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A B S T R A C T

Introduction: Cholestasis is a liver disease caused by a malfunction of the hepato-biliary system. Oxidative stress as
a systemic complication is the main characteristic of cholestasis. The aim of this study was to evaluate the anti-
inflammatory and hepatoprotective effects of Portulaca oleracea (PO) methanolic extract on liver dysfunction and
tissue damage induced by bile duct ligation (BDL) in rats.
Materials and methods: Twenty-eight male Wistar rats were randomly divided into four groups: sham control (SC),
BDL alone, SC plus 500 mg/kg methanolic extract of PO orally for 1 week, and BDL plus 500 mg/kg methanolic
extract of PO orally for 1 week. After 1 week, the animals were anesthetized, and the liver and blood samples were
taken from each animal. Biochemical parameters, oxidative stress biomarkers, histopathological changes, as well
as the gene expression of IL-1, TNF-α, TGF-β, and α-SMA have been evaluated.
Results: The methanolic extract of PO at a dose of 500 mg/kg significantly decreased the plasma levels of ami-
notransferases, alkaline phosphatase as compared to BDL group (P < 0.05), while it had no significant effect on
the levels of oxidative stress markers in the hepatic tissue. The plasma level of malondialdehyde and ferric-
reducing antioxidant power were markedly elevated in the BDL group in comparison to SC group (P < 0.05),
while treatment with PO significantly reduced these markers (P < 0.05). The administration of PO attenuated
hydroxyproline content, bile duct proliferation, and inflammation score in the cholestatic liver in contrast to non-
treated BDL rats (P < 0.05). Moreover, the methanolic extract of PO markedly declined the expression of TNF-α
and TGF-β pro inflammatory genes in contrast to BDL rats.
Conclusions: Taken together, our findings showed that PO attenuated liver injury by decreasing liver function tests,
inflammation, and hydroxyproline content. As a result, it is suggested that PO can be applied in cholestatic liver
damage as a therapeutic or adjuvant agent.
1. Introduction

The liver as the largest organ in the body plays an important role in
the body's metabolic functions that include synthesis and metabolism,
glucose homeostasis, bile production, inactivation, detoxification of
various factors, and regulation of immune responses [1]. Liver diseases
include hepatitis, obstructive jaundice, or cholestasis, liver cirrhosis,
alcoholic and non-alcoholic fatty liver, and liver cancers [2]. Cholestasis
is a liver disease initiated by malfunction of the hepatobiliary system. It is
the result of the buildup of bile fatty acids and other toxins in the plasma
and liver. Cholestasis may be caused because of impaired bile secretion
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by hepatocytes and bile duct cells (intrahepatic cholestasis) or by the
obstruction of bile ducts that carry bile from the liver to the intestine
(extrahepatic cholestasis). Retention of hydrophobic bile salts in chole-
stasis causes damage to hepatocytes, followed by liver fibrosis, and liver
cirrhosis [3, 4]. Cirrhosis is the last stage of liver disease and one of the
top ten causes of death worldwide with an estimated annual incidence of
14.1 per 100,000 people [5]. Numerous factors can cause this disease,
which include inflammation, viral infections, autoimmune diseases,
gallstones, pancreatic, and liver tumors [6].

Oxidative stress as a systemic complication is the main characteristic
of cholestasis. An increase in lipid peroxidation or malondialdehyde
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(MDA) is seen in the plasma, kidneys, brain, and heart of laboratory rats
24 h after bile duct ligation (BDL). Oxidative stress is the result of an
imbalance between the oxidative and antioxidant systems (vitamins A, C,
E, and compounds such as beta-carotene and metabolites such as GSH). A
number of enzymes play an antioxidant role, the most important of which
are catalase (CAT), glutathione reductase (GR) [7], glutathione peroxi-
dase (GPX), and superoxide dismutase (SOD) [8]. Oxidative stress causes
dysfunction in production and secretion of bile salts in the bile canaliculi,
dysfunction of skeletal actin arrangement of the cell, and disrupts the
structure of strong joints. Increased levels of oxidative stress are observed
in rodents and humans with bile duct disorders [7, 9].

