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Background: Recently, many efforts have been made to discover new products of natural origin 
which can limit the xenobiotic-induced hepatic injury. Carbon tetrachloride (CCl4) is a highly toxic 
chemical that is widely used to study hepatotoxicity in animal models. Objective: The present study 
was conducted to investigate the curative and protective effects of Schinus terbenthifolius ethanolic 
extract against CCl4-induced acute hepatotoxicity in rats. Materials and Methods: S. terbenthifolius 
extract was orally administered in a dose of 350 mg dried extract/kg b.wt. before and after 
intoxication with CCl4 for curative and protective experiments, respectively. A group of 
hepatotoxicity indicative enzymes, oxidant-antioxidant capacity, DNA oxidation, and apoptosis 
markers were measured. Results: CCl4 increased liver enzyme leakage, oxidative stress, hepatic 
apoptosis, DNA oxidation, and inflammatory markers. Administration of S. terebinthifolius, 
either before or after CCl4 intoxication, significantly decreased elevated serum liver enzymes and 
reinstated the antioxidant capacity. Interestingly, S. terebinthifolius extract inhibited hepatocyte 
apoptosis as revealed by approximately 20 times down-regulation in caspase-3 expression when 
compared to CCl4 untreated group. On the other hand, there was neither protective nor curative 
effect of S. terebinthifolius against DNA damage caused by CCl4. Conclusion: The present study 
suggests that S. terebinthifolius extract could be a substantially promising hepatoprotective agent 
against CCl4 toxic effects and may be against other hepatotoxic chemical or drugs.

Key words: Antioxidant, apoptosis, hepatoprotective, hepatotoxicity, Schinus terebinthifolius

Access this article online

Website:  
www.phcog.com

DOI:  
10.4103/0973-1296.157705

Quick Response Code:

INTRODUCTION

Liver is the most important organ responsible for 
xenobiotic metabolisms, acting as sensitive target site for 
substance modulating biotransformation.[1] During aerobic 
metabolic reactions, considerable amounts of  reactive 
oxygen species (ROS) such as superoxide anion (O2−) 
and hydrogen peroxide (H2O2) are produced,[2] which 
enter a variety of  chain reactions and generate free 
radicals such as •OH. These hydrogen species assault 
polyunsaturated fatty acids and thereby initiate the process 
of  lipid peroxidation causing degradation and inactivation 

of  various important biomolecules.[3] This situation 
resulting in many complications such as; oxidative stress, 
antioxidant alteration, decreasing of  the intracellular level 
of  glutathione (GSH), reduction of  catalase (CAT) activity 
which leading to tissue injury and carcinogenesis.[4,5]

Many xenobiotics (drugs and environmental chemicals) 
are capable of  causing some degree of  liver injury.[6] As 
lifestyle changes, hepatic injuries have become one of  
the most common diseases in the world attributed to 
great morbidity and mortality especially in developing 
countries.[7] Therefore, many efforts have been made 
recently for discovering new products of  natural origin, 
which can limit the xenobiotic‑induced hepatic injury.

Carbon tetrachloride (CCl4) is widely used to study 
hepatotoxicity in animal models by starting lipid 
peroxidation.[8] CCl4 is biotransformed in the liver forming 
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reactive metabolic trichloromethyl radicals (ˉCCl3) 
which reacts with excess O2 producing reactive free 
radicals. These free radicals begin peroxidation of  
membrane polyunsaturated fatty acids and covalently 
bind microsomal lipids and proteins producing lipid 
peroxides leading to cellular disorders and pathological 
alterations.[9,10]

Herbs have been an important source of  natural 
materials used for treatment and/or prevention of  
several illnesses.[11] S. terebinthifolius, also named Brazilian 
pepper, aroeira‑vermelha, pink pepper, mastic tree or 
christmas‑berry, belongs to the Anacardiaceae family of  
plants.[12] Anacardiaceae family comprises 800 species in 
82 genera. The genus Schinus, which is named after the 
Greek name of  the mastic tree (Schinos), is used for 
decoration, tanning agent and as spice. Among the 25 
species, Schinus terbenthifolius was growing in Egypt several 
decades ago.[13] S. terebinthifolius poses antifungal, healing, 
analgesic, anti‑inflammatory, antioxidant, anti‑allergic, and 
insecticidal activities.[12,14‑16] Marzouk et al.[17] reported that 
aqueous methanolic extract of  the leaves of  Schinus molle 
showed moderate to strong radical scavenging properties 
on lipid peroxidation, hydroxyl radical, and O2− generations. 
Meanwhile, the possibility of  S. terebinthifolius to protect the 
liver from drugs or toxins was not studied yet. Therefore, 
this study was carried out to examine the possible 
hepatoprotective effect of  S. terbenthifolius against CCl4 
induced liver toxicity in rats.

