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ABSTRACT— Pistacia khinjuk is a plant that has long been utilized in common medicine to cure a variety
of conditions. The aim of this study was to evaluate that Pistacia khinjuk fruit extract affected several
biochemical markers in a rat model to examine whether it might be used in traditional medicine. The
hydroalcoholic extract was prepared by air-drying the plant's fruits. A total of forty male rats were separated
into eight groups, with one serving as a control group and the others as test groups. The test animals were
given orally for twenty-eight days a 200 mg/kg dose of Pistacia khinjuk for group2, Sorafenib for group3,
Alcoholic extract and Sorafenib for group4, CCl4 for group5, Alcoholic extract and CCIl4 for group6,
Sorafenib and CClI4 for group7, and Alcoholic extract, Sorafenib, and CCI4 group8. The biochemical data
were analyzed with SPSS software and represented as means + SD before being submitted to one-way
analysis of variance (ANOVA) and post-hoc Tukey tests. PNO2 and GSH levels fell significantly (p <0.05)
in the CCl4 group compared to the control group, according to the results obtained for the specified
biochemical parameters. When comparing the CCI4 group to the other groups, the levels of AFP and MDA
rose considerably (p <0.05). The fruit extract of Pistacia khinjuk exhibits hypocholesterolaemic qualities, a
hepatoprotective impact, enhances GSH, PNO2, and decreases MDA, according to this study. hepatic
disorders may all benefit greatly from this treatment.
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1. INTRODUCTION

The liver, which plays a key role in metabolism and excretion, is continually bombarded with a variety of
xenobiotics and therapeutic medications. Every year, around 20,000 individuals die as a consequence of
liver diseases, which are frequently caused by medicines, leading in glutathione depletion and oxidative
stress, which leads to liver necrosis [18]. Natural antioxidant compounds, such as polyphenols found in
medicinal plants, can protect the liver from the harmful side effects of modern drugs. Diabetes induces
oxidative stress as a result of glucose oxidation, hence it's very important to preserve the liver of diabetics
[37].

Industrial growth has a tainted essence. It is considered a toxic chemical [16]. Human inhales CCl, through
the mouth, nose, and skin pores. It has a role in the event of CCl, contamination in large quantities from
generating ROS in various tissues of the body, such as the liver and kidneys [29]. Its effect begins
specifically with its association with liver cytochrome P450, which generates free radicals trichloromethy!l
(CCI3), which irritates the double bonds of phospholipids in cell membranes [1]. Continuing the persistent
detrimental effect of Trichloromethylferoxyacetin (CClz02), with cellular proteins and lipids and its effect.
On the permeable ability of mitochondrial organelles, endoplasmic reticulum and plasma walls, causing cell
damage [30].
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The damage caused by CCls changes the amount of antioxidants in the body’s cells and tissues that are
affected by free radicals, leading to tissue denaturation, M, according to [5]. In other studies, CCl4 injection
into laboratory animals resulted in elevated cholesterol, TG, and FFA levels in serum and liver and kidney
tissues of laboratory rats, in addition to bone marrow genotoxic effects [13]. These factors lead to a
decrease in endogenous antioxidants, and in turn, an increase in the proportion of free radicals [2]. Natural
antioxidants have gotten a lot of press for their ability to defend against toxicity caused by chemicals.
Herbalists are doctors that specialize in medicinal plants that have been proved to provide a wide range of
health benefits in a variety of illnesses [26].

The Anacardiaceae family of wild herbs includes the wild pistachio or Khinjuk (Pistacia khinjuk). This
plant is known as "khenjuk™ in Irag. Pistacia khinjuk trees can withstand the harshest of temperatures. Their
natural habitats include Irag, Turkey, Egypt, Syria, Iran, Afghanistan, and Pakistan. The fruits are blue and
black, with golden seeds [8]. The use of P. khinjuk as a natural component in traditional Persian medicine
has been recorded in several studies. Important medical uses include reducing nausea, maintaining balance
in movement, stomach discomfort, and vomiting. P. khinjuk fruit extract is used, and due to the Kolkhoung
extract containing a high percentage of secondary compounds of flavonoids and phenolic compounds, it is
used in the manufacture of medicines and anti-medicines.

Its fruits and resins are believed to have antioxidant properties. Medicinal plants can affect biochemical
parameters in a number of ways. As a result, the goal of this study was to see if ethanolic extracts from
pistacia Khinjuk leaves might protect male rats' livers from carbon tetrachloride-induced liver damage.

