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ABSTRACT

In the present study, we hereby report that the green synthesized Tinospora Cordifolia leaf extract mediated
silver nanoparticles (TC-AgNPs) revealed versatile beneficial applications. The present work is an simple and fast
method for green synthesis of silver nanoparticles (AgNPs) using 0.02 M silver nitrate and leaf extract of an
significant medicinal plant Tinospora Cordifolia (TC). The synthesized TC-AgNPs were characterized by various
spectroscopic methods, the results reveal that UV-visible absorption spectrum indicates peaks at 439 nm which
confirms the green synthesis of TC-AgNPs. Fourier transform infrared spectroscopy (FT-IR) results specify the
characteristic peaks plant bioactive molecules actively participated in reduction of their functional groups for
capping and stabilization of silver nanoparticles. The particle size was between 5nm to 35+ 10 nm in dynamic light
scattering analysis (DLS), with an average size of 14.9 nm with an Z-average 19.8 nm with an poly dispersed index
(PI) of 0.187 indicating well dispersed in aqueous form, at the same time Transmission electron microscopy (TEM)
analysis also reveal will similar type results, where the particles are spherical or roughly spherical the size range
from 6 nm to 37 nm + 5 nm. The TC-AgNPs were highly stable with negative zeta potential value -28.5 mV. The x-ray
diffraction (XRD) data revealed that the particles are facets of face-centered cubic crystal structure of AgNPs. The TC-
AgNPs have exhibit potential antioxidant activity and prosperous antibacterial activity against gram-positive and
gram negative bacteria. The TC-AgNPs have also revealed potential anti-cancer activity in vitro on HepG-2 liver
cancer cell lines. The anti- cancer activity of TC-AgNPs comparable to that of the standard drug was evidenced by
various anticancer studies like MTT assay, ROS, Cell cycle, Apoptosis and Dual fluorescence studies. The anti-
proliferative and cytotoxic studies on HepG2 Liver cancer cell line was carried by MTT assay, reveals that ICso value
was 56.32pug/ml and the other anticancer studies cell cycle, ROS studies and apoptotic studies revealed that the TC-
AgNPs have excellent anticancer properties. The apoptotic cells were detected by Dual fluorescence assay and also
by Flow Cytometry assay. From the above results it can conclude that the green synthesized TC-AgNPs can useful as
future therapeutic agents to control antimicrobial resistance and different types cancers effectively.
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INTRODUCTION

The 215t century is identified as the age of Nano-materials due their potential applications in
various advanced areas of Medicine, Agriculture, and Industrial & Pharmaceutical technology. Since, few
decades’ scientists have been widely working in the area of Nanotechnology, using different noble metals
for the synthesis of metal nanoparticles by diverse methods. These metal nanoparticles exhibit distinct
biological, physical and chemical properties. These synthesized nanoparticles which are less than 100 nm
in size are in front abundantly due to their novel applications in various areas like health care, food,
medical and pharmaceutics. Apart from biomedical and therapeutic applications, they also play an
important role in other applications like optical, electromagnetic, electrical, thermal, catalytic and
biological properties [1-5].

Currently human population is facing major disease problem due to Cancer, Cancer is the main
cause for high mortality rate worldwide. There are various types of cancer, generally they are classified
by the tissue they originate in and they can be classified by the organ or body part they affect, such as
breast, lung, colon or prostate etc., namely, Breast Cancer, Lung Cancer, Prostate Cancer, Colorectal
Cancer, Melanoma, Bladder Cancer, Kidney Cancer, Uterine Cancer and Non-Hodgkin Lymphoma.
Among the above cancers, Lung Cancer is the second most common cancer overall and a leading cause of
cancer deaths in both men and women worldwide. The current epidemic statistics reveals that more than
75% of liver cancer incidents were reported from Asian countries, and highest mortality rate was
observed in India and USA [6]. The important cancer of liver is Hepatocellular carcinoma (HCC) in most of
the developing countries [7]. ‘Hepatocarcinogenesis’ occur due to the hepatocellular damage through
reactive oxygen species (ROS), the ROS generate or lead to chronic inflammation in hepatocellular cells
[8]. To combat with cancer the human body reacts by various methods to counteract against cancer, the
most important such way is known as Apoptosis. During apoptosis, nuclear condensation and nuclear
fragmentation are two main morphological changes that occur in the cells. These cells are phagocytized
by macrophages. Therefore, induction of apoptosis in cancer can be targeted for the treatment of cancer
[9-10]. From the ages, the traditional ayurvedic practitioners in India and other Asian countries medical
practitioners have been using plant based formulations to treat cancer. These plants contains the major
source of secondary metabolites including phenolic compounds such as flavonoids, quinones, coumarins,
phenolic acids, lignans, stilbenes, tannins and also nitrogen-containing compounds like alkaloids, amines,
betalains and they also consists of various number of vitamins and terpenoids which includes carotenoids
and other metabolites [11-13]. Among these the flavonoid and phenolic acids are most important
secondary metabolites capable of scavenging free superoxide radicals and reactive oxygen species (ROS),
they also play an important role in promoting anti-aging, and also reducing the risk of cancer[14-16]. At
the moment, different healing methods like chemotherapy, radiation therapy and surgery are now used
for the treatment of liver cancer. Yet, a successful anti-liver cancer drug with no or minimum toxic effects
are unavailable to date. India is having rich biodiversity of medicinal plants; these plants have not been
investigated for both their chemical composition and bioactivities. Therefore, the current study was
undertaken, to green synthesis silver nanoparticles by means of an important medicinal plant Tinospora
cordifolia which is widely available an all parts of India. Tinospora cordifolia is an herbaceous climbing
shrub native of India and South Asia, the extracts of leaves, roots and bark of which have widely been
used extensively in traditional Indian Ayurveda medicine for a large number of diseases conditions
including arthritis, diabetes, malaria, pain, liver diseases, urinary tract infection, and recently prevention
or amelioration of COVID-19 infection. This plant sources can provide novel and effective anti-liver-
cancer compounds as well as to characterize their anti-oxidant, antimicrobial and anti-cancer activities by
the green synthesized silver nanoparticles by whole plant extract.

The silver nanoparticles have been widely green synthesized and studied, due to their size,
shape, size distribution and surface area, which makes them has attractive and fulfilling nano-materials
suitable for a range of potential therapeutic applications. Over the past three decades it is certainly
evident that the Green synthesis metal nanoparticles and silver nanoparticles (AgNPs) have gained lot of
interests due to their easy, bio-safe, low cost, and eco-friendly in nature [17-21]. The AgNPs were
commonly synthesized using different parts of plant extracts by using plants leaves, flowers, fruits, seeds,
stem, bark and roots etc. It is clearly known these plants parts are enriched with various types of
bioactive phyto-constituents like polyphenols, flavinoids, tannins, alkaloids, saponins and glycosides etc.,
which are actively participated in bio-reduction and stabilization of silver nanoparticles. These AgNPs
prove to exhibit thriving applications such as antimicrobial, antioxidant, anti-inflammatory & anticancer
studies, anti-diabetic, wound healing and phyto-catalytic dye degradation [22-29].
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Keeping in view of above medical, industrial and pharmaceutical application of Tinospora
Cordifolia, an significant attempt was made to green synthesis silver nanoparticles using plant aqueous
extract. Currently quite a few researchers from all over the world have been extensively working on
green synthesis of metal nanoparticles, for the development of biomedical applications to treat various
illnesses in mankind and also for environmental protection and their impact on human health. So the
current study was started to green synthesis of silver nanoparticles (AgNPs) by aqueous plant extract and
these AgNPs were characterized by exclusively by various spectroscopic methods like UV-Visible
spectroscopy, FTIR, Particle size & Zeta potential, XRD and TEM. To conclude, their importance in various
bio-medicinal applications, studies like antibacterial activity, antioxidant activity and in-vitro cancer
studies were carried out by green synthesized TC-AgNPs. The whole process of biosynthesis of Tinospora
Cordifolia plant leaf extract mediated silver nanoparticles was shown in a schematic diagram as shown
below
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Schematic diagram of biosynthesis of Tinospora Cordifolia mediated silver nanoparticles and their
spectral characterization and therapeutic applications

MATERIAL AND METHODS
Preparation of plant extract for Green Synthesis of silver nanoparticles

The whole plant of Tinospora cordifolia was collected from the herbs, shrubs and trees growing in
and around of Thallakona forest region of Tirupati, Chittoor district of Andhra Pradesh State, India during
the months of October and November. The whole plant along with leaves of T. cordifolia were collected
and shade dried for a week at room temperature and then made into fine powder with the help of electric
blender. The plant powder of Tinospora cordifolia extracts was prepared, by adding 10g of finely powder
of whole plant along with leaves in a 500 ml Erlenmeyer flask with 250 ml of Milli-Q ultra pure distilled
water and the mixture was heated at 70°C for 45 min and left the sample at room temperature for
overnight, next day morning the sample was then filtered through sterile muslin cloth followed by
Whatman No.1 filter paper [30-31]. These filtrate solution was stored at 4°C in refrigerator until further
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use to other experimental studies. This filtrate solution was used as source of extract for preparation of
silver nanoparticles nanoparticles and was utilized in subsequent procedures.

Green Synthesis of silver nanoparticles

To the 5ml diluted filtrate, 10ml of 0.02 M silver nitrate (AgNOs3) was added and the sample was
left at room temperature, until the colour of solution changed from pale light colour-less to light brown
and subsequently dark brown. The solution containing TC-AgNPs was confirmed by the dark brown
colour change. So, in the current study the green synthesis of silver nanoparticles (AgNPs) with Tinospora
cordifolia (T.cordifolia) (TC-AgNPs) with whole plant extract was prepared without using any external
toxic chemicals. Hence, this method is popularly known as ‘Green synthesis’ or ‘Green Method’ [30, 32].
The obtained AgNPs were used for further spectral characterization by UV-Vis, FTIR, Particle size analysis
by DLS method and Zeta potential analysis, XRD and TEM and studied their biomedical applications like
antibacterial, antioxidant, and anti-cancer studies. The biosynthesized and purified AgNPs were named as
TC-AgNPs

Purification of TC-AgNPs

The green synthesized TC-AgNPs were purified by continues different centrifugal speeds as
explained by Gaddam et al 2021 and Gunti H., et al 2023 [1, 25]. Finally the purified green TC-AgNPs
pellets were dissolved in known volume of Milli-Q water and further used for spectral analysis like FTIR,
Particle size analysis, Zeta potential analysis, XRD and Transmission electron microscopy (TEM). The
remaining nanoparticles were used to study other biomedical and industrial applications.

Spectral Characterization of TC-AgNPs

The green synthesized TC-AgNPs along with plant extract were analyzed by Nanodrop-8000 UV
visible spectrometry within the wavelength range of 220 nm -750 nm, (Thermo Scientifics, U.S.A.
available at DST Purse Centre, Sri Venkateswara University, Tirupati). The TC-AgNPs were analyzed on
Nanodrop-8000 spectrophotometer at a resolution of 1 nm to detect the surface Plasmon resonance
(SPR) of green synthesized TC-AgNPs. Fourier transform infrared spectroscopy (FTIR) analysis of Corn
silk extract and green synthesized TC-AgNPs were analyzed to detect which bioactive constituents of
corn silk extract are actively involved bio-reduction and capping of green synthesized TC-AgNPs (Bruker
Tensor 27, Thermo Scientifics, USA, available at Department of Physics, Sri Venkateswara University,
Tirupati). The Particle size and Zeta potential analysis of green synthesized TC-AgNPs was carried out by
dynamic light scattering (DLS) method by using Nanopartica Horiba SZ-100 (Japan), available at DST
PURSE centre, Sri Venkateswara University, Tirupati. The size and surface charge or zeta potential of TC-
AgNPs in the purified aqueous colloidal sample was analyzed to find out the size distribution of
nanoparticles and the stability of green synthesized TC-AgNPs in Transmission Electron Microscopy (HR-
EM) studies was performed by JEOL JEM Plus -2100 (SVU Tirupati). The images were taken by coating a
drop of TC-AgNPs on a carbon coated copper grid.

