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ABSTRACT

Objective: The objective of this study was to extract the phytochemicals from leaf and stem bark of Solanum pubescens, perform qualitative analysis,
and evaluate antimicrobial activity of the phytochemicals against certain microbial pathogens.

Methods: Leaf and stem bark of S. pubescens was subjected to phytochemical extractions using Soxhlet apparatus with five different solvents,
identified the major constituents in different solvent extracts using standard protocols and investigated the potential antimicrobial activities of the
extracts against certain selected bacterial and fungal pathogens by agar well diffusion method.

Results: The maximum yield was in methanolic extracts of leaf and stem bark of the study plant such as 18.51 and 12.5%, respectively, followed by
the hydroalcohol extracts (14.23 and 10.00%). Qualitative phytochemical analysis revealed maximum number of extracted bioactive compounds
when compared to other similar studies. Among the five different solvent extracts of S. pubescens, n-hexane extract of stem bark was found to be
active against all the bacterial pathogens and stem bark extracts made with methanol and hydroalcohol showed antifungal activity against all the four
fungal pathogens tested. Leaf extracts made with solvents such as n-hexane and ethyl acetate showed inhibition against Klebsiella pneumoniae and
Staphylococcus aureus, respectively, hydroalcohol extract was active against Pseudomonas aeruginosa and Salmonella typhimurium while none of the
leaf extracts of the study plant showed inhibition zones against fungal pathogens tested.

Conclusion: Multiple solvent extraction approach yielded the phytochemicals which are not yet reported and the antimicrobial activities of

phytochemicals acknowledged their medicinal value.
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INTRODUCTION

Plants are potent source of enormous varieties of the secondary plant
metabolites biosynthesized by them. The beneficial physiological
and therapeutic effects of plant materials typically result from the
combinations of these secondary products present in the plants.
Solanum pubescens Willd. is an important medicinal plant used
in the treatment of several diseases by tribal people in India. It is
an annual erect wild shrub found in the forest and hilly areas of
Chitradurga district of Karnataka state, India. The plant is bitter in
taste due to the presence of alkaloids and the compound like myricetin
methyl ethers was reported from the leaves of S. pubescens [1]. It is
commonly used for treating whooping cough by the local traditional
practitioners [2], potentially used in pharmacological studies such
as antidiabetic [3], anti-inflammatory activity [4], antidiarrheal
activity [5], and antinociceptive screening [6]. Phytochemical screening
of the dried fruit materials of S. pubescens revealed the presence of
carbohydrates, saponins, oils and fats, alkaloids, and flavonoids [7], it
is used to treat different diseases such as headache, menstrual pain,
rheumatoid arthritis, tuberculosis, ulcers [6], anticonvulsant and
sedative effects [8], antibacterial activity, treatment of epilepsy, and
febrile convulsions [9]. Methanolic leaf extracts of this plant were also
investigated and the presence of alkaloid, glycoside, saponins, phenolic
compounds, tannins, and flavonoids was reported [10]. Phytochemical
profiling studies on fruit and stem bark of S. pubescens yielded the
presence of oils and fats, alkaloids, flavonoids, carbohydrates, saponins,
coumarins, and phenolics [11]. Plant-based drugs are effective in the
treatment of communicable diseases and reduce many of the side effects
that arise due to the use of synthetic antimicrobials [12]. Plants are new

