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ABSTRACT

Medicinal plants have long been recognized for their applications in pharmaceutical, cosmetic, agriculture and food
industry. The medicinal plants of genus Polygonum have far been used for a variety of purposes including the treatment
of infectious diseases, inflammatory conditions, gastrointestinal disorders and cancer. Polygonum amplexicaule has folk
medicinal use in Pakistan for such diseases. Since, the discovery of therapeutic agents depends on the knowledge of
chemical constituents of the plant hence the present study was designed to evaluate the phytochemicals present in this
specie’s rhizome with respect to their importance in the field of phytomedicines. Different phytochemicals were
analyzed qualitatively by using various assays. Antitumor and brine shrimp cytoxicity assay were performed along with
tyrosinase inhibition assay to check the suitability of the extract for cosmetics. The qualitative analysis of
phytochemicals reveals the presence of various secondary metabolites that includes alkaloids, steroids, cardiac
glycosides, saponins, fixed oils and fats, phenolic compounds including flavonoids, saponins, tannins and terpenoids,
gums and mucilages and anthraquinones, while phytosterols and phlabatannins have not been detected. The rhizome
extract has shown significant cytotoxic and antitumor activities with 13.57ug/mL ICs, towards brine shrimp assay. The
tyrosinase inhibition assay validates its suitability for cosmetics with 64.6% tyrosinase inhibition at 10ug/ml treatment.
The phytochemicals evaluated in the rhizome extract of P. amplexicaule and its biological activities validates its

folkloric use and prospects its future use towards isolation of therapeutic agents.
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INTRODUCTION

Plants are very expedient and self-generating machines,
producing a range of active poisonous and medicinal
compounds. These active constituents are actually plant
secondary metabolites and a particular combination of
such metabolites may be taxonomically distinct
attributing uniqueness of medicinal actions to particular
plant species or even higher taxa (Ahmad et al., 2011,
Parekh et al., 2007, 2006). These natural products can be
obtained from any part of the plant i.e., roots, rhizomes,
shoots, leaves, bark, flowers, fruits or seeds but it solely
depends upon the nature of compounds as presence of
some compounds may be restricted to some parts but not
others or there may be concentration differences (Cragg
and Newman, 2001).

According to World Health Organization consultative
group, a plant (tree, herb or shrub, fresh or dried) with at
least one of its parts constituting substances which can be
employed for therapeutic purposes or which are
precursors for the manufacturing of useful drugs is known
as medicinal plant (Bernhoft, 2008). The use of medicinal
plants as the treatment of several ailments dates back to
prehistory and people of all continents have this old
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tradition (Mungole and Chaturvedi, 2011). About 80 per
cent population around the world depends on traditional
use of plant based pharmaceuticals for primary health-
care needs, especially in the rural areas (Akinmoladun et
al., 2007). Their importance can be inferred from the fact
that 12 out of the world’s 25 popular pharmaceutical
agents are derived from natural products (Ahmad et al.,
2011).

One of the most medicinally important plant family
Polygonaceae, comprises approximately 48 genera and
about 1200 species (Sanchez and Kron, 2008; Freeman
and Reveal, 2005). The Polygonaceae family is consisted
of numerous important medicinal plants with broad range
of biological activities and intriguing phytochemical
constituents (Sivakumar et al., 2011). Regarding this
family, several phytochemical surveys have been
published disclosing the occurrence of bioactive
phytoconstituents such as flavonoids, essential oils,
tannins, triterpenoids, unsaturated sterols, steroidal
sapogenins (saponins) and alkaloids (Ya-xiang et al.,
2008). Members of the genus Polygonum are distributed
throughout the world and have found use as herbs and
medicinal plants. Out of the 60 species distributed
throughout the world, about 20 species of the genera
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Polygonum L. are found in Pakistan (Qaiser, 2001). Many
species of the genus Polygonum are well-known for their
therapeutic values throughout the world because of
several beneficial substances.

