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Abstract

Polygonum odoratum L. contains significant amounts of flavonoids which have been shown to possess
strong antioxidant activity. We investigated the antioxidant and protective effect of Polygonum
odoratum L. extract in rats which were induced to have liver injury by acetaminophen (APAP),
a commonly used antipyretic/analgesic drug that can cause hepatotoxicity when used overdose.

Rats were administered with 500 or 1,000 mg/kg body weight (BW)/day of the plant extract for 7 days
prior to exposure of APAP (3 g/kg BW). After 24 hours of APAP administration, blood samples were
collected for determination of aspartate transaminase (AST), alanine transaminase (ALT), malondialdehyde
(MDA) levels, and liver samples were examined for histopathology changes.

Levels of AST, ALT and MDA were significantly higher in rats treated with APAP alone as compared
to the control. Pre-treatment of the animal with the extract significantly reduced AST, ALT and MDA
levels and liver injury.

The increased levels of liver enzymes and MDA level in APAP treated rats were due to hepatocellular
injuries. Pre-treatment with Polygonum odoratum L. extract could ameliorate oxidative stress and liver
injury induced by APAP. The protective effect might be due to the antioxidant proprieties of this

extract.
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Introduction

Acetaminophen, also known as paracetamol or
APAP (acetyl-para-aminophenol) is an over-the-counter drug,
commonly used for its analgesic and antipyretic activities.
At therapeutic doses, APAP is considered safe. However,
it can cause severe hepatotoxicity and nephrotoxicity
when used overdose. Once being absorbed into a body,
APAP is activated and converted by cytochrome P450 in
the liver to a toxic metabolite called NAPQI (N-acetyl-p-
benzoquinoneimine). This substance causes oxidative stress
and gluthathione (GSH) depletion’. The oxidative stress
leading to lipid peroxidation contributes to the initiation
of liver damaging process.

Generally, animals including human are protected
from active oxygen species and oxidative stress by cel-
lular antioxidant enzymes such as superoxide dismutase,
glutathione peroxidase and catalase. In addition to this
protective mechanism at the cellular level, it has been
shown that food especially some plants and vegetable have
health benefit against oxidative stress and other related
diseases’. Several studies have demonstrated that some
edible plants as a whole or their identified ingredients with
antioxidant properties have substantial protective effects”.

Polygonum odoratum L. (P. odoratum), member
of Polygonaceae family, is a perennial herb which grows
up to 30-35 c¢cm high. It has 6-15 cm long-pointed leaves
with a distinctive dark purple marking in the center of the
leaves’. P. odoratum is native plant of Southeastern Asia
and is better known as Vietnamese mint or Vietnamese
coriander.

P. odoratum has been shown to possess strong
antioxidant activity and contains significant amounts of
flavonoids in its leaves’. Adding P. odoratum in daily meal
may have beneficial health effects. Therefore, the present
study was conducted to determine antioxidant potential of
P. odoratum extract against APAP-induced hepatotoxicity

in rats.

Methods
Chemicals and drugs
Acetaminophen, 2, 2-dipheneyl-1-picrylhydrazil
(DPPH) and thiobarbituric acid (TBA) were purchased
from Sigma chemical co. (St.Louis, MO, USA). All other

chemicals and reagents used were of analytical grade.

Plant material

Fresh P. odoratum specimens were purchased
from local market in Pathum Thani, Thailand during Sep-
tember 2010. The collected plant material (whole plant)
was washed thoroughly in water, cut into small pieces
and soaked in 95% ethanol at a ratio of 1:1 for one
night at room temperature and then filtered. The filtrates
were concentrated by rotary vacuum evaporation and then
lyophilized with a freeze dryer. The extract was kept at

-80 °C for analysis.

Phytochemical screening
The ethanolic extract was screened for the pres-
ence of some phytoconstituents according to the methods

described by Harborne et al’.

