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INTRODUCTION

Cancer is a complex form of macabre illness which is
characterized by uncontrolled multiplication of cells resulting
in abnormal growth and accumulation and causes tissue damage
[1]. Among the different types of cancer, ovarian cancer is the
seventh leading cause of infirmity and fatality [2]. It is a
complex neoplastic assembly that affects women above the
age group of 65 [3]. The heterogeneous population of ovarian
cancer cells exhibit high level of tumourigenicity and differen-
tiation. Globally, 4.4% of ovarian cancer incidence, accounting
to 1,84,799 cases were reported during 2018 [4] and it is esti-
mated that the disease incidence might raise to 55% by 2035
[5]. India ranks first among Asian countries with high rate of
mortality [6]. The challenge in the ovarian cancer treatment is
its multiple histo phenotypes and sites of origin [7]. Hence,
the therapeutic efficiency of a potent ovarian cancer drug
depends on the potential to distinguish and target specific cancer
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cells [8]. The conventional therapy in the treatment of cancer
includes chemotherapy, hormonal therapy, neo-adjuvant therapy,
immune therapy, gene therapy, surgery and targeted therapy.
Besides, multiple therapeutic options, still high rate of relapse
is reported due to delayed identification, difficulty in early
diagnosis and exorbitant cost involved in treatment. Further,
currently employed chemotherapeutic agents are not tissue
specific and accompanied with adverse effects. Hence, the
current research interest is directed towards the exploration of
simple and green treatment procedures for cancer that utilizes
natural products with unchallenged therapeutic potential
[1,9,10].

Medicinal plants are potential resource of bioactive comp-
ounds for the development of drugs [11]. WHO states that
globally 80% of people from under developed and developing
countries still rely on the practice of traditional medicine for
their primary healthcare needs. The demand and acceptance
of medicinal plants in traditional medicinal system is due to
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its easy availability, cost effectiveness and the minimal side
effects exerted by the phytochemicals [12]. The phytochemicals
exhibit effective chemopreventive properties and hence consi-
dered as important fount of natural anticancer drugs. Ageratina
adenophora is a perennial herb native to Mexico and widely
distributed in America, Africa, China and throughout the Indian
subcontinent. The plant belong to Asteraceae family and contains
various secondary metabolites and bioactive phytochemicals
including essential oils, phenyl propanoids, terpenoids, tannins,
glycosides, flavonoids, sterols, alkaloids, coumarines, etc. [13-
16]. Ageratina adenophora was reported to possess antibacterial,
antifungal [17], larvicidal [18], anti-inflammatory [19], anti-
pyretic [20], antioxidant [21], analgesic [22], antitumour [23],
insecticidal [24] and antiviral activities [25]. Mani et al. [26]
reported the phytochemicals present in leaves of Ageratina
adenophora are potent alternative medication for the treatment
of lung cancer.

Nanomaterials differ from their bulk counterparts and
exhibit unique competencies in terms of its low volume to
surface area, physico-chemical and thermodynamic properties
[27,28]. Though the physical and chemical method for the
synthesis of nanoparticles is simple, they require intensive
energy and utilize toxic chemicals for reduction of metal ions
as well as stabilizing the biogenic silver nanoparticles. In
particular, the capping agents such as poly(ethylene glycol),
poly(vinyl alcohol) and poly(vinyl pyrrolidone) are highly
toxic and non-biodegradable [29]. But the biogenic synthesis
of nanoparticles based on green chemistry approach is environ-
mentally compatible [30-32] in which the phytochemicals
present in plant extract act as reducing and stabilizing agents.
Further, the ease in the large scale synthesis of refined and
elegant nanoparticles with well-defined size and morphology
makes the green chemistry approach as an effective alternative
[33]. Previous literatures have reported that the plant extract
mediated nanoparticles exhibit enhanced anticancer properties
[34,35]. The conjugation of plant derived bioactive compounds
with nanoparticles boosts their molecular properties and effici-
ency to provide improved therapeutic activity. Among the
various metallic nanoparticles, silver nanoparticles are reported
to possess effective anticancer activity and are potential cytotoxic
agents [36,37]. The AgNPs exhibit cytotoxicity in cancer cells
by inducing apoptosis through different mechanisms such as
mitochondria dependent and independent pathways, leakage
of lactate dehydrogenase, generation of reactive oxygen species
and by mitochondrial dysfunction [29,38-43]. Besides these
molecular mechanisms, the anticancer activity of AgNPs also
depends on its structural and morphological characteristics,
surface coating of phytochemical, charge and the target cell
in which they act. Hence, this study is aimed to evaluate the
cytotoxic potential of AgNPs in initiating apoptosis in human
ovarian teratocarcinoma cell line PA-1.