MATERIALS AND METHODS

Animals
A total of  42 adult male Wistar rats with initial body weights 
of  206 ± 12 g and 8 weeks age were obtained from the 
Animal House Colony of  the National Research Center, 
Dokki, Cairo, Egypt. Rats were allowed to acclimatize to 
their new environment for 2 weeks prior to the start of  
the experiment. The rats were housed in stainless steel 
cages under proper environmental conditions on a 12 h 
light‑dark cycle. Rats were received a commercial pellet 
diet and water ad libitum.

Ethics statement
The laboratory animal ethical committee of  Veterinary 
Medicine Faculty has approved this study; rats were 
maintained and received human care in accordance with 
the guiding principles for the Care and Use of  Animals. 
The experimental design was approved by the Scientific 
Ethical Committee, Faculty of  Veterinary Medicine, Suez 
Canal University (Protocol 014/2013). All the efforts were 
taken to minimize the animal suffering and to decrease the 
number of  animals used.

Chemicals and reagents
Kits of  alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), total bilirubin (TB), γ glutamyl 
transferase (GGT), lactate dehydrogenase (LDH), GSH 
S‑transferase reduced GSH, malondialdehyde (MDA), 
superoxide dismutase (SOD), CAT, glutathione 
peroxidase (GPx), and glutathione S‑transferase (GST) 
were purchased from Biodiagnostics Co. (Cairo, Egypt). 
C‑reactive protein (CRP) and α1‑fetoprotein (AFP) levels 
were analyzed using diagnostic kits (Roche Diagnostics, 
Cairo, Egypt). Immunohistochemical kits and antibodies 
were obtained from abcam® (Cambridge, MA, USA). 
8‑hydroxydeoxyguanosine (8‑OHdG) was measured by 
the Oxi Select™ oxidative DNA damage ELISA kit (Cell 
Biolabs, Inc., USA). CCl4 and all other chemicals of  
analytical grade were purchased from Sigma Chemical 
Co. (St Louis, Mo, USA).

Plant collection and extract preparation
The aerial parts of  S. terebinthifolius were collected from 
Ismailia, Egypt. The leaves were washed by fresh water to 
remove the contaminants, and then dried in hot air oven at 
40°C. The dried leaves were grounded into powder with a 
laboratory electrical mill, de‑fattened by n‑hexane and then 
extracted in 70% ethanol at 4°C for 24 h. The extract was 
filtered and evaporated till dryness under reduced pressure 
using a rotatory evaporator (rotavapor RE111, BÜCHI). 
The obtained dried extract (each 1 kg dry leaves yield 126 g 
dry ethanolic extract) was stored in dry cold place until 
used in the experiment.[18] Ethanol: Deionized water (70:30) 
was selected as an organic polar solvent to be able to 
extract the vacuolar components (such as total phenolic 
compounds including flavonoids exist in glycosides form) 
of  S. terebinthifolius leaves.[19]