Biomedical Applications of green synthesized silver nanoparticles TC-AgNPs

The green synthesized silver and zinc nanoparticles i.e. TC-AgNPs by whole plant extract of
Tinospora cordifolia were spectral characterized by the above advanced techniques. Later on, they were
tested for their various biomedical applications like the antimicrobial activity, antioxidant activity and the
anticancer activity.

Antimicrobial activity assay by Disc diffusion method

The antimicrobial activity of green synthesized silver and zinc nanoparticles i.e. TC-AgNPs
obtained from the whole plant extract of Tinospora cordifolia were tested by standard disc diffusion
method standardized by Kotakadi., et al [31] [33]. The tested bacteria were maintained as the nutrient
agar (Hi-media) slants. A loop full of culture from the slant was inoculated into the nutrient agar broth
and incubated at 37° C for overnight. 0.1 ml of this culture was evenly spread on the sterile nutrient agar
plate. Sterile disc of Whatman No.1 filter paper of about 5 mm diameter were prepared. The sterile disc
were dipped in silver nanoparticles solution (10pl, 20ul and 30ul) and allowed to dry before being placed
on the agar plate, along with the discs prepared from plant leaf extract and the standard disc of
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Amoxyclav. The cultures were incubated at 37° C for 24 hours. The inoculated plates were incubated at
370 C for overnight, after incubation, the plates were observed for zones of inhibition surrounding the
disc. Different levels of zones of inhibition were measured by scale using the antibiotic zone as standard
scale and recorded. Zone of inhibition around the disc indicates that the compounds or synthesized
nanoparticles which diffused into the agar from the disc inhibited the growth of the organism. The
antimicrobial activity of silver nanoparticles was evaluated against Gram-negative Escherichia coli,
Pseudomonas aeruginosa Gram-positive Staphylococcus aureus, Bacillus megaterium The bacterial strains
of microorganisms used for the antibacterial activities were obtained from DST-PURSE Centre, S.V.
University, Tirupati.

Antioxidant activity of the green synthesized TC-AgNPs

The antioxidant activity of the green synthesized TC-AgNPs obtained from the whole plant
extracts of T.cordifolia were evaluated in vitro by three methods. The green synthesized AgNPs were used
to access or evalutate the free radical scavenging activity against 2,2-Diphenyl-1-picrylhydrazyl (DPPH),
Nitric oxide (NO) and Hydrogen peroxide (H202) radicals. Ascorbic acid is used as a standard control.

DPPH radical scavenging activity

The hydrogen atom or electron donation ability of the compounds was measured from the
bleaching of the purple colored methanol solution of (DPPH) and used to detect radical scavenging assay.
The method was followed by Mittal et al [34] and with slight modified procedure according to Gaddam et
al,[1]. The spectrophotometric assay uses the stable radical DPPH as a reagent. 1 mL of various
concentrations of the test compounds i.e. the plant extracts and the green synthesized TC-AgNPs and TC-
ZnONPs (25, 50, 75, and 100 pg/mL) in methanol were added to 4 mL of 0.004% (w/v) methanol solution
of DPPH. After a 30 min incubation period at room temperature, the absorbance was measured against
blank at 517 nm. The percent of inhibition (%) of free radical production from DPPH was calculated by
the following equation. All the experiments were conducted and radical scavenging activity values were
calculated from the absorbance values using the following formula.

(Ac - As) 9
Ac)

Radical Scavenging Activity = 100

Where ‘Ac’stands for the absorbance of the control reaction (containing all reagents except the test
compound i.e. the plant extracts and the TC-AgNPs and TC-ZnONPs) and ‘As’ stands for the absorbance of
the test compound, the tests were carried in triplicate.

Nitric oxide scavenging activity

Nitric oxide scavenging activity was measured by slightly modified methods by using a modified
version of the method established by Mosmann [35]. Nitric oxide radicals (NO) were generated from
sodium nitroprusside. 1 mL of sodium nitroprusside (10 mM) and 1.5 ml of phosphate buffer saline (0.2
M, pH 7.4) were added to different concentrations (25, 50, 75 and 100 pg/mL) of the test compounds
(plant extracts and TC-AgNPs and TC-ZnONPs) and incubated for 150 min at 25° C and 1mL of the
reaction mixture was treated with 1 mL of Griess reagent (1%) sulphanilamide, 2% HsPO4 and 0.1%
naphthyl ethylenediamine dihydrochloride. The absorbance of the compounds was measured at 546 nm.

Hydrogen peroxide scavenging activity

H202 scavenging ability of the test compounds was determined according to the literature
method Pick and Mizel [36] following the approach outlined by Sousa et al [37], Kotakadi et al, [38]. A
solution of H202 (40 mM) was prepared in phosphate buffer (pH 7.4) were added to different
concentrations of (25, 50, 75 and 100 pg/mL) of the test compounds (i.e. whole plant leaf extract and TC-
AgNPs 3.4 mL phosphate buffer were added to H202 solution (0.6 ml, 40 mM). The absorbance value of
the reaction mixture was recorded at 230 nm.
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Anticancer activity of the green synthesized TC-AgNPs
Materials and Reagents: Cell Lines

The HepG2 cell line is a human hepatoma cell line that is often used to study drug metabolism
and hepatotoxicity. It is a pure cell line of human liver carcinoma that is used as a model for hepato
cellular carcinoma (HCC) obtained from (NCCS, Pune, India).

Cell culture medium/Reagents

DMEM with high glucose medium - (Cat No:11965-084, Gibco, Invitrogen), Fetal Bovine Serum
(#10270106, Gibco, Invitrogen), D-PBS (#D8537-500ml, Sigma Aldrich, St Louis, USA), Test compounds:
TC-AgNPs and Doxorubicin (standard) (Cat No: D1515, Sigma Aldrich, St Louis, USA), DMSO (Cat No:
276855, Sigma), MTT (Cat No: M2128, Sigma Aldrich, St Louis, USA), Antibiotic-Antimycotic solution-
100x (Cat No: 15240096, Gibco, Invitrogen), Trypsin EDTA (Cat No: T4174, Sigma), 96-well plate for
culturing the cells (130188, BioLite, Thermo), 6well culture plate (130184, BioLite, Thermo), T25 flask (#
12556009, Biolite - Thermo), 50 ml centrifuge tubes (# 339652, Thermo Scientific), 1.5 ml centrifuge
tubes (500010,TARSONS), 200 to 1000ul microtips (521020X, TARSONS), 2-200ul microtips (521010,
TARSONS), 70% ethanol, BD Pharmingen Annexin V Apoptosis detection kit (Cat No: 556547, BD
Biosciences, CA, USA), Falcon 5ml Round Bottom Polystyrene Test tube (Cat No: 352054, Corning),
Propidium Iodide/RNase staining buffer (Cat No: 550825, BD Biosciences, CA, USA), Pre chilled Ethanol
(China grade), Acridine orange hydrochloride (Cat No: 318337, Sigma aldrich, USA), Ethidium bromide
(Cat No: E7637, Sigma Aldrich, USA) and 2,7-Dichlorofluorescein diaceate (H2DCFDA) Cat No: 20656,
Cayman Chemicals, USA)

Equipment’s

Analytical weighing balance (LCGC, RADWAG) Centrifuge (Remi: R-8C). Pipettes: 2-10ul, 10-
100pl, and 100-1000pl. Inverted Biological Binocular Microscope (Cat No: CKX-41, Olympus), 37°C
incubator with humidified atmosphere of 5% CO2 (Healforce, China), 96 well microplate reader (ELX-800,
BioTek, USA), Water bath (BioBee, India), Liquid Nitrogen Tank (Thermo Scientific), Hemocytometer
(Rohem Instruments, India), Refrigerator (Samsung, India), 96well microplate absorbance reader (ELX-
800, BioTek, USA), BD FACS Calibur (BD Biosciences, CA, USA), Ice bucket with cover. Generally, cells are
more stable and tolerate insult better when they’re cold. The cover keeps light out, which could bleach the
fluorochromes and Fluorescence Microscope -LSM 880 live cell imaging confocal system, Carl Zeiss,
Germany).

Software: GEN5, BioTeK (For Microplate Reader), BD Cell Quest Pro (ver.6.0), Image ] (FIJI), ZEN BLUE
Software (Carl Zeiss, Germany) and MS Excel sheet.

Maintenance of Cell line

The HepG2 cell line (Human liver carcinoma cell line) was purchased from NCCS, Pune, India. The
cells were maintained in MEM with high glucose supplemented with 2 mM L-Glutamin, 1.5 g/L Sodium
bicarbonate and 1 mM sodium pyruvate, 10 % FBS along with the 1% antibiotic-antimycotic solution in
the atmosphere of 5% CO2, 18-20% Oz at 37°C temperature in the CO2 incubator and sub-cultured for
every 2 days. Passage numbers of HepG2 cells was 37 was used for the present study. After reaching 80%
of density, cells were detached by using 0.025% trypsin and 0.01% EDTA (in D-PBS) solution. Cell
viability and count were performed using hemocytometer. The appropriate density of cells was seeded in
T25 flasks and cultured until further usage of cells to conduct cell-based assays.

Anticancer studies of TC-AgNPs
Anticancer studies was carried out on HepG2 liver cancer cells by TC-AgNPs by means of various

methods like MTT assay, ROS assay, Cell cycle assay, Apoptosis by flow cytometry and Apoptosis by Dual
fluorescence methods
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MTT Assay of TC-AgNPs on HepG-2 Liver Cancer Cells (Cell viability and Cell proliferation studies
by MTT assay)

The cytotoxicity effect of TC-AgNPs was analyzed on HepG2 liver cancer cells by performing the
MTT assay [39]. MTT is a tetrazolium salt is converted into insoluble purple-colored formazan crystals by
the action of lactate dehydrogenase enzyme released by mitochondria. Briefly, cells in 200pl of suitable
media and at a density of 15,000 were plated in a 96-well plate and incubated at 37°C for overnight. After
attachment of cells to the surface of cell culture plate, the spent medium was replaced with MEM having
various working concentrations of Test compound (TC-AgNPs) (6.25, 12.5, 25, 50, 100pg/ml). After drug
addition, cells were incubated for 24h at 37°C with 5% COzatmosphere. After incubation, cells were
treated with 100pL of MTT (0.5 mg/mL) was added and incubated for 3hr at 37°C. DMSO (100uL) was
used to dissolve the formazan crystals, and purple color was measured at 570 nm using microplate reader
(ELX-800, BioTek, USA). The viability of cells treated with DMEM alone was considered as 100%.% cell
viability is calculated using the below formula:

% cell viability=[OD of treated cells/OD of Untreated cells] * 100

The ICso value was determined by using linear regression equation i.e. Y =Mx+C. Here, Y = 50, M and C
values were derived from the viability graph.

