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Abstract

Background: Dietary and wholesome antioxidant rutin is considered advantageous due to its potential protective
role for numerous diseases related to oxidative stress, high safety, cost-effectiveness, and extensive biological effects.
The present study accounts for an expeditious method for the synthesis of silver nanoparticles (AgNPs) using rutin.

Results: The presence of AgNPs was affirmed by UV-visible spectroscopy at 425 nm, and FESEM and zeta sizer
analysis revealed the average size of the AGNPs 80-85 nm and 160 d.nm, respectively. Zeta potential measurements
(—30.3 mV) showed that the AgNPs have reasonably good stability. Element mapping analysis of the AGNPs was
confirmed by XRD and AFM, while FTIR spectra of the AgNPs showed the existence of functional groups. In the DPPH
assay, highest radical scavenging activity of AgNPs, 86.95 % 01.60%, was confirmed. The interaction of AgNPs with
CT-DNA and HS-DNA was studied spectrophotometrically, and the data display a shift in the respective spectra. Fur-
thermore, interaction with pBR322 DNA, A DNA, CT-DNA, and HS-DNA was deliberated by a nicking assay that shows
the physicochemical properties of AGNPs. Antibacterial activity was evaluated by the standard well-diffusion method
against Escherichia coli and Staphylococcus aureus, and cytotoxicity was assessed against human WBCs by MTT assay.

Conclusion: As per this appraisal, it can be concluded that it is a cost-effective, simple, and eco-friendly tactic and
such NPs are beneficial to improve therapeutics since the antioxidant, DNA interaction, antibacterial, and cytotoxic
exploits offer a new horizon of euthenics.
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1 Background

Nanotechnology (NT) is an emerging integrative
approach because of its burgeoning impacts on a wide
range of applications and has pivotal roles in human
health too, most notably in medical queries that can offer
personalized therapeutics [1]. It is defined as the design,
development, and application of materials and devices
whose least functional makeup is on a nanometer scale.
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Nanoparticles (NPs) evince improved properties due
to their physicochemical properties such as shape, size,
size distribution, and larger surface area-to-volume ratio
[2—4]. NPs are synthesized using different methods and
more consistently using chemical methods [5, 6]. How-
ever, chemical methods cannot evade the use of toxic
chemicals in the synthesis protocol. Hence, the need of
the era is to develop a high-yielding, pocket-friendly, and
non-toxic modus-operandi. Therefore, the biological
approach to the synthesis of NPs becomes vital [7].

Currently, the synthesis of NPs from several noble met-
als like palladium (Pd), tin (Sn), copper (Cu), silver (Ag),
gold (Au), etc., has received more attention because of
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their exclusive properties as well as their application in
diverse fields. Furthermore, silver nanoparticles (AgNPs)
play an important role in therapeutics because they have
demonstrated excellent effects in many in vitro biological
activities [8].

Curiosity about dietary phenolics has increased, due
to their antioxidant properties, and is considered an
important nutraceutical in account of many health ben-
efits. Flavonoids are the largest group of naturally occur-
ring phenolic compounds found in fruits and vegetables
with significant nutritional and pharmacological values
[9]. Because of their adequate structural features, flavo-
noids are candidates to be employed in the synthesis of
AgNPs [10]. A common flavonoid, quercetin, and a natu-
rally occurring plant polyphenol gallic acid were used in
the synthesis of AgNPs [11]. Some studies have also con-
veyed natural reducing agents such as chitosan, starch,
and tannic acid for the synthesis of AgNPs and AuNPs
[12].

In this study, rutin a sugar-based natural flavonoid
(Vitamin P) is employed as a reducing agent in the syn-
thesis of AgNPs. It possesses antioxidant activity and is
largely extracted from natural sources such as oranges,
lemons, grapes, limes, berries, and peaches. Pharma-
cological studies have reported the beneficial effects of
rutin in many disease conditions [13]. It has anti-inflam-
matory and anti-carcinogenic properties and is also con-
structive for chronic venous insufficiency, hypertension,
infections, atherosclerosis, osteoarthritis, hemorrhoids,
stroke prevention, and high cholesterol [14]. This study
would be beneficial to expand our understanding as no
detailed study was conducted for AgNPs synthesis using
rutin and its biological interaction.

