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This work was carried out to evaluate the protective effect of Liquorice, Curcumin, and
Marjoram on CCl4 hepatotoxicity in rats. A total of 60 male rats were separated into 6 equal
groups. Group 1: control negative, rats received 1 mL/kg olive oil (i.p). Group 2: rats received
CCl4 (1 ml/kg B.W i/p) twice weekly for 8 weeks. Group 3: rats received CCl4 as group 2
twice weekly and treated with extract of Liquorice orally at dose 200 mg/kg B.W. Group 4:
were received CCl4 as group 2 twice weekly and treated with extract of Curcumin and given
orally at a dose of 200 mg /kg B.W. Group 5: received CCl4 as group 2 twice weekly and
treated with extract of Marjoram administered orally at dose of 375 mg/ kg B.W. Group 6: rats
received CCl4 as group 2 and treated with Liquorice, Curcumin and Marjoram extracts and
administered orally at the dose 0of 200, 200, and 375 mg /kg B.W. Every rat received treatment
for 2 months. At the end of the experiment, rats were sacrificed. Serum and liver tissue samples
were collected. CCl4 hepatotoxicity causes significant increase in serum of YGT, ALP, and
MDA, with significant decrease in GSH level, SOD and CAT activities. However,
administration of Liquorice, Curcumin, and Marjoram returned these biochemical parameters
to nearly their normal values. On conclusion, the strong antioxidant activity of these plants may

be the main factor in mediating their hepatoprotective effects in CC14 hepatotoxicity

1. INTRODUCTION

The liver is one of the body's major organs responsible for
energy production, toxic material excretion, and
homeostasis regulation. Oxidative stress is an imbalance
between free radicals and antioxidants. As a result, the
excess free radicals start to harm the body's cells and tissues.
It is caused by several agents, including alcohol,
medications, chemicals, and environmental pollutants,
resulting in the development of liver injury (Allameh et al.,
2023). CCl4 is a well-known chemical hepatotoxicant that
causes liver damage by exacerbating oxidative stress
(Abdulmohsen et al., 2024).

Natural products provide a resource for identification of
novel leads that can be utilized for the treatment a diversity
of illnesses, including: (cancer, inflammation, and liver
disease). More than half of all pharmaceutical products have
been discovered from natural compounds or their
derivatives. The vital roles that bioactive chemicals from
plants play in combating various human diseases have led to
their widespread usage in conventional and botanical
medicine (Jinhong et al., 2024). Acute liver damage can be
induced in a wide variety of laboratory animals by a well-
known hepatotoxic drug, CCl4. The principal causes of
CCl4 are induced hepatic damage in lipid peroxidation and
decreased activities of antioxidant enzymes, and generation
of free radicals. The liver damage is induced by the ROS
formation, which causes oxidative stress and finally cellular
damage (Almatroodi et al., 2020; Sonali, 2023).

Liquorice is a traditional medicinal plant that grows in many
places of the world and has ethnobotanical origins. Its roots
have some nutritional and therapeutic characteristics.
Traditional medical systems in Nepal, India, China, and
other nations have utilized glycyrrhizin, a triterpenoid
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glycoside that was extracted from the root of Glycyrrhiza
glabra L., commonly referred to as Liquorice root, to treat
jaundice. Glycyrrhizinic acid, the main component of
Liquorice, displays hepatoprotective action by limiting
changes in cell membrane permeability and boosting the
survival rate of hepatocytes (Nouri-Vaskeh et al., 2020).
Furthermore, several research and experimental experiments
have shown that curcumin effectively reduces liver damage
caused by CCl4 poisoning.

Curcumin is the primary component of turmeric, a rhizome
of Curcuma longa. It is extensively utilized because of its
therapeutic efficacy and acceptable safety profile. Curcumin
has a number of biological actions, including anti-
inflammatory, anticancer, and antioxidant. Acute liver
injury is induced by the formation of ROS, which causes
oxidative stress and ultimately cellular damage (Sonali,
2023).