Herbal plants are valuable natural resources that today are considered
by the developed countries of the world as raw materials to become safe
drugs for humans. Some herbs contain high amounts of antioxidants that
can be effective in human health. Known as “Global Panacea,” Portulaca
oleracea (PO) [10] or purslane is mentioned by the World Health Orga-
nization as one of the most widely used medicinal plants [11]. PO is an
annual succulent in the Portulacaceae family, which may reach 40 cm in
height in the seeding stages. This plant might be described as a superior
food in the future due to its high nutritional and antioxidant properties.
PO has fleshy leaves and small black seeds [12]. Compounds such as
pectin, protein, carbohydrates, unsaturated fatty acids, various minerals
including iron, copper, potassium, calcium, phosphorus, melatonin
(MLT), and selenium are present in different parts of this plant [11, 13].
The antioxidant properties of this plant is mostly due to compounds such
as flavonic acid [11]. This plant is rich in vitamins A, B1, and B2. Other
benefits of this plant include vitamin C, niacinamide, and nicotinic acid.
Its succulent leaves contain the most flavonoids and ascorbic acid and
have a protective effect against free radicals. The extract of this plant has
the highest content of phenolic acid and is also the richest source of
omega-3 fatty acids. The phenolic compounds of this plant inhibit the
peroxidation activities of H2O2 on fatty acids and thus reduce the amount
of MDA [12, 14]. PO also has a wide range of biological effects that
include antioxidant, analgesic, anti-inflammatory, neuroprotective,
hepatoprotective, and anti-tumor. This plant is used to treat various
diseases that include stomach diseases, inflammation of the liver, respi-
ratory diseases, fever, headache, and ulcer. It is also known to regulate
sugar and fat metabolism in the body [15, 16, 17].

For the laboratory model of hepatic cholestasis, the use of a reliable
animal model has been suggested with BDL based on the induction of
extrahepatic cholestasis in rat [18, 19]. This model is associated with
oxidative stress and fibrosis. The plasma levels of important liver enzymes:
aspartate aminotransferase (AST), alanine aminotransferase (ALT) [16],
gamma-glutamyl transpeptidase (GGT), bilirubin, alkaline phosphatase
(ALP), and lactate dehydrogenase are elevated in BDL rats. Obstructive
jaundice and cholestasis occur about 1 week after BDL, which can be used
to study therapeutic agents that have a protective effect on liver chole-
stasis [20]. Because of the antioxidant properties of PO and the role of
oxidants in the development of hepatic cholestasis induced by BDL, the
methanolic extract of this plant can be a suitable choice to investigate its
possible protective effects against hepatic cholestasis induced by BDL.

2. Materials and methods

2.1. Chemicals

Thiobarbituric acid (TBA), Ethylenediaminetetraacetic acid (EDTA),
5, 50-dithiols-(2-nitrobenzoic acid) (DTNB) and pentobarbital, were ob-
tained from Sigma Chemical Co (St Louis, MO, USA). Formaldehyde, 2, 4-
dinitrophenylhydrazine (DNPH) and trichloroacetic acid (TCA) were
purchased from Merck (Germany).

2.2. Plant material and extraction

The plant has been collected from around the city of Yasuj and has
been identified by a botanist. After the collection of PO samples, they
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were cleaned and to dry they were placed at room temperature away
from light for several days. Then, they were chopped and prepared for
extraction. Afterward, 100 g of the dried plant was drenched with 1,000
mL of 70% methanol solution. The resultant mixture was placed at a
temperature of 37 �C for 48 h (after filtering). The prepared solution was
filtered using a Whatman® Grade 1 filter paper. The prepared mixture
was concentrated as much as possible by the rotary device under vacuum
conditions. Finally, the extract was dried in an incubator at a temperature
of 50 �C and refrigerated at -20 �C [21].

2.3. Animals

Three-month-old maleWistar rats weighing 200–250 g were obtained
from the Animal House of Shahrekord University of Medical Sciences,
Shahrekord, Iran, and kept at a 12:12 h light/dark cycle with free access
to food and water for a week. The present study was approved by the
Ethics Committee of Yasuj University of Medical Sciences, Yasuj, Iran,
(code: IR.YUMS.REC.1398.159). The animals were handled according to
the Principles of Laboratory Animal Care (NIH Publication No.86_23).

