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ABSTRACT
Introduction: Ashrasi date palm (ADP) is a floweringplant typeof thepalm familywhichhas strong
antioxidant properties. Mercuric chloride (MC) is a complex substance that generates oxidative
stress. This study was designed to investigate the protective effects of ADP on the morphometric,
inflammatory, oxidative and apoptotic changes induced by MC.Methods: Fifty-six male rats were
randomly allocated into 8 groups (n = 7) as follows: Group 1- control, 2- MC (50 mg/kg), 3-5: ADP
(30, 90, and 270mg/kg), and 6-8: MC+ADP. The rats were orally and intraperitoneally administrated
with the respective agents for 5 weeks. Extracts of ADP were prepared and phytochemical screen-
ing was conducted. Nitric oxide (NO), lipid peroxidation (LP), and Ferric Reducing Ability of Plasma
(FRAP) assays were conducted to assess the antioxidant index. The levels of p53, Bcl2 and Bax gene
expression were assessed by real-time PCR. Cytokines involved in inflammation were evaluated by
enzyme-linked immunosorbent assay (ELISA). Liver enzymes were also measured using biochem-
ical methods. Morphometrical changes (e.g. in hepatocyte dimeter (HD) and central hepatic vein
(CHV)), and apoptosis cell index were evaluated by light and fluorescent microscopymethods. Re-
sults: MC treatment significantly increased all parameters described in the Methods section (ex-
cept for FRAP level and Bcl2 expression level, which were both decreased) in the MC group, when
compared to the control group (P < 0.05). Also, all indices were significantly decreased in the ADP
and ADP+MC groups (except for FRAP level and Bcl2 expression level, whichwere increased), when
compared to the MC group (P < 0.05). Conclusion: These findings revealed that ADP extract can
serve as a potent antioxidant which effectively attenuates the adverse effects of MC on the liver
through the activation of antioxidant mechanisms and regeneration of histopathological modifi-
cations.
Key words: Antioxidant, Ashrasi Date palm, Mercuric chloride, Hepatotoxicity

INTRODUCTION
The application of the secondary defense system, such
as antioxidant agents, can eliminate inflicted cellular
injuries.Moreover, plant-based antioxidant elements
have excellent therapeutic properties 1. They also have
minor harmful side effects on cells. The date palm
(Phoenix dactylifera) belongs to the Arecaceae fam-
ily, which consists of 2,500 species and is generally
cultivated for the consumption of its fruit2. There
is increasing evidence regarding anti-bacterial, anti-
inflammatory, immunomodulatory, and anti-tumor
effects of date palm3. Vayalil et al. stated that the
concentrations of 4.5 and 9 mg/ml of ADP extract
could effectively repress hydroxyl radicals and super-
oxides, respectively4. Its powerful antioxidant activ-
ity can be credited to the phytochemical compounds,
such as carotenoids, flavonoids and phenolic acids, in
addition to the ferulic acid, phytosterols, and phytoe-
strogens found within it5.
The ADP is cultivated in the Kermanshah Region of
West Iran and is used for treating many illnesses such

as fever, bronchitis, intestinal ailments, and wound
healing in the Kurdish traditional medicine.
Enhanced reactive oxygen species (ROS) accumula-
tion in the body induces lipid peroxidation (LP) oc-
currence and secretion of inflammatory cytokines, as
well as increases nitric oxide (NO) production in var-
ious tissues6. LP is the main element involved in ox-
idative injury of lipid structures, lipoproteins, and cell
membranes7. The cellular LP process causes the gen-
eration and accumulation of hydroxides and perox-
ides, which are the basis of cell toxicity and reduced
function of antioxidant enzymes in the body8.
Mercuric chloride (MC), i.e. HgCl2, is composed
of chlorine and mercury 9. MC has a yellowish or
bright white color and has been extensively studied
in chemistry laboratories. It has also been used for
syphilis treatment. However, today, it is not con-
sumed anymore due to mercury poisoning10. MC
damages the cells, DNA and cell membrane, leading
to cell death11. Some elements, such as increased
levels of inflammatory cytokines, ROS and NO, are
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thought to complicate the harmful effects of MC12.
Exposure to MC causes oxidative stress production
(such as H2O2 and OH), stimulation of cell destruc-
tion (through interference with cellular metabolism),
and membrane lipid damage13. The oxidative stress
caused by LP leads to cell membrane damage of hep-
atocytes and activation of liver enzymes14.
Due to the various antioxidant properties of ADP and
the limited reports in the literature regarding ADP’s
protective effects on liver degeneration caused byMC,
this study was designed to evaluate the potential an-
tioxidant and protective effects of the hydro-alcoholic
extract of ADP on hepatotoxicity caused by MC ad-
ministration.

