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Background: Liver is a critical organ that detoxifies poisonous compounds, metabolizes
drugs, and excretes waste products. Liver is sensitive to damage and anticancer therapy.
Cytarabine is the primary drug used to treat non-Hodgkin lymphoma and acute myeloid
leukemia. However, due to its side effects, a new combination is needed to improve treatment
outcomes. Tribulus (T, terrestris is a long-known plant with anticancer activity and many
chemical and biologically active substances with anti-inflammatory and antioxidant properties.

Objectives: This study investigated the effect of 7. ferrestris L. extract against the
hepatotoxicity induced by cytarabine in rats.

Methods: A total of 24 adult male rats were divided into 4 groups (n=6): Control (saline
1 mL/kg), cytarabine (25 mg/kg), T. terrestris (250 mg/kg), and cytarabine + T ferrestris
extract. Saline and cytarabine were administrated intraperitoneally, and 7. terrestris extract
was administered by oral gavage every day for 4 weeks. At the end of the treatments, blood
serum samples were used for enzymes and antioxidant measurements, and liver samples were
used for histological examination.

Results: In the cytarabine group, aspartate aminotransferase (AST), alanine transaminase
(ALT), and malondialdehyde (MDA) significantly increased, and the levels of antioxidant
enzymes significantly decreased compared to the control group. Also, the liver tissue had
shown severe damage. In the cytarabine and 7. ferrestris extract group, the level of antioxidant
enzymes increased, and MDA level, liver enzymes, and liver tissue damage decreased
compared to the cytarabine group.

Conclusion: Our results indicate that 7. terrestris with a dose of 250 mg/kg could significantly
protect against cytarabine hepatotoxicity.
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Introduction

iver is a critical organ due to its numerous

essential biological activities [1]. Hepatic

disorders are a primary global health con-

cern. Drug toxicity, xenobiotic toxicity,

and oxidative stress all have a significant

impact on the liver [2]. Since liver is cru-
cial for metabolizing many medications and poisons, in-
cluding cytotoxic chemotherapy regimens, it is particu-
larly vulnerable to harm [3]. Hepatotoxicity is a highly
complex process. Some drugs affect the liver and lead to
acute and chronic liver injuries. The potential for toxicity
might arise from the initial chemical, a reactive metabo-
lite, or an immunologically mediated reaction [4].

Chemotherapy is a successful treatment technique for
many cancers, but it also has several drawbacks due to
the employment of a combination of highly toxic sub-
stances. The high toxicity and limited specificity of this
type of treatment could be a problem [5].

Cytarabine (Ara-C) treats non-Hodgkin lymphoma and
acute myeloid leukemia [6]. It belongs to the antimeta-
bolic drug class and causes damage to the DNA molecule
in the S phase of the cell cycle [7]. In addition, DNA and
RNA polymerases and nucleotide reductase are inhibited
by Ara-C. It affects all cancerous cells or cells with high
division that require DNA replication [8]. The toxic ef-
fects of Ara-C have been shown in both human and rat
models, resulting in many adverse health outcomes such
as leukopenia, thrombocytopenia, anemia, digestive sys-
tem abnormalities, fever, conjunctivitis, pneumonitis,
and liver dysfunction. In a subset of patients, Ara-C-
based chemotherapy regimens can result in a suboptimal
clinical outcome [9]. Drug-induced liver damage caused
by chemotherapy medicines is a major source of morbid-
ity and mortality. The principal processes behind chemo-
therapy-related hepatotoxicity are based on forming re-
active metabolites produced by phase I oxidation events,
immunological damage, or changes in mitochondrial ac-
tivity. Various clinical approaches have been proposed to
minimize significant toxicity, such as reducing the dose
of cytarabine or using hepatoprotective compounds and
extracts [10-12].

Tribulus (T.) terrestris is a member of the Zygophyl-
laceae family and is found worldwide [13]. 7. terrestris
as a medicinal plant has been well-established due to its
historical usage in traditional medicine practices of sig-
nificant cultures in various regions, such as China and
India, and traditional medicine in south-eastern Europe
[14]. Fruits of T. terrestris have been used to cure mam-
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mary duct obstruction, skin itching, headaches, vertigo,
erectile dysfunction, diuretic effects, inflammatory dis-
eases, and nephritis. Recent research showed that the
main chemical compounds in this plant are steroidal
saponins and flavonoids with anti-inflammatory and
anti-aging properties [15]. Research has shown that this
plant cures liver fibrosis [16], improves the level of liver
enzymes, down-regulates proinflammatory markers in
liver damage [17], has anti-proliferative and pro-apop-
totic properties, and improves the signs of non-alcoholic
fatty liver [18].

