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ABSTRACT

Background: Synthesis of silver nanoparticles (AgNPs) using green plants is important
for biocompatibility, reduced hazards, green policy and eco-friendliness. Materials and
Methods: In this study, a leaf extract of Solanum indicum and associated AgNPs were
used to examine larvicidal properties and other biological activities. AgNP forms were
characterized with scanning electron- microscopy (SEM), Fourier Transform Infrared
Radiation spectroscopy (FTIR) and UV-vis spectra. Larvicidal activity was assessed
with Culex pipiens larvae using the World Health Organization method. Antibacterial
potential of S. indicum leaf extract and AgNPs were evaluated with a well diffusion
assay. In vitro impacts of S. indicum extract and AgNPs were studied using spleen cell
propagation. Results: S. indicum ethanol extract and associated AgNPs show larvicidal
activity against 4" instar of Cx. pipiens. Synthesized AgNPs were more toxic, with
lower lethal concentration values, (LC,, = 47.181 ppm; LC,, = 243.776ppm) compared
to plant extract (LC,, = 131.448 ppm; LC,, = 4397.528 ppm) after a twenty-four
hour of exposure. Synthesized AgNPs also show significant impact Staphylococcus
aureus, Proteus mirabilis, Escherichia coli and Shigella flexneri. Cytotoxic effects were
demonstrated for S. indicum extract and AgNPs on normal spleen cells. The extract
and associated AgNPs were also safe for red blood cells (RBCs) and failed to cause
substantial elevation in serum liver enzymes. Conclusion: Leaf extracts of S. indicum
and associated AgNPs may be efficient and eco-friendly for control of Cx. pipiens. Their
antibacterial activity may be useful if care is taken to prevent cytotoxic effects.

Key words: Cytotoxic effect, Culex pipiens, Silver Nanoparticles, Antibacterial, Larvicidal,
Solanum indicum.

INTRODUCTION

Design and synthesis of nanoparticles is
a promising area of research for physics,
electronics,  biotechnology,  medicine,
chemistry, catalysis and material sciences.
Nanoparticles
physical-chemical features."”
nanoparticles (AgNPs)

identified for multiple uses in medicine
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and biotechnology.” Recently, substantial
progress for synthesis of AgNPs using green
extracts or essential oils. Plant extracts can
be important for mosquito control factor
since they may be ecologically suitable for
use as larvicides. Green extract are generally
recognized as eco-friendly agents for insect
control.* Mosquito control necessitates new
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and improved control approaches that are low-cost, eco-
friendly and harmless to non-target animals.” Biogenic
forms of NPs from green extracts meet these criteria
as an appropriate alternative for control of mosquito
larvae.” Nanoparticles display larvicidal properties
that, in many cases, are better than properties of plant
extracts used for synthesis. The combination of extracts
and AgNPs may be more effective than other chemical
larvicides. Biogenic AgNPs may also be useful for
targeting bacteria because of their small size.® Several
research papers are available that focus on the synthesis
of AgNPs using plant extracts. For instance, Tamarindus
india and T. graveolens in the family Fabaceae,"" A/ve
vera in the Asphodelaceae,® and Emblica officinalis in the
Phyllanthaceae.’

Moreover, antimicrobial properties of AgNPs are
recognized against both viruses'' and bacteria.’> AgNPs
have a highly particular region than their volume which
prompts a great antimicrobial activity as compared
with bulk Ag metal."” §. indicum is a widely distributed
plant existing throughout India, Nepal, China and the
Arab region. It is used for treatment of many diseases.
Pharmacology and phytochemistry S. indicum was
recently reviewed.'"* The review highlights the potential
of this plant as a source of alternative medicine.
Bioactive compounds in S. indicum are responsible for
its substantial therapeutic efficacy."”

