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The aim of the present study was to explore the aerial parts of the Polygonatum verticillatum for various
biological activities such as phytotoxic, insecticidal and leishmanicidal properties. Outstanding
phytotoxicity was observed for the crude extract and its subsequent solvent fractions against Lemna
acquinoctialis Welv at tested doses of 5, 50 and 500 pg/ml. Complete growth inhibition (100%) was
demonstrated by the crude extract and aqueous fraction at maximum tested dose (500 pg/ml). Among
the tested insects, moderate insecticidal activity was recorded against Rhyzopertha dominica. However,
neither crude extract nor its solvent fraction registered any significant (> 100 pg/ml) leishmanicidal
activity against Leishmania major. Based on the phytotoxicity, the aerial parts of the plant could be a
significant source of natural herbicidal for sustainable weed control.
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INTRODUCTION

Polygonatum verticillatum [L.]. All. (Nooreallam) is a
perennial rhizomatous herb belongs to family Convalla-
riaceae (Tamura, 1993; Monika et al., 2006). In the
traditional system of treatment, Polygonatum has been
used for thousands of years. The rhizomes of P. verti-
cillatum are indicated in the treatment of pain, pyrexia,
burning sensation and for phthisis (Amrit, 2006). As a
polypharmacy, it has been practiced to promote urine
discharge (diuretic) and attenuate painful urination (Ballabh
et al., 2008). Some of the other documented uses of the
plant are as emollient, aphrodisiac, galactagogue (increases
milk release), weakness, appetizer and tonic (Alam,
2004). The antinociceptive activity of the rhizomes of the
plant has been recently reported (Khan et al., 2010).
Affinity chromatography has led to the purification of
lectins from fresh rhizomes of the plant and was esti-
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Abbreviations: FBS, Fetal bovine serum; DMSO,
dimethylsulfoxide; ICso, 50% inhibitory concentrations; LDsp, half
maximum lethal dose.

mated 120 mg/kg (Antoniuk, 1993). While considering the
diverse folk uses of the plant, the present study was
designed to analyze the crude extract of the aerial parts
of plant and its subsequent solvent fractions for various
biological activities such as phytotoxic, insecticidal and
leishmanicidal activities.

MATERIALS AND METHODS
Plant material

The whole plant, P. verticillatum [L.] All. was collected from District
Swat N.W.F.P, Pakistan, in July - August, 2007. The botanical
identity of the plant material was done by the Taxonomy Depart-
ment of PCSIR Laboratories Peshawar and a specimen with catalo-
gue No: 9970 (PES) was deposited in the herbarium of PCSIR
Laboratories Peshawar.

Plant extraction and fractionation

The aerial parts of the plant (10 kg) were air dried in shade,
chopped into small pieces and powdered. The extraction of plant
material was carried out by soaking in methanol at ambient tempe-
rature for 14 days. The methanolic extract was filtered through filter
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Table 1. Phytotoxic activity of the crude extract and subsequent fractions of aerial parts of
Polygonatum verticillatum against the Lemna acquinoctialis Welv.

Name of No of fronds
extracts 5 pg/mi 50 pg/mi 500 pg/mi
Control | Sample | Gl (%) | Sample | Gl (%) | Sample | Gl (%)

Crude extract 19.33 18 6.88 15 22.4 10 48.26
n-hexane 19.33 18 6.88 10 48.26 5 7413
Chloroform 19.33 17 12.05 9 53.44 Nil 100
Ethyl acetate 19.33 18 6.88 10 48.26 4 79.3
n-butanol 19.33 15 22.40 9 53.44 Nil 100
Aqueous 19.33 18 6.88 11 43.09 6 68.96

Gl = % Growth Inhibition, Standard drug = Paraquat (3.142ug/ml).

paper and the marc obtained was again macerated with methanol.
The same process of extraction was repeated three times and the
combined filtrates were concentrated under vacuum at low
temperature (40°C) using rotary evaporator (Khan et al., 2007).
Finally, the crude methanolic extract (2.410 kg, 24.10% w/w) was
obtained. The crude extract (1.8 kg) was dissolved in distilled water
and sequentially partitioned with various solvents to obtained n-
hexane (275 g), chloroform fraction (295 g), ethyl acetate fraction
(210 g), n-butanol fraction (317 g) and aqueous fraction (445 g).