DNA (Deoxyribonucleic acid) is the genetic blueprint
of living organisms. An amalgam of genome and NT
is an intensive field that embroils the use and the crea-
tion of bioinspired materials and their technologies for
highly selective biosensing, gene therapy, nanodrugs,
nanoarchitecture engineering, and nanoelectronics [15].
Increasing research has been offered to a fundamental
understanding of how the interactions between the NPs
and DNA molecules could amend DNA and its biochem-
ical activities [16]. However, a worthy long-term goal is
to develop a new universal platform, based on NPs—DNA
interaction for novel personalized diagnostics and thera-
peutics [15].

Bacterial septicity is one of the most meditative global
health issues. The emergence of bacterial resistance to
antibiotics is a major health problem, and therefore,
it is critical to develop new antibiotics with a novel
mechanism of action to overcome various problems
[17]. In recent times, the antibacterial activity of Ag has
gained profound magnitude due to increasing bacterial
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resistance to antibiotics [18]. The AgNPs also possess
high surface vicinity which increases the energy and
enhances the antimicrobial activity of NPs [19].

Cytotoxicity assays are among the first in vitro bioas-
says used to predict the toxicity of constituents to vari-
ous tissues. The safety evaluation of compounds such
as drugs, cosmetics, food additives, pesticides, and
industrial chemicals is growing year by year. The need
for reliable, sensitive, and quantitative assays that ena-
ble an analysis of a large number of compounds in pre-
clinical research is therefore increasing [20]. MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetra-
zolium bromide) assay has become the gilt standard for
determination of cell viability and proliferation. MTT
assay is one of the most commonly used colorimetric
assays for measuring the respiratory ability of the mito-
chondrial succinate-tetrazolium reductase system that
reduces yellow MTT to purple color formazan product
by NADH. Thus, the MTT assay serves as a quantitative,
penetrating, and convenient method for evaluating the
cytotoxicity of new compounds.

Keeping the above milieu in view, the present study
is intended to research in the field of green chemistry
for AgNPs synthesis using rutin. Such particles are well
versed in a number of applications related to health.
Hence, it is important to explore biological activity, viz.
antioxidant, DNA interaction, antibacterial as well as
cytotoxicity of biologically synthesized and characterized
AgNPs to probe its therapeutic potential.

2 Methods

Silver nitrate (AgNOy), rutin trihydrate
(Cy;H30044-3H,0), HiSep, Trypan Blue, MTT, RPMI-
1640, Nutrient agar powder, Luria Bertani broth-miller
(LB Broth), and Penicillin streptomycin (Pen Strep)
were purchased from HiMedia, India. Calf thymus DNA
(CT-DNA) was procured from Sigma-Aldrich, USA.
Herring sperm DNA (HS-DNA) and DPPH (2,2-Diphe-
nyl-1-picrylhydrazyl) were purchased from SRL, India.
pBR322 DNA, A DNA, and Gentamicin were from
Thermo Fisher Scientific, India. All other reagents used
in this study were of analytical grade. The solutions used
for experiments were prepared in distilled water (DW)
(Millipore system), and respective solvents.

2.1 Synthesis of AgNPs

AgNPs were prepared using rutin as a reducing agent,
as described by Ajitha et al. [21] with some modification
0.001 M AgNO; solution in DW was heated for 10 min.
at 60 °C, followed by the addition of drop by drop 0.01 M
rutin under continuous and stable stirring till the solu-
tion becomes yellow to dark brown. The formed AgNPs
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were collected by centrifugation at 2000 rpm for 20 min.
and dried in a hot air oven at 80 °C.

