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ABSTRACT
Background: Nanotechnology has introduced innovative approaches to clinical applications and 
drug delivery systems, and among the various nano-materials, AgNPs have garnered significant 
attention due to their biocompatibility, antibacterial properties, and versatile applications in the 
medical field. A major cause of cancer related death in women and the fourth most prevalent 
malignancy worldwide is the cervical cancer, posing a pressing global health challenge. Materials 
and Methods: In our study, we employed a green synthesis approach to produce AgNPs using 
leaf extracts from NI and assessed their potential for both antioxidant and anticancer applications 
against cervical cancer (HeLa) cells. Characterization of the AgNPs was conducted using various 
techniques, including zeta-sizer, UV-vis spectrophotometry, and FTIR analysis. Results: The UV-Vis 
spectroscopy results revealed peak value between 400-500 nm, affirming the successful synthesis 
of the nanoparticles. These AgNPs exhibited an average particle size of 300.4 nm with a PDI value 
of 0.610. Scanning Electron Microscopy (SEM) image reveal that synthesized nanoparticles are 
spherical in morphology. Further, assessing the anticancer potential of the NI AgNPs, the MTT assay 
revealed an IC50 value of 165 µg/mL, indicative of their effective anticancer activity against cervical 
cancer cells. Haemolytic inhibition assay showed that at lower doses particles has more haemolytic 
inhibition potential. Furthermore, we evaluated their impact on cancer cells by examining ROS 
generation, nuclear morphology with Hoechst staining, and apoptosis of HeLa cells with PI staining. 
Additionally, we assessed mitochondrial and acidic organelles’ activity using MitoTracker and 
LysoTracker staining. Cell migration assay validated the inhibitory potential of NI AgNPs on the 
growth and migration of the cells. Conclusion: Our findings demonstrate that NI AgNPs possess 
notable potential as efficient anticancer agents against cervical cancer. This research underscores 
the promising role of green-synthesized AgNPs in the fight against cervical cancer and highlights 
their potential as a novel therapeutic strategy.

Keywords: Cytotoxicity, Nerium indicum, Silver nanoparticles, Cervical cancer, Haemolysis, Cell 
migration.

INTRODUCTION

Nanotechnology is a significant branch of modern science 
that is engaged with the creation, organization, and structural 
modification of particles having sizes between 1 and 100 nm. 

A brand-new multidisciplinary field called nanotechnology 
combines knowledge from various fields, including medicine, 
pharmacology chemistry, material science, physics, engineering, 
and biology.1 There are many types of NPs, in particular, inorganic 
nanoparticles are easily accessible, functional, compatible, 
and capable of drug targeting and controlled release. These 
characteristics make it suitable for cell delivery.2 The potential of 
various antioxidant, antibacterial, anticancer properties and low 
toxicity to human cells of plant derived nanoparticles have made 
them widely used in medical imaging, therapeutic compounds, 
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food preservation, protective clothing, disinfectants, water 
treatment, viable germ-killing, wound dressings, cosmetics, 
disinfectants and for many more purposes.3 According to the 
recent published literature review, many infectious species can 
be treated using silver nanoparticles including, Pseudomonas 
aeruginosa, Staphylococcus aureus, E. coli, Vibrio cholera, Bacillus 
subtilis, and Syphilis typhus.4 Moreover, these silver nanoparticles 
are effective in the detection and therapy of cancer.5

In general, the production of nanoparticles involves several 
expensive and potentially environmentally hazardous chemical 
and physical processes that also require the use of poisonous and 
dangerous substances that pose various biological risks. Several 
accepted methods have been utilized for the preparation of 
nanoparticles.6 It is crucial to ascertain whether these methods 
are risk-free, cost-effective, time-efficient, and environmentally 
friendly before therapeutic use. Numerous plant parts, including 
the stem, flowers, fruit, callus, peel, seeds, leaves, and roots, are 
used for the production of metallic nanoparticles of different sizes 
and shapes in biological systems. According to various studies, 
silver nanoparticles made using a green method have been used in 
both biomedicine and the management of pathogenic microbes. 
Cancer is one of the a life-threatening illness and biggest causes 
of mortality in the world.7 According to the WHO, the number of 
cancer cases per year is expected to rise during the following two 
decades, from 14 million in 2012 to 22 million.8 It explains how 
disease arises from unregulated cell growth and division driven by 
cellular changes that can result into malignant or benign tumor.

