Oriental Pharmacy and Experimental Medicine (2020) 20:71-76
https://doi.org/10.1007/513596-019-00404-x

RESEARCH ARTICLE q

Check for
updates

Analgesic activity of flavonoids isolated from Persicaria glabra (wild)
Manivannan Rajamanickam' - Shopna Rajamohan'’

Received: 16 December 2016 / Accepted: 9 October 2019 / Published online: 4 November 2019
© Institute of Korean Medicine, Kyung Hee University 2019

Abstract

The present experimental study conducted to determine the four flavonoids (1-4) isolated from extracts of Persicaria glabra
(Polygonaceae) and was tested for its potential central and peripheral analgesic activity. All animals were lowered on a hot
plate (55 +0.5 °C), the observations were made before and after administration of respective drugs at 30, 60, and at the end
of 90 min. In writhing method, acetic acid is administered intraperitoneal to the experimental animals to create pain sensa-
tion. The writhing movements were observed and counted for 30 min after acetic acid administration. The results showed that
the compound quercetin (1) and its glycosides (3) at a dose of 100 and 200 mg/kg body weight significant analgesic activity
(P <0.05) in both central and peripheral models of analgesia used. The same doses, compounds 2 and 4 did not show any
analgesic effects. Among them, quercetin (1) was the most potent in both models tested. Also due to structural difference of
four compounds, a number of hydroxyl groups, substitution of -OCHj; and glycosylation, they will exhibit different analgesic
responses. The P. glabra leaf extracts containing mixture of quercetin, isorhamnetin and their glycosides were effective in

both the central and peripheral models of pain.
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Introduction

Pain is the most common symptom for which patients seek
medical attention (Hasselstrom et al. 2002) and is a major
cause of sick leave (Mantyselka et al. 2001). The chemical
structures, positions and the degree of hydroxylation of fla-
vonoids are important for their biochemical and pharmaco-
logical activities (Heim et al. 2002). For centuries, prepara-
tions that contain flavonoids as the principal physiologically
active constituents have been used by physicians and lay
healers in attempts to treat human diseases (Havsteen 1983).
Increasingly, flavonoids are becoming the subject of medical
research. They have been reported to possess many useful
properties, including anti-inflammatory activity, oestrogenic
activity, enzyme inhibition, antimicrobial activity (Harborne
and Baxter 1999), antiallergic activity, antioxidant activity
(Middleton and Chithan 1993), vascular activity and cyto-
toxic antitumor activity (Harborne and Williams 2000).
It has been suggested that because flavonoids are widely
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distributed in edible plants and beverages and have previ-
ously been used in traditional medicine, they are likely to
have minimal toxicity (Skibola and Smith 2000).

The genus Polygonum (Polygonaceae) comprises 65 spe-
cies found primarily in northern temperate countries; few
are tropical or grow in the southern hemisphere (Boulos
et al. 1984). Polygonum species exhibit a variety of inter-
esting biological activities (Lin et al. 2010; Mittal et al.
2011). Polygonum glabrum commonly known as attalaree
or sivappu kumbakodaali in Tamil and neeru kanagilu in
Mangalore, it is mainly distributed in South, North and
North-East India. So far 13 species were reported from
South India (Gamble and Fischer 1957). It has been used
as a folk medicine and as an ingredient in various Ayurve-
dic preparations. A decoction of the plant leaves has been
used as a foot and leg soak in the treatment of rheumatism
(Shiddamallayya et al. 2010). Traditionally rootstock of P.
glabra used in pneumonia, consumption, jaundice, fevers
and leaves are used as antispasmodic, astringent, diuretic,
rubefacient and vermifuge. The whole plant was much more
used in traditional as well as in modern era. The findings
show that Polygonum glabrum extract is clinically effective
as the anti-inflammatory drug and works by the mechanism
of action similar to that of NSAIDs (Muddathir et al. 1987).
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Our previous study on the chemical constituents has resulted
in the isolation of flavonoids are demonstrated to contrib-
ute to the anti-microbial and anti-inflammatory activities of
crude extracts of Persicaria glabra. In the present study we
further investigated the analgesic activity of four flavonoids
tested using hot-plate and acetic acid-induced pain model.