Phytochemical  const i tuents detect ion and 
quantification
Total flavonoid contents (TFC) and total phenolic contents 
TPC were measured in Schinus terebinthifolius extract following 
the method described by Park et al.[20] and Kim et al.[21] 
respectively. The TFC and the TPC were expressed as mg of  
rutin equivalents (RE) and mg of  gallic acid equivalents per gram 
dried extract, respectively. Thin layer chromatography (TLC) 
was performed for detection and semi‑quantification of  
other phytochemicals such as alkaloids, cardiac glycosides, 
saponins, tannins, terpenoids, quinones, and essential oils. 
Silica gel 60 F254 (0.25 mm thickness) plates (Merck Co, 
Darmstadt, Germany) were used as a stationary phase. Four 
mobile phases were used for separations; n‑hexane: Ethyl 
acetate (8:2), chloroform: Methanol: Water (8:2:0.2), ethyl 
acetate: Chloroform: Methanol: Water (12:8:8:2) and 
chloroform: Methanol: Water (65:35:10). The spots have 
been detected under UV at 254 and 366 nm and sprayed with 
specific reagents to visualize some major phytochemicals. 
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These reagents were Dragendorff  reagent for alkaloids, 
Kedde reagent for cardiac glycosides, potassium hydroxide 
reagent for anthraquinones (red), anthones (yellow), and 
coumarins group (blue) at UV‑366 nm. Also, anisaldehyde 
reagent and vanillin‑sulfuric reagent were used for detection 
of  terpenoids, steroids, and essential oils. Saponins and 
tannins were detected using forth and gelatin‑salt block tests 
respectively.[22]

Acute oral toxicity
Median lethal dose (LD50) of  S. terebinthifolius ethanolic 
extract was determined using 12 male Wistar rats. 
Graduated doses between 0.5 and 5.0 g dried extract/kg 
b.wt. were reconstituted in 1 mL saline and administered 
orally using the stomach tube. Rats were observed for 
clinical signs of  toxicity and mortality for 24 h. LD50 for 
the extract was determined according to the modified 
up‑and‑down technique[23] to reduce the number of  animals 
used. LD50 value was calculated using AOT425 statistical 
program (Version 1.0, Westat, NW, Washington DC, USA) 
developed by Westat for US EPA.

Experimental design
Preventive study
Fifteen rats were divided into three groups (five animals of  
each). Control group was injected interapretonially (i.p.) with 
1 ml physiological saline instead of  CCl4. CCl4 intoxicated 
group was given a single i.p. dose of  1 ml CCl4/kg b.wt. 
according to Manoj and Aqued.[24] Preventive group was 
orally administered 350 mg S. terebinthifolius dried extract/kg 
b.wt dissolved in 1 ml saline for 7 consecutive days prior 
to CCl4 injection.

Treatment study
Control and CCl4 groups were treated same as in preventive 
study. Treatment group was orally administered 350 mg 
S. terebinthifolius dried extract/kg b.wt. reconstituted in 1 ml 
saline for 14 consecutive days after CCl4 injection. Number 
of  animals used for treatment study was 15 rats.

Dose of  S. terebinthifolius was decided according to 
preliminary pilot study aimed to determine the least 
effective dose. This preliminary study revealed a good 
protective effect at a dose of  300 mg dried extract/kg 
b.wt and a moderate curative effect at a dose of  400 mg 
extract/Kg b.w.

Blood and liver sampling
After 72 h (in preventive study) and after 2 weeks (in 
treatment study) of  CCl4 administration, all animals were 
lightly anesthetized using diethyl ether. Blood samples 
were collected from postorbital plexus and divided into 
two parts, first part was collected in heparinized tubes 
and used for the determination of  selected hematological 

parameters, while the second part was allowed to clot 
at room temperature then centrifuged at 1200 × g 
gravitational force (G) for 10 min to separate the serum 
which was used for biochemical estimation of  liver integrity 
enzymes, antioxidants and oxidative stress biomarkers, 
and inflammatory markers. Rats then were sacrificed by 
diethyl ether anesthesia and the liver was removed from 
each rat and washed several times with normal saline. 
Part of  the liver was taken for biochemical estimations 
of  antioxidant and oxidative stress biomarkers and the 
remaining tissue was kept in 10% formalin buffer and used 
for immunohistochemical examination.

Processing of the liver
Liver sample was washed twice with saline solution, crushed 
and homogenized in ice‑cold 0.01 M sodium‑potassium 
phosphate buffer (pH 7.4). The homogenate was 
centrifuged at 860 × g for 20 min at 4ºC, and the resultant 
supernatant was frozen at −20ºC and used for hepatic 
oxidative stress markers.