ROS Assay of TC-AgNPs on HepG2 Liver Cancer Cells Using H2DCFDA Staining

HepG2 cells were seeded in a 6-well plate at a density of 0.5 x 10° cells per 2 mL of medium and
incubated overnight at 37°C in a CO; incubator. After 24 hours, the used medium was removed, and the
cells were rinsed with 1 mL of 1X PBS. The cells were treated with the test compound for 24 hours, with
one well of cells serving as a negative control. After treatment, the medium was collected into 12 x 75 mm
polystyrene tubes, and the cells were washed with 500 uL of PBS, which was retained. Following this, 250
uL of trypsin-EDTA solution was added, and the plates were incubated at 37°C for 3-4 minutes. The
culture medium was then returned, and the cells were harvested into the tubes. The cells were
centrifuged for 5 minutes at 300 x g at 25°C, and the supernatant was discarded. The cells were washed
twice with PBS and resuspended in 10 uM H2DCFDA working solution at 1 x 10° cells/mL, incubating for
30 minutes at 37°C, protected from light. After centrifugation at 150 x g for 5 minutes, the supernatant
was discarded, and the cells were gently resuspended in 400 pL of pre-warmed DPBS. Flow cytometry
analysis was performed using a flow cytometer with a 488 nm laser for excitation and 535 nm detection
(FL1) to measure ROS expression [40].

Cell cycle Assay of TC-AgNPs on HepG-2 Liver Cancer Cells

Culture cells in a 6-well plate at a density of 2 x 105 cells/2 ml were added and incubated in a CO:
incubator overnight at 37°C for 24 hours. Aspirate the spent medium and treat the cells with ICso value of
TC-AgNPs at the concentration of 56.32 pl/mL and along with standard drug Doxorubicin 1pg/mL
concentration were added in 2 ml of culture medium, except in cell control and incubate the cells for 24
hours. The cell pellet was washed twice with PBS to ensure that only DNA is stained with Propidium
iodide (PI stains all nucleic acids), so the cell pellet is treated with 50ul of Ribonuclease A to get rid of
RNA and finally add 400pl PI solution per million cells directly to cells and mix well. Finally incubate the
cells for 5 to 10 minutes at room temperature in dark and then analyze the samples by flow cytometry [3,
18].

Apoptosis Assay of TC-AgNPs on HepG-2 cell lines by Flow Cytometry

The HepG2 liver cancer cells are used in this study. The cells are cultured in a 6-well plate at a
density of 0.5 x 10° cells/2 ml and incubated in a COz incubator overnight at 37°C for 24 hours. Aspirate
the spent medium and treat the cells with I1Cso value of TC-AgNPs at the concentration of 56.32 pl/mL and
along with standard drug Doxorubicin 1pg/mL concentration, except in cell control in 2 ml of culture
medium and incubate the cells for 24 hours. Add 5 pl of FITC Annexin V and gently vortex the cells and
incubate for 15 min at RT (25°C) in the dark, after incubation finally add 5 pl of PI and 400 pl of 1X
Binding Buffer to each tube and vortex gently and analyze the samples by flow cytometry immediately
according to procedure of Subramanyam et al 2021&2023 [3, 18].
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Dual fluorescence Apoptosis assay on HepG-2 Liver Cancer Cells by TC-AgNPs

The HepG2 liver cancer cells are cultured in a 6-well plate at a density of 2 x 105 cells/2 ml and
incubate in a COz incubator overnight at 37°C for 24 hours. Aspirate the spent medium and treat the cells
with ICso value of TC-AgNPs at the concentration of 56.32 pl/mL and along with standard drug
Doxorubicin 1pg/mL concentration, except in cell control in 2 ml of culture medium and incubate the cells
for 24 hours. The stained cells were observed under fluorescence microscope with filter cube with
Excitation 560/40 nm and Emission 645/75 nm for EtBr (Ethidium bromide) and Excitation 470/40 and
Emission 525/50 for Acridine orange and Hoechst 33258 staining fluorescence microscopy Excitation
352/461 nm and Emission 510/40 nm. The images were overlay using Image ] Software v1.48 according
to the protocol of Gaddam et al 2021& 2024 [1, 32].

RESULTS AND DISCUSSION
Preparation of leaf extract of Tinospora cordifolia

Ever since, from the decades a variety of plant materials are exploited for the green synthesis of
metal nanoparticles is considered as a ‘Green Technology or Green Method’, offering abundant
advantages in terms of environmental friendliness, cost-effectiveness, biocompatibility, controllable
synthesis of nanoparticles and there is no use of any harmful chemicals. At the same ‘green synthesis’
emerged as a promising and sustainable alternative to traditional methods like chemical and physical
methods [32, 21]. The green synthesis of silver nanoparticles using silver nitrate (AgNO3) solution, by
simple green method using the Tinospora cordifolia leaf extract which acts as a reducing and as a capping
agent [21, 22, 30]. The leaves of Tinospora cordifolia along with herbaceous stem were collected from
herb and shrubs growing in and around of forest region of Tirumala, Tirupati, Chittoor Dist,, Andhra
Pradesh state, India during the months of October and November, as shown in [Fig.1(a)]. The leaves along
with herbaceous stem of Tinospora cordifolia were collected and shade dried for a week at room
temperature and then the leaves were collected and made into fine powder with the help of electric
blender. The plant leaf extracts of Tinospora cordifolia was prepared, by adding 5g of finely powdered
leaves of Tinospora cordifolia in a 500 ml Erlenmeyer flask with 250 ml of Milli Q ultra-pure distilled
water and the mixture was heated at 70°C for 45 min and then filtered through sterile muslin cloth
followed by Whatman No.1 filter paper. This filtrate solution was used as source of extract for
preparation of silver nanoparticles and was utilized in subsequent procedures.

=7E

\Af:,. /
D

Figure 1(a): Tinospora cordifolia plant
Green synthesis of Silver nanoparticles by leaf extract of Tinospora cordifolia

To the 5ml diluted filtrate, 10ml of 0.2 M AgNOs solution was added and the sample was left at
room temperature, until the color of solution changed from pale light color to light brown and
subsequently dark brown. The solution containing silver nanoparticles of Tinospora cordifolia (TC-
AgNPs) was confirmed by the dark brown color [Fig.1(b)]. So, in the current study the green synthesis of
silver nanoparticles (TC-AgNPs) with Tinospora cordifolia (T. cordifolia) plant leaf extracts was prepared
without any external toxic chemicals so this method is popularly known as ‘Green synthesis or Green
Method’.
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(i) TC-PE (i) TC-AgNPs

Figure 1(b): Green synthesis of TC-AgNPs (i) Aqueous plant leaf extract of Tinospora cordifolia (ii)
Green synthesized TC-AgNPs

Similarly, the light brown colorless leaf extract of Tinospora cordifolia (T.cordifolia) was also
converted into dark brown color after the addition of the 0.2 M AgNOs solution within few minutes.
Therefore it is confirmed the reduction of AgNOs to silver nanoparticles (TC-AgNPs). The formation of TC-
AgNPs using the plant leaf extract of T.cordifolia was shown in [Fig.1(b)] and the synthesis was carried
out without using any other external toxic chemicals. Therefore, the color change indicates the formation
of silver nanoparticles viz. TC-AgNPs by parts of plant sources. It is undoubtedly evident that the
nanoparticles are reduced within 1 minute to 3 minutes of time. So, it is concluded that the method we
followed to synthesis of nanoparticles was very simple and inexpensive and rapid without any external
toxic chemicals. Hence it is concluded as eco-friendly, simple, safe and rapid method known as “Green
Synthesis” and “Green Future” [31, 33, 41-43]. The green synthesized TC-AgNPs were used for further
spectral characterization by various advanced spectroscopic methods and further used to study their
biomedical applications like Antioxidant, Anti-bacterial and Anti-cancer studies on HepG2 liver cancer cell
lines.

Spectral characterization of green synthesized TC-AgNPs

The spectral characterization of the green synthesized silver nanoparticles i.e TC-AgNPs obtained
from the plant leaf extract of T.cordifolia comprised of the UV-Vis spectroscopy, FTIR analysis, DLS
particle size analysis, Zeta potential analysis, XRD analysis and the TEM & SAED analysis.

Ultra violet-visible spectroscopy of the green synthesized TC-AgNPs

Sencms phet TOAayhFs

~= TC plast leat extract
\ TC-AgNPs

Figure.1.(c): UV-visible spectra of T.cordifolia 1eaf extract and Green synthesized TC-AgNPs.

UV-visible spectroscopy is a simple and straightforward method for the finding out and detection
and confirming the formation of nanoparticles. The bio-reduction of Ag* ions by using the plant leaf
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extracts of T.cordifolia were monitored from time to time by sampling of the 1 ul aliquots and the optical
absorbance was recorded on the Nanodrop 8000 UV-vis spectrophotometer in 220 - 750 nm wavelength
range. The UV-visible spectra of the bio reduced TC-AgNPs solutions showed an absorbance peaks at 439
nm [Fig.1(c)] which is characteristic surface plasmon resonance (SPR) peak of silver nanoparticles and
therefore confirmed their green synthesis.

The size and shape of the TC-AgNPs, reflects on the absorbance peaks. It is well known the that
the SPR range of silver nanoparticles is between 390nm to 470 nm, earlier reports on AgNPs also reveals
the same results that the SPR of AgNPs between 400nm to 450 nm are small and spherical between the
range of 20nm to 100nm [18, 23, 30-33, 44-45]. In the present study the SPR of the biosynthesized TC-
AgNPs is 439 nm [Fig.1(c)], it indicates that the green synthesized silver nanoparticles (TC-AgNPs) are
morphologically small and spherical in shape. These TC-AgNPs were further confirmed by TEM analysis
and DLS particle size analysis for their morphological characters [23, 33], 46-48].