2.4. Experiment and procedure

In this study, Twenty-eight male Wistar rats were randomly divided
into four groups with 7 animals in each group, which included the first
(sham control [SC]), second (BDL alone), third (SC and 500 mg/kg
methanolic extract of PO orally for 1 week) [22], and fourth (BDL and
500 mg/kg methanolic extract of PO orally for 1 week) groups. The SC
and BDL groups received 0.5 ml normal saline and the extract was solved
in normal saline. The BDL technique was used to induce cholestasis. After
the induction of general anesthesia with drugs such as ketamine (50
mg/kg) -HCl and xylazine-HCl (10 mg/kg) in the experimental groups,
the common bile duct of the animal was tied on both sides and cut into
two same parts. Subsequently, bile secretion failed and led to cholestasis
1 week after the surgery. With the passage of time and damage caused by
the accumulation of toxic bile acids in the liver, the fibrosis spread over
the whole organ and cholestasis occurred (1 week after the surgery). At
the same time. with an equal number of rats, all the operations except
BDL were conducted. These rats were considered sham-operated [23].

In addition, 7 days after the surgery following taking blood samples in
accordance with protocols approved by ethical considerations about
working with laboratory animals, the rats were sacrificed by blood sam-
pling of their hearts after the induction of anesthesia with ether. The blood
samples were taken in heparinized tubes, and plasma samples were taken
from them. Three parts of the liver tissue were isolated from animals: for
histopathological examination, gene expression (stored in liquid nitrogen
at -70 �C), and oxidative stress markers (frozen and homogenized with a
homogenizer in phosphate-buffered saline (pH ¼ 7.4 and 50 mM).

2.5. Biochemical analysis

To determine the extent of liver damage in the isolated plasma,
critical liver enzyme parameters that included ALT [16], AST, ALP, total
bilirubin, and total protein were assessed. The content of tissue hy-
droxyproline was analyzed according to Ehrlich's reagent [24].

2.6. Determination of oxidative stress

Ferric reducing ability of plasma (FRAP) was measured for the
determination of plasma ability to reduce ferric ions (Fe3þ). By the
reduction of Fe3þ and their conversion to ferrous ions (Fe2þ) at acidic pH
in the existence of Tripyridyl-s-triazine (TPTZ), the blue Fe-TPTZ com-
plex was produced. The resultant color intensity could be spectropho-
tometrically determined at a wavelength of 593 nm. This reaction was
nonspecific and any molecule with the ability to reduce Fe3þ under the
above-mentioned conditions could participate in it [25]. The serum
concentration of nitric oxide metabolites (nitrite and nitrate content) was
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measured by the Griess method [10]. For the measurement of protein
sulfhydryl amount, 150 μL of Tris base EDTA buffer, 790 μL of absolute
methanol solution, and 50 μL of homogenized liver was added into the
tube. After mixing, 50 μL of DTNB solution was added and vortexed
again. In another tube, 50 μL of the homogenized tissue without DTNB
reagent were mixed (blank sample). The reagents were added to the third
tube; however, no spilled protein was added (reagent blank). The blank
sample and reagent blank were omitted, the additional absorption of
protein and DTNB reagent, respectively. Therefore, what remains was the
light absorption of thiol groups. The test tubes were incubated at room
temperature for 15 min, and then their OD was read at 412 nm [26]. To
determine the protein carbonyl concentration, the reaction between 2,
4-dinitrophenylhydrazine and carbonyl protein was done; as a result,
its light absorption could be measured [10]. The content of MDA in was
determined after the reaction with TBA and calculation of the light ab-
sorption of the red color at 412 nm [27].

2.7. Determination of antioxidant enzyme

CAT activity in red blood cells was measured by the Hugo Aebi
technique. In this procedure, the decomposition rate of the H2O2 sub-
strate at 240 nm was measured with a spectrophotometer [28]. SOD
activity was measured based on its ability to inhibit the oxidation of
nicotinamide adenine dinucleotide phosphate (NADPH). Nucleotide
oxidation changes were measured by a spectrophotometer at 340 nm and
physiological pH [29].

2.8. mRNA levels of IL-1, TNF-alpha, TGF-β and, α-SMA

Real-time polymerase chain reaction (RT-PCR) calculated liver IL-1,
TNF-alpha, TGF-β and, α-SMA mRNA. Total RNA was isolated and cDNA
was generated by total RNA and cDNA Synthesis kit (Sinaclon, Tehran,
Iran). RT-PCR was done by the instrument Rotor Gene 3000 (Bio-Rad,
USA). The PCR was completed in 40 cycles. Data of IL-1, TNF-alpha, TGF-β
and, α-SMAwere determined relative to GAPDHutilizing the 2–ΔCt formula.

