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ABSTRACT

Objectives: The present study was conducted to determine antimicrobial, antiradical, and insecticidal activity of methanolic extract of the whole plant 
of Solanum virginianum L. (Solanaceae).

Methods: Extraction of shade dried and powdered plant material was carried out by maceration process. Antibacterial and antifungal activities of 
extract were determined by agar well diffusion and poisoned food technique, respectively. Antiradical activity of extract was assessed by 1,1-diphenyl-
2-picrylhydrazyl (DPPH) and 2,2-azinobis 3-ethylbenzothiazoline 6-sulfonate (ABTS) free radical scavenging assays. Insecticidal activity, in terms of 
larvicidal activity, was evaluated against 2nd and 3rd instar larvae of Aedes aegypti.

Results: The extract exhibited inhibitory activity against all bacteria. Gram-positive bacteria showed greater susceptibility to extract when compared 
to Gram-negative bacteria. The extract was effective in inhibiting the mycelial growth of all test fungi with marked activity against Curvularia sp. 
and Alternaria sp. The extract scavenged DPPH and ABTS radicals dose dependently with an inhibitory concentration value of 45.66 and 7.37µg/ml, 
respectively. The extract showed concentration-dependent larvicidal activity with high lethal activity observed against 2nd instar larvae with lethal 
concentration value of 0.82 mg/ml.

Conclusion: In suitable form, the plant can be used as an effective agent against microbial infections and oxidative damage and to control insect 
vectors which transmit several diseases.

Keywords: Solanum virginianum, Agar well diffusion, Poisoned food technique, 1,1-diphenyl-2-picrylhydrazyl, 2,2-azinobis 3-ethylbenzothiazoline 
6-sulfonate, Aedes aegypti.

INTRODUCTION

Plants have been used for many purposes such as timber, food, and 
medicine worldwide since time immemorial. Worldwide, many plants 
have been extensively used by rural population and tribal communities 
as an indispensable source of medicine. It is estimated that around 
80% of world population rely on medicinal plants for their primary 
health-care needs. Traditional medicinal practitioners use these plants 
singly or in some formulations to treat several ailments. Plants are 
an integral part of various systems of indigenous medicine such as 
Ayurveda, Unani, and Siddha. Countries such as China, India, Pakistan, 
Sri Lanka, and Thailand extensively use a number of medicinal plants 
for therapy against several diseases. The curative properties of plants 
are mainly due to the presence of a range of secondary metabolites 
such as phenolics, alkaloids, and terpenes which have been distributed 
in various parts of plants. Many plants have provided lead compounds 
for the development of pharmacologically active drugs. Drugs such 
as aspirin, digoxin, quinine, and morphine have been derived from 
plants [1-6].

The genus Solanum comprises of herbs or shrubs, rarely small trees, 
and sometimes subscandent or climbing unarmed or prickly. The 
leaves are entire, lobed, or pinnatifid. Flowers are in lateral or terminal 
cymes. Fruit is a globose or elongated berry [7]. Solanum virginianum 
L. (Solanum surattense Burm. f.; Solanum xanthocarpum Schrad. & 
H.  Wendl.) is a diffuse and very prickly undershrub belonging to the 
family Solanaceae (Fig.  1). It is found growing commonly in various 
regions of the world on sandy soils and is distributed throughout India. 
It is commonly called as yellow-berried nightshade in English, kantakari 
in Sanskrit, and nelagulla in Kannada. It is one of the members of 

dashamula of Ayurveda. The prickles are straight, compressed, and 
yellowish. The leaves are up to 10×6  cm, ovate or elliptic with acute 
apex, and pinnatified half-way down. Petioles have long pickles, and 
base is very unequal. Flowers are in few-flowered cymes. Calyx is 
prickly with ovate or lanceolate lobes. Corolla is violet in color and 
approximately 2 cm in diameter. Berry is globose, 2 cm in diameter, and 
yellow or white with green blotches [7-10].