source for screening potential antifungal and antibacterial agents and
the therapeutic potency of plant-based drugs playing a greater role
in health care [13]. Natural products of higher plants may possess a
new source of antimicrobial agents with possibly novel mechanisms of
action [14]. At the same time, infections have increased to a great extent
and antibiotic resistance effects become an ever-increasing therapeutic
problem [15]. Research works on the activity of plant extracts against
the bacterial and fungal pathogens have been carried out in different
parts of the world [16,17]. However, in the leaf, fruit, and stem bark
of S. pubescens, only solvents such as methanol, ethyl acetate, ethanol,
chloroform, and hexane were used to extract the phytochemicals, to
identity and to investigate the antimicrobial activity. The solvent-like
hydroalcohol (70% of water in alcohol) in comparison with different
organic solvents has not been attempted for the extraction of bioactive
compounds from S. pubescens. Therefore, in the present investigation,
a comprehensive qualitative phytochemical extraction using five
different solvents from the leaves and stem barks of S. pubescens was
made to evaluate the ability of phytochemicals against six bacterial and
four fungal pathogens that cause disease in plants and humans. It helps
us to reveal the major bioactive principle compounds, their type and
antimicrobial effect.

METHODS

Plant material collection and identification

The study plant, S. pubescens was collected from the hilly areas of
Chitradurga district, Karnataka state, India, located at 13.95 N 76.62 E.
The plant was confirmed by referring phytographia [18] and further
authenticated by Prof. L. Rajanna, Chairperson, Department of Botany,
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Bangalore University, Bengaluru, Karnataka, India. The plant herbarium
is deposited and maintained in the Department of Botany, Indavara
Dodda Siddalinge Gowda Government College, Chikkamagaluru,
Karnataka, India.

Growth and maintenance of bacterial and fungal cultures

Bacteria (Klebsiella pneumoniae, Vibrio cholerae, Streptococcus
pneumoniae, Staphylococcus aureus, Pseudomonas aeruginosa, and
Salmonella typhimurium) and fungal cultures (Alternaria alternata,
Aspergillus niger, Aspergillus flavus, and Colletotrichum gloeosporioides)
were obtained from the Department of Botany, Bangalore University,
Jnanabharathi Campus, Bengaluru, Karnataka, India. The bacterial
species were maintained on nutrient agar (NA) plates at 37°C and
fungal species on potato dextrose agar (PDA) at room temperature.

Sample preparation and Soxhlet extraction

The healthy plant leaves and stems were collected, thoroughly washed
in distilled water and blotted. The leaves and stem barks were shade
dried for 3 weeks, the dried leaves and stem barks were individually
pulverized in a mixer, sieved with a fine mesh, and subjected for
consecutive extraction in a Soxhlet extractor using different solvents
such as n-hexane, chloroform, ethyl acetate, methanol, and hydroalcohol.
All the extracts were concentrated to dry under reduced pressure to
yield dried extracts and stored at 4°C till further use. The solvents and
all other chemicals used for the present study are analytical grade and
were purchased from Merck and HiMedia, India.

Qualitative phytochemical analysis
Phytochemicals from leaves and stem barks were extracted using five
different solvents and qualitative phytochemical analyses were made
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using standard protocols. The different tests such as Molisch’s test for
carbohydrates [19], test for betacyanins [20], test for quinones [21],
Mayer’s test for alkaloids [22], ninhydrin test for amino acids [23],
Biuret test for proteins [24], Benedict’s test for reducing sugars [19,25],
stain test for fixed oils and fats, ferric chloride test for flavonoids [26],
test for gums and mucilages [27], test for tannins [28], acetone H,0 test
for resins, test for phlobatannins [20], Salkowski’s test for terpenoids
[22], ferric chloride test for phenols [29], foam test for saponins [30],
Keller-Killani’s test for cardiac glycosides [31], Borntrager’s test for
anthraquinones [19,32], test for volatile oils, and test for emodols [28]
were performed.