Analysis of 8‑Hydroxydeoxyguanosine in DNA
A commercially available ELISA kit (Cell biolabs, inc) 
was used to evaluate the levels of  8‑OH‑dG in DNA. 
The assays were performed following the instructions 
of  the manufacturer.[25] Briefly, DNA was extracted then 
incubated at 95°C for 5 min and rapidly chilling on ice. 
Digest DNA sample to nucleosides by incubating the 
denatured DNA with 5–20 units of  nuclease P1 for 2 h 
at 37ºC in 20 mM sodium acetate (pH 5.2), then treated 
with 5–10 units of  alkaline phosphatase for 1 h at 37ºC in 
100 mM Tris buffer (pH 7.5). The reaction mixture was 
centrifuged for 5 min at 6000 × g, and the supernatant 
was used for the 8‑OHdG ELISA assay. Briefly, 50 μL 
of  unknown sample or 8‑OHdG standard was incubated 
at room temperature for 10 min. 50 μL of  the diluted 
anti‑8‑OHdG antibody was added and incubated at room 
temperature for 1 h. Washed 3 times, then 100 μL of  
the diluted secondary antibody‑enzyme conjugate was 
added and incubate at room temperature for 1 h before 
re‑washing. 100 μL of  substrate solution was added to each 
well and incubate at room temperature for 20 min. Enzyme 
reaction was stopped by adding 100 μL of  stop solution 
and absorbance was measured using a spectrophotometer 
at 450 nm (Shimadzu, model UV‑3000, Kyoto‑Japan).

Activated caspase‑3 immunohistochemistry
Formalin liver samples were embedded in paraffin. 
The paraffin blocks were cut into 5–7 μm thickness. 
Deparaffinization and antigen recovery were carried out. 
Endogenous peroxidase activity was blocked by incubation 
for 5 min with 3% H2O2. Sections were incubated with the 
primary antibody for caspase‑3 overnight at 4°C. Detection 
kit was used for visualization of  the antibody reaction to 
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detect and counting the number of  apoptotic cells. The 
visualization performed according to the manufacturer 
instructions (Sigma, St. Louis, MO). Revelation done 
using 3’,3‑diaminobenzidine tetrahydrochloride (Sigma, St. 
Louis, MO). Sections washed in distilled water, and counter 
stained with Mayer’s Hematoxylin for 5 min then examined 
using Olympus CX 21 microscope under 400 × powers.

Statistical analysis
The results were expressed as mean ± standard deviation 
for five animals in each group. One‑way ANOVA was 
used followed by Holm‑Sidak Multiple comparison 
test. Pearson’s Correlation test was done for correlating 
parametric variables. Statistical significance was accepted 
at P ≤ 0.05.

RESULTS

Phytochemical  const i tuents detect ion and 
quantification
The quantitative and semi‑quantitative phytochemical 
compositions of  S. terebinthifolius ethanolic extract are 
shown in Table 1. TPC was found to be the major 
constitute, it represented about half  of  the total ethanolic 
extract dry weight. From the TPC, the TFC constituted 
about 8% with a concentration of  38.33 ± 1.45 mg REs/g 
dried extract. Tannins, saponins, and essential oils were 
also detected in medium to high concentrations in the 
extract while no alkaloids, cardiac glycosides, terpenoids, 
quinones, anthraquinones or coumarins could be detected 
in the extract.

Acute oral toxicity
Oral administration of  S. terebinthifolius ethanolic extract 
up to 5 g/kg b.wt. did not show any toxic signs or deaths 
within 24 h from extract administration. Moreover, no 
signs of  delayed toxicity were perceived when rats were 
observed for further 14 days.

Serum hepatic parameters
The effects of  S. terebinthifolius on serum transaminases, 
bilirubin, and LDH, are summarized in Table 2. There 

were significant increases (P ≤ 0.05) in liver enzymes 
leakage (AST, ALT, GGT and LDH) as well as blood 
bilirubin concentrations in CCl4 intoxicated rats when 
compared to control groups in both preventive and 
treatment experiments. Administration of  S. terebinthifolius, 
either for 1 week before or for 2 weeks after CCl4 injection, 
significantly (P ≤ 0.05) decreased liver enzymes leakage 
and restored the altered bilirubin to approximately the 
control levels.

Inflammatory markers
While there were significant increases in CRP levels in 
all CCl4 intoxicated groups, AFP was almost unchanged 
in comparison with the control group [Table 2]. Using 
of  S. terebinthifolius either as preventive or as a treatment in 
rats intoxicated with CCl4 significantly decreased the CRP 
levels when compared to CCl4 groups.