A wide range of phytochemicals such as alkaloids, phenolics, flavonoids, 
sterols, saponins, glycosides, fatty acids, tannins, and amino acids have 
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Fig. 1: Solanum virginianum L.
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been identified from different parts of the plant. The plant is extensively 
used in various systems of medicine including Ayurveda. The plant is 
used traditionally to treat asthma, chest pain, leucoderma, scorpion 
bite, and sterility in women. Roots are much used in medicine. The 
oil from seeds is used to treat arthritis. The ash from dried fruits is 
used to relieve toothache [7-14]. The plant is shown to exhibit various 
bioactivities such as antimicrobial, anthelmintic, antioxidant, hemolytic, 
anti-inflammatory, antidiabetic, cytotoxic, phytotoxic, hepatoprotective, 
and immunostimulatory activities [10,14,15-19]. In the present study, 
we investigated antimicrobial, insecticidal, and antiradical activity of 
extract from whole plant of S. virginianum.

METHODS

Chemicals and media
Culture media, namely, nutrient agar, nutrient broth, and potato 
dextrose agar (PDA) and chemicals, namely, methanol, ascorbic acid, 
potassium persulfate, dimethyl sulfoxide (DMSO), and chloramphenicol 
were purchased from HiMedia, Mumbai, India. Chemicals, 
namely, 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2-azinobis 
3-ethylbenzothiazoline 6-sulfonate (ABTS) were purchased from Sigma 
Chemical Co., USA.

Collection and identification of plant
The plant was collected at a place called Indira Nagar, Shivamogga, 
during January 2016. The plant was identified on the basis of its 
characteristics by referring flora [7,11] and with the help from Prof. D. 
Rudrappa, Department of Botany, S.R.N.M.N College of Applied Sciences, 
Shivamogga, Karnataka.

Extraction
The whole plants (comprising of root, stem, leaves, flowers, and fruits) 
were selected for this study. The plants were washed using water to 
remove debris and dust particles and dried under shade. The shade 
dried plant material was powdered and extracted using methanol by 
maceration process in which the plant powder is left in methanol for 
48 hrs with occasional stirrings [20]. The crude extract was stored in 
refrigerator until use. The yield and color of extract were 7.65% and 
dark green, respectively.

Antibacterial activity of methanol extract of S. virginianum
Antibacterial potential of extract was evaluated against four Gram-
positive bacteria, namely, Staphylococcus aureus NCIM 5345, 
Staphylococcus epidermidis NCIM 2493, Bacillus subtilis NCIM 2063, and 
Bacillus cereus NCIM 2016 and three Gram-negative bacteria, namely, 
Escherichia coli NCIM 2065, Pseudomonas aeruginosa NCIM 2200, 
and Salmonella typhimurium NCIM 2501. The pure cultures of test 
bacteria were maintained on nutrient agar slants in refrigerator. The 
broth cultures of test bacteria were prepared by transferring the pure 
cultures of test bacteria aseptically into sterile nutrient broth tubes 
followed by incubating the tubes overnight at 37°C. The broth cultures 
were then used to assess their susceptibility to leaf and flower extract 
by agar well diffusion [3]. The broth cultures were swab inoculated on 
sterile nutrient agar plates aseptically. Using a cork borer (sterilized by 
dipping in alcohol followed by flaming), wells of 8 mm diameter were 
punched and the wells were labeled and filled with 100 µl of extract 
(25 mg/ml of DMSO), chloramphenicol (reference antibiotic, 1 mg/ml 
of sterile distilled water), and DMSO. The plates were allowed to stand 
for 30  minutes and were incubated at 37°C for 24 hrs. The zones of 
inhibition formed around the wells were measured.