Antibacterial and antifungal assay of extracts by agar well diffusion
method

About 20 ml of the sterilized NA was poured uniformly into sterile
glass Petri plates, allowed to solidify and then, 0.5 ml of suspension
of the test organisms (K. pneumoniae, V. cholerae, S. pneumoniae,
S. aureus, P. aeruginosa, and S. typhimurium) was spread evenly on the
medium with sterilized L-shaped glass rod to get a uniform inoculation
of bacteria. Then, the wells were prepared with the help of clean and
sterilized cork borer of 6 mm diameter at three corners of the plate
and different solvent extracts of the leaf and stem bark of S. pubescens
were dissolved in 10% dimethyl sulfoxide (DMSO) and loaded to the
wells with 100 pl micropipette (50, 100, and 150 mg/ml). Standard
drug tetracycline, a positive control (1 mg/ml concentration) and 10%
DMSO and negative control were loaded separately into respective
labeled wells and incubated at 37°C for 24 h in an upright position. The
antibacterial activity was evaluated by measuring the diameter (mm)
of inhibition zones formed around the well, compared with the control
and recorded.

Table 1: Nature of the extract and yield of leaf and stem bark extracts of S. pubescens

S.No Name of the solvent Plant material (g) Nature of the extract Yield (%)*
Leaf extract Bark extract Leaf extract Bark extract
1 n-hexane 120 Brown sticky mass Brownish sticky mass 3.92 2.08
2 Chloroform 120 Brownish-black sticky Dark green sticky powder 9.84 4.37
3 Ethyl acetate 120 Dark greenish shiny sticky =~ Greenish powder 7.26 2.50
4 Methanol 120 Dark greenish sticky Light green with shiny powder  18.51 12.50
5 Hydroalcohol 120 Brown sticky solid Orange-brown 14.23 10.00
*Values are observations from triplicate readings and expressed as mean*standard deviation, S. pubescens: Solanum pubescens
Table 2: Qualitative phytochemical analysis data in the leaf and stem bark extracts of S. pubescens
S.No Phytochemicals Hx Chl Et Ac Mtl Hyal
LE BE LE BE LE BE LE BE LE BE
1 Carbohydrates - + + + + + + + - +
2 Betacyanins + + - + + + - + + +
3 Quinones - + - + - + - - + +
4 Alkaloids + - + + - - + + + +
5 Amino acids - - - - - - - + - +
6 Proteins + + + + + + + - - +
7 Reducing sugars - - - - - - - - - -
8 Fixed oils and fats + + + - + - + R + R
9 Flavonoids - - + - + - + + - +
10 Gums and mucilages - - - - - - - - - R
11 Tannins + + + + + - + + + i
12 Resins - - + + + + - - - -
13 Phlobatannins - - - - - - - - R R
14 Terpenoids - - - + - - + - - -
15 Phenols + - + + + - + - - -
16 Saponins - - + - + - + + + -
17 Cardiac glycosides - - - - - - - - - R
18 Anthraquinones - - + - - - . R R
19 Volatile oils - + - - - - + + N +
20 Emodols - - - - - - - R R +

LE: Leaf extract, BE: Stem bark extract, Hx: n-hexane, Chl: Chloroform, Et Ac: Ethyl acetate, Mtl: Methanol, Hyal: Hydroalcohol. + indicates present, - indicates absent.

*Values are observations from triplicate readings, S. pubescens: Solanum pubescens
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To investigate the antifungal properties of the extracts, the sterilized
and autoclaved PDA media was brought to 40°C, added 0.5 ml of the
standard spore suspension, 20 ml of PDA media was poured onto the
Petri plate, mixed gently by avoiding air bubbles formation, and allowed
for complete solidification. Wells (6 mm diameter) were bored onto the
solidified agar media using sterile cork borer, wells were loaded with
50 pl of crude extract (50, 75, and 100 mg/ml), and the plates were kept
for 1 h to allow the diffusion of solution into the medium. The standard
drug fluconazole (1 mg/ml), a positive control and 10% DMSO and a
negative control were loaded separately into respective labeled wells
and the plates were incubated at room temperature overnight. Zone of
inhibitions was measured at 24 and 48 h intervals from the edge of the
wells, recorded, and compared with standard [33]. All the experiments
were conducted in three replicates, the mean value and reproducible
data were considered.