EXPERIMENTAL

Dulbecco’s modified Eagle’s medium (DMEM), strepto-
mycin, penicillin-G, phosphate buffered saline, 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT), 2′7′-
diacetyl dichlorofluorescein, acridine orange, ethidium bromide,

rhodamine-123, dimethyl sulfoxide (DMSO) and bovine serum
albumin were purchased from Sigma-Aldrich Chemicals Pvt.
Ltd. (India). Analytical grade chemicals purchased from
Himedia Pvt. Ltd. were used in the study.

Preparation of aqueous extract: Fresh healthy leaves
of Ageratina adenophora collected from Kodaikanal hills,
India were used. The leaves were washed with tap water and
then with distilled water to remove any surface contaminations.
The leaves were then shade dried for 10 days and macerated
into a fine powder. Leaf powder (5 g) was dissolved in 100 mL
of distilled water and boiled to 70 ºC for 30 min. The leaf extract
was cooled at room temperature and filtered using Whatman
filter paper no. 1. The filtrate was stored at 4 ºC until further studies.

Green synthesis of AgNPs: The prepared leaf extract of
A. adenophora and 3 mM AgNO3 solution was added in equal
proportion at a ratio of 1:1. Plant extract (50 mL) was titrated
slowly to 50 mL of aqueous silver nitrate solution. The pH
was adjusted to 10 with 1 M NaOH and incubated for 0.5 h at
70 ºC [44]. The change in the colour of the reaction mixture
from brown to dark greenish black colour indicate the reduction
of Ag+ to Ag0 and the formation of silver nanoparticles.

Characterization: The characterization of biosynthesized
AgNPs were carried out using UV-vis spectroscopy with the
wavelength ranging from 200-800 nm. FTIR analysis was
carried out to identify the functional groups, XRD to confirm
the synthesis, size and crystallinity, dynamic light scattering
analysis (DLS) to determine the size of AgNPs and SEM to
identify the morphology of the synthesized AgNPs. The EDAX
analysis was carried out to determine the elemental compo-
sition of the synthesized nanoparticles. The surface charge of
nanoparticles was determined with zeta potential measurements.

Cell culture maintenance: PA-1, ovarian carcinoma cell
lines were procured from National Centre for Cell Sciences,
Pune, India. The cell lines were maintained in Dulbecco’s
Modified Eagle Media (DMEM) supplemented with 10% Fetal
Bovine Serum (FBS). Penicillin (100 U/mL) and streptomycin
(100 µg/mL) and maintained in a humidified environment with
5% CO2 at 37 ºC.

Cell viability (MTT) assay: Approximately, 1 × 104 cells/
well (200 µL) of PA-1 cells were seeded into 96 well plate.
After 24 h of confluence cell growth, 100 µL of various concen-
trations of AgNPs (5, 10, 15, 20, 25 and 30 µL/mL were added
to the culture medium and incubated at 37 ºC for 24 h. Finally,
5 mg/mL of MTT (3-[4,5-dimethyl thiazol-2-yl]-2,5-diphenyl-
tetrazolium bromide) prepared with phosphate buffer was
added to each well and incubated for 4 h at 37 ºC. The purple
coloured precipitate, formazon was dissolved in 100 µL of
DMSO and measured at an absorbance of 540 nm using ELISA
plate reader [45]. The experiment was carried out in triplicate
and the survival rate was determined using the formula:

1 Absorbance of treated cells
Cell viability (%) 100

Absorbance of control cells

−= ×

Cell morphology: The morphological changes of PA-1
cells were examined by plating the cells in 6 well plates (1 ×
105 cells/wells) and incubated with 20 and 25 µg/mL concen-
trations of AgNPs. A control was also maintained without the
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addition of AgNPs. The cell morphology of both the treated
and untreated cells were observed using an optical microscope
(OLYMPUS IX71 microscope, Tokyo, Japan) with appropriate
filter sets after 24 h of post treatment [46].