2.9. HPLC analysis

A Knauer HPLC system (Berlin, Zehlendarf, Germany), consisting of a
Knauer (2500 basic model) UV detector operating at the wavelength of
250 nm was used in this work. The applied column in the work was a C18
Figure 1. Effect of methanolic extract of Portulaca oleracea on plasma biochemical p
aminotransferase; ALP: Alkaline phosphatase; BDL: Bile duct ligation; SC: Sham cont
difference as compared to the SC group (p < 0.05), and #significant difference as c
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RP column (Eurospher 100-5 C18, 4 mm � 250 mm, 5 μm particle size).
The methanol (55%), acetonitrile (15%), and water (30%, containing
0.5% of orthophosphoric acid) were selected as the mobile phase. After
setting the flow rate to 1 mL min�1 and optimizing the chromatographic
conditions, all tests were done at room temperature.

2.10. Histological evaluation

For histopathological examination, the liver tissue samples were first
fixed in 10% formalin buffer. In the next step, dehydration of the samples
was carried out using alcohol, and finally, the dehydrated samples were
molded in paraffin. Then, 5-micron tissue sections were prepared and
stained using hematoxylin and eosin.

2.11. Statistical evaluation

The data were analyzed by SPSS software (Version 16). The normality
of data was determined and the one-way analysis of variance was used
with Tukey's post hoc test. The data were stated as Mean� SEM. P< 0.05
was described as significant for all data. The graphs were created in
PRISM.

3. Results

3.1. Biochemical parameters

The liver injury was evaluated by the determination of the plasma
levels of liver enzymes. As shown Figure 1, the plasma levels of AST, ALP,
ALT, total protein, and total bilirubin were markedly increased in the
BDL rat when compared with the SC group (P < 0.05). The methanolic
extract of PO at a dose of 500 mg/kg significantly decreased the plasma
levels of AST, ALT, and ALP in rats as compared to BDL group for 7 days
(P< 0.05). There were no significant changes in the plasma levels of total
bilirubin and total protein in comparison to the BDL rats.

3.2. Liver tissue oxidative stress markers

Our finding showed a significant decrease of the total thiol (TSH)
level and a significant increase of MDA in the BDL group as compared to
the SC group (P < 0.05). Treatment of BDL rats with methanolic extract
of PO at a dose of 500 mg/kg had no significant effect on the levels of
arameters in BDL-induced rats. AST: Aspartate aminotransferase; ALT: Alanine
rol; and PO: Portulaca oleracea. Each value shows the Mean � SEM, *significant
ompared to the BDL group (P < 0.05).



Table 2. Effect of methanolic extract of Portulaca oleracea on plasma oxidative stress markers in BDL-induced rats.

Groups SC BDL alone SC þ PO (500) mg/kg) BDL þ PO (500)

FRAP (μmol/ml) 416.91 � 66.10 1376.18 � 114.39* 366.14 � 84.55 1054.31 � 107.47*

MDA (μmol/ml) 388.62 � 17.12 782.05 � 54.71* 394.23 � 20.37 653.84 � 35.58*

FRAP: MDA: malondialdehyde; the ferric-reducing antioxidant power; BDL: Bile duct ligation; SC: Sham control; and PO: Portulaca oleracea.
Each value shows the Mean � SEM. *Significant difference in comparison to the SC group (p < 0.05).

Table 1. Effect of methanolic extract of Portulaca oleracea on liver oxidative stress markers in BDL-induced rats.

Groups SC BDL alone SC þ PO (500) mg/kg) BDL þ PO (500)

FRAP (μmol/g tissue) 89.24 � 6.35 81.55 � 5.67 76.23 � 3.88 104.21 � 17.49

TSH (μmol/g tissue) 0.30 � 0.008 0.24 � 0.017* 0.29 � 0.015 0.27 � 0.011

MDA (nmol/g tissue) 30.04 � 1.01 32.69 � 0.51* 28.12 � 0.28 32.13 � 0.77

FRAP: The ferric reducing antioxidant power; TSH: total thiol group; MDA: malondialdehyde; BDL: Bile duct ligation; SC: Sham control; PO: Portulaca oleracea.
Each value represents the Mean � SEM. *Significant difference as compared to the SC group (p < 0.05).

