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The purpose of the present study is to evaluate hepato-protective effect of natural products of aqueous 
extract of Pistacia atlantica against oxidative stress induced by toxicity of mercuric chloride in liver of 
male rats. In the first time, determination of total phenolic and flavonoid contents as well as the 
antioxidant activity of the leaves extract was carried out. In the second part, Adult Wistar rats weighing 
between 55 and 65 g were randomly assigned to 3 lots. The animals were administered with mercury 
chloride (HgCl2) intraperitoneally for 32 days. The group intoxicated receive 2.5 mg/kg of HgCl2, while 
the treated group receive 2.5 mg/kg of HgCl2 and 150 mg/kg of P. atlantica. The tested extract showed a 
significant antioxidant properties and high phenolic and flavonoid contents. In our experimentation, we 
obtained a significant change in enzymatic activity. We also observed the significantly a decrease in 
hepatic glutathione levels, the enzymatic activity of antioxidant system GST and the expression of lipid 
peroxidation by a higher level of hepatic MDA. In addition, supplementation by aqueous extract of 
Pistacia atlantica modify the toxic effects of mercury by improving somes disturbances. This results 
show that the administration of aqueous extract of P. atlantica is a good extract with very promising 
therapeutic values for the treatment of liver damages 
Keywords: Mercury, Pistacia atlantica, Hepatoprotective, antioxidants activity, polyphenols, flavonoids 

 
INTRODUCTION 
For centuries, herbal medicines have been used 
by humans to treat their illnesses. Today, they are 
still the main source of therapeutic substances in 
developing countries (OMS, 2013). One of the 
most abundant problems in the biological and 
medical world is oxidative stress, it comes from an 
imbalance in redox homeostasis and results in the 
excessive formation or insufficient suppression of 
free radicals, this imbalance leads to an 
overproduction of reactive oxygen species (ROS) 
capable of causing damage to vital cellular 

components (lipids, proteins, DNA) leading to 
many diseases, such as cancer (Belaïch et 
al.2015; Baldisserotto et al. 2020), to protect 
themselves from it, the body puts in place a 
prominent antioxidant defense system (Snezhkina 
et al. 2019). However, it can develop deficiencies 
in endogenous antioxidants which require 
supplementation to maintain optimal bodily 
function (Aziz et al. 2019). Algeria by its 
geographical location in the center of the 
Mediterranean, shelters a rich and diversified 
vegetation, a large number of plants grow there 
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spontaneously among which Pistacia atlantica or 
"Betoum" of the family of Anacardiaceaes, widely 
used in various fields in particular in medicines 
traditional and in food (Mahjoub et al. 2018). 
Recently new approaches have demonstrated that 
plants are capable of having direct impacts on 
public health and the economy (Bodeker and 
Graz, 2020), similarly traditional knowledge and 
scientific reports show that they are rich sources 
of biologically active compounds among these 
phenolic compounds considered to be natural 
antioxidants have attracted particular interest due 
to their implications in the prevention and 
treatment of several diseases (El Guiche et al., 
2015; George et al. 2017). New sources of natural 
compounds with antioxidant activity are actively 
sought because synthetic antioxidants present 
potential toxicological risks (Evenamede et al. 
2017; Hęś et al. 2019). It is in this perspective we 
became interested in Pistacia atlantica to assess 
its antioxidant potential from this goal we noticed 
that there has been very little phytochemical study 
on Pistacia atlantica in Oran (Algeria). In order to 
quantitatively characterize the extracts prepared 
from the leaves of Pistacia atlantica, an assay of 
total polyphenols and flavonoids was carried out.  
Mercury toxicity is known to affect the redox state 
of target tissues by increasing the production of 
free radicals, producing by oxidative stress 
(Benahmed et al. 2020). The clinical use of 
mercury is limited by the onset of severe damage 
in gut, liver organs (Benahmed et al. 2020; Hallal 
et al. 2016), Hence, single doses of HgCl2 have 
been used to induce hepatotoxicity in 
experimental animals (Benahmed et al. Hazelhoff 
and Torres, 2018).Mercury is the sixth most 
abundant toxic element found in the earth's crust 
as an elemental form that is released into the 
environment through the use of both natural and 
anthropogenic sources. (Hazelhoff and Torres, 
2018) estimates that there is a risk health 
associated with mercury exposure in 19 million 
people worldwide, with an assessment of disease 
burden of 1.5 million DALYs (Budnik, and 
Casteleyn. 2019). The liver is a major site of 
metabolism for mercury and it can accumulate in 
the liver, resulting in severe hepatic damages 
(Hazelhoff MH and Torres AM, 2018). 

