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INTRODUCTION

Nanotechnology is a rapidly developing method that 
is effective in all areas of human life (Khan et al., 2018). 
In the studies conducted, the term Green Nanotechnology 
has emerged, which is based on the principle of the 
production of nanoparticles from living cells with low 
toxic substance content (Duncan, 2011; Chan et al., 2020). 
Nanoparticles with green synthesis are synthesized by 
different methods. These are physical, chemical and 
biological methods. Physical and chemical methods have 
high disadvantages as they contain expensive and toxic 

chemicals (Bhat, Nayak, Nanda, 2015; Geethalakshmi, 
Sarada, 2010; Saranya et al., 2017). Biological synthesis is 
a very cheap, environmentally friendly and safe method. 
Thanks to these advantages, it is preferred more (Latha 
et al., 2018; Valsalam et al., 2019).

Increase in free radical formation, decrease in 
antioxidant enzyme levels and / or defects in DNA repair 
mechanisms lead to an increase in oxidative DNA damage. 
Therefore, they cause the emergence of many degenerative 
diseases, especially cancer (Cooke et al., 2003; Kryston et 
al., 2011). Antioxidants are molecules that can be produced 
in the human body and are found in many plants and foods 
outside and have protective properties against free radicals. 
Antioxidants are defined as substances that delay or prevent 
oxidation of the substrate when it encounters an oxidizable 
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substrate such as lipid, protein, DNA and carbohydrate 
even at very low concentrations (Frankel, Meyer, 2000).

The resistance created by bacteria against antibiotics 
is increasing day by day. In order to prevent this and 
especially for the treatment of infections, it is necessary 
to develop new alternative agents and their combinations 
with antibiotics. It has been known for a long time that 
AgNPs have antibacterial properties (Sukdeb, Yu, Joon, 
2007; Molina et al., 2019). Silver nanoparticles (Ag NPs) are 
used in many fields as alternative medicine to antibiotics, 
sensors, spectroscopy and catalysis. These areas can be used 
in industry such as food and textile, especially in health 
(Pandit, 2015; Rai, Yadav, Gade, 2009).

S. alopecuroides L. plant is a plant that grows 
in south west and east Asia, Greece and southern 
Russia (Chamberlain Sophora, In Davis, 1970). This 
herb is widely used in Chinese medicine. Seeds of S. 
alopecuroides are used in the treatment of some skin and 
gynecological diseases such as eczema, dermatitis and 
colpitis, as well as fever, sore throat and inflammation. 
The quinolizidine alkaloids (QA) component contained 
in the plant S. alopecuroides L. has many effects; These 
are sedative, analgesic, antipyretic, anti-inflammatory, 
anti-tumor and significant antiviral activities (Atta-ur 
et al., 2000; Ding et al., 2006).

In our present study, it was aimed to synthesize silver 
nanoparticles by using the extract of S. alopecuroides 
L. plant seed collected in Iğdır region and calculate the 
antimicrobial activities, total antioxidant amount and 
DNA damage prevention activity of the obtained silver 
nanoparticles. Synthesized Ag NPs were characterized 
by UV-vis, FT-IR, XRD and SEM techniques.

MATERIAL AND METHODS

Synthesis of Ag NPs/Sa

S. alopecuroides L. plant was harvested in Iğdır 
province, Aralık district in August. The identification 
of the plant species was made in YYÜ, Faculty of 
Science, Department of Biology. After S. alopecuroides 
L. (Licorice) plant was brought to the laboratory, it 
was washed and allowed to dry. After drying at room 
temperature for 7 days, it was pulverized (Kianbakht, 

Dabaghian, 2016). For the synthesis of nanoparticles, 
Okaiyeto et al., (2019) was used with some changes in 
the method it used. 1 mM 500 ml AgNO3 solution was 
prepared and 100 ml of S. alopecuroides L. plant extract 
was reacted at room temperature in 1000 ml flask. Color 
change occurred in the solution after 45-50 minutes. The 
resulting solution was centrifuged at 9,000 rpm for 8 
minutes and the upper liquid was removed. The solid was 
washed twice with distilled water. The solid part obtained 
was left to dry for 72 hours at 45-50 °C in the oven.