MATERIALS –METHODS

Animals

In this in vivo experimental study, 56 male rats (Wis-
tar rats, 20-250 g, 8-weeks old) were purchased from
the specialized and experimental research center of
laboratory animals (Pasteur, Tehran, Iran). The ani-
mals were kept in cages under standard animal con-
ditions, including optimal temperature (22 ± 2◦C),
relative humidity (25 - 35%), and 12/12 h light/dark
cycle, with free access to standard pellet and water.
The animals were treated according to ethical stan-
dards; the University Ethics Committee approved all
experimental procedures for the care and use of ani-
mals (IR.KUMS.REC. 1394.0154).

Plant collection

The fresh fruits of the Ashrasi date palm were col-
lected in the month of August 2019 from the lo-
cal areas of Ghasreshirin, Kermanshah (Iran). They
were authenticated by Dr. F. Firozian, Department
of Botany, H. U. M Institute, Hamadan (Iran). The
plant specimen was deposited at H. U. M Institute
with voucher number (NO: 2262) for further refer-
ence.

Preparation of ADP extract

ADP fruit was dried in the dark (for 3 weeks) and
coarsely pulverized before extraction. Then, 200 g
of powdered plant material was placed in 2 L (1–10
wt/vol) of 70% ethanol and kept in a 38oC water bath
for 3 hours and cooled simultaneously. It was exposed
to ambient temperature for 12 h. The solution was fil-
tered throughWhatman filter paper and the resultant
material was concentrated under reduced pressure us-
ing a rotary evaporator. This extract was kept at -20
oC until use6.

Phytochemical screening

Semi-quantitative phytochemical screening of the
Ashrasi date palm (ADP) extract was carried out by
the protocols and procedures described by Treas and
Evans15.

Experimental protocols

The 56 rats were randomly divided into 8 groups (n =
7 per group). The first group (control group) received
normal saline (in the same volume as the treatment
groups). The second group (MC group) received a
single dose of MC (50 mg/kg) intraperitoneally. The
third to fifth groups (ADP administration) received
ADP extract at the doses of 30, 90, and 270 mg/kg
orally, respectively (once a day for 5 weeks). The sixth
to eight groups (MC+ADP) received a single dose of
MC (50 mg/kg) in order to induce liver damage, fol-
lowed by administration of ADP extract at the doses
of 30, 90, and 270 mg/kg orally for 5 weeks2,14.

Dissection of tissue samples

The animals were anesthetized and killed with ether
inhalation, 24 h after the last treatment. Blood sam-
ples of all groups were collected. Five ml of the blood
sample was aspirated from the right ventricle and al-
lowed to clot for 20 min at 37◦C. The serum separa-
tion was then conducted by centrifugation at 4,000
rpm for 10 min. The sera were stored at -70◦C until
analysis. The liver tissues were dissected and a frag-
ment of the liver (1 x 1 mm3) was fixed in 10% forma-
lin solution for morphometric and histological exam-
inations6.

Apoptosis assay

The DeadEnd Colorimetric TUNEL test was per-
formed according to the manufacturer’s instructions
(Promega Inc., Madison, WI, USA). Briefly, paraffin-
embedded blocks were prepared using an automatic
tissue processor. Five-µm histological slices were cut
through a microtome (Leica, Germany), and 5 tis-
sue slices per rat were selected. The tissues were sub-
jected to deparaffinization. After deparaffinization,
the liver sections were fixed again in 4% formalde-
hyde. The slices were then stained with diaminoben-
zidine (DAB) with chromogen horseradish peroxi-
dase, and then incubated with diaminobenzidine sub-
strate and counterstained with hematoxylin. The pos-
itive hepatocytes were visualized and counted under a
light microscope16.
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Histopathological and morphometric eval-
uation
To assess histological alterations, a section of the right
lobe of the liver was fixed in 10% formalin. The tissues
were then fixed in paraffin and thin sections (4 µm)
were prepared using a microtome (Leica RM 2125,
Germany). The slices were then stained with hema-
toxylin and eosin. Thereafter, somemorphological as-
sessments including full cellular area, hepatocyte out-
line, maximum and minimum axis, mean axis, and
central hepatic vein (CHV)were determined by a light
microscope at 40× magnification. At least 50 cells
from the separate region were measured to eliminate
the probable measurement bias. The cells were visu-
alized with a microscope coupled to an ADP12 Cam-
era (3.34 million pixel resolution), and with the use of
the Olysia Bio-software (Olympus Optical Co. LTD,
Tokyo, Japan)16.