Studies have revealed that mercuric chloride 
caused histopathological and ultrastructural 
lesions in the liver evidenced by periportal fatty 
degeneration and cell necrosis (Benahmed et 
al.2020). The toxic effects of divalent mercury can 
be prevented by antioxidant defense mechanisms 
including reducing or eliminating active oxygen 

species, free radicals, and heavy metals (Toul et 
al. 2017). Many researchers have reported that 
most edible plants are therapeutic foods that 
exhibit numerous biological properties such as 
antibacterial, anticancer, antiviral activities and 
antioxidant properties (Bodeker et Graz, 2020),  
The choice of these substances lies in the fact 
that they play key roles in many biological 
activities (Wang et al. 2018; Zhou et al. 2019). For 
the quantitative evaluation of our aqueous extract 
of P.atlantica, an assay of polyphenols and 
flavonoids was performed in our study.  
Through this study, we investigated some effects 
of exposure to inorganic mercury in the function of 
the liver, on the other hand, several efforts have 
made to use the alternatives drugs as the 
treatment by natural sources such as des 
medicinal plants for reducing the damages in liver 
(Xu et al. 2017) 

The aim of this present research was to 
evaluate hepatoprotective effect of the leaves 
aqueous extract of P. atlantica against mercuric 
chloride-induced in rats by assessing the 
antioxidant parameters. 
  
MATERIALS AND METHODS 

2.1. Chemicals 
All of the chemicals and reagents used in the 

experiments were of analytical grade. β-carotene, 
reducing power, DMSO, BHT, NBT, Ascorbic acid 
were purchased from Sigma-Aldrich Chemical 
Company (St. Louis, MO).  

2.2. Plant Material and Preparation of Aqueous 
Extract 

Leaves of P. atlantica Desf used in this study 
were collected from Oran (Algeria) in October 
2018. The plant material was authenticated in the 
botanic laboratory, University of Oran1. After the 
leaves were cleaned and air-dried, they ground to 
a fine powder and extracted with distilled water (1: 
10, w/v) under the heat conditions (60 °C) during 
60 min. The mixture was filtered. The obtained 
decoction was frozen and then lyophilized (freeze-
dryer christalpha 2-4 lsc d 37520, Germany). 

.2.2.1. Phytochemical analysis of plant. 
For phenolics, the total phenolic contents 

were determined according the Folin–Ciocalteu 
spectrophotometric method described by 
(Singleton et al. 1999) with slight modifications. 
Briefly, an aliquot of the extract solution of extract 
(0.125 mg/mL; 0.2 mL) was mixed with Folin–
Ciocalteu solution (1 mL, 1:10 v/v) and the 
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aqueous solution of sodium carbonate (75 g/L, 0.8 
mL). The tubes were vortexed and incubated for 
2h in the dark at room temperature. Absorbance 
was then measured at 765 nm using UV–vis 
spectrophotometer (Jasco, V-530). Gallic acid 
was used to calculate the standard. Curve (10, 30, 
50, 70, 90, 110, 130, 150 µg/mL) and the results 
were expressed as mg of gallic acid equivalents 
(GAE) per g of dried weight.  

Concerning flavonoids, the procedure 
performed using the method of the mercury 
chloride colorimetric method described by 
(Djeridane et al., 2006). an aliquot of the extract 
solution (0.125 mg/mL; 1 mL) was mixed with 
equal volume of AlCl3 solution (2% in methanol). 
Then the mixture was properly mixed and the 
intensity of pink color was measured at 430 nm. 
Quercetin was used to calculate the standard 
curve (5, 10, 15, 20, 30, 40, 50 µg/mL) and the 
flavonoid contents were expressed as mg of 
quercetin equivalents (QE) per g DW. 