2. Materials and Methods

2.1 Chemicals and materials

The carbon tetrachloride came from SISCO Research PVT LTD's Laboratories (Mumbai, India). BioLabo
(French Private Limited) was approached for analytical grade kits and other materials. The leaves of the
Konjuk tree (Pistacia khinjuk) were collected at the end of November of the year 2020 from the Matin
Mountains in the Amadiyah district in the Dohuk governorate and placed in dry bags, then cleaned of dust
and then placed in pots to be dried well on natural air for two weeks Then store it in paper bags for study.
Plant classification sources for medicinal plants were used to provide a categorization to it. At the
University of Mosul's College of Education's herbariums, a voucher specimen of the plant was also
identified and recorded.

2.2 Pistacia khinjuk extraction
Gupt mardu et al. devised a process for extracting alcoholic extracts from the Pistacia khinjuk plant (Gupt
mardu et al., 2012).

2.3 Experimentation on Animals

Male albino rats weighing 160 to 200 grams were sold by the University of Mosul's College of Veterinary
Medicine. The animals were kept in normal cages with unrestricted food and water access (a typical
laboratory pellet diet). The temperature in the animal habitat was regulated between 24 and 29 °C using a
12-hour light/dark cycle. The Institutional Animal Ethical Committee authorized the experimental protocol
(IAEC).

2.4 Design Experimentation
Experimentation on Animals
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Using forty rats, the protective function of Pistacia khinjuk against carbon tetrachloride-induced
hepatotoxicity was examined. Animals (rats) were divided into (8) groups after determining the median
lethal dose (LD50). Which was (0.2 ml/kg) for carbon tetrachloride of body weight and the dose of extract
and drug was (200 and 30 mg/kg) of body weight respectively. The rats were divided into eight groups of
five, with each group receiving the following treatments:

. The first group / the healthy control that is treated with water and protein feed only

. The second group (alcoholic extract): alcoholic extract received the dose orally daily.

. The third group / (Sorafineb): Sorafineb received the dose orally daily.

. The fourth group / carbon tetrachloride received the dose once by chelation injection (It is an area
located between the thigh and abdomen).

. The fifth group / (alcoholic extract and medicine), which received the dose daily for mouth.

. Sixth group / (alcoholic extract and carbon tetrachloride), which received the daily dose for the
extract and once for carbon tetrachloride.

. The seventh group / (the drug Sorafeneb and carbon tetrachloride) who received the daily dose of
the drug and once for carbon tetrachloride.

. The eighth group (Sorafenib, alcoholic extract, and carbon tetrachloride) received a daily dose of

the drug, alcoholic extract and one dose of carbon tetrachloride.

2.5 Biochemical analysis

Appreciation of Alpha Vito protein enzyme using a test (ELISA) applied by Pars Biochem (China). Serum
Paraoxonase Enzyme Activity (PON) was estimated according to Tomas et al. method (2000), [10].
Malondialdehyde concentrations have been measured using thiobarbituric acid reactions (MDA). The [15],
[4]. Technique was used to quantify the concentration of thiobarbituric acid (TBARS) in the tissue, and the
[27] method was used to calculate GSH.

2.6 Quantification with HPLC-DAD and LC-MS/MS The Extracts' Characterization

Reversed phase HPLC analysis was used to quantify distinct phenolic chemicals, employing a SYKAMN
HPLC chromatographic system equipped with a UV detector, Chemstation, and a Zorbax Eclipse Plus-C18-
OSD. 4.6mm column, 25cm The temperature in the column was 30°C. The gradient elution technique was
used using eluent A (methanol) and eluent B (1 percent formic acid in water (v/v)) as follows: 0-7 min, 80
percent B; 7-18 min, 60 percent B; and 1.1 mL/min flow rate.

The volume of samples and standards injected was 100 L, and it was done automatically with an
autosampler. The spectra were taken at a wavelength of 280 nm.

2.7 Histological examination of the liver

Liver slices were collected immediately after dissection from the liver and were fixed in 10% buffered
formalin [25], dried in progressive ethanol (50 to 100 percent), washed in xylene, and embedded in
parafine. Photomircoscopic observations of cell necrosis, lipid change, hyaline degeneration, ballooning
degeneration, and infiltration of kupffer cells and lymphocytes were made at 40X magnification and stained
with Haematoxylin and Eosin (H and E) dye.