Measurement of reactive oxygen species: Intracellular
ROS level was determined by a previously described method
using 2,7-dichloro-dihydrofluorescein diacetate (DCFH-DA)
assay [47]. Approximately 2 × 106 cells/well (PA-1 cells) were
seeded in 6 well plate and allowed to attach for 24 h. Incubation
was followed by the addition of AgNPs (20 and 25 µg/mL)
and further incubated with 5% CO2 at 37 ºC. The overnight
grown, PA-1 cells were washed twice with PBS and supple-
mented with 25 µM DCFH-DA and the incubation was
continued at 37 ºC for 30 min. The cells were then rinsed with
PBS and each well was added with 2 mL of PBS. The intensity
of fluorescence was measured spectroflurometrically for every
5 min for a period of 30 min with excitation at 485 nm and
emission at 530 nm.

Mitochondrial membrane potential: Mitochondrial
membrane potential (MMP) was determined following the
method as described by Bhosle et al. [48]. PA-1 cells seeded
on to 6 well plate with cover slip were treated with different
concentrations (20 and 25 µg/mL) of AgNPs. Rh-123 dye was
used to stain the PA-1 cells. After the addition of dye the cells
were incubated for 30 min and washed with PBS twice and
fixed. The intensity of fluorescence was measured at 535 nm.
Low fluorescence emission indicate the loss of mitochondrial
membrane potential in PA-1 cells.

Apoptotic induction: The influence of AgNPs on the
initiation of apoptosis in PA-1 cells was examined using fluore-
scence microscopic analysis following the methodology of
Baskic et al. [49]. PA-1 cells of concentration of 5 × 104 cells/
well were seeded in a six well plate and incubated for 24 h.
and treated with 20 and 25 µg/mL concentration of AgNPs.
After the treatment with AgNPs, the cells were incubated for
24 h, detached from the wells and washed with cold PBS thrice.
Then the cells were stained using acridine orange/ethidium
bromide at 1:1 ratio (100 µg/mL) for 5 min and examined under
fluorescent microscope at 40X magnification. The number of
cells exhibiting apoptotic features was determined with the
emission of orange/yellow fluorescence.

Colony inhibition assay: The inhibition of colony format-
ting ability of PA-1 by biosynthesized AgNPs was evaluated
by a previously described protocol of Franken et al. [50] with
minor modifications. The PA-1 cells were seeded on to a 48
well plate (approximately 100 cells/well) and were allowed to
adhere to the surface of the well for 18 h. Then the cells were
treated with AgNPs (20 and 25 µg/mL). A control without the
treatment of AgNPs was also maintained. Both the treated and
untreated (control) cells were incubated at 37 ºC for 14 days.
After incubation the cells were visualized under microscope
to determine the reduction in number of colonies compared to
that of untreated cells.

RESULTS AND DISCUSSION

The green chemistry mediated AgNPs were prepared using
aqueous solution of A. adenophora leaf extract and AgNO3.

The optimal conditions for synthesis of AgNPs was initially
screened at 70 ºC, pH = 8 and the stoichiometric concentration
of plant extract and AgNO3 solution (1:1 ratio) was fixed. For
the preparation of AgNPs 5% solution of plant extract (50 mL)
and 3 mM AgNO3 (50 mL) were added and the pH was adjusted
to 10 using NaOH. Dropwise addition of plant extract to silver
nitrate solution changed the colour of the solution from light
brown to dark greenish black colour. The synthesized nano
solution was allowed to stand at room temperature for 18 h
under dark conditions for the complete saturation of nano-
particles. The change in the colour of the solution due to surface
plasmon resonance of silver ions indicated AgNPs synthesis.
The formation of AgNPs was then confirmed with UV-vis
spectroscopic study which revealed an absorbance peak at 470
nm (Fig. 1a). The reduction of silver ions might be attributed
to the role of phytochemicals (secondary metabolites) present
in the leaf extract. Further these bioactive compounds also are
involved in surface coating of synthesized nanoparticles which
preventing the aggregation of nanoparticles and led to
stabilization of nanoparticles. A previous report by Ingarasal
et al. [51] documented that the silver nanoparticles mediated
through aqueous extract of Woodfordia fruticosa flower extract
exhibited SPR peak at 470 nm.