2.2 Characterization of AgNPs

2.2.1 UV-visible spectroscopy analysis

Primary identification of AgNPs formation was carried
out by observing the color change of the reaction solu-
tion. The bioreduction of AgNO, to AgNPs was checked
by UV-visible spectrophotometer double beam LI-2800
manufactured by Lasany, and spectrograph of the syn-
thesized AgNPs was recorded using a quartz cuvette with
water as a reference at a scanning range of 200—600 nm.

2.2.2 Zetasizer

Dynamic light scattering (DLS) is a physics practice and
can be used to define the size distribution of small par-
ticles in the solution. The size and zeta potential of the
aliquots of AgNPs were experiential by Zeta sizer Nano
7590, Malvern instruments in a disposable cell at 25 °C
using Zeta sizer 7.13 software after 5 min. of sonication
to avoid aggregation of particles.

2.2.3 X-ray diffraction (XRD) analysis

The particle size and nature of the AgNPs were perceived
using XRD. This was carried out using PANalytical X'Pert
Powder model with 40 mA, 45 kV with Cuka radians at
20 angle.

2.2.4 Atomic force microscope (AFM) analysis

The particle size distribution and surface morphology of
the AgNPs were examined using AFM. AFM images were
taken with a MultiMode 8 atomic force microscope 17
with a Nanoscope V controller by Bruker.

2.2.5 Field emission scanning electron microscope (FESEM)
analysis

The FESEM is a prevailing technique to obtain magnified
images, with a good depth of field for the analysis of indi-
vidual crystals or any other characteristic morphological
features, especially electrically conductive samples. The
secondary electrons emitted after the interaction of the
electron beam with the sample are detected to produce
good quality, high-resolution images which give the top-
ographic information regarding the sample. The size and
morphology of AgNPs were studied using NOVA Nano-
SEM 450.

2.2.6 Fourier-transform infrared (FTIR) analysis

The dried AgNPs were ground with KBr pellets
with the help of KBr press, Model M-15, Techno-
search instruments and analyzed by FTIR in the
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wavenumber frequency ranging from 3500 to 500 cm™!

for the functional groups present on it which are respon-
sible for bioreduction of AgNO,. All the dimensions were
recorded in transmittance mode using Bruker Alpha, Lab
India Instrument Private Limited, functioned by OPUS
7.5 software.

2.3 DPPH radical scavenging activity

DPPH radical scavenging assay for rutin and AgNPs
was achieved according to Blois [22]. Briefly, the DPPH
solution of 6 x 107> M was prepared in methanol, and
500 pl of this solution was added to 500 pl of each sam-
ple (10-80 pg/ml). Shake vigorously and allow to stand
for 30 min. at room temperature. Methanol/DPPH (1:1)
solution was used as a control. All the tubes were in trip-
licates. Take absorbance at 520 nm against methanol as
a blank under EPOCH microplate spectrophotometer
by BioTek using Gen5 " software. The scavenging activ-
ity was calculated by %inhibition [(A0— A1)/ A0] x 100,
where AOQ is the absorbance of the control and Al is the
absorbance of the sample and the results were expressed
as the mean + SE.

2.4 Spectroscopic studies of DNA, rutin, AgNPs, and their
interactions

CT-DNA (50 pg/ml) and HS-DNA (33 pg/ml) were dis-
solved in DW and stored at 5 °C for 24 h. with occa-
sional stirring to ensure the formation of a homogeneous
solution. The final concentration of DNA solutions was
determined by spectrophotometer at 260 nm using molar
extinction coefficient £260=6600 cm~! ML Spectral
changes of CT-DNA and HS-DNA were monitored by
a UV-visible spectrophotometer after the addition of
0.1 mM rutin and a colloidal solution of AgNPs [23].