Cervical cancer cells HeLa is a malignant cell line from a strain 
that has been consistently growing since its isolation from a 
patient with cervical carcinoma in 1951. Cervical cancer is one 
of the leading causes of mortality due to cancer among women 
and the fourth most prevalent malignancy overall. Around 
56,9847 new cervical cancer cases were diagnosed in 2018, and 
up to 31, 1365 fatalities from this cancer were reported globally.9 
The root cause for the spread of cervical cancer is the Human 
Papillomavirus (HPV). Treatment options for the cancer stage 
include surgery, radiation therapy, and chemotherapy. These 
treatment options have various side effects of the body thereby 
to get some therapeutics with no or minimum side effects, 
researchers are working towards some biological options such as 
green synthesis of nanoparticles that can be used as the alternate 
treatment options for the cervical cancer. In the present study, we 
have tried to examine the antioxidant and anticancer potential 
of the AgNPs synthesized from NI leaves on the cervical cancer 
cells.

MATERIALS AND METHODS

Silver nitrate, DPPH reagent (Himedia), MTT, DCFDA, 
Hoechst, LysoTracker, MitoTracker, and Propidium iodide dye 
(Invitrogen), DMSO (Sigma), Methanol (SDFCL), Ascorbic acid 
(Sulab), Trypsin EDTA solution (Himedia), DMEM (Himedia), 

Antibiotic and Antimycotic solution, FBS (Himedia), Trypan 
blue (Himedia).

Procurement and maintenance of cell line

HeLa cell line was procured from the NCCS Pune and cells were 
maintained at 37ºC in a CO2 incubator in DMEM 1640 (Gibco, 
No. 51800-019) media with FBS and Antibiotic and Antimycotic 
solution (Gibco) (10% and 1% respectively).

Preparation of Silver nanoparticles

Plant samples were collected from medicinal plant garden of Parul 
university, Vadodara, Gujarat, India. The leaves were properly 
washed with double distilled water to clean any undesirable 
debris before being dried for two days in a hot air oven. After 
being dried in the shade for a week, the NI leaves were ground 
into a fine, gritty powder. 10 g of the grounded powder was 
further mixed with 100 mL of double distilled water and stirred 
continuously for 20 min at 60ºC. Further, mixture was allowed 
to cool till room temperature, filtered through Whatman No. 42 
filter paper, and centrifuged for 20 min at 2000 rpm.10 Prepared 
extract was collected and used for the synthesis of the Silver 
Nanoparticles (AgNPs). For the synthesis of AgNPs, 90 mL of a 1 
mM aqueous solution of Silver Nitrate (AgNO3) was mixed with 
10 mL of the NI extract. This mixture was then kept in the dark 
at room temperature. The synthesized brown colour AgNPs were 
collected by centrifugation and air dried.11

UV-visible spectroscopy

This is one of the widely used methods for the characterization of 
particles. A UV spectrum was recorded between 200 to 700 nm 
to get the peak value for the AgNPs to confirm if the prepared 
particles were AgNPs.12

FTIR (Fourier transform infrared) analysis

Basis of the FTIR Spectroscopy method is the interaction 
between a sample and infra-red radiation. It determines the 
sample's absorption/transmission frequencies as well as the 
strength of these frequencies. The absorption of radiation at 
distinct frequencies is attributed to different chemical functional 
groups, making these frequencies valuable for identifying the 
chemical composition of a sample. FTIR spectroscopy was used 
to qualitatively validate the surface groups of the nanoparticles.13 
and a spectrum was recorded with a Bruker alpha FTIR 
spectrophotometer.

Size analysis

Size analysis of the prepared NI particles was performed with the 
Malvern Zeta sizer. The zeta sizer employs dynamic light scattering 
to determine particle size. This instrument utilizes illuminate the 
particles with the help of laser light and examines the variations 
in the intensity of scattered light. It assesses Brownian motion 
quantitatively and establishes a correlation with particle size.14
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SEM analysis

SEM analysis of the prepared NI AgNPs was performed to 
determine the clear morphology of the particles.

