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Introduction

Nanotechnology has found greener ways for nanoparticles and nanomaterials synthesis through plants and their products [1,2].
Almost all the parts of a plant including roots [3], bark [4], leaves [5], peel [6], tuber [7], seed [8] and fruit [9] extracts are
being used for metallic nanoparticle synthesis. Biosynthesis of metallic nanoparticles using plant products such as amino acids,
polyphenols, glucose, tannins, sterols, flavonoids, terpenoids as reducing as well as capping agents is an easier, environment
friendly, cost-effective approach that does not requires high pressure, temperature, energy and toxic chemicals [10-12]. Metallic
nanoparticles has become a mesmerizing field of nanotechnology due to their phenomenal properties and prodigious
applications in various fields such as catalysis [13], electronics [14], chemistry, medicine [15] and energy [16]. Among various
metallic nanoparticles, silver nanoparticles have been reported to possess antibacterial [17], antifungal [18], antiviral [19], anti-
angiogenic [20] and anti-inflammatory [21] properties. The antimicrobial activity of silver nanoparticles is due to their high
surface area to volume ratio and unique chemical and physical properties. Their small size allows them to penetrate through
bacterial cell wall and disturb its cellular mechanism. Silver nanoparticles are used in cosmetics [22], topical ointments and
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creams for infections, burns, wounds and a number of environmental applications [23]. Silver ions are being used in several
consumer products such as; in coatings of medical devices and water filters, air purifying sprays, respirators, socks, wet wipes,
soaps, washing machines etc. [24].

There are a number of approaches available for silver nanoparticles synthesis such as chemical reduction [25], sunlight induced
synthesis [26], photochemical reactions [27], sonochemical [28], radiation [29] and microwave assisted [30]. Among all, use
of plant products and extracts are economically and environmentally benign and easier method for reduction of silver salt into
silver nanoparticles. The synthesis of metal nanoparticles using plants is non-toxic, fast, takes place at ambient temperature and
low cost.

Zerovalent silver nanoparticles were synthesized using leaf extracts of Sida acuta found in hotter regions of India. Sida acuta
leaf extract has pharmaceutical applications having cryptolepine and quindoline as the major alkaloid of the plant. The Sida
acuta plant is used in the treatment of malaria, renal inflammation, cold, fever, ulcers, diarrhea and many other diseases [31].
The synthesis mechanism involved simple reaction of organic compounds of leaf extract (reducing and capping agent) with
silver nitrate. The synthesized silver nanoparticles were tested for their antibacterial and antifungal activity.

Materials and Methods

Materials

Silver Nitrate (AgNOs, 99.9%) was obtained from Merck Limited, India. All glassware were washed in diluted nitric acid and
rinsed thoroughly with double distilled water prior to use and dried in hot air oven. The leaves of Sida acuta were collected
near the university campus, sector-30, Gandhinagar (Gujarat) India.

Preparation of silver nitrate solution
2 mM silver nitrate was prepared by adding 0.0339 gm of silver nitrate into 100 mL of double distilled water. The solution was

mixed thoroughly and stored in brown colored bottle in order to prevent auto-oxidation of silver.

Preparation of leaf extract
Collected leaves were thoroughly washed with distilled water and dried at room temperature. 25 gm leaves were finely chopped
and boiled in 100 ml sterile distilled water for 5 minutes in a 250 ml flask. The solution was filtered through Whatman No.1

filter paper. Fresh leaf extracts was used for synthesis of silver nanoparticles.

Synthesis and purification of silver nanoparticles

10 mL of the leaf extract was added to 90 mL of 2 mM aqueous silver nitrate solution (1:9 ratio) and incubated at room
temperature. The colour change was observed within ten minutes. This indicated the preliminary confirmation for the formation
of plant mediated silver nanoparticles. After 5 hrs. grey colored precipitates of silver nanoparticles saterted to settle down into
the bottom. The solution was then centrifuge at 8,000 rpm for 15 minutes. Supernatant was discarded and pellet containing
silver nanoparticles was taken. Pellet was washed thrice with distilled water by centrifugation. Finally, the pellet was taken out

in petri-plate and kept in oven to dry at 50°C for 4-5 hrs. Grey colored silver nanoparticles thus obtained in powdered form.