2.8 Analytical statistics

The data was analyzed using one-way ANOVA. Duncan's unique multiple range test was used to resolve
the variation between treatment means. For all statistical research, the statistical tool SPSS 27.0 was
employed (SPSS Ltd., Surrey, UK).
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3. Results

Table 1 showed the effect of carbon tetrachloride and pistacia Khinjuk extraction on AFP, PNO,, MDA,
GSH, and MDA of rats males. Results revealed that AFP values in the CCl4 group, Alcoholic
extract+CCligroup, Sorafenib +CCls group of male rats were higher (1.43+0.15, 0.94+0.15, 0.86+0.02)
respectively than that of Alcoholic extract group, Sorafenib group, and Alcoholic extract+ Sorafenib group
as 0.75+0.0 for each. See table 1.

Also, the results shows that PNO, in Alcoholic extract with Sorafenib group (2.92+0.01) was higher
followed by Alcoholic extract group and Alcoholic extract with Sorafenib with CCls group (2.86+0.02,
1.99+0.04) respectively. while the level of PNO, was lower in CCl, group and Sorafenib with CCl4 group as
(1.50+0.26, 1.67+0.10) respectively (Table 1). With tissue MDA, the results reveals that the higher level of
MDA was 582.09+46.88 in CCI4 group, followed by Alcoholic extract with CCls group, Sorafenib with
CCly group as (428.05+49.41, 424.21+29.15) respectively. while the lower level of tissue MDA was
267.3+36.77 in Alcoholic extract group compared to healthy control (394.48+30.11). our study showed the
results of tissue GSH (nmol/gm). The results reveals that tissue GSH in control group (5522.52+90.40) was
lower than Alcoholic extract with Sorafenib group, Alcoholic extract group, Alcoholic extract with
Sorafenib with CCls group, and Sorafenib with CCls group as (7653.03+279, 7559.59+428.7,
6016.54+637.74, 5625.00£209.63) respectively. while the results shows that tissue GSH in CCl, group,
Sorafenib group, and Alcoholic extract+CCls group (2522.98+250.73, 3101.56+376.03, and
5242.19+199.01) respectively lower than control group (5522.52+90.40) (Table 1). Furthermore, the
present study shows the results of Serum-MDA(mmol/l). The results reveals that S-MDA in control group
(3.41+0.06) was lower than Alcoholic extract with Sorafenib group, Alcoholic extract group, Alcoholic
extract with Sorafenib with CCls group, and Sorafenib group as (5.27+0.41, 4.04+0.02, 3.60+0.17, and
3.44+0.34) respectively. while the results shows that S-MDA in CCl, group, Sorafenib with CCls group,
and Alcoholic extract with CCl, group (1.60+0.29, 2.61+0.48, and 2.68+0.32) respectively lower than
control group (3.41+0.06) (Table 1). Moreover, our study shows the results of Serum- GSH(mmol/l). The
results reveals that S- GSH(mmol/l) in control group (1.89+0.12) was lower than CCIl4 group, Sorafenib
with CCl, group, Alcoholic extract with CCls group, Alcoholic extract with Sorafenib with CCls group, and
Sorafenib group as (4.26+0.05, 2.71+0.07, 2.19+0.16, 1.96+0.11, and 1.93+0.38) respectively. while the
results shows that S- GSH(mmol/I) in Alcoholic extract with Sorafenib group and Alcoholic extract group
(0.96+0.07 and 1.15 £ 0.25) respectively lower than control group (1.89+0.12) (Table 1).

Table 1: Effect of carbon tetrachloride and pistacia Khinjuk extraction on AFP, PNO,, MDA, GSH, and

MDA of male rats
. Alcoholic .
Groups Control Alcoholic Sorafenib extract+ Alcoholic Sorafenib Alcoholic
extract . CCly extract+
group group Sorafenib extract+CCl, +CCly Sorafenib +
(mean £ group (mean £ group group group group oraten
SD) (mean + SD) (mean £ (mean D) (mean £SD) | (mean % SD) CCls group
Paramete SD) sD) (mean + SD)
rs
+ + + +
AFP 0.75x00a 0‘75a_0‘0 0.75a_0.0 0.75+0.0a | 1.43£0.15c | 0.94+0.15c 0'86_c0'02b 0.77_b0.02a
1.74+0.0 | 2.86+£0.0 | 1.74+0.01 | 2.92+0.01 | 1.50+0.26 1.9910.04
PNO2 1.8£0.06a | 1.67%0.10a
4a 2¢c d c d b
MDA(nm 394.48+3 | 267.3136 | 356.41£25. | 268.3912 | 582.09+46 | 428.05+49 @ 424.21+29. | 396.85+56
0|/gm) 0.11a .77d 23 e 2.6d .88c A1b 15b .8la
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GSH