2.5 DNA nicking assay

DNA nicking assay for AgNPs was performed by using
agarose gel electrophoresis to evaluate its binding and
protective nature to different forms of DNA against free
radicals [24]. Various DNA such as pBR322 (double-
stranded circular), A (double-stranded linear), CT (dou-
ble-stranded linear), and HS (single-stranded linear)
were used as aimed DNA. Fenton reagent was prepared
by mixing 30 mM H,O, (hydrogen peroxide), 50 uM
ascorbic acid, and 80 uM FeCl; (ferric chloride). DNA
was added to 10 pl of AgNPs suspension and incubated
at 37 °C for 30 min., 60 min, and 90 min. Then, 10 ul Fen-
ton’s reagent was added and again incubated at 37 °C for
30 min., 60 min, and 90 min. After incubation, loading
dye was added to the reaction solution and the mixture
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was run on 1% agarose gel at 50 V in a TAE buffer. The
gel was observed and photographed by the BioDoc-it""
imaging system, UVDP after electrophoresis.

2.6 Antibacterial activity

The antibacterial activity of the 0.1 mM rutin and col-
loidal solution of AgNPs was assessed against Gram-
negative as well as Gram-positive strains, namely
Escherichia coli (E. coli) and Staphylococcus aureus (S.
aureus), respectively, using pour plate method. Pen-
Strep and Gentamicin were used as the positive control,
whereas DW and methanol as the negative control [3].

2.7 Cytotoxic assessment using MTT assay

An in vitro inhibitory effect of the biosynthesized
AgNPs on human WBCs (White blood cells) was deter-
mined by the MTT colorimetric assay [25]. WBCs were
separated from the blood given by a healthy volunteer.
Trypan Blue dye exclusion method is used to deter-
mine the total numbers of WBCs, and cell viability was
also calculated. Then, a fixed number of WBCs were
taken, i.e., 1 x 10° cells. The WBCs along with RPMI-
1640, MTT (ratio between MTT and media was kept at
1:10), and 20 pl AgNPs of different concentrations were
added as doses. The tubes were incubated at 37 °C for
4 h. in the presence of 5% CO, and then centrifuged at
4000 rpm for 10 min. To the pellet DMSO was added
in a volume same as the media, and this leads to the
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formazan crystals dissolving. All the tubes were placed
in triplicates. The absorbance was read at 570 nm using
a microplate reader. Then, the %viability of all sam-
ples was calculated by the following formula, %viabil-
ity =(Sample O.D/Control O.D) x 100. The results were
expressed as the mean =+ SE.

3 Results

3.1 UV-visible spectroscopy analysis

After visible observation of color change, the charac-
terization of the AgNPs using spectroscopy showed
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100 1000

Size (d.nm)

Fig. 2 Size of AgNPs
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Fig. 1 UV-visible spectra of AgNPs
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that the biosynthesis was successful. AgNPs showed an
SPR peak at 425 nm (Fig. 1). The frequency and width
of the plasmon resonance are due to the shape and size
of AgNPs.

3.2 Zetasizer

As the exact size and charge are imperative fragments
of NPs synthesis, the record of particle size distribution
was taken with a zeta sizer where 160d.nm was the size
found for AgNPs with 0.4 PdI (Fig. 2). The zeta potential
of AgNPs was observed at — 30.3 mV which confirms the
higher stability of particles (Fig. 3).
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3.3 XRD analysis

The XRD pattern showed several Bragg reflections that
may be indexed based on the face-centered cubic (FCC)
structure of silver. XRD analysis confirmed that the
AgNPs were in the form of nanostructures, as evidenced
by the peaks at 26 values of 38.2987°, 44.3396°, 46.3668°,
54.9849°, 64.6043°, 77.5561°, and 81.7470° correspond-
ing to (111), (200), (002), (020), (220), (311), and (222)
planes, respectively, which confirm the FCC structure
of the formed AgNPs (Fig. 4). These Bragg reflections
of silver were in good agreement with the JCPDS file
No. 004—-0783. It was found that the average size from
XRD data and using the Debye—Scherrer equation was
approximately 31.10 nm. Besides the above-mentioned
peaks, other obtained peaks can be due to rutin. Prakash
et al. [26] also observed other peaks of phytochemicals of
aqueous leaf extract in reducing, capping, and stabilizing
the synthesized AgNPs.

3.4 AFM analysis

AFM was used to analyze particle morphology, viz. shape
and size. AFM images of AgNPs show irregular-shaped
morphology, and Fig. 5 shows 3D and 2D AFM images of
the AgNPs where the size of the particles is found to be
47.29 nm.