Polygonum amplexicaule is a perennial herb with
horizontal rhizomes found in shady grassy places in
mountain slopes, forests on mountain slopes, grassy
slopes in valleys and on forest margins (1000-3300m) of
North Pakistan, Kashmir, India, Nepal and Bhutan (Lie et
al., 2003). P. ampelxicaule, commonly known as
maslohar, is traditionally used as a whole plant (Robinson
et al.,, 2011). In the form of tea, it is used to cure
dysentery and heart problems while it is also used for the
treatment of fever, menstruation, leucorrhoea and curing
ulcer (Matin et al., 2001). It has also been reported that P.
amplexicaule D. Don’s root sap is extracted and applied
to cure fresh wound in the eyes (Uniyal et al., 2006).

Since, in Pakistan, P. amplexicaule is not only used to
cure dysentery and heart problems whereas it is also used
for the treatment of fever, menstruation, leucorrhoea and
curing ulcer (Matin et al., 2001) and to the best of our
knowledge, there are no reports about the phytochemical
analysis of this species, so the current study was
conducted to assess the qualitative and quantitative levels
of nutrients that includes carbohydrates, proteins, specific
vitamins and secondary metabolites which would be
helpful in further drug development and to determine the
precise concentration of phytochemicals and nutritional
components of this plant species towards its folk
medicinal use.

MATERIALS AND METHODS

Preparation of Plant material

Rhizomes of the P. amplexicaule were collected from
Murree Hills Islamabad, washed, cut in to pieces, dried
and grounded into a crude powder. For phytochemical
analysis, the Crude Methanolic Extract (CME) was
prepared by soaking 100g of the rhizome powder in
methanol (300mL) for four days and then filtered by
using Whatmann filter paper. The final product was
concentrated at 45°C under low pressure in a rotary
evaporator. Concentrated extract was stored in air tight
bottles until analyzed. The aqueous extract (AE) of the
sample was also prepared by the same procedure.

Phytochemical Analysis

Chemical constituents of the CME and AE were
determined by qualitative and quantitative phytochemical
analysis.

Qualitative Phytochemical Analysis

The pulverized rhizome sample, CME and/or the aqueous
extracts were employed to carry out chemical tests for the
identification of phytoconstituents by using standard

procedures as described by Sofowora (1993), Harborne
(1973) and Trease and Evans (1989).

Detection of carbohydrates: By dissolving the CME of
the rhizome sample (100mg) in 5mL of water and
filtering, the presence of carbohydrates was detected.
Then, the filtrate was subjected to Molish’s test, Fehling’s
test and Benedict’s test.

Detection of proteins and free amino acids: The CME
of the rhizome was subjected to Millon’s test, Biuret test
and Ninhydrin test for proteins and amino acids.

Detection of glycosides: To identify glycosides, after
hydrolyzation with concentrated hydrochloric acid on
water bath for 2hours, and then filtration, 50mg of CME
of the rhizome was further used to Borntrager’s test and
Legal’s test. Keller-Killani test and Baljet test were used
to detect the presence of cardiac glycosides while Forth
formation test was used to detect the presence of saponin
glycosides (Venkateswarlu et al., 2010). The presence of
flavonol glycosides was detected by Magnesium and
hydrochloric acid reduction test.

Detection of alkaloids: For the detection of alkaloids,
aqueous rhizome extract (50mg) was stirred with few mL
of dilute hydrochloric acid and filtered. The filtrate was
then tested for Mayer’s test, Wagner’s test and
Dragendroff’s test (Harborne, 1973).

Detection of anthraquinones: For detection of
anthraquinones, Borntrager’s test was used (Harborne,
1973).

Detection of Fixed Oils and Fats: The presence of fixed
oils and fats was detected by Spot test and Saponification
test (Harborne, 1973).

Detection of Flavonoids: Sodium hydroxide test and
concentrated sulphuric acid test detected the presence of
flavonoids (Venkateswarlu et al., 2010).