Characterization of synthesized Ag NPs/Sa

The spectrophotometric imaging process of AgNO3 
and Ag NPs/Sa was performed on Thermo Fisher UV- 
Vis spectrophotometers. FT-IR spectra were recorded 
using Ag NPs/Sa and S. alopecuroides L. Perkin Elmar 
instrument in the range 4000-400 cm-1. Ag NPs/Sa crystal 
properties were performed on an X-ray diffractometer 
(Panalytical Emperian Diffractometer). The size and 
morphological structures of the obtained nanoclusters 
(Ag NPs/Sa) were visualized with the help of scanning 
electron microscopy (SEM, Zeiss SmartEDX).

DPPH radical scavening activity

The DPPH quenching activity of the extract (Ag NPs/
Sa) used in this study was calculated using the previously 
found method (Blois, 1958). BHA was used as positive 
control in this procedure. The experiment was carried out 
using methanol solutions of 0,1 mg / ml DPPH. DPPH and 
Ag NPs/Sa extract solutions were prepared at 5 different 
concentrations of 25, 50, 100, 200 and 250 µg / ml. 3 ml 
of Ag NPs/Sa extract and positive control were taken and 
DPPH solution was added on them. The mixtures formed 
in the tubes were incubated for 30 minutes in the dark and 
at room temperature. At the end of this period, absorbance 
values were read at 517 nm. As a result of these processes, 
a graph of Ag NPs/Sa concentration versus increasing 
DPPH ethanol concentration was obtained. This graph 
is obtained using the Eq.1:

% I = [(Acontrol-Asample) / Acontrol] × 100 (1)



Braz. J. Pharm. Sci. 2022;58: e20992 Page 3/11

Synthesis and characterization of Sophora alopecuroides L. green synthesized of Ag nanoparticles for the antioxidant, antimicrobial and DNA damage 
prevention activity

DNA Damage Preventive Effect

The effect of silver nanoparticles obtained using 
the seeds of the S. alopecuroides L. plant to prevent 
damage to plasmid DNA was investigated by agarose 
gel electrophoresis (Gulbagca et al., 2019). Plasmid DNA 
(pBR322) and loading dye were added to each well. From 
the second pit, hydrogen peroxide was added to damage 
the DNA and the nucleic acids were exposed to UV. Silver 
nanoparticles were added from the third well (50 mg / 
L Ag NPs/Sa + DNA + H2O2 + UV). Fourth well (100 
mg / L Ag NPs/Sa + DNA + H2O2 + UV) and Fifth well 
(250 mg / L Ag NPs/Sa + DNA + H2O2 + UV) were 
prepared. Imaging was performed after 45 minutes of 
electrophoresis at 110 Volts. The effect of Ag NPs/Sa 
clusters on DNA damage was examined.

Antimicrobial activity

Nanoparticles were obtained using seeds of S. 
alopecuroides L. plant and Silver nitrate. Antibacterial 
and antifungal activities of Ag NPs/Sa clusters were 
examined. Disk diffusion method was used for 
antimicrobial activity (Andrade et al., 2016). Neomycin 
was used as a positive control while applying the 
method. Six pathogenic bacteria such as Bacillus 
subtilis ATCC 6633 Escherichia coli ATCC 25952, 

Bacillus cereus ATCC 10876, Pseudomonas aeruginosa 
ATCC 27853, Enterococcus faecalis ATCC 29212, 
Staphylococcus aureus ATTC 29213 and Candida 
albicans ATTC 90028 were used. Strains used in the 
study were activated in Triptic soy Broth. Müller Hinton 
Agar medium was used for the disk diffusion method. 
Microorganisms were obtained from Van Yüzüncü 
Yıl University, Faculty of Science, Department of 
Molecular Biology and Genetics.

