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Abstract  

Cervical cancer remains one of the leading causes of cancer-related mortality among women worldwide, with high-

risk HPV infection and dysregulation of the PI3K/Akt signaling pathway playing key roles in its pathogenesis. Current 

therapeutic strategies are limited by toxicity, resistance, and recurrence, highlighting the need for safer and more effective 

alternatives. In this study, we explored the potential of silver nanoparticles synthesized via a green approach using 

Bauhinia kockiana leaf extract (BK-AgNPs) as an anticancer agent against HeLa cervical cancer cells. The synthesis of 

BK-AgNPs was confirmed by UV-Vis spectroscopy, showing surface plasmon resonance peaks at 433 - 443 nm, and 

particle size analysis revealed an average size of 40 nm with good stability. The anticancer effects of BK-AgNPs were 

evaluated through scratch assays, In-Cell Western (ICW), and immunofluorescence assays. Results demonstrated that 

BK-AgNPs inhibited HeLa cell migration significantly compared to the control group, which correlated with reduced 

expression of phosphorylated Akt (p-Akt), Snail, and Vimentin. These findings suggest that BK-AgNPs exert their effects 

by generating reactive oxygen species (ROS), leading to inhibition of the PI3K/Akt pathway and suppression of Snail and 

Vimentin expression, further confirming inhibition of EMT. Collectively, these outcomes demonstrate that BK-AgNPs 

can effectively impair HeLa cell proliferation and migratory capacity by modulating oncogenic signaling pathways. In 

conclusion, this study provides evidence that BK-AgNPs synthesized using B. kockiana extract represent a promising, 

environmentally friendly therapeutic approach for cervical cancer, warranting further investigation in preclinical in vivo 

models to validate efficacy and safety. 

 

Keywords: Silver nanoparticles, Bauhinia kockiana, Green synthesis, Anticancer, Antimetastasis, Scratch assay, 
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Introduction 

Cervical cancer is one of the most prevalent 

malignancies among females globally, with squamous 

cell carcinoma being the most frequent histological 

subtype [1]. In the year 2022, there were 662,301 new 

cases of cervical cancer recorded worldwide, while  

 

36,964 cases of cervical cancer were recorded in 

Indonesia. In cases of mortality, cervical cancer is 

responsible for 348,874 deaths worldwide and 20,708 

deaths in Indonesia. Furthermore, cervical cancer is 

among the top 3 leading cancers, in terms of incidence 
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and mortality in Indonesia [2]. It is also reported that 

there is an increased prevalence of cervical cancer in 

low- to middle-income countries [3]. Various factors are 

responsible for the development of cervical cancer. 

However, persistent infection with high-risk strains of 

Human Papillomavirus (HPV), especially types 16 and 

18, besides other HPV strains, is the predominant factor 

[4]. The overexpression of E6 and E7 oncoproteins 

derived from high-risk HPV is a crucial factor in the 

progression of cervical cancer. This is achieved through 

the dysregulation of the p53 and retinoblastoma (pRb) 

proteins, respectively, which alters their functionality in 

regulating the cell cycle [5,6]. 

Besides degrading p53 and pRb, E6 and E7 

interact with various signaling pathways, including the 

PI3K/Akt pathway, and induce their overactivation [7]. 

Oncoproteins have the capacity to aberrantly upregulate 

the PI3K/Akt signaling pathway through either the 

activation of upstream signaling molecules or mutations 

in pathway components. This dysregulation leads to the 

malignant transformation of the infected cells, 

contributing to genetic instability, dysregulation of 

proliferation, resistance to apoptosis, enhanced 

migratory capabilities, and alterations in metabolic 

properties [8]. Overactivation of the PI3K/Akt pathway 

also affected its downstream signaling, causing further 

aberration of cellular signaling and tumor progression in 

various cancers [9]. Several known downstream targets 

of Akt are Vimentin [10], which was highly expressed 

in cervical cancer, and expression was increased with 

higher grades of tumor [11]. This implication causes the 

PI3K/Akt signaling pathway to become an essential 

target for cancer therapy by inhibiting upstream or 

downstream signaling of this pathway. This could be 

achieved using an inhibitor agent of this pathway [12]. 