3.5 FESEM analysis
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Fig. 4 XRD pattern of AQNPs
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Height 1.0 ym

[A]
Fig. 5 AFM image of AgNPs. A 3D image and B 2D image

(B]

Fig. 6 FESEM image of AgNPs

3.6 FTIR analysis

The FTIR spectrum is shown in Fig. 7. Data of this prag-
matic part give 3369.98 cm™! and 3250.92 cm™! (water
OH stretch), 2918.80 cm™! and 2850.10 cm™! (alkane
C-H medium), 1650.59 cm™! (§-lactam C=O strong),
1508.65 cm™! (C=0 amide strong), 1384.23 cm™! (phe-
nol O-H medium) which are responsible for reduction
and capping of AgNPs. In previous study by Hoores-
fand et al. [27], rutin showed the characteristic peaks in
3285.79, 3400, 3035.80, 1750, 1629.76, and 1602.09 cm ™.

3.7 DPPH radical scavenging activity

The DPPH assay illustrates that along with standard
rutin, AgNPs also possess significant antioxidant activ-
ity in a concentration-dependent manner. This happens
due to diminution by accepting the hydrogen or electron.

The outcome of the assay showed effective % inhibition,
86.95+01.60% at 80 pg/ml by AgNPs (Fig. 8).

3.8 Spectroscopic studies of DNA, rutin, AgNPs, and their
interactions

This practical part of the study presented that in CT-
DNA and HS-DNA hyperchromic effect was observed
while interacting with standard rutin (Fig. 9). CT-
DNA and HS-DNA were stabilized while interacting
with AgNPs, as it has emblematic hypochromic and
bathochromic influence (Fig. 10).

3.9 DNA nicking assay

To expand the interactive and protective nature of
AgNPs with DNA, in this study various forms of DNA
were exposed to AgNPs and Fenton’s reagent at 37 °C for
30 min., 60 min., and 90 min. for time-dependent study.
The DNA nicking assay assesses the conversion of native
DNA to nicked form because of exposure to radicals gen-
erated by Fenton’s reagent.

In Fig. 11, AgNPs showed no difference in the native
form of pBR322 (Lane: 2, 5, 8) at various incubation
times while compared with control, lane 1. In pBR322
DNA Fenton’s reagent caused a super shift by cleaving
the phosphodiester chain, from supercoiled (Form I) to
open circular (Form II) and linear (Form III) after 30 min.
(Lane: 3), and further incubation of 60 min. and 90 min.
displayed more scission with open circular (Form II) and
linear (Form III) forms (Lane: 6, 9). Exposure to both Fen-
ton’s reagent and AgNPs under similar conditions reports
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that AgNPs were able to protect DNA from free radicals
by conserving Form I and Form II (Lane: 4, 7, 10).

A tailing pattern of A DNA in Fig. 11 (Lane: 13, 16,
19) stated that DNA was getting cleaved with produced
hydroxyl radical and showed more scission in DNA with

increasing time. On the other hand, the incubation of
AgNPs and DNA did not depict any cleavage (Lane: 12,
15, 18). While DNA was incubated with both Fenton’s
reagent and AgNPs, DNA was found to be protected
which shows the interaction of AgNPs with A DNA (Lane:



Kubavat et al. Beni-Suef Univ J Basic Appl Sci (2022) 11:115

Page 8 of 14

orbance(Abs)

A
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14, 17, 20). Thus, the present study evidently suggests the
protection of pBR322 and A DNA by the AgNPs.