Antioxidant assay (DPPH)

Antioxidants are essential nutraceuticals due to their diverse 
health benefits.15 1,1-diphenyl-2-picryl-hydrazyl (DPPH) is a 
well-known free radical which shows transitions from purple 
to yellow upon scavenging. We have performed the DPPH 
scavenging assay as per to the previously used protocol with 
some modifications.16 DPPH solution (0.1 mM) was made 
by solubilizing DPPH in methanol resulting in a purple color 
solution. 20-100 µg/mL concentrations of the AgNPs were 
prepared using distilled water and mixed with 1 mL of 0.1 mM 
DPPH, and incubated for 30 min at room temperature in the 
dark and after incubation, absorbance was measured at 517 nm 
and ascorbic acid was taken as the standard. % radical scavenging 
activity of the DPPH was calculated by the given formula:

Haemolytic activity

Haemolytic activity determination was performed according to 
the previously used protocol with some modifications.17 Briefly, 
5 mL of the blood was centrifuged, RBC pellet collected after 
supernatant was discarded and washed twice with PBS. 2 % of 
the RBC suspension was made in 1% NaCl and 1 mL of this 
suspension and 1 mL of 25, 50, 100, and 200 µg/mL of the NI 
AgNPs (dissolved in PBS) were mixed together. Mixture was the 
left for incubation in the dark at room temperature for 30 min and 
absorbance was measured at 540 nm. 1% Triton-100x was taken 
as positive control and PBS as negative control. % haemolytic 
inhibition was calculated with the help of given formula:

​ ​

Anticancerous activity determination
Cytotoxicity assessment (MTT assay)

For testing the HeLa cells’s viability, we have followed the 
previously described protocol.18 1×104 cells/well were seeded in 
96-well plate of in 100 µL complete DMEM media. 96-well plate 
then incubated for 24 hr at 37ºC in the incubator and then treated 
with 25 to 200 µg/mL of the NI AgNPs. After incubation, 10 µL 
of MTT (5 mg/mL) was added per well and further incubated 
for 4 hr, formazan crystals were visualised with FLoid imaging 
system and dissolved in 100 µL Dimethyl Sulfoxide (DMSO) per 
well after the supernatant was discarded. In order to completely 
dissolve the crystals, the plate was incubated for another 15 min, 
and the absorbance of the solution was analyzed with SynergyH1 
ELISA plate reader at 570 nm. The % viability was calculated 
according to the given formula:

Trypan blue exclusion method
For the determination of the cell viability through Trypan blue we 
have followed previously used protocol with some modifications. 
Briefly, 50,000 cells per well were seeded in a 24 well plate and 
after incubation treated with the 25, 50, 100, and 200 µg/mL of 
the NI AgNPs. After treatment period over, cells were harvested 
and counted with the help of haemocytometer. Cells with the blue 
color stain were considered dead while bright color cells were 
considered live.19

Reactive Oxygen Species (ROS) generation
The mitochondrial electron transport chain is the most common 
source of ROS and it plays a key role in many cellular signalling 
mechanisms. Overproduction of ROS has been associated with 
a number of diseases. The production of intracellular ROS 
was observed using DCFHDA dye using previously described 
protocol.20 5×104 cells/well were seeded in a 24 well plate and left 
overnight for incubation at 37ºC. After incubation, treatment of 
the cells was done with different concentrations of AgNPs (25-200 
µg/mL) and incubated for 24 hr at 37ºC. Cells were rinsed with 
PBS at the end of treatment period, and 20 µL of DCFH-DA 
dye was added for 30 min at 37ºC. Following incubation for 30 
min, cells were once again rinsed with PBS, and FLoid Imaging 
microscope was used to capture the images.

Nuclear morphology examination by Hoechst 
staining
Normally, healthy cells possess spherical nuclei with evenly 
distribute genetic material, therefore nuclear condensation can be 
use to distinguish apoptotic cells from normal cells. Apoptotic or 
dying cells show condensed and fragmented nuclei.21 To examine 
the nuclear changes after the treatment with AgNPs, a 24 well plate 
was seeded with (5×104) cells/well and kept in a CO2 incubator 
at 37ºC overnight to ensure optimal cell adhesion. After the 
overnight incubation, cells were then treated with various doses 
of AgNPs (25 to 200 µg/mL), and the plate was then incubated for 
24 hr at 37ºC. After 24 hr, cells were rinsed with PBS and 10 µL of 
the Hoechst was added for the 15 min. After washing with PBS, 
cells were imaged under FLoid Imaging microscope.