Detection of phlabatannins: An aqueous extract of the
rhizome sample was boiled with 1 per cent agueous
hydrochloric acid. Deposition of a red precipitate was
taken as confirmation for the presence of phlabatannins
(Harborne, 1973).

Detection of phenolic compounds and tannins: The
phenolic compounds were detected by Ferric chloride test,
Gelatin test and Lead acetate test (Harborne, 1973).

Detection of phytosterols: The presence of phytosterols
was detected by Libermann-Burchard’s test and
Salkowski reaction (Venkateswarlu et al., 2010).
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Detection of saponins: Foam test was applied for the
detection of saponins in the rhizome sample (Harborne,
1973).

Detection of steroids: Two mL of acetic anhydride was
added to 0.5g of aqueous rhizome extract with 2ml
H,SO,. The color changing from violet to blue or green
indicated the presence of steroids.

Detection of Terpenoids: Salkowski test was applied for
determination of terpenoids in which formation of a
reddish brown coloration of the interface was taken as
positive sign for the presence of terpenoids.

Determination of Biological Activities:
Cytotoxic, antitumor and Tyrosinase Inhibition Assay of
crude methanolic extract were determined.

Cytotoxicity by Brine Shrimp lethality assay: The
method used for brine shrimp lethality bioassay was
reported by (Ahmad et al., 2007). Samples were prepared
by dissolving 20mg of the CME in methanol to make 2ml
(10,000ppm) stock solution. From the stock solution
further concentrations (1000ppm, 100ppm and 10ppm)
were made. As a positive control, MS-222 (Tricaine
methane sulfonate) a common fish anesthesizer, was used
at concentration of 1000, 100 and 10ppm. Artificial
seawater was prepared by dissolving 28gm commercial
sea salt in 1L distilled water with continuous stirring.
Brine shrimps (Artemia salina) eggs were hatched in
rectangular dish (22x32 cm) filled with prepared
seawater. In the larger compartment, which was covered
with aluminium foil to make the dark conditions the eggs
(25mg) were sprinkled while the smaller compartment
was illuminated. From the lightened side phototropic
nauplii (brine shrimp larvae) were collected with the help
of pipette that are separated by the divider from their
shells after 24 hours of starting hatching. Against a light
background the brine shrimp larvae can be counted
macroscopically in the stem of pipette. The vials were
maintained at room temperature 25°C to 28°C under
illumination. The numbers of shrimps that were survived
were counted with the help of magnifying glass after 24
hours. The resulting data was analyzed by probit analysis
for the determination of LDsg value.

Antitumor Assay: The potato disc method was used for
antitumor activity of plant extract as described and
modified by Ahmad et al. (2007). Single colony from
culture plate of Agrobacterium tumefaciens (At-10) was
inoculated and culture was grown for 48hours at 28°C in
shaking incubator. Sample was prepared of 10, 100 and
1000ppm. Positive control was vincristine. Ten petri
plates were used for this assay. Two plates for each
concentration (1000, 100 and 10ppm) and two plates for
each control. The Lugol’s solution was poured onto each
disc for staining purpose and was allowed for 15minutes
to diffuse. The destained portions of discs are actually

tumors. Numbers of tumors per disc were counted.
Following formula is used to determine the percentage
inhibition of each concentration.
Inhibition (%) = 100 - [No of tumors with sample/No of
tumors with control] x100

Tyrosinase Inhibtion Assay

After evaluation of phytochemicals in the CME of the P.
amplexicaule rhizome, the sample was further evaluated
for its suitability in the field of cosmetics by conducting
Tyrosinase inhibition assay (Vanni et al., 1990) for
different concentrations (10, 100 and 1000ppm) of the
CME of P. amplexicaule. Seventy units of tyrosinase
were added to each 0.5mL of the plant extract. Then,
0.5mL of Sodium Phosphate buffer having pH 6.8 was
mixed to the mixture and was incubated at 37°C for at
least 10min. After incubation, the absorbance was
measured spectrophotmetrically at 475nm. Kaojic acid,
the tyrosinase inhibitor was used as standard. The control
reaction was accompanied with Sodium Phosphate buffer
and tyrosinase. The ICs, value for each sample was
calculated and % inhibition was found out by the
following formula:

