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ABSTRACT

Bacillus subtilis.

The green synthesis of nanoparticles using higher plants is an emerging field of research in nanoscience and technology. In the
present investigation, Leea indica (Burm.f.) Merr. aqueous leaf extract was used for synthesis of silver nanoparticles. The formation
of silver nanoparticles was confirmed by UV-Vis characteristic absorbance peak at 410nm. Influence of leaf extract, metal ion
concentrations, temperature and pH of nanoparticles synthesis was evaluated. Synthesized nanoparticles were characterized by
FTIR, EDAX, AFM and HR-TEM. The FTIR data revealed that biomolecules involved in the reduction and capping of silver
nanoparticles. The morphology of silver nanoparticles was determined by AFM and HR-TEM. The size of nanoparticles ranges
between 10-50 nm. The EDX analysis confirmed the purity and elemental nature of silver. Synthesized silver nanoparticles exhibited
synergistic antimicrobial activity in combination with antibiotic against Escherichia coli, Salmonella typhi, Staphylococcus aureus and

Keywords: Biosynthesis, silver nanoparticles, characterization, Leea indica (Burm.f.)Merr. antibacterial activity.

INTRODUCTION

anoparticles possess unique features with

extensive application in diverse fields." The

designing the method of synthesis, in which the
size, morphology, stability and properties are controlled
has become a major field of interest.” The synthesis of
nanomaterials is gaining attention in recent years
because of their properties which make them useful for
catalysis,3 sensor technology,4 Biological labeling,
optoelectronics recording media and optics.5

The size, shape and surface morphology play an
important role in controlling the physical, chemical,
optical and electronic properties of these nanomaterials.
Several physical properties such as Surface Plasmon
Resonance (SPR) of silver nanoparticles can be tailored
for specific application by controlling the size, shape and
morphology of the nanoparticles.e'8

This is particularly important for noble metals such as Au
and Ag which have strong surface plasmon resonance
oscillations.

The metal is poor catalyst in bulk form; nanometer-sized
particles can exhibit excellent catalytic activity due to
their relative high surface area to volume ratio and their
interface-dominated properties, which significantly differ
from those of the bulk material.’

The nanoparticles are synthesized by different physical
and chemical methods, but these methods have certain
disadvantages due to involvement of toxic chemicals.

A large amount of toxic chemicals are produced during
the synthesis of nanomaterials and these chemicals pose
a serious threat to environment. Thus, there is a need for
safe, clean, nontoxic and environment-friendly method

for the synthesis of nanoparticles. Researchers in the field
of nanoparticles have laid emphasis on biological system
for synthesis of nanoparticles by biomimetic approach.

The various plant extracts were used for the synthesis of
. . 10,11 .
silver and gold nanoparticles such as alfalfa™"~, Emblica

. . . . 12 13 .
officinalis fruit extract™ and Aloe vera.” Silver and gold
nanoparticles were also synthesized by sundried
. 14 . 15
Cinnamomum camphora leaf, Capsicum annum,
. . 16 . . .
Dioscorea bulbifera tube extract,” Citrus sinensis peel
17 . . 18 19
extract,”” Cissu quadrangularis,” Rosa damascence,
.. 20 21 . .
Sesamum laciniatum™ and Santalum album.”” Biogenic
silver nanoparticles synthesized using Nicotina tobaccum
22 . . 23 24
leaf extract,” Ocimum tenuiflorum,” lemon leaves,
. 25 .. g .. 26
Dodonaea viscosa® and Artemisia nilagirica® were
evaluated for their antibacterial activity against certain
bacteria.

Leea indica (Burm.f.) Merr. is belonging to vitaceae, have
been traditionally used as natural remedy in folk
medicine by the local. It is a perennial shrub which can be
found in tropical and subtropical countries, such as
Thailand, Malaysia, India and China.

The leaves and roots of L. indica are traditionally used for
the treatment of cancer, diabetes, diarrhea, dysentery
and skin diseases. The present investigation is undertaken
to study phytosynthesis of silver nanoparticles, factors
governing the synthesis of nanoparticles and synergistic
antibacterial activity of synthesized silver nanoparticles.