As per Fig. 12, Fenton’s reagent, AgNPs, and a mix-
ture of both have no significant structural effect on CT-
DNA and validate no interaction with DNA. Contrary
to this, co-incubation of HS-DNA with AgNPs, Fenton’s

reagent, and a mixture of both, respectively, revealed
successive loss in the quantity of DNA. Increasing time
of incubation also showed a successive loss in DNA
with the above mixture which suggests AgNPs have
direct DNA binding/damaging properties.
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Fig. 11 Interaction of AQNPs with pBR322 DNA and A DNA. Lane 1= Control pBR322; Lane 2=pBR322+ AgNPs (37 °C for 30 min.); Lane
3=pBR322 + Fenton’s reagent (37 °C for 30 min.); Lane 4 =pBR322 4+ AgNPs ((37 °C for 30 min.)) + Fenton’s reagent (37 °C for 30 min.);

Lane 5=pBR322+ AgNPs (37 °C for 60 min.); Lane 6 =pBR322 + Fenton'’s reagent (37 °C for 60 min.); Lane 7 =pBR322+ AgNPs ((37 °C for

60 min.)) 4+ Fenton’s reagent (37 °C for 60 min.); Lane 8 =pBR322 4 AgNPs (37 °C for 90 min.); Lane 9=pBR322 + Fenton'’s reagent (37 °C for 90 min.);
Lane 10=pBR322 + AgNPs ((37 °C for 90 min.)) + Fenton’s reagent (37 °C for 90 min.) Lane 11 = Control A DNA; Lane 12 =2 DNA + AgNPs (37 °C

for 30 min.); Lane 13=A DNA 4 Fenton's reagent (37 °C for 30 min.); Lane 14 =X DNA 4 AgNPs ((37 °C for 30 min.)) + Fenton’s reagent (37 °C for

30 min.); Lane 15=A DNA + AgNPs (37 °C for 60 min.); Lane 16 =A DNA + Fenton'’s reagent (37 °C for 60 min.); Lane 17 =A DNA 4 AgNPs ((37 °C for
60 min.)) 4+ Fenton’s reagent (37 °C for 60 min.); Lane 18 =A DNA+ AgNPs (37 °C for 90 min.); Lane 19=A DNA + Fenton’s reagent (37 °C for 90 min.);
Lane 20=A DNA+ AgNPs ((37 °C for 90 min.)) + Fenton’s reagent (37 °C for 90 min.)

3.9.1 Antibacterial activity

AgNPs were found to be a strong inhibitor for E. coli
with 1.00 mm and 1.75 mm diameter at 30 pl and 40 pl
volume (Fig. 13B); for S. aureus zone of inhibition
was 1.75 mm and 2.50 mm at 30 pl and 40 pl volume
(Fig. 14B), while wells with rutin have 0.0 mm of diam-
eter against both strains.

3.9.2 Cytotoxic assessment using MTT assay

The AgNPs depicted reducing the viability of 1 x 10°
cells in a dose-dependent manner as per Fig. 15. The
IC,, value of AgNPs is 785.37 +43.55 pg/ml.

4 Discussion

In this study, AgNPs were phyto-fabricated using rutin
for potential biological activities. UV-visible spectros-
copy is an expedient technique for the structural catego-
rization of NPs [28]. Surface plasmon resonance (SPR) is
the excellent optical property of metallic nanocompos-
ites. It consists of an aggregate oscillation of electrons
energized by the electromagnetic field of light. Thus,
AgNPs are known to exhibit an intense surface plasmon
absorption band in the range of 350-450 nm [29]. The
records of zeta size are in accordance with Song and Kim
[30] and Song and Kim [31]. An upsurge in NPs size is
due to the effect of high AgNO, and/or reducing agent

concentration, and successively it leads to the aggrega-
tion of particles [32]. Zeta potential study was executed
for determining the stability and particle surface charge
of AgNPs. The negative value clearly suggests the pres-
ence of strong electric charges on the particle surfaces to
hinder future agglomeration and provides stability [33].
XRD is commonly employed to explore the characteris-
tic and structural details like position, peak intensity, and
width of the formed NPs [34]. The study result of XRD
is in agreement with Supraja et al. [35], whereas in AFM
analysis size of the AgNPs is found to be 47.29 nm [36].
As per Fig. 6, FESEM revealed a size between 80 and
85 nm. The aggregation of the AgNPs may be caused by
components present on the NPs surface that acts as a
capping agent [37]. FTIR spectroscopy served to catego-
rize the biomolecules as per their functional group that
not only capped but also helped in the reduction and sta-
bilization during the synthesis process [38]. In the cur-
rent study, AgNPs were observed with many functional
groups, and Kubavat et al. [3] and Gaddala and Nataru
[39] are also in agreement that AgNPs are capped by used
reducing agents.