The current study was conducted to investigate the ef-
fect of T terrestris L. hydroalcoholic extract against the
hepatotoxicity induced by cytarabine in male Wistar rats
by measuring liver enzymes’ antioxidant capacity and
investigating the histopathology of the liver.

Materials and Methods
Plant extract

To prepare the hydroalcoholic extract of T terrestris,
the plant was prepared from the Arak Agricultural Jihad
Center. Then, 100 g of the whole plant was dried. After
grinding, this powder was dissolved in 150 mL of 70%
alcohol and kept in the laboratory for 3 days. After three
days, the solution was first passed through a paper fil-
ter, and the filtrate was purified using a vacuum rotatory
evaporator to obtain extract [19].

Study animals

Male Wistar rats (200-220 g, about 8 weeks old) were
prepared from Pasteur Institute (Tehran, Iran) and kept
in plexiglas cages with appropriate laboratory conditions
(25-28 °C, 40%-60% humidity, ventilation, and the light
system was 12 hours per day. Each cage consists of not
more than four rats. Rats were fed on the standard chow
and drinking water ad libitum throughout the experi-
ment. To acclimatize, they were kept fifteen days before
the experimental assay.

Experiment design

A total of 24 male rats were divided into 4 groups
(n=6): Control group (saline 1 mL/kg, IP), cytarabine
group (Ara-C 25 mg/kg, IP) [20], 7. terrestris extract
group (250 mg/kg. orally), [21] and cytarabine (Ara-C
25 mg/kg, IP) + T terrestris extract group (250 mg/kg.
orally). Based on previous studies, the LD_, and 95%
confidence limits of 7. terrestris were 813 and 894-739
mg/kg, respectively [22].
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Treatments were done every day for 4 weeks. At the
end of the treatments, rats were anesthetized with 3.5%
chloral hydrate (35 mg/100 g IP), and blood sample
collection was performed with a heart puncher. Blood
samples were centrifuged using a refrigerated centrifuge
(universal device, made in Germany) at 4°C (13300 rpm
for 10 min), and the supernatant was frozen at =20 °C in
aliquots until using biochemical assays. Liver samples
were also collected, washed in 0.9% saline, and pre-
served in 10% neutral buffered formalin for further in-
vestigation.

Enzymes measurements

The levels of angiotensin-converting enzyme (ACE)
(BioSystems kits, Spain), aspartate aminotransfer-
ase (AST) (BioSystems kits, Spain), gamma-glutamyl
transferase (GGT) (BIOLABO kit, France) and alanine
transaminase (ALT) (Spectrum kit, Egypt) in blood se-
rum samples were evaluated to determine the enzymatic
activities of the livers in all groups. The activity of serum
enzymes was measured using commercially available
kits according to the manufacturer’s instructions.

Antioxidant assessments

Blood serum was used to measure antioxidant power
in different experimental groups. The amount of malo-
ndialdehyde (MDA) was measured using the thiobar-
bituric acid (TBA) method. In this method, aldehydes
entered a reaction with thiobarbiturate and formed pink
complexes. This complex can be measured by spectro-
photometry in 535 nm wavelength and expressed as
umol/L [23] The level of superoxide dismutase (SOD)
enzyme activity was measured using pyrogallol. Pyro-
gallol oxidizes spontaneously in aqueous and alkaline
environments. The enzyme SOD prevents the sponta-
neous oxidation of pyrogallol. Enzyme activity is mea-
sured at a wavelength of 420 nm and expressed as U/mL
[24]. The catalase (CAT) activity measurement involved
incubating enzymes in a substrate solution of hydrogen
peroxide in sodium-potassium phosphate buffer at 37 “C
for 3 minutes. The experiment was concluded by using
ammonium molybdate. Enzyme activity is measured at a
wavelength of 374 nm and expressed as kU/L [25].

Histopathological studies

Liver sections, 5-um thick, obtained from the larg-
est liver lobes of rats were processed routinely, hema-
toxylin and eosin-stained. The fixed tissues of rats were
dehydrated with ethanol. Then, the tissues were passed
through a xylene solution to remove the ethanol and fa-
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cilitate molten paraffin wax infiltration. After that, they
were embedded in a wax block. Paraffin sections were
cut with the rotary microtome (Leitz, 1512) and stained
by the hematoxylin-eosin method [26]. The stained slides
were examined using a light microscope (BX40, Olym-
pus, New York, USA) connected to a camera (Olympus,
DP12) and quantitatively analyzed by Image J software.

Statistical analysis

The SPSS software, version 24 was used for statistical
analysis. The results in which one-way (ANOVA) calcu-
lated the significant difference between groups were de-
fined as P<0.05. The least significant difference (LSD)
test was performed to investigate the considerable levels
among averages of treatments.