Antifungal activity of methanol extract of S. virginianum
Antifungal potential extract was evaluated by poisoned food technique 
against three seed-borne fungi, namely, Alternaria sp., Curvularia sp., 
and Fusarium sp. isolated previously from moldy grains of sorghum. The 
pure cultures of test fungi were maintained on PDA plates in refrigerated 
condition. The control (without extract) and poisoned (1 mg extract/ml 
of medium) PDA plates were inoculated aseptically with the test fungi, 
and the plates were incubated in upright position for 96 hrs at room 
temperature. The diameter of fungal colonies was measured, and the 

antifungal effect, in terms of extent of inhibition of radial growth (%) of 
test fungi, was determined using the following formula:

Inhibition of radial growth (%) = (C-T/C) ×100, where C and T refer 
to colony diameter of test fungi on control and poisoned plates, 
respectively [20].

Antiradical activity of methanol extract of S. virginianum
Two in vitro assays, namely, DPPH and ABTS assay were carried 
out to investigate radical scavenging efficacy of methanol extract of 
S. virginianum.

DPPH free radical scavenging activity
We performed DPPH free radical scavenging activity of extract by 
employing the protocol of Kekuda et al. [20]. 1.0  ml of different 
concentrations (6.25-200 µg/ml) of extract in methanol was mixed with 
3.0 ml of DPPH (0.004% in methanol) radical solution in separate tubes 
and incubated in the dark for 30 minutes. The absorbance was measured 
in a spectrophotometer at 517 nm. Methanol replacing extract served 
as control. Ascorbic acid was used as standard. Scavenging activity was 
calculated using the following formula:

Scavenging of DPPH radicals (%) = (C-T/C) ×100, where C and T refer 
to absorbance of DPPH control and absorbance of DPPH in presence of 
extract/ascorbic acid, respectively. The inhibitory concentration (IC50) 
value was calculated. IC50 denotes the concentration of extract required 
to scavenge 50% of DPPH radicals.

ABTS radical scavenging activity
We evaluated antiradical activity, in terms of scavenging of ABTS 
radicals, of extract using the protocol of Kekuda et al. [20]. 1.0  ml of 
different concentrations of extract (6.25-200 µg/ml of methanol) 
was mixed with 3.0  ml of ABTS radical solution. The absorbance 
was measured in a spectrophotometer at 730  nm after completion 
of incubation in the dark for 30  minutes. Ascorbic acid was used as 
standard. The radical scavenging activity of extract was calculated using 
the following formula:

Scavenging activity (%) = (C-T/C) ×100, where C is the absorbance of the 
ABTS solution without extract/ascorbic acid and T is the absorbance of 
ABTS solution in the presence of extract/ascorbic acid. The IC50 value 
was calculated. IC50 denotes the concentration of extract required to 
scavenge 50% of ABTS free radicals.

Larvicidal activity of methanol extract of S. virginianum
The insecticidal potential of extract was tested on the basis of its 
larvicidal effect against 2nd  and 3rd  instar larvae of Aedes aegypti. 
25 larvae were transferred into conical flasks containing 50  ml 
of dechlorinated water with different concentrations of extract 
(0.0-2.0 mg/ml). Mortality of larvae (%) was recorded after 24 hrs and 
was calculated using the formula:

Mortality of larvae (%) = (number of dead larvae/number of total 
larvae) ×100 [21]. Lethal concentration (LC50) value was calculated. 
LC50 indicates the concentration of extract required to cause 50% 
mortality of larvae.

Statistical analyses
All the experimental results are mentioned as mean ± standard 
deviation of three trials. The LC50 and IC50 values were obtained by the 
linear regression analysis.

RESULTS AND DISCUSSION

Antibacterial activity of extract of S. virginianum
Plants and formulations containing plants have been extensively used 
as medicine since time immemorial. An immense interest on the search 
for plants and their products as antibacterial agents has been triggered 
in scientific community in the recent years. This is mainly because of 
several drawbacks associated with the use of antibiotics such as side 
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effects, high cost, and rapid development of resistance in pathogens. 
It has been shown that plants and their metabolites exhibit promising 
antimicrobial activity [22-25]. Antibacterial activity can be determined 
by various methods such as disk diffusion, agar well diffusion, and 
broth dilution. Among these, agar well diffusion method is one of the 
widely used in vitro assays for determining antibacterial activity of 
plant extracts [3,24,26-28].