RESULTS AND DISCUSSION

Characterization of synthesized Ag NPs/Sa

SEM / SEM-EDX, FT-IR, XRD and UV-vis 
techniques were used for the structural and morphological 
characterization of Ag nanoparticles prepared by green 
synthesis using S. alopecuroides L. plant, respectively. 
Figure 1 (a-c) shows SEM images of Ag NPs / Sa sample 
taken at different scales and (d) EDX spectrum obtained 
from one of these images. It is seen from SEM images 
of different scales that Ag nanoparticles are generally 
distributed homogeneously. In addition, in the SEM 
images taken, it is seen that the average size of the silver 
particles is 3,7 nm, and in some regions it is 8,5 nm. The 
peaks of Ag, C and O elements in the structure of Ag NPs 
/ Sa in the EDX spectrum are clearly visible.
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FIGURE 1 - (a-c) SEM images in different scale and corresponding (d) SEM-EDX spectrum of Ag NPs/Sa.

FIGURE 2 - FT-IR spectra of S. alopecuroides L. and Ag NPs/Sa.
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FIGURE 3 - XRD pattern of Ag Nps/Sa.

Figure 2. shows FT-IR spectra of the Ag NPs/Sa 
sample with S. alopecuroides L. The signals observed 
in the IR spectrum of Sophora alopecuroides L. plant 
extract between 887-1720 cm-1 are due to functional 
groups in the structure of organic compounds (oxymatrin, 
sophocarpine, oxysophocarpine, cytisine, sophoramine, 
sophorodine, nicotine). The peaks observed in the 2794 
and 2900 cm-1 region of the Sophora alopecuroides L. 
sample correspond to aromatic CH vibrations. In the FT-
IR spectrum of the Ag NPs/Sa sample, it shows a decrease 
in peak intensities and shifts in some peaks. When the 
XRD pattern of the Ag NPs/Sa sample is examined in 

Figure 3 the signals of Ag (111), Ag (200), Ag (220) and 
Ag (311) surfaces are 37°, 48°, 67° and 78°, respectively. It 
is understood that these values   are quite compatible with 
the reference data (Liu et al., 2018). Figure 4 shows the 
UV-vis spectra of AgNO3 and Ag NPs / Sa samples. It was 
observed that the AgNO3 (Ag +1) solution gave two peaks 
at 670 and 405 nm in the UV-vis spectrum. In the UV-vis 
spectrum of the Ag NPs / Sa sample, it was observed that 
the peak signal disappeared completely at 670 nm, and the 
signal intensity around 405 nm was significantly reduced. 
This can be interpreted as substantially reducing the Ag 
+1 cation to metallic silver (Lopes, Moreira, Neto, 2020).
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Determination of antioxidant activity

DPPH radical scavening activity

DPPH method is one of the most widely used 
spectrophotometric methods in antioxidant activity 
measurement. The antioxidant effect of a substance 
depends on its ability to scavenge free radicals in the 
environment (Sharma, Bhat, 2009). DPPH is considered 
to be a valid, cheap, fast, accurate, easy and economical 
method to evaluate the activity of antioxidants (Deng, 
Cheng, Yang, 2011; Kedare, Singh, 2011). In the present 
study, DPPH radical quenching activity of Ag NPs/Sa   

in different concentrations was shown in the Figure 5. 
In Figure 5, it is seen that the DPPH radical quenching 
activity of Ag NPs/Sa increases from 25 µg / mL to 
250 µg / mL. When looking at the values   in the graph, 
it is seen that the radical quenching activity is close to 
the positive control BHA. It can be said that Ag NPs/Sa 
sample has a very good antioxidant property and is a 
powerful preventive agent against radicals that threaten 
human health. Nano studies of the plant in our current 
study have not been found in the literature. When 
compared with similar plant studies, it has been found 
to be a powerful antioxidant (Vijayakumar et al., 2019; 
Afrah, Fadwa, Jehan, 2018).