(nmoI/ m 5522.52+ | 7559.59+ | 3101.56+ | 7653.03+ | 2522.98+2 | 5242.19+1 @ 5625.00+20 | 6016.54+6

) g 90.40 a 428.7 ¢ 376.03 e 279.2c 50.73d 99.01a 9.63ab 3.774b

> 3.41+0.0 | 4.04+0.0 | 3.44+0.34 | 5.27+0.41 | 1.60+0.29 | 2.68+0.32 3.60%0.17

GSH(mm 41+0. .0410. 4410, .2710. .600. .68+0. 5 61+0.48¢ .60=0.
6a 2b a c d e a

ol/1)

> 1.89+0.1 1.15+ 1.93+0.38 | 0.96+0.07 | 4.26%+0.05 | 2.17+0.16 1.9610.11

MDA(mm .8910. .15 + .93+0. .9610. .2610. .17+0. 5 7140.07c .960.

2a 0.25e a e d b ab
ol/1)

External standards was used to quantify the indicated chemicals discovered in the leaves and fruits.
Epicatechine (30.2841.9) was shown to be the most abundant component in the Alcoholic extract group,
followed by Luteolin (30.056.48), Gallic Acid (14.08 0.004), Catechin (7.331.47), Apigenin (7.270.19),
Rutin (4.360.88), and finally Qurcetine (3.8720.05). (Figure 4). in Alcoholic extract and Sorafenib group,
Luteolin (37.9+0.09) was the higher quantity of phenolics, followed by Epicatechine (23.855+1.88), Gallic
Acid (17.255 £ 0.398), Apigenin (10.05+0.88), Catechin (5.52+0.19), Qurcetine (5.40+0.011), and finally
Rutin (4.89+ 0.71) (Figure 2). in Alcoholic extract and CCI4 group, Luteolin (2.35+£0.03) was the higher
quantity of phenolics, followed by Epicatechine (1.496+0.003), Gallic Acid (1.075 = 0.044), Apigenin
(0.415+0.003), Catechin (0.24 £ 0.024), Qurcetine (0.206+0.002), and finally Rutin (0.182 + 0.004) (Figure
3). furthermore, the results the higher quantity of phenolics in Alcoholic extract, Sorafenib and CCl4 group
was Epicatechine (0.812+0.005), followed by Gallic Acid (0.733 + 0.25), Luteolin (0.532+0.04), Catechin
(0.214+ 0.003), Apigenin (0.196+0.002), Qurcetine (0.082+0.009), and finally Rutin (0.08 + 0.0008) (figure
5) (Table 2).

Table 2: Phenolics in ethanolic extracts: quantitative and qualitative analyses under varied treatment

conditions.
Study groups Alcoholic . Alcoholic .
extract+ Alcoholic Alcoholic
. extract+ Control group
Sorafenib + extract+CCl, . extract group
Sorafenib
CCl, group
Compounds Mean £ SD
+ +
Gallic Acid 0.733+0.25 e | 1.075+0.044 f 17'255; 0.398 | 14.08 ;) 0.004 1.476 £0.17 a
Catechin 0.214+0.003a | 0.24+0.024 a 5.52+0.19b 7.3311.47c 0.77310.066a
Epicatechine 0.812+0.005a | 1.496+0.003a | 23.855+1.88b 30.284+1.9b 1.429+0.006 a
Qurcetine 0.082+0.009 e | 0.206+0.002 b 5.40+0.011d 3.872+0.05c | 0.183%0.021 ab
Apigenin 0.196+0.002a 0.415+0.003a 10.05+0.88 ¢ 7.27+0.19b 0.226+0.014A
Rutin 0.08 £ 0.0008 a | 0.182 +0.004 a 4.89+0.71b 4.36+0.88b 0.177+0.03a
Luteolin 0.532+0.04 a 2.35%0.03 a 37.910.09 c 30.05+6.48b 1.15410.04a

Figure 1: Retention time and Voltage of components in controls group

Figure 2: Retention time and Voltage of components in Alcoholic extract, and Sorafenib group.

Figure 3: Retention time and Voltage of components in group treated extraction and CCl.
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Figure 4: Retention time and Voltage of components in extraction treated group
Figure 5: Retention time and Voltage of components in Alcoholic extract, Sorafenib, and CCl4 group.