RNA isolation and real-time PCR
The expression level of apoptotic genes p53 (F:
5’-AAGCTCATTTCCTGGTATG-3’; R: 5’-
CTGCCACAAGAACTAGAGA-3’), Bcl2 (F:
5’-TGGGATGCCTTTGTGGAACT-3’; R: 5’-
GAGACAGCCAGGAGAAATCA-3’), and Bax
(F: 5’-ATGGCGAAATGGAGATGAATA-3’; R:
5’-GCATGGGCATCCTTTAACTC-3’) were ex-
amined using real-time polymerase chain reaction
(PCR). All liver tissues were stored in the freezer
(-80oC) to prevent tissue degeneration. Total
RNA content of liver tissue was extracted using
the RNeasy mini kit (Qiagen Co., Germantown,
MD). The cDNA was synthesized from the to-
tal RNA extraction by RevertAidTM First Strand
cDNA Synthesis Kit, according to the manufac-
turer’s recommendations (Fermentas, Vilnius,
Lithuania). In addition, the DNA samples were
treated using a DNase kit (Qiagen). The expression
level of apoptotic genes was measured through
glyceraldehyde-3-phosphate dehydrogenase primer
(F: 5’-AAGCTCATTTCCTGGTATG-3’; R: 5’-
CTGCCACAAGAACTAGAGA-3’) as the endoge-
nous control (by SYBR Green through a comparative
method)17.

Determination of NO levels
TheGriess method based on colorimetric approaches
was employed to measure the NO levels. Five-
hundred µL of serum was deproteinized with zinc
sulfate (10 mg). After centrifugation (3,000 rpm, 10
min) the equal amounts of Griess reagent (1% sul-
fanilamide, 0.1% naphtylenediamide in 2.5% phos-
phoric acid) were also added to the supernatant in 96-
well ELISA plates and incubated for 10 min at 37◦C.

The absorbancewas set at 450 nmwith the use of ami-
croplate reader. Nitric concentrations were calculated
from a sodium nitric standard curve8.

LP levels

The level of molecular reaction between thiobarbi-
turic acid (TBA) and malondialdehyde (MDA) fol-
lowing the colorimetry process was considered as the
measurement of LP levels. The TBA test determines
MDA generated from the oxidation of fatty acids.
The frozen sample of the liver tissue was used. First,
the tissue was washed with phosphate-buffered saline
(PBS; pH 7). Then, the tissue was homogenized by
an ultrasonic homogenizer in a cold phosphate buffer
containing ethylene diamine tetra acetic acid (EDTA).
Twenty µ l of supernatant was mixed in the test tubes.
Each test tube contained 4 µ l of butylated hydroxy-
toluene, 20 µ l of phosphoric acid (1M), and 20 µ l of
TBA solution. The test tube was incubated for 60 min
at 70◦C, followed by centrifugation (10,000 rpm, 4
min). Next, 80 µ l of the supernatant was poured into
the spectrophotometer tubes. The produced dye in
the commercial kit was read at 532 nm and the MDA
level was calculated in nmol/mg protein16.

FRAP technique

The total antioxidant capacity (TAC) of the serum
was analyzed by the Ferric Reducing Ability of Plasma
(FRAP) technique based on the ability of the plasma
to reinstate the ferric. The FRAP substance was
consisted of 30 mL of acetate buffer (Sigma-Aldrich,
Louis St., MO) and 1.5 mL ferric chloride (Sigma-
Aldrich, Louis St., MO). Sequential concentrations
of ferric sulfate (Sigma-Aldrich, Louis St., MO) were
used as an external17.