MATERIALS AND METHODS

Silver nitrate was obtained from Sigma-Aldrich chemicals.
All glassware’s were washed with distilled water and
dried in oven. Fresh leaves of L. indica were collected
from botanical garden of Karnatak University, Dharwad.
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Preparation of Leaf Extract

Ten gram of leaves were thoroughly washed with de-
ionized water and were cut into small pieces and boiled in
100 ml of deionized water for 20 min.

Extract was filtered through whatman 41 filter paper and
store at 40°C and used for further experiments.

Synthesis of Silver Nanoparticles

Aqueous solution (1 mM) of silver nitrate (AgNOs) was
prepared and used for the synthesis of silver
nanoparticles. 5 ml of L. indica leaf extract was added into
95 ml of aqueous solution 1 mM silver nitrate for
reduction of Ag" ions to silver nanoparticles.

The colour of solution changes from colourless to brown,
indicates the formation of silver nanoparticles and further
confirmed by characteristic absorption spectra by UV-Vis.

Different Parameters for Investigation
Concentration of Leaf Extract

The varying concentration (1, 2, 3,4, 5, 6, 7, 8, 9 and 10
ml) of leaf extract was used for treating 1mM silver
nitrate solution. The absorbance of biosynthesized
nanoparticles was measured by using UV-vis
spectrophotometry.

Concentration of Silver Nitrate Solution

The reaction was monitored by using different
concentration of silver nitrate (1, 2, 3, 4 and 5 mM)
solution for the synthesis of nanoparticles.

The absorbance of product of reaction mixture was
measured spectrophotometry.

Temperature

The reaction temperature was maintained at 0, 10, 37,
40, 50, 60, 70, 80 and 90°C respectively, using water bath.
The absorbance of the product of reaction mixture was
measured by spectrophotometrically.

Hydrogen ion concentration (pH)

The pH of reaction mixture was maintained at4, 5, 6, 7, 8,
9, 10 and 11. The pH was adjusted using either 0.1 N HCI
or 0.1 N NaOH. The absorbance of the end product was
measured by using UV-Vis spectrophotometry.

Characterization of Silver Nanoparticles

The bioreduction of the Ag+ ions by the leaf extracts of L.
indica leading to formation of silver nanoparticles were
evident by change of color of reaction mixture from
colourless to dark brown and further confirmed by UV—
Visible absorption spectra.

The UV-VIS spectrum of the sample was measured on a
UV-2450 (Shimadzu) spectrophotometer operated at a
resolution of 1 nm. The bio-reduction of silver ions in
aqueous solution was monitored by UV-Vis spectrum of
the solution which ranges between 300-800 nm. Further
characterization was done by FT-IR (F-7000FL)
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spectrometer. In order to remove any free biomass
residue, the residual solution after reaction was
centrifuged at 4000 rpm for 20 min and the resulting
suspension was redispersed in 10 mL sterile distilled
water. The centrifuging and redispersing processes were
repeated for three times. Finally, the dried samples were
palletized with KBr and analyzed using FT-IR.
Morphological characterization of the sample was done
by HR-TEM (JEOL JSM6701-F), a pinch of dried sample
was coated on a carbon tape.

It was again coated with platinum in an auto fine coater
and then the material was subjected to analysis. For EDX
analysis, the reduced silver was dried on a carbon tape
placed on a copper stub and performed on a HITACHI
SU6600.

Antimicrobial Activity

Antimicrobial activity of synthesized silver nanoparticles
was analyzed by well diffusion method against gram
negative (Escherichia coli and Salmonella typhi) and gram
positive (Staphylococcus aureus and Bacillus subtilis)
bacteria. Initially, the stock cultures of bacteria were
revived by inoculating in broth media and grown at 37°C
for 18 hrs.

