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Objective(s): Even with treatment, cervical cancer continues to be rampant among females and 
has the highest mortality. Carrier system therapies, which combine cancer drugs with nanoparticles, 
are purported to arrest tumor growth and minimize the side effects of cancer drugs. We envisioned 
paclitaxel-loaded silver nanoparticles (PTX-AgNPs) as an appropriate carrier for targeting cancer 
cells. Hence, we studied the effects of paclitaxel (PTX) and silver nanoparticles (AgNPs) as an adjunct 
therapy in the management of cervical cancer.
Materials and Methods: Anti-cancer activity with PTX alone or in combination with AgNPs was 
assessed by MTT assay and real-time PCR. The mechanism underlying the antiproliferative effects 
was investigated by measuring the expression of apoptotic markers (Bax, Caspase-3, Bak) and anti-
apoptotic markers (Bcl-2, Mcl-1) by RT-PCR. 
Results: PTX and silver nanoparticles alone induced apoptosis; however, at lower doses, they 
showed synergism, with an inhibitory concentration of 50% (IC50). Real-time PCR showed that the 
combination treatment, PTX and AgNPs, significantly increased the mRNA expression of the Bax, Bak, 
and Caspase-3 genes in the HeLa cell line compared with mono-treatment (P<0.05). Anti-apoptotic 
Bcl-2 and Mcl-1 mRNA levels were also decreased in all treated groups as compared to control cells. 
Conclusion: We showed that silver nanoparticles have a synergistic effect with PTX and were able 
to give favorable results (higher cell death in the combined group) at lower concentrations of PTX.
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Cancer is the second most common cause of death, 
after heart disease, and is characterized by uncontrolled 
cell growth. About 200 different forms of cancer have been 
identified, most of which occur in developing countries 
(1). Cervical cancer is one of the most common diseases in 
women, predominantly occurring in middle-aged and older 
women, and it poses the highest mortality rate (2). Due to bad 
lifestyle choices and habits, the trend of lower age of patients 
suffering from cervical cancer is showing an alarming 
downward trend. Very early stages of this type of cancer 
usually do not demonstrate any specific type of symptom. 
Over time, it presents symptoms such as vaginal bleeding, 
pelvic pain, and pain during sex (3). Although modern 
medical methods are abundant, current treatments for 
cervical cancer are relatively rare, and the therapeutic effect 
is limited (4). However, nanotechnology was introduced to 
advance the goals of next-generation cancer research and 
treatment. Nanoparticles (NPs) can induce apoptosis and 
affect metastasis in vitro and in vivo (5). NPs exhibit potent 
anticancer effects, either by inducing apoptosis in cancer 

cells or by inhibiting metastasis. NPs initiate apoptosis by 
generation of reactive oxygen species (ROS), mitochondrial 
stress, and activation of pro-apoptotic factors leading to 
the ultimate activation of caspases-3/7 and programmed 
cell death (6). Simultaneously, NPs inhibit metastasis by 
inhibiting matrix metalloproteinase (MMP) expression, 
reducing cell migration/invasion, and disrupting tumor cell 
adhesion to the extracellular matrix, thereby preventing 
further spread of the tumor (7). NPs act to recognize 
molecular markers on the surface of cancer cells. They are 
often used in biological approaches, such as tumor removal 
in combination with immunotherapy. NPs were used to 
deliver anticancer agents for breast and cervical cancers (8). 
Among the various metal NPs, silver nanoparticles (AgNPs) 
have been singled out as the most versatile. They are typically 
chemically stable and exhibit good electrical conductivity, 
as well as catalytic, antibacterial, anti-inflammatory, and 
antiviral properties (9). AgNPs have been used as cytotoxic 
agents against a number of cancer cell lines. AgNP-based 
cancer treatment mechanisms include immediate cellular 
damage caused by compromising membrane integrity, 
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oxidative stress, and apoptosis within the treated cells (10). 
Moreover, they express apoptotic-related genes, such as Bcl-
2-Associated X (Bax), B-cell lymphoma 2 (Bcl-2), Caspase 
3, and p53, as well as cell-cycle arrest genes. It was stated 
that AgNPs induce apoptosis in HCT116 and HeLa cells via 
upregulation of Bcl-2 and P53 (11). 