In the present study, we determined antibacterial activity of extract 
of S. virginianum by agar well diffusion assay. The presence of zone of 
inhibition around the well was considered positive for antibacterial 
activity. The extract was effective in inhibiting all test bacteria but to 
a varied extent. Marked and least inhibitory activity was observed 
against B. subtilis and S. typhimurium, respectively. Among Gram-
positive bacteria, B. subtilis was inhibited to higher extent while 
others were inhibited to more or less similar extent. In case of Gram-
negative bacteria, P. aeruginosa and S. typhimurium were susceptible to 
highest and least extent, respectively. Inhibitory activity displayed by 
standard antibiotic was higher than that of extract. DMSO did not cause 
inhibition of any of the test bacteria (Table 1). Overall, Gram-positive 
bacteria exhibited marked susceptibility to extract as well as antibiotic 
when compared to Gram-negative bacteria. The presence of an outer 
membrane in Gram-negative bacteria might be responsible for the low 
susceptibility as it might have acted as an additional barrier for the 
entry of extract/antibiotic. In a previous study, Sheeba [27] showed 
concentration-dependent inhibitory activity of leaf extract against a 
panel of bacteria. Pardhi et al. [15] revealed potent antibacterial activity 
of ethanol extract of the whole plant against bacteria when compared 
to other solvent extracts. In another study, Dinanath and Gurumeet [16] 
found marked antibacterial activity of root extract when compared 
to leaf extract. Recently, Rana et al. [14] observed concentration-
dependent inhibitory activity of leaf extract against Gram-positive and 
Gram-negative bacteria. The study of Kumar et al. [18] revealed marked 
antibacterial activity of leaf extract when compared to fruit extract.

Antifungal activity of extract of S. virginianum
Fungi are ubiquitous and are responsible for causing a number of 
diseases in crops leading to huge economic losses in severe cases. 
Management of fungal diseases by chemical method suffers from 
several drawbacks such as high cost, environmental pollution, adverse 
effects on humans, and emergence of resistant pathogens. This alarming 
situation triggered immense interest in scientific community to search 
alternates for controlling fungal diseases. Plants and plant-based 
formulations have shown promising antifungal activity [20,29-31]. One 
of the most widely used antifungal assays is poisoned food technique. 
Here, poisoning of medium with the sample results in considerable 
reduction in the mycelial growth of test fungi if the sample has 
antifungal principles in it. Reduction in colony diameter on poisoned 
plates is an indication of antifungal activity. This method has been 
successfully used by several researchers to evaluate antifungal activity 
of plant extracts [20,31-34].

In the present study, we evaluated antifungal potential of extract of 
S. virginianum by poisoned food technique, and the result is shown in 

Table 2. The extract was effective in inhibiting fungal growth as evidenced 
by a considerable reduction in the colony growth on plates poisoned 
with extract. Extract inhibited the mycelial growth of all fungi to >40%. 
Among fungi, marked susceptibility was recorded against Curvularia 
sp. (61.29% inhibition) and Alternaria sp. (61.14% inhibition) while 
Fusarium sp. was inhibited to less extent (43.47% inhibition). It has 
been shown that various solvent extracts of fruit exhibited antifungal 
activity [35]. Methanol extract of leaf was more active in inhibiting 
Candida albicans and Aspergillus niger when compared to chloroform, 
petroleum ether, and aqueous extracts [26]. Leaf extracts were able to 
inhibit Aspergillus species and C. albicans dose dependently [36]. The 
study carried out by Mamta et al. [37] showed the potential of flower, 
stem, and fruit extract to inhibit A. niger and A. flavus. The study by Shiv 
et al. [38] showed dose-dependent inhibition of C. albicans by hexane 
extract of leaf, whereas other extracts did not show any inhibitory 
activity. More recently, fruit extract was shown to suppress the growth 
of clinical dermatophytes dose dependently to higher extent when 
compared to root extract [34].