Antioxidant activities and oxidative DNA damage
Significant decreases in the erythrocyte and hepatic GSH 
in addition to hepatic SOD, CAT, GPx and GST were 
observed in CCl4 intoxicated rats when compared with 
normal control rats. Oral administration of  S. terebinthifolius 
extract in both preventive and treatment groups reinstated 
the GSH levels in comparison with CCl4 group [Table 3]. 
The rats received CCl4 alone showed elevated lipid 
peroxidation demonstrated by high serum and liver 
MDA levels as compared to the control rats. Once more, 
administration of  S. terebinthifolius extract before or after 
CCl4 showed significant decreases in serum MDA levels 
as compared to those in CCl4 intoxicated groups. Unlike 
in the preventive group, liver MDA level in the treatment 
group was still higher than that in the control group. 
The oxidative DNA damage marker (8‑OHdG) was 
significantly elevated in the rats intoxicated with CCl4 in 
comparison with that in control rats. There was neither 
protective nor curative effect of  S. terebinthifolius against 
DNA damage caused by CCl4 [Table 3]. When data were 
analyzed for correlations using Pearson’s correlation 
analysis, our results showed negative correlations between 
liver enzymes (AST, ALT, and GGT) and the hepatic 
antioxidant parameters GSH, SOD, CAT, GPx, and GST. 

Table 1: Quantitative and semi‑quantitative phytochemical compositions of S. terebinthifolius ethanolic 
extract

Phytochemical compositions
Phytochemical TFC 

(mg RE/ 
g DE)

TPC 
(mg GAE/ 

g DE)

Tannins Saponins Essential 
oils

Alkaloids Cardiac 
glycosides

Terpenoids Quinones Anthraquinones Coumarins

Amount 38.33± 
1.45

488.67± 
13.02

+++ ++ ++ -- -- -- -- -- --

For quantitative evaluation of phytochemical contents, either mean±SE (n=3) or descriptive signs were used, when (‑‑) means absent, (+) means low, (++) means medium 
and (+++) means high content. TFC: Total flavonoids content, TPC: Total phenolic content, RE: Rutin equivalents, GAE: Gallic acid equivalents, S. terebinthifolius: Schinus 
terebinthifolius
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Meanwhile, only MDA showed positive correlations with 
these liver enzymes [Table 4].

Blood parameters
There was a significant decrease in blood platelets while 
there was a significant increase in WBCs count in rats 

treated with CCl4 compared to control rats. Although 
pre‑treatment with S. terebinthifolius restored these values 
to approximately normal values, administration of  
S. terebinthifolius after CCl4 significantly decreased the 
WBCs but not platelets counts when compared to CCl4 
group [Table 5]. When the correlation coefficient (r) was 

Table 2: Liver serum parameters and inflammatory markers in control rats, rats intoxicated with CCl4 and 
rats received S. terebinthifolius either before CCl4 (prevention group) or after CCl4 (treatment group)
Parameters Experimental groups

Preventive study Treatment study
Control group CCl4 group Prevention group Control group CCl4 group Treatment group

AST (u/L) 21.8±2.77 55.2±12.8* 24.4±3.85# 20.8±2.17 58.4±12.5* 38.6±6.58#

ALT (u/L) 27.6±5.13 128±10.6* 32.0±3.16# 27.2±3.96 134±13.6* 55.2±5.97#

GGT (u/L) 4.20±2.05 9.50±1.35* 4.80±1.48# 3.80±1.48 9.82±0.89* 7.20±1.48#

TB 0.24±0.11 1.22±0.41* 0.26±0.15# 0.22±0.13 1.14±0.23* 0.38±0.08#

Serum LDH (u/L) 322±47 830±77* 416±51# 341±42 815±86* 667±65#

Liver LDH (u/g) 453±59 718±68* 506±67# 441±62 737±76* 622±68#

Serum/liver LDH ratio 0.71±0.08 1.16±0.11* 0.82±0.09# 0.77±0.09 1.15±0.10* 1.07±0.10
CRP (mg/L) 1.60±0.43 5.76±1.28* 1.82±0.36# 1.66±0.37 5.88±0.83* 3.60±0.88#