The agar plates were poured by muller hinton media and
wells were made in the plate. Each plate was inoculated
with 18 h old cultures (100 pl, 10™cfu) and spread evenly
on the plate. After 20 min, the wells were filled with
different concentration of silver nanoparticles solution,
silver nanoparticles and antibiotic, plant extract. All the
plates were incubated at 37°C for 24 h and the diameter
of inhibition zone were recorded.

RESULTS AND DISCUSSION

Aqueous of 1 mM silver nitrate solution was treated with
leaf extract of L. indica. The change of color from
colouless to brown shows the formation of silver
nanoparticles.

The color was arising due to silver nanoparticles absorb
radiation from the visible region of electromagnetic
spectrum which exhibit surface plasmon vibration.”’ But,
control containing 1mM silver nitrate solution remain
unchanged during the reaction period. UV-vis
spectroscopy is a good analytical technique for
characterizing optical properties and electronic structure
of silver nanoparticles in solution. The UV-Vis spectra
recorded from reaction mixture at 70°C and 9pH (Figure
1). The absorption spectra showed an intense peak at 410
nm due to the Surface Plasmon Resonance (SPR) band of
silver nanoparticles and broadening of peak indicated
that the particles are polydispersed.

The appearance of single prominent peak shows particles
are spherical and uniform in size.”® Different parameters
were optimized including leaf extract concentration,
concentration of silver nitrate, temperature and pH were
identified as factors affecting the synthesis of silver
nanoparticles.
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Figure 1: UV-vis spectra of silver nanoparticles, inset
picture shows visual observation of silver nanoparticles

Effect of Leaf Extract on Synthesis of Nanoparticles

The quantity of leaf extract plays an important role in the
complete conversion of metal salts into metal
nanoparticles.10ml of leaf extract is suitable to yield
maximum smaller sized silver nanoparticles (Figure 2).
The sharpness of the absorption peak is dependent on
the concentration of leaf extract, increase in leaf extract
quantity decreases the size of particles.29 The UV-vis
spectra of silver nanoparticles show a linear relationship
between absorbance and quantity of extract.
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Figure 2: Effect of Leaf Extract on Synthesis of

Nanoparticles

Effect of Silver lon Concentration on Synthesis of
Nanoparticles

Variation in silver ion concentration (1-5mM) results in
varies the size of nanoparticles. 1 mM silver nitrate
solution is suitable to yield maximum of small sized silver
nanoparticles. Further, increases in the concentration of
silver ions (1, 2, 3, 4 and 5 mM) forms a broader
absorption peak which indicates formation of large sized
nanoparticles (Figure 3). The concentration of silver ions
inversely propositional to the absorbance intensity.

The spectra can exhibit a shift towards the red or the blue
end depending upon the particle size, shape, state of
aggregation and the surrounding dielectric medium.* The
spectra shows blue end at 420 nm with small sized
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nanoparticles later, it shifts to red end at 435 nm indicate
formation of larges sized nanoparticles.
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Figure 3: Effect of Silver Nitrate Concentration on
Synthesis of Nanoparticles

Effect of Temperature on Synthesis of Nanoparticles

The synthesis of nanoparticles depends on the
temperature, increase in the temperature increases rate
of formation of silver nanoparticles, to yield maximum
small sized nanoparticles at 70°C temperature (Figure 4).
The temperature is inversely propositional to the size of
nanoparticles.31
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Figure 4: Effect of Temperature on Nanoparticles
Synthesis

Effect of pH on Synthesis of Nanoparticles

The pH plays an important role in synthesis of
nanoparticles. Acidic condition hinders the formation of
nanoparticles and forms a large sized nanoparticles while,
small and highly dispersed nanoparticles were formed at
basic pH (9) which enhances the formation of
nanoparticles (Figure 5). At higher pH large number of
functional groups are available for silver binding which
results in the formation of large number of silver
nanoparticles with smaller dimensions. When NaOH
reacts with AgNO; to form a precipitate of pure silver
oxide (Ag,0) however, the presence of reducing agents in
the reaction mixture leads to bioreduction of Ag" to Ag(0)
using the colloidal system. It is also conceivable that the
addition of hydroxide (OH’) ions deprotonated the active
biomolecules with hydroxyl and carboxyl functional
groups supplying electrons for the reduction of the Ag’
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ions. The slow rate of formation and aggregation of silver
nanoparticles at acidic pH could be related to
electrostatic repulsion of anions present in the solution.>
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Figure 5: Effect of pH on Nanoparticles Synthesis
FTIR Analysis