Ajitha et al. [21] prepared AgNPs using Abrus precato-
rius leaf extract and demonstrated UV-visible spectra at
420 nm, and crystallite size of 12 nm from XRD data. The
AgNPs were spherical and aggregated with an average
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11 12 13 14 15 16 17 18 19 20

Fig. 12 Interaction of AQNPs with CT-DNA and HS-DNA. Lane 1 = Control CT-DNA; Lane 2 =CT-DNA + AgNPs (37 °C for 30 min.); Lane
3=CT-DNA+ Fenton’s reagent (37 °C for 30 min.); Lane 4=CT-DNA + AgNPs ((37 °C for 30 min.)) + Fenton’s reagent (37 °C for 30 min.);

Lane 5=CT-DNA+ AgNPs (37 °C for 60 min.); Lane 6 =CT-DNA + Fenton'’s reagent (37 °C for 60 min.); Lane 7 =CT-DNA + AgNPs ((37 °C for

60 min.)) 4+ Fenton’s reagent (37 °C for 60 min.); Lane 8 =CT-DNA + AgNPs (37 °C for 90 min.); Lane 9= CT-DNA + Fenton’s reagent (37 °C for 90 min.);
Lane 10=CT-DNA+ AgNPs ((37 °C for 90 min.)) + Fenton’s reagent (37 °C for 90 min.). Lane 11 =Control HS-DNA; Lane 12 =HS-DNA + AgNPs (37 °C
for 30 min.); Lane 13 =HS-DNA + Fenton’s reagent (37 °C for 30 min.); Lane 14=HS-DNA + AgNPs ((37 °C for 30 min.)) + Fenton’s reagent (37 °C

for 30 min.); Lane 15=HS-DNA + AgNPs (37 °C for 60 min.); Lane 16 =HS-DNA + Fenton'’s reagent (37 °C for 60 min.); Lane 17 =HS-DNA 4 AgNPs
((37 °C for 60 min.)) + Fenton’s reagent (37 °C for 60 min.); Lane 18 =HS-DNA + AgNPs (37 °C for 90 min.); Lane 19 =HS-DNA + Fenton’s reagent

(37 °Cfor 90 min.); Lane 20 =HS-DNA 4+ AgNPs ((37 °C for 90 min.)) + Fenton'’s reagent (37 °C for 90 min.)

Condns{

wellg

Fig. 13 Antibacterial activity against E. coli: Control: Al. Gentamicin, All. DW, Alll. Methanol, AIV. PenStrep. Bl. AGNPs (40 pl), BIl. AgNPs (30 pl), BIII.
Rutin (30 pl), BIV. Rutin (40 pl)
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Fig. 14 Antibacterial activity against S. aureus: Control: Al. Gentamicin, All. Methanol, Alll. DW, AIV. PenStrep BI. AGNPs (40 pl), BIl. AgNPs (30 pl),
BIII. Rutin (30 pl), BIV. Rutin (40 pl)
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80.00
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> 50.00
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Fig. 15 Cytotoxic assessment of AgNPs using MTT assay

size of 20 nm in FESEM and FTIR spectra presented In the study by Zhou and Tang [40], the particle size of
good peaks of different functional groups. the AgNPs synthesized by quercetin and rutin was 3-22
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and 4-17 nm, and the zeta potentials of the AgNPs were
— 19.2 and — 20.5 mV, respectively, that showed negative
charge ad good stability. Their XRD study demonstrated
peaks at 38.3°, 44°, 64.6°, and 77.4°.