Table 3. Effect of methanolic extract of Portulaca oleracea on the antioxidant
enzymes activity in BDL-induced rats.

Groups SC BDL alone SC þ PO
(500) mg/kg)

BDL þ PO
(500) mg/kg)

CAT (U/ml) 8.76 � 0.46 8.13 � 0.53 8.68 � 0.25 9.12 � 0.40

SOD (U/ml) 188.21 � 9.37 195.67 � 10.23 173.47 � 2.27 202.24 � 13.55

CAT: Catalase; SOD: Superoxide dismutase. BDL: Bile duct ligation; SC: Sham
control; and PO: Portulaca oleracea.
Each value shows the Mean � SEM.
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oxidative stress markers in the hepatic tissue, which include MDA, FRAP,
and TSH (Table 1).

3.3. Plasma oxidative stress parameters

As shown in Table 2, the plasma levels of MDA and FRAP were
significantly increased in the BDL group as compared to SC group (P <

0.05), while the treatment of BDL rats with methanolic extract of PO at a
dose of 500 mg/kg significantly decreased these markers (P < 0.05).

3.4. Hydroxyproline assay

There was a significant increase in hydroxyproline (μg/g dried tissue)
content in the hepatic tissue after BDL in comparison to the SC group (P<

0.05). Administration of PO at a dose of 500 mg/kg attenuated hy-
droxyproline content in the cholestatic liver as contrast to the nontreated
BDL group (P < 0.05) (Figure 2).

3.5. Antioxidant enzymes

As shown in Table 3, the activity of the CAT and SOD enzymes in the
BDL group did not show any significant alteration as compared to other
groups (P < 0.05).
Figure 2. Effect of methanolic extract of Portulaca oleracea on hydroxyproline
content in the liver tissue (μmol/g tissue) of BDL-induced rats. BDL: Bile duct
ligation; SC: Sham control; and PO: Portulaca oleracea Each value shows the
Mean � SEM; *significant difference in comparison to the SC group (p < 0.05)
and #significant difference as compared to the BDL group (P < 0.05).
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3.6. Histological examinations

SC group showed that normal cellular structures with certain hepatic
cells and nuclei were clearly observed. Severe biliary duct hyperplasia,
tissue fibrosis, and inflammatory infiltration of white blood cells were
detected in the BDL group in comparison with the SC group (Figure 3).
There was a significant increase in bile duct proliferation and inflam-
mation score in the hepatic tissue after BDL in comparison to the SC rats
(P < 0.05). Administration of PO at a dose of 500 mg/kg attenuated
inflammation and bile duct proliferation score in the cholestatic liver in
comparison to the non-treated BDL rats (P < 0.05) (Figure 4).

3.7. Gene expression

BDL significantly increased the expression of TGF-β, TNF-α, and IL-1
pro inflammatory genes, while it slightly increased SMA-α expression as
compared to SC rats. Methanolic extract of PO in BDL rats markedly
reduced the expression of TNF-α and TGF-β pro inflammatory genes in
comparison to BDL alone rats (Figure 5).

3.8. HPLC analysis

The HPLC overlay chromatogram and related calibration curves of
MLT were prepared using the ranges of 0.05–20 mg L�1 (Figure 6a). The
typical chromatogram of methanolic extract of PO are presented in
Figure 6b. On the basis of obtained data injected samples of methanolic
extract of PO, the concentration of MLT was determined as 53.97 � 1.1
mg g�1.

4. Discussion

Cholestasis is a non-physiological condition that can be induced in
rodents by surgical closure of the common bile duct or BDL. This rodent
model is widely used to study cholestatic liver damage, fibrogenesis, and
the effects of obstructive jaundice [30]. In this study, the



Figure 3. Photomicrograph of rat liver stained with hematoxylin and eosin (10 �). A: Sham control (SC), B: Bile duct ligated (BDL), C: SC treated with 500 mg/kg of
the methanolic extract of Portulaca oleracea, and D: BDL treated with 500 mg/kg of the methanolic extract of Portulaca oleracea. In the BDL and BDL þ PO group, bile
duct proliferation (red arrow) and inflammation of liver tissue (blue arrow) are prominent at this picture.