2.2.2. In vitro Antioxidant potential assays 

2.2.2.1. Antioxidant activity with the β-carotene 
bleaching method 

The antioxidant activity was evaluated with 
the β -carotene bleaching protocol according to 
the method of (Nachvak et al., 2018). 0.5 mg of β-
carotene was solubilized in 1 mL of chloroform, 
then 25 μL of linoleic acid and 200 mg of Tween 
40 were added. After, the chloroform in the 
mixture was evaporated; 50 mL of oxygenated 
ultra-pure water was added with vigorous stirring. 
To 40 μL of the sample at different concentrations 
was added 160 μL of β carotene/linoleic acid 
mixture, followed by initial absorbance measured 
at 470 nm using a 96-well microplate reader. After 
incubation of the plate for 2 h at 50°C., the 
absorbance was measured again. DMSO was 
used as a control. BHT was used as standard. 
The anti-oxidant activity was calculated using the 
following equation:  

Antioxidant activity % = [1 – (As t=0 – As 
t=120/Act=0 –Act=120)] x 100. 

Where: As t=0: absorbance of the sample at t 
= 0, As t=120: absorbance of the sample at t = 2h, 
Ac t=0: absorbance of control. at t = 0, Ac t=120: 
Absorbance of control at t = 2h. 

 

2.2.2.2. Scavenging of superoxide radical by 
alkaline DMSO method 

The superoxide radical scavenging ability was 
measured in terms of inhibition of generation of 

O2− using alkaline DMSO according to 
(Rajamanikandan et al., 2011). The reaction 
mixture consisted of 40 μL of P. atlantica at 
varying concentrations (0-4mg/mL in DMSO), 130 
μL of alkaline DMSO (1 mL DMSO containing, 5 
mM NaOH in 0.1 mL water) and 30 μL NBT (1 
mg/mL in DMSO). The mixture was incubated at 
25 °C for 5 min, and absorbance was measured at 
560 nm using a 96-well microplate reader. 
Ascorbic acid was used as positive control. The 
scavenging activity is determined using the 
equation: 

Scavenging activity= (A sample- A control)/ (A 
sample) x 100 

2.2.2.3.Hydroxyl radical scavenging activity 
Scavenging activity of hydroxyl radical of the 

extract was measured according to the method of 
(Rana et al. 2011) 200 μL of the final reaction 
solution consisted of aliquots (80 μL) of various 
concentrations of P. atlantica, 24 μL FeSO4 (8 
mmol/L), 20 μL of H2O2 (20 mmol/L) and 80 μL 
sodium salicylate (3mmol/L). The reaction mixture 
was incubated for 1 h at 37 C. L-Ascorbic acids 
were used as the standard.The color development 
was measured at 560 nm using a 96-well 
microplate reader against a blank. The 
scavenging activity is determined using the 
formula: 

Scavenging activity= (A control - A sample)/(A 
control) x 100 

 
2.2.2.4. ABTS free radical scavenging activity 
The decolorization test of 2,2’-azinobis- (3-
ethylbenzothiazoline-6-sulfonic acid (ABTS) free 
radical cations was carried out using an improved 
method of O¨ ztu¨rk et al with slight modifications 
A stock solution of ABTS+ was produced by the 
oxidation of ABTS 7.0 mM in water and 2.5 mM 
potassium persulfate for 16 h in the dark at room 
temperature, after that, the solution ABTS+ was 
diluted with absolute ethanol to an absorbance of 
0.8-0.9 at 734 nm before being used in the test. 
Then, 160 μL of ABTS+ solution was added to 40 
μL of β-glucans in DMSO at different 
concentrations. After 10 min, the absorbance was 
monitored at 734 nm by using a 96-well 
microplate reader. DMSO was used as a control, 
while BHA was used as standard. Results were 
expressed as IC50.The capability to scavenge the 
ABTS+ radical was calculated using the following 
equation: 