Paclitaxel (PTX) is an anticancer pharmaceutical agent 
that causes effects on cancer cells of interference with 
growth, proliferation, and dissemination within the body by 
its application in treating ovarian, breast, and lung cancers, 
among others (12). Its mechanisms of action involve 
microtubule stabilization and polymerization inhibition, 
which inhibit mitosis during interphase and thereby induce 
apoptosis (13). One of the mediating factors involved in 
apoptosis is myeloid cell leukemia sequence 1 (Mcl-1). 
Mcl-1 is an anti-apoptotic protein that interacts with the 
apoptosis-inducing proteins Bcl-2 Antagonist/Killer (Bak) 
and Bax, thereby conferring anti-apoptotic effects. Mcl-1 
levels decrease during PTX-induced mitotic arrest, thereby 
favoring cell death (14). The application of PTX is, however, 
limited because of its hydrophobic nature, leading to low 
bioavailability in aqueous solvents (15). Nanocarriers have 
thus emerged as a promising alternative to address the 
shortcomings of PTX. Based on the information presented 
in this study, we intended to investigate the simultaneous 
effect of PTX and AgNPs on the proliferation of HeLa cancer 
cells. It may reduce the side effects of the chemotherapy 
drug PTX.

Materials and Methods
Chemicals
Nanosilver synthesis

The procedure involved the preparation of AgNPs 
via chemical reduction: 50 ml of 0.0002 M silver nitrate 
solution was incubated at 30 °C for 20 min, after which 2 ml 
of 1% sodium citrate solution was added. The above mixture 
is heated at 80 °C for 10 min. Afterward, 10 µl of 0.1 M 
sodium borohydride solution was added. The final solution 
was maintained under the same conditions for a period of 
30 min (16). Finally, the resulting powder was diluted into 
culture medium and used. The necessary tests (SEM, FTIR) 
for characterizing NPs were carried out after the synthesis 
of AgNPs. 

Loading of paclitaxel drug into silver nanoparticles
Initially, 1 mg of AgNPs was dispersed in 10 ml of 

sterile distilled water. In a separate step, 6 mg/ml of PTX 
was dissolved in 2 ml of sterile distilled water, serving as 
the vehicle. Then, the mixture was poured into AgNPs and 
stirred for an additional 24 hr. The solution was centrifuged 
at 6000 rpm, and the precipitate was collected (17). 
Furthermore, thermo-spectroscopy analysis and scanning 
electron microscope images of the drug-loaded AgNPs were 
conducted. 

Thermogravimetric analysis (TGA) of synthesized 
nanoparticles

The analysis of the synthesized NPs included thermal 
gravimetric analysis (TGA) of the acquired samples. TGA 
analyses of the samples were carried out using a Linseis 
STAPT1000 by heating them in air from room temperature 
to 700 °C at a heating rate of 10 °C per minute (18). 
Continuous measurements will be carried out of mass 
loss due to water decomposition and of mass gain due to 

absorption or oxidation in the present analysis.

Fourier transform infrared spectroscopy (FTIR)
FTIR spectroscopy was used to authenticate the charged 

silver NPs. For this purpose, the spectrum of pure AgNPs 
was compared with that of the ones loaded with the drug 
(19). The presence of benzamide groups was confirmed on 
the AgNPs.

SEM analysis of AgNPs
 Images of original AgNPs and drug-loaded silver NPs 

were examined with appropriate magnification of a scanning 
electron microscope (SEM) (20).