The FTIR data of leaf extract and silver nanoparticles
reveals the possible biomolecules and chemical change of
the functional groups involved in bioreduction and
formation of silver nanoparticles (Figure 6 and Table 1).
Both the spectra exhibit a broad intense band at 3400
cm ™ and 1640 and 1618 cm™ respectively in leaf extract
and silver nanoparticles is attributed to N-H and carbonyl
stretching (amide band 1) frequency arising from the
peptide linkage present in the proteins of the extract. The
band at 1454 and 1471 cm™ is assigned to methylene
scissoring vibrations from the proteins in the solution.”
The spectra shows bands at 1380, 1379 and 1102 and
1100 cm™ in leaf extract and silver nanoparticles
attributed to the —C-O-stretching vibration of water
soluble components such as flavones, terpenoids and
phenolic compounds. The band at 1022 and 1034 cm™can
be assigned to C-N stretching vibration of primary amines
respectively. The band at 1230 cm™ are the bending
vibration of C-N (amide lll bands) in the proteins. The
band observed in extract 688 cm™ which corresponds to
Cl'stretching. Both the spectra shows band at 2923 and
2853 cm™in plant extract and 2925 and 2855 emin silver
nanoparticles are arised from methylene antisymmetric
and symmetric vibrational mode, these band intensity
increased in the silver nanoparticles due to increase in
the close packed structure of the biomolecules on the
nanoparticles surface.” In the leaf extract FTIR spectrum
shows band at 764 cm™, attributed to the bending
vibration in the S-H moiety bonded to the CH, group.
Mukherjee reported that the extract containing cysteine
amino acid with S-H bonds which plays a key role in
reducing the AgNO; solution.* This represents the
release of some protein components into the reaction
medium that may bind to the nanoparticles through
cysteine residues in the proteins through hydrogen bond
or it may cap the silver nanoparticles through
electrostatic attraction preventing agglomeration and
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enhance the stability of the silver nanoparticles. The FTIR
results revealed that native proteins which involved in the
synthesis of silver nanoparticles and their secondary
structure remained unaffected due to its reaction with
Ag' ions or binding with the silver nanoparticles.”> The
FTIR spectroscopic study confirmed that the carbonyl
group of amino acid residue has a stronger ability to bind
silver, suggesting that proteins could possibly form a layer
covering silver nanoparticles and acting as a capping
agent to prevent agglomeration and provide stability to
the nanoparticles.

o

Figure 6: FTIR absorption spectra of aqueous leaf extract
before and after complete bioreduction of silver ions

Energy Dispersive X-ray (EDX)

The energy dispersive x-ray spectrum (Figure 7) reveals
the elemental nature of the synthesized silver
nanoparticles which shows the strong signals of silver
correspond to the peaks of the spectrum confirming
presence of silver.

Detection of carbon and oxygen suggested the presence
of carbohydrate compounds containing sulphur that were
either capped on silver nanoparticles or were present in
the background.35 Silver nanoparticles are crystalline in
nature and displays an optical absorption peak
approximately at 3 keV due to Surface Plasmon
Resonance.*®
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Figure 7: EDX analysis of silver nanoparticles synthesized
from leaf extract of L. indica
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Atomic Force Microscopy and HR-TEM

The atomic force microscopy (AFM) displays surface
morphology of silver nanoparticles using L. indica leaf
extract (Figure 8 a).

The particle size of the silver nanoparticles ranges from
30 to 70 nm were observed. The topographical images of
silver nanoparticles are spherical and triangular in shape.

The HR-TEM images of synthesized silver nanoparticles
are depicted in Figure 8b which shows the size, shape and
crystallinity of nanoparticles.