Materials and methods
Plant materials

The leaves of P. glabra (2.30 kg) was collected in April
2014 from the river basin of Cauvery in Thanjavur District,
Tamilnadu (India) and authenticated by Prof. N. Ram-
akrishnan, (Department of Botany) and voucher specimens
(GACBOT-160) was deposited at the Herbarium of the same
department for future reference. The collected leaves were
air dried at room temperature for 2 weeks. The dried leaves
of P. glabra were crushed to fine powder.

Extraction and isolation

The powdered leaves of P. glabra (2.30 kg) were soaked in
95% methanol for 1 week. The methanol extract was con-
centrated under vacuum at 40 °C, using a rotary evapora-
tor under reduced pressure. This extract was suspended in
water (1000 mL) and successively partitioned with benzene,
petroleum ether and ethyl acetate to obtain crude extracts.
The petroleum ether fraction (10.8 g) was separated over
a silica gel column to yield compound 1 (5.2 g) [n-BuOH/
AcOH/H,0 (4:1:5, organic phase)] and to yield compound
2 (3.1 g) [CHCly/AcOEt/MeOH (14:3:3)]. Similarly, the
EtOAcC fraction (19.6 g) was subjected to column chroma-
tographic methods with EtOAc-MeOH-H,0 (98:1:1) and
EtOAc/HCOOH/H,0 (10:2:3) as eluent to afford compounds
3 (8.3 g) and 4 (6.2 g). There was no sign of realizing any
crystalline material from the benzene fraction (Manivannan
and Shopna 2015).

Animals

Albino mice (25-30 g) of both sexes were used for assessing
analgesic studies. The animals were kept in polypropylene
cages under standard laboratory conditions maintained at
26 +2 °C, relative humidity of 60-65%, and with 12 h dark
and 12 h light cycle. All the animals have fed with standard
rodent pellet diet, and water ad libitum. The experimental
protocol was subjected to the scrutiny of the Institutional
Animal Ethics Committee (IAEC), Bharathidasan Univer-
sity, Trichirappalli, Tamilnadu, India (Approval No. BDU/
TAEC/2011/31/29.03.2011). Oral administration was used
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for the isolated flavonoids, vehicle, and the standard drug
solutions.

Experimental design

The experimental animals were divided into ten groups,
each consisting of six animals which were fasted overnight
prior to the experiments. Control group animals treated
with Tween 80 (1% w/v in water) at a volume of 10 ml/kg;
positive controls animals received subcutaneous morphine
(5 mg/kg) administered intraperitoneal (i.p.) for hot plates
test and aspirin (50 mg/kg body weight) administered orally
for acetic acid-induced writhing test and different doses of
isolated flavonoids (1-4) from P. glabra (100, and 200 mg/
kg body weight) were dissolved in normal saline by using
0.1% Tween-80 (10 ml/kg).

Acute toxicity tests

The LD50 value (dose of the compounds producing mor-
tality in 50% of the experimental animals) was determined
using the graphical method (Litchfield and Wilcoxon 1949)
in mice. The test groups (n=06) received the compounds
per orally at the doses of 100, 200, 1000 and 2000 mg/kg
body weight were administered i.p. Animals were critically
observed for possible behavioral changes, allergic reactions,
and mortality at least once during the first 30 min of dosing
followed by occasional observation for the first 24 h and con-
tinued for 72 h for the recording. Confirmatory test was car-
ried out and the LD50 was calculated from the graph of per-
cent mortality against profit log dose of the test compounds.