Antimicrobial activity of silver nanoparticles and measurement of minimum inhibitory concentration (MIC)
The antimicrobial activity of the biologically synthesized Silver nanoparticles against pathogenic microorganisms

Pseudomonas aeruginosa and Candida albicans was measured on Nutrient agar and MGYP plates respectively by using the
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disc diffusion method [34,35]. Stock solution (1000 microgram per ml) of each compound was prepared in water. Assay carried
out by taking concentration 100 microgram per disk. Hi-media antibiotics discs: Chloramphenicol (10 microgram/disk and
Amphotericin-B (100 units/disk) moistened with water were used as standard. The test is performed by applying a microbial
inoculum of approximately 1-2x108 CFU/mL to the surface of a large Nutrient agar and MGYP plates, and then different
concentrations of silver nanoparticles (0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, and 1024 pg/ml) were added to the
well present in both the plates. Plates are incubated for 16—24 h at 35°C prior to determination of results. After incubation, the

plates were observed for the presence of a zone of inhibition.

Characterization of silver nanoparticles
Silver nanoparticles were subjected to characterization using UV-Vis spectroscopy, DLS, FTIR and TEM in order to obtain the
shape, size and purity (attached functional groups) of biologically synthesized silver nanoparticles.

UV-VIS Spectroscopy

Reduction of silver ions into silver nanoparticles due to various biomolecules present in the sida acuta leaf extract was
monitored by measuring the UV-Vis spectrum of the reaction medium after diluting a small aliquot of the sample by distilled
water. The scanning range for the samples was 300-700 nm [32].

Dynamic Light Scattering Analysis
The confirmation of particle size, PDI with Zeta Potential is measured by the DLS (Dynamic Light Scattering, Microtrac
Zetatrac, U2771, DLS XE-70, Park System equipment) [33].

FT-IR Spectroscopy Analysis
The silver nanoparticles were analyzed by FT-IR Spectrometer (Bruker, Germany) for detection of attached functional groups
by showing peaks from the region of 4000 cm-1 to 450 cm-1.

Transmission Electron Microscopic Analysis

TEM shows the shape and size of the particles. The grid for TEM analysis was prepared by placing a drop of the silver
nanoparticle suspension on a carbon-coated copper grid and allowing the water to evaporate inside a vacuum dryer. The grid
containing silver nanoparticles was scanned by a Transmission Electron Microscope [TECHNAI (fei-optics) 200 Kv].

Results and Discussion

UV-Vis Spectral Analysis

Reduction of silver ions into silver nanoparticles due to various biomolecules present in the Sidda acuta leaf extract was
confirmed by visible color change from yellow to brown due to surface Plasmon vibrations in the reaction medium. The UV-
Vis spectrograph of synthesized silver nanoparticles shown a broad absorption peak at 440 nm due to the surface Plasmon
resonance (SPR) of silver nanoparticles FIG.1. The metal nanoparticles have free electrons, which give the SPR absorption
band, due to the combined vibration of electrons of metal nanoparticles in resonance with light wave. The silver metal ion
reduction occurred rapidly; more than 90% of reduction of Ag* ions is complete within 2 hrs. after addition of the silver metal
ions to the plant leaf extract.
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FIG. 1. Absorption spectrum for silver nanoparticles.

Dynamic light scattering analysis

The particles size distribution graph obtained from the DLS of silver nanoparticles synthesized by Sida acuta plant species is
shown in the FIG. 2. The results indicate that obtained size of silver nanoparticles synthesized from Sida acuta plants was 222.3
nm. For the confirmation of monodispersity, DLS results indicates 0.388 PDI which depicts that the nanoparticles are well

dispersed in the used solvent i.e. water. This PDI value supports well monodispersity of silver nanoparticles and confirms that

the nanoparticles are not aggregated; consequently, silver nanoparticles are well dispersed. Measurement of zeta potential

ranged from -20.41 mV. TABLE 1 represents the different characteristics of silver nanoparticles characterized by DLS.
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FIG. 2. DLS graph showing size distribution of silver nanoparticles.

TABLE 1. DLS analysis for silver nanoparticles.