Hepatic enzymemeasurements

The liver homogenate was centrifuged twice (12,000
rpm, 10 min). Then, the supernatant was used for the
measurement of hepatic enzymes, including Aspar-
tate Aminotransferase (AST), Alanine Aminotrans-
ferase (ALT), and Alkaline Phosphatase (ALP). The
ALT and AST were tested based on Reitman and
Frankel biochemical methods. The ALP protocol was
also determined according to the technique which
was set out in the practical research laboratory 6.

Evaluation of inflammation cytokines

The enzyme-linked immunosorbent assay (ELISA)
method was used to assess the Toll-like receptor 4
(TLR4) secretion (MyBioSource, California, USA),
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interleukin-1 beta (IL-1β ) secretion (Abcam Cam-
bridge, UK), and tumor necrosis factor-alpha (TNF-
α) (Abcam, Cambridge, UK) production by the liver.
The total proteins of the extracted livers were lysed
by RIPA (Abcam, Cambridge, UK) and centrifuged
at 15,000 g for 30 min. The ratio of 1:20 super-
natants/dilutions were seeded into coatedmicroplates
with antibodies to induce enzyme-substrate reaction.
Standard solutions were used for drawing the stan-
dard curves. The amounts of proteins were examined
in supernatant fractions by ELISA kits. The rate of ab-
sorbance was measured in triplicate at 450 nm 17.

Statistical analysis
The Kolmogorov–Smirnov examination was con-
ducted to confirm the normal distribution of the data.
One-way analysis of variance (ANOVA) and Tukey
post-hoc test were applied to obtain statistical anal-
ysis and differences among the groups, respectively.
The statistical software package of SPSS (Chicago, IL,
USA) was used for data analysis. The final outcomes
were expressed asmean± standard error, and p < 0.05
was considered as significant.

RESULTS
Phytochemical screening
The phytochemical screening revealed 11 biochemi-
cal compounds in the ADP extract, and that dode-
canoic acid, methyl ester and 9-octadecenoic acid are
the peak compounds in this herb (Table 1).

Apoptotic index
The apoptotic index (AI) was significantly higher in
the MC group compared to the control group (P <
0.05). No significant differences were found in the
AI of all ADP groups, when compared to the control
group (P > 0.05). Furthermore, the doses of ADP in
ADP and MC+ADP groups correlated with a signifi-
cant decline in the AI, as compared to the MC group
(P < 0.05) (Figure 1).

Morphometric examination
In the experimental groups, a significant incremen-
tal effect was detected in the mean diameter of hep-
atocytes and the CHV among the control and MC
groups (P < 0.05). Also, for HD and CHV, no sig-
nificant variations were observed histologically in the
ADP groups as compared to the control group (P >
0.05). Additionally, ADP significantly reduced the
HD and CHV in all treated members of the ADP and
MC+ADP groups, when compared to the MC group
(P < 0.05) (Figure 2).

Histopathological modifications
According to the findings based on histological as-
sessments, the normal liver structure changed in the
MC control and ADP treatment groups. Follow-
ing MC administration in the MC group, the liver
showed significant histological alterations and hepatic
damages, including an increase in rate of irregulari-
ties, hepatocyte destruction, dilatation of hepatic si-
nusoidal space, hyperemia, and vacuolization of hep-
atocytes. Treatment with MC+ADP in all doses re-
duced the hepatic injury caused by MC administra-
tion (Figure 3).

Gene expression levels
Up-regulation of apoptotic p53 and Bax expression
and down regulation of Bcl2 expression were detected
in the group treated with MC; compared to the con-
trol group, the changes in expression levels were sig-
nificant (p < 0.05). Also, a significant down regula-
tion of p53 and Bax genes and up-regulation of Bcl2
apoptotic gene was similarly was detected in all doses
of the ADP-treated and ADP+MC treated groups, as
compared to the MC group (Figure 4).

Hepatic levels of FRAP, LP and serum level
of NO
In the MC group, the FRAP levels were significantly
lower than the control group (P < 0.05). Also, in the
groups treated with ADP and MC+ADP, the FRAP
levels were considerably elevated as compared to the
MC group (P < 0.05), due to the ADP administration.
Due to its detrimental effects, MC significantly in-
creased the NO and LP levels in the MC group, com-
pared with the control group (P < 0.05). It was also
found that all doses of ADP extract could significantly
reduce the mean levels of serum NO and LP in the
ADP and MC+ADP groups, as compared to the MC
group (P < 0.05) (Table 2).

