29
38.67±6.78
28.59±2.87
95.00±6.73
138.58±2.59
<0.05
3
2.85±0.30
0.97±0.27
19.79±5.37
20.43±1.61
58.14±6.31
89.67±2.69
<0.05
4
3.82±0.55
2.22±0.58
33.87±11.35 21.88±2.04
82.86±11.22
135.27±2.43
<0.05
5
0.50±2.53
0.57±0.38
9.29±5.91
16.59±2.57
41.00±5.42
75.68±4.37
<0.05
6
4.31±0.73
2.22±0.58
38.00±5.18
17.67±2.69
74.69±3.63
95.00±5.08
<0.05
HDL: High-density lipoprotein; LDL: Low-density lipoprotein; TC: Total cholesterol; TG: Triglyceride. Group 1: control
group receiving just 1 mL/kg of distilled water; Group 2. sham group receiving that was injected with 50% CCl4; Group
3: received just 20 mg/kg of C. colocynthis aqueous extract; Group 4: administration of 20 mg/kg of C. colocynthis
after induction of liver injury; Group 5: received just 50 mg/kg of C. colocynthis; Group 6: Receiving 50 mg/kg of C.
colocynthis after induction of liver injury (IP, 1 mL/kg, twice a week for 2 weeks). *P value was less than 0.05.
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Figure 1: Histological findings after injection of C. colocynthis. A: control received 1 mL/kg of distilled water (×40,
H&E), B: sham received 50% CCl4 (×20, H&E), C: the group received 20 mg/kg of C. colocynthis (×100, H&E), D:
the group received 20 mg/kg of C. colocynthis after induction of fatty liver disease by CCl4 (×100, H&E), E: the group
received 50 mg/kg of C. colocynthis (×100, H&E), F: the group received 50 mg/kg of C. colocynthis after induction of
fatty liver disease by CCl4 (×100, H&E).

ofliver, the synthesis of cellular phospholipids refers
to the incorporation of phospholipids into lipoproteins
and induce triglycerides accumulation (26).
The researchers have developed effective and
potent natural products for the treatment of liver
dysfunction with promising protection in various
CCL4-induced liver injury models (27, 28). In the
studies undertaken on CCL4-induced liver injury
models, one dose of CCl4 could cause liver injuries
such as necrosis, cirrhosis and cancer (29), while
the easiest and fastest route of administration was
reported to be by IP injection (30). Herbals have been
used to lower lipid profile. Gemfibrozil was shown
to lower the lipid profile in fatty liver disease (31).
Statin was also demonstrated to decrease the lipid
profile, specially the cholesterol level (32).
In our study we assessed the effect of C. colocynthis
on lipid profile with significant impact on lowering
TG, TC, and HDL levels in CCl4-induced liver
injury rat model at doses of 20 and 50 mg/kg, while
the dose of 50 mg/kg could significantly decrease
lipid profile. Daradka et al. showed hypolipidemic
effects of C. colocynthis L. in rabbits with a decrease
in cholesterol, phospholipids, and triglyceride levels
(33). C. colocynthis at doses of 50 and 100 mg/kg
was shown to have anti-diabetes effects, and without
any side effects (34). Dehghani et al. in two different
studies found that all doses of C. colocynthis were
not safe and could be toxic at doses of 200 mg/kg
and cause abortion in pregnant ewes (17, 35). In
traditional Chinese medicine, Ginkgo biloba leaves
Int J Nutr Sci December 2020;5(4)

have been used to have hepatoprotective effect
against CCl4-induced hepatotoxicity in rats based
on their property for inhibition of lipid peroxidative
processes, and preventing GSH depletion and
exertion of antioxidant activities (36).
In our study, the healing effect of C. colocynthis
was illustrated histologically in CCl4-induced liver
injury rat model at doses of 20 and 50 mg/kg, while
the effect was statistically significant at the dose of
50 mg/kg. The infiltration of inflammatory cells
disappeared after administration of 50 mg/kg of C.
colocynthis and liver arrangement returned to normal
stucture after injection of 50 mg/kg of C. colocynthis.
Conclusion
The aqueous extract of C. colocynthis at a dose
of 50 mg/kg was shown to decrease the levels of
serum triglyceride, total cholesterol, and HDL. It
could significantly ameliorate hepatic injuries and
lead to healing and repairing effects in hepatic
injured tissue. These findings can be added to the
literature when C. colocynthis is targeted in fatty
liver disease and hepatic injuries.
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