Fourier transform infra-red (FTIR) spectral analysis of TC-AgNPs

Consequent to the UV-Visible spectral analysis, FTIR analysis was approved to find out which
bioactive phyto-constituents have participated in the reduction of AgNO3 to Ag* ions i.e. (Ag®) AgNPs. The
FTIR analysis was performed by using Brucker Tensor 27 Thermo Scientifics, USA available at
department of Physics, Sri Venkateswara University, Tirupati. The T. cordifolia plant extract exhibit clear
bands at wave numbers 3905.22, 3856.77, 3841.10, 3823.45, 3805.26, 3754.71, 3692.67, 3676.88,
3653.16, 3468.72, 2921.41, 2851.42, 1721.83, 1657.42, 1622.69, 1461.78, 1384.75, 1316.19, 1105.99,
799.47,516.04, 492.38, 458.33, 447.83, 429.79 and 412.32 cm'! respectively Fig.2(a).
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Figure 3(a): FTIR spectrum of the aqueous plant extract of T. Coridifolia

T.cordifolia is an important medicinal plant, the herbaceous stem along with leaves consists of
major bioactive compounds such as flavonoids, alkaloids, saponins, resins, etc. So, in the present study
reveals that the carboxylic acids, hydroxy, ether, alcohol, etc. are responsible for the reduction of the Ag*
ions to the Ag® ions and also act as the capping and the stabilizing agents of TC-AgNPs. The FTIR spectral
analysis of TC-AgNPs [Fig.2(b] showed intensive peaks at 3840.02, 3465.42, 2920.45 cm-1, 1623.56,
1384.15,1106.03, 498.79, 462.95, 430.89 and 415.23 cm ! respectively. The sharp peaks at, 3840.02 cm-1,
3465.42 cm1, 2920.45 cm™ can be assigned to hydroxyl group of alkanes such as O-H and C-H stretching
of the -alkenes group, 1623.56 cm! can be assigned to C=C stretching of the alkenes group, 1384.15 cm-!
can be assigned to Amide II stretching, 1106.03 cm-! can be assigned to amide III stretching can be
assigned to -C-0O-C-stretching and -C=C- of the amide group [49-50]. Therefore, the FTIR analysis
clearly revealed that phytochemicals like amides, carboxylic acids, ether groups, hydroxyl groups and
alcohol groups present in the plant leaf extract were mainly responsible for the reduction of silver ions
(Ag*) into nanoscale silver nanoparticles (Ag°), from the above results it may be concluded that Alkaloids,
tannins, cardiac glycosides, flavoinoids, saponins, steroid and glycosides. Especially alkaloids of Tinospora
cordifolia such as choline, tionosporin, isocolumbin palmatine, tetrahydropalmatine and magnoflorine.
The major bioactive compounds in leaves and stem reveals compounds like 11-hydromustakone, N-
methyl-2- pyrrolidine, N- formylannonain, cordifoliaside, A magnoflorine, and tinocordiside are
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responsible major bioactive compounds responsible for capping and efficient stabilization TC-AgNPs by
acting as capping agents [22]. Therefore, the FTIR analysis reveals that phytochemicals such as Alkaloids,
tannins, cardiac glycosides, flavoinoids, saponins, steroid and glycosides. etc. and water-soluble
carbohydrates may be the major bioactive compounds that were responsible for the reduction of Ag*ions
to Ag® ions, and also for the capping and efficient stabilization of the biosynthesized TC-AgNPs. Similar
types of reports were reported by Kotakadi et al.[31] and others [51-53].
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Figure 2(b): FTIR spectrum of the green synthesized TC-AgNPs

Dynamic Light Scattering (DLS) particle size analysis of TC-AgNPs
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Figure 3(a): Particle size distribution of TC-AgNPs

The DLS particle size of the green synthesized TC-AgNPs was detected by the intensity and laser
diffraction method using the colloidal solutions of TC-AgNPs, which is poly-dispersed in nature. The poly-
disperse index (PI) value in the range of 0.1 to 0.4 then they are said to be well dispersed and moderate in
nature and if the PI are more than 0.4 then the nanoparticles are broad in size and shape. In the present
study the particle distribution of synthesized TC-AgNPs were in the range 5nm to 35+ 10 nm in dynamic
light scattering analysis (DLS), with an average size of 14.9 nm with an Z-average 19.8 nm with an poly
dispersed index (PI) of 0.187 indicating well dispersed in aqueous form [Fig.3(a)]. The Z average of the
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nanoparticles was around 19.8 nm. 10 % of the particles are in the range of 3 nm to 15 nm, 50% are in the
range of 15 to 35 nm and 90% are in the range of 15.4nm to 35.6 nm. Similar results were observed in
TEM. The DLS analysis results reveal that results are in correlation with UV-Vis analysis of TC-AgNPs that
is if the SPR region of AgNPs is in between 400 to 470 nm, the nanoparticles are said to be small and
spherical in size [33,41,54].

Zeta potential analysis of the green synthesized TC-AgNPs

Zeta potential is the measurement of electrostatic charge present on the surface of synthesized
nanoparticles and the potential difference between the nanoparticles and the dispersed solution. It’s also
known has the potential difference between the solutions in which the nanoparticles are dissolved
containing oppositely charged ions around the nanoparticles. The zeta potential is the most important
parameter for detecting the stability of nanoparticles. Higher the zeta potential indicates greater
electrostatic repulsion and increased stability. The zeta potential greater than +30 mV and -30 mV are
very stable. The values also represents whether the nanoparticles are cationic or anionic in nature, which
is an important property, how the nanoparticles interact with cellular membranes and other body fluids
like mucus. The most important application is used to evaluate the stability of nano-dispersions,
determine surface coatings and also to detect the nanoparticle-cell interactions.

In the current study, the Zeta potential analysis of the green synthesized TC-AgNPs was also
carried out, the result revealed that the TC-AgNPs have high negative zeta potential which is around -
28.5 mV [Fig.3(b)], because of its high negative potential value the silver nanoparticles were highly stable
without any agglomeration in the colloidal form.
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Figure 3(b): Zeta potential of green synthesized TC-AgNPs
The earlier reports on green synthesized nanoparticles having zeta potential values in the range
of £25 mV to +30 mV are highly stable, whereas the nanoparticles within the range of +15 mV to #25 mV
are moderately stable and 10 mV to < +10 mV are not stable after longer time. So it is concluded that the
synthesized TC-AgNPS are highly stable with -28.5 mV of zeta potential value.
X-ray diffraction analysis (XRD) of the green synthesized TC-AgNPs

XRD is a significant spectroscopic technique used to evaluate the crystalline nature of green
synthesized TC-AgNPs was obtained by the XRD analysis. The XRD pattern showed that TC-AgNPs are
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face centered cubic structure in nature [Fig.4(a)] and that three characteristic diffraction peaks indexed
to 38.53 (111), 44.86 (200) and 65.22 (220) and 78.33 (311) planes of face centered cubic crystal lattice
of Silver (JCPDS card No. 89-3722) the results were according to researcher on silver nanoparticles [23,
55].
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Figure 4(a): XRD spectral data of green synthesized TC-AgNPs

The XRD analysis of all the three green synthesized silver nanoparticles TC-AgNPs reveals that
they are crystalline in nature with face centred cubic structure [55-57].

Transmission electron microscopy (TEM) analysis of green synthesized TC-AgNPs

TEM analysis was performed to determine the shape and size of the green synthesized TC-AgNPs
TEM analysis was carried out using HR-TEM (200 kV) JOEL- JEM 2100 Plus - High resolution
Transmission Electron Microscope (DST PURSE Centre, SVU, Tirupati). The HR- TEM image analysis
showed that the green synthesized TC-AgNPs [Fig.4(b)], were round in shape the TC-AgNPs size was in-
between 5 nm to 50 nm with an average size of 13.9 nm # 5 nm of the results were similar to DLS particle
size analysis. The SAED pattern analysis also revealed that the green synthesized TC-AgNPs had different
planes of cubic crystal lattice which were already confirmed by XRD analysis.

Figure 4(b): HR TEM analysis of green synthesized TC-AgNPs at magnification of 100 nm, 50 nm,
10 nm and 5 nm scale bar and SAED pattern showed four diffraction rings
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The SAED pattern analysis also revealed that the green synthesized TC-AgNPs had different
planes of cubic crystal lattice which were already confirmed by XRD analysis were similar to earlier
studies [1,5, 18,22-23, 32].

Therapeutic Biomedical Applications of TC-AgNPs

The therapeutic biomedical applications of the green synthesized silver nanoparticles i.e TC-
AgNPs obtained from the plant leaf extract of Tinospora cordifolia was carried out. This comprised of the
Antimicrobial activity, Antioxidant activity and the Cancer activity followed according to other
researchers [1, 5, 18, 32, 38,55].

Antimicrobial activity of the green synthesized TC-AgNPs

In nature, it is well known that the antimicrobial activities of medicinal plants are associated with
the differences in their contents of bioactive compounds present in them [58-60, 32]. The previous
reports revealed that alkaloids and flavonoids were the major responsible compounds for the
antimicrobial activities in higher plants. It is also known that secondary metabolites such as tannins and
other phenolic compounds were also classified as active antimicrobial agents. At the same time, it is
reported that the tannins play a major role in preventing the development of microorganisms by the
precipitation of the microbial protein, thereby inhibiting the growth of many fungi, yeasts, bacteria and
viruses. The current study was carried out to detect the therapeutic biomedical importance of the green
synthesized TC-AgNPs from leaf extract of Tinospora cordifolia. The antimicrobial activity was performed
against four bacterial species viz. Gram-negative Escherichia coli, Pseudomonas aeruginosa Gram-positive
Staphylococcus aureus, Bacillus megaterium by the Kirby - Bauer disc diffusion method [1, 32-33, 54].

Figure 5(a): Antimicrobial activity of green synthesized TC-AgNPs against

Gram -ve bacteria: Escherichia coli, Pseudomonas aeruginosa and
Gram +ve bacteria: Staphylococcus aureus, Bacillus megaterium

The green synthesized TC-AgNPs from leaf extract of Tinospora cordifolia were used to study the

antibacterial activity against four bacterial species viz. Gram-negative Escherichia coli, Pseudomonas
aeruginosa Gram-positive Staphylococcus aureus, Bacillus megaterium by the Kirby - Bauer disc diffusion
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method. The green synthesized TC-AgNPs exhibited very good antibacterial activity against both gram
negative and gram positive bacteria. The results revealed the E. coli, P. aeruginosa showed zone of
inhibition (ZOI) of diameters 11 mm (10 mcg), 15 mm (20 mcg),16 mm (30 mcg) and 13 mm(10 mcg), 15
mm (20 mcg), 19 mm (30 mcg) respectively and Gram-positive Staphylococcus aureus, Bacillus
megaterium with the zone of inhibition (ZOI) of diameters 11 mm (10 mcg), 12 mm (20 mcg), 13 mm (30
mcg) and 10 mm (10 mcg), 12 mm (20 mcg),, 23 mm (30 mcg), respectively when compared to the
standard drug Amoxicillin (10mcg) revealed ZOI as follows 14 mm against E. coli, 12 mm for against P.
aeruginosa  and 13 mm against Staphylococcus aureus and 11 mm against Bacillus megaterium
respectively. From the above results the green synthesized TC-AgNPs showed very good antibacterial
activity against Gram +ve and Gram -ve bacteria [Fig.5 (a)]. The TC-AgNPs exhibited almost equivalent
activity with that of Amoxycillin at the concentration 10mcg [Table-1]. The results revealed that the
antibacterial activity is in dose dependent manner.

Table 2: Anti bacterial Activity of TC-AgNPs

SNo Bacteria Tinospora TC-AgNPs TC-AgNPs TC-AgNPs Antibiotic
cordifolia (10 mcg) (20 mcg) (30 mcg) (Amx 10
shoot mcg)
extract
Zone of Inhibition in mm (Z0I)
1 E.coli Nil 11 mm 15 mm 16 mm 14 mm
2 Pseud. aeruginosa Nil 14 mm 15 mm 19 mm 13 mm
3 Staph. aureus Nil 11 mm 12 mm 13 mm 13 mm
4 Bac. Megatarium Nil 10 mm 12 mm 23 mm 15 mm

*The table indicates the Mean values of the triplicates with standard deviation.