Levels of liver enzyme activity
MC administration led to a significant increase in lev-
els of key liver enzymes (e.g. Alanine Aminotrans-
ferase (ALT), Aspartate Aminotransferase (AST), and
Alkaline Phosphatase (ALP)), in comparison with the
control group (P < 0.05). As well, no significant differ-
ences were found in the mean concentrations of ALT,
AST and ALP enzymes in all ADP-treated groups
compared to the control group (P > 0.05). Moreover,
whole various doses of ADP in the ADP-treated and
MC+ADP treated groups induced a significant de-
cline in the mean concentration of hepatic enzymes,
as compared to the MC group (P < 0.05) (Table 3).
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Table 1: Phytochemical screening of hydroalcholic extracts of ADP

Phytochemical tests Extract

9-Octadecenoic acid (Z), methyl ester ++

Hexadecanoic acid, methyl ester +

N-Butyl laurate +

Octanoic acid- methylester +

Pentanoic acid, 4-oxo-methylester +

Dodecanoic acid, methylester ++

Decanoic acid, methylester +

9,12-Octadecadienoic acid, methylester +

Octadecanoic acid, methylester +

Phenol, 2,6-bis (1,1-dimethylethyl-4-methy)l) +

+: Mild presence, ++: Strong presence, ADP: Ashrasi Date palm

Figure1: Apoptotic induction (a-d) and index (e). Apoptosis induction (a-d) (200×magnifications, TUNEL stain-
ing): control group (a), MC group (50mg/kg) (b), ADP group (270mg/kg) (c) and ADP (270mg/kg)+MC (50mg/kg)
group (d). Black arrows refer to apoptotic cells. Apoptotic index (e): *Significant difference to the control group
(P < 0.05). †Significant difference to the MC group (P < 0.05). ‡Significant difference to the MC group (P < 0.01)
(scale bars: black = 210 µm). Abbreviations: MC: Mercuric chloride, ADP: Ashrasi Date palm.
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Figure 2: Morphometric alterations of MC and ADP on HD (A) and CHV (B). ∗∗Significant difference as com-
pared to the control group (P < 0.05). $$Significant difference as compared to the MC group (P < 0.05). Significant
difference as compared to the MC group (P < 0.05). Abbreviations: CHV: Central hepatic vein, HD: Hepatocyte
diameter,MC: Mercuric chloride, ADP: Ashrasi Date palm.

Figure 3: Microscopic captured imaginings in various groups (4 µmthin sections, H&E staining, 100×). Nor-
mal liver structure: in control group (a), ADP (270 mg/kg) group (b), ADP (90 mg/kg) + MC (50 mg/kg) group (e)
ADP (270mg/kg) + MC (50 mg/kg) group (f). Hepatocyte destruction and absence of nuclei in hepatocytes (black
arrows), inflammation (circle), CVH dilatation (rectangle), and hyperemia (blue arrow), due to the oxidative were
recognized in MC group (c, d) (scale bars: black = 210 µm). Abbreviations: MC: Mercuric chloride, ADP: Ashrasi
Date palm.
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Figure 4: Therapeutics properties of MC and ADP on p53, Bcl2 and Bax genes expression of liver. **Statisti-
cally significant (P < 0.05) between MC and control group, ‡‡statistically significant (P < 0.05) in MC and MC+ADP
groups. $$Significant modifications in ADP groups as compared to the MC group (P < 0.01). Abbreviations: MC:
Mercuric chloride, ADP: Ashrasi Date palm.

Table 2: Effect of MC and ADP on antioxidant parameters and AI in male rats (n = 7 for each group)