Study of drug release from paclitaxel-loaded silver 
nanoparticles by UV–Vis spectrometer

For the release studies, seven samples of drug-loaded NPs 
were prepared at a concentration of 1 mg/ml in microtubes. 
The microtubes were then incubated at 37 °C for 10 min. 
After half an hour, the first sample was extracted and 
centrifuged at 13,000 rpm for 30 min at 4 °C. Then, 500 μl of 
the supernatant was carefully aspirated, and its absorbance 
was read at 230 nm by UV-Vis spectroscopic analysis (19). 
The drug release was subsequently measured in the other 
samples at 2, 4, 6, 16, 24, and 48 hr of incubation.

Cell culture 
The cervical cancer cell line HeLa was obtained from 

the Iranian Genetic Resources Center cell bank. HeLa 
cells were cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) (Gibco - USA) supplemented with 10% (v/v) fetal 
bovine serum (FBS) (Gibco - USA) and 1% (v/v) penicillin-
streptomycin. Cell cultures were maintained in a humidified 
atmosphere of 5% CO2 at 37 °C (21).

Cytotoxicity assay
Then, the MTT assay was used to evaluate the 

cytotoxicity of PTX, synthesized AgNPs, and PTX-loaded 
silver nanoparticles against HeLa cells. Initially, the tumor 
cells were plated in a 96-well plate with complete medium 
at a density of 104 cells/well and incubated at 37 °C for 24 
hr. After incubation, different concentrations (1, 5, 10, 20, 
70, 100, 120, 150 µg/mL) of PTX, synthesized AgNPs, and 
PTX-loaded AgNPs were added to the 96 wells. After 24 hr 
incubation, 5mg/ml of MTT was added to the tested wells, 
followed by incubation for 4 hr at 37 °C. After incubation, 
the treated wells exhibiting formazan crystal formation 
were diluted with Dimethyl sulfoxide (DMSO). Finally, the 
color intensity of the wells was read by a spectrophotometer 
at O.D 570 nm (22).

RNA extraction and real-time PCR
Total RNA was subsequently extracted from the cells 24 

hr post-Hela treatment using the RNeasy Mini kit (Qiagen, 
UK). Subsequently, single-stranded cDNA was synthesized 
from purified total RNA (Script RT Kit; Qiagen, UK). Real-
time PCR reactions were performed on the StepOne device 
(Applied Biosystems, Foster City, CA, USA). The PCR 
conditions consisted of 35 cycles at 95 °C for 30s and 65 °C 
for 60s (23). The primers outlined in Table 1 were employed 
in this study. The reference gene used was B-actin. 

Statistical analysis
Experimental data were reported as mean ± SD using 
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GraphPad Prism 9. Differences between groups were 
analyzed by one-way ANOVA followed by Tukey post 
hoc test. A P-value of <0.05 was considered statistically 
significant. All experiments were performed in triplicate 
(n=3 independent biological replicates).

Results
Thermogravimetric analysis of AgNPs

A thermogravimetric analysis was done post-synthesis of 
AgNPs, and the results are presented in Figure 1. There are 
two distinct stages of weight loss: the first begins at ambient 
temperature and continues to approximately 150 °C, while the 
second commences at 150 °C and continues to approximately 
400 °C. The first one corresponds to the evaporation of 
moisture and remaining solvents from nanoparticle synthesis, 
while the second relates to the destruction of carbon chains, 
contraction, and upping of chains.

Fourier transform infrared spectroscopy (FTIR)
 FTIR is commonly used to study functionalization 

and to identify bonds. The results for two samples, silver 
nanoparticle and drug-loaded silver nanoparticle, are 
shown in Figure 2. In the spectrum of the drug-loaded silver 
nanoparticle, a peak is observed at 1730 cm-1, indicating the 
presence of benzamide groups in the sample (gray curve).