Marjoram is a significant aromatic plant, its leaves, stems,
and flowers contain essential oils and polyphenols that are
frequently used as a spice and condiment in cooking.
Polyphenols have significant antioxidant properties and are
commonly utilized as food additives (Cinbilgel and Kurt
2019; Bouyahya et al., 2021). Marjoram serves several
therapeutic purposes in addition to its use in the food
industry. This plant has Dbacteriostatic, anticancer,
antioxidant, and insecticidal properties in its methanol
extracts and essential oils. Increased plasma insulin,
increased hepatic glycogen formation, and improved
glucokinase activity are some of the antidiabetic effects of
the phenolic chemicals found in marjoram. Additionally,
marjoram has been shown to have anti-inflammatory,
analgesic, antipyretic, and nephrotoxicity-protective effects
(Lombrea et al., 2020).
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The present study aims to evaluate the hepatoprotective
effect of Liquorice, Curcumin, and Marjoram extracts on
CCL4 hepatotoxicity in rats.

2. MATERIAL AND METHODS

2.1. Experimental Animals

Sixty male Wister rats (150 + 10 grams) were obtained from
the Laboratory Animals Research Center, Faculty of
Veterinary Medicine, Benha University. Rats were housed
for 12 hours in separate stainless steel cages with a light/dark
cycle, at 25 °C and 50 + 5% relative humidity. They were
provided with unlimited food and water. Before starting the
experiment, rats were housed for two weeks to get used to
the environment. The use committee and institutional animal
care requirements were followed when creating the
experimental protocol, which was authorized by the Benha
University Faculty of Veterinary Medicine's Research Ethics
Committee (BUFV 03-11-24).

2.2. Chemicals and plant materials

All of the other analytical-grade chemicals and reagents used
in this study were also acquired from El-Gomhoriya
Company for Trading Drugs, Chemicals, and Medical
Appliances, Cairo, Egypt, while CCL4 was acquired from
AL-Gombhoriya Company for Med-preparations Chemicals
and Medical Equipment, Cairo, Egypt.

The selected plant leaves were obtained from the Local
Company for Herbs and Medicinal Plants in Cairo, Egypt,
and utilized to prepare crude extraction.

2.3. Experimental Design

Rats were randomly divided into 6 main groups, and each
group contained 10 rats. After 1week of acclimatization, the
groups were classified as follows: Control negative group:
rats received 1 mL/kg olive oil (i.p) and supplied with
standard pellet diet and fresh water for 8 weeks. Group 2:
CCL4 intoxicated group, received a dose of CCl4 (1 ml/kg
B.W i/p) twice weekly for induction of hepatotoxicity for 8
weeks. Group 3: CCL4 + Liquorice extract group, received a
dose of CCl4 (1ml/kg B.W i/p) twice weekly for induction
of hepatotoxicity and treated with extract of Liquorice
dissolved in distilled water and given at a dose of 200 mg/kg
B.W. Group 4: CCL4 + Curcumin extract group, received
acute dose of CCl4 (1 ml’kg B.W i/p) twice weekly and
treated with extract of Curcumin and given orally via at a
dose of 200 mg /kg B.W in distilled water. Group 5: CCL4
+ Marjoram extract group, received CCl4 (1 ml/kg B.W i/p)
twice weekly and treated with extract of Marjoram
administered orally at dose of 375 mg/ kg B.W. Group 6:
CCL4 + Mixture of 3 previous extracts groups, received
CCH4 (1 ml/kg B.W i/p) twice weekly for induction of
hepatotoxicity and treated with Liquorice, Curcumin and
Marjoram extracts and administered orally at the dose of
200, 200, and 375 mg /kg B.W in distilled water. Every rat
received treatment for 2 months.

2.4. Sampling
Blood and tissue samples were collected at the end of the
experiment.

2.4.1. Blood Samples

The blood samples were collected from the retro-orbital vein
located at the medial canthus of the eye using heparinized
capillary tubes. The blood samples were collected in dry,
clean and screw capped test tubes and incubated for 1/2 hr.
at room temperature to allow clotting for serum separation.
Clear sera were separated by centrifugation for 15 minutes
and then collected in Eppendorf tubes. Part of the serum
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samples was used immediately for measuring the levels of
vGT and ALP.