Results

Comparing serum ACE and GGT between experi-
mental groups

The current study shows that the amount of ACE and
GGT in the cytarabine group did not significantly differ
from the control group (P>0.05). However, there is a sig-
nificant decrease in serum ACE and GGT in the group
treated with cytarabine + 7. terrestris extract (P<0.05)
compared to the cytarabine group. There is no significant
difference in levels of serum ACE and GGT between the
control group and the 7. ferrestris group (P>0.05) (Fig-
ure 1A and 1B).

Comparing serum AST and ALT between experi-
mental groups

The current study shows a significant increase in se-
rum AST and ALT in the cytarabine group compared to
the control group. The amounts of AST and ALT in the
group treated with cytarabine + 7. terrestris extract sig-
nificantly decreased compared to the cytarabine group
and reached the control group. There is no significant
difference in levels of serum AST and ALT between the
control group and the 7. ferrestris group (P>0.05) (Fig-
ure 1C and 1D).

Comparing serum antioxidant levels between ex-
perimental groups

In the group treated with cytarabine, there was a sig-
nificant decrease in the level of SOD and CAT (P<0.05)
enzymes and a significant increase in the level of MDA
(P<0.01) compared with the control group. In the com-
bination group, treatment with 7. ferrestris extract could
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Figure 1. Comparing serum angiotensin-converting enzyme (A), Gamma-glutamy] transferase (B), Aspartate aminotransfer-
ase (C), and alanine transaminase (D) in the experimental groups

Note: Groups treated with normal saline (1 mL/kg), cytarabine (25 mg/kg, IP), cytarabine (25 mg/kg, IP) + T. terrestris extract
(250 mg/kg, orally) and T. ferrestris extract (250 mg/kg, orally). The results are represented as Mean+SEM.

*P<0.05 and **P<0.01 compared with the control group. *P<0.05 and #**P<0.01 compared with the cytarabine group.

not change the amounts of MDA and CAT compared
to the cytarabine group. However, in comparison with
the cytarabine group, the amount of SOD significantly
increased (P<0.05). There is no significant difference
in levels of SOD, CAT, and MDA between the control
group and the 7. terrestris group (P>0.05) (Table 1).

Histological study

The liver specimens from the control group exhibited
typical histological features with a normal central vein
(white arrow) surrounded by hepatocyte cords (black ar-
row) and significant blood sinusoids (yellow arrow). He-
patocytes have large prominent nuclei and remarkable
granular cytoplasm (Figure 2A).

In the cytarabine group, liver tissue revealed signifi-
cant histological alterations of the hepatic lobule with
severe congestion in the central vein and hepatocyte
cords (black arrow), marked infiltration of inflammatory

cells around blood vessels (white arrow), and significant
hyperplasia in bile ductile (yellow arrow) (Figure 2B).

In the group treated with cytarabine + T. ferrestris
extract, the liver tissue showed reversible histological
changes manifested by mild congestion in the central
vein and sinusoids (black arrow), mild hepatocyte de-
generation, and the presence of hepatocytes vacuolation
(white arrow) and mild hepatocyte degeneration with a
proliferation of newly formed bile ductulus (yellow ar-
row) (Figure 2C).

The histopathological analysis of the liver tissue from
the group treated with 7. ferrestris revealed no signifi-
cant histological alterations. The liver tissue seemed to
be similar to normal liver histology, with slight conges-
tion in the central vein (black arrow) and minimal hepa-
tocyte degeneration (white arrow) (Figure 2D).
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Table 1. Comparing serum SOD, CAT, and MDA levels in the experimental groups

Groups

Cytarabine +

Parameter Control Cytarabine T terrestris T. terrestris P
SOD (U/mL) 149.45+23.69 80.58+20.72" 171.21439.89% 210.03+25.2 0.030
CAT (ku/L) 0.980£0.02 0.784+0.06 0.880+0.06 0.987+0.05 0.049
MDA (umol/L) 1.917+0.27 3.325+0.15™ 2.679+0.43 1.948+0.23 0.008
Abbreviation: SOD: Superoxide dismutase; CAT: Catalase; MDA: Malondialdehyde. PBR
Note: The results are represented as Mean+SEM. "P<0.05 and "P<0.01 compared with control group. *P<0.05 compared with
the cytarabine group.
Discussion giotensin-aldosterone system, and any damage to the

This study shows a significant increase in liver en-
zymes, especially AST and ALT, in the cytarabine group
compared with the control group. The cytarabine + T.
terrestris extract group treated with 7. terrestris extract
significantly decreased liver enzymes (GGT, AST, and
ALT) and ACE and reached the control group.