LysoTracker Red DND 99 staining
Lysosomes are involved in intracellular signalling, energy 
consumption, secretions, and plasma membrane repair in the 
preservation of cellular homeostasis. LysoTracker DND Red 99 
is a hydrophobic weak base and a live fluorescent marker that 
accumulates exclusively in acidic extracellular compartments, 
primarily early endosomes, and lysosomes.22 Due to the acidic 
pH of the lysosomes, LysoTracker Red becomes protonated upon 
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entrance and is therefore significantly trapped in lysosomes 
resulting in intense red fluorescence. To study the lysosomal 
activity after the treatment with AgNPs, the 24 well plate was 
seeded with 5×104 cells per well, and the plate was incubated for 
24 hr to ensure cell adhesion. After incubation was over, cells 
were treated with 25, 50, 100, and 200 µg/mL concentrations of 
the NI AgNPs and plate was incubated for further 24 hr at 37ºC. 
20 µL of LysoTracker red was added to each well after 24 hr, and 
the plate was then incubated for an additional 15 to 30 min. Cells 
were rinsed with PBS after the incubation period and imaged 
under FLoid Imaging microscope.

MitoTracker Red staining

All eukaryotic cells have mitochondria, which are the most 
numerous organelles and perform a variety of cellular functions. 
To study the structure of the mitochondria after AgNPs treatment 
and  to investigate the ability of AgNPs to induce apoptosis by 
rupturing the mitochondrial membrane we have followed the 
previously described protocol for the mitochondrial staining.23 
5x104 cells/well were seeded into the 24 well plate and left for 
overnight incubationto ensure adequate cell attachment. After 
incubation, cells were treated with 25 to 200 µg/mL concentrations 
of NI AgNPs. The Plate was again incubated for 24 hr and after 
incubation, 20 µL of the MitoTracker dye was added and further 
incubated for 30 min. Cells were then washed with PBS and the 
plate was imaged under FLoid Imaging microscope.

Apoptosis determination through Propidium iodide 
staining

Propidium Iodide (PI) is a widely used red-fluorescent dye 
that doesn't stain live or early apoptotic cells because of the 
intactness of their plasma membrane. To determine apoptosis of 
the cells we have used previously described protocol with some 
modifications.24 HeLa cells (5x104 cells/well) were seeded in a 
24 well plate and incubated overnight. After incubation period 
over, cells were treated with 25 to 200 µg/mL of the NI AgNPs 
and incubated once again for 24 hr. After 24 hr, 20 µL of the PI 
was added in each well and again incubated for 15 min at 37oC. 
After washing with PBS, cells were imaged under FLoid Imaging 
microscope.

Hoechst and PI dual staining

Hoechst and PI dual staining was performed for the study of 
apoptosis and nuclear examination simultaneously. We have used 
the same protocol that we used of the separate Hoechst and PI 
staining and combined the filters used for the imaging. For the 
study, HeLa cells were cultured in DMEM medium for 24 hr, after 
the incubation, the cells were treated with various concentrations 
of NI AgNPs (25-200µg/mL) and incubated for the 24 hr period. 
After 24 hr, cells were rinsed with PBS, then after the cells were 

treated with 10 µL Hoechst and 10 µL PI dye and incubated for 15 
min. Cells were again rinsed with PBS, and then observed under 
a FLoid imaging microscope.

LDH Release determination

LDH release determination was performed using CyQUANT™ 
LDH Cytotoxicity Assay Kit and protocols used as per the 
manufacturers’ instructions. In brief, 5x104 cells/well seeded in a 
24 well plate and left overnight for incubation. After attachment 
and growth of the cells, treatment with NI AgNPs (25-200µg/mL) 
was performed and again incubated for 24 hr. After incubation, 
10 μL of 10X Lysis Buffer was added in the maximum LDH 
toxicity control wells and incubated for 45 min at 37ºC. For the 
spontaneous release, 100 µL of sterile distilled water was added. 
After 45 min incubation, 50 µL/well supernatant was taken into 
a 96 well plate and 50 μL of Reaction Mixture was added to each 
sample well following 30 min room temperature incubation. 
Further, 50 μL of Stop Solution was added into each well, 
absorbance was taken within 1 to 2 hr at 490 nm and 680 nm. 
Next background absorbance value at 680 was subtracted from 
the 490. % cytotoxicity/LDH release was calculated with the help 
of give formula:

​

Cell scratch assay

Cell scratch assay was used to measure the migration potential 
of cell in the treated as well as in the control wells. We have 
followed the previously published protocol.25 In brief, 50,000 cells 
per well seeded in a 24 well plate and left until they got complete 
confluency. After that a scratch was made with the help of the 
10 µL tip and cells were washed with the PBS. Cells were treated 
with the 25 to 200 µg/mL of the NI AgNPs and left for 24 hr 
incubation. After incubation and washing with PBS, cells were 
again imaged under the inverted microscope to get the migration 
area of the cells.