ABTS radical-Scavenging activity= (A control - 
A sample)/(A control) x 100 
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2.2.2.4. DPPH free radical scavenging activity 
The radical scavenging activity of β-glucans 

was determined using DPPH assay according to 
Blois. The decrease in the absorption of the 
DPPH solution after the addition of an antioxidant 
was measured at 517nm.The reaction requires 
preparing a mixture of 40 μL of β-glucans at 
various concentrations (0.0625–4 mg/mL) with 
160 μL DPPH solution (0.02% prepared in 
DMSO). For each concentration, a blank is 
prepared by mixing40 μL of samples with 160 
DMSO. A control containing 40 μL DMSO and 160 
μL DPPH is also prepared. Alpha-tocopherol 
(4mg/mL) was used as standard. After incubation 
for 30 min in the dark, the decrease in the 
absorption of the DPPH solution was measured at 
517nm using a 96- well microplate reader 
(Enspire Multimode plate reader, Perkin Elmer). 
Scavenging activity was expressed as IC50 
(Concentration in μg/mL of β-glucans that reduces 
the absorbance of DPPH by 50%). The anti-
radical activity is determined using the formula: 

DPPH radical scavenging activity (%) = (A 
control - A sample)/(A control) x 100 
 
2.3. Determination of Hepato-protective Effect 
in Vivo  

2.3.1. Animals and Experimental Design 
Twenty-four adult male rats of Wistar strain 

(weighted 60 ± 10 g) were obtained from the 
animal facility of the Department of Biology at the 
Faculty of Nature and Life Sciences, Oran 1 
University. The experimental animal procedures 
were conducted in accordance with the 
Regulations of the Guide for the Care and Use of 
Laboratory Animals (8th edition, 2011) and 
approved by the scientific committee of the 
university. The animals were allowed free access 
to tap water and rodent chow, housed under the 
standard conditions with 12/12 h light-dark cycle 
at 25 ± 2 °C, controlled humidity (60 ± 5%) and air 
circulation.  

The rats were randomly divided into three 
equal groups (six rats in each group). They 
received the treatment as follows: group I served 
as negative control (control) receiving an 
intraperitoneal injection of saline solution (0.9% 
NaCl); once a week for 32 days. Groupe II serving 
as inorganic mercury intoxicated group (HgCl2) 
received 2.5 mg/kg body weight (b.wt.) by 
intraperitoneal injection for four weeks. Group III 
serving as Inorganic Mercury-treated group 
(HgCl2+P.atlantica) received HgCl2 poisoning 
doses same as intoxicated group and treated by 

aqueous extract of P. atlantica (150 mg/kg b.wt., 
orally administration by force-feeding) daily for 32 
days. They have recorded no deaths or any 
symptoms of toxicity after oral administration of 
single doses of the lyophilized tested extract at 
any dose level up to the highest dose tested to 
ensure its safety. 

The period of experimentation was 4 weeks 
under standards laboratory conditions. All the 
animals received the corresponding doses of the 
respective test solution daily for 4 consecutive 
weeks. All the groups were fasted for 24 h allowed 
to receive only water and libitum. After the end of 
treatment, rats were scarified by decapitation 
(solution of chloral, 3%) for obtaining blood and 
liver tissue. 

2.3.2. Determination of antioxidant makers in 
liver tissues 

The adult rat livers from the different studied 
groups were removed and rapidly dissected. After 
crushing and homogenization, the tissues placed 
in a PBS buffer (0.1 mol/L; pH=7.4) supplemented 
with sucrose (0.3 mol/L) and potassium chloride 
(0.08 mol/L) using a WiseTis® homogenizer (HG-
15A; Germany) and maintained at temperature of 
4°C. The obtained homogenate was centrifuged at 
7600 rpm for 10 minutes at 4°C to obtain 
supernatant which centrifuged at 12000 rpm for 
10 minutes to remove cellular debris and stored at 
-80°C prior to examine the oxidative stress 
parameters presented by: Lipid peroxidation 
(LPO) levels assessed by TBARS assay using the 
method described by Ohkawa et al. (1979) in the 
liver. Tissue protein content at the hepatic tissues 
was performed using the method of Lowry et al. 
(1951) and determination the activity glutathione 
S-transferase (GST) (EC: 2.5.1.18) described by 
Habig et al. (1974), The results were expressed 
as Units/mg protein (mmol H2O2 degraded/ mg of 
protein, µmol/mg proteins/min,) respectively. 