Analgesic activity
Hot plate method (thermal stimulation)

Evaluation of analgesic activity of the isolated compounds
from plant extract was carried out using hot plate method
(Eddy and Leimback 1953). Experimental animals of either
sex were randomly selected and divided into ten groups con-
sisting of six mice in each group for control, standard and
test groups respectively. The control group was treated with
Tween 80 (1% w/v in water) at a volume of 10 ml/kg; test
groups were treated at a dose of 100 and 200 mg/kg body
weight; standard was treated with morphine (5 mg/kg body
weight) administered intraperitoneal (i.p.) route. All animals
were lowered (individually) on a hot plate (55+0.5 °C)
enclosed with cylindrical glass and the time between the
placement of the animal on the hot plate and for the animal
to licking of the hind paws or jumping off from the surface
was noted as the reaction time. A cutoff period of 30 s was
observed to avoid damage to the paw. The observations were
made before and after administration of respective drugs
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at 30 min, 60 min, and at the end of 90 min. The reaction
time of the test and standard groups were compared with
the control.

Acetic acid induced writhing test (chemical stimulation)

The analgesic activity of the test samples was evaluated
using acetic acid induced writhing method (Koster et al.
1959). The experimental albino mice (25-30 g) were
divided into ten groups each consisting of six animals. The
first group treated as control, served as Tween 80 (1% v/v
in water) administered orally at a volume of 10 ml/kg body
weight. The second group served as standard (received aspi-
rin 50 mg/kg body weight), while the third to tenth groups
received isolated flavonoids (1-4) were treated at doses of
100 and 200 mg/kg body weight orally (dissolved in normal
saline by using 0.1% Tween-80). In this method, acetic acid
is administered intraperitoneal to the experimental animals
to create pain sensation. Writhing in animals was produced
by i.p. administration of 300 mg/kg acetic acid (3%) solu-
tion. The writhing movements were observed and counted
for 30 min after acetic acid administration. The number of
writhes of test groups at different dose levels and standard
were compared with the control. The percent inhibition of
writhing count of the treated group was calculated from the
mean writhing count of the control group.

Percentage inhibition was calculated using the following
formula:

%inhibition = { (W, — W) x 100 } /W,

where W no. of writhes in control group; W no. of writhes
in test group.

Statistical analysis

The experimental results were expressed in multiple com-
parisons of Mean + SEM and were carried out by one-way
analysis of variance (ANOVA) followed by Dunnet Multiple
Comparisons Test using SPSS version 11 and statistical sig-
nificance was defined as P <0.05.

Results
Chemical studies

The P. glabra leaves extracts was subjected to column chro-
matography to isolate and identified as known flavonoids:
quercetin (1), isorhamnetin (2), avicularin (3) and new one
isorhamnetin-3-0-a-L-(6"-E-p-coumaroyl)-rhamnoside (4).
These flavonoids were identified previously by HPLC, UV,
IR, 'H-NMR, and '*C-NMR data (Manivannan and Sho-
pna 2015). The structure of flavonoids 1-4 were identified

by spectral data consistent with those of the compounds
reported in previous studies (Mabry et al. 1970; Agarwal
1989; Byoung et al. 2012; Kim et al. 2006; Markham and
Geiger, 1994). The structures of four compounds (1-4) are
shown in Fig. 1.

Analgesic activity

Many methods are available for evaluation of analgesic
effect. In all the methods, one or other type of stimulus is
applied to produce pain reaction. The methods can be clas-
sified based on the type of stimulus used such as thermal,
electrical, mechanical and chemical changes. Of the methods
available, the chemically induced writhing tests are used for
the evaluation of the analgesic activity of peripherally act-
ing drugs and the hot plate methods could be employed for
screening of centrally acting analgesics.