Inhibition (%) = (A-B)/A x 100

Where;

A = Spectrophotometric absorbance at 475nm (without
test sample)

B = Spectrophotometric absorbance at 475nm (with test
sample)

RESULTS AND DISCUSSION

The dried, powdered form of the rhizome of the P.
amplexicaule was subjected to various chemical tests both
qualitatively and quantitatively for the identification of
pharmacologically active phytoconstituents.

Qualitative Analysis of Phytochemicals

The present study reveals the occurrence of various
bioactive phytochemicals in the rhizome CME of P.
amplexicaule as depicted by the table 1-2. The qualitative
analysis of phytochemicals discloses the presence of
carbohydrates, proteins and free amino acids, alkaloids,
steroids, cardiac glycosides, saponins, fixed oils and fats,
phenolic compounds including flavonoids, saponins,
tannins and terpenoids, gums and mucilages and
anthraquinones, while phytosterols and phlabatannins
have not been detected.

Phytochemicals being the part of both traditional and
modern system of medicament are participating actively
in the treatment of various ailments. The qualitative
analysis of the various bioactive substances allows us to
detect the therapeutically active plant secondary
metabolites, facilitating their quantitative estimation and
qualitative separation as well. This analysis may lead the
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Table 1. Results of qualitative analysis of carbohydrates, proteins and free amino acids in the rhizome of P. amplexicaule.

S. No. Qualitative tests | Presence /Absence
1 Tests for Carbohydrates
Molish’s Test +
Fehling’s Test +
Benedict’s Test +
2 Tests for Proteins and free amino acids
Millon’s Test +
Biuret Test +
Ninhydin Test +
3 Tests for Glycosides
Glycosides Borntrager’s test +
Legal’s test +
Cardiac glycosides Keller-Killani test +
Baljet test +
Saponin glycosides Forth formation test +
Flavonol glycosides Hydrochloric acid reduction test _
Table 2. Qualitative analysis of various phytochemicals present in rhizome sample of P. amplexicaule.
S. No. Phytochemicals Name of Test Presence/Absence
1 Alkaloids Mayer’s test +
Dragendroff’s test +
Wagner’s test +
2 Anthraguinones Borntrager’s test +
3 Flavonoids Sodium hydroxide test +
Sulphuric acid test +
4 Gums and Mucilages +
5 Phalabatannins _
6 Phenolic compounds and Tannins Ferric chloride test +
Gelatin test +
Lead acetate test +
7 Phytosterols Libermann-Burchard’s test _
Salkowaski reaction _
8 Saponins Foam test +
9 Steroids +
10 Terpenoids | Salkowaski test +

+) Positive result shows presence; -) Negative result shows absence

scientists to the drug discovery and development. The
evaluation of chemical constituents is done qualitatively
through various standard methods. In our study, most of
the cases, the solvent of extraction was alcoholic in
nature, either ethanol or methanol. Because of the higher
polarity of these solvents, most of the phytoconstituents
get easily dissolved in it, so they are mostly favored by
many biochemists as a solvent for the extraction of
numerous phytoconstituents (Sermakkani and
Thangapandian, 2010; Ananthakrishnan, 2002).