DLS analysis Sida acuta
Particle size (nm) 222.3
Particle width 236.60
PDI 0.388
Zeta potential (mV) -20.41

FT-IR spectroscopy analysis

FTIR measurements were carried out to identify the biomolecules for capping and efficient stabilization of the silver

nanoparticles. FTIR spectrum of silver nanoparticles showed absorption bands at 3433cm™, 2062.2 cm™ and 1638.3 cm™ in
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FIG. 3. The band at 3433 cm™ corresponds to O-H stretching and H-bonded stretching with respective functional groups of
alcohols and phenols. The absorption peak at 2062.2 cm™ may be assigned to the aromatic -CH stretching. The bands observed
at 1638.3 cm™ may be attributed to the carbonyl groups in the a-helices present in the plant extract. TABLE 2 represents a

range of frequencies and their assigned functional groups in FTIR analysis.
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FIG. 3. FTIR spectrum of silver nanoparticles.

TABLE 2. Frequencies obtained from FTIR spectra of silver nanoparticles and their assigned functional.

Group frequency, wavenumber (cm™)

Functional group/assignment

1633.3-1641.8

Secondary amine, NH bend

2047.4-2069.3

Aromatic -CH stretching

3433-3447.1

Hydroxyl group, H-bonded OH stretch

Transmission electron microscopic analysis
The TEM analysis revealed that the average mean size of silver nanoparticles was found to be 14.24 nm. Nanoparticles were

seemed to be spherical in morphology with nano-crystalline structure as shown in the FIG. 4.
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FIG. 4. TEM image of silver nanoparticles showing average particle size as 14.24 nm.

Antimicrobial activity of silver nanoparticles and measurement of minimum inhibitory concentration
(MIC)

The silver nanoparticles exhibited inhibitory activity towards gram negative bacteria Pseudomonas aeruginosa and fungi
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Candida albicans (Figure 5 and 6). The antimicrobial activity of silver nanoparticles was proved from the zone of inhibition
[Table 3]. The minimal inhibitory concentration of Silver nanoparticles was found to be 4ug/ml against P. aeruginosa and
8ug/ml against C. albicans [Table 4]. Although the exact mechanism of inhibitory action of silver nanoparticles toward
microbial cell is not clear but many researchers have suggested that silver nanoparticles have strong interaction with thiol
groups present in the respiratory enzymes in bacteria. Silver nanoparticles adheres to bacterial surface and alters its membrane
properties and ultimately causes death of bacterial cell[36]. Fungal cells have ergosterol and numerous gradients between
cytoplasmic membranes to keep their membrane potential ability. The silver nanoparticles destroys theses gradients and
membrane conformity and causes cell death [37]. Khushboo Singh et al. have reported the antibacterial activity of silver
nanoparticles against multidrug-resistant strains of P. aeruginosa [38]. Palaniyandi Velusamy et al. reported that silver
nanoparticles can induce nucleic acid DNA damage [39]. Ramamurthy et al. have also reported that silver nanoparticles can
penetrate the nucleic acid DNA of gram negative bacteria and exhibits antibacterial potential by damaging the DNA at very
low concentrations of silver nanoparticles [40]. In our study we have used a simple, cost effective and eco-friendly method for
synthesis of silver nanoparticles. The synthesized nanoparticles showed remarkable antibacterial and antifungal activity against
P. aeruginosa and C. albicans.
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FIG. 5. Zone of inhibition test for antibacterial activity of silver nanoparticles

against P. aeruginosa.
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FIG. 6. Zone of inhibition test for antibacterial activity of silver nanoparticles
against C. albicans.
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TABLE 3. Antimicrobial activity of silver nanoparticles determined by Disc Diffusion method.

Sr. Samples Zone of Inhibition (mm)

No. Pseudomonas aeruginosa | Candida albicans
1 Silver nanoparticles 12.26 10.33
2 Chloramphenicol 15.13 -
3 Amphotericin B - 12.10
Diameter in mm calculated by Vernier Caliper ‘-> means no zone of inhibition

TABLE. 4. Microbial growth at different concentrations of silver nanoparticles.

Sr. Silver nanoparticles P. aeruginosa | C. albicans
No. (microgram per ml)

1 1024 - -

2 512 - -

3 256 - -

4 128 - -

5 64 - -

6 32 - -

7 16 - -

8 8 - -

9 4 5 "
10 2 + +
11 1 + +
12 0.5 + +
13 0.25 + +
14 0.125 + +

MIC 4 pg/ml 8 pg/ml

Conclusion

Biosynthesis of silver nanoparticles using leaf extract of Sida acuta and their characterization was done by TEM, DLS, FTIR
and UV spectroscopy and results showed that synthesized silver nanoparticles has strong antibacterial and antifungal activity
against Pseudomonas aeruginosa and Candida albicans. The antimicrobial tests were carried out using disc diffusion method.
The growth of inhibition ring of Pseudomonas aeruginosa and Candida albicans treated by silver nanoparticles were 12.26
and 10.33 mm, respectively. The antimicrobial activity of silver nanoparticles against of Pseudomonas aeruginosa and Candida
albicans might be due to their adsorption on microbial surface, inhibition of intracellular enzyme activity or by disruption of
cell wall. Results showed that silver nanoparticles, require a lower concentration to inhibit development of the Pseudomonas

aeruginosa and Candida albicans.