Groups NO (mmol/ml) FRAP (mmol/ml) LP ( nmol/mg) AI

Control 42.36±3.8 155.44±5.3 2.04±0.06 3.4±0.2

MC 50 mg/kg 164.85±6.1∗ 63.53±4.1∗ 6.62±0.09∗ 16.8±2.5∗

ADP 30 mg/kg 39.04±2.3 159.05±7.6 2.97±0.02 1.9±0.2

ADP 90 mg/kg 41.77±4.7 151.75±5.9 1.72±0.07 3.1±0.1

ADP 270 mg/kg 42.85±4.2 154.77±6.3 2.11±0.05 2.9±0.3

ADP+MC 30 mg/kg 89.9+32±5.4 99.17±3.8 4.55±0.1 8.4±1.1

ADP+MC 90 mg/kg 82.41±5.3 102.43±7.2 3.16±0.02 6.4±1.2

ADP+MC 270 mg/kg 82.37±4.1 100.81±5.2 3.73±0.5 5.2±0.8

Data are presented as mean ± SEM. * P < 0.05 compared to the control group. P< 0.05 compared to MC group. P < 0.01 compared to the
MC group.
Abbreviations: AI: Apoptotic index,MC: Mercuric chloride,ADP: Date palm,NO: Nitric oxide, FRAP: Ferric reducing the ability of plasma,
LP: Lipid peroxidation.
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Table 3: Effect of MC and ADP on the liver enzymes inmale rats (n = 8 for each group)

Groups AST (ng/ml) ALT (ng/ml) ALP (ng/ml)

Control 151.22±7.3 46.74±4.4 172.85±6.8

MC 50 mg/kg 298.72±6.2∗ 115.25±6.2∗ 499.13±7.1∗

ADP 30 mg/kg 153.37±8.5 42.34±2.4 175.07±8.6

ADP 90 mg/kg 150.82±6.6 48.02±5.6 175.77±7.1

ADP 270 mg/kg 151.15±7.1 47.75±3.8 173.13±5.3

ADP +MC 30 mg/kg 182.97±8.4 66.34±6.3 211.03±8.5

ADP +MC 90 mg/kg 178.64±5.1 62.81±5.7 191.78±7.8

ADP +MC 270 mg/kg 178.33±7.8 60.82±3.3 189.23±4.6

Data are presented as mean ± SEM. ∗ P < 0.01 compared to the control group. P < 0.01 compared to MCgroup. P < 0.01 compared to the
MC group.
Abbreviations: MC: Mercuric chloride, ADP: AshrasiDate palm, AST: Aspartate Aminotransferase, ALT: AlanineAminotransferase, ALP:
Alkaline Phosphatase.

Inflammatory cytokines
Inflammatory cytokines were significantly increased
in the MC group compared to the control group (P
< 0.05). No significant differences were found with
the respect to the production of inflammatory cy-
tokines in all ADP-treated groups, when compared
to the control group (P > 0.05). Additionally, whole
several doses of ADP in the ADP and MC+ ADP
groups induced a significant decline in the inflam-
mation cytokines as compared to the MC group (P <
0.05) (Table 4).

DISCUSSION
The current study demonstrates that MC administra-
tion in adult male rats can cause dysfunction in the
pancreas, while administration of the hydroalcoholic
extract of ADP can successfully diminish these com-
plications due to the strong antioxidant properties of
ADP.The most vital tissue complicated in the organi-
zation of whole-body metabolism is the liver 6. Thus,
in this study we assessed the toxic effects of MC on
hepatocytes, alteration of inflammatory factors, ox-
idative injury, and apoptotic changes. Moreover, for
the first time, the therapeutic antioxidant and protec-
tive properties of ADP on hepatic injury were investi-
gated.
As a new finding, in the present study, we discov-
ered that ADP administration led to decreased lev-
els of apoptotic cells and decreased gene expression
of Bax and p53, but increased expression of Bcl2. P53
makes themitochondrial membrane permeable to the
influx of cytochrome-c into the intracellular matrix.
Accordingly, p53 adjusts the function of apoptotic el-
ements such as Caspase and Bax18. As cell death was

observed in hepatocytes, this suggests that MC has
upregulation effects on apoptotic factors19. Further-
more, ADP extracts directly translocate within the
intra-nuclear space to induce downregulation of re-
lated genes20. Caglayan et al. (2019) also found that
the apoptotic genes are expressed significantly in the
kidney after MC administration21.
In the current study, the ADP treatment reduced Bax
and p53 levels (while improving Bcl2 gene expres-
sion). According to the obtained results, it can be
inferred that the ADP- based on positive antioxidant
features- affects the molecular function and histolog-
ical construction of hepatocytes. This property causes
a diminished level of hepatic enzymes, boosted an-
tioxidant capacity, and reduced NO levels. Indeed,
MC with high mercury content can prompt a varied
range of injuries, such as liver and heart diseases, al-
lergy, and various side effects on hepatocytes (due to
involvement of liver enzymes)22.
This study confirmed the morphological changes fol-
lowing MC administration, which included a signifi-
cant increase in hepatocyte diameter and in the size
of the central vein. Due to the therapeutic effects
of ADP, in all animals receiving MC+ADP a signif-
icant decline was noticed on morphological changes,
resembling a healthy organ. More differentiated mi-
croscopical features were also observed in the liver
following MC administration; these features include
hyper-perfusion in the space of tissue, inflammatory
cell aggregation (especially macrophages) around the
CHV, CHV dilatation, and infiltration of lymphoid
cells within the portal space. Based on a histological
rule, in any kind of organ inflammation or injury, the
macrophages exocytose the chemical intermediates to
regulate tissue injury.
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Table 4: Effect of MC and ADP treatments on the liver levels of TNFα , IL-1β , and TLR4 (n=8 for each group)

