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Abstract: The liver as a vital body organ is adversely affected by hazardous chemicals and drugs. Paracetamol
widely used asan analgesic and antipyretic drug produces severe hepatotoxicity at high doses. Present study
was designed to investigate the hepatoprotective activity of Polygonum perfoliatum L. used on folklore basis.
Aqueous methanolic extract of the plant was prepared. Preliminary phytochemical and HPLC analyses were
carried out to identify and quantify chemical constituents respectively. For hepatoprotective activity, Wistar rats
were divided into six groups as normal control, standard (silymarin) control, negative control and extract treat-
ed groups i.e., 125, 250 and 500 mg/kg/day per oral. Paracetamol was administered orally, following seven days
of previously stated therapy. Biochemical parameters of hepatotoxicity such as serum glutamic pyruvate
transaminase (SGPT), serum glutamic oxaloacetate transaminase (SGOT), alkaline phosphatase (ALP) and
total bilirubin were measured in all groups. Histopathological evaluation of liver was also carried out. Benzoic
acid, chlorogenic acid, gallic acid, m-coumaric acid, quercetin, and vitamin E were detected in the plant extract
through HPLC. The hepatoprotective effect of 500 mg/kg/day therapy was more pronounced than 125 and 250
mg/kg dose. However, the effect of plant extract was less pronounced than standard silymarin therapy. It can
be concluded that the plant extract possessed significant hepatoprotective activity that may be attributed to
quercetin, benzoic acid, gallic acid and vitamin E present in it.
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The liver is a vital body organ that metabolizes detrimental toxic effect on the liver and are termed

carbohydrates, lipids, proteins, and bilirubin. It also
contributes to the immune system and blood coagu-
lation process. Viral and non-viral liver diseases are
notable causes of morbidity and mortality all over
the world, especially in low and middle-income
countries. Synthetic and natural chemicals, drugs,
herbal remedies, and environmental pollutants exert

as hepatotoxins (1). Toxicants impair the function of
mitochondria and other organelles involved in ener-
gy production and alter the function of antioxidant
enzymes resulting in oxidative stress that damages
hepatocytes (2).

Medicinal plants have played an imperative
role in human health for several thousand years (3).
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Pharmacological and toxicological characteristics of
medicinal plants are attributed to the occurrence of
various phytochemicals in these plants (4). Several
medicinal plants such as Allium hirtifolium, Apium
graveolens, Phyllanthus niruri, Cosmos sulphureus,
and Cynara scolymus have been validated for their
ethnomedicinal potential as hepatoprotective agents
(5). However, ethnic use of the most plants of Asia
and Africa lack scientific validation and pharmaco-
logical relevance (6).

The plant, Polygonum perfoliatum L. (family:
Polygonaceae) is commonly known as Devil’s-tail.
It is an annual vine that has been used in Chinese
medicine for more than three centuries (7). It is
indigenous to Asia and widely distributed in South
and South East Asia. It is considered an invasive
herb in the United States (8). It is traditionally used
as diuretic, anti-inflammatory, anti-diabetic and
hepatoprotective agent. It has been pharmacologi-
cally validated for its antiviral, anti-inflammatory,
antitumor and anti-bacterial activities (9). Terpe-
noids, phenylpropanoids, 8-oxo-pinoresinol, quer-
cetin-3-O-B-D-glucuronide, flavonoids, and volatile
oils have been isolated from the plant (10).

Allopathic medicinal system lacks efficacious,
safe and cost-effective hepatoprotective drugs (11).
It necessitates the development of novel natural or
synthetic drugs for the prevention and treatment of
hepatic disorders. The plant P. perfoliatum may have
potential hepatoprotective activity due to its antiox-
idant characteristics and presence of phenolic and
flavonoids (12). Therefore, the current study was
designed to investigate the hepatoprotective action
of P. perfoliatum against paracetamol-induced intox-
ication.

EXPERIMENTAL

Collection of plant and preparation of extract

The whole plant of P. perfoliatum was collect-
ed from the rural areas of District Bagh, Azad
Jammu and Kashmir. The plant was identified and
verified taxonomically. The plant sample was
deposited in the herbarium of Government College
University, Lahore, Pakistan under voucher speci-
men (GC.Herb.Bot.2951) for future reference. The
whole plant was thoroughly washed with water,
dried under shade and grounded to a coarse powder
with the help of mechanical grinder. The powder
was soaked in aqueous methanolic (70 : 30) solution
for seven days and shaken periodically. The proce-
dure was repeated thrice. The filtrate was collected
and pooled. Rotary evaporator was used to concen-
trate the extract (brownish jelly paste) at low tem-
perature (40-45°C). The extract was transferred to
amber colored bottles and stored in a refrigerator
until further use.