2.4.2. Liver Tissue Samples

Rats from each group were decapitated, the abdomen
opened, and the liver was gently excised, cleaned with ice-
cold isotonic saline, cleared of blood, and immediately put
back into ice-cold isotonic saline before being blotted
between two filter sheets. A sample of liver tissue was
promptly frozen at -20 °C for further biochemical studies
(hepatic MDA, GSH, SOD, and CAT).

2.5. Biochemical analysis

Serum yGT level was estimated according to Heersink
(1980), and ALP level was estimated according to Kind and
King (1954). The hepatic MDA and GSH concentrations
were estimated according to Ohkawa et al. (1979) and
Beutler et al. (1963), respectively. The hepatic SOD and
Catalase activities were measured according to Nishikimi et
al. (1972) and Aebi (1984), respectively

2.6. Statistical analysis
The results were expressed as mean + SEM. The data were
evaluated by one-way ANOVA followed by Tukey’s
multiple comparison tests. P-values < 0.05 were considered
statistically significant.

3.RESULTS

As shown in Table 1, the CCl4-intoxicated rats (Group 2)
had a significant increase (P< 0.05) in YGT and ALP enzyme
levels when compared to the control negative group (Group
1). The CCl4-intoxicated groups, treated with extracts of
Liquorice, Curcumin, Marjoram, and a mixture of previous
extracts in groups (3, 4, 5, 6), demonstrated a substantial
(P<0.05) reduction in levels of yGT and ALP.

Although, The CCl4-intoxicated rats (Group 2) showed a
significant increase (P< 0.05) in the hepatic MDA level
when compared to the control negative group (Group 1).
While, the CCl4-intoxicated groups treated with extracts of
Liquorice, Curcumin, Marjoram, and the mixture of
previous extracts in groups 3,4,5,6 demonstrated a
substantial (P<0.05) reduction in the concentration of the
MDA (Fig. 1). A significant decrease (P<0.05) has been
recorded in the hepatic level of GSH and the activities of
SOD and CAT enzymes compared to control negative group.
In contrast, the hepatic level of GSH, and the activities of
SOD and CAT enzymes are significantly elevated (P<0.05)
in these treated groups compared to CCL4-intoxicated group
(Fig. 2, 3, and 4).

Table 1: Impact of Liquorice, Curcumin, and Marjoram treatment on yGT and
ALP enzymes in rats_intoxicated with CCL4 (Mean+ SEM)

Groups yGT (U/L) ALP (U/L)

Group 1 12.56+0.92¢ 138.00+1.53¢
Group 2 70.41+0.85° 625.33+54.34°
Group 3 32.76+2.97% 235.67+2.96"
Group 4 39.27+5.19° 251.00+6.35°
Group 5 37.37+2.12° 246.4142.23"
Group 6 25.04+2.79¢ 205.8246.17°

Values with different superscript letters within the same column are
significantly different at P < 0.05. Group 1 (Control negative), Group 2 (CCL4
intoxicated group), Group 3 (CCL4+ Liquorice extract), Group 4
(CCL4+Curcumin extract), Group 5 (CCL4+Marjoram extract), Group 6
(CCLA+mixture of 3 previous extracts; L+C+M).

100 MDA (nmol/g tissue)

Control (v¢)

CO4 e

Fig. (1). Impact of treatment with Liquorice, Curcumin, and Marjoram on
hepatic MDA level in rats intoxicated with CCL4
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Fig. (2). Impact of Liquorice, Curcumin, and Marjoram treatment on hepatic
GSH level in rats intoxicated with CCL4
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Fig. (3). Impact of Liquorice, Curcumin, and Marjoram treatment on hepatic
SOD activity in rats intoxicated with CCL4
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Fig. (4). Impact of Liquorice, Curcumin, and Marjoram treatment on hepatic
CAT activity in rats intoxicated with CCL4