2.4. Statistical analysis 
The results were represented as mean values 

± standard error (Means ± ES). Data were 
analyzed by SPSS (Statistical Packages for Social 
Science, version 23.0, IBM Corporation, New 
York, USA) using one-way analysis of variance 
(ANOVA) followed by Least Significant Difference 
test (LSD) with α = 0.05, for comparison of various 
treatments. A student’s t-test was used to 
determine the significant difference among two 
different.  
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RESULTS  

3.1. Phytochemical analysis of plant 
Total phenolic contents (TPC) and flavonoid 

contents (TFC) of aqueous extract of P. atlantica 
indicated in table 01 demonstrated the very 
highest levels by 391.9 ± 28 and 59.3 ± 0.8 mg/g, 
respectively. 

3.2. In vitro Antioxidant potential assays 
The result of our extract study's shows a 

higher antioxidant capacity with lower EC50 
values of 16.46 ± 1.46, 96.42 ± 5.75, 152.56 
±4.29, 7.25±0.21, 11.12±0.29 and 10.32±0.3 
µg/mL measured by Reducing power, DMSO and 
β -carotene assays, DPPH, CUPRAC, ABTS+ 
respectively (table 01). 

3.3. Determination of Hepato-protective Effect 
in Vivo 

3.3.1. Determination of Antioxidant Makers in 
Liver Tissues 
Determination of lipid peroxidation: 
TBARS are a marker of lipid peroxidation, 
reflecting a pro-oxidative effect. Lipid peroxidation 
increased significantly by 18.33% in the liver at 
mercury chloride poisoned group compared to the 
control group; the mercury poisoned rats treated 
with Pistacia atlantica extract compared to those 
treated with mercury chloride decrease. 
(Figure01).  

GST 
In liver, GST activity is not significantly different in 
the INT+PL groups compared to the control  
 

Table 01: Antioxidant activity of aqueous extract of P. atlantica leaves 
 Positive Control 

Antioxidant activity (EC50 values, µg/mL) 
α-

Tocopherol 
Ascorbic acid BHTb BHAb 

Reducing Antioxidant 
Power 

16.46 ± 1.46 34.93±2.38 6.77 ± 1.15 // // 

DMSO 96.42 ± 5.75 31.52±2.22 7.59 ± 1.16 // // 

β-carotene linoleic acid 
bleaching assay 

152.56 ±4.29 // // 0.91±0.01 1.05±0.03 

DPPH 7.25±0.21 // // 6.82±0.49 // 

CUPRAC 11.12±0.29 // // 9.62±0.87 3.64±0.19 

ABTS+ 10.32±0.3 // // 1.59±0.03 1.03±0.00 

Phenolic compounds (mg/g) 

TPC 391.9 ± 28 
59.27 ± 0.8 TFC 

* BHA: standard for antioxidant activity. The antioxidant activity was expressed as EC50 values (mean ± 
SD), what means that higher values correspond to lower reducing power or antioxidant potential. EC50: 
extract concentration corresponding to 50% of antioxidant activity or 0.5 of absorbance in Cupric 
Reducing Antioxidant Power assay. Total phenolic content (TPC as mg gallic acid/g Dry weight), total 
flavonoids contents (TFC as mg quercetin/g Dry weight). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: The hepatoprotective effect of P.atl on HgCl2-induced oxidative stress in liver tissues. 
LPO (TBARS) content in liver of rats. Data are expressed as mean ± SD, n = 6. * and *** significantly 
different (p < 0.05) from control and HgCl2-treated group, respectively 
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Figure 02: The hepatoprotective effect of P.atl on HgCl2-induced oxidative stress in liver tissues, 
GST activity (µmol/mg of proteins). The results are represented by the mean ± standard deviation (Moy 
± SEM). P <0.05 (*) = indicates a significant difference in the poisoned rats compared to controls. (**) = 
indicates a significant difference in mercury-poisoned rats treated with the aqueous extract of P. at 
compared to mercury-poisoned rats. (***) = indicates a significant difference in the poisoned rats treated 
with the aqueous extract of P. at compared to the control rats p˂0,05. 
 