Ferric reducing/antioxidant power (FRAP) assay

The ability of P. odoratum extract to reduce ferric
chloride was measured according to the method described
previously7. The FRAP reagent was freshly prepared from
300 mM acetate buffer pH 3.6, 10 mM of 24,6-tris
(2-pyridyl) -1,3,5-triazine (TPTZ) solution in 40 mM HCL
and 20 mM iron (Ill) chloride (FeCIB.GHZOZ) solution at a
ratio 10:1:1 (v/v). The plant extract was diluted in 100%
ethanol, added into FRAP reagent, and incubated for 5
minutes at room temperature and the absorbance at 593
nm was determined. The standard curve was constructed
using iron (ll) sulfate (FeSOz) solution. The experiments

were performed in triplicate.
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DPPH radical scavenging test

The DPPH radical-scavenging activity test was
applied following the method described previously®. Briefly,
0.08 mM DPPH was prepared in 100% ethanol. DPPH
solution, Tris buffer solution, and 80% ethanol were
mixed in order to obtain a 1:1:1 ratio for 1.8 mL. Then,
the plant extract (0.6 mL) was added and incubated for
30 minutes in the dark. The absorbance was read at

525 nm.

Experimental animal and design

Forty two adult male Sprague-Dawley rats weight
200-250 g were used. The animals were housed in specific
standard laboratory condition for one week. The condi-
tions were kept in a temperature-controlled environment
(25 + 1°C), B5 + 5% relative humidity and with regular
12 hours light/ 12 hours dark cycles. All animals were
fed with standard rat chow diet and water ad libitum.

The animals were divided into 7 groups, each
of which consisted of 6 rats. The animals in group |
reserved as normal control were administered only 5%
Tween 80 throughout the duration of the experiment.
Those in group Il (APAP treated) received 5% Tween 80
for 7 days followed by APAP (3 g/kg BW/day, po) on day
8. The animals in group Il and IV were administered 500
and 1,000 mg/kg BW/day of the plant extract, respectively,
for 7 days. Group V and VI were administered 500 and
1,000 mg/kg BW/day of the plant extract, respectively
for 7 days followed by APAP (3 g/kg BW/day, po) on
day 8. Those in group VIl (positive control) received 5%
Tween 80 for 7 days followed by APAP (3 g/kg BW/
day, po) and N-acetylcysteine (NAC) 400 mg/kg BW
(ip injection) at 3 hours after APAP administration. Animals
were anaesthetized and euthanized 24 hours after the
administration of APAP. The study protocol was approved
by the Ethics Review Committee of Faculty of Medicine,

Thammasat University.

Measurement of liver function markers
The blood was centrifuged at 2,000 rpm 4 °C

for 10 minutes to separate the serum. The levels of liver

function markers including aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) were measured by the

laboratory unit at Thammasat University Hospital.

Assay of oxidative status

Assay of malondialdehyde (MDA) as a marker of
lipid peroxidation was performed in serum as thiobarbituric
acid reactive products (TBAR), by a previously described
by Draper et al. (1993)°. In brief, 150 pl of serum was
reacted with 125 pl of 10% TCA, 125 pl of 5 mM
EDTA, 125 pl of 8% SDS, and 10 pl of 0.5 pg/ mL
of butylatedhydroxytoluene (BHT). The mixture was left
for 10 minutes, then 0.6% thiobarbituric acid (TBA) was
added in an equal volume and the mixture was heated
for 30 minutes in a boiling water bath. After cooling to
room temperature the mixture was centrifuged at 25 °C
10,000 xg for 10 minutes. The absorbance of the super-
natant was measured at 532 nm. A standard curve was
generated by using appropriated concentrations of standard

1,1,3,3-tetraethoxypropane (TEP) (0.3-10 pmol/ L).

Histopathological examination of rat liver

The rat liver tissues were fixed in 4% parafor-
maldehyde and embedded in paraffin. The serial sections
were cut 5 pm thick and stained with hematoxylin-gosin

(H&E) and examined under a photomicroscope.