ACE is an essential enzyme in regulating blood pres-
sure and fluid balance. The liver controls the renin-an-

liver will lead to an increase in ACE [27]. GGT has been
recognized as a clinical indicator in proinflammatory
processes. It has been identified as a significant prognos-
tic indicator in cases such as all-cause mortality, cancer,
diabetes, and cardiovascular disease [28]. ALT and AST
are enzymes commonly found within liver cells and in-
volved in various metabolic processes. When liver cells
are damaged or destroyed, these enzymes leak into the
bloodstream, causing an increase in their levels [29].

PBR

Figure 2. Photomicrograph of the hepatic section in the control group (A), cytarabine group (B), in the group treated with Cy-
tarabine + T. terrestris extract (C) and T. ferrestris extract group (D), (H&E staining, X400 magnification).
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Cytarabine is a chemotherapy medication that pre-
vents DNA replication in cancer cells and leads to cell
death. However, it can also affect normal cells, includ-
ing liver cells, and may cause toxicity [30]. Cytarabine
can generate reactive oxygen species (ROS) in liver cells
and affect the function of mitochondria. Mitochondrial
dysfunction can damage liver cells and increase liver
enzyme levels. Also, cytarabine activates programmed
cell death pathways, damaging liver cells and increasing
liver enzyme levels [31].

T terrestris may protect the liver by reducing inflam-
mation. Inflammation is a typical response to liver dam-
age, and chronic inflammation can lead to further liver
damage and the development of liver disease. Studies
have shown that 7. ferrestris contains compounds such
as saponins and terpenoids that have anti-inflammatory
properties and may help reduce inflammation in the liver
[32]. T terrestris may also help protect the liver by rais-
ing the production of certain enzymes, including detoxi-
fying deleterious materials in the liver [33].

This research shows a significant decrease in the level
of SOD and CAT and a significant increase in the level
of MDA in the cytarabine group compared with the con-
trol group. In cytarabine + 7. ferrestris extract group did
not show any significant changes in the levels of CAT
and MDA compared with the cytarabine group but the
level of SOD significant increase and reached the control
group.

SOD and CAT are enzymes that play an essential role in
protecting cells from oxidative stress [34]. Several stud-
ies have reported that cytarabine can decrease the levels
of SOD and CAT and increase MDA in various tissues,
leading to an increase in oxidative stress and liver dam-
age [35, 36]. Additionally, cytarabine may generate ROS
directly, which can overwhelm the cells’ antioxidant
defenses and diminish SOD and CAT levels. Also, cy-
tarabine treatment decreased the gene expression of the
SOD [37] and CAT [38] and suggested that this decrease
may contribute to oxidative stress in liver cells.

Some studies have investigated the effects of T terres-
tris on antioxidant enzymes, and It seems that this plant
contains bioactive compounds with antioxidant prop-
erties that stimulate the expression or activity of SOD
and CAT enzymes [39]. Additionally, 7. ferrestris may
increase the availability of essential micronutrients and
bioactive compounds such as zinc, selenium, saponins,
protodioscin [40], and flavonoids, which are essential
cofactors for SOD and CAT activity. These compounds
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have been shown to scavenge free radicals and diminish
oxidative stress in vitro and animal models [41].

In the cytarabine group, liver tissue revealed histologi-
cal alterations such as severe congestion in the central
vein, marked infiltration of inflammatory cells around
blood vessels, and hyperplasia in bile ductility. Cytara-
bine is a chemotherapy drug that treats various cancers
but can also have some side effects on healthy cells [42].
Cytarabine can cause liver toxicity, which may result in
liver histological alterations such as steatosis, necrosis,
and fibrosis [43].

The combination group treated with 7. terrestris ex-
tract caused reversible histological changes in liver tis-
sue. This group showed mild congestion in the central
vein and sinusoids, mild hepatocyte degeneration, and
proliferation to form a new bile ductulus.

This result may occur due to 7. terrestris containing a
beneficial chemical to the liver. One of the main active
components of 7. terrestris is saponins, a plant com-
pound shown to have anti-inflammatory and antioxidant
properties. These properties may help to protect the liver
from injury caused by oxidative stress and inflamma-
tion [44]. T. terrestris may help reduce the production of
ROS in the liver tissue, which could benefit liver health.
Some animal studies have suggested that 7. terrestris-
may have hepatoprotective effects, which could help
protect the liver from damage caused by toxins or other
harmful substances [45].

Conclusion

Hepatotoxicity caused by cytarabine increases the lev-
el of liver enzymes and causes oxidative stress, which
leads to destructive changes in liver tissue. This research
suggests that 7. ferrestris may have potential therapeutic
benefits in mitigating liver damage caused by cytarabine
treatment in animal models. 7. ferrestris can effectively
prevent tissue damage caused by cytarabine by reducing
liver enzymes and increasing the SOD enzyme. In sum-
mary, 1. terrestris shows promise as a protective agent
for liver health, but additional research is needed to vali-
date its efficacy in humans undergoing chemotherapy.
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