The qualitative analysis is depicting the presence of
almost all those vital phytoconstituents which have been
responsible for numerous pharmacological activities of

the medicinal plants. Various reports have confirmed the
antimicrobial activity of alkaloids, flavonoids, phenolic
compounds, saponins, tannins and terpenoids found in
various species of genus Polygonum including P.
aviculare, P. barbatum, P. glabrum, etc. (Sivakumar et
al., 2011; Salama and Marraiki, 2010; Mazid et al., 2009;
Cowan, 1999). As the presence of steroidal compounds in
the medicinal plant is of great attention and worth for the
pharmacy world owing to their relationship with
compounds like sex hormones, the present sample may
also be helpful because of the presence of steroids
(Egwaikhide et al., 2010). Another phytochemical,
anthraquinone present in the rhizome is renowned for
possessing anti-inflammatory, astringent, bactericidal,
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Table 3. Brine shrimp bioassay results of crude methanolic extract of rhizome of P. amplexicaule *°

S. No. Treatments No of shrimps survived Average % Death | LDsoug/mL
(mg/ml)

1 10 6 4 6 5.3 47

2 100 4 2 1 2.3 77

3 1000 0 0 0 0.0 100 13.57

4 Methanol 8 9 8 8.3 17

5 MS-222 0 0 0 0 100

a=Against brine shrimp in vitro. b= Data is based on mean values of three replicate. c= MS-222 reference drug.

Table 4. Antitumor activity of crude methanolic extract of rhizome of P. amplexicaule®*

S. No. Treatments (mg/ml) Mean value of No of tumors, + S.D %age tumor inhibition
1 CME (10) 18+1.73 5.26
2 CME (100) 10.6+2.33 45.07
3 CME (1000) 2.3+0.33 88.08
4 Vincristine 0.0+0.0 100
5 DMSO 10+1.73 -

a= Potato disc assay. b= Vincristine as standard drug. c= DMSO as solvent and vehicle control.

d= % Inhibition = 100 - [No of tumors with sample/No of tumors with control x 100].
e= Mean value is replicate of three.

Table 5. Tyrosinase inhibition assay of CME of rhizome of P. amplexicaule.

S. No. Concentrations of the Mean value of Absorbance Percentage Inhibition
rhizome extract 475 nm = (A-B)/A x100
1 10 pg/mL 0.313 64.6%
2 100 pg/mL 0.312 65.8%
3 1000 pg/mL 0.277 68.7%
4 Control 0.885 --

A = absorbance at 475 nm without test sample, B = absorbance at 475 nm with test sample, Kojic Acid was used as Standard.

adequate  antitumor and  purgative  properties
(Muzychkina, 1998). The qualitative analysis of various
therapeutically active phytoconstituents validates the
folkloric value of P. amplexicaule and this data suggests
further evaluation of all those phytochemicals which have
been found in the rhizome sample.

Biological activities:
Biological activities were determined as cytotoxic,
antitumor, tyrosinase inhibition assay.

Cytotoxic Activity of P. amplexicaule: Cytotoxic
activity of P. amplexicaule rhizome was determind by
using brine shrimps assay. The results of the cytotoxicity
of crude methanolic extract (CME) are given in table 3.
Crude extracts of plants with LCg, values less than
250pg/mL were considered as significantly active and
these extracts had the potential for further investigations
(Rieser et al., 1996). Different concentrations (10ppm,
100ppm and 1000ppm) of crude methanolic extract
(CME) of P. amplexicaule rhizome showed the different

percentage of brine shrimps death. As negative control
methanol was used and as positive control MS-222 was
used. Results have shown that the brine shrimp survival
is inversely proportional to the concentration of extract.
At 1000pg/mL concentration of CME the percentage
death of shrimps was 100.

Hussain et al. (2010) checked the cytotoxicity of the six
species of the family Polygonaceae by using the brine
shrimp biocassay. The cytotoxic activity of the crude
methanolic extract was determind at 1000, 100 and
10pg/mL against Artemia salina. Results of the assay
demonstrated that Rhuem australe had zero value of LDs
and showed no cytotoxic activity. Polygonum plebejum
showed the moderate activities with LDs, values of 35.0
and 11.06.