The results showed that both doses of four isolated
compounds (100 and 200 mg/kg; body weight, p.o.) from
P. glabra leaf had good analgesic effects on heat-induced
pain in mice when compared to control and standard mor-
phine (P <0.05). Latency time was noted at 0, 30, 60 and
90 min after the administration of control, standard, iso-
lated compounds. Treatment of animal with compound 1
(quercetin) at dose of 100 and 200 mg/kg body weight was
observed significant increase in latency time (8.12+0.61
and 9.16 +0.52) even at 30 min following and the maxi-
mum effect (15.32+0.45 and 18.78 £0.49) at 90 min prior
and administration of compound 3 (quercetin glycosides) at
doses of 100 and 200 mg/kg body weight noted maximum
latency time (12.33 +0.46 and 15.07 +0.42) at 90 min prior

Fig.1 Structure of isolated compounds (1-4) from P. glabra leaf
extracts
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respectively (Table 1). The results also demonstrated that the
compounds 2 and 4 showed (12.97 +0.87 and 10.09 +0.22)
at doses of 200 mg/kg body weight, which was lesser than
compounds 1 and 3 and where this was compared to the
effect of standard morphine sulphate was (19.52 +0.47).

Analgesic activities of the four flavonoids (1-4) were
assessed by the acetic acid induced writhing test. Animals
were treated with isolated compounds 1-4 (100 and 200 mg/
kg bodyweight, p.o.) suspension in Tween 80 (0.5 ml of
1% solution). The severity of writhing and the inhibition
of pain were noted for 30 min (Kulkarni 1999). Aspirin
(50 mg/kg body weight, p.o.) showed maximum inhibition
of writhing (78.41%), whereas compounds 1 and 3 at a dose
of 200 mg/kg body weight produced 74.18% and 61.73%;
while compound 2 and 4 at a dose of 200 mg/kg body weight
showed 59.41 and 50.97% of writhing inhibition respectively
(Table 2).

Discussion

Analgesic drugs commonly prescribed for arthritis target a
variety of pain mechanisms, but may fail to provide adequate
pain relief, or may be discontinued due to adverse events
(Schnitzer 2006). Morphine used as standard in hot-plate
method was more effective in inflamed tissues than normal
tissue (Barr 1999). The increase in latency was dose depend-
ant. From our results, the flavonoids were more active than
glycosides. From literature, the anti-inflammatory effects of
flavonoids could be attributed to their chemical structures.
Furthermore, phenolic hydroxyl groups are able to donate a
hydrogen atom or an electron to a free radical lead to inhibit
the release of inflammatory mediators, also ortho-dihydroxy
has the best electron donating properties, which confers the
higher stability to the radical form and participates in elec-
tron delocalization (Dai and Mumper 2010).

Table 1 Effect of isolated

. . Group Treatment Reaction time (in s) (M +SD)

flavonoids from P. glabra leaf in

hot-plate test in mice 0 min 30 min 60 min 90 min
I Control (1% Tween 80) 4.19+0.78 4.23+0.82 4.36+0.71 3.96+0.82
I Standard (morphine sul- 4.16+0.44 9.23+0.59* 16.30+0.58* 19.52+0.47*

phate 5 mg/kg)

I Compound 1 100 mg/kg 4.10+0.65 8.12+0.61* 12.43 +0.44%* 15.32+£0.45%
v Compound 1 200 mg/kg 4.14+0.69 9.16 £0.52* 14.48 +0.49% 18.78 +£0.49*
A% Compound 2 100 mg/kg 4.17+0.52 6.23+2.55 8.16+1.53 10.43+1.18
VI Compound 2 200 mg/kg 4.13+0.50 7.87+1.54 9.32+1.56 12.97+0.87
VII Compound 3 100 mg/kg 4.18+0.46 6.23+1.04 9.16£0.52* 12.33+£0.46*
VIII Compound 3 200 mg/kg 4.20+0.47 7.87+0.56* 10.98 +0.50%* 15.07 £0.42%
IX Compound 4 100 mg/kg 4.15+041 522+1.12 6.43+1.24 8.72+1.38
X Compound 4 200 mg/kg 4.19+0.45 6.26+2.52 8.58+1.39 10.09+0.22

Data expressed as Mean + SEM, n=6 in each group done by one way ANOVA followed by Dunnet test