The role of compounds in the synthesis and capping
of AgNDPs has become clearer when antioxidant activi-
ties are measured [11]. DPPH radical is commonly
used as the substrate to evaluate antioxidant activ-
ity. It is a stable free radical that can accept an elec-
tron to become a stable molecule (diphenylhydrazine).
The scavenging ability was measured spectrophoto-
metrically with a strong absorption band at 520 nm by
changing the DPPH color from purple to yellow [41].
Figure 8 shows effective % inhibition, 86.95+01.60% at
80 pg/ml by AgNPs, and Kubavat et al. [3] have men-
tioned good antioxidant power of Abrus precatorius
Linn. and curcumin synthesized AgNPs using in vitro
antioxidant assays like DPPH and PFRAP (potassium
ferricyanide reducing power method). Prakash et al.
[26] also found good antioxidant efficacy of biosynthe-
sized AgNPs through ABTS' (Azino-bis-3-ethylben-
zothiazoline-6-sulfonic acid) assay with an ICg, value
of 462.56 pg/ml. UV-visible spectroscopy is the basic
technique to study the stability of DNA and its inter-
actions with small particles [23, 42, 43]. The study of
AgNPs-DNA interactions was done by examining the
changes in the absorption patterns. The spectrum of
DNA shows maximum absorption at 260 nm due to
chromophoric groups in purine and pyrimidine which
are responsible for the electronic transitions. When
NPs bind with DNA through intercalation normally
results in hypochromism. Subsequently, the energy
level of the i to 7* electron transition decreases, which
causes a bathochromism (redshift). Hyperchromic
shift is a result of DNA denaturation through electro-
static attraction between the compound/cations and
DNA. A hypsochromic effect (blue shift) can be due to
the unsuitable coupling of the m*orbital of an interca-
lated ligand with the m orbital of the base pairs [44—48].
Kongor et al.[49] also reported hyperchromicity in
the interaction of CPTH-AgNPs and CT-DNA. Reac-
tive oxygen species (ROS) are the cause of oxidation in
biomolecules leading to DNA and protein damage and
consequently resulting in the occurrence of many free
radical-induced maladies in humans [50]. Recently, the
complexes that aim at the DNA have great importance
in therapeutics [51]. It is known that DNA and NPs
interact with each other by covalent bonds or adsorp-
tion [52] and antioxidant-capped AgNPs might help to
reduce oxidative damage in DNA. In Figs. 11 and 12,
synthesized AgNPs showed various interactions with
studied DNA. A similar study was also done by Kongor
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et al. [53] with CPTH-AuNPs. It is also stated that the
NPs show a genotoxic effect as their small size has high
surface reactivity when compared with the mass struc-
tures [52]. AgNPs have a sustainable antibacterial effect
against different pathogenic bacteria [54]. The subject
of matter found that the AgNPs are promising and
effective antibacterial agents against both E. coli and S.
aureus bacteria. Taruna et al. [55] and Joseph et al. [56]
also found the effective activity of AgNPs against vari-
ous strains. In recent times, AgNPs with antibacterial
activity are the most propagated and commercialized
nanomaterial. However, AgNPs show high cytotoxic-
ity toward both human and bacterial cells [57]. AgNPs
have a significant contribution to human health, and
thus, it is ought to be examined to encourage the down-
stream process.

5 Conclusion

In a nutshell, a simple, bioinspired, innocuous, and one-
step process is employed for the synthesis of AgNPs by
using the nutritive antioxidant rutin. The characteristic
study reveals the emblematic shape, size, and potential-
ity of AgNPs enabling such green synthesized NPs appli-
cable in various areas. Considerable clinical significance
can be fulfilled by bioreduced AgNPs as they also pos-
sess remarkable antioxidant and antibacterial potential
with subsequent cytotoxic assessment. The study results
established that the synergy of AgNPs and the para-
doxical genetic molecule, DNA, will aid in the selective
delivery of desired analytes to the target through next-
generation curative implements of NT. Moreover, the
study is desired to explore the mechanism of biocapped
AgNPs to cleave the DNA and a computational docking
study is also required to investigate the dominant interac-
tions of AgNPs with OMICs.
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