Preliminary phytochemical screening

Aqueous methanolic extract was evaluated for
the presence of different primary and secondary
metabolites. The detection tests for flavonoids, alka-
loids, tannins, saponins, resins, coumarins and ter-
penoids were performed according to the previous
standard methods (13).

Quantification of phytochemicals

Quercetin and other phytochemicals such as
gallic acid, benzoic acid and vitamin E were identi-
fied and quantified in aqueous methanolic extract by
HPLC. The plant extract was dissolved in 60%

Tablel. List of chemical phytochemical constituents and their identification.

Chemlcal Procedure Observations Result
constituents
Alkaloids 0.4 g powder .dissolved in 1% HCI, heated for 2-3 min, filtered Or.ange Positive
and treated with Dragendorff's reagent reddish ppt.
Solution A and B from plant extract were prepared. Solution A
Flavonoid contained 4 mL methanolic plant extract. The B solution contained Yell lor Positi
avonouds 6 mL ethanolic solvent and 4 mL 50% KOH was added to it, cliow colo ostive
followed by mixing of A and B solutions
3 mL plant extract was added to test tube, covered with NaOH Bricht ereen
Coumarins treated filter paper and boiled for 10 min in water bath followed gt g Positive
. . . yellow color
by filter paper exposure to ultraviolet light
Resins 4 mL extract of plant was taken and 3 mL HCI (4%) was added to it Turbidity Negative
Tannins 2-3 drops of 1% FeCl3 were added to 4 mL plant extract Blue color Positive
Terpenoids 2 mL sulfuric acid and 3 mL acetic anhydride were added to 2 mL Reddish brown Positive
plant extract color interface
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Table 2. Phytochemicals in HPLC analysis of Polygonum perfoliatum.

Compounds Retention Area Height Percentage Percentage Quantity
time (min) (mV.s) (mV) of area of height (ppm)
Quercetin 2.907 10.386 1.151 0.4 34 0.54
Vitamin E 3.827 2627.098 34.0 0.000 0.0 814.37
Gallic acid 4.333 129.418 3.478 5.1 10.3 4.48
Benzoic acid 14.207 15.056 0.379 0.6 1.1 1.59
Chlorogenic acid 15.273 15.068 0.373 0.6 1.1 1.17
m-Coumaric acid 19.787 616.832 1.634 244 4.8 7.38

methanol solution. The sample was prepared by acid
hydrolysis and injected into HPLC after filtration
through 0.2 pym syringe filter. The mobile phase
comprised of water, acetic acid and acetonitrile. The
mobile phase used for identification of Vitamin E
and phytochemicals was methanol at 0.5 mL/min
flow rate in a C18 column at 280 and 295 nm wave-
length respectively (5).

Experimental animals

The hepatoprotective study was performed on
albino Wistar rats of 200-250 g. The animals were
provided free access to standard chow diet and fresh
water. Animals were kept in steel cages of Animal
House of Government College University Faisal-
abad under standard laboratory temperature 25 +
2°Cin a 12 h cycle of light and dark.

Experimental protocol

In the current study, rats of both sexes were
randomly divided into groups of six animals. Group
1 was considered as normal control and received
fresh water only. Group 2 was untreated disease
control. Group 3 was the reference control group
treated with standard drug silymarin 50 mg/kg/day
for 7 days. Group 4, 5 and 6 were administered 125,
250 and 500 mg/kg/day plant extract respectively
for 7 days. All the therapies were administered oral-
ly. 500 mg/kg paracetamol was administered orally
to all groups 3 h post-administration of daily thera-
py on day 7, except group 1. The animals were anes-
thetized 24 h post paracetamol ingestion and blood
was collected by heart puncture (5).

Biochemical investigation

Serum was separated from blood by centrifu-
gation at 4000 rpm for 20 min. The serum was used
to evaluate the level of SGPT, SGOT, ALP, total
bilirubin and total protein according to the methods
described previously (14).

Histopathological study

Livers of untreated and treated rats were
removed for histopathological study and stored in
10% formaldehyde solution. Staining of paraffin-
embedded liver tissue slices was carried out with
acidic (eosin) and basic (hematoxylin) dyes. Tissue
slides were seen under a light microscope for any
histological abnormality (15).