*P <0.05 compared to control

Table 2 Effect of isolated

. Group Treatment (n=6) Dose (mg/kg) No. of writhes (per % inhibition

ﬂavonou.is fron} P. g.lal')ra leaf 30 min)

extracts in acetic acid induced

writhing in mice I Control (1% Tween 80) 10 ml/kg 74.21+1.48 -
1T Standard (Aspirin) 50 mg/kg 16.02+2.87 78.41*
I Compound 1 100 mg/kg 29.52+2.51 60.22*
v 200 mg/kg 19.16+2.84 74.18*
\% Compound 2 100 mg/kg 37.32+4.17 49.71
VI 200 mg/Kg 30.12+3.22 59.41
Vil Compound 3 100 mg/kg 36.92+2.29 50.24*
Vi 200 mg/kg 28.40+£2.38 61.73*
IX Compound 4 100 mg/kg 41.65+4.65 43.87
X 200 mg/kg 36.38 +4.87 50.97

Data expressed as Mean + SEM, n=6 in each group by one way ANOVA followed by Dunnet test

*P <0.05 compared to control

@ Springer



Analgesic activity of flavonoids isolated from Persicaria glabra (wild)

75

The acetic acid-induced writhing response is thought to
be mediated by peritoneal mast cells (Ronaldo et al. 2000)
acid sensing ion channels (Hossain et al. 2006) and the pros-
taglandin. The writhing movements such as an extension of
the hind limb, abdominal constriction, and trunk twisting
were observed and counted for 30 min. Aspirin was used
as a standard drug. Aspirin leads to a relief from pain by
suppressing the formation of pain inducing substances in
the peripheral tissues (Jain et al. 2007). The test compounds
significantly (P <0.05) inhibited acetic acid-induced pain
sensation in a dose-dependent manner.

Quercetin (1) had the highest analgesic activity among
the four compounds. When the glycosylation at 3-OH on
the C ring (compound 3), both central and peripheral anal-
gesic activity reduced. Meanwhile, isorhamnetin (2) and
its glycosides (4) displayed lower analgesic activity than
with quercetin (1) and quercetin glycosides (3). From lit-
erature evidence, this could be attributed to the fact that
several structural requirements and the substitution pattern
of hydroxyl groups, that is, the —OH in 3, 5 and 7th posi-
tion on the A ring possessed high biological activity and
the presence of ortho-dihydroxy groups on the B ring in
the compounds (1 and 3) structure, which are important for
biological activity. The ortho-dihydroxy has the best electron
donating properties, which confers the higher stability to the
radical form and participates in electron delocalization (Dai
and Mumper 2010). In addition; the 2, 3-double bond with
a 4-oxo function in the C ring is responsible for electron
delocalization from the B ring, which is essential for the
maximum biological efficacy. Also, the reduced analgesic
activity in compounds 2 and 4 may be due to -OCH; in the
3’ position of the B ring (Rastelli et al. 2000; Kumarasamy
et al. 2005). Therefore, it can be assumed that flavonoids of
the plant possess biologically active secondary metabolites
that intermediate with the release of noisome stimulants and
thus produced a significant antinociceptive effect. Further-
more, the authors previously reported that anti-inflammatory
effect may be due to P. glabra leaf extracts containing a
mixture of above mentioned four flavonoids (Manivannan
and Shopna 2015).

Conclusion

In conclusion, the present study evidently indicates that the
flavonoids (1 and 3) isolated from P. glabra leaf exhibited
significant analgesic activity both central and peripheral
model of pain. Also, the results obtained, quercetin (1)
showed highest analgesic activity among them by testing
both model pain may be due to chemical structure and sub-
stitution pattern. P. glabra leaf could become useful supple-
ments for pharmaceutical products as a potential source of
new analgesics from natural products. This finding offers

a theoretical basis for the further study of bioactive com-
pounds from P. glabra leaves.
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