RESULTS

Nature and yield of the extracts

The percentage yield of extracts from leaf and stem bark of the study
plant was calculated (Table 1). Among the leaf extracts, the methanolic
extract has maximum yield of 18.51% followed by hydroalcohol
(14.23%), chloroform (9.84%), ethyl acetate (7.26%), and n-hexane
(3.92%). For the stem bark, methanolic extract has maximum yield of
12.5% followed by hydroalcohol (10.00%), chloroform (4.37%), ethyl
acetate (2.5%), and n-hexane (2.08%).

Phytochemical analysis

The qualitative phytochemical analysis in the leaves and stem
bark extracts of S. pubescens revealed the presence and absence of
compounds (Table 2).

The present investigation yielded the presence of carbohydrates,
betacyanins, quinones, alkaloids, amino acids, proteins, fixed oils
and fats, flavonoids, tannins, resins, terpenoids, phenols, saponins,
anthraquinones, volatile oils, and emodols while reducing sugars,
gum mucilages, phlobatannins, and cardiac glycosides were absent.
Quinones were found in the bark extracts of all five different solvents.
Amino acids were present only in the methanol and hydroalcohol
extracts of stem bark, at the same time, anthraquinones were present
in the chloroform extract from leaf and emodols found extracted only
in the stem bark of the study plant with hydroalcohol solvent. The
leaf extract of Solanum nigrum shows negative results for terpenoids
and saponins [34]. Similarly, Solanum torvum showed the presence of
terpenoids, alkaloids, saponins, and sterols [35].

Antibacterial and antifungal assay

Antibacterial activity of leaf and stem bark extracts of S. pubescens was
examined against K. pneumoniae, V. cholerae, S. pneumoniae, S. aureus,
P, aeruginosa, and S. typhimurium and the extracts exhibited inhibition
activity against one or more test organisms (Table 3).

Among the five different solvent extracts of S. pubescens, n-hexane extract
of stem bark was found to be active against all the bacterial pathogens,
the leaf extracts made with solvents such as n-hexane and ethyl acetate
showed inhibition against K. pneumoniae and S. aureus, respectively,
while hydroalcohol extracts showed inhibition against P. aeruginosa
as well as S. typhimurium. The n-hexane extract from stem bark of the
study plant found to be active significantly (8.66+0.57, 14.33+0.57, and
15.33+0.57 mm at 50, 100, and 150 mg/ml concentration, respectively)
against K. pneumoniae while the lowest zone of inhibition observed in
the ethyl acetate extract of leaf of the study plant against P. aeruginosa
(1.33%£0.57, 2.66%0.57, and 4.33+0.57 mm at 50, 100, and 150 mg/
ml concentration, respectively). DMSO a negative control showed no
inhibition zones. Chloroform extracts from the leaf and stem bark did
not show zone of inhibition for any of the bacterial pathogens used in
the study. The standard drug tetracycline, a positive control showed
maximum zone of inhibition 7.33+0.57 mm against P. aeruginosa for
the stem bark extract followed by 6.33+0.57 mm against P. aeruginosa
for the leaf extract and 5.66+0.57 mm against V. cholerae for the stem

Table 3: Inhibition zone of different solvent extracts from leaf and stem bark parts of S. pubescens against six different bacterial pathogens

Name of the bacterial pathogens and inhibition zones (mm)