Hussain et al., 2007 also used the brine shrimp assay for
cytotoxic activity of Fagonia cretica. Results showed the
cytotoxic activity of the extract with LDg, value of
118.89ppm. Wanyoike et al. (2004) determined the
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cytotoxic activity of five plants used in Nairobi and
Kenya for the treatment of malaria by using the brine
shrimp lethality assay. Results showed that methanolic
extract of Cyathula polycephala, Pentas longiflora and
Pittosporum lanatum showed significant cytotoxic
activities while the Cyathula cylindrical and Albizia
gummifera showed no significant cytotoxicity. The
presence of cytotoxic as well as antimicrobial activities
enhanced the medicinal value of P. amplexicaule.

Antitumor activity of P. amplexicaule rhizome:
Antitumor activity of P. amplexicaule rhizome was
determind by potato disc method. Potato disc assay was
carried out by using Agrobacterium tumafaciens strain At
10 for tumor induction and different concentrations of the
crude extract were used for the tumor inhibition. Different
concentrations (10ppm, 100ppm and 1000ppm) of crude
methanolic extract (CME) of P. amplexicaule rhizome
showed the different percentage of inhibition. Results are
shown in table 4. DMSO was used as negative control and
it did not inhibit the growth of tumors. Vincristine was
used as a positive control and it had shown 100% tumor
inhibition. Results have shown that percentage inhibition
of tumors increases with increase in concentration of
CME of P. amplexicaule rhizome.

Twenty percent and greater than twenty percent inhibition
of tumors is considered as a significant value for plant
extracts (Ferrigni et al., 1982). Maximum inhibition 88
percent of tumors was observed by 1000ppm
concentration of CME that was compareable to standard
drug vincristine. Hussain et al. (2006) also used At 10
strain and checked the antitumor activity of methanolic
extract of aerial parts of Fagonia cretica. Maximum
percentage inhibition of Fagonia cretica was 77.04% at
1000ppm concentration. This showed that CME of P.
amplexicaule rhizome has more antitumor activity as
compared to Fagonia cretica. The antitumor potential of
P. amplexicaule showed that it is useful for preparing the
chemopreventive drugs in pharmaceutical industry.

Tyrosinase Inhibition Assay

The tyrosinase inhibition assay has been regarded as a key
experiment for the investigation of suitability of a plant
extract for cosmetic purposes as it involves the inhibition
of tyrosinase enzyme which has been known as essential
enzyme involved in melanin biosynthetic pathway. If a
plant extract inhibits the tyrosinase activity, it is actually
inhibiting melanogensis thus involved in skin-lightning
process and thus may be a good choice in the cosmetics
industry. The results of the tyrosinase inhibition assay
have been presented in table 5 showing inhibitory action
of the plant extract of greater than 50% at treatment of
10mg/mL which is considered as significant activity.

The accomplishment of healthy fair skin complexion and
protection from darkening has always been the demand of

cosmetic industry all over the world especially, in many
parts of Asia. Many cosmetic companies have been
involved in the preparations of elastase and
melanogenesis inhibitors because of their prospective as
active agent for skin-lightning and antiwrinkle properties.
Nowadays, because of the many side-effects caused by
artificial preparations, the increased demand for natural
products including plant extracts has grown for
antiwrinkle, depigmenting and other cosmeceutical
purposes (Wang et al., 2006; Kiken and Cohen, 2002).
Using plant extracts such as Morus alba (Lee et al.,
2002), Areca catechu (Lee and Choi, 1999), Glycyrrhiza
glabra (Vanni et al., 1990), cosmetic preparations have
been used as skin-lightning agents.

Future Prospective

This study is a good start for disclosing the actual value of
folkloric remedies as well as the isolation of valuable
secondary metabolites from this plant species. This study
suggests further investigation of pharmacologically active
constituents and their extraction for drug discovery and
development primarily in the field of antioxidant
extraction as well as antimicrobial agents as present study
has evaluated high phenolic and flavonoids contents in
addition to alkaloids. Further investigations should also be
required in vivo and in vitro for the cosmecutical
preparations as this plant may be a good choice for
cosmetic industry.
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