The interaction of secondary metabolites with biosyn-
thesized nanoparticles was examined with FTIR to find out
the possible functional groups of plant bioactive compounds
that coated the surface of nanoparticles. The FTIR spectrum
(Fig. 1b) showed absorbance peaks at 3937.98 cm–1, 3769.14
cm–1, 3206.64 cm–1 which indicated the presence of OH-stretch
of alcohol [52,53]. The CH-alkane and aldehyde stretch was
represented by the peak at 2974.18 cm–1 [54]. The absorbance
peak at 2901.59 cm–1 indicated the C-H stretch of methyl group
[55]. The C=C aromatic alkane is represented by the peak at
1581.21 cm–1 [56]. Similarly, the asymmetric stretch of methyl
compound was identified with peak at 1257.67 cm–1 [56]. The
peaks at 1030.42 cm–1 and 799.57 cm–1 showed the C-O stretch
of alcohol and C=C bend, respectively [55]. Aliphatic bromo
and iodo compounds were reported with peaks at 687.94 cm–1

and 571.67 cm–1 [57]. From the FTIR analysis, it could be
concluded that alcohol, aldehyde, alkane, methyl, aromatic
amines, bromo and iodo compounds present in alkaloids,
phenolic compounds, aminoacids, carbohydrates and tannins
were involved in the reduction of silver as well as capping of
AgNPs. The XRD analysis revealed the crystal nature and
structure of the synthesized AgNPs (Fig. 1c). The crystal plane
showed intense peak at 2θ angles of 38.23º, 44.51º, 64.41º
and 77.51º corresponding to miller index of 111, 200, 220 and
311 (JCPDS No.: 04-0783). These plane of indices confirmed
that the synthesized silver nanoparticles were crystalline in
nature and had a face centred cubic structure. Further, the anal-
ysis of peaks using Scherrer’s equation revealed the average
particles size of 84 nm. The XRD pattern obtained in the present
study was in agreement with the diffraction pattern of an earlier
report obtained with AgNPs mediated through aqueous leaf
extract of Andrographis paniculata [57]. The surface morp-
hology and shape of the synthesized AgNPs were confirmed
with SEM studies. The SEM images showed that the AgNPs

Vol. 34, No. 7 (2022) Silver Nanoparticles Mediated through Aqueous Leaf Extract of Ageratina adenophora  1757



300 400 500 600 700 800
Wavelength (nm)

2.0

1.8

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0

A
bs

or
ba

nc
e 

(a
.u

.)

500

400

300

200

100

In
te

ns
ity

20 40 60 80 100
2  (°)θ

(1
11

)

(2
00

)

(2
20

)

(3
11

)

AgNO3

(a)

(b)

(c) 

(e) (f)

(d)

(g) 
(h)

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
0.000187 0.673

Size distribution by intensity
Zeta potential distribution

25

20

15

10

5

0

In
te

ns
ity

 (
%

)

0.1 1 10 100 1000 10000
Size (dm)

400000

300000

200000

100000

0

To
ta

l c
ou

nt
s

-100 0 100 200
Apparent zeta potential (mV)

3500 3000 2500 2000 1500 1000 500
Wavenumber (cm )–1

-14.6
94 nm

Fig. 1. Characterization of AgNPs (a) UV absorption spectrum showing SPR peak at 470 nm, (b) FTIR spectrum of AgNPs, (c) XRD
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were spherical in shape and free from aggregation (Fig. 1d).
Further, the EDAX spectrum also showed the presence of silver
in high proportion compared to other metals (Fig. 1e). AgNPs
with spherical shaped structures were reported with biogenic
synthesis using Butea monosperma flower extract [58]. The
distribution pattern of AgNPs was analyzed to determine the
toxicity of nanoparticles, as the smaller sized nanoparticles
induce high toxicity due to effective penetration into cell. The
DLS analysis indicated that the AgNPs were 94 nm in diameter
(Fig. 1g). A slight increase in the particle size compared with
that of XRD measurement might be due to presence of water
molecules surrounding the nanoparticles. The zeta potential
of the nanoparticles confirmed the surface charge to be -14.6
mV (Fig. 1h). This negative charge of the nanoparticles is
responsible for their stability and distribution [59].