The following observations were made using histological sections and the histological injury score (figure
6). There were no major structural abnormalities in the livers of rats exposed to subchronic treatment with
different extracts conditions, according to histopathological investigations. In this study, Histological
examination of the liver of a rat of the group treated with the carcinogen CCL4 revealed the presence of
hepatoma cells of various shapes and sizes as well as the presence of fibrous tissue and around the central
vein. On other side, the Histological examination of rat liver in group treated with carbon tetrachloride and
alcoholic extract showed sinusoids, vascular congestion and slight infiltration of inflammatory cells. With
the drug-treated group only, Histological examination of rat liver shows normal histological features
represented by hepatocytes with slight congestion in the sinusoids and central vein. While the histological
examination of liver tissue of the control group showing normal histological through hepatocytes, sinusoids
and central vein.

4. Discussion

The effects of pistacia Khinjuk alcoholic extract on CCl4-induced hepatotoxicity in adult male rats were
examined in this study. In addition, the effect of the extract on liver function and oxidative stress indicators
was investigated in this issue (hepatic glutathione reductase activity and malondialdehyde levels).
Hepatotoxic and nephrotoxic effects of CCls are well-known. The amount of toxicity is influenced by the
overproduction of reactive oxygen species (ROS), oxidative damage, and the inflammatory process.
Intoxication with CCls produces free radicals like nitric oxide and peroxynitrite, which set off a chain
reaction in rats that causes liver and kidney damage [21]. As a result, we found that liver MAD and AFP
levels were significantly higher in the CCl.-treated group, whereas GSH and PNO: levels were significantly
lower. As previously reported, these findings hint to hepatocyte malfunction, cellular leakage, and a loss of
functional integrity of the cell membrane in the liver [23].

On antioxidant enzymes in the liver, [36] found similar results. [38] found that CCl, is processed by
cytochrome p450 (CYP2E1L isoform) producing trichloromethyl CClzs and CIzCOO- (hepatotoxic radicals)
that covalently bond to cell components, causing alteration in lipid peroxidation and antioxidant enzymes.
LPO also triggers hepatic necrosis, inflammatory cell activation, including macrophage activation, HSC
activation, and the release of fibrogenic mediators. The main causes of fibrosis advancement include an
imbalance in oxidant/antioxidant state, as well as the liberation of lipid peroxide metabolites and
inflammatory cytokines [34]. The term "oxidative stress" refers to a change in cellular redox homeostasis.
Following CCl, treatment, we discovered a substantial rise in MDA and a considerable reduction in GSH
enzyme activity in rat tissues. This is consistent with past research [21], [28]. MDA levels were reduced and
GSH levels were enhanced after treatment with pistacia Khinjuk. The antioxidant properties of pistacia
Khinjuk are attributed to three factors: (1) its chemical structure, which may directly scavenge ROS; (2) its
capacity to boost GSH synthesis and the cellular defense system; and (3) its inhibitory action on xanthine
oxidase, which produces ROS [24].

Furthermore, lipid peroxidation (LPO), which damages biomembranes, is a pathogenic process. It's thought
to be an oxidative stress sign caused by an imbalance in the antioxidant and prooxidant processes. Increased
MDA, a valid LPO marker, in the kidney and liver is linked to CCl4 exposure [7]. Following CCl4
treatment in animals, several studies have found an increase in MDA levels as well as a reduction in
antioxidant levels such as SOD and GSH [32], [3]. The first line of defense against free radicals is reduced
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glutathione (GSH). Hepatic cell damage was suggested by a decrease in liver GSH and a decrease in GPx
activity in CCl4-treated rats. Through the participation of GPx, the availability of adequate GSH improved
the detoxification of active CCl4 metabolites. The protective activity of the extract is compensated for by
the restoration of GSH levels following the administration of plant extract to such CCl4-treated rats.
According to [11] findings, plant extract treated groups have lower glutathione levels (2004). Apart from its
traditional activity as a ROS scavenger by feeding on radicals, GSH has a number of other roles, including
but not limited to serving as a cysteine reservoir [31]. In the onset and development of cancer, GSH acts as
a double-edged sword. Moderate ROS levels have long been thought to have a role in cancer start and
progression by causing mutations and boosting genomic instability, which leads to the activation of
oncogenic signaling pathways that enhance cell survival, proliferation, and stress resistance [19].