The current study examined larvicidal -efficiency,
antibacterial and of AgNPs
synthesized biogenically using a leaf extract of Solanum
indicum. The structure of the NPs was evaluated with
UV-VIS spectroscopy and volume and form were
imaged using Scanning Electron Microscopy (SEM).

action cytotoxicity

MATERIALS AND METHODS
Plant extract

Fresh leaves of S. indicum were collected from Rejalalma
Village, Abha, Asir Region, Saudi Arabia and washed
three times with tap water, dried at 25°C and triturated
into fine powder. Fifty grams of dried leaf powder was
mixed with 500mL of 70% ethanol. The suspension
was left for three hours, filtered through Whatman
no. 1 filter paper and the filtrate stored in brown air-
tight bottle at 10°C."* One gram of dried leaf powder
dissolved separately with 100 mL of either 70% ethanol
or acetone to prepare two 1% stock solutions."”

Rearing of Cx pipiens

A field strain of Cx. pipiens was used. The parental strain
was raised from wild larvae, collected from Wadi Bn
Hashbal sites in Abha governorate, Saudi Arabia and
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maintained under laboratory conditions of 27 * 2°C
and 70% + 10% relative humidity with 14:10 light/dark
cycle. Larvae were fed on a diet of fish food or dried
bread powder and dried milk."

Synthesis and characterization of (AgNPs)

With few exceptions, AgNPs were synthesized using the
method of Ibrahim e a/"” One mL of 1mM (AgNO3)
was added to 99 mL of . indicum extracts. The pH value
of the solution was adjusted to 7.0 using 0.1 M sodium
hydroxide. The formation of AgNPs was revealed by a
color change. The suspension of biogenic AgNPs was
examined with UV—vis spectra, wavelength 475-600
nm in a UV-3600 Shimadzu spectrophotometer at 1
nm resolution. The form of the shaped nanoparticles
was examined using a SEM (JEM-1011Tokyo, Japan).”
Functional groups of the botanical extract and
synthesized AgNPs were evaluated using a Perkin-
Elmer Spectrum 2000 FTIR within a range of 600—4000

cm™, a rate of 16 and a resolution of 4 cm™.

Larvicidal bioassay

Larvicidal activity was estimated using the method of
WHO? with revisions described by Rahuman es a/*
Different concentrations in five replicates were prepared
trom S. indicum extract and extract containing AgNPs in
plastic cups filled with tap water (100 mL). One cup per
replicate was used as a negative control. Twenty-four 4™
instar larvae of Cx. pipiens in each cup were incubated
for 24 hr at 27°C with a 16:8h light/dark cycle. Larval
deaths were documented 24 hr post-treatment for the
S. indicum extract and extract with AgNPs. Larvae were
considered dead when failed to move after probing their
siphon with a needle.

Well diffusion method for antibacterial efficacy

Escherichia  coli, Shigella  flexneri, Proteus mirabilis and
Staphylococcns anreus were used in this study. Nutrient
agar and broth (HiMedia Laboratories Pvt. Ltd. India)
were prepared by following manufacturer instructions
to culture bacterial strains. Antimicrobial potential of S.
indicum extract and its extract with AgNPs was evaluated by
agar well diffusion following Ghramh e a/*

In vitro impacts of S. indicum extract and AgNPs
on spleen cell propagation

Spleens of healthy adult male Sprague Dawley rat
weighing about 244 ¢, kindly provided by the animal
house at King Khalid University, were used to obtain
spleen cells as described previously by Ibrahim ez a/"
Analysis of the results involved calculating percent
increase and decrease in growth, as described previously
by Oves ¢t al** inexpensive, and ecoftiendly, therefore,
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are used preferably in industries, medical and material
science research. Considering the importance of
biofabricated materials, we isolated, characterized
and identified a novel bacterial strain OS4 of
Stenotrophomonas maltophilia (GenBank: JN247637.1

Lytic impacts of S. indium extract and associated
silver nanoparticles on (RBCs)

The lytic impact of . éndicum leaf extract and associated
silver nanoparticles were evaluated as described
previously by Ibrahim e 4" The extract and AgNPs
at concentrations of 1 mg/mlL in sterile phosphate-
buffered saline (PBS, pH 7.4) were prepared. A 150uL
aliquot was added from the extract with AgNPs and
the plant extract only to 850 uL. of prepared RBCs in
1.5 mL Eppendorf tubes and incubated for 60min at
37°C. 1%Triton (X-100) and phosphate buffer saline
(PBS) was used as positive control and negative controls,
respectively.