Conc. mg/ml

Extraction solvent

ST

PA

SA

SP

VC

KP

ST

PA

SA

SP

vC

KP
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Stem bark extract

NA
NA
NA

Leaf extract

NA
NA
NA

4.66+0.57
5.33+0.57
7.33+£0.57

7.33+0.57 3.66+0.57 8.33%+1.15

NA
NA
NA

NA
NA
NA

NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

50
9.00£1.00 NA

Methanol

NA

100
150
50

NA

6.66+0.57
8.33+0.57

7.33+0.57

8.66+0.57

5.66+0.57
7.66+0.57

n-hexane

11.33+0.57
14.00+1.00

NA
NA
NA
NA
NA
NA

9.33+x0.57 4.33+0.57
11.0£1.00 6.00+1.00

NA
NA
NA
NA
NA
NA
NA
NA
NA

14.33+0.57 8.33+0.57

15.33+0.57

NA
NA
NA
NA
NA
NA

NA
NA

100
150
50

10.66+1.15

NA
NA
NA
NA
NA
NA
NA
NA
NA

10.33+0.57

NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA

NA
NA

1.33+0.57
2.66x0.57

NA
NA
NA
NA
NA
NA
NA
NA

NA
5.00£1.00 4.66+0.57 3.66%1.15

NA
NA
NA
NA
NA
NA
NA

Ethyl acetate

100
150
50

4.33+0.57 NA

NA
NA
NA
NA

NA
NA
NA

Chloroform

100
150
50

7.33+£0.57
8.33+0.57
9.33+0.57
2.66+0.57

4.66+0.57 NA

7.00+1.00
9.33+0.57

Hydroalcohol

NA

NA

7.33+0.57 NA

NA

NA

NA
NA

100
150
10

NA

NA

NA
2.33+0.57 4.66+0.57

8.00+1.00

11.33+0.57 NA
3.33x0.57

4.66x0.57  2.66+0.57 7.33%0.57

5.66+0.57

6.33+0.57

Standard drug tetracycline
Control 10% DMSO

LE: Leaf extract, BE: Stem bark extract, KP: Klebsiella pneumoniae, VC: Vibrio cholerae, SP: Streptococcus pneumoniae, SA: Staphylococcus aureus, PA: Pseudomonas aeruginosa, ST: Salmonella typhimurium. Values are mean of three

independent experiments, +standard deviation, NA: Not active, DMSO: Dimethyl sulfoxide, S. pubescens: Solanum pubescens
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Table 4: Inhibition zone of different solvent extracts from leaf and stem bark parts of S. pubescens against four different fungi

Solvents Conc. mg/ml Name of the fungal pathogens and inhibition zone (mm)
AA AN AF CG AA AN AF CG
Leaf extract Bark extract

Methanol 50 NA NA NA NA 2.33+x0.57  1.33%x0.57 3.66+0.57 6.33+0.57

75 NA NA NA NA 2.66+0.57  2.33x0.57 4.66+0.57 7.33x0.57

100 NA NA NA NA 4.66+0.57 3.66x0.57 5.66+0.57 8.66+0.57
n-hexane 50 NA NA NA NA NA NA NA NA

75 NA NA NA NA NA NA NA NA

100 NA NA NA NA NA NA NA NA
Ethyl acetate 50 NA NA NA NA NA NA NA NA

75 NA NA NA NA NA NA NA NA

100 NA NA NA NA NA NA NA NA
Chloroform 50 NA NA NA NA NA NA NA NA

75 NA NA NA NA NA NA NA NA

100 NA NA NA NA NA NA NA NA
Hydroalcohol 50 NA NA NA NA 11.33+0.57 11.33+0.57 2.33+0.57 4.66+0.57

75 NA NA NA NA 13.33+#1.15 16.00+2.00 2.66+0.57 6.33+0.57

100 NA NA NA NA 15.00+1.00 25.33+2.30 4.66+0.57 7.33+0.57
Standard drug fluconazole 10 5.00£1.00 4.66x0.57 3.66+x1.15 3.33#0.57 7.00+1.00 6.33x1.52  4.66+0.57 7.33+0.57
Control 10% DMSO - 0 0 0 0 0 0 0 0