Sorafenib, an FDA-approved kinase inhibitor, inhibits a variety of kinases, including cell surface tyrosine
kinases (e.g., vascular endothelial growth factor receptor, VEGFR; platelet-derived growth factor receptor,
PDGFR; tyrosine-protein kinase kit, KIT; Fms-like tyrosine kinase, Fms-like [22]. Because these kinases
are involved in cancer cell proliferation, angiogenesis, and apoptosis, sorafenib has been shown to inhibit
cancer cell proliferation and induce apoptosis in vitro, as well as prevent tumor growth in vivo [22]. Several
investigations have recently demonstrated that sorafenib, but not other kinase inhibitors in the same class,
exhibits new inhibitory action vs xXCT, resulting in reduced cysteine absorption, GSH depletion, and ROS
buildup, eventually leading to endoplasmic reticulum stress and ferroptosis [33]. Despite the fact that
paraoxonases have a direct role in cancer cells, it may be worthwhile to look for alternative nearby roles.
For the first time, PON2 [12] and PON3 [35] were revealed to impact reactive species levels in cells and
animal models, demonstrating a physiological molecular relationship between PON proteins and oxidative
stress. [6] revealed that PON2 lowers ubisemiquinone-mediated mitochondrial superoxide production and
apoptosis independent of its lactonase activity, based on the observation that PON2 is present in subcellular
mitochondrial fractions [17]. On other side, GSH may also bind to anticancer medications, which can then
be euxed out of the cell by various resistance-associated protein transporters, which are the primary causes
of treatment resistance in several malignancies [14]. All of the documented above demonstrate how
Sorafenib effects on hepatic injury induced by CCl.in male of rats. The results of the investigation revealed
that all livers in the control group had normal parenchyma at the end of the trial, while all livers in the CCl4
group had abnormal parenchyma. A histological imaging revealed that the livers of the rats that were given
pistacia Khinjuk or/and Sorafenib drug differed considerably from those who were given CCls. These
findings are in accordance with a previous study that found that the presence of phenolic compounds in the
rat liver reduced the degree of acrylamide-induced DNA damage [20]. The study's findings reveal that pre-
treatment with alcoholic extract provides considerable protection against toxin "CCI4" damage, suggesting
that the plant's defensive components are only present in ethanolic extracts. These actions might be
mediated by chemical components acting through the hepatic MDME inhibitory pathway and/or the
presence of anti-oxidants in plant constituents.

5. Conclusion

The administration of pistacia Khinjuk appears to contribute to its protective effect against CCl4-induced
hepatic injuries through the maintains the oxidative stress. As a result, oral pistacia Khinjuk ingestion as an
adjuvant natural treatment for subjects may be recommended in the future to guard against the inhibitory
effects of liver failure.

Acknowledgment
The authors would like to express their appreciation to the biology departments of Mosul University's
collage of Educational Where the research was conducted in their laboratory.

1157



Z. W. Mohammed and L. A. A. Baker, 2022 BNIHS

6. References

[1] Abdel-Kader MS, Abulhamd AT, Hamad AM, Alanazi AH, Ali R, Algasoumi Sl. Evaluation of the
hepatoprotective effect of combination between hinokiflavone and Glycyrrhizin against CCI4 induced
toxicity in rats. Saudi Pharm J. 2018; 26(4):496-503.

[2] Abdel-Moneim AM, Al-Kahtani MA, El-Kersh MA, Al-Omair MA. Free Radical-Scavenging, Anti-
Inflammatory/Anti-Fibrotic and Hepatoprotective Actions of Taurine and Silymarin against CCI4 Induced
Rat Liver Damage. PLoS One. 2015; 10(12):e0144509.

[3] Aleissa MS, Alkahtani S, Abd Eldaim MA, Ahmed AM, Bungdu SG, Almutairi B, Bin-Jumah M,
AlKahtane AA, Alyousif MS, Abdel-Daim MM. Fucoidan ameliorates oxidative stress, inflammation, DNA
damage, and hepatorenal injuries in diabetic rats intoxicated with aflatoxin B1. Oxid. Med. Cell. Longev.
2020; 1-9.

[4] Al-nagshabandey, M. I. (2021). Effect of Annona Muricata Extracts on Some Biochemical Parameters
in Rats Exposed to Induced Liver Tumor. JOURNAL OF EDUCATION AND SCIENCE, 30(1), 72-88.

[5] Alshammari GM, Balakrishnan A, Chinnasamy T. 2-Hydroxy-4-methoxy benzoic acid attenuates the
carbon tetra chloride-induced hepatotoxicity and its lipid abnormalities in rats via anti-inflammatory and
antioxidant mechanism. Inflamm Res. 2017; 66(9):753-763.