FIGURE 4 - UV-vis spectra of AgNO3 and Ag NPs/Sa samples.
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DNA damage prevention effect

Over production of free radicals in the human 
body can damage a wide variety of essential cellular 
biomolecules such as proteins, enzymes, DNA, RNA, 
lipids, and carbohydrates (Breen, Murphy, 1995). Damage 
to DNA and other biomolecules causes many diseases 
to occur. These diseases; carcinogenesis, aging, gastric 
ulcer, diabetes, neurodegenerative diseases, rheumatic 
joint in inamination and pathological conditions such as 
AIDS (Moskovitz, Yim, Chock, 2002; Temple, 2000). 
It was observed that silver nanoparticles prepared with 

Bergenia ciliata root extract had DNA protection effect 
(Zia et al., 2018). Looking at the image obtained as a result 
of agarose gel electrophoresis, it is seen that the anti-
damage effect is low at the beginning in the wells with 
Ag NPs/Sa, and the activity of preventing DNA damage 
that may occur when the concentration is increased. With 
the increase in the ratio of nano clusters, it was observed 
that the DNA‘s moved at the desired level. It was observed 
that the protective effect of plasmid DNA was very good 
especially in the well prepared as 250 mg / L Ag NPs/Sa + 
DNA + H2O2 + UV. Gel electrophoresis image of Ag NPs/
Sa clusters and substances added to the wells (Figure 6).

FIGURE 5 - DPPH radical scavenging activity of the ethanol extract of S. alopecuroides L. green synthesized of Ag NPs.
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Antimicrobial activity

Extract obtained from seeds of S. alopecuroides L. 
plant was dissolved in H2O. There was no antimicrobial 
effect of the extract absorbed on blank discs against 
pathogenic microorganisms. Flavonostilbens from 
S. alopecuroides L. exhibited antibacterial activities
against Staphylococcus epidermidis (Wan et al., 2015). 
Alkaloids obtained from S. alopecuroides plant showed 
antimicrobial activity against pathogens Staphylococcus 
aureus, Bacillus subtilis, Pseudomonas aeruginosa and 
Candida krusei (Küçükboyacı et al., 2011). Das et al. 
(2019) applied the AgNPs they obtained to five different 
pathogens and obtained zones between 8.74 and 11.52 
mm. In our study, it was found that Ag NPs / Sa has
activation against Bacillus cereus ATCC 10876, Candida 
albicans ATTC 90028, Bacillus subtilis ATCC 6633, 
Escherichia coli ATCC 25952, Enterococcus faecalis 
ATCC 29212, Pseudomonas aeruginosa ATCC 27853 and 
Staphylococcus aureus ATCC 27853 and Staphylococcus 
aureus has been seen. It has been determined that silver 
nano clusters have an inhibitory effect against pathogens 
between 8.1-14.5 mm. In addition, silver nanoparticles 
were found to be more effective than neomycin antibiotics 
against Enterococcus faecalis ATCC 29212 and 
Pseudomonas aeruginosa ATCC 27853 pathogens. The 
zone diameters of the extract obtained from the seeds 

of the S. alopecuroides L. plant and Ag NPs/Sa against 
pathogens are given in Table I Some images obtained by 
disk diffusion method are given in Figure 7.

TABLE I - Antimicrobial activity results

Test 
Mikroorganisms Zone of Inhibition (mm)

Bacteria Extract-1 Ag NPs/
Sa-2 Neomycin-3

Bacillus cereus 
ATCC 10876 - 12.2 20.4

Bacillus subtilis 
ATCC 6633 - 9.3 20.4

Escherichia coli 
ATCC 25952 - 8.1 13.1

Enterococcus 
faecalis ATCC 29212 - 10.3

Pseudomonas 
aeruginosa 
ATCC 27853

- 14.3 8.0

Staphylococcus 
aureus ATTC 29213 - 14.5 17.7

Fungus

Candida albicans 
ATTC 90028 - 12.1 21.6

FIGURE 6 - Gel electrophoresis image of Ag NPs/Sa samples and substances added to the wells.
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CONCLUSION 