DPPH radical scavenging activity of extract of S. virginianum
The assay involving scavenging of DPPH free radicals was developed by 
Blois, and it has been routinely used to evaluate free radical scavenging 
activity of various types of samples including plant extracts. The assay 
is considered as a valid, accurate, easy, and economical, and the results 
are reproducible. DPPH is a stable and nitrogen-centered organic free 
radical and has a strong absorption at 515-520 nm in alcoholic solution, 
and it does not need special methods for its generation as in case of ABTS 
radicals which needs to be generated before assay. Substances capable 
of donating hydrogen atom (often termed antioxidants) will reduce the 
purple-colored DPPH to DPPHH which has yellow-colored [20,39-41]. In 
the present study, we screened the potential of various concentrations 
of whole plant methanolic extract of S. virginianum to scavenge DPPH 
radicals. We monitored bleaching of color of DPPH radical solution 
in the presence of varying concentrations of extract at 517  nm. The 
extract scavenged DPPH radicals in a dose-dependent manner with an 
IC50 value of 45.66 µg/ml. Scavenging of radicals was >50% at extract 
concentration of 50  µg/ml and higher. At 200  µg/ml concentration, 
extract scavenged DPPH radicals to >90% (Fig.  2). Ascorbic acid 
scavenged DPPH radicals more efficiently (IC50 value of 8.89  µg/ml) 
than that of methanol extract of S. virginianum. Although the scavenging 

Table 1: Antibacterial activity of methanol extract of Solanum 
virginianum

Test bacteria Zone of inhibition in cm

Extract Antibiotic DMSO
Staphylococcus aureus 1.30±0.26 3.43±0.06 0.0±0.00
Staphylococcus epidermidis 1.30±0.17 3.43±0.12 0.0±0.00
Bacillus cereus 1.30±0.10 3.57±0.12 0.00±0.00
Bacillus subtilis 1.40±0.00 3.27±0.06 0.00±0.00
Escherichia coli 1.13±0.12 2.90±0.00 0.00±0.00
Salmonella typhimurium 1.07±0.06 3.10±0.17 0.00±0.00
Pseudomonas aeruginosa 1.20±0.10 3.07±0.06 0.00±0.00
DMSO: Dimethyl sulfoxide

Table 2: Colony diameter of test fungi on control and poisoned 
plates

Test fungi Colony diameter in cm

Control Extract
Curvularia sp. 4.47±0.06 1.73±0.12
Fusarium sp. 4.37±0.12 2.47±0.06
Alternaria sp. 5.07±0.12 1.97±0.06

Fig. 2: Scavenging of 1,1-diphenyl-2-picrylhydrazyl radicals by 
Solanum virginianum
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of DPPH radicals by extract was less when compared to ascorbic acid, 
it is evident that the extract contains antioxidant principles possessing 
hydrogen-donating property which could act as free radical scavengers. 
In earlier studies, Shah et al. [17] and Muruhan et al. [41] observed dose-
dependent scavenging of DPPH radicals by fruit extract and leaf extract, 
respectively. Archana and Jocob [42] found dose-dependent scavenging 
of DPPH radicals by root extract with an IC50 value of 52 μg/ml. In a 
recent study by Rajakumari and Selvi [19], the ethyl acetate extract of 
fruit was shown to exhibit scavenging of DPPH radicals.