[6] Altenh ofer S, Witte I, Teiber JF. et al. One enzyme, two functions: PON2 prevents mitochondrial
superoxide formation and apoptosis independent from its lactonase activity. The Journal of Biological
Chemistry. 2010; 285( 32) 24398-24403.

[7] Al-Yahya M, Mothana R, Al-Said M, Al-Dosari M, Al- Musayeib N, Al-Sohaibani M, Parvez MK,
Rafatullah S. Attenuation of CCl4-Induced Oxidative Stress and Hepatonephrotoxicity by Saudi Sidr Honey
in Rats. Evid. Based Complement. Alternat. Med. 2013; 569037.

[8] Azadbakht R, Jafarian Dehkordi M, Fathi Hafshejani R, Khanamani Falahatipour S, Khanamani
Falahati-pour S. Effect of Pistacia khinjuk Hydroalcoholic Fruit Extract on Some Biological Parameters in
Male Rats. Pistachio and Health Journal. 2021; 4 (1): 7-77.

[9] Azib L, Debbache-Benaida N, Da Costa G, Atmani-Kilani D, Saidene N, Ayouni K, Atmani D. Pistacia
lentiscus L. leaves extract and its major phenolic compounds reverse aluminium-induced neurotoxicity in
mice. Ind. Crop. Prod. 2019; 137: 576-584.

[10] BAKER, L. A., HIDAYET, H. J., & AL-CHALABI, N. S. Study of Paraoxonasel Enzyme for Women
with Breast Cancer (Biochemical and Molecular Genetics Study). The Eurasia Proceedings of Science
Technology Engineering and Mathematics, (3), 56-71.

[11] Bhandarkar MR. and Khan A. Antihepatotoxic effect of Nymphaea stellate Willd, against carbon
tetrachloride-induced hepatic damage in albino rats. Journal of Ethnopharmacology. 2004; 91, 61-64.

[12] Bourquard NC, and Reddy ST. Impaired hepatic insulin signalling in PON2-deficient mice: a novel role
for the PON2/apoE axis on the macrophage inflammatory response. Biochemical Journal. 2011; 436:(1)
91-100.

1158


https://www.healthsciencesbulletin.com/

JSSN:1343-4292 ISSN: 1343-4292
Volume 140, Issue 01, April, 2022

[13] Diab KA, Fahmy MA, Hassan ZM, Hassan EM, Salama AB, Omara EA. Genotoxicity of carbon
tetrachloride and the protective role of essential oil of Salvia officinalis L. in mice using chromosomal
aberration, micronuclei formation, and comet assay. Environ Sci Pollut Res Int. 2018; 25(2):1621-1636.

[14] Gamcsik MP, Kasibhatla MS, Teeter SD, Colvin OM. Glutathione levels in human tumors.
Biomarkers. 2012; 17: 671-691.

[15] Halliwell B, and Chirico, S. Lipid peroxidation: its mechanism, measurement and significance. Am J
Clin Nutr. 1993; 57: 715-724.

[16] Hefnawy HTM, and Ramadan MF. Protective effects of Lactuca sativa ethanolic extract on carbon
tetrachloride induced oxidative damage in rats. Asian Pacific Journal of Tropical Disease. 2013;3(4):277—
285.

[17] Horke S, Witte I, Wilgenbus P, Kr'uger M, Strand D, and “orstermann UF. Paraoxonase-2 reduces
oxidative stress in vascular cells and decreases endoplasmic reticulum stressinduced caspase activation,”
Circulation. 2007; 115( 15): 2055-2064,.

[18] Hurkadale PJ, Shelar PA, Palled SG, Mandavkar YD, Khedkar AS. Hepatoprotective activity of
Amorphophallus paeoniifolius tubers against paracetamol-induced liver damage in rats. Asian Pac J Trop
Biomed. 2012;2:5238e42.

[19] Hussain SP, Hofseth LJ, Harris CC. Radical causes of cancer. Nat. Rev. Cancer. 2003, 3: 276-285.
[20] Husseina SAM, El-Mesallamyb AMD, Othmanc SOK, Solimand A M. Identification of Novel
Polyphenolic Secondary Metabolites from Pistacia Atlantica Desf. and Demonstration of their Cytotoxicity

and CCl4 induced Hepatotoxicity in Rat. Egypt.J.Chem. 2020; 63(1): 117 - 130.

[21] Jan S, Khan MR. Protective effects of Monotheca buxifolia fruit on renal toxicity induced by CCI4 in
rats. BMC Complement Altern Med. 2016; 16(1):289.