Statistical analysis

The experimental data were shown as mean
and standard deviation. Statistical analysis was car-
ried out by one way ANOVA followed by post hoc
test using GraphPad Prism® software version 6.0.

RESULTS

Preliminary evaluation of aqueous methanolic
extract showed the presence of different primary and
secondary metabolites. HPLC analysis showed the
quantity of phenolic and flavonoid compounds. The
plant extract also showed a decrease in serum bio-
markers of liver toxicity and prevented paracetamol
induced pathological changes in the liver.

Screening of phytochemical constituents

A phytochemical evaluation showed the pres-
ence of alkaloids, flavonoids, coumarins, tannins
and terpenoids. Phytochemical constituents detected
in the plant extract are detailed in Table 1.

Quantification of phytochemicals

Benzoic acid, chlorogenic acid, gallic acid, m-
coumaric acid, quercetin, and vitamin E were found
in HPLC analysis. Vitamin E was the most abundant
phytochemical followed by m-coumaric acid.
Retention time, height, percent area and quantity of
detected phytochemicals are shown in Table 2.
HPLC spectrum of the plant extract is shown in
Figure 1.
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Biochemical evaluation

The level of SGPT in normal control group
was lower than that of paracetamol treated disease
control group. However, rats pretreated with sily-
marin showed significantly lower level of SGPT
than disease control. Rats treated with the plant
extract also showed significant decrease in SGPT
compared to disease control. It was also found that
the level of SGOT in normal control rats was lower
than paracetamol treated rats. The treatment with

MOHAMMAD SALEEM et al.

silymarin or plant extracts (125 or 250 mg/kg) sig-
nificantly reduced SGOT level than the disease con-
trol group. Treatment with 500 mg/kg plant extract
alleviated the level of SGOT compared to standard
control group as shown in Table 2.

The level of ALP increased significantly upon
paracetamol exposure. However, preventive therapy
with silymarin or plant extract significantly reduced
the level of ALP following exposure to paracetamol.
The plant extract normalized the level of ALP at

Table 3. Effect of pre-treatment with the plant extract on liver biomarkers of paracetamol treated rats.

Experimental groups SGPT (IU/L) SGOT (IU/L) ALP (IU/L) Total bilirubin (g/dL)
Normal control 42.6 £ 1.96%* 66.92 £ 2.21** 1709 = 14.1* 0.28 £0.03*
Disease control 197.2 £ 13.2 873.3 £26.8 4029 +21.2 0.58 £ 0.08

Silymarin control
50 mg/kg/day 54.03 £ 4.37%* 74.54 + 8.83** 232.8 + 37.82% 0.18 £ 0.04*
Extract 125 mg/kg/day 72.51 £3.97%* 173.5 £ 9.51%%* 272.8 £ 18.1* 0.20 £ 0.03*
Extract 250 mg/kg/day 75.3 £9.26%* 128.8 £ 16.3** 2324 £ 17.9* 0.26 £ 0.04*
Extract 500 mg/kg/day 36.7 £ 4.73%* 90.62 + 7.10** 149.8 £ 9.27* 0.20 £ 0.03*

Where ** showed statistically different to disease control group at p < 0.01 and * showed statistically different to disease control at p < 0.05
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Figure la, b. HPLC chromatograph of the different constituents present in the aqueous methanolic extract of Polygonum perfoliatum
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Table 4. Histopathological examination (scoring) of treated and untreated rat livers.

Experimental Inflammation Simple Hemorrhagic Central vein Congestion of
groups necrosis necrosis congestion sinusoidal spaces
Normal Control 0 0 0 1 1
Disease control 1 1 1 1 0
Silymarin treated 0 0 0 1 1
Extract 125 mg/kg 1 1 0 1 1
Extract 250 mg/kg 1 1 0 1 0
Extract 500 mg/kg 0 0 0 1 1

Where "0" showed absence and "1" showed presence of the pathological condition

-
-
-

-y

.y

Figure 2. Histopathological photomicrographs of the treated and untreated rats. Here a, b, c, d, e, and f showed rat livers of normal con-
trol, silymarin treated, disease control, and plant extract 125, 250 and 500 mg/kg/day treated respectively. Where; star, arrow and CS
showed inflammation, necrosis and sinusoidal congestion respectively
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500 mg/kg/day dose in rats. Administration of
paracetamol resulted in a rise of bilirubin. Silymarin
or extract treated rats showed a significant decrease
in total bilirubin compared to paracetamol treated
group (Table 3).