Statistical analysis
Statistical analysis of larvicidal bioassay

LSD compatred means of larval mortality at P < 0.05
using SAS program while LC, and LC, regression
equations were estimated using computerized log-probity
analysis and LDP Line software.

Statistical analysis of antimicrobial activity

Antimicrobial activity was measured in terms of
average+/- standard deviation (SD) of three replicates
Z0l measurements. One-way analysis of variance
(ANOVA) used Statistix 8.1 software. All pairwise
comparison of means was performed with Tukey’s
Honest Significant Difference test. Means differences
of p < 0.05 were considered statistically significant.

RESULTS
Identification of AgNPs

Colors in plant extract/ AfN03 preparations changed
from dark yellow to black then to dark brown (Figure 1).
The blackening of the brownish color occurs over time.
Color changes were easily seen by visually.

S. indicnm biogenic AgNPs were examined by UV-vis
spectra after mixing with an aqueous solution of
AgNO,. The electronic absorption spectrum of the
extract before adding silver nitrate shows a broad
absorption at 488 nm. Electronic absorption spectra of
AgNPs displays absorbency constructivism at 490 nm
(Figure 2).

FTIR spectroscopy analyses were performed to identify
bioactive components responsible for stabilizing of
synthesized AgNPs using S. indicum. FTIR spectra of
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Figure 1: Change in color: (A) before adding AgNO, in
S. indicum leaf ethanol extract and (B) after adding AgNO, to
S. indicum leaf ethanol extract.

B
1.0-\\7‘!2
0.9

0.8 A

~
5074 \
-1

S0.6

w

=

<059 636 Vad
0.44 "H"I I g

634

034 641648
0.2

475 500 525 550 575 600 625 6£'il]
Wavelength (nm)

Figure 2: UV-Vis spectra of silver nanoparticles synthesized
by S. indicum leaf extract. Where (A) plant extract without
AgNO, and (B) plant extract with AgNO,.

silver nanoparticles showed a sharp vibrational band at
3350.87 ecm™ (Figure 3). A weak band was visualized
at 2100.52-1949.21 cm™ and a strong stretching band
at 1650.23 cm™'. Weak bands were also observed at
1450.33 and 1327.40 cm ™.

SEM images of AgNPs show irregular and aggregated
shapes with an average size of 70 nm with the distance
between particles. These particles were magnified 30000
times (Figure 4.)
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Larvicidal activity of S. indicum extract and the
extract contains AgNO, against Cx. pipiens larvae

At concentrations between 500 to 2500 and 50 to 250 ppm,
respectively, extracts and extracts plus nanoparticles
caused 72.727% to 89.899% and 53.535% to 94.949%
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Figure 3: (A) Ftir spectra of S. indicum extract
(B) S. indicum with AgNPs.

Figure 4: SEM image of silver nanoparticles in aggregated
and irregular shapes.

larva mortality, respectively (Table 1). With decreasing
concentrations of nanoparticles, the mortality rate in 4™
instar larvae decreased. The extract of . indicum with
silver nanoparticles produced an LC, (47.181 ppm)
lower than the extract of S. udicum alone (131.448
ppm). The extract with nanoparticles was thus 2.786
times more potent (Figure 5).

Antibacterial activity

In vitro antibacterial potential of . indicum leaf extract
and associated AgNPs both inhibited growth of bacterial
pathogens (Table 2). Average diameters of ZOI formed
by S. indicum plant extract + AgNPs were statistically
comparable (p > 0.05) with the positive control for E.
coli and S. anrens but significantly different from positive
controls and extract alone against Shigella flexneri and P.
mirabilis (p < 0.05). Average diameters of ZOI formed
by plant extract alone were statistically similar (p > 0.05)
with positive controls against P. mirabilis and Shigella
Jlexcneri but were significantly different (p < 0.05) from
positive controls against . co/i and S. anreus.
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Figure 5: Dose-relationship between concentrations of plant
extracts and mortality of 4™ instar larvae of Cx. pipiens.
Line 1: S. indicum +AgNo,, Line 2:S. indicum.