[22] Keating GM. Sorafenib: A Review in Hepatocellular Carcinoma. Target. Oncol. 2017, 12: 243-253.

[23] Khan RA, Khan MR, Sahreen S. CCl4-induced hepatotoxicity: protective effect of rutin on p53,
CYP2EL1 and the antioxidative status in rat. BMC Complement Altern Med. 2012; 12():178.

[24] Kosti¢ DA, Dimitrijevi¢ DS, Stojanovi¢ GS, Pali¢ IR, Dordevi¢ AS, Ickovski JD. Xanthine oxidase:
isolation, assays of activity, and inhibition. Journal of Chemistry. 2015;2015 doi: 10.1155/2015/294858.
Article 294858.

[25] Lin SC, Chen CY, Hsu SH . The Hepatoprotective and therapeutic effect of propolis ethanol extract on
chronic alcoholinduced liver damage. Am. J. Chin. Med. 1997; 25: 325 — 332.

[26] Mahmoud AM, Herndndez Bautista RJ, Sandhu MA, Hussein OE. Beneficial Effects of Citrus
Flavonoids on Cardiovascular and Metabolic Health. Oxid Med Cell Longev. 2019; 2019():5484138.

[27] Mohammed IH. and Kakey ES. Effect of Prosopis farcta extracts on some complications (hematology
1159



Z. W. Mohammed and L. A. A. Baker, 2022 BNIHS

and lipid profiles) associated with alloxan induced diabetic rats. Iragi J Vet Sci. 2020; 34(1):45-50.

[28] Noureen F, Khan MR, Shah NA, Khan RA, Naz K, Sattar S. Pistacia chinensis: Strong antioxidant and
potent testicular toxicity amelioration agent. Asian Pac J Trop Med. 2017; 10(4):380-389.

[29] Preethi KC, Kuttan R. Hepato and reno protective action of Calendula officinalis L. flower extract.
Indian J Exp Biol. 2009; 47(3):163-168.

[30] Rahman MM, Muse AY, Khan DMIO, Ahmed IH, Subhan N, Reza HM, Alam MA, Nahar L, Sarker
SD. Apocynin prevented inflammation and oxidative stress in carbon tetra chloride induced hepatic
dysfunction in rats. Biomed Pharmacother. 2017; 92():421-428.

[31] Ren X, ZouL, Zhang X, Branco V, Wang J, Carvalho C, Holmgren A, Lu J. Redox Signaling Mediated
by Thioredoxin and Glutathione Systems in the Central Nervous System. Antioxid. Redox Signal. 2017;
27:989-1010.

[32] Ritesh K, Suganya A, Dileepkumar H, Rajashekar Y, Shivanandappa T. A single acute hepatotoxic
dose of CCl4 causes oxidative stress in the rat brain. Toxicol. Rep. 2015; 2: 891-895.

[33] Roh JL, Kim EH, Jang H, Shin D. Aspirin plus sorafenib potentiates cisplatin cytotoxicity in resistant
head and neck cancer cells through XCT inhibition. Free Radic. Biol. Med. 2017; 104:1-9.

[34] Salem AM, Mahdy KA, Hassan NS, El-Saeed GSM, Farrag ARH, Abdel Monem MA. Nigella sativa
seed reduced galectin-3 level and liver fi brosis in thioacetamide-induced liver injury in rats. J Arab Soc
Med Res. 2017; 12:46-55.

[35] Schweikert EM, Devarajan A, Witte 1. et al. PON3 is upregulated in cancer tissues and protects against
mitochondrial ~— superoxide-mediated cell death. Cell Death Differ. 2012; 19:1549-1560.
https://doi.org/10.1038/cdd.2012.35.

[36] Shah NA, Khan MR, Ahmad B, Noureen F, Rashid U, Khan RA. Investigation on flavonoid
composition and anti-free radical potential of Sida cordata,” BMC Complementary and Alternative

Medicine. 2013; 13(1): article 276.

[37] Shori AB. Camel milk as a potential therapy for controlling diabetes and its complications: a review of
in vivo studies. J Food Drug Anal. 2014;23:609e18.

[38] Yuan GJ, Zhang ML, Gong ZJ. Effects of PPARg agonist pioglitazone on rat hepatic fibrosis. World J
Gastroenterol. 2004; 10:1047-1051.

@@ This work is licensed under a Creative Commons Attribution Non-Commercial 4.0
e International License.

1160


https://www.healthsciencesbulletin.com/