Figure 4. Effect of methanolic extract of Portulaca oleracea on bile duct proliferation (%) (A) and inflammation score of liver tissue (B). BDL, bile duct-ligation, SC,
sham control; and PO, Portulaca oleracea *Markedly different from SC rats, P � 0.05 and #Markedly different from BDL rats, P � 0.05.
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hepatoprotective effect of methanolic extract of PO was evaluated in the
hepatic cholestatic rat model [4]. The most sensitive biomarkers of
cholestasis are elevated levels of ALT, ALP, AST, and total bilirubin,
which reflect the metabolism of bile acids in the liver [17]. As expected,
BDL significantly increased the plasma levels of ALT, ALP, AST, and total
bilirubin, and total protein. Pishva et al (2018) have been reported that
plasma level of AST, ALT, and ALP increased due to liver structural
integrity destruction. It seems that these parameters were released to
blood circulation because of cellular damage [31]. Generally, the
elevation of AST is an indicator of liver damage in rats, while ALT
elevation is more associated with necrosis status [32]. It is also known
that BDL is associated with increased ALP activity, which is particularly
characteristic of cholestatic disease. The ALP enzyme is mainly attached
to the cell membrane, and this increase may be due to the accumulation
of bile salts that damage the membrane, which results in cell lysis and
eventually the release of the enzymes into the bloodstream [10]. Serum
bilirubin analysis is one of the most common methods used to diagnose
5

liver disease. In agreement with previous study [33], it seems that the
increased level of total bilirubin in the BDL group is due to liver cell
destruction and bile duct obstruction caused by BDL. In addition, the
increase in total protein content was observed in the present study to be a
self-healing mechanism in the process of liver regeneration during the
response to the acute phase of BDL stress [34]. Traditional Chinese
medicine has used Portulaca oleracea, also known as Ma-Chi-Xian, to
resolve toxin and clear heat. Various pharmacological effects of this herb,
which is commonly known in Chinese folklore medicine as "vegetable for
long life," have been investigated and validated by scientific studies [11].

Previous study exhibited that PO is rich in vitamins, minerals, omega-
3 fatty acids, and a wide range of phytochemicals such as alkaloids,
terpenoids, flavonoids, and organic acids [35]. Also, we showed that MLT
is present in the methanolic extract of Portulaca oleracea.
Anti-hyperglycemic and anti-hyperlipidemic, renoprotective, and hep-
atoprotective effects are considered as the most important medicinal
effects of PO [36]. Behravan et al (2011) exerts that PO extract prevented



Figure 5. The effect of methanolic extract of Portulaca oleracea on the mRNA levels of IL-1, TNF-alpha, TGF-β and, α-SMA. BDL: Bile duct ligation; SC: Sham control;
and PO: Portulaca oleracea. Each value shows the Mean � SEM; *significant difference in comparison to the SC rats (p < 0.05) and #significant difference as compared
to the BDL group (P < 0.05).
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oxidative DNA damage, which is likely related to its antioxidant con-
stituents [37]. There are several studies [38, 39, 40] that revealed the
hepatoprotective effect of PO by diverse mechanisms. In a study by
Prabhakaran et al. (2010), it has been shown that the administration of
methanol extract of PO at oral dose of 200 and 400 mg/kg had
remarkable hepatoprotective effects against D-galactosamine [38].
Ahmida et al. (2010) showed that PO inhibited paracetamol-induced
hepatotoxicity by the limitation of the liver injury induced by paraceta-
mol [39]. PO extract administration showed protective effects against
CCl4-induced damage in rat liver by normalized liver function tests and
SOD enzyme [40]. In our work, the methanolic extract of PO significantly
decreased the levels of AST, ALP, and ALT in BDL rats as compared to BDL
alone group. Decreased activity of liver enzymes after treatment with PO
extract is a clear sign of protection against liver damage, accelerate the
regeneration of parenchymal cells, and reduce the leakage of enzymes
into circulation. Another inflammatory effect of cholestasis is the pene-
tration of mast cells into the damaged bile ducts, which in turn induced a
series of dynamic events such as biliary hyperplasia and excessive
secretion of histamine [41] According to liver tissue samples, we
conclude that methanolic extract of PO decreases liver injury as it
significantly decreases bile duct proliferation and inflammation of the
BDL group.