4. DISCUSSION

The current study assessed the preventive impact of
Liquorice, Curcumin, and Marjoram against CCl4-induced
liver damage. In this study, the CCl4-intoxication increased
the level of yGT and ALP enzymes, which is consistent with
that reported by Li et al. (2015) and Sun et al. (2018). The
CCL4 significantly increases serum enzyme levels by
causing leakage from liver cells, indicating membrane
damage (Sun et al., 2018). The elevated YyGT and ALP
suggest impaired liver function. CCl4 induces liver injury
through mechanisms like fatty degeneration, fibrosis, cell
death, and carcinogenicity, all of which raise liver
biomarkers, especially ALP (Lijun et al., 2023). The ALP is
a homodimer mainly found in the liver, is involved in bile
production, and its elevation signals (Minisola et al., 2025)
In the present study, a marked restoration of YGT and ALP
enzyme levels after administration of Liquorice in group 3
(CCL4+ Liquorice extract) has been recorded, which is
coordinated with that of Abdel-Kader et al. (2018) and
Abdel Maksoud et al. (2018) who reported that a significant
decrease in yGT and ALP levels in Liquorice extract treated
group in comparison with CCL4 treated group might be due
to Glycyrrhizinic acid, the major component of Liquorice
preventing changes in cell membrane permeability and
increasing survival rate of hepatocyte.

Although the present results revealed an improvement in
yGT and ALP activity in Group 4 (CCL4+ curcumin
extract), which is in agreement with AL-Mashhadani et al.
(2023), curcumin preventing the overproduction of yGT and
ALP. Curcumin treatment reduces inflammation and
steatosis, offering protection by inhibiting lipid peroxidation
and oxidative chain reactions. Moreover, Rahman et al.
(2020) reported that serum ALP activities are related to the
function of hepatic cells. Elevated serum ALP reflects
impaired bile excretion due to liver injury. Curcumin's
ability to regulate ALP levels may be due to improved liver
cell secretory function.

In this study, the Marjoram extract (Group 5,
CCl4+Marjoram extract) decreased the yGT and ALP levels,
which is consistent with Hikal et al. (2018) who noted that
the Marjoram extract improves liver enzyme function in
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CCl4 intoxicated rats, with enhanced effects in treated
groups due to its synergistic antioxidant action. It protects
liver tissue by reducing free radical formation and
preventing enzyme leakage into the blood. Although, the
present results revealed an improvement in yGT and ALP
activity in Group 6 (CCL4+ mixture of Liqurice, Curcumin
and Marjoram extracts) compared to CCL4 intoxicated
group. Based on the previous results from the other groups,
it was found that the combination of these extracts work to
protect and repair liver tissue from damage casued by CCLA4.
Similar to our results, Sarhan et al. (2019) and Almatroodi
et al. (2020) reported that MDA significantly increased,
while parameters, SOD, GPx, GSH and CAT were decreased
in CCl4-intoxicated rats. Additionally, it has been noted that
antioxidant agents like SOD and GSH play crucial roles in
defense mechanisms against the damaging effects of ROS
and free radicals in biological systems. These findings may
be explained by the way that CCl4 damages tissues, which
is oxidative damage brought on by lipid peroxidation, which
begins after CCl4 is converted by the cytochrome P450
enzyme into free radicals of the extremely toxic
trichloromethyl radicals (*CCI3) and trichloromethyl
peroxyl radical (¢CCl1302). These harmful free radicals
cause lipid peroxidation and chain reaction in membrane-
like structures like the endoplasmic reticulum and
mitochondria that are high in phospholipids and damage the
cell membrane by changing how it normally functions, and
this leads to an increase in lipid peroxidation marker (MDA)
(Velid et al., 2021; Pelvan et al., 2022).

In this study, CCl4 significantly reduced the hepatic
antioxidant levels of GSH, SOD and CAT, which in turn led
to an increase in MDA levels. This is because CCl4 causes
liver cells to produce less endogenous antioxidants, which in
turn reduces the level of GSH, and enzymatic activity of
(SOD and CAT) (Pelvan et al., 2022). Moreover, Albagami
et al. (2022) reported that the deactivation of their
isoenzymes due to oxidation of a cysteine residue close to
the active center may also be the cause of the decrease in
antioxidant enzyme activity. By regulating the physiological
generation of ROS, redox homeostasis promotes
immunological responses and balance through antioxidant
mechanisms. Exogenous substances, on the other hand, are
known to disrupt redox equilibrium and result in damage
mediated by oxidative stress.