Surgery during the lower stage of cervical cancer 

[13], or treatment with chemotherapy and radiotherapy 

is the most commonly used treatment for cervical cancer 

[14,15]. Nonetheless, these therapeutic interventions 

were associated with notable drawbacks, including the 

recurrence of disease post-operation and patient 

mortality rates [16]. The occurrence of increased 

adverse effects and chronic toxicity following 

chemoradiotherapy treatment has also been documented 

[17,18]. Research in nanotechnology, particularly 

concerning the green synthesis of nanoparticles for the 

treatment, has become a greater research interest over 

time due to its advantages over conventional cancer 

therapies. Nanoparticles synthesized through green 

methods are associated with reduced toxicity and exhibit 

fewer adverse effects compared to the traditional 

treatment of cancer [19]. 

Silver nanoparticles (AgNPs) are one of the 

nanomaterials that can be synthesized with the green 

synthesis method and possess potent anticancer 

properties [20]. Due to their small size, AgNPs can 

penetrate cancer cells and engage directly with 

molecular targets. AgNPs also exhibit less toxicity 

towards healthy cells than cancer cells, making them a 

promising candidate for safer cervical cancer therapy. 

The smaller nanoparticle size correlates with an 

increased surface area-to-volume ratio, significantly 

enhancing the interaction with cancer cells and 

facilitating the drug administration process [21,22]. The 

green synthesis method refers to nanoparticle 

production using environmentally friendly materials, 

including plant extracts. These extracts can effectively 

reduce silver nitrate (AgNO3) to generate AgNPs. Plant 

extracts are utilized because they eliminate the need for 

harmful stabilizing or reducing agents during the 

synthesis of nanoparticles [23]. Bauhinia kockiana is a 

plant whose extracts show significant potential for 

synthesizing AgNPs, as it contains various beneficial 

phytochemicals [24]. A prior study indicated that the 

extract of B. kockiana contains several potent anticancer 

phytochemicals, including gallic acid, methyl gallate, 

and pyrogallol. Furthermore, it has been shown to 

inhibit the proliferation of various cancer cell lines [25]. 

Given the anticancer ability of AgNPs and the 

plant extract from B. kockiana, the green-synthesized 

AgNPs utilizing this extract (referred to as BK-AgNPs) 

may emerge as a promising candidate for anticancer 

therapy. However, there are still very few studies 

discussing the ability of BK-AgNPs to inhibit cancer 

proliferation, especially regarding the molecular 

pathways implicated in this process, which remain 

limited. Consequently, it is crucial to explore BK-

AgNPs as a potential therapeutic agent for cervical 

cancer, utilizing HeLa cells as a model for cervical 

cancer. This study is essential for advancing the 

development of BK-AgNPs as a viable candidate for 

cancer treatment through the inhibition of Akt, Snail, 

and vimentin expression. 
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Materials and methods 

Synthesis of AgNPs using B. kockiana plant 

extract 

Fresh B. kockiana leaves were collected in 

November 2023 from a private garden in Taman Sri 

Putri, Skudai, Johor, Malaysia (1.5411°N, 103.6562 °E). 

The leaves were washed, shade-dried for a week, 

ground, and sieved (450 µm) into fine powder, then 

stored in sealed bags at 4 °C. B. kockiana leaf extract 

was prepared by mixing the leaf powder with deionized 

water, heating for 15 min, and centrifuging at 5,000 rpm 

for 20 min. The aqueous extract was collected from the 

separated supernatant. Then, the aqueous silver nitrate 

(AgNO3) solution was prepared by mixing 0.085g of 

AgNO3 with 500 mL of deionized water, thus making a 

stock solution. To synthesize AgNPs, 10 mL of the 1 

mM AgNO3 was mixed with 1 mL of 2% B. kockiana 

plant extract and incubated for 24 h for the reduction 

reaction to occur [26]. 

 

Characterization of green synthesized BK-

AgNPs 

UV-Vis spectroscopy and particle size analysis 

(PSA) were conducted to confirm the presence and 

stability of AgNPs resulting from green synthesis using 

B. kockiana plant extract. UV-Vis spectroscopy was 

performed by aspirating 250 μL of the BK-AgNPs 

sample into the spectrophotometer cuvette. The cuvette 

containing the BK-AgNPs sample was then inserted into 

a Jenway 7,200 Visible spectrophotometer with a 350 - 

800 nm wavelength, to perform the UV-Vis analysis. 