AFP (IU/ml) 3.70±0.80 3.60±0.92 3.68±0.91 3.56±0.86 3.80±0.75 3.72±1.13
Data are expressed as means±SD (n=5). One‑way ANOVA followed by Holm‑Sidak multiple comparison test was used: *P≤0.05 versus control group, #P≤0.05 versus CCl4 group. 
CCl4: Carbon tetrachloride; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gama glutamyl transferase; TB: Total bilirubin; LDH: Lactate dehydrogenase; 
CRP: C‑reactive protein; AFP: α1‑fetoprotein; S. terebinthifolius: Schinus terebinthifolius

Table 3: Oxidant and antioxidant parameters in control rats, rats intoxicated with CCl4 and rats received 
S. terebinthifolius either before CCl4 (prevention group) or after CCl4 (treatment group)
Parameters Experimental groups

Preventive study Treatment study
Control group CCl4 group Prevention group Control group CCl4 group Treatment group

Serum	MDA	(μmol/L) 3.44±0.73 7.82±1.22* 3.42±0.37# 3.74±0.29 7.90±0.71* 6.54±0.62#

Erythrocyte GHS (mg/dl) 20.6±2.07 12.4±0.86* 18.6±3.05# 22.4±2.88 12.2±0.96* 16.0±2.00#

Liver	MDA	(μmol/g) 2.48±0.36 5.58±1.16* 2.34±0.30# 2.58±0.30 5.44±1.19* 4.16±0.61
Liver GSH (mg/g) 29.0±7.69 18.74±1.25* 27.92±4.59# 29.28±6.75 17.1±2.02* 24.1±1.78#

Liver SOD (u/g) 448±30.5 214±17.6* 399±27.7# 431±28.9 239±20.7* 310±34.5#

Liver CAT (u/g) 1.87±0.07 0.79±0.009* 1.61±0.09# 1.79±0.08 0.84±0.01* 1.23±0.06#

Liver GPx (u/g) 1.38±0.05 0.81±0.03* 1.22±0.05# 1.34±0.06 0.84±0.04* 1.12±0.05#

Liver	GST	(μmol/g) 1529±123 735±53* 1168±97# 1486±112 760±64* 981±73#

Hepatic 8-OHdG (pg/ml) 348±18.1 471±25.9* 492±87.7 350±23.5 635±34.4* 617±58.1
Data are expressed as means±SD (n=5). One‑way ANOVA followed by Holm‑Sidak multiple comparison test was used: *P≤0.05 versus control group, #P≤0.05 versus CCl4 
group. CCl4: Carbon tetrachloride; GSH: Glutathione; MDA: Malondialdehyde; SOD: Superoxide dismutase; CAT: Catalase; GPx: Glutathione peroxidase; GST: Glutathione 
S‑transferase; 8‑OHdG: 8‑hydroxydeoxyguanosine; S. terebinthifolius: Schinus terebinthifolius

Table 4: Pearson’s correlation coefficients among the serum liver enzymes and the oxidant‑antioxidant 
markers in the prevention and treatment studies
Parameters Experimental groups

Preventive study Treatment study
AST ALT GGT AST ALT GGT

MDA r=0.834* r=0.945* r=0.832* r=0.697* r=0.800* r=0.614
GSH r=−0.830* r=−0.832* r=−0.872* r=−0.525 r=−0.800* r=−0.815*
SOD r=−0.716* r=−0.947* r=−0.799* r=−0.639* r=−0.847* r=−0.672*
CAT r=−0.727* r=−0.971* r=−0.770* r=−0.721* r=−0.946* r=−0.760*
GPx r=−0.741* r=−0.969* r=−0.773* r=−0.871* r=−0.993* r=−0.881*
GST r=−0.789* r=−0.938* r=−0.654* r=−0.775* r=−0.903* r=−0.724*

*Significant at P≤0.05. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gama glutamyl transferase; MDA: Malondialdehyde; GSH: Glutathione; 
SOD: Superoxide dismutase; CAT: Catalase; GPx: Glutathione peroxidase; GST: Glutathione S‑transferase; r: Correlation coefficient
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calculated using Person’s correlation analysis, our data 
showed significant negative correlations between blood 
platelets count and TB (r = −0.824 and‑0.442 in prevention 
and treatment studies, respectively), whereas there were 
significant positive correlations between WBCs count and 
CRP levels in prevention and treatment studies (r = 0.889 
and 0.778, respectively) using Pearson’s correlation.