ABTS radical scavenging activity of extract of S. virginianum
Like DPPH assay, the assay involving scavenging of ABTS radicals is 
another popular in vitro assay. In this assay, it is required to generate the 
radical as it is not ready to use as in case of DPPH assay. ABTS radical was 
generated by mixing ABTS stock solution (7 mM) with potassium per 
sulfate (2.45 mM) and leaving the mixture in the dark for about 16 hrs 
at room temperature. The resulting solution was diluted using distilled 
water to an absorbance of 0.7 at 730 nm. A substance having electron-
donating nature will reduce the blue-green ABTS radical solution to 
colorless neutral form [20,41]. In the present study, we determined 
radical scavenging nature of methanol extract of S. virginianum by 
ABTS assay. The extract was found to scavenge the radicals in a 
concentration-dependent manner with an IC50 value of 7.37  µg/ml. 
A  scavenging potential of >50% was observed at all concentrations 
of extracts tested and >90% scavenging of radicals was observed at 
extract concentration 100µg/ml and higher (Fig. 3). Ascorbic acid was 
found to scavenge ABTS radicals more efficiently (IC50 value 3.59 µg/ml) 
when compared to methanol extract of S.  virginianum. Although the 
extract of S. virginianum displayed low scavenging potential than that 
of ascorbic acid, it is evident that the extract possesses the electron-
donating property, and hence, the extract could serve as free radical 
scavengers. In an earlier study, Muruhan et al. [41] found dose-
dependent scavenging of ABTS radicals by leaf extract and was marked 
when compared to standard.

Insecticidal activity of extract of S. virginianum
Mosquitoes occur worldwide and play an important and vital role as 
vectors of several dreadful diseases such as dengue, malaria, filariasis, 
yellow fever, and Japanese encephalitis. In the recent years, the dengue 
viruses which are transmitted by the A. aegypti have become a great 
agony for the international public health. Control strategies involve 
the use of synthetic insecticides but increase in resistance toward the 
synthetic insecticides among mosquito populations have become more 
challenging. A. aegypti showed its resistance toward chemicals such as 
dichlorodiphenyltrichloroethane, organophosphate, and pyrethroid. 
Besides, the use of chemicals also causes environmental pollution 
and side effects against humans and other organisms. This situation 
driven the quest of alternative environment friendly pesticides from 
natural origin. Botanicals have shown to be effective against insect 
pests [21,43-46].

The result of insecticidal activity, in terms of larvicidal effect, of extract 
of S. virginianum is shown in Fig.  4. The extract was shown to cause 
dose-dependent mortality of larvae of A. aegypti. The extract was more 
effective in causing mortality of 2nd instar larvae (LC50 value 0.82 mg/ml) 
when compared to 3rd instar larvae (LC50 value 1.11 mg/ml) as revealed 
by lower LC50 value. At 0.25 and 0.50  mg/ml concentration, extract 
did not cause larvicidal effect against 3rd  instar larvae. At extract 
concentration of 1  mg/ml, a mortality of >50% of 2nd  and 3rd  instar 
larvae was observed. At extract concentration of 2  mg/ml, mortality 
of 2nd  and 3rd  instar larvae was 86.67% and 70.00%, respectively. In 
a previous study, Bansal et al. [47] evaluated insecticidal activity of 
various parts of the plant against several mosquito vectors. Methanolic 
extracts were superior than aqueous extracts. Mohan et al. [48] showed 
that the combination of fenthion and petroleum ether extract acted 
synergistically against Culex quinquefasciatus at a ratio of 1:1. In another 
study, Kumar et al. [49] showed that leaf extract displays larvicidal and 
pupicidal effect against C. quinquefasciatus. It is clear from our study 
that the extract of S. virginianum exhibits marked larvicidal potential at 
earlier stages of development of larvae of A. aegypti. Similar observation 
was made in an earlier study by Kumar et al. [49].

CONCLUSION

The whole plant extract of S. virginianum showed antibacterial activity 
which indicated its possible use in the treatment of diseases caused by 
pathogenic bacteria. Marked antifungal potential of extract observed in 
this study can be exploited to develop natural antifungal agents which 
can be used in the management of seed-borne fungi and fungal diseases 
of plants. The present study highlighted potent antiradical activity of 
S. virginianum, and hence, the plant can be used as natural antioxidant 
having effectiveness in the prevention and control of oxidative damage 
caused by free radicals. In suitable form, the plant can be used as a 
natural insecticide to control insect vectors that transmit arboviral 
diseases such as dengue and others.
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