Histopathological study

Histopathological findings of the liver treated
with the plant extract are shown in Figure 1;
histopathological scores of the control and treated
rat livers are shown in Table 4. Histopathological
evaluation of normal control rats revealed normal
liver histology. However, disease control rats show-
ed inflammation and, simple and hemorrhagic
necrosis. Sinusoidal spaces were not enlarged.
Pretreatment with silymarin for 7 days prevented
hepatocellular inflammation and necrosis. Pretreat-
ment with the plant extract also prevented hepato-
cellular necrosis and inflammation in a dose-depen-
dent manner. Histopathological study of the liver
showed that hepatoprotective effect of silymarin
was more pronounced than therapy with the plant
extract at 500 mg/kg/day. Histopathological find-
ings of the liver treated with the plant extract are
shown in Figure 2. Histopathological scores of the
control and treated rat livers are shown in Table 4.

DISCUSSION

Drug-induced hepatotoxicity is a regulatory
and clinical challenge. Current study validated the
hepatoprotective activity of the aqueous methanolic
extract of P. perfoliatum which has not yet been
reported in the literature. HPLC analysis revealed
the presence of phenolic and flavonoid compounds
and Vitamin E in the extract. The use of extract pre-
vented the paracetamol-induced hepatotoxicity in
animals.

Paracetamol has been widely used as a model
drug for induction of hepatotoxicity (16).
Paracetamol often causes apoptosis of hepatocytes
at high doses, in susceptible individuals and/ or
those concurrently consuming alcohol (17). It is
metabolized by cytochrome P450 system into N-
Acetyl-p-benzoquinone imine (NAPQI) that is
detoxified by glucuronidation and sulfation.
Paracetamol, when consumed in excess, produces a
large amount of NAPQI that binds irreversibly to
sulfhydryl (SH) group of the liver proteins and caus-
es hepatotoxicity (18). Normally, SGPT, SGOT,
ALP, and bilirubin are present in the cytoplasm of
hepatocytes. Necrosis or altered membrane perme-
ability of hepatocytes elevates the level of these
hepatotoxicity biomarkers in blood (19).

In the current study, there was a significant dif-
ference between the extract treated, paracetamol
treated and normal control group. The plant was
evaluated for the hepatoprotective activity in exper-
imental rats. Pre-treatment with aqueous methanolic
extract of P. perfoliatum reduced the level of SGPT,
SGOT, ALP and bilirubin at 125, 250 and 500
mg/kg dose compared to paracetamol treated group.
The reduction in hepatotoxicity biomarkers by the
plant extract was less significant than the silymarin
treated group. In the current study, there was a
reduction in the amount of hepatotoxicity biomar-
kers in rats pre-treated with the plant extract proba-
bly due to the presence of flavonoids, phenolic acids
and vitamin E (20).

The phytochemical constituents quantified by
using HPLC analysis revealed quercetin, gallic
acid, chlorogenic acid, m-coumaric acid, and ben-
zoic acid. It is shown previously that flavonoid and
phenolic compounds such as quercetin, gallic acid,
chlorogenic acid, and benzoic acid are associated
with the hepatoprotective effect of medicinal plants
(21). Quercetin was previously reported in other
species of Polygonum Genera (22). Furthermore,
quercetin has shown anti-mutagenic and antioXi-
dant effect. Antioxidant property of quercetin con-
tributes to the hepatoprotective potential via reduc-
tion of oxidative stress (23). Benzoic acid also has
pronounced hepatoprotective and antioxidant effect
(24). Tung et al. reported the hepatoprotective and
antioxidant properties of gallic acid (25). It is found
that the use of vitamin E ameliorates the antioxidant
enzymes in the liver to prevent the toxic effect of
oxidants (26). Furthermore, it inhibits the lipid per-
oxidation and thus acts as an efficient antioxidant
(15). Other species of the genus Polygonum such as
P. multiflorum and P. glabrum have also shown
hepatoprotective effects against carbon tetrachlo-
ride toxicity (27). On the basis of these studies, it
can be assumed that the hepatoprotective potential
of P. perfoliatum may be attributed to the presence
of flavonoids such as quercetin, phenolic com-
pounds such as benzoic acid and gallic acid and
vitamin E.

The results obtained in the current study
showed that the aqueous methanolic extract of P.
perfoliatum might have hepatoprotective potential
against paracetamol-induced hepatotoxicity. The
hepatoprotective effect of the plant extract was most
pronounced at 500 mg/kg dose. It can also be con-
cluded that the presence of the quercetin, benzoic
acid, gallic acid, and vitamin E could have con-
tributed to the hepatoprotective effects of the plant
extract.
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