Groups TNFα (pg/ml) IL-1β (pg/ml) TLR4 (pg/ml)

Control 78.85±6.6 104.35±5.9 53.97±3.5

MC 50 mg/kg 146.64±8.4∗ 279.64±7.5∗ 148.04±8.3∗

ADP 30 mg/kg 77.08±6.8 101.82±4.4 55.34±3.4

ADP 90 mg/kg 79.64±7.3 99.46±4.4 51.82±4.1

ADP 270 mg/kg 78.18±4.1 105.07±7.1 53.91±2.8

ADP+MC 30 mg/kg 94.96±3.9 161.11±8.8 72.64±2.6

ADP+MC 90 mg/kg 94.39±7.4 142.94±6.2 65.99±3.5

ADP+MC 270 mg/kg 89.71±5.4 137.73±5.6 65.02±4.6

Data are presented as mean ± SEM. ∗ P < 0.01 compared to the control group. P < 0.01 compared to MC group. P < 0.01 compared to the
MC group.
Abbreviations: MC: Mercuric chloride, ADP: Ashrasi Date palm.

In liver, the Kupffer cells are available in the sinusoidal
space of the liver which can be stimulated in response
to tissue damage, causing secretion of TNF-α , IL-1
and NO, thus leading to toxicity of liver and necrosis
of cells23.MC is involved in extensive LP in hepato-
cytes. LP causes excessive cellular ROS and genera-
tion of free radicals. ROS and free radicals attack un-
saturated fatty acids in cell membranes, causing pro-
tein alkylation24. ROS in elevated non-physiological
levels change the three-dimension structure of the ac-
tive site in hepatic enzymes and cause incomplete cell
function, which eventually leads to necrosis. Necro-
sis triggers hepatic inflammatory responses that are
followed by penetration of mononuclear inflamma-
tory cells. Simultaneously, the cells that have died by
the pathological process of necrosis release inflamma-
tory chemical intermediates leading to hepatitis6.Our
data is in agreement with Zhou et al. (2020) whose
findings confirmed these pathological changes follow-
ing MC administration7. The authors stated that MC
in an acute process could actively induce necrosis,
blood hyperperfusion, and increase TNF-α gene ex-
pression levels. MC was able to destroy the mito-
chondrial membrane in an indirect cellular pathway,
thereby causing a flux of mitochondrial enzymes into
the cytoplasm and decreased total antioxidant activ-
ity 17. In oxidative stress onset and increased ROS/
Reactive Nitrogen Species (RNS) conditions, the mi-
tochondrion is the predominantly damaged intracel-
lular organelle8.
In this regard, it was documented that ADP canmod-
erate LP processes in the cell cytosol and organelle
membranes and also that it is able to increase total
antioxidant capacity in hepatocytes (indicating a re-
duction in levels of oxidative stress)25. Thus, as a new