Table 1: Susceptibility of Culex pipiens larvae to S. indicum and associated silver nanoparticles (AgNPs)

. _ Mortality? LC,, (ppm) LC,, (ppm) X2
Bioinsecticide Conc. (ppm) (%) (LEL-uCL) (LEL-UCL) df (n.s) = 4 slope
500 72.727
1000 72.727
. 1500 76.768 142.686 4611.37
S. indicum 2000 84.848 6.9161-328.400 | 2628.8-31647.9 4.7113 0.849
2500 89.899
0 1.33
50 53.535
L 100 72.727
S. indicum 150 76.768 49.433 248.70 4727 1.826
+
200 84.848 34.199-62.300 199.81-350.65 ' '
AgNo,(AgNPs) 250 94.949
0 1.33
a: Five replicates, 20 larvae each
b. Tabulated (Chi) =7.8, larger than the calculated value for an 0.05 level of significance, indicates the line is fit well and data are homogenous.
Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 1 [Suppl] | Jan-Mar, 2021 S$205
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Table 2: Antibacterial potential of S. indicum leaf

extract and extract with silver nanoparticles (AgNPs),
with 1mM concentration.

@ Zone of inhibition (mm)
c
g Bacterial strains
g Escherichia | Proteus | Staphylococcus | Shigella
= coli mirabilis aureus flexneri
Extract 19.33 £ 20.67 15.67 £2.51° | 19.33
1.15° 2.31° 2.31b
Extract + 21.33 24.67 19.00 £ 3.612® | 28.00 £
AgNPs 2.3120 1.152 2.002
Control 22.67 £ 20.00 £ 21.00 £ 1.002 | 19.67 £
(Positive) 1.152 1.00° 0.58°

NB: Zones of inhibitions are expressed as the average of three replicates + SD.
Means with same superscript letters are not significantly different.

Table 3: Effects of S. indicum leaf extract and extract
with AgNPs on normal rat spleen cells.

(ng/mL) % of spleen cells growth inhibition
Solanum indicum Solanum indicum leaf
leaf extract extract with AgNPs
200 63.50 £ 2.50 108.30 + 1.5
100 55.78 £ 1.80 85..+1.20
50 49.87 + 1.86 66.57 + 0.97

Table 4: Effects of S. indicum L. leaf acetone extract

alone and with biosynthesized silver nanoparticles
(AgNPs) on red blood cell (RBCs) lysis.

Absorbance at RBC
No. Treatment wavelength of | hemolysis
576 nm (%)
1 Plant leaf acetone extract >3.00 100
2 | Plant extract with (AgNPs) > 3.00 100
3 Control (Negative) 0.067 0
4 Control (Positive) > 3.00 100

Cytotoxic/proliferative effects

S. indicum leaf extract and associated AgNPs were
cytotoxic to normal spleen cells. The cytotoxic impact
decreased with decreasing leaf extract and leaf plus
AgNPS concentrations (Table 3). The extract without
AgNPs showed less cytotoxicity.

Lytic impacts of S. indicum extract and associated
AgNPS on (RBCs)

The cytotoxicity was studied by testing the hemolytic
impacts on cow RBCs using a positive control (1%
Triton-X-100) and negative control (PBS). Hemolysis
was measured by comparing the absorbance of the
sample to negative and positive controls (Table 4 and
Figure 6). 100% lysis was observed in the positive
control, while no lysis of RBCs was observed in the
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Figure 6: The effect of (a) S. indicum L. leaf acetone extract
alone and (b) associated biosynthesized silver nanoparticles
(AgNPs) on cow RBCs. Where, N is the negative control and

P is the positive control.

negative control (PBS). The lysis may be attributed to
the effect of the NPs on RBCs’ membranes. Other
authors refer to the hemolytic effect as due to induced
oxidative stress following exposure.