MTT assay: The cytotoxic response of A. adenophora
mediated AgNPs was evaluated with MTT assay and the out-
comes of the study are presented in Fig. 2. The cytotoxicity
exerted on PA-1 cells were found to be dose dependent as the
viability of PA-1 cells decreased rapidly with increase in
concentration of AgNPs. The < 50% cell viability was observed
with AgNP concentration above 25 µg/mL. The median inhib-
itory concentration (IC50) of AgNPs was found to be 18.80
µg/mL after 24 h. Mani et al. [26] reported the cytotoxic effect
of methanolic extract of A. adenophora leaves against lung
cancer cell (A549) lines with an IC50 values of 60.13, 50.8 and
43.28% with 20, 40 and 60 µg/mL. Yuan et al. [60] reported
that AgNPs are effective in inducing loss of cell viability in
ovarian cancer cell lines (A2780) compared to the anticancer
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Fig. 2. Dose dependent effect of AgNPs on cell viability of PA-1 cells

agent gemcitabine. The toxicity of AgNPs is regulated by the
size of the nanoparticles as smaller particles readily penetrate
the cell membrane. Khanra et al. [61] reported that synthesized
AgNPs from Asparagus racemous root extract were effective
in inducing loss of cell viability against ovarian cancer cells
PA-1. Similarly, the AgNPs mediated through Boerhavia erecta
leaf extract was also reported to be effective against PA-1 cells
[62].

Effect of AgNPs on the morphology of PA-1 cells: The
morphological changes in PA-1 cells due to AgNP treatment
with 20 and 25 µg/mL concentration was depicted in Fig. 3. A
control (untreated cells) was maintained. Upon visualization
after 24 h of post treatment, the control cells were found to
proliferate rapidly and reached confluence. But the PA-1 cells
treated with AgNPs showed characteristics of apoptotic cell
death such as loss of surface adherence, intensive blebbing
and cellular fragmentations [63]. Gurunathan et al. [64] sugg-
ested that AgNPs potentially influence the morphology of
ovarian cancer cells. Yuan et al. [65] also reported similar
morp-hological variations in AgNPs treated ovarian cancer cell
lines (A2780). The AgNPs synthesized using Croton
bonplandianum Baill leaves showed effective morphological
alterations in PA-1 cells [66]. Increasing concentration of
AgNPs synthesized using Alpenia purpurata showed cellular
aggregation and formed round structured dead cells [67].

Effect of AgNPs in the generation of ROS (DCFH-DA
staining assay): ROS has a dual role in both promoting as
well as interrupting the process of carcinogenesis [68,69]. ROS
produced in minimal quantity helps in normal functioning of
a cell, were as high level cause’s cellular damage. The produc-
tion of ROS in the presence of oxygen species is generally
catalyzed by silver ions and AgNPs are effective in inducing
oxidative stress by increasing the ROS production in human
ovarian cancer cells [64] and other cancer cells [60,70,71]. In
present study, the ability of AgNPs to generate high intra-
cellular ROS in PA-1 cells was determined with DCFH-DA
assay. The results indicate significant dose-dependent activity
after 24 h of post-treatment with different concentration of
AgNPs (20 and 25 µg/mL). Increase in the level of intracellular
ROS in PA-1 cells compared to control cells was clearly visible
with increased fluorescence as observed with fluorescence
microscope (Fig. 4). Fahrenholtz et al. [72] also reported that
10 µg/mL concentration of AgNPs was effective in inducing

(a) (b) (c)

Fig. 3. Morphological changes in PA-1 cells such as shrinkage, detachment, membrane blebbing and distorted shape induced by AgNPs
treatment (a) Control (b) 20 µg/mL AgNPs (c) 25 µg/mL AgNPs
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ROS production in A2780 and SKOV3 cells. But an increase
in concentration of AgNPs (> 100 µg/mL) did not showed any
significant increase in ROS in A2780 cells.