Scanning electron microscopy images
SEM imaging shows that the NPs were successfully 

synthesized in spherical shape. Thus, SEM imaging was 
used to evaluate NP size. The average size of the synthesized 
NPs is about 100 nm (Figure 3a). Figures 3b and 3c show the 
AgNPs and drug-loaded silver nanoparticles. 

Study of drug release from paclitaxel-loaded silver 
nanoparticles

The release of the drug from the loaded NPs was 
evaluated at 30 min and at 2, 4, 6, 16, 24, and 48 hr after 

 
 

Gene Forward Reverse 

-actin -TCCTCCTGAGCGCAAGTAC-  -CCTGCTTGCTGATCCACATCT-  

Bcl-2 5′-ATTGGGAAGTTTCAAATCAGC-3 5′-TCCTCTGTCAAGTTTCCTT-3′ 

Bax 5'-GAGCTGCAGAGGATGATTGC-3' 5'-AAGTTGCCGTCAGAAAACATG- 3' 

Mcl-1 -CGCAACCCTCCGGAAGCTG-3' -AAGACCCCGACTCCTTACTG-3' 

Caspase-3 -GTGCAGACGCGGCTCCTAG-3' -GGTGCAGGGCACACCCAC-3' 

Bak -GCGGAGAGCCTGCCCTGCCC-3' -TGGTGCTGCTAGGTTGCAGAG-3' 

 

 

Table 1. Sequences of forward and reverse primers used for real-time PCR analysis of apoptosis-related genes in treated cancer cells

Figure 1. Thermogravimetric analysis (TGA) curve of synthesized silver 
nanoparticles (AgNPs) showing thermal stability and weight loss profile as 
a function of temperature

Figure 2. Fourier transform infrared (FTIR) spectra of silver nanoparticles 
(AgNPs), and paclitaxel-loaded silver nanoparticles (PTX-AgNPs) confirm-
ing successful drug loading and interaction between PTX and AgNPs.

Figure 3. Size of synthesized AgNPs at suitable magnification by SEM (a). 
Morphological observation of synthesized AgNPs (b) and PTX-loaded AgNPs (c) 
AgNPs: Silver nanoparticles; PTX:  Paclitaxel; SEM: Scanning electron microscope
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incubation at 37 °C using a UV–Vis spectrophotometer at 
230 nm. The graph below shows the drug release pattern 
from AgNPs over 48 hr (Figure 4). There are two phases to 
the release pattern: the first phase is characterized by the 

rapid release of the drug from NPs, so that 40% of the drug 
was released from the NPs within 6 hr, while the second 
phase is characterized by slower release of the remaining 
drug over 48 hr.

The cytotoxicity pattern of PTX, AgNPs, and PTX-loaded 
silver nanoparticles in the HeLa cell line.

To evaluate anticancer activity in HeLa cells, cells were 
treated with varying concentrations of PTX, AgNPs, and 
PTX-loaded AgNPs for 48 hr. The HeLa cell line showed 
treatment sensitivity with all factors in a dose-dependent 
manner. Different doses of PTX, AgNPs, and PTX-loaded 
AgNPs, including 1, 5, 10, 20, 70, 100, 120, and 150 µg/ml, 
were further analyzed. Using the MTT assay, the IC50 value 
was calculated at 120 µg/ml for PTX (P=0.0005 vs control, 
n=3), 100 µg/ml for AgNPs (P=0.0002 vs control, n=3), and 
50 µg/ml for PTX-loaded silver nanoparticle (P=0.0001 vs 
control, F (24,36) =72.88, n=3) in the cell line (Figure 5). 
As mentioned, PTX-loaded AgNPs significantly induced 
cell death (IC50) at a lower dose. Doses derived from MTT 
results were selected (120 µg/ml for PTX, 100 µg/ml for 
AgNPs, 50 µg/ml for PTX-loaded AgNPs) for molecular 
studies to reduce the side effects of the anticancer drug.