www.tsijournals.com | January-2017

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

References
Akhtar MS, Panwar J, Yun YS. Biogenic synthesis of metallic nanoparticles by plant extracts. ACS Sust Chem Eng.
2013;1:591-602.
Hebbalalu D, Lalley J, Nadagouda MN, et al. Greener techniques for the synthesis of silver nanoparticles using plant
extracts, enzymes, bacteria, biodegradable polymers, and Microwaves. ACS Sust Chem Eng. 2013;1:703-12
Forough M, Farhadi K. Biological and green synthesis of silver nanoparticles. Turkish J Eng Env Sci. 2010;34:281-7.
Iravani S, Zolfaghari B. Green synthesis of silver nanoparticles using Pinus eldarica bark extract. Hindawi Publishing
Corporation. BioMed Res Inter. 2013:5.
Renugadevi K, Aswini RV. Microwave irradiation assisted synthesis of silver nanoparticles using Azadirachta indica leaf
extract as a reducing agent and in vitro evaluation of its antibacterial and anticancer activity. Int J Nanomater Biostruct.
2012;2(2):5-10.
Bankar A, Joshi B, Kumar AR, et al. Banana peel extract mediated novel route for the synthesis of silver nanoparticles.
Colloids Surf A. Physicochem Eng Asp. 2010;368:58-63.
Ghosh S, Patil S, Ahire M, et al. Synthesis of silver nanoparticles using Dioscorea bulbifera tuber extract and evaluation
of its synergistic potential in combination with antimicrobial agents. Int J Nanomed. 2012;7:483-96.
Bar H, Bhui DK, Gobinda SP. Green synthesis of silver nanoparticles using seed extract of Jatropha curcas. Physicochem
Jain D, Daima HK, Kachhwaha S, et al. Synthesis of plant-mediated silver nanoparticles using papaya fruit extract and
evaluation of their antimicrobial activities. Dig J Nanomat Bios. 2009;4:557-63.
Eghdami A, Sadeghi F. Determination of total phenolic and flavonoids contents in methanolic and aqueous extract of
Achillea millefolium. Org Chem J. 2010:2:81-4.
Cowan MM. Plant products as antimicrobial agents”. Clin Microbiol Rev. 1999;12(4):564-82.
Geethalakshmi R, Sarada DVL. Synthesis of plant-mediated silver nanoparticles using Trianthema decandra extract and
evaluation of their antimicrobial activities. Int J Eng Sci Tech. 2010; 2(5):970-5.
Sivakumar P, Lavanya R, Priya MV, et al. Synthesis of MgO/Ag nanocomposite with enhanced photocatalytic activity
against textile dye. J Chem Pharma Sci. 2014;S(4):119-20.
Chang LT, Yen CC. Studies on the preparation and properties of conductive polymers. VIII. Use of heat treatment to
prepare metalized films from silver chelate of PVA and PAN. J Appl Polym Sci. 1995;55:371-374.
Ganeshkumar M, Sathishkumar M, Ponrasu T, et al. Spontaneous ultra-fast synthesis of gold nanoparticles using Punica
granatum for cancer targeted drug delivery. Colloid Surface B. 2013;106:208-16.
Chandran SP, Chaudhary M, Pasricha R, et al. Synthesis of gold nanotriangles and silver nanoparticles using Aloe vera
plant extract. Biotechnol Prog. 2006;22(2):577-83.
Lalitha A, Subbaiya R, Ponmurugan P. Green synthesis of silver nanoparticles from leaf extract Azhadirachta indica and
to study its anti-bacterial and antioxidant property. Int J Curr Microbiol App Sci. 2013;2(3):228-35.
Kim KJ, Sung WS, Suh BK, et al. Antifungal activity and mode of action of silver nano-particles on Candida albicans.
Biometals. 2009;22(2):235-42.
Rogers JV, Parkinson CV, Choi YW, et al. A preliminary assessment of silver nanoparticle inhibition of monkeypox virus
plaque formation. Nanoscale Res Lett. 2008;3(4):129-33.
Gurunathan S,Lee KJ, Kalishwaralal K, et al. Antiangiogenic properties of silver nanoparticles. Biomaterials.
2009;30(31):6341-50.



www.tsijournals.com | January-2017

21.