Immunohistochemical findings
The expression levels of  cleaved caspase‑3 in the livers of  
CCl4 intoxicated rats were relatively high (16.8 ± 1.48 cells/
HPF in prevention study and 22.6 ± 3.36 cells/HPF 
in treatment study). Interestingly, these levels were 
significantly decreased when CCl4 intoxicated rats were 
administered S. terebithifolius extract (1.2 ± 0.45 cells/HPF 
in prevention study and 0.4 ± 0.55 cell/HPF in treatment 
study) as detected by immunohistochemistry [Figure 1].

DISCUSSION

In this study, the TPC was found to be the major constitute 
of  S. terebithifolius ethanolic extract. Besides, the TFC was 
found to be 38.33 ± 1.45 mg (REs) per gram of  dried 
extract. These two constituents are good indicators for 
the antioxidant activity of  plant extracts. Many researchers 
reported a significantly high correlation between the high 
antioxidant activity of  plant extracts and its high TPC and 
TFC.[26]

Median lethal dose was estimated to evaluate the acute 
toxicity of  S. terebithifolius ethanolic extract aiming to 
use one‑twentieth of  LD50 in our experiment. Our 
result revealed neither toxic signs nor deaths up to a 
dose of  5 g dried extract/kg b.wt. Substances of  oral 
LD50 < 5000 mg/kg are considered practically nontoxic.[27] 
Accordingly, the dose of  S. terebithifolius in this study was 
decided based on its effective not on its toxicity.

Carbon tetrachloride is one of  the most frequently used 
hepatotoxins to study liver diseases in experimental 
animal models; it has been reported to show many 
hepatic disorders similar to that perceived in viral hepatitis 

or chemically‑induced liver injury.[28‑31] In liver, CCl4 
transformed into trichloromethyl radicals those react 
with excess O2 resulting in the production of  reactive free 
radicals and stimulation of  lipid peroxidation followed 
by cellular damage, inflammation, and pathological 
changes.[10,32‑33] Administration of  CCl4 significantly 
increased the leakage of  liver ALT, AST, GGT, and LDH 
enzymes into the serum; it also increased blood TB. ALT, 
AST, GGT, and LDH are sensitive indicators for the 
hepatic function and their excessive leakage into the blood 
is usually associated with impaired hepatocellular function 
and designates the disruption of  integrity of  hepatic cell 

Figure 1: Immunohistochemical staining of the liver sections (×400) 
stained with caspase 3 antibodies for apoptotic cells and hematoxylin 
counterstaining of the nuclei and non-apoptotic cells. (a) control 
groups, (b) CCl4 groups and (c) rats received ethanolic extract of 
Schinus terebinthifolius either before [left side pictures] or after [right 
side pictures] CCl4-intoxications. Arrowheads in figures (b) point out 
caspase-3 positive apoptotic cells

c

b

a

Table 5: Blood parameters in control rats, rats intoxicated with CCl4 and rats received S. terebinthifolius 
either before (prevention group) or after (treatment group) CCl4 intoxication
Parameters Experimental groups

Preventive study Treatment study
Control group CCl4 group Prevention group Control group CCl4 group Treatment group

Hb (g/dL) 12.28±0.72 12.0±1.18 13.0±0.80 12.5±0.57 12.2±0.84 12.7±0.85
BP (103/μL) 1128±40.5 891±53.6* 1121±58.6# 1117±53.2 899±65.6* 947±55.0
WBCs (103/μL) 11.3±0.68 16.8±1.51* 10.1±0.74# 11.5±0.75 16.6±1.30* 13.5±0.60#