We investigated how CCl4 affected the hepatic antioxidant
state. Glutathione directly inhibits ROS, like lipid peroxides,
and is essential for the metabolism of xenobiotics (Ogbuagu
et al., 2019). Hydrogen peroxide (H202) and lipid peroxide
are detoxified by glutathione, which gives H20> an electron
and transforms it into water and oxygen while shielding
macromolecules like lipids from oxidation (Airaodion et al.,
2019). Interestingly, endogenous antioxidants like GSH,
SOD and CAT have been included into the biological system
to combat the negative effects of free radicals (Singh and
Jambunathan, 2017). Glutathione- s-transferase, SOD, CAT
maintaining the balance between ROS and antioxidant
enzymes. Dismutation of superoxide anion (O2—) to H202
and Oz catalyzes by SOD. Although H20: is still toxic to
cells, catalase catalyzes its breakdown into water, and this
process is crucial to preventing oxidative stress-related
damage (Pelvan et al., 2022).

However, our study's findings demonstrated that group 3
(CCL4+ Liquorice extract) experienced significant decrease
in MDA levels and increase in production of the antioxidant
system (GSH, SOD and CAT). These findings were
corroborated by Sun et al., (2018) who discovered that the
antioxidants enhanced the activity of SOD, CAT, GSH-Px
antioxidant enzymes in the rats' liver treated with Liquorice
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and lowered MDA, and ROS. This could be explained by
Glycyrrhizin has the capacity to scavenge ROS to counteract
oxidative damage caused by CCl4. The treatment of
glycyrrhizin increased antioxidants activity (CAT, SOD and
GSH), which served to mitigate all of these cellular
alterations (Rasool et al., 2014).

Although, our results showed that in group 4 (CCL4 +
Curcumin extract) there is decrease in MDA level while,
showed significant increase in hepatic level of GSH and
activities of SOD and CAT compared to CCL4 intoxicated
group. These findings are consistent with research by
Abd-Alfattah and Abdelraouf (2018) who found that
curcumin, a strong cytochrome P450 inhibitor, decreased
levels of MDA and significantly increased in GSH level and
activities of antioxidant enzymes (SOD and CAT). Because
curcumin suppresses the development of lipid peroxide and
lysosomal enzymes, its administration reduced the liver
damage produced by CCL4 by triggering the Nrf2-Keapl
pathway and boosting the activity of antioxidant enzymes, it
reduces oxidative stress during inflammation. It scavenges
ROS and boosts the activity of serum antioxidants including
GSH and SOD (Lin et al., 2019; Saleh et al., 2021).
Furthermore, in the present investigation, the findings in
Group 5 (CCL4 + Marjoram extract) showed significant
decrease in MDA level while, on other hand there are
significant increase in level GSH and activities of SOD and
CAT. These results agree with study by Hikal et al., (2018)
who observed that CCl4-intoxicated group treated with
Marjoram extract had a substantial rise in serum TAC, liver
CAT, GSH and SOD activity compared to CCL4-intoxicated
group. Although, Abdelhamid et al., (2020) demonstrated
that treatment with Marjoram extract it significantly
decreased gastric MDA while, increased activities of gastric
CAT, SOD and GSH level compared to ulcerative gastritis
group. This is due to Marjoram can either increase GSH
biosynthesis or oxidative stress reduction leading to less
degradation of GSH, and increase SOD which catalyses the
dismutation of superoxide radicals to produce H20 and
molecular oxygen, hence diminishing the toxic effects
caused by their radicals.

In addition to that, in Group 6 (CCL4+mixture of Liquorice,
Curcumin and Marjoram extracts) observed that significant
decreased in MDA levels while, showed significant increase
in antioxidant level of GSH and activities of SOD and CAT
enzymes in compared to the CCL4 intoxicated group. The
supplementation with mixture of previous extracts
attenuated the formation of ROS, which leads to restoring
the redox status in the cell by increasing the levels and
activities of antioxidant agents and this finding was further
substantiated by the results obtained from the other groups
treated individually with each of these extracts. This finding
suggests that these herbs work to protect and repair liver
tissue from damage caused by CCLA4.

5. CONCLUSIONS

According to the results of our investigation, administering
Liquorice, Curcumin and Marjoram may help attenuate
CCL4-induced hepatotoxicity as natural antioxidants from
these plants. It protects the liver from oxidative damage and
modulates biochemical parameters to physiological limits.
Therefore, it is recommended to conduct more research on
this topic.
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