Statistical analysis
Data were expressed as mean + S.E.M. All
statistical analyses were performed by one way analysis

of variance (ANOVA). P < 0.05 was considered significant.

Results

Phytochemical analysis and antioxidant activity

The phytochemical analysis revealed that the
ethanolic extracts of P. odoratum contained flavonoids,
alkaloids, phenolic compounds and tannins but lacked
saponins. The extract was screened for its possible anti-
oxidant activity through two methods: DPPH and FRAPS
assays. The scavenging activity (DPPH value) of the ex-

tract was 50.25 + 0.61 mg/mL whereas the DPPH value
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of the potent antioxidants including vitamin E and
butylatedhydroxytoluene (BHT) were 14.79 + 0.78 and
19.71 £0.79 mg/mL, respectively. For reducing property,
FRAP value of the extract was 28.37 = 0.18 pUM/ug
whereas the FRAP value of vitamin E was 192.68 +
12.18 UM/Ug. These results indicated that the P. odoratum
extract exhibited moderate antioxidant activity toward
scavenging free radicals but not as strong as the potent

antioxidants.

Protective effect of P. odoratum against APAP induced
hepatotoxicity

Treatment of rats with APAP alone significantly
increased the levels of serum ALT and AST levels,
compared with the normal control rats. This reflected the
failure of liver function due to APAP-induced hepatotoxicity.
Pre-treatment with 500 or 1,000 mg/kg BW/day of the
P. odoratum extract or treatment with NAC significantly

reduced the elevation of serum AST and ALT levels

(P < 0.05) (Figure 1). The obtained results revealed a
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protection of the P. odoratum extract against the hepa-
totoxic effect by APAP.

Since oxidative stress contributes to the devel-
opment of APAP-induced hepatotoxicity, the serum MDA
level was measured as a marker of lipid peroxidation.
The serum MDA was significantly elevated in animals
treated with APAP compared to control animals (P < 0.05)
(Figure 2). However lipid peroxidation level was restored
to normal by pre-treatment with the P. odoratum extract
which demonstrated preventive effect on accumulation of
lipid peroxidation.

Cellular changes including infiltration and necrosis
suggested high levels of lipid peroxidation which were
found more prominent in APAP treated when compared
to normal control. Interestingly, pre-treatment with the
P. odoratum extract presented healing of the liver and less
degree of cellular damages (Figure 3). Thus, amelioration of
the histopathological changes that occurred in P. odoratum
treated group indicated the hepatoprotective effects of

P. odoratum against APAP-induced hepatotoxicity.

Figure 1 Effect of P. odoratum extract on APAP-induced rise in serum transaminase levels

Serum aspartate transaminase (AST) is shown in figure 1A. Serum alanine transaminase (ALT) is shown in

figure 1B. Values are expressed as means = S.E.M. (n = 6), # Significant difference at P < 0.05 when compared

with control, * Significant difference at P < 0.05 when compared with APAP alone, (NAC = N-acetylcysteine)
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Figure 2 Effect of P. odoratum extract on APAP-induced lipid peroxidation
Values are expressed as means + S.E.M. (n = 6), # Significant difference at P < 0.05 when compared with control.

* Significant difference at P < 0.05 when compared with APAP alone. (NAC = N-acetylcysteine)

S ADIC S r a
{B) 500 mg of extract alone

(F} 500 mg of extract + APAP {G) 1,000 mg of extract + APAP

Figure 3 Effect of P. odoratum extract on APAP-induced histopathological changes in the liver

Representative slides from corresponding groups. (NAC = N-acetylcysteine)
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Discussion and Conclusion

The induction of hepatocellular damage or
necrosis by APAP higher dose has been demonstrated
in several studies of experimental animals and humans'.
The hepatotoxicity of APAP has been attributed to the
formation of toxic metabolites. When a part of APAP is
activated by hepatic cytochrome p450, it transforms into
a highly reactive metabolite, N-acetyl-P-benzoquinoneimine
(NAPQI). NAPQI is initially detoxified by conjugation with
reduced glutathione (GSH). However, when the rate of
NAPQI formation exceeds the rate of detoxification by
GSH, it oxidizes tissue macromolecules such as lipid or
-SH group of proteins. GSH depletion, subsequently, leads
to increased lipid peroxidation by abstracting hydrogen from
a polyunsaturated fatty acid, and this ultimately leads to
liver damage due to higher doses of APAP'™ ", Reactive
metabolites can exert initial cell stress through a wide
range of mechanisms including depletion of glutathione
(GSH) or binding to enzymes, lipids, nucleic acids and
other cell structures”.