Gene expression
The Bax/Bcl-2 ratio increased in all the experimental 

groups after 48 hr treatment compared to the controls; a 

Figure 4. In vitro drug release profile of paclitaxel from PTX-AgNPs at 37 
°C measured by UV–Vis spectrophotometry at 230 nm, demonstrating a 
biphasic release pattern with an initial rapid release followed by sustained 
release up to 48 hr

Figure 5. MTT assay of HeLa cells treated with different concentrations of PTX, AgNPs, and PTX-loaded AgNPs (1, 5, 10, 20, 50, 70, 100, 120, and 150 µg/ml) for 48 hr
Data shown as mean ± SD (n=3). (*P<0.05, **P<0.01, ***P<0.001, and ****P<0.0001 vs control group).  PTX: Paclitaxel; AgNPs: Silver nanoparticles

Figure 6. Quantitative real-time PCR analysis of apoptosis-related genes, including Bax/Bcl-2 ratio (a), Caspase-3 (b), Bak (c), and Mcl-1 (d), in HeLa cells after 48 hr 
treatment, demonstrating significant upregulation of pro-apoptotic markers and downregulation of anti-apoptotic Mcl-1, particularly in the PTX-loaded AgNPs group
Data shown as mean ± SD (n=3). *(P<0.05), **(P<0.01), ***P<0.001, and ****P<0.0001 indicate the value significance different from the untreated cells. +(P<0.05), ++(P<0.01), and 
++++P<0.0001indicates value significance different from all the other treatments. PTX: Paclitaxel; AgNPs: Silver nanoparticles; Bax: Bcl2 Associated X; Bcl-2: B-cell lymphoma 2
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measure for cell death. This was greatest when the PTX-
loaded AgNPs were used and resulted in an approximate 
81-fold increase in the Bax/Bcl-2 ratio as compared to the 
control (P<0.0001, vs control, F (3,4) =3689, n=3) (Figure 
6a). The most significant expression of Caspase-3, an 
indicator of apoptosis, was observed in the group given 
PTX-loaded AgNPs, compared to the control group, about 
4 times more than in the control (P=0.0037, vs control, F 
(3,4) =163.1, n=3) (Figure 6b). Bak (marker of cell death) 
gene expression has significantly increased in AgNPs about 
2-fold (P=0.0273, vs control, n=3) and PTX-loaded AgNPs 
about 5-fold (P=0.002, vs control, F (3, 4) =129.5, n=3) with 
respect to the control group. The highest expression rate in 
HeLa cells was observed in the PTX-loaded AgNPs group 
(5 times more than the control group) (Figure 6c). Mcl-1 
expression level significantly decreased in all treatment 
groups, comparable between the control group (P=0.0013, 
vs control, F (3,4) = 80.08, n=3) (Figure 6d). Overall, the 
results of combination treatment with PTX-loaded AgNPs 
indicated gene expression favoring apoptosis.

Discussion
Chemoresistance remains a critical challenge in cancer 

therapy, often rendering chemotherapeutic agents like PTX 
less effective after prolonged use (24). PTX, a first-line 
chemotherapeutic agent, promotes tubulin polymerization 
and inhibits microtubule dynamics, making it a cornerstone 
in the treatment of cervical cancer (25). 

However, the continuous application gives rise to 
chemoresistance, and drug exposure at high doses causes 
drug toxicity (26), fostering metastasis instead of inhibiting 
cell proliferation (27). To address these limitations, 
combination therapies incorporating NPs, such as silver 
nanoparticles (AgNPs), have emerged as innovative 
strategies to enhance anticancer efficacy (28). AgNPs exhibit 
intrinsic anticancer properties and can serve as carriers for 
chemotherapeutic agents like PTX (29). 