DISCUSSION 

The total polyphenol content of the extract 
shall be calculated with reference to the gallic acid 
calibration curve and expressed in milligram gallic 
acid equivalent per gram of extract (mg GGE/g 
extract).The total polyphenol content of our 
sample extract which is consistent with the results 
of Hashemi et al. (2017) which is 269 mg EAG/g 
extract (Southwest Iran). The variability of its 
results is strongly dependent on the region of 
growth of the species (geographical aspect) 
(Konieczynski et al. 2016) but also on the low 
specificity of the reagent of "Folin-ciocalteu" which 
is the main disadvantage of this colorimetric assay 
(Roslan et al. 2019). The quantitative estimation 
of total flavonoids using the method of aluminum 
trichloride (AlCl3) showed that this extract is 
relatively rich in flavonoids with a rate of 
59.27±0.8 mg EC/g extract (table). This result was 
obtained from the calibration curve established 
with known concentrations of catechin. Comparing 
our results with other results obtained on the 
same plant variety in different extracts, we find 
that the flavonoid content of our sample is very 
high compared to those of Bakka et al. (2019) 
who found a level of 0.0407±0.000 mg EC/g of 
chloroformic extract in the same axis Khiya et al. 
(2019) found a level of 129.15 mg EC/g of 
ethanolic extract which is much higher than our 
results. This difference in content can be 

explained by the studies of Mbaïhougadobé et al., 
(2017) who stated that the total flavonoid content 
is variable and differs from one plant to another 
and from one extract to another. The results 
obtained in table 1 suggest that the antioxidant 
capacity of P.atlantica is related to its content of 
total polyphenols and total flavonoids. The results 
of the evaluation of antioxidant activity by the 
DPPH test are expressed in IC50. The IC50 is the 
concentration of antioxidants necessary to reduce 
50% of the DPPH radical (Awa et al., 2018). 
Given that the IC50 of our extract (7.25±0.21 
µg/mL) is significant compared to the standards 
(BHT, BHA) (6.82±0.49 µg/mL) this would mean 
that it has significantly reduced the DPPH, 
therefore has a good antioxidant activity, His 
results are superior compared to those of Achili et 
al., (2020) on the methanolic extract which 
determined an IC50 of 2.87±0.16 µg/ml which is 
also higher than those of Karimi et al. (2020) 
whose IC50 is equal to 1.54±0.12 µg/ml of ethyl 
acetate extract. Rigane et al. (2016) found an 
IC50 of 32±0.01 µg/ml, this concentration is higher 
than our result but lower in antioxidant activity. 
Several factors can influence the IC50 values, 
such as the solvent used, the concentration of the 
DPPH solution and the incubation period (Sharma 
and Baht, 2009). 