Statistical analysis

All the experiments were performed in triplicate and GraphPad 
Prism and One way ANOVA were used for the statistical analysis. 
All the values below p 0.05 (p<0.05) were considered significant. 
***is used for highly significant, **for less significant, *for least 
significant and ns for the non-significant values.

RESULTS

Preparation of Silver nanoparticles

1:9 ratio of the leaf extract and 1 mM aqueous solution of Silver 
Nitrate (AgNO3) was mixed and resulted in the color change 
from white to dark brown indicating the formation of AgNPs as 
shown in Figure 1.
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UV-visible spectroscopy
Dark brown-coloured prepared particles were characterized with 
the UV-vis spectroscopy to confirm the preparation of NI AgNPs. 
AgNPs have their specific characterization peak between 400-500 
nm.24 We have taken 20-100 µg/mL of the concentrations of the 
prepared particle and spectra was recorded between 300-700 nm. 
We have found the peak value between 400-500 nm confirming 
that the prepared partilces are NI AgNPs as shown in Figure 2.

FTIR (Fourier Transform Infrared)
The FTIR spectra of NI AgNPs was recorded between 600 to 
3600 cm-1 as shown in Figure 3. Transmittance peaks at 3,417.91 
cm-1 is indicating the presence of OH functional group and 
C=O functional groups were presented at 3249.92 cm-1. Peaks at 
1498.39 cm-1 has a C=C functional group and with the vibration 
type of Stretch, while the peak at 1356.35 cm-1 is showing the C–N 
stretching of the aromatic amine group and stretching vibrations 
at 639.24 cm-1.26 A spectrum having almost similar type of peak 
patterns was reported in our study confirming that prepared 
particles are NI AgNPs.

Zeta sizer analysis
The Zeta sizer allows users to analyze the particle size and 
Polydispersity Index (PDI) of the particles. Particle size and 

distribution of the NI AgNPs are shown in Figure 4. Particles have 
an average size of 300.4 nm and a PDI value of 0.610. PDI value 
under 1 is indicative of the homogenous nature of the particles.

SEM analysis

SEM analysis of the prepared particles at the 400 nm resolution 
showed that particles are spherical in nature as shown in Figure 5. 

DPPH (Free Radical Scavenging Activity)

Efficient radical scavenging activity was observed with the 
NI AgNPs. % RSA was found to increase as the concentration 
increased from 20 to 100 µg/mL and Maximum % RSA was found 
at 100 µg/mL as shown in Figure 6a.

NI AgNPs showed dose dependent decrease of % 
haemolytic inhibition

Haemolytic inhibition is the assay that defines the blood 
compatibility of the compound. In our study, we have reported 
that at the 25 µg/mL of the concentration NI AgNPs were able 
to inhibit almost 66% of the haemolysis while at the highest 
concentration i.e. 200 µg/mL, this % haemolytic inhibition 
decreased up to 37% as shown in the Figure 6b.

Figure 1:  White color silver nitrate solution resulted in to formation of dark brown color of NI AgNPs.
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Results of anticancer activity
Cytotoxic effect (MTT assay)

Cytotoxic effect of the NI AgNPs was determined with the help 
of MTT assay. With the increase in treatment concentration, cell 
viability was decreasing and IC50 was found at 165 µg/mL as can 
be seen in Figure 7a. Maximum cytotoxicity was at 200 µg/mL 
concentration in comparison with control.

Trypan blue exclusion assay showed dose dependent 
decrease in cell viability

Trypan blue dye is exclusive for the dying cells. Although if 
incubation period is very long, healthy cells also start to take 
the stain so we have counted the cells with the help of the 
haemocytometer within 5 min after adding the Trypan blue in 
the cell suspension. Here we have reported a in the cell viability 
of HeLa cells with the increase in concentration as shown in the 
Figure 7 (b).

ROS generation was found to increase in a dose 
dependent manner

ROS generation is the normal process of the cells and it is required 
for the various cellular activities. ROS generation is controlled by 
various mitochondrial enzymes and it remains in a maintained 
state. If because of any reason, this ROS generation exceeds 
its limits, it causes damage to the cells. In our experiment, we 
have found a dose dependent increase in the intracellular ROS 
generation that is indication of the apoptosis of the cells as shown 
in Figure 8.