The purpose of this study was to assess the synergistic 
effects between PTX-loaded AgNPs compared to PTX and 
AgNPs on HeLa cervical cancer cells regarding cell viability 
by MTT assay and apoptosis through Real-time PCR analysis 
of Bax, Bak, Bcl-2, Mcl-1, and caspase-3 gene expression. 
AgNPs have been synthesized as per the Materials and 
Methods section. The SEM analysis confirmed their round 
shape with a size of 100 nm. The dimensions and shapes of 
AgNPs are crucial determinants of their physical, chemical, 
and biological properties (30). They influence the surface-
to-volume ratio, conductivity, and optical properties (31), 
with small particles enhancing molecular interactions 
and penetration into biological systems (32). The 100 nm 
spherical AgNPs in our study likely contribute to their 
high penetration and toxicity, as spherical NPs release 
silver ions more efficiently in terms of their high surface-
to-volume ratio, enhancing apoptotic activity by interfering 
with cellular processes (33). This makes them particularly 
suitable for biomedical applications due to their facile 
synthesis and uniformity (34).

We treated HeLa cells with varying doses of AgNPs-
PTX (1, 5, 10, 20, 70, 100, 120, and 150 µg/ml) for 48 h 
and assessed cell cytotoxicity. Our results showed that the 
combination of PTX and AgNPs synergistically reduced 
HeLa cell viability and induced apoptosis. IC50 values were 
120 µg/ml for PTX, 100 µg/ml for AgNPs, and 50 µg/ml 
for PTX-AgNPs (Figure 5, P<0.001, one-way ANOVA). 

Real-time PCR data revealed 81-fold upregulation of pro-
apoptotic genes Bax/Bcl-2, 4-fold for Caspase-3, and 5-fold 
for Bak, and 5-fold down-regulation of anti-apoptotic Mcl-1 
in PTX-AgNPs-treated cells (Figure 6, P<0.0001), strongly 
suggesting activation of the intrinsic apoptosis pathway. 

Apoptosis, an important mechanism for eliminating 
tumor cells, is controlled by the Bcl-2 family of proteins, 
which includes pro-apoptotic Bax and Bak that lower 
mitochondrial membrane permeability and activate 
caspases, and anti-apoptotic Bcl-2 and Mcl-1 that inhibit 
these processes (35-37). PTX, a microtubule-stabilizing 
drug, induces mitochondrial apoptosis, cell cycle arrest, 
and cancer cell death (38, 39). Our IC50 for PTX (120 µg/
ml) is higher than typical values in HeLa cells (42.7 µg/
ml in HeLa cells (40) ), but aligns with reports using non-
DMSO formulations, such as 112.53 µg/ml in HeLa cells 
(41) and 50µg/ml in MCF-7 cells (19). This high IC50 is likely 
attributable to our water-based PTX formulation (6 mg/ml 
stock diluted in 2 ml sterile water), which reduces solubility 
and bioavailability compared to DMSO-based systems. 

AgNPs exhibit potent anticancer properties, inducing 
DNA damage, oxidative stress (42), mitochondrial 
dysfunction (43), and apoptosis (44) in cancer cells. AgNPs 
promote apoptosis by increasing cytochrome c release, Bax, 
caspase-3, and caspase-9 expression, while decreasing anti-
apoptotic Bcl-2 levels (45). For instance, AgNPs markedly 
increased caspase-3 and -7 activity in the bladder cancer 
cell line (6) and caspase-3 and -9 activity in MCF-7 breast 
cancer cells (46). An important mechanism of AgNPs 
is the generation of excessive ROS, a hallmark of cancer 
cell propagation, which leads to membrane destruction, 
mitochondrial dysfunction, DNA damage, and oxidative 
stress-mediated apoptosis (47, 48). 

In the present study, IC50 for AgNPs (100 µg/ml) is 
consistent with reports of higher values, such as 200 µg/
ml in HeLa cells (49) and 99–165 µg/ml in MDA-MB-231 
cells (50), attributed to larger nanoparticle sizes (100 nm in 
our study, confirmed by SEM) or biosynthetic coatings. In 
contrast, studies using smaller AgNPs (10–20 nm) report 
lower IC50 (20–50 µg/ml in HeLa cells) (51), highlighting 
the influence of nanoparticle size and formulation on 
cytotoxicity.