Mitochondrial membrane potential (rhodamine 123
dye staining assay): Mitochondrion plays a vital role in the
energy metabolism of all type cells including cancer cells [73].
Cellular metabolism involves the generation of ROS, the most
important factor essential for redox signalling. But the abnormal
increase in intracellular ROS affects the electrochemical potential
of mitochondrial membrane [74] and causes cell death [75].
In present study the early symptom of apoptosis, the loss of
MMP, was assessed using rhodomine 123 dye. Fig. 5 represents
the effect of AgNPs (20 and 25 µg/mL) on mitochondrial mem-
brane potential in PA-1cells. AgNPs treated PA-1 cells exhibited
low emission of fluorescence indicating the loss of membrane
potential while the untreated (control) cells had high intensity

(a) (b) (c)

Fig. 4. PA-1 cells treated with AgNPs emitted green fluorescence indicating the generation of ROS (a) Control (b) 20 µg/mL AgNPs (c) 25
µg/mL AgNPs

Fig. 5. PA-1 cells treated with AgNPs showed low fluorescence intensity indicating decreased MMP while the control cells showed bright
fluorescence due to accumulation of Rh-123 dye (a) Control (b) 20 µg/mL AgNPs (c) 25 µg/mL AgNPs

Fig. 6. Dual staining of PA-1 cells with AO/EB showed the nucleus of live cells were stained green, early apoptosis cells exhibited condensed/
fragmented nucleus in yellow and late apoptotic cells were found to have condensed/fragmented nucleus with orange fluorescence (a)
Control (b) 20 µg/mL AgNPs (c) 25 µg/mL AgNPs

of green fluorescence as no loss of membrane potential was
exerted.

Apoptotic induction (acridine orange/ethidium bromide
staining assay): Acridine orange/ethidium bromide fluore-
scent staining is an effective procedure for classifying the normal,
apoptotic and necrotic cells. Acridine orange and ethidium
bromide are nucleic acid binding dyes, in which acridine orange
stains both live and dead cells while ethidium bromide specifi-
cally stains injured cells. The live cells produce green fluore-
scence and the dead cells give orange to yellow fluorescence
when stained with this dye. Apoptotic cells produce orange/
yellow fluorescence due to DNA fragmentation and chromatin
condensation. PA-1 cells treated with AgNPs emit orange to
red stain due to induced apoptotic cell death caused by cell
membrane disintegration (Fig. 6). Similar fluorescent pattern
was observed with ovarian cancer cell line (A2780) treated
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with ruthenium complexed with carbazole based hydrazone
[76].

Colony inhibition: The capacity of AgNPs to impair the
colony forming ability of PA-1 cells were evaluated following
the protocol of Franken et al. [50] with slight modifications.
The PA-1 cells were cultured with the addition of AgNPs for a
period of 14 days and assessed for its ability to form colonies.
The formations of colonies were observed under microscope
after being stained with crystal violet. From the microscopic
identification of PA-1 cells, it was evident that AgNPs treated
cancer cells showed fewer numbers of colonies compared to
untreated cells (Fig. 7). A similar reduction in the number of
colonies formed by ovarian cancer cells (A2780) and ALDH+/
CD133+ cells with the treatment of AgNPs was reported by
Choi et al. [77].

Conclusion

Therapeutic efficacy of commercially available synthetic
drugs including chemopreventive agents are accompanied with
severe side effects. Also, the cancer treatment is complex and
requires personalized or individualistic approach for effective
management based on the type of disease. The present work
aimed to develop new modality for the treatment of cancer using
in vitro culture. Thus, the study provides evidences that PA-1
cells were sensitive to AgNPs mediated through A. adenophora
leaf extract. AgNPs exhibited strong anticancer effects against
PA-1 cells by inducing cytotoxicity, morphological and nuclear
changes. Further these AgNPs were also found to induce ROS
production and decrease mitochondrial membrane potential
there by initiating apoptosis in PA-1 cells. The study also recom-
mends further research to define different subsets of ovarian
cancer cells that are susceptible to treatment with AgNPs
mediated through green chemistry concept.
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