Until today, many articles have been written about 
the synthesis of silver nanaparticles using plant extracts. 
It is known that there are still numerous plant-silver 
nanoparticles that have not been synthesized in this field. 
Ag NPs/Sa clusters are the a new material produced as 
result of green synthesis. It is seen that some biochemical 
and microbiological analyzes of this nanomaterial have 
important results. Synthesized Ag NPs may be more 
environmentally compatible and economical and, as in 
many areas, be a promising candidate for the development 
of new antibacterial drugs. It is understood that the silver 
nanoparticles formed using the S. alopecuroides L. plant 
are successfully used by the organic components found in 
the plant. This means that Ag nano clusters that appear to 

be active in biological applications bind or successfully 
stabilize structures such as matrin, sophoridine and 
cytisine found in the plant S. alopecuroides L. The 
presence of a large number of silver metals on the 
surface or structure of the bioactive Ag NPs/Sa material 
synthesized as a result of this stabilization explains 
the structure-activity relationship. The findings from 
these studies could provide a basis for future studies of 
synthesized Ag NPs. In our current study, it is seen that 
Ag NPs/Sa is a good antioxidant when DPPH radical 
quenching activity is examined. At the same time, when 
the DNA damage protection activity is examined in the 
gel electrophoresis image, it is seen that the concentration 
of AgNPs/Sa is increased. The antimicrobial properties 
demonstrated by the Ag NPs/Sa reported here are against 
Bacillus cereus ATCC 10876, Candida albicans ATTC 
90028, Bacillus subtilis ATCC 6633, Escherichia coli 

FIGURE 7 - Some images obtained by the disk diffusion method.
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ATCC 29952, especially Pseudomonas aeruginosa 
ATCC 27853 and Staphylococcus aureus ATTC 29213. 
It has been observed that they form an inhibitory zone 
between 8.0-14.0. In addition, silver nanoparticles were 
found to be more effective than neomycin antibiotics 
against Enterococcus faecalis ATCC 29212 and 
Pseudomonas aeruginosa ATCC 27853 pathogens. The 
results reported in this study are thought to contribute 
to the development of more efficient and non-toxic 
alternatives for pharmacological treatments by utilizing 
the tools developed by nanotechnology. However, more 
research needs to be done on this topic to fully elucidate 
the mechanism of interaction between Ag NPs/Sa and 
bacteria. It is also essential for pharmacological and 
toxicological studies, particularly in vivo research and 
the development and design of future antimicrobial 
therapeutic agents.

REFERENCES

Afrah EM, Fadwa FBB, Jehan SA. Calligonum comosum and 
Fusarium sp. extracts as bio-mediator in silver nanoparticles 
formation: characterization, antioxidant and antibacterial 
capability. 3 Biotech. 2018;8(1):72. 

Andrade FAC, Vercik LCO, Monteiro FJ, Rigo ECS. 
Preparation, characterization and antibacterial properties of 
silver nanoparticles–hydroxyapatite composites by a simple 
and eco-friendly method. Ceram Int. 2016;42(2):2271-2280. 

Atta-ur-R, Choudhary MI, Parvez K, Ahmed A, Akhtar F, 
Nur E-Alam M, et al. Quinolizidine alkaloids from Sophora 
alopecuroides. J Nat Prod. 2000;63(2):190-192. 

Bhat MA, Nayak BK, Nanda A. Evaluation of Bactericidal 
Activity of Biologically Synthesised Silver Nanoparticles 
from Candida albicans in Combination with Ciprofloxacin. 
Journals & Books. 2015;2(9):4395- 4401.

Breen AP, Murphy JA. Reactions of oxyl radicals with DNA. 
Free Radic Biol Med. 1995;18(6):1033-1077.

Blois MS. Antioksidant determinatıons by the use of a stable 
free radical. Nature. 1958;181:1199–1200.

Chamberlain DF, Sophora L, In Davis PH. Flora of Turkey 
and the East Aegean Island. Edinburgh University Press. 
1970;3:11-12.