The results were similar to the earlier reports [1, 5, 18-19, 28, 30-32, 45]. The results are also
represented in graphical form which were shown in Fig.5. (b).
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Figure 5(b): Antimicrobial activity of green synthesized TC-AgNPs
*The table indicates the Mean values of the triplicates with standard deviation

Antioxidant activity of the Green synthesized TC-AgNPs

The antioxidant activity of both TC-ZnONPs and TC-AgNPs was carried out by using 2, 2'-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay according to the method described by
Gaddam et al. and Kotakadi et al. with slight modifications. The Nitric oxide scavenging activity was
carried out by a tailored method of Ferreira et al and H202 scavenging ability of the Tinospora cordifolia
plant extract and green synthesized TC-AgNPs was examined according to the modified method of Pick
and Mizel. The antioxidant activity of the green synthesized Zinc oxide nanoparticles and silver
nanoparticles i.e. TC-AgNPs obtained from the plant extract of Tinospora cordifolia. Three different
methods were used to detect the antioxidant activity as follows DPPH antioxidant activity, Hydrogen
peroxide antioxidant activity and the Nitric oxide antioxidant activity [1, 21, 32, 61-62].

September - October 2025 RJPBCS 16(5) Page No. 98




ISSN: 0975-8585

Several scientists have been constantly working for the past few decades to find out suitable
antioxidants by using various plant sources and their bioactive compounds as natural antioxidants to
protect the humans from quite a lot of human disorders which are caused mainly by oxidative stress. The
cells that consist of unstable molecules such as oxygen, these oxygen molecules voluntarily react with
other molecules in the cellular system and form reactive oxygen species (ROS), which is dangerous sign
for the living system. These ROS molecules without difficulty react with DNA, RNA, proteins and lipids of
the cell and cause cell death. Thus continuous reaction further cause oxidative stress in different human
cells and cause various disorders like inflammation, cancer and ageing and other neurodegenerative
disorders etc. So it is very essential to find out sensible and suitable antioxidants which can diminish ROS.
So, depending on the necessity and significance of antioxidants several researchers have been working on
plant bioactive components, and they also started working on metal nanoparticles which are synthesized
by plant sources exhibit superior antioxidant activity as an alternative sources of antioxidants. In the
present study, in vitro antioxidant activity of the TC-AgNPs was determined by different free radical
scavenging assays.

In vitro antioxidant activity of TC-AgNPs by DPPH, H:02 and NO methods

In the present study antioxidant activity of Tinospora cordifolia plant extract TC-PE and TC-
AgNPs was determined by three important assays namely DPPH assay, H202 assay and NO scavenging
assays. The results were shown in (Table.2 (i) and Fig.4.c) DPPH assay (Table.2(ii) and Fig.4.c) H20: free
radicals assay and Table.2(iii) and Fig.4.c) Nitric oxide assay for both the Tinospora cordifolia plant
extract TC-PE and green synthesized TC-AgNPs. The results revealed that DPPH assay is the best
antioxidant assay with highest inhibition of free radicals at the percentage of 67% and 74% for both (TC-
PE) and TC-AgNPs. Similarly, the H202 antioxidant assay reveals that both the TC-PE and TC-AgNPs show
good scavenging activity of 62.14% and 67.62% against H20:2 radicals respectively for TC-PE and TC-
AgNPs. Lastly in NO free radical assay, TC-PE and TC-AgNPs exhibited very good scavenging activity of
60.18% and 65.64% against NO free radicals, the results were tabulated in Table.2 and also the results
are represented in graphical diagram as follows Fig.4.(c)

DPPH Free Radical Scavenging activity of TC-AgNPs
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NO Free Radical scavenging activity of TC-AgNPs
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Figure 5(c): Antioxidant activity of green synthesized TC-AgNPs by DPPH, H202 and NO methods
(*The graph indicates the Mean values of the triplicates with standard deviation)

Table 2: Antioxidant activity of TC-AgNPS

(i): DPPH Free Radical Scavenging activity of TC-AgNPs, (ii) H202 in-vitro antioxidant activity of TC-AgNPs
and (iii) Nitric Oxide in-vitro antioxidant activity of TC-AgNPs

(i)DPPH Free Radical scavenging activity + SD (%)
method
Sample name 25 pg/ml 50 pg/ml 75 pg/ml 100 pg/ml
Ascorbic acid 48.02+0.06 59.42+0.17 68.42+0.16 72.12+0.12
T. cordifolia leaf 40.16+0.02 49.04+0.14 60.02+0.18 67.12+0.44
extract
TC-AgNPs 46.36+0.22 57.12+0.64 67.16+0.02 74.18+0.36
(ii)H202 Free Radical scavenging activity + SD (%)
method
Sample name 25 pg/ml 50 pg/ml 75 pg/ml 100 pg/ml
Ascorbic acid 45.02+0.26 52.46+0.34 62.76+0.24 68.18+0.12
T. cordifolia leaf 36.18+0.56 45.82+0.48 56.18+0.02 62.14+0.26
extract
TC-AgNPs 42.18+0.22 50.47+0.30 62.42+0.18 67.62+0.18
(iii)NO Free Radical scavenging activity + SD (%)
method
Sample name 25 pg/ml 50 pg/ml 75 pg/ml 100 pg/ml
Ascorbic acid 42.02+0.18 50.24+0.16 61.36+0.14 67.18+0.12
T. cordifolia leaf 32.46+0.14 42.34+0.16 52.68+0.92 60.18+0.18
extract
TC-AgNPs 38.96+0.12 47.34£0.16 58.48+0.12 65.64+0.18

In view of the above results it is clearly understood that the antioxidant activity was dose
dependent manner in all the three methods, and the data revealed that the DPPH showed superior
antioxidant activity when compared with other two methods, followed by H20: free radical assay and NO
antioxidant activity. Finally, it is concluded that efficient DPPH scavenging activity of TC-AgNPs could be
due to the bioactive compounds like Alkaloids, tannins, cardiac glycosides, flavoinoids, saponins, steroid,
glycosides, water-soluble carbohydrates, polyphenols and proteins of TC-PE which are present plant
extract. The Flavoinoids, polyphenols, saponins, glycosides, water-soluble carbohydrates and alcohols
might have actively participated in the green synthesis of TC-AgNPs. The above bioactive components
might be involved in the coating and capping of the TC-AgNPs. Similar type of results were also
determined the free radical scavenging activity of plant aqueous extracts and green synthesized AgNPs,
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by different method like DPPH [63], H202 and NO antioxidant activity. Plants are rich in antioxidant
compounds like the presence of flavonoid, total phenols, tannin, carotenoids, lycopene [64],
carbohydrates, triterpenoids, glycosides, phenolic compounds steroids, canthin-6-one and f-caroline
alkaloids and other classes of phyto constituents like tannins, flavonoids and phenolic compounds. These

important plant compounds give up hydrogen atoms from their hydroxyl groups to free radicals and form
stable phenoxy radicals [1, 5, 18, 21, 32].

Anticancer studies of the TC-AgNPs on HepG2 Liver cancer cell lines

In vitro MTT Assay to determine Cytotoxic Activity of TC-AgNPs on HepG2 Liver cancer cell line
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Figure 6 (a): MTT assay of TC-AgNPs against HepG2 Liver cancer cells

(b) %o cell viability valuesof HepG2 cells treated by TCAgNPs
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The results of MTT assay revealed the cytotoxic effect and cell viability of HepG2 Liver cancer cell
lines treated with TC-AgNPs and Doxorubicin 1 pg/mL (standard drug). The cells were treated with TC-
AgNPs for 24 hours with a range of concentrations (Fig.6.a.). The ICso value was calculated after 24 hours.
The ICso value was calculated by using linear regression equation i.e. Y =Mx+C. Here, Y = 50, M and C
values were derived from the viability graph (Fig.6.b&c). The ICso value of TC-AgNPs was calculated by
statistical data of cell cytotoxicity studies reveals that ICso value of 56.32 pL/mL. The cytotoxicity of green
synthesized TC-AgNPs is dosage dependent manner, as the concentration increase the cell viability
decreases shown in Fig.6.b&c. The results showed that TC-AgNPs have anticancer nature and revealed
good cytotoxic potency against HepGZ human liver cancer cells. Likewise, the silver nanoparticles
synthesized by leaf extract of Ctenolepis garcini L revealed excellent anticancer potential against HepG2
cell line with an ICso of 33.78 pg mL-1 [65-66]. Similarly silver nanoparticles (AgNPs) from Kigelia
africana leave (Lam.) Benth. extract revealed good cytotoxicity against RINm5F insulinoma cell line. Other
plant like Nepeta deflersiana mediated silver nanoparticles show toxicity against Human Cervical Cancer
Cells (HeLA) and Seripheidium quettense mediated green synthesis of biogenic silver nanoparticles also
showed very good theranostic applications against cancer [67-68].

ROS Assay of TC-AgNPs on HepG2 Liver Cancer Cells Using H2DCFDA Staining

Cell-permeant 2', 7'-dichlorodihydrofluorescein diacetate (H2DCFDA) is a widely used ROS
indicator. The reduced non-fluorescent fluorescein H2DCFDA can be oxidized and converted into
fluorescent 2’, 7’- dichlorofluorescein (DCF) by intracellular ROS. In the present study, TC AgNPs treated
HepG?2 cells significantly increased the ROS expression similar to the reference std drug, Doxorubicin (for
HepG2 cells) and confirmed that TC AgNPs enhance the apoptosis mediated through cellular oxidative
stress induced apoptosis in human liver cancer cells.
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Figure 7: FACS-ROS expression study: H2DCFDA staining
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ROS analysis: % cells expressed ROS expression in the Untreated and treated with Std control
and TC AgNPs groups in HepG2 cells by flow cytometry measured in DCF units

The results of ROS expression reveals that TC-AgNPs have more expression then the standard
drug was observed in HepG2 liver cancer cell lines. Similar types of results were observed by silver

nanoparticles biosynthesized by various parts plants extracts.

Cell cycle Assay of TC-AgNPs on HepG2 Liver Cancer Cells
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Figure 8: Cell cycle analysis of HepG2 liver cancer cells treated with TC-AgNPs along with Std.
Control with Flow cytometry

Cell cycle analysis using propidium iodide (PI), that is using the fluorescent nucleic acid dye to
identify the proportion of cells that are in one of the three interphase stages of the cell cycle. It is used as
stain in flow cytometry to evaluate cell viability or DNA content in cell cycle analysis. PI has two
disadvantages; it stains all double stranded nucleic acids so the cells have to be incubated with RNase to
remove any double stranded RNA and the dye is excluded by the plasma membrane so that the cells have
to be fixed or permeabilised before adding the dye. On the ploidy of HepG2 cells, in Sub GO/G1 phase
(Apoptotic phase), 1.62%, 0.68% and 6.11% cells get arrested in Untreated, Std control and TC AgNPs
with ICso concentration respectively. In GO/G1 phase (Growth Phase), 59.04%, 47.05% and 48.79% cells
get arrested in Untreated, Std control and TC AgNPs with ICsoconcentration respectively. In S phase
(synthetic phase), 7.45%, 5.18% and 6.41% cells get arrested in Untreated, Std control and TC AgNPs
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with ICsoconcentration respectively shown in Fig.8. On the other hand, in G2/M phase, 31.89%, 47.09%
and 38.69% cells get arrested in Untreated, Std control and TC AgNPs with ICso concentration
respectively. The HepG2 cells treated with TC AgNPs with ICso concentration showed the increased %
cells at Sub GO/G1 and G2/M phases by inhibiting the % cells at GO/G1 phase as compared to control
group. Hence the cell cycle got arrested at Sub G0/G1 and G2/M phases in treated group of HepG2cells.
It's evident that the compound, TC AgNPs won’t allow the cells to undergo cell division or proliferate by
G2/M phase arrest and may be considered as a potent anti-liver cancer drug. Doxorubicin with 1ug/ml
was used as a Std control against the HepGZ2cells which also arrested the cells at G2/M phases
respectively. Similar type of results were observed by silver and nanoparticles synthesized by Argyeria
nervosa (An) leaf extract, the An-AgNPs with a concentration of 58.64 mg/ml respectively are showing a
high % of cells at S and G2/M stages when compared to untreated cells [5]. The AgNPs green synthesized
by Hydrastis canadensis and Thuja occidentalis also induce differential cytotoxicity through G2/M arrest in
A375 cells which are similar to our results [69], AgNPs green synthesized by Nepeta deflersiana, also
revealed that the cells in SubG1 arrest and lead to apoptotic/necrotic cell death in cervical cancer cell
lines [70] Silver-palm pollen nanocomposite also showed the morphological changes associated with cell
death and accumulation of dead cells in sub-G1 phase [71].