The alliance of PTX with AgNPs (that is, PTX-AgNPs 
combination) intensified anticancer potency by damaging 
the cell nucleus, lysing the cell membrane, producing 
excessive ROS, damaging mitochondria, and breaking 
DNA, to be initiated and mediated by caspase-3 activation 
and a high Bax/Bcl-2 ratio (52). These findings suggested 
that PTX-AgNPs induce apoptosis via the intrinsic 
mitochondrial pathway, consistent with the mechanisms of 
PTX and AgNPs (29, 53).

The synergistic effect of PTX-AgNPs, reducing the IC50 
to 50 µg/ml, was consistent with the findings of Tutku Tunç 
et al., who showed AgNPs-PTX increased apoptotic cells 
by inducing DNA fragmentation and cytotoxic activity 
in the A549 cell line (16), and Muhammad et al. (2021), 
who observed reduced IC50 with PTX-AgNPs in terms of 
increased reactive oxygen species (ROS) and mitochondrial 
disruption (52). Our IC50 for PTX-AgNPs (50 µg/ml) is lower 
than that reported by Aygün et al. in their 2020 study, which 
determined an IC50 of 165.6 μg/ml for this combination in 
breast cancer cells (50).

Other PTX-nanoparticle studies, such as Li et al. (2016) 
(54), reported that PTX induces apoptosis of HepG2 cells 
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through a decrease in mitochondrial membrane potential, 
DNA fragmentation, and caspase-3 activation, while 
Rudrappa et al. (2020) (55) demonstrated antiproliferative 
effects of PTX-AgNPs from Plumeria alba in U118 
glioblastoma cells. On the other hand, one study using 
PTX-loaded colorectal NPs in colon cancer cells showed 
increased expression of Bax and BAD while Bcl-2 was 
decreased, signaling a pro-apoptotic effect (56); however, 
this could have been due to their smaller sizes or the DMSO 
carrier used for PTX. Our observed increases in Bax, Bak, 
and caspase-3 expression, alongside decreases in Bcl-2 and 
Mcl-1, align with Muhammad et al. (2021), who reported 
similar gene-expression changes in HeLa cells treated 
with PTX-AgNPs (52). Similarly, Aborehab et al. (2020) 
(57) and Subramaniam et al. (2019) (58) indicated PTX-
induced apoptosis in MCF-7 and HeLa cells via Bax and 
caspase-3 upregulation and Bcl-2 down-regulation. Though 
other research studies typically will employ direct caspase 
assays or flow cytometry for Annexin, our study adopted a 
method relying solely on the MTT assay and Real-time PCR 
to determine apoptosis following the methodology of Al-
Khedhairy et al. (2022) (59), Sangour et al. (2021) (60), and 
Aygün et al. (2020) (50), who have used similar techniques 
to demonstrate AgNPs-induced apoptosis in MCF-7 cells 
and basically any type of breast cancer cell. In summary, 
our findings showed that PTX-AgNPs enhance apoptosis-
induced cell death in HeLa cells, providing a promising 
strategy to overcome chemoresistance in cervical cancer.

Conclusion
It is possible to enhance the chemosensitivity of HeLa 

cells using AgNPs and PTX by inducing apoptosis, 
inhibiting proliferation, and reducing cell survival. Thus, 
further studies in this direction must focus on in vivo 
models for reaching outcomes that could be termed the final 
result. In general, these results indicate that AgNPs could be 
a promising candidate sensitizer for various cancer types, 
after in vivo testing and subsequent validation in clinical 
trials. Such therapies, especially with PTX, would otherwise 
be very handy for having an effective combination therapy 
against cervical cancer.
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