Hoechst staining confirmed the nuclear 
morphological changes

Hoechst dye is specific for the interaction with the nucleus 
of the cell. It is a DNA binding dye and gives blue color of the 
fluorescence upon binding with DNA. Any deformalities in the 
DNA can be easily visualised with this dye. In our experiment, 
we have found that in the control wells, nucleuses have uniform 

Figure 2:  Absorbance spectra of the NI AgNPs recorded between 300-700 
nm showing the peak value in the range of 400-500 nm.

Figure 3:  FTIR transmittance spectra of the NI AgNPs showing the major 
peaks at a wave number of 666, 1060, 1356, 1453, 1551, 2743, 3245, and 3417 

cm-1 as per the reported studies.

Figure 4:  Size analysis of the particles showing average diameter of 300.4 nm 
and PDI value of 0.6 indicating the uniform distribution of the particles.

Figure 5:  SEM image of synthesized NI AgNPs from Nerium indicum.
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round or spherical shape but the treatment wells nuclear 
morphology is somewhat lost. Deformities of the nucleus were 
in dose dependent manner as shown in Figure 9 indicating the 
efficient anticancer activity of the NI AgNPs and maximum 
nuclear changes were present at 200 µg/mL. Nuclear deformalities 
are indicated by yellow color arrow.

LysoTracker Red DND 99 staining showing pH 
alterations of the acidic organelles

LysoTracker dye is specific for the acidic organelles and it enters 
only in lysosomes of live cells because of their less pH.27 Due to 
the alteration in pH of the lysosomes or acidic organelles, dye 
is not retained well in the cells resulting in the less or decreased 

Figure 6:  (a) Dose dependent increase in % RSA indicating efficient antioxidant activity of NI AgNPs. (b) Haemolytic inhibition was 
found to decrease in a dose dependent manner of NI AgNPs.

Figure 7:  (a) Cell viability determined by MTT assay. Control cells having 100% cell viability while it was decreased with increase in the 
concentration of the NI AgNPs dose. A clear dose-dependent cytotoxic effect was observed with increasing concentrations of NI AgNPs. (b) 

Trypan blue exclusion assay showing a decrease in the cell viability with the increase in concentration after the treatment with NI AgNPs.
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Figure 8: Generation of intracellular ROS leading to the damage to the cells. Maximum ROS generation was reported at 200 µg/
mL concentration and statistical analysis of the results indicated all the values are highly significant with p<0.05.

Figure 9: Morphological changes and nuclear fragmentation is increasing in the dose dependent manner. Maximum 
deformalities are present at 200 µg/mL concentration indicating that cells are undergoing apoptosis.
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fluorescence intensity. In this study, the fluorescence intensity 
was found to decrease as increase in the AgNPs concentration as 
shown in the Figure 10.

MitoTracker Red CMX ROS indicating change in MMP

Both mitochondrial damage and an increase in MMP 
(mitochondrial membrane potential) have been linked to an 
increase in reactive oxygen species.28 MitoTracker Red CMX 
ROS fluorescence is found to decrease in our study indicating a 
significant change in the MMP as shown in Figure 11.

Propidium iodide staining indicating apoptosis of 
HeLa cells

PI is an apoptosis indicating dye as it has the potential to enter 
into the dead or the cells undergoing apoptosis only. The results 
of our study indicating that NI AgNPs induced apoptosis in HeLa 
cells as the fluorescence intensity of the PI was found to increase 
in a dose dependent manner as shown in Figure 12.

Hoechst and PI dual staining

Hoechst and PI dual staining was performed to visualize the 
nuclear morphology and apoptosis together. Due to the use of 
both blue and red dye, the apoptotic cells were appeared as pink/
red in color as shown in Figure 13a. We have found that nuclear 
morphological changes and apoptosis were increasing in a dose 
dependent manner.

LDH release

LDH (a soluble cytoplasmic enzyme) release in the cells is the 
indicative of the cell death and it can be used to validate MTT. LDH 
release in indicative of loss of cytoplasmic membrane integrity 
and this loss leads to the release of this enzyme in the cytoplasm. 
In our study, we have reported a dose dependent increase in the 
LDH release as shown in Figure 13 (b). This increase in LDH 
release indicates that LDH is being released into the cytoplasm 
and cells are undergoing apoptosis by the treatment of NI AgNPs.