Apoptosis Assay of TC-AgNPs on HepG2 Liver Cancer Cells (CLSM-Live/Dead staining study:
AO/EtBr staining)
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Figure 9: (a) Quadrangular plots represented the Annexin V/PI expression in HepG2cells in the
presence and absence of TC AgNPs and Std control by Flow Cytometry. Acquisition was done by
using BD FACS calibur and data analyzed by BD Cell Quest Pro Software (Version: 6.0). Here,
Annexin V- FITC - Primary Marker, PI- Propidium lodide (Secondary fluorescence Marker). (b)Side
scatter graph represented the distribution of %apoptotic cells, % Necrotic cells and % live cells in
treated and non-treated conditions of HepG2 cells using Annexin V/PI staining by Flow cytometry
method. (c)Bar graph represented the %apoptotic cells in treated and untreated conditions of
HepG2cells by Flow cytometry

Apoptosis is a normal physiologic process which occurs during embryonic development as well
as in maintenance of tissue homeostasis. The apoptotic program is characterized by certain morphologic
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features, including loss of plasma membrane asymmetry and attachment, condensation of the cytoplasm
and nucleus, and inters nucleosomal cleavage of DNA. Loss of plasma membrane is one of the earliest
features. In apoptotic cells, the membrane phospholipid phosphatidylserine (PS) is translocated from the
inner to the outer leaflet of the plasma membrane, thereby exposing PS to the external cellular
environment. Annexin V is a 35-36 kDa Ca2+ dependent phospholipid-binding protein that has a high
affinity for PS, and binds to cells with exposed PS. Annexin V may be conjugated to fluorochromes
including FITC. Since externalization of PS occurs in the earlier stages of apoptosis, FITC Annexin V
staining can identify apoptosis at an earlier stage than assays based on nuclear changes such as DNA
fragmentation. In the current study, the observations of apoptosis study suggested us that the TC AgNPs
significantly enhanced the 80.86% of apoptosis and 12.78% of necrosis in HepG2 cells after the 24hours
of exposure respectively. TC AgNPs showed the similar kind apoptotic potential against Human liver
cancer cells with high % apoptosis and moderate rate of necrosis similar to the Doxorubicin after the 24
hours of treatment. Doxorubicin caused the 33.07% Apoptosis and 2.24% Necrosis in HepG2 cells after
the 24hours of treatment shown in Figure 9.

Apoptosis Assay of TC-AgNPs on HepG2 Liver Cancer Cells by CLSM-Live/Dead staining study:
AO/EtBr staining)

e CLSM-Live/Dead staining study: AO/EtBr staining

AO EtBr Composite
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-
N’

Untreated

Std control
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Figure 10: (a)Composite overlaid image represented the Acridine orange (AO) and Ethidium
bromide (EB) dual staining study of HepG2 cells in Untreated, Std control and TC AgNPs treated
with IC50 concentration represented the changes in nuclear morphology of cells. AO represents

viable cells (green) and EtBr represents dead cells (red color). All the images were captured at 25x
magnification. (b) Acridine orange (AO) and Ethidium bromide (EB) dual staining study of HepG2
cells in Untreated, Std control and TC AgNPs treated with ICso concentration represented the
changes in nuclear morphology of cells. AO represents viable cells (green) and EtBr represents
dead cells (red color). All the images were captured at 25x magnification.
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The additional Apoptosis studies by TC-AgNPs was further confirmed the mechanism of cell
death using the treatments at their ICso concentrations. The dual acridine orange / ethidium bromide
(AO/EB) assay allows for the sensitive fluorescent detection of live, early and late apoptotic cells and
necrotic cells. The AO stains live cells by intercalating with the cellular DNA to emit a green fluorescence,
whereas EB stains dead cells resulting in the emission of a yellow-to-red fluorescence by depending on
the stage of apoptosis [72-75]. The results revealed the apoptotic nature of TC-AgNPs by fluorescent
staining when compared with treated HepG2 liver cancer cells to untreated cells, they show more number
of early apoptotic cells and late apoptotic cells and necrotic cells with chromatin condensation and
blebbing of cell membrane in the human liver cancer cells was very clearly observed [Fig.10.a-b]. The
final results were similar to that of standard drug Doxorubicin treated cells indicating that TC-AgNPs have
very good anticancer activity. Likewise, the other nanoparticles like gold nanoparticles also reveals
cytotoxicity in the human cancer cell lines like HeLa and MCF-7, and the non-cancer HEK293 highlight the
potential target by dual-drug AuNP nanocomplexes in providing safe and efficient delivery of anticancer
drugs with reduced side effects in vitro [72]. In conclusion to the study, the TC-AgNPs might have induced
apoptosis by oxidative stress-mediated pathway?, Further studies are needed to be carried out to expose
the exact mechanism of action.

SUMMARY AND CONCLUSIONS

In the current study, the green synthesized TC-AgNPs revealed versatile beneficial applications.
The synthesized TC-AgNPs were characterized by a variety of spectroscopic methods, the results reveal
that UV-visible absorption spectrum indicates SPR (Surface Plasmon resonance) peaks at 439 nm which
confirms synthesis of silver nanoparticles i.e. TC-AgNPs. FT-IR analysis results identify that several
characteristic peaks plant bioactive molecules are actively participated in reduction of their functional
groups for capping and stabilization of TC-AgNPs. The particle size was between 5nm to 35+ 10 nm in
dynamic light scattering analysis (DLS), with an average size of 14.9 nm with an Z-average 19.8 nm with
an poly dispersed index (PI) of 0.187 indicating well dispersed in aqueous form, at the same time HR-TEM
analysis also reveal will similar type results, where the particles are spherical or roughly spherical the
size range from 6 nm to 37 nm+5nm. The TC-AgNPs were highly stable with negative zeta potential
value -28.5 mV. The x-ray diffraction (XRD) data revealed that the particles are facets of face-centered
cubic crystal structure of AgNPs, which also further confirmed by HR-TEM SAED pattern with diffraction
fringes which are confined silver nanoparticles. The TC-AgNPs have exhibit potential antioxidant activity
and thriving antibacterial activity against gram-positive and gram negative bacteria. The TC-AgNPs have
also revealed potential anti-cancer activity in vitro on HepG-2 liver cancer cell lines. The anti- cancer
activity of TC-AgNPs comparable to that of the standard drug was evidenced by various anticancer
studies like MTT assay, ROS, Cell cycle, Apoptosis and Dual fluorescence studies. The anti-proliferative
and cytotoxic studies on HepG-2 Liver cancer cell line was carried by MTT assay, reveals that ICso value
was 56.32pg/mL. Overall in summary, all the observed results are satisfactory and double confirmed the
anti-liver cancer effect of TC AgNPs molecule by causing the apoptosis, increasing the rate of ROS and
arresting the Sub GO/G1, G2/M phase arrest (key phase of anti-cancer drug properties) and increasing the
rate of Apoptotic bodies respectively. From the above results it can concluded that the green synthesized
TC-AgNPs can useful as future therapeutic agents to control antimicrobial resistance and different types
cancers effectively. At the same TC-AgNPs have possible therapeutic potential against human liver cancer
derived diseases and can employ as novel anticancer therapeutic agents. We also report that there are
very few reports on HepG2 liver cancer cell lines using silver nanoparticles.

ACKNOWLEDGEMENTS

The authors CH, SAG, JP and VSK are grateful to DST PURSE centre, Sri Venkateswara University,
Tirupati, for providing facility to carry out a part of research work.

Authors Contribution

The authors confirm contribution to the paper as follows: Study conception and Design: HC, JP
and VSK Data collection: HC and SAG, Experimental: HC, SAG &VSK & JP: Green synthesis and Spectral
Characterization; HC & SAG (Antioxidant studies) and (Antimicrobial studies) and (Anticancer studies)
HC, SAG & VSK: MTT assay, ROS assay and Cell cycle and Cytotoxic studies and Dual Fluorescence Analysis
and Interpretation of Results: JP, VNC and VSK, Draft Manuscript preparation: HC, JP & VSK; Final
Manuscript editing: VSK and VNC

September - October 2025 RJPBCS 16(5) Page No. 106



[1]

[6]

[7]
8]

[9]

[19]

' \{ | ISSN: 0975-8585

REFERENCES

S.A. Gaddam, V.S. Kotakadi, G.K. Subramanyam, et al. Multifaceted phytogenic silver nanoparticles
by an insectivorous plant Drosera spatulata Labill var. bakoensis and its potential therapeutic
applications. Scientific Reports, 2021, 11(1): 21969. https://doi.org/10.1038/s41598-021-
01281-8.

Zhang, Z., Shen, W., Xue, J. et al. Recent advances in synthetic methods and applications of silver
nanostructures. Nanoscale Res Lett 13, 54 (2018).

Lee, S.H.; Jun, B.-H. Silver Nanoparticles: Synthesis and Application for Nanomedicine. Int. J. Mol.
Sci. 2019, 20, 865. https://doi.org/10.3390/ijms20040865

Bahareh Khodashenas and Hamid Reza Ghorbani, Synthesis of silver nanoparticles with different
shapes, Arabian Journal of Chemistry,2019,Volume 12, Issue 8, Pages 1823-1838.

Subramanyam, G. K., Gaddam, S. A., Kotakadi, V. S., Gunti, H., Palithya, S., Penchalaneni, J., &
Challagundla, V. N. (2023). Green Fabrication of silver nanoparticles by leaf extract of Byttneria
Herbacea Roxb and their promising therapeutic applications and its interesting insightful
observations in oral cancer. Artificial Cells, Nanomedicine, and Biotechnology, 51(1), 83-94.

A. P. Venook, C. Papandreou, . Furuse, and L. L. De Guevara, “*The incidence and epidemiology of
hepatocellular carcinoma: a global and regional perspective,” ;The Oncologist, vol. 15, no. 4, pp.
5-13,2010.

G. M. Cragg and D. ]J. Newman, “Plants as a source of anticancer agents,” Journal of
Ethnopharmacology, vol. 100, pp. 72-79, 2005.

R. W. Owen, A. Giacosa, W. E. Hull, R. Haubner, B. Spiegelhalder, and H. Bartsch, “The
antioxidant/anticancer potential of phenolic compounds isolated from olive oil,” European
Journal of Cancer, vol. 36, no. 10, pp. 1235-1247,2000.