In vitro phytotoxicity assay

In vitro phytotoxicity assay was carried out for the crude extract and
subsequent solvent fractions against Lemna acquinoctialis Welv
(Atta-ur-Rahman, 1991; Finney, 1991). The medium was prepared
by mixing various inorganic components in 100 ml of distilled water
and KOH solution was added for the adjustment of pH at 6.0 - 7.0.
The medium was autoclaved at 121 °C for 15 min. Test samples (15
mgq) dissolved in ethanol (1.5 ml) served as stock solution. Nine
flasks (three for each dilution) were inoculated with 1000, 100 and
10 pl of the stock solution for 500, 50 and 5 ppm. The solvent was
then evaporated overnight under sterilized conditions. Each flask
was supplemented with 20 ml of the medium. Thereafter, 10 plants
each containing a rosette of three fronds, were added to each flask.
One other flask, supplemented with solvent as control and
reference plant growth inhibitor (Paraquat), served as a standard
phytotoxic drug. The flasks were plugged with cotton and placed in
growth cabinet for 7 days. On the 7th day, the number of fronds per
flask was counted. Results were analyzed as growth regulation in
percentage, calculated with reference to the negative control.

In vitro insecticidal activity

In vitro insecticidal assay was carried out for the crude extract and
its various fractions against Tribolium castaneum, Sitophilus oryzea,
Rhyzopertha dominica and Callosobruchus analis following method
available in literature (Tabassum et al., 1997). The test sample was
prepared (200 mg of crude extract was dissolved in 3 ml of
methanol and served as stock solution). The sample (1572.7 ug/
cm?) was loaded over the filter paper of appropriate size (9 ¢cm or
90 mm) on Petri plate using micropipette. The plate was left over-
night (24 h) to evaporate the solvent. Next morning, 10 healthy and
active insects of each species of same size and age were added to
each plate including control (methanol) and standard drug (Permethrin,
393.17ug/cm?). Thereafter the plates were incubated in growth
chamber at 27°C for 24 h with 50% relative humidity. For calcula-
tion, the number of survived insects was counted and the mortality

(%) was determined using following formula. Results were the
mean of three different experiments.

In vitro leishmanicidal activity

Leishmania major (DESTO) promastigotes were cultured at 22 -
25°C in RPMI-1640 (Sigma). The medium was supplemented with
10% heat-inactivated (56°C for 30 min) fetal bovine serum (FBS).
Promastigote culture in the logarithmic phase of growth was
centrifuged at 2000 rpm for 10 min, and washed with saline three
times in the same condition. Parasites were diluted with fresh
culture medium to a final density of 10°cells/ml. In a 96-well micro
titer plate, 180 pl of medium was added in first row and 100 pl of
medium was added in others wells. Test extracts (20 ul) was added
in medium and serially diluted. 100 ul of parasite culture was added
in all wells. One row was used for control (DMSQO) which received
medium while one for standard drugs (Amphotericin B, Panta-
midine). The plate was incubated at 21-22°C for 72 h and the
numbers of surviving parasites were counted microscopically in
Neubauer chamber. Results are the replicates of three different
experiments. The 50% inhibitory concentrations (ICsp) were
calculated by a Windows based EZ-Fit 5.03 Perrella Scientific
Software.

RESULTS AND DISCUSSION

The practice of herbal treatment is well established in
Pakistan like most other developing countries of the
world. Large number of Hakims and Tabbies are involved
in this practice especially in the rural areas of the country.
The dynamic features of local system of treatment are
their safety, affordability and availability to large popula-
tion. Traditional health care systems using medicinal
plants can be recognized and used as a starting point for
the development of novelties in drugs (Khan et al., 2008).
Therefore, the current study was designed to explore
some of the biological properties of the aerial parts of the
P. verticillatum in the light of established in vitro protocols.