Chan YY, Pang YL, Lim S, Lai CW, Abdullah AZ, Chong 
WC. Biosynthesized Fe- and Ag-doped ZnO nanoparticles 
using aqueous extract of Clitoria ternatea Linn for 

enhancement of sonocatalytic degradation of Congo red. 
Environ Sci Pollut Res Int. 2020;27(28):34675–34691.

Cooke MS, Evans MD, Dizdaroglu M, Lunec J. Oxidative 
DNA damage: Mechanisms, mutation, and disease. FASEB 
J. 2003;17(10):1195-1214.

Das G, Patra JK, Basavegowda N, Vishnuprasad CN, 
Shin HS. Comparative study on antidiabetic, cytotoxicity, 
antioxidant and antibacterial properties of biosynthesized 
silver nanoparticles using outer peels of two varieties of 
Ipomoea batatas (L.) Lam. Int J Nanomed. 2019;14:4741–
4754.

Deng J, Cheng W, Yang G. A novel antioxidant activity index 
(AAU) for natural products using the DPPH assay. Food 
Chem. 2011;125(4):1430–1435.

Ding PL, Liao ZX, Huang H, Zhou P, Chen DF. 
(+)-12α-Hydroxysophocarpine, a new quinolizidine alkaloid 
and related anti-HBV alkaloids from Sophora fl avescens. 
Bioorg Med Chem Lett. 2006;16(5):1231-1235

Duncan TV. Applications Of Nanotechnology In 
Food Packaging And Food Safety: Barrier Materials, 
Antimicrobials And Sensors. J Colloid Interface Sci. 
2011;363(1):1-24.

Frankel EN, Meyer AS. The Problems of Using One-
Dimensional Methods to Evaluate Multifunctional 
Food and Biological Antioxidants. J Sci Food Agricult. 
2000;80(13):1925-1941.

Geethalakshmi R, Sarada DVL. 23 Synthesis of plant-
mediated silver nanoparticles using Trianthema decandra 
extract and evaluation of their anti microbial activities. Int J 
Eng Sci Technol. 2010;2(5):970–975.

Gulbagca F, Özdemir S, Gülcan M, Şen F. Synthesis and 
characterization of Rosa canina-mediated biogenic silver 
nanoparticles for anti-oxidant, antibacterial, antifungal, and 
DNA cleavage activities. Helıyon, 2019;5(12):e02980.

Kedare SB, Singh RP. Genesis and development of 
DPPH method of antioxidant assay. J Food Sci Technol. 
2011;48(4):412-422.

Khan ZUH, Khan A, Chen YM, Shah NS, Khan AU, 
Muhammad N, Wan P. Enhanced Antimicrobial, Anti-
Oxidant Applications of Green Synthesized ANPsAn Acute 
Chronic Toxicity Study of Phenolic Azo Dyes & Study of 
Materials Surface using X-Ray Photoelectron Spectroscopy. 
J Photochem Photobiol B: Biology. 2018;180:208–217. 

Kianbakht S, Dabaghian HF. Sophora alopecuroides L. var. 
alopecuroides alleviates morphine withdrawal syndrome in 
mice: involvement of alkaloid fraction and matrine. Iran J 
Basic Med Sci. 2016;19(10):1090-1095.



Synthesis and characterization of Sophora alopecuroides L. green synthesized of Ag nanoparticles for the antioxidant, antimicrobial and DNA damage 
prevention activity

Braz. J. Pharm. Sci. 2022;58: e20992 Page 11/11

This is an open-access article distributed under the terms of the Creative Commons Attribution License. 

Kryston T, Georgiev A, Pissis P, Georgakilas A. Role of 
oxidative stress and DNA damage in human carcinogenesis. 
Mutat Res. 2011;711(1-2):193–201.

Küçükboyacı N, Özkan S, Adıgüzel N, Tosun F. 
Characterisation and antimicrobial activity of Sophora 
alopecuroides L. var. alopecuroides alkaloid extracts. Turk 
J Biol. 2011;35(3):379-385.