DISCUSSION

The distinctive brown color refers to the stimulation of
exterior Plasmon Response with AgNPs as discussed
in Ranganathan e a/* This color transference is often
evidence of changes in oxidation state where Ag’
is reduced to Ag’ in a reaction with S. zndicum extract
enzymes and nitrate. When the enzymes go out to the
solution that can reduce the AgNO, to AgNPs through
covering agents like proteins®® UV-vis spectra is
extensively used for structural characterization of NPs.”’
This method may respond to interactions of silver ions
with biomolecules found in the leaf extracts.**? Ftir
spectroscopy analyses of silver nanoparticles (Figure
3) show a sharp vibrational band at 3350.87 cm™ that
corresponds to the stretching OH band of alcohols. The
weak bending band at 2100.52-1949.21 ¢m™ may be
attributed C-H in aromatic compounds. The strong
stretching band at 1275 cm™ may correspond to C-O in
alkyl aryl ethers. The strong stretching band observed at
1650.23 cm™ is assigned to C=O attributed to 8-lactam.
Weak bands observed at 1450.33 and 1327.40 cm™ may
indicate the presence of C—H and O-H of alkanes and
alcohols.®® SEM analysis shows a size and shape of
AgNPs in S. indicnm plant extract that may increase their
toxicity to mosquito larvae.”” The extract of S. ndicum
with nanoparticles shows substantial activity against
larvae of Cx. pipiens consistent with reports from other
authors.”* S. indicum extract and associated AgNPs
showed a promising larvicidal potential against _Aedes
aegypti and Anopheles stephensi larvae” Generally, the
blending of . indicum extract with silver nitrate produces
an agent more effective against larvae of Cx. papiens.
Reduction of silver ion to elemental silver may be key to
this activity. Compounds in the extract are likely linked
to surfaces of the particles thus increasing their activity.”*
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The small size of patticles likely also increases parricidal
activity, consistent with the report by Rajasekharreddy
and Rani declared.”

S. dndicum leaf extract also displays antimicrobial activity
against pathogenic bacteria (Table 1). The plant extract
alone is an effective antibacterial and silver nanoparticles
substantially increased activity against all tested bacteria.
These results are consistent with other studies.”
the antimicrobial effects mentioned in ancient historical

examined

references of Ghanaian medicinal plant extracts, including
Solanum sp., against bacteria. They found that extracts
from the leaves of Solanum verbascifolinm show antibacterial
activity against several Gram-positive microbes.
Antibacterial factors in Solanum sp. might include a
phosphorylated purine.”” Similar results were reported
by Sengottaiyan e a/*® who studied the antibactetial
potential of S. zndicumn synthesized AgNPs against
Staphylococens sp. and Klebsiella sp. Antibacterial properties
of AgNPs that are green synthesized by S. indicum may
reflect their small size, leading to large surface areas. Thus,
particle size may result in increased binding to bacterial
cell walls, damage to cell walls and membrane-bound
cellular enzymes, penetration through the cell membrane.”’
Further, antibacterial effects may involve the interaction
of AgNPs with thiol groups of L-cysteine residues
in proteins, leading to enzymatic dysfunction.*’ Also,
AgNPs may encourage formation reactive oxygen species
with resulting oxidative damage to cellular components,
triggering cell death.” Further, cytotoxicity to normal
spleen cells caused by the extract alone is augmented
when AgNPs are present. Similar results were obtained
by Aravinthan ez a/* and Sengottaiyan ¢ al*® where
nanoparticles produced by the extract significantly
reduced rat spleen cell viability in a dose-dependent
manner. Several species of the genus Solanum have been
assessed for their cytotoxicity in healthy and cancer cells.
Raw extracts or compounds from Solanum spp. Inhibit
proliferation of human and animal cells.”

This study confirm that extracts of S. zudicum and
associated nanoparticles display antimicrobial, cytotoxic,

hemolytic and larvicidal activities.

CONCLUSION

This present study indicates that leaf extracts of S. indicum
and associated biogenic AgNPs may be effective and
eco-friendly for control of Cx. pipiens larvae. They
also display significant antibacterial activity. Caution
is advised to prevent human contact since substantial
cytotoxicity to normal spleen cells is observed.
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PICTORIAL ABSTRACT SUMMARY
e Culex pipiens is a common mosquito that is a
vector of several arboviruses
e Synthesis of silver nanoparticles using Solanum
AN \ indicum leaf extracts
N - e |eaf extracts of S. indicum and associated AgNPs
—_— : may be efficient and eco-friendly for control of Cx.
> pipiens. Their antibacterial activity may be useful if
S care is taken to prevent cytotoxic effects
Extract preparation  Napoparticles synthesis Nanoparticles formation
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