Oxidative stress is themain characteristic of cholestasis, which is due to
the imbalance of the anti-oxidative and oxidative system. It has been re-
ported that impaired oxidative stress regulationmayplay an important role
in BDL-induced cholestatic damage [42]. In addition, Zhao et al (2015)
6

showed that the buildup of bile acids in liver cells leads to apoptosis and
necrosis and the stimulation of the formation of reactive oxygen species
(ROSs) [11]. TheROSs can cause the oxidation of lipids and proteins.MDA,
as a cytotoxic product of cells, is derived from lipid peroxidation and
necrotic damage [17]. Samarghandian et al (2017) declared that MDA
could merge with biomolecules and cause cellular disturbance. They
demonstrated PO decrease in MDA and increased glutathione and FRAP
level in streptozotocin-induced diabetic rats [16]. In our study, the
administration of methanolic extract of PO significantly decreases FRAP
andMDA serum levels of cholestatic rats. Several studies indicated that the
PO extract is full of compounds with strong antioxidant activity such as
flavonoids, saponins, tannins, minerals, melatonin, and ascorbic acid [11,
43, 44, 45]. In this sense, these compounds can inhibit lipid peroxidation
and chelate metal ions by competing with and trapping free radicals.

Determination of hydroxyproline levels in the liver tissue is a stan-
dard and appropriate method that used to evaluate the amount of
collagen production and the effectiveness of liver protective agents.
Ligation of the bile ducts results in the reflux of bile acids toward the liver
tissue, which subsequently destroys the liver cells and induces inflam-
matory responses characterized by the activation of Kupffer cells and
accumulation of leukocytes. These inflammatory cells produce ROSs that
can promote collagen deposition [10]. Treatment with the methanolic
extract of PO significantly decreases the hydroxyproline level in the liver
tissue of cholestatic rats. Apparently in the PO-treated group, hepatocyte
destruction, necrosis, and the infiltration of inflammatory cells were
improved, thus collagen deposition was significantly reduced.



Figure 6. a) the HPLC overlay chromatogram and related calibration curves
(inset in fig) obtained from the standard of melatonin (MLT) at 250 nm and b) in
the methanolic extract of Portulaca oleracea.
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Hepatic stellate cells are the main source of collagen production in
liver injury [46]. On the other hand, evidence has shown that the acti-
vation of inflammatory signaling cascades is associated with oxidative
stress [16]. Recent studies have emphasized the essential role of
inflammation in the creation and progression of liver damage during
cholestasis [44]. The cells involved in inflammatory responses are the
population of resident macrophages in the liver (Kupffer cells). Active
Kupffer cells can penetrate the liver parenchyma and induce the secretion
of proinflammatory cytokines such as TNF-α and TGF-β. TNF-α, as an
endogenous central mediator, regulates hepatic injury through direct
cytotoxicity and inflammatory cascade formation [47]. Also, TGF-β is the
strongest proinflammatory factor that plays a vital role in initiating and
maintaining fibrogenesis. TGF-β accelerates the activation of liver stellate
cells and stimulates their conversion to myofibroblasts [48]. Consistent
with our findings, Ali et al. (2011) stated that PO had a prophylactic and
therapeutic value on cholestasis-induced liver fibrosis by inhibiting
oxidative stress, reducing the expression of profibrogenic cytokines,
collagenolytic activity, and hepatic stellate cells activation [48]. In
concordance with previous studies, ligation of the bile ducts significantly
increased the expression of proinflammatory genes [49, 50, 51]. In our
experiments, the administration of methanolic extract of PO significantly
decreases the overexpression of TGF-β and TNF-α proinflammatory genes
in BDL rats. PO probably protects liver cells from inflammatory damage
caused by BDL by inhibiting inflammatory mediators and blocking he-
patic peroxidants markers.

5. Conclusion

Altogether, our finding demonstrated that PO can significantly
decrease liver enzymes like AST, ALT, and ALP. It can alleviate liver
injury by a decrease in inflammation and hydroxyproline content.
Finally, we could suggest that PO extract can be a good choice as a
curative agent or adjunctive therapeutic agent for cholestatic liver
damage.
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