AA: Alternaria alternata, AN: Aspergillus niger, AF: Aspergillus flavus, CG: Colletotrichum gloeosporioides. Values are mean of three independent experiments, +standard
deviation. NA: Not active, DMSO: Dimethyl sulfoxide

bark extract. Similar zone of inhibitions values (4.66+0.57 mm) was ethyl acetate from leaf of S. pubescens was found effective against
observed, recorded for the leaf extract and stem bark extracts against C. parapsilosis and C. tropicalis but not active against C. albicans. In the
V. cholerae, K. pneumoniae, as well as S. pneumoniae. While, the lowest present investigation, it is observed that the zone of inhibition trend
zone of inhibition 2.33+0.57 mm was recorded against Salmonella of antibacterial (8.66+0.57, 14.33+0.5, and 15.33+0.57 mm at 50, 100,
typhimurium in the leaf extract. and 150 mg/ml concentration, respectively) activity and antifungal

activity (11.33+0.57, 13.33+1.15, and 15.00+1.00 mm at 50, 75, and
The antifungal activity of the leaf and stem bark extracts of different 100 mg/ml concentration, respectively) increased proportionately with
solvents was made by the agar well diffusion method against four the increase in the concentration of phytochemical extracts made using
pathogenic fungal species (A. alternata, A. niger, A. flavus, and C. five different solvents from both leaf and stem bark of S. pubescens.
gloeosporioides) and recorded the zone of inhibition for each fungal
strain at different concentrations, namely 50, 75, and 100 mg/ml CONCLUSION
(Table 4).

The present study with the focus on the use of different solvents for
Antifungal activity of the stem bark extracts of S. pubescens made phytochemical extraction found that methanol and hydroalcohol
with methanol and hydroalcohol showed zone of inhibition against would be the suitable solvents for extraction of potential antimicrobial
all the four fungal pathogens (A. alternate, A. niger, A. flavus, and bioactive compounds from the leaf and stem bark of S. pubescens,
C. gloeosporioides) while none of the leaf extracts made with five phytochemical screening and antimicrobial activity of the leaf and
different solvents show inhibition zones. The standard drug fluconazole stem bark extracts of the study plant showed the presence of potential
(10 mg/ml concentration) was used as positive control at 50, 75, and bioactive compounds and can act as good antimicrobial agents. Our
100 mg/ml concentration and it recorded 5.00+1.00, 4.66+0.57, study proved that the increase in the concentration of plant extracts
3.66+1.15, and 3.33+0.57 mm zone of inhibition against A. alternata, increases the antimicrobial activity, the methanol and hydroalcohol
A. niger, A. flavus, and C. gloeosporioides, respectively. DMSO, a negative extracts showed significant control against all the test organisms and
control used at 10% concentration, did not show any zone of inhibition. the hydroalcohol extract is more efficient than the standard drug tested.

A systematic phytochemical screening in the extracts made using
DISCUSSION different solvents revealed more phytoconstituents from S. pubescens,

the antimicrobial study further infers that the stem bark of S. pubescens

Phytochemical extractions studies by Rahman et al. [11] on S. pubescens ; ) - )
is effective plant drug source against bacterial and fungal pathogens

in the stem bark using hexane, chloroform, ethyl acetate, and ethanol

yielded 1.24%, 1.08%, 3.55%, and 11.59%, respectively. While in the and it is presumed that the presence of antimicrobial agents in stem
present study, the use of solvents for extraction with methanol and bark could have attributed to a valuable medicinal source of the study
hydroalcohol has significantly enhanced the recovery percentage from plant. Further studies on isolation, identification, and characterization
both leaf and stem bark (Table 1). This suggests that the use of methanol of bioactive compounds in this plant are in progress.

and hydroalcohol yielded more number of bioactive compounds
from the study plant when compared to the yield of other solvents.
Investigations on antibacterial activity of chloroform extract from stem
bark of S. pubescens at 80-160 pg/ml concentrations against Bacillus
subtilis and E. coli with potential inhibition of 81.44 and 82.17% were
reported [9]. Similarly, Gandhiappan and Rangaswamy [36] reported
the antibacterial activity studies against K. pneumoniae, V. cholerae,
M. luteus, and S. aureus with the phytochemicals extracted using
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