Malondialdehyde (MDA) is one of the end
products in the lipid peroxidation process. The increase in
TBARS level in liver induced by APAP suggests enhanced
lipid peroxidation leading to tissue damage and failure
of antioxidant defense mechanism®. Therefore, reducing
lipid peroxidation in liver tissue of P. odoratum treated
groups indicated that the P. odoratum extract possessed
antioxidative properties.

Serum AST and ALT level are parameters for
detecting liver injury and are commonly used as a bio-
chemical marker to evaluate liver injury. Administration
of APAP caused a significant elevation of AST and ALT
enzymes level which damaging the structural integrity
of liver because they were located in cytoplasm and
released into circulation after cellular damages indicating
development of hepatotoxicity ~®. The pre-treatment of
P. odoratum could reduce the increased serum marker
enzymes AST and ALT level. The ability of the extract to
protect APAP induced liver damage might be due to its

antioxidant properties.

Previous studies have demonstrated that plants
extracts contain antioxidant and hepatoprotective activities
through regulatory action on cellular permeability, stability
and suppressing oxidative stress. A number of scientific re-
ports documented that certain flavonoids have a protective
effect on the liver due to their antioxidant properties' ™ ".

The study of Gali H. et al. (1996) found out that
tannins had potent antioxidants of anti-inflammatory activi-
ties”. Okuda T. et al. (1983) also reported that tannins
might prevent the destructive effects of lipid peroxide
in liver cells by lowering the levels of lipid peroxide in
liver cells”. Moreover, flavonoids have been reported to
possess antioxidant and anti-inflammatory activities®.

The antioxidant effects of natural product have
been reported to be mostly due to phenolic compounds® ™ %.
In our preliminary phytochemical analysis, the ethanolic
extract of P. odoratum contained flavonoids, alkaloids,
phenolic compounds and tannins but lacked saponins.
The protective effects of the extract could be due to the
presence of one or the other of the active principles in the
plant. Therefore, these active pharmacological agents may
be responsible for the hepatoprotective effects observed
in this study. This hypothesis is yet to be validated.

Furthermore, the protective effect of P. odoratum
extract against APAP intoxication has been studied in
ICR mice by Jaruchotikamol (2000), the study used 50%
ethanolic extract of dried P. odoratum and administrated
at the dose of 1,000 and 2,000 mg/kg BW/day for 3 days
prior to 200 mg/kg BW APAP injection. The protective
effect of the extract was evidenced and no toxicity was
found”’.

However, dietary supplements are usually
consumed longer than 3 days and the low dose of
administration should be considered. They may have spe-
cies differences in drug response as well. Therefore, this
present study was designed to evaluate the 1 week effect
of P. odoratum ethanolic extract at lower administration
doses (500 and 1,000 mg/kg BW/day) in rats. Interestingly,
although the extraction method, dosage, route of APAP
administration and specie of animal are different, P. odo-

ratum extract can process antioxidant and hepatoprotective



462

sssuMAQSIDFANS UR oo aUUR & Us:IGouqanau-Suonu b&&s

effects against APAP induced hepatoxicity. Nevertheless,
the presence of active compounds and mechanism of
action may be different due to different extraction method,
source of plant and animal species.

From our results, it could be concluded that
increased serum marker enzymes and lipid peroxidation
level in acetaminophen treated rats was due to hepato-
cellular damage. Pre-treatment with P. odoratum extract

could prevent liver damages induced by acetaminophen.
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