22.
23.

24.

25.

26.

217.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

Nadworny PL, Wang J, Tredget EE, et al. Anti-inflammatory activity of nanocrystalline silver in a porcine contact
dermatitis model. Nanomedicine 2008;4(3):241-251.

GreBler S, Gazso A. Nanotechnology in cosmetics. Nano Dossiers. 2010:008.

Satyavani K, Gurudeeban S, Ramanathan T, e al. Biomedical potential of silver nanoparticles synthesized from calli cells
of Citrullus colocynthis (L.) Schrad. J Nanobiotechnol. 2011;9:43.

Prabhu S, Poulose EK. Silver nanoparticles: Mechanism of antimicrobial action, synthesis, medical applications, and
toxicity effects. International Nano Letters.2012;2:32.

Guzman MG, Dille J, Godet S. Synthesis of silver nanoparticles by chemical reduction method and their antibacterial
activity. Int J Chem Biolog Eng. 2009;2:3.

Phatak RS, Hendre AS. Sunlight induced green synthesis of silver nanoparticles using sundried leaves extract of Kalanchoe
pinnata and evaluation of its photocatalytic potential. Der Pharmacia Lett. 2015;7(5):313-24.

Zaarour M, Mohamad ER, Biao D, et al. Photochemical preparation of silver nanoparticles supported on Zeolite crystals.
Langmuir. 2014;30(21):625-6.

Darroudi M, Zak AK, Muhamad MR, et al. Green synthesis of colloidal silver nanoparticles by sonochemical method.
Mater Lett. 2012;66(1):117-20.

Kumar RM, Rao BL, Asha S, et al. Gamma radiation assisted biosynthesis of silver nanoparticles and their characterization.
Adv Mater Lett. 2015;6(12):1088-93.

Wang B, Zhuang X, Deng W, et al. Microwave-assisted synthesis of silver nanoparticles in alkalic carboxymethyl Chitosan
solution. Eng. 2010;2:387-90.

Trivedi HB, Vediya SD. Removal of fluoride from drinking water with the help of Sida acuta Burm f. Int J pharm life sci.
2013;4(8).

Mulvaney P. Surface plasmon spectroscopy of nanosized metal particles. Langmuir. 1996;12(3):788-800.

Berne BJ, Pecora R. Dynamic Light Scattering: With Applications to Chemistry, Biology, and Physics, Dover, New York,
NY.USA. 2000.

Jorgensen JH, Turnidge JD. Manual of clinical Microbiology. 11th ed. United States: American Society for Microbiology;
2015.71, Susceptibility test methods: Dilution and disk diffusion methods; 1152-73.

Ingroff E, Pfaller MA. Manual of clinical microbiology. 10th ed. United States: American Society for Microbiology; 2007.
Susceptibility test methods: Yeasts and filamentous fungi; 1972-86.

Li Q, Mahendra S, Lyon DY, et al. Antimicrobial nanomaterials for water disinfection and microbial control: Potential
applications and implications. Water Research 2008;42:4591-2.

Nasrollahi A, Pourshamsian Kh, Mansourkiaee P. Antifungal activity of silver nanoparticles on some of fungi. Int J Nano
Dimension. 2011;1(3):233-9.

Khushboo S, Manju P, Sangeeta K, et al. Antibacterial Activity of Synthesized Silver Nanoparticles from Tinospora
cordifolia against Multi Drug Resistant Strains of Pseudomonas aeruginosa Isolated from Burn Patients. J Nanomed
Nanotechnol. 2014;5(2):2157-7439

Velusamy P, Venkat KG, Jeyanthi V, et al. Bio-Inspired Green Nanoparticles: Synthesis, Mechanism, and Antibacterial
Application. Toxicol Res. 2016;32(2):95-102.

Ramamurthy CH, Padma M, Samadanam ID, et al. The extra cellular synthesis of gold and silver nanoparticles and their

free radical scavenging and antibacterial properties. Colloids Surf B Biointerfaces. 2013;102:808-15.