Figure 10: LysoTracker Red DND 99 staining showing the pH alteration of the acidic organelles. Statistical analysis showed that all the values were highly 
significant with respect to the control with a p value of less than 0.005 (p<0.005).
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Figure 11: MitoTracker Red staining is showing the efficient change in the MMP due the treatment with NI AgNPs. Statistical analysis with 
one way ANOVA showed that all the values were highly significant with respect to the control with p value less than 0.005 (p<0.005).

Figure 12: Propidium Iodide staining showing that NI AgNPs caused the HeLa cells to undergo apoptosis. The statistical analysis showed 
that all the values were highly significant with respect to the control with p value less than the 0.005 (p<0.005).
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Figure 13: (a) In the Hoechst and PI dual staining, control cells were observed as blue color only indicating no apoptosis induction in control cells while 
the increase in pink color of fluorescence was showing that NI AgNPs are effective against cervical cancer and inducing apoptosis in HeLa cells. (b) LDH 

is normally present in all the cells and it gets released upon the rupture of plasma membrane. Here increasing % LDH release indicating that cells are 
having dose dependent apoptosis.

Figure 14: Cell scratch assay showing the increase of scratch area with the treatment while control cells covered most of the scratched are by cellular 
growth.
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Cell scratch assay

In the cell scratch assay, we have reported that in the control wells 
cells have efficient normal growth and covered most of the growth 
area in the 24 hr. In the treated well, scratch area was increasing 
in a dose dependent manner and at the concentration of 200 µg/
mL, most of the cell area was empty due to apoptosis of the cells 
as can be seen in Figure 14.

DISCUSSION

The development of novel medicinal compounds has been 
influenced by plants, and medications derived from plants have 
significantly contributed to human health. Various diseases 
can be treated with the help of phytomedicines. Plant-based 
medications offer tremendous therapeutic promise because they 
may accomplish the same goals as synthetic pharmaceuticals 
with no or less side effects.29 The findings of our study suggested 
that NI AgNPs synthesized from leaf extracts can be used as 
naturally derived anticancer therapeutic. In our study, prepared 
particles firstly examined with UV vis spectroscopy that showed 
a valid peak as per the reported studies conforming that prepared 
particles are NI AgNPs.30 The presence of the C-O stretch, OH 
stretch, CH-OH stretch, and C-H stretchand functional group of 
NI AgNPs were verified by FTIR analysis. Our recorded spectra 
were also demonstrating the resemblance with the spectra 
recorded by Subbaiya et al., 2014 in which they have reported 
OH function groups at 3698.28cm-1 and 3403.05cm-1 and CH 
functional group at 2926.33cm-1. C=C functional groups were 
reported at 1622.25 and 1500.39cm-1 respectively and NO 
functional groups were reported at 1500.39 cm-1. CO group was 
present at 1216.78cm-1.12 Same kinds of peaks were reported in 
our study confirming the particle formation. PDI value of less 
than 1 in indicative of homogenity of the particles and we have 
found that our prepared particles were having a PDI 0.616 that is 
an indication of narrow size distribution of NI AgNPs.31

NI AgNPs were found to have an efficient DPPH free radical 
scavenging activity as reported in many studies. In research, 
Nerium olender flower extract synthesized AgNPs were reported 
to exhibit antioxidant activity and antimicrobial properties.32 
In our study, NI AgNPs were found to have strong antioxidant 
properties. % RSA was increasing in a dose dependent manner. 
Further, we have conducted the blood compatibility test to 
demonstrate the % haemolytic inhibition by the treatment of NI 
AgNPs. We have found that higher concentrations are having less 
potential to inhibit haemolysis of the RBCs. To assess cytotoxic 
potential, an MTT test was performed in which cell growth 
and survival was directly correlated with the rate of tetrazolium 
reduction. Cells internalize MTT, which is then reduced by 
mitochondrial enzymes and transferred to the cell's surface to 
create formazan crystals.33 We have reported a dose dependent 
increase in cytotoxicity of the NI AgNPs. Same results were also 

obtained by research on the MCF-7 cell line of the breat cancer 
by the treatment with tungsten nanoparticles.34 We have also 
performed the Trypan blue exclusion assay to determine the 
cell viability using the dye Trypan blue and we reported a dose 
dependent decrease in the cell viability of the HeLa cells. Hussein 
and Mohsin. 2019 also reported the same pattern of the cell 
viability by Trypan blue exclusion assay.19 They also reported that 
if cells are kept in the Trypan blue for more than the 5 min, the live 
cells also start to take up the stain. Overproduction of ROS can 
harm mitochondrial complexes as well as enzymes.35 To assess 
the reactive oxygen species generation, we have used DCFHDA 
dye. In our investigation, cells treated with NI AgNPs exhibited 
anticancer effects through the generation of ROS resulting in 
oxidative stress and cell death. It was found that ROS generation 
increased as the treatment concentration of NI AgNPs increased.