According to microphograph images particles are

spherical in shape and size ranges from 10 to 40nm.
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Figure 8: (a) AFM and (b) HR-TEM images of biogenic
silver nanoparticles

Antimicrobial Activity

The silver nanoparticles exhibited good antibacterial
activity against both gram positive and gram negative
bacteria. E.coli and S.typhi. were more sensitive to silver
nanoparticles than the S.aureus and B. subtilis Silver
nanoparticles at different concentration (25uL, 100uL and
250uL) showed different diameter of inhibition zone (DIZ)
with respect to different microorganisms (Figure 9). S.
typhi have shown antimicrobial activity at lower
concentration of silver nanoparticles at 100 pL but S.
aureus and B. subtilis shows at 250 pL, no inhibition zone
was observed in plant extract and E.coli. The researcher
reported S. aureus were more sensitive to silver
nanoparticles than E.coli used for assay of microbial
activity.g'7

The present study reveals that an increased antimicrobial
effect of antibiotics in combination with silver
nanoparticles. The increased in activity was due to the
synergistic action of both antibiotics and silver
nanoparticles. The synergistic effect is a powerful tool
against resistant microorganisms.

A strong correlation bonding between antibiotic and
silver nanoparticles accelerates antimicrobial activity on
the cell membrane at specific point. Silver nanoparticles
facilitated the transport of antibiotics to the cell surface
acting as a drug carrier.®

ISSN 0976 — 044X

Figure 9: Antibacterial activity of (a) AgNPs+Antibiotics,
(b) Plant extract, (c) 25ul (d) 100ul (e) 250ul and (f)
Antibiotics

Silver nanoparticles were attached to the cell surface and
alters the membrane permeability by immediate
accumulation of envelope protein precursors, which
results in dissipation of the proton motive force. The
sulfur containing proteins in the membrane or inside the
cells and phosphorus containing DNA are likely to be the
preferential sites forbinding silver nanoparticles39’40 and
affecting the replication machinery, facilitating enhanced
infiltration of the antibiotics into the cells. Shrivastava
have reported that the silver nanoparticles may modulate
the phosphotyrosine profile of putative bacterial
peptides. This could affect cellular signaling and inhibit
the growth of bacteria.”

The oligodynamic effect of silver has antibacterial activity
against microorganisms.

The changes in the local electronic structure on the
surface of the small sized particles led to the
enhancement of their chemical reactivity leading to
bactericidal effect. In the present study, a higher
inhibition zone was observed for the gram-positive
bacteria compared to other gram-negative bacteria.

This observation is in excellent agreement with earlier
studies.””™ The differential sensitivity of gram negative
and gram positive bacteria towards silver nanoparticles is
possibly depends on cell surface characteristics.

The negative charge on the cell surface of gram-negative
bacterial was higher than the cell surface of gram-positive
bacteria.*® The gram negative bacterial outer membrane
consists of proteins, lipids and lipopolysaccharides (LPS)
which acts as a barrier and provide effective protection
against antibacterial agents.

But gram positive bacteria donot consist of an outer
membrane so nanoparticles can easily enters and inhibits
the growth.*’
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Table 1: Functional groups involved in the synthesis of silver nanoparticles

Leaf Extract

S. No. (before bioreduction)

cm-1
3416
2919
2850
1748
1618
1471
1379
1223
1034

cm-1
3430
2925
2855
1748
1640
1454
1380
1260
1022

O 00 N O U B W N P

=
o

764 =

10 688 =

CONCLUSION

The leaf extract of L. indica was used for synthesis of
silver nanoparticles. The silver nanoparticles are
crystalline in nature.

The size of silver nanoparticles synthesized by L. indica,
ranges between 10 and 50 nm and are spherical and
triangular in nature, polydispersed and uniform in size.

The production of silver nanoparticles was very rapid in L.
indica. Plant mediated biosynthesis offers a rapid, cheap,
clean, safe and eco-friendly approach. Synthesized
nanoparticles showed good antimicrobial activity in
combination of silver nanoparticles with antibiotic had
synergistic antibacterial activity against E.coli, S. typhi, S.
aureusand B. subtilis.
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