Latha D, S. Sampurnam C, Arulvasu P, Prabu Govindaraju 
K, Narayanan V. Biosynthesis and characterization of 
gold nanoparticle from Justicia adhatoda and its catalytic 
activity. Mater. Today Proc. 2018;5(2):8968–8972.

Liu H, Wang M, Zhang X, Ma J, Lu G. High efficient 
photocatalytic hydrogen evolution from formaldehyde over 
sensitized Ag@Ag-Pd alloy catalyst under visible light 
irradiation. Appl Catal B: Environmental. 2018;237(5):563-
573.

Lopes JMS, Moreira SGC, Neto, NMB. Selective Inner-
Filter on the Fluorescence Response of Chlorophyll and 
Pheophytin Molecules Extracted from Caesalpinia echinata 
Leaves. J Braz Chem Soc. 2019;31(1).

Molina GA, Esparza R, López-Miranda JL, Hernández-
Martínez AR, España-Sánchezc BL, Elizalde-Peña 
EA, Estevez M. Green synthesis of Ag nanoflowers 
using Kalanchoe Daigremontiana extract for enhanced 
photocatalytic and antibacterial activities. Colloids Surf B: 
Biointerfaces. 2019;180:141-149. 

Moskovitz J, Yim MB, Chock PB. Free radicals and disease. 
Arch Biochem Biophys. 2002;397(2):354-359. 

Okaiyeto K, Ojemaye MO, Hoppe H, Mabinya LV, Okoh AI. 
Phytofabrication of silver/silver chloride nanoparticles using 
aqueous leaf extract of oedera genistifolia: characterization 
and antibacterial potential. Molecules. 2019;24(23):4382. 

Pandit R. Green synthesis of silver nanoparticles from 
seed extract of Brassica nigra and its antibacterial activity. 
Nusantara Biosci. 2015;7(1):15-19. 

Rai M, Yadav A, Gade A. Silver nanoparticles as a new 
generation of antimicrobials. Biotechnol Adv. 2009;27(1):76-
83. 

Saranya S, Eswari A, Gayathri E, Eswari S, Vijayarani K. 
Green Synthesis of Metallic Nanoparticles using Aqueous 
Plant Extract and their Antibacterial Activity. Int J Curr 
Microbiol App Sci. 2017;6(6):1834-1845. 

Sharma OP, Bhat TK. DPPH antioxidant assay revisited. 
Food Chem. 2009;113(4):1202-1205.

Sukdeb P, Yu KT, Joon MS. Does the antibacterial activity of 
silver nanoparticles depend on the shape of the nanoparticle? 
A study of the gram-negative bacterium Escherichia coli. 
Appl Environ Microbiol. 2007;73(6):1712-1720.

Temple NJ. Antioxidants and disease: more questions than 
answers. Nutr Res. 2000;20(3):449-459.

Valsalam S, Agastian P, Esmail GA, Ghilan AKM, Al-Dhabi 
N, Arasu MV. Biosynthesis of silver and gold nanoparticles 
using Musa acuminata colla flower and its pharmaceutical 
activity against bacteria and anticancer efficacy. J Photochem 
Photobiol. 2019;201:111670.

Vijayakumar AS, Jeyaraj M, Selvakumar M, Abirami E. 
Pharmacologıcal Actıvıty Of Sılver Nanopartıcles, Ethanolıc 
Extract From Justıcıa Gendarussa (Burm) F Plant Leaves. 
Life Science Informatics Publications. 2019;5(2):463-475. 

Wan CX, Luo JG, Ren XP, Kong LY. Interconverting 
flavonostilbenes with antibacterial activity from Sophora 
alopecuroides. Phytochemistry. 2015;116:290-297.

Zia G, Sadia H, Nazir S, Ejaz K, Ali S, Haq IUI, et al. In 
vitro studies on cytotoxic, DNA protecting, antibiofilm 
and antibacterial effects of biogenic silver nanoparticles 
prepared with Bergenia ciliata rhizome extract. Curr Pharm 
Biotechnol. 2018;19(1):68-78. 

Received for publication on 20th October 2020
Accepted for publication on 15th February 2021