The results of the phytotoxic assay are presented in
Table 1. It is evident from the results that the crude form
of the aerial parts showed 6.88, 22.40 and 48.26%
growth inhibition at 5, 50 and 500 pg/ml, respectively.
Upon fractionation, prominent increase in the inhibitory
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Figure 1. Phytotoxic activity of the crude extract and its subsequent solvent fraction of
aerial parts of Polygonatum verticillatum at 500 pg/ml.
Table 2. Insecticidal activities of crude extract and various fractions of aerial parts of Polygonatum verticillatum.
H o,
Name of insect Mortality (%)
Std NC Crude Hexane Chloroform | Ethyl acetate | Butanol | Aqueous
Rhyzopertha dominica 100 Nil Nil 50 30 Nil Nil Nil
Tribolium castaneium 100 Nil Nil Nil Nil Nil Nil Nil
Callosdruchus analis 100 Nil Nil Nil Nil Nil Nil Nil
Sitophilus oryzae 100 Nil Nil Nil Nil Nil Nil Nil

NC = negative control; SP = Sample (1019.9 ug/cm?); Std = Standard (Permethrin) = 235.9 ug/cm?.

activity was found in some of the fractions. Complete
growth inhibition (100%) of L. acquinoctialis Welv was
demonstrated by the chloroform and butanol fractions at
500pg/ml as shown in Figure 1. In addition to that, the
phytotoxic potential of hexane and ethyl acetate fractions
were also worth mentioning: 74.13 and 79.30% at 500ug/ml,
respectively. The aqueous fraction, however, produced
only 68.96% activity at 500pg/ml.

Interference of weeds obviously reduces the quality and
quantity of agricultural crops and is responsible for huge
economic losses all-over the world. It is estimated in US
alone that weeds cause a loss of around 12% costing to
nearly US$ 33 billion and the situation is more alarming in
developing countries (Piment et al., 2001). Synthetic
herbicides are extensively used for the control of weeds
in agricultural sectors. However, various factors that
restricted the use of synthetic herbicides include water
and soil pollution, herbicide-resistant weed populations,
herbicide residues and detrimental effects on non-target
(Li et al., 2003). In recent times, more emphasis has
been laid on the natural allelochemicals from plants for

weed control in crop production especially to cope with
the problem of weed resistance. It has been proved that
the phytotoxicity of the plant reduced the growth of weeds
without any negative effect on the crops growth and
overall yield under normal field conditions, rather significant
increase has been recorded in crops production (Batish
et al., 2007). It is therefore, assumed on the basis of
results that the phytotoxic principle(s) of the aerial parts
of the plant could be a significant source of natural
herbicides for weeds control in a sustainable manner for
better crop production.

Regarding the results of insecticidal activity of crude
extract and its various solvent fractions, as depicted in
Table 2, moderate activity was exhibited by hexane (50
%) and chloroform fraction (30%) against R. dominica.
On the other hand, none of the tested samples showed
any activity against various insects used in the assay.
Similarly, the experimental findings of leishmanicidal assay
are posted in Table 3. Neither crude extract nor its various
solvent fractions were able to produced any significant
(LDsg: > 100 pg/ml) activity against L. major.
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Table 3. In vitro antileishmanial activity of the methanol extract and fractions of
aerial parts of Polygonatum verticillatum against Leishmania major.

Test organism Extracts/Fractions ICs0 (pg/ml)

Crude methanol extract > 100
n-Hexane > 100
Chloroform > 100
Ethyl acetate > 100

Leishmania major DESTQO) | n-Butanol > 100
Aqueous > 100
Amphotercin-B 0.50 £0.02,
Pentamidine 2.56 £0.02

Incubation period was 72 h at 22°C.
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