M. Kashif, D. Kim, and G. Kim, “In vitro antiproliferative and apoptosis inducing effect of a
methanolic extract of Azadirachta indica oil on selected cancerous and noncancerous cell lines,”
Asian Pacific Journal of Tropical Medicine, vol. 11, no. 10, pp. 555-561, 2018.

D. Bhatia, A. Mandal, E. Nevo, and A. Bishayee, “Apoptosis inducing effects of extracts from desert
plants in HepG2 human hepatocarcinoma cells,” Asian Pacific Journal of Tropical Biomedicine,
vol. 5, no. 2, pp. 87-92, 2015.

Y. Cai, Q. Luo, M. Sun, and H. Corke, “Antioxidant activity and phenolic compounds of 112
traditional Chinese medicinal plants associated with anticancer,” Life Sciences, vol. 74, no. 17, pp.
2157-2184, 2004.

C.T. Ho, T. Osawa, M. T. Huang, and R. T. Rosen, Food Phytochemicals for Cancer Prevention II:
Teas, Spices, and Herbs, American Chemical Society, Washington, DC, USA,1994.

T. B. Ng, F. Liu, and Z. T. Wang, “Antioxidative activity of natural products from plants,” Life
Sciences, vol. 66, no. 8, pp. 709-723, 2000.

A. Ghasemzadeh and N. Ghasemzadeh, “Flavonoids and phenolic acids; Role and biochemical
activity in plants and human,” Journal of Medicinal Plants Research, vol. 5, no. 31, pp. 6697-6703,
2011.

A. Abbas, S. A. R. Naqvi, M. H. Rasool, A. Noureen, M. S. Mubarik, and R. B. Tareen, “Phytochemical
Analysis, Antioxidant and Antimicrobial Screening of Seriphidium Oliverianum Plant Extracts,”
Dose-Response, pp. 1-9, 2021.

M. S. M. Saleh, ]. Jalil, S. Zainalabidin, A. Y. Asmadi, N. H. Mustafa, and Y. Kamisah, “Genus parkia:
phytochemical, medicinal uses, and pharmacological properties,” International Journal of
Molecular Sciences, vol. 22, no. 618, 2021.

Kanth Kadiyala N, Mandal BK, Kumar Reddy LV, Sen D, Tammina SK, Barnes CH, Alvarez MN, De
Los Santos Valladares L, Kotakadi VS, Gaddam SA. One-Pot Solvothermal Synthetic Route of a Zinc
Oxide Nanoparticle-Decorated Reduced Graphene Oxide Nanocomposite: An Advanced Material
with a Novel Anticancer Theranostic Approach. ACS omega. 2023 Nov 28.

G.K. Subramanyam, S.A. Gaddam, V.S. Kotakadi, et al. Argyreia nervosa (Samudra pala) leaf
extract mediated silver nanoparticles and evaluation of their antioxidant, antibacterial activity, in
vitro anticancer and apoptotic studies in KB oral cancer cell lines. Artificial Cells, Nanomedicine,
and Biotechnology, 2021, 49(1): 635-650. https://doi.org/10.1080/21691401.2021.1996384

S. Palithya, S.A. Gaddam, V.S. Kotakadi, et al. Green synthesis of silver nanoparticles using flower
extracts of Aerva lanata and their biomedical applications. Particulate Science and Technology,
2021, 40(1): 84-96. https://doi.org/10.1080/02726351.2021.1919259

September - October 2025 RJPBCS 16(5) Page No. 107


https://doi.org/10.1038/s41598-021-01281-8
https://doi.org/10.1038/s41598-021-01281-8
https://doi.org/10.3390/ijms20040865
https://doi.org/10.1080/02726351.2021.1919259

[22]

[27]

[30]

' \{ | ISSN: 0975-8585

Almatroudi, Ahmad. "Silver nanoparticles: synthesis, characterisation and biomedical
applications"” Open Life Sciences, vol. 15, no. 1, 2020, pp. 819-839.

V.S. Kotakadi, B. Kolapalli, S.A. Gaddam, et al. Dual synthesis of silver and iron oxide nanoparticles
from edible green Amaranthus viridis and their in vitro antioxidant activity and antimicrobial
studies. Current Biotechnology, 2021, 10(3): 191-203.
https://doi.org/10.2174/2211550110666211206101654

P. Kanagala, S.A. Gaddam, P. Gunji, et al. Synthesis of bio-inspired silver nanoparticles by ripe and
unripe fruit extract of Tinospora cordifolia and its antioxidant, antibacterial and catalytic studies.
Nano Biomedicine and Engineering, 2020, 12(3): 214-226. https://doi.org/10.
5101/nbe.v12i3.p214-226

V.S. Kumaram, S.A. Gaddam, V.S. Kotakadi, et al. Multifunctional silver nanoparticles by fruit
extract of Terminalia belarica and their therapeutic applications: A 3-in-1 system. Nano
Biomedicine and Engineering, 2018, 10(3): 279-274. https://doi.org/10.5101/nbe.v10i3.p279-
294

RJ. Narjala, S.A. Gaddam, S.C. Casimeer, et al. Dual degradation of hexavalent chromium (VI) and
cotton blue dye by reduced and PVP-capped silver nanoparticles using fruit extract of Ficus
carica. Nano Biomedicine and Engineering, 2022, 14(2): 123-135. https://doi.org/10.
5101/nbe.v14i2.p123-135

H Gunti, SA Gaddam, R Nadipi, VS Kotakadi -Optical and Paper-based Dual Sensing of Hg 2+ and
Colorimetric Reduction of Cr (VI) by Green Synthesized Silver Nanoparticles Prepared from the

Bark Extract of Sweetinia mahagoni and Their Promising Antimicrobial Applications Nano
Biomedicine and Engineering, 2023

Kotakadi, V. S., Gaddam, S. A., Kotha, P., Allagadda, R, Rao Ch, A,, & DVR, S. G. (2022). Bio-inspired
multifunctional zinc oxide nanoparticles by leaf extract of Andrographis serpilifolia and their
enhanced antioxidant, antimicrobial, and antidiabetic activity—A 3-in-1 system. Particulate
Science and Technology, 40(4), 485-499.

PL Bobbu, VR Netala, S Aishwarya, IRM Reddy et al. 2016 Rapid synthesis of silver nanoparticles
using aqueous leaf extract of Achyranthes aspera and study of their antimicrobial and free radical
scavenging activities. International Journal of Pharmacy and Pharmaceutical Sciences 8 (5), 341-
346.

Palithya S, Gaddam SA, Kotakadi VS, et al. Biosynthesis of silver nanoparticles using leaf extract of
Decaschistia crotonifolia and its antibacterial, antioxidant, and catalytic applications, Green
Chemistry Letters and Reviews. 2021; 14(1): 136-151.

Das Nelaturi, P, Sriramaia, N. H. Nagaraj, S. Kotakadi, V. S., Moideen Kutty, A. V. V,, &
Pamidimukkala, K. (2017). An in-vitro Cytotoxic and Genotoxic Properties of Allamanda
Cathartica L. Latex Green NPs on Human Peripheral Blood Mononuclear Cells. Nano Biomedicine
& Engineering, 9(4).

Venkata Subbaiah Kotakadi*, Y. Subba Rao, Susmila Aparna Gaddam, T.N.V.K.V. Prasad, A. Varada
Reddy, D.V.R. Sai Gopal.(2013) Simple and rapid biosynthesis of stable silver nanoparticles using
dried leaves of Catharanthus roseus. Linn. G. Donn and its anti microbial activity Colloids Surf. B:
Biointerfaces 105 (2013) 194-198.

Venkata Subbaiah Kotakadi*, Y. Subba Rao, Susmila Aparna Gaddam, T.N.V.K.V. Prasad, A. Varada
Reddy, D.V.R. Sai Gopal.(2014). “Biofabrication of silver nanoparticles by Andrographis
paniculata”. European Journal of Medicinal chemistry 73 (2014) 135-140 (Corresponding
Author), (Impact factor 6.51)(Elsevier publishers)

Gaddam, Susmila Aparna, Venkata Subbaiah Kotakadi, Rajasekar Allagadda, Siva Gayathri
Velakanti, Srilakshmi Samanchi, Devaraju Thangellamudi, Hema Masarapu, Uma Maheswari P,
Appa Rao Ch, and Enyew Amare Zereffa. "Bioinspired multifunctional silver nanoparticles by
Smilax Chenensis and their enhanced biomedical and catalytic applications." Scientific Reports
14, no. 1 (2024): 1-23.

Venkata Subbaiah Kotakadi*, Susmila Aparna Gaddam, Sucharitha Venkata K and D.V.R. Sai
Gopal.(2015). “New generation of bactericidal silver nanoparticles against different antibiotic
resistant Escherichia coli strains”. Appl Nanosci., 5, pages 847-855 (2015).

Mittal AK, Chisti Y, Banerjee UC. Synthesis of metallic nanoparticles using plant extracts.
Biotechnol Adv. 2013;31(2):346-356.

Mosmann T. Rapid colorimetric assay for cellular growth and survival: application to
proliferation and cytotoxicity assays. ] Inmunol Methods. 1983;65(1-2):55-63.

September - October 2025 RJPBCS 16(5) Page No. 108


https://doi.org/10.2174/2211550110666211206101654
https://doi.org/10
https://doi.org/10.5101/nbe.v10i3.p279-294
https://doi.org/10.5101/nbe.v10i3.p279-294
https://doi.org/10.%205101/nbe.v14i2.p123-135
https://doi.org/10.%205101/nbe.v14i2.p123-135
https://scholar.google.co.in/scholar?oi=bibs&cluster=10400335751772224886&btnI=1&hl=en
https://scholar.google.co.in/scholar?oi=bibs&cluster=10400335751772224886&btnI=1&hl=en
https://scholar.google.co.in/scholar?oi=bibs&cluster=10400335751772224886&btnI=1&hl=en
https://scholar.google.co.in/scholar?oi=bibs&cluster=11282444307979307653&btnI=1&hl=en
https://scholar.google.co.in/scholar?oi=bibs&cluster=11282444307979307653&btnI=1&hl=en
https://scholar.google.co.in/scholar?oi=bibs&cluster=11282444307979307653&btnI=1&hl=en

[42]

[43]

' \{ | ISSN: 0975-8585

Pick E and Mizel D. Rapid microassays for the measurement of superoxide and hydrogen
peroxide production by macrophages in culture using an automatic enzyme immunoassay
reader. . Immunol. Methods. 1981. 46: 211-226.

Sousa A, Ferreiral ICFR, Barros L, Bento A and Pereria JA. Effect of solvent and extraction
temperatures on the antioxidant potential of traditional stoned table olives alcaparras. Food Sci.
Technol. LWT. 2008. 41: 739-745.

Venkata S. Kotakadi, Susmila Aparna Gaddam, Peddana Kotha, Rajasekar Allagadda, Appa Rao Ch,
and Sai Gopal D. V.R.(2021). Bio-inspired multifunctional zinc oxide nanoparticles by leaf extract
of Andrographis serpilifolia and their enhanced antioxidant, antimicrobial, and antidiabetic
activity—A 3-in-1 system. Particulate Science and Technology, 2021. Taylor and Francis
https://doi.org/10.1080/02726351.2021.1966145 (Impact Factor: 2.356)

Mosmann, T. Rapid colorimetric assay for cellular growth and survival: application to
proliferation and cytotoxicity assays. ]. Immunol. Methods 65, 55 (1983).