The hydrophobic dye known as Hoechst selectively attaches to the 
AT-rich regions of DNA in the minor groove and stains live/dead 
cells. Hoechst staining in our study showed that NI AgNPs have 
the potential to damage HeLa cells and that was observed through 
nuclear fragmentation and deformalities. LysoTracker red dye is 
specific for the acidic organelles and it bind to them due to their 
less pH. pH shift in the acidic organelles leads to less binding of 
the dye in the cells that ultimately results in reduced fluorescence 
intensity indicating cell death.36 Moreover, MitoTracker Red 
CMX-ROS is a positively charged dye that gathers in the 
mitochondrial matrix owing to the negative MMP. This dye does 
not accumulate well in apoptotic cells due to the shift in MMP 
from negative to positive indicating apoptosis of the cells.37 Saeed 
et al., 2023 also reported a decrease in MMP in HeLa cells due to 
the treatment with zinc oxide nanoparticles.38 In our findings, we 
reported the reduced fluorescence intensities of the LysoTracker 
and the MitoTracker dyes that was a clear indication of the 
apoptosis of the cells due to pH and MMP change. Khalil et al., 
2022 reported that CaCO2 cells were showing a dose dependent 
increase in the LDH release when treated with the biosynthesized 
silver nanoparticles. The same pattern we have observed in our 
study.39 Cell migration is a phenomenon that can measure the 
coordinated movement of the cells regulated by various factors 
such as cell-cell adhesion, polarization, cytoskeletal activity and 
mechanical and chemical cues. In vitro assays such as scratch 
assays allow us to quantify the migratory capacity of the cells 
under the controlled experimental conditions.40 We have reported 
the migration of the HeLa cells in a higher rate in control than 
the treated cells. Bobadilla et al., 2019.40 also reported the same 
types of results in which control cells were able to cover almost 
whole well area by migration while treated wells are found to have 
less migratory capacity. In another study, HeLa cells treated with 
baicalein were also not able to migrate and the cell free area was 
increasing due to the effect of the treatment.41 Overall, our study's 
results showed that NI AgNPs have the potential to reduce or 
inhibit the HeLa cells growth and proliferation.
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CONCLUSION

In conclusion, our study has provided compelling evidence 
for the therapeutic potential of NI AgNPs synthesized from 
leaf extracts. These naturally derived nanoparticles have 
demonstrated promising characteristics that make them valuable 
candidates for various biomedical applications, particularly in 
the realm of cancer treatment. Our study mainly focused on 
the multifaceted anticancer potential of NI AgNPs, from their 
antioxidant properties to their ability to induce ROS generation, 
nuclear damage, and apoptotic pathways. Blood compatibility 
test is also a parameter in our study to evaluate the actual toxicity 
of the compound in the blood. These findings pave the way for 
further research and development of NI AgNPs as a promising 
and naturally derived therapeutic approach in the fight against 
cancer, offering the potential for reduced side effects compared 
to synthetic pharmaceuticals. Further in vivo studies and clinical 
investigations are warranted to fully explore the translational 
potential of these nanoparticles in cancer therapy.
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SUMMARY

The study explored the therapeutic potential of naturally derived 
NI AgNPs synthesized from leaf extracts. Characterization 
techniques confirmed the nanoparticles' formation and 
highlighted their homogeneity and specific functional groups. 
NI AgNPs demonstrated strong antioxidant properties, efficient 
DPPH free radical scavenging, and dose-dependent cytotoxicity 
on cancer cells, evidenced by MTT and Trypan blue assays. 
Moreover, their impact on ROS generation, mitochondrial activity, 
and cell apoptosis was observed through various dye staining 

and fluorescence intensity assays. The study suggested that NI 
AgNPs could hinder cell growth and migration, showcasing their 
potential in inhibiting cancer cell proliferation.
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