Data are expressed as means±SD (n=5). One‑way ANOVA followed by Holm‑Sidak Multiple comparison test was used: *P≤0.05 versus control group, #P≤0.05 versus CCl4 group. 
SD: Standard deviation; CCl4: Carbon tetrachloride; Hb: Hemoglobin; BP: Blood platelets; WBCs: White blood cells; S. terebinthifolius: Schinus terebinthifolius
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membranes.[34‑37] In the present study, CCl4 administration 
increased lipid peroxidation via elevation of  serum and 
hepatic MDA levels and decreasing GSH antioxidant 
capacity in erythrocytes and liver as well as decreasing the 
activities of  hepatic SOD, CAT, GPx, and GST [Table 3]. 
These effects are implicated in hepatic oxidative stress 
and toxicity. This pointed out that CCl4‑mediated hepatic 
injury occurred as a result of  excessive production of  ROS, 
which attack various biological molecules including lipids 
and causing lipid peroxidation. These results are parallel 
with those obtained by many other researchers.[8,38,39] CRP 
is an acute‑phase protein that produced by hepatocytes 
and it is a sensitive marker for inflammation, infection, 
and tissue damage.[40] The results in this study revealed 
that CCl4 administration induced liver inflammation as 
there were significant increases in CRP levels coupled 
with an increase in WBCs count. Administration of  S. 
terebinthifolius pre and post CCl4 intoxication significantly 
reduced the elevated liver enzymes, CRP, and WBCs 
count; these findings designate the protection of  the 
hepatocytes integrity or renewal of  injured hepatocytes.[34] 
In addition, there were elevations in antioxidant enzymes 
and reduction of  the lipid peroxidation in blood and livers 
of  groups those received S. terebinthifolius compared to 
those of  CCl4‑intoxicated groups. These findings verify 
the antioxidant effects of  S. terebinthifolius and explain its 
restorative effect that could be attributed to its ability 
to minimize the production of  free radicals and/or to 
enhance the scavenger activities. The antioxidant activity of  
S. terebinthifolius was confirmed by other researchers.[14,16,17]

8‑OHdG is a specific marker for DNA oxidation.[41] The 
current study showed significant elevation in 8‑OHdG 
in CCl4‑intoxicated groups when compared to the 
control groups. Such elevation in 8‑OHdG levels can be 
explained by the oxidative alteration of  macromolecules 
and consequently genomic unsteadiness caused by the 
formation of  excessive ROS.[42] In our study, S. terebinthifolius 
failed to protect hepatocyte DNA from oxidative 
damage or reverse the damage. This could be attributed 
to the pharmacokinetic properties of  the antioxidant 
substances (mainly the flavonoids) inside the liver cells. 
When the CCl4 is a non‑polar compound and can easily 
pass both cellular and nuclear membranes causing damage 
to DNA, it seemed that the flavonoids in S. terebinthifolius 
extract become more polar and less fat soluble inside the 
liver calls through binding with one or more intracellular 
compounds such as proteins (which its concentrations 
are 8 times higher than extracellular concentrations). 
Specially that the polarity of  flavonoids depends to a large 
degree on whether they occur bound to one or more polar 
moiety (such as sugar), which renders them highly polar, 
or whether they occur in the free form in which case they 
are much less polar.[19]

As a general, the present data showed a significant 
positive correlation between liver function enzymes 
and the oxidant‑antioxidant markers, which confirms 
the antioxidant mechanism of  S. terebinthifolius as a 
hepatoprotective agent.

Apoptosis of  hepatocytes is mainly initiated by activation 
of  the caspase family of  cysteine proteases, which is a 
major form of  cell death.[43] Our findings indicated that a 
substantial number of  hepatocytes undergo apoptosis after 
CCl4 administration; this finding was in consistent with 
those obtained by other researchers.[44‑46] Our results also 
revealed that S. terebinthifolius intensely inhibited hepatocyte 
apoptosis by down‑regulating the expression of  caspase‑3 
compared with CCl4 group. Besides the decreased LDH 
leakage, which could be a beneficial marker for the integrity 
of  the outer cell membrane, that result confirmed the 
protective and therapeutic effects of  S. terebinthifolius against 
CCl4‑induced hepatotoxicity.

In summary, the present study affirmed a beneficial 
ability of  S. terebinthifolius ethanolic extract to reduce 
CCl4‑induced liver damage. The markers of  protection 
include significantly decreased serum hepatic enzyme, 
increased antioxidant capacity, and decreased hepatocyte 
apoptosis when compared with the CCl4 treatment group. 
This hepatoprotective effect might be attributed to its 
antioxidant and free radical scavenging effects. Such findings 
put up S. terebinthifolius as a promising hepatoprotective 
agent against CCl4 toxic effects and may be against other 
hepatotoxic chemicals or drugs, both in animal and human.
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