finding, it is concluded that ADP, due to its antiox-
idant features, can moderate the level of LP into the
normal state and increase the total antioxidant po-
tential via inhibition of ROS production. As it was
stated previously, based on histological assessments,
the increased diameter of CHV is directly related to
the cell necrosis after MC administration 17. ADP
via its antioxidant properties can inhibit glutathione
reduction. In conclusion, the activation of antioxi-
dant enzymes following ADP administration enables
the cells to cope with the fatal effects of oxidative
stress26.Thus, it can be concluded that ADP as an ex-
ogenous agent regulates inflammatory pathways and
inhibits the apoptosis process27. Saafi et al. (2011)
reported, in an experimental study and based on his-
tological assessments, that ADP has anti-cytotoxic ef-
fects against oxidative stress, which manifests these
therapeutic effects on hepatocytes25. The outcomes
of this study support the concepts of Mumtaz et al.
(2019), which explain that liver damages and apop-
tosis initiation in hepatocytes can be produced via
MC.28Saryono et al. (2017) indicated that ADP re-
duces theMDA levels, which is in agreement with our
findings29.
In this study, the results revealed a significant in-
crease in liver enzyme activity in the MC group. Fur-
thermore, for members of the ADP+MC group, a re-
duction trend was shown in the liver enzymes lev-
els in comparison with the MC group. Any disrup-
tion in the liver cell membrane causes the enzymes
to be released into the bloodstream8. It seems that
MC can induce destruction on the cell membrane
through the inhibition of 1-4 respiratory chain com-
plexes30. The results are in line with conclusions by
Emanuelli et al. (1998) who showed that MC admin-
istration in rats for 7 days induces a diminished level
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of TAC and equally amplifies the action of liver en-
zymes31.It seems that ADP administration prevents
enzymatic leakage and LP, leading to stability of cel-
lular membranes32. Martín-Sánchez et al. (2017), in
an experimental investigation, showed that ADP with
the membrane-stabilizing property could lead to a re-
duction of serum markers of damaged liver, which
is in line with the findings of our current investiga-
tion33. ADP by endoplasmic reticulum recruitment
can cause cellular defense and anti-apoptosis proper-
ties 20.
The outcomes of this study revealed that MC has the
potential to increase the serum levels of NO. Also, due
to the beneficial effects of ADP, the serum level of NO
was reduced in comparison with the MC group.
The twomain effects of ADP on cells that were discov-
ered in this study are its anti-inflammatory and an-
tioxidant properties. In the mammalian body, NO is
known as a free radical, interfering with physiological
manners at abnormal levels6. Along with NO, the hy-
droxyl radical (superoxide anion) can also cause hep-
atotoxicity 34. It has been proven that low-expression
levels of inducible nitric oxide synthase (iNOS) can
significantly reduce NO production in cells. Antioxi-
dants disrupt the molecular process of enzyme activi-
ties involved in NO production (substrates, cofactors,
and protein enzymes)18. The results of the study by
Hassan et al. are in line with the results of our current
study; they suggest that ADP causes the expression
of HO-1 and calmodulin-calcium-dependent kinase-
4 protein, leading to NO-inducing lipopolysaccharide
inhibition35.
Moreover, our findings depicted a significant rise in
the expression of inflammatory mediators/factors in
theMC group. The relationship among NO levels and
inflammatory factors has been demonstrated through
lipopolysaccharide-induced lung damage in experi-
mental animals36. Pro-inflammatory cytokines de-
clined by ADP administration in allergic rhinitis pa-
tients37. Consequently, we suggest a common pos-
itive connection between the levels of NO, TLRs,
and inflammatory cytokines. However, in the in-
flammation process, we should not ignore the cru-
cial role of the cell types in the intercellular inter-
change among defined TLRs and pro-inflammatory
cytokines. Similarly, in the case of MC-induced liver
inflammation, we demonstrated a highly positive cor-
relation between NO and the expression of TNF-α ,
IL-1β and TLR4. As a new finding, we observed that
ADP reduces this unstable position. Moreover, Jalili
and colleagues defined the collaboration among TNF-
α , TLR-4 and IL-6 in protection cascade induced by
Acacetin through antioxidant regulation in hepatitis

and subsequent ischemia-reperfusion17. The current
study is unique in that we show the relation of IL-1β
and TLR-4 or their dependence in the case of MC ad-
ministration and ADP inflammation salvage.

CONCLUSION
The present study demonstrated in rats the hepato-
protective properties of the hydro-alcoholic extract of
ADP, in contrast to the observed MC-induced liver
destruction. ADPadministrationwas found to reduce
ROS, inflammatory cytokines, cell apoptosis, expres-
sion of p53 and Bax genes, activation of antioxidant
agents, and detoxification enzymes. Therefore, ADP
should be considered as a therapeutic agent to recover
the functional and histological characteristics of hep-
atocytes exposed to MC-induced damage. The pro-
tective effect was mediated through the antioxidant
properties of the ADP extract. Overall, ADP shows
great potential as a substitute beneficial agent against
oxidative damages induced by toxic materials.
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