The IC50 value is inversely related to the 
antioxidant capacity of a compound; the lower the 
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value, the higher the antioxidant activity 
(Bouyahya et al. 2017). The reducing power of our 
extract has been estimated using the copper 
reduction test measured at an absorbance of 
450nm, the results are grouped in the table 1 with 
BHT and BHA standards.As a comparison, our 
extract to show an absorbance (11.12±0.29 
µg/mL) which is close to those of the reference 
antioxidant which is 9.62±0.87 (BHT) and 
3.64±0.19 (BHA). In previous studies, the 
CUPRAC method has been little used to 
determine the antioxidant capacity of the leaves of 
P. atlantica, however Achili et al.,(2020) found 
results in the order of 4.98±0.34 µg/mL for its ethyl 
acetate extract, which is lower than our result. 
According to Luminita, (2015) the antioxidant 
capacity of an extract should reflect the capacity 
of the lipophilic and hydrophilic fractions so the 
CUPRAC method shows versatility in the 
determination of hydrophilic and lipophilic 
antioxidants, because the CUPRAC chromophore, 
copper (I) bis (neocuproin) chelate has a 
unipositive charge with less ion-dipole interactions 
with water and the chelated rings are essentially 
hydrophobic. Thus, it is compatible with aqueous 
and organic solvents as well as alcohol-water 
mixtures (Apak et al. 2016).The results of the 
ABTS+ radical absorbance inhibition tests. By the 
aqueous extract of the leaves of P.atlantica are 
indicate that the extract has a high reducing 
potential of the ABTS+ radical, its IC50 is low 
(IC50=10.32±0.3 µg/mL). However this capacity is 
quite higher than that of BHT and BHA which are 
very pure. Our results gave an antioxidant efficacy 
evaluated by the ABTS method that is much 
better than those recorded by Rigane et al.(2016) 
which is 300±0.01 µg/mL for its aqueous extract, 
while Achili et al. (2020) recorded a better 
antioxidant activity (2.76±0.17 µg/mL) of 
methanolic extract. The differences observed in 
the ABTS test may be due to the solvent used, in 
addition to an ecological implication (Dawidowicz 
and Andrzed,2013).The inhibitory potential 
obtained with DDPH is lower than that measured 
with the ABTS+ radical. This could be related to 
the presence in the extract of Pistacia atlantica of 
substances that have absorption bands at the 
same wavelength as the DPPH radical, resulting 
in an increase in optical density and a decrease in 
inhibitory potential (Dieng et al. 2017). 

The antioxidant activities of the extract of 
Pistacia atlantica determined by DPPH, CUPRAC 
and ABTS+. were found to be strongly correlated 
with total polyphenols and flavonoids evaluated 
respectively by the tests of "Folin-Ciocalteu" and 

aluminum trichloride. The antioxidant activities of 
natural compounds are frequently accompanied 
by an antiproliferative property (Et-Touys et 
al.2019).  

Mercury toxicity is known to affect the redox 
state of target tissues by increasing the production 
of free radicals, producing by oxidative stress 
(Abd Elghani, 2020). The clinical use of mercury is 
limited by the onset of severe damage in gut, liver 
organs (Abd Elghani, 2020), Hence, single doses 
of HgCl2 have been used to induce hepatotoxicity 
in experimental animals (Benahmed et al. 2020 
and Hazelhoff and Torres, 2018). 

Through this study, we investigated some 
effects of exposure to inorganic mercury in the 
function of the liver; on the other hand, several 
efforts have made to use the alternatives drugs as 
the treatment by natural sources such as des 
medicinal plants for reducing the damages in liver 
(Xu et al.2017) 

The present results corroborate the previous 
results which demonstrated that exposure to 
mercury stimulated the generation of ROS. Our 
results agree with further studies (Joshi et al. 
2017). The combination of Hg and the P. atlantica 
extract in our study showed a reduction in TBARS 
levels in the liver and increase in the level of GST 
comparing to the HgCl2. Norasteh et al. 2020 
revealed that Pistacia atlantica reduced the free 
radicals and prevented liver damage by 
decreasing the level of MDA and increasing the 
level of antioxidant superoxide dismutase and 
catalase (Tolooei and Mirzaei, 2015). 

CONCLUSION 
Quantitatively our results lead us to conclude 

that the aqueous extract of Pistacia atlantica 
contains a considerable amount of total 
polyphenols and flavonoids which confirms its 
antioxidant activity and this has been shown by 
the results obtained in different tests: DDPH, 
ABTS, and CUPRAC. Our study showed that this 
extract has a good activity which could be due to 
compounds considered as antioxidant agents and 
the rats intoxicated and treated by P. atlantica 
induce a benefic effect on liver tissues, and 
restore the antioxidant, biochemical parameters to 
normally. These finding could be related to the 
mixtures of bioactivities of P. atlantica, in addition 
to the free radical scavenging activity of P. 
atlantica due to its contents of the high level of 
total phenolic and flavonoids. The aqueous extract 
of P. atlantica leaves possesses the obvious 
hepatoprotective capability and has an 
encouraging effect in the treatment of acute liver 
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damages induced by mercury. This extract is 
considered as a very good source for phenolic 
compounds which has a great impact in 
prevention against liver injuries. These effective 
substances present in the leaves encourage 
consideration of P. atlantica as a new natural 
medicinal source. 
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