Lee B, Lee M]J, Yun SJ, Kim K, Choi IH, Park S. Silver nanoparticles induce reactive oxygen species-
mediated cell cycle delay and synergistic cytotoxicity with 3-bromopyruvate in Candida albicans,
but not in Saccharomyces cerevisiae. Int ] Nanomedicine. 2019 Jul 3;14:4801-4816. doi:
10.2147/1JN.S205736. PMID: 31308659; PMCID: PMC6613462.

Susmila Aparna Gaddam Venkata Subbaiah Kotakadix, Y. Subba Rao, A. Varada Reddy, D.V.R. Sai
Gopal.(2014). Efficient and robust biofabrication of silver nanoparticles by cassia alata leaf
extract and their antimicrobial activity ] Nanostruct Chem (2014) 4:82 DOI 10.1007/s40097-
014-0082-5 (Springer publishers) (Corresponding Author), (Impact factor 6.931).

Banerjee P, Satapathy M, Mukhopahayay A, Das P. Leaf extract mediated green synthesis of silver
nanoparticles from widely available Indian plants: synthesis, characterization, antimicrobial
property and toxicity analysis. Bioresour. Bioprocess. 2014. 1(3): 1-10

Sahu N, Soni D, Chandrashekhar B, Sarangi BK, Satpute D and Pandey RA. Synthesis and
characterization of silver nanoparticles using Cynodon dactylon leaves and assessment of their
antibacterial activity. Bioprocess Biosyst. Eng. 2012. 36: 999-1004.

Mittal AK, Kaler A and Banerjee UC. Free radical scavenging and antioxidant activity of silver
nanoparticles synthesized from flower extract of Rhododendron dauricum. Nano Biomedic. Eng.
2012.4:118-124.

S Palithya, VS Kotakadi, ] Pechalaneni, VN ChallagundlaBiofabrication of silver nanoparticles by
leaf extract of Andrographis serpyllifolia and their antimicrobial and antioxidant activity.
International Journal of Nano Dimension 9 (4), 398-407

Kotakadi, V.S., Gaddam, S.A., Venkata, S.K. et al. Biofabrication and spectral characterization of
silver nanoparticles and their cytotoxic studies on human CD34 +ve stem cells. 3 Biotech 6, 216
(2016).

Bindhu MR and Umadevi M. Silver and gold nanoparticles for sensor and antibacterial
applications. Spectrochim. Acta. Part. A. Mol. Biomol. Spectrosc. 2014. 128: 37-45.

Gannimani R, Perumal A, Krishna SB, Muthusamy SK, Mishra A and Govender, P. Synthesis and
antibacterial activity of silver and gold nanoparticles produced using aqueous seed extract of
Protorhus longifolia as a reducing agent. Digest ]. Nanomater. Biostruct. 2014. 9: 1669-1679.
Litvin VA and Minaev BF. Spectroscopy study of silver nanoparticles fabrication using synthetic
humic substance and their antimicrobial activity. Spectrochim. Acta. Part. A. Molec. Biomolec.
Spectros. 2013.108: 115-122.

Litvin VA, Galagan RL and Minaev BF. Synthesis and properties of synthetic analogs of natural
humic acids. Russ. ]. Appl. Chem. 2012. 85: 296-302.

Patel S and Jayvadan KP. A review on a miracle fruits of Annona muricata. ]. Pharmacogn
Phytochem. 2016. 5(1): 137-148.

Roy K, Sarkar CK and Ghosh CK. Green synthesis of silver nanoparticles using fruit extract of
Malus domestica and study of its antimicrobial activity. Digest ]. Nanomater. Biostruct. 2014. 9:
1137-1147.

Verma A and Singh Mehata M. Controllable synthesis of silver nanoparticles using Neem leaves
and their antimicrobial activity. ]. Radiat. Res. Appl. Sci. 2016. 9: 109-115

Venkata Subbaiah Kotakadi*, Susmila Aparna Gaddam, Sucharitha Venkata K and D.V.R. Sai
Gopal.(2015)b. “Ficus fruit-mediated biosynthesis of silver nanoparticles and their antibacterial
activity against antibiotic resistant E.coli strains. Current NanoScience 2015. 11(4): 527 - 538.
Vasudeva Reddy Netala, Suman Bukke, Latha Domdi, S. Soneya, Sindhu G. Reddy, Murali
Satyanarayana Bethu, Venkata Subbaiah Kotakadi, K. V. Saritha & Vijaya Tartte(2018.) Biogenesis

of silver nanoparticles using leaf extract of Indigofera hirsuta L. and their potential biomedical

September - October 2025 RJPBCS 16(5) Page No. 109


https://scholar.google.co.in/scholar?oi=bibs&cluster=15300447080432673355&btnI=1&hl=en
https://scholar.google.co.in/scholar?oi=bibs&cluster=15300447080432673355&btnI=1&hl=en
https://scholar.google.co.in/scholar?oi=bibs&cluster=15300447080432673355&btnI=1&hl=en
https://doi.org/10.1080/02726351.2021.1966145
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=QjQ1Jh8AAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=QjQ1Jh8AAAAJ:GnPB-g6toBAC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=QjQ1Jh8AAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=QjQ1Jh8AAAAJ:GnPB-g6toBAC
https://benthamscience.com/journals/current-nanoscience/volume/11/
https://benthamscience.com/journals/current-nanoscience/volume/11/issue/4/
http://dx.doi.org/10.2174/1573413711666150126225951
https://www.tandfonline.com/doi/abs/10.1080/21691401.2018.1446967
https://www.tandfonline.com/doi/abs/10.1080/21691401.2018.1446967

[68]

[69]

' \{ | ISSN: 0975-8585

applications (3-in-1 system) Artificial Cells, Nanomedicine, and Biotechnology, 2018. Vol.46,
Pages:1138-1148

Mallikarjuna K, Sushma NJ, Narasimha G, Manoj L and Raju BDP. Phytochemical fabrication and
characterization of silver nanoparticles using Piper leaf broth" Arab ]. Chem. 2014. 7: 1099-1103.
Mahrdad, K.; Iraj, S.; Marcos, A.L.N.; Niloofar, Z.; Mohammad, R.A. Waste-grass-mediated green
synthesis of silver nanoparticles and evaluation of their anticancer, antifungal and antibacterial
activity. Green Chem. Lett. Rev. 2018, 11 (2),125-134

Boakye-Yiadom K and Konning GH. Incidence of antibacterial activity in the Connaraceae. Planta.
Med. 1975. 28: 397-400.

Soni D, Naoghare PK, Saravanadevi S and Pandey RA. Release transport and toxicity of
engineered nanoparticles. Rev. Environ. Contam. Toxicol. 2015. 234: 1-47

Sondi I and Saslopek-Sondi B. Silver nanoparticles as antimicrobial agent: A case study on E. coli
as a model for Gram-negative Bacteria. J. Colliod Interface Sci. 2004. 275: 177-182.

Leonov A, Arlia-Ciommo A, Piano A, V Lutchman, Svistkova V, Medkour Y and Titorenko VI.
Longevity extension by phytochemicals. Molecules. 2015. 20: 6544-6572.

Shah SWA, Jahangir M, Qaisar M, Khan SA, Mahmood T, Saeed M, Farid A and Liaquat M. Storage
stability of Kinnow fruit (Citrus reticulata) as affected by CMC and guar gum-based silver
nanoparticle coatings. Molecules. 2015. 20: 22645-22661.

Balasuriya BMGK and Dharmaratne HRW. Cytotoxicity and antioxidant activity studies of green
leafy vegetables consumed in Sri Lanka. ]. Natn. Sci. Foundation Sri Lanka. 2007. 35: 255-258.
Ragavendran P, Sophia D, Arul Raj C, Starlin T and Gopalakrishnan VK. Phytochemical screening,
antioxidant activity of Aerva lanata (L)-An in vitro study. Asian J. Pharm. Clin. Res. 2012. 5: 77-81.
Narayanan M, Divya S, Natarajan D, et al. Green synthesis of silvernanoparticles from aqueous
extract of Ctenolepis garcini L. andassess their possible biological applications. Process Biochem.
2021;107:91-99

Manimegalai Sengani BV, Banerjee M, Choudhury AA, et al.Evaluation of the anti-diabetic effect of
biogenic silver nanoparticles and intervention in PPARc gene regulation. Environ Res.2022;
215(Pt 3):114408

Al-Sheddi ES, Farshori NN, Al-Oqail MM, et al. Anticancer potential of green synthesized silver
nanoparticles using extract of nepeta deflersiana against human cervical cancer cells (HeLA).
Bioinorg Chem Appl. 2018;2018(1):9390784.

Muhammad Qasim N, Zohra T, Khalil AT, et al. Seripheidium quet-tense mediated green
synthesis of biogenic silver nanoparticles and their theranostic applications. Green Chem Lett
Rev. 2019; 12(3):310-322.

Das S, Das ], Samadder A, et al. Biosynthesized silver nanoparticles by ethanolic extracts of
Phytolacca decandra, Gelsemium sempervirens, Hydrastis canadensis and Thuja occidentalis
induce differential cytotoxicity through G2/M arrest in A375 cells. Colloids Surf B Biointerfaces.
2013;101:325-336.

Al-Sheddi ES, Farshori NN, Al-Oqail MM, et al. Anticancer potential of green synthesized silver
nanoparticles using extract of Nepeta deflersiana against human cervical cancer cells (HeLA).
Bioinorg Chem Appl. 2018;2018:9390784.

Tabrizi MH, Karimi E, Namvar F, et al. Silver-palm pollen nanocomposite exhibits
antiproliferative, antioxidant, and proapoptotic properties on MCF-7 breast cancer cells. Res
Chem Intermed. 2018;44(11):6537-6548

Lorenzo Lance David, Aliscia Daniels, Saffiya Habib, Moganavelli Singh, Gold nanoparticles in
transferrin-targeted dual-drug delivery in vitro, Journal of Drug Delivery Science and
Technology,Volume 90,2023,105168,ISSN 1773-
2247 https://doi.org/10.1016/j.jddst.2023.105168.

J. Akinyelu, O. Oladimeji, A. Daniels, M. Singh Folate-targeted doxorubicin delivery to breast and
cervical cancer cells using a chitosan-gold nano-delivery system ]. Drug Deliv. Sci. Technol,, 67
(2022), Article 102978, 10.1016/j.jddst.2021.102978

T. Bezabeh, M. Mowat, L. Jarolim, A. Greenberg, I. Smith Detection of drug-induced apoptosis and
necrosis in human cervical carcinoma cells using 'H NMR spectroscopy

Cell Death Differ., 8 (2001), pp. 219-224, 10.1038/sj.cdd.4400802

F.C. Maiyo, R. Moodley, M. Singh Cytotoxicity, antioxidant and apoptosis studies of quercetin-3-0
glucoside and 4-(f3-D-Glucopyranosyl-1- 4-a-L-Rhamno pyranosyl oxy)-benzyl isothiocyanate
from moringa oleifera, anti-cancer agents Med. Chem. 16 (2016), pp. 648-

656http://do0i:10.2174/1871520615666151002110424

September - October 2025 RJPBCS 16(5) Page No. 110


https://www.tandfonline.com/doi/abs/10.1080/21691401.2018.1446967
https://doi.org/10.1016/j.jddst.2021.102978
https://doi.org/10.1038/sj.cdd.4400802
http://doi:10.2174/1871520615666151002110424