PSA was carried out by vortexing 5 mL of BK-AgNPs 

for 1 min, then the samples were transferred to a cuvette. 

The cuvette was subsequently inserted into a SALD-

7500nano instrument set at 25 °C for PSA.  

 

HeLa cell culture 

HeLa cells were obtained from the Biomedical 

Laboratory, Faculty of Medicine, Universitas 

Brawijaya, Malang, East Java, Indonesia. Cells were 

cultured in Dulbecco’s modified Eagle’s medium 

(DMEM) (Invitrogen, Massachusetts), with the addition 

of 10% Fetal Bovine Serum (FBS) and antibiotics (100 

μg/L/mL-penicillin, 100 L/mL Streptomycin) in an 

incubator at 37 °C and 5% CO2. The cells were then 

maintained at pH 7.2 - 7.4 and were routinely harvested 

with trypsin-EDTA solution [27].  

Cell migration assay 

Migration ability of HeLa cells was evaluated 

using the scratch assay. 5×104 HeLa cells were seeded 

in a 24-well plate and incubated for 24 h to allow the 

cells to proliferate and form a monolayer. A straight line 

was then scratched at the surface of the well with a 

yellow micropipette tip and washed with PBS before 

being treated with different concentrations of BK-

AgNPs (20, 40 and 60 ng/mL), except the untreated 

group. Each well was then observed at 0, 24, and 48 h 

after treatment using an inverted microscope with 10x 

magnification. Each well with scratch wounds was 

visualized and analyzed for quantification using ImageJ 

software [28]. 

 

In-Cell Western (ICW) assay 

For the preparation of the ICW assay, 1×104 HeLa 

cells were seeded in a 96-well plate for ICW (LI-COR 

Biosciences) and incubated for 24 h. Each well was 

treated with different concentrations of BK-AgNPs (20, 

40 and 60 ng/mL), except the untreated group, then 

incubated for an additional 24 h. Cells in the wells were 

fixed with 4% paraformaldehyde (PFA) for 20 min at 

room temperature (20 °C). The cells were then 

permeabilized with 1% Triton X-100 for 20 min at room 

temperature and blocked using Intercept® (TBS) 

Blocking Buffer (LI-COR Biosciences), followed by a 

90-minute incubation at room temperature. Cells were 

then incubated overnight at 4 °C with Rabbit anti-β-actin 

as a housekeeping gene, Rabbit anti-p-Akt, and Rabbit 

anti-Vimentin antibodies (Cell Signaling Technology, 

Inc., MA, USA). All primary antibodies were diluted in 

a 1:150 ratio. After washing with TBS-Tween four 

times, cells were incubated with IRDye® 800CW Goat 

anti-Rabbit IgG Secondary Antibody (1:1,000, LI-COR 

Biosciences) and CellTag™ 700 Stain (1:500, LI-COR 

Biosciences) for 1 h at room temperature with gentle 

agitation. The cells were then rewashed with TBS-

Tween four times before being mounted into Odyssey® 

M (LI-COR Biosciences) for signal detection. Data from 

microplate scanning were extracted using Empiria 

Studio® Software version 3.2 [29]. 

 

Immunofluorescence assay 

1×104 HeLa cells were seeded into a 96-well plate 

for ICW (LI-COR Biosciences) and incubated for 24 h. 

Each well was then treated with varying concentrations 
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of BK-AgNPs (20, 40 and 60 ng/mL), except the 

untreated group. All wells were subsequently incubated 

for another 24 h. After incubation, all wells are aspirated 

and washed with 100 µL PBS, then fixed with 4% PFA 

for 15 min, and washed again with 100 µL PBS before 

washing further with 0,1% Triton-X 100. All wells are 

then incubated with 1% bovine serum albumin (BSA) 

for 5 min, followed by incubation with mouse anti-

SNAI1 primary antibody overnight at 4 °C (1:100, Santa 

Cruz Biotechnology). Nuclear staining performed with 

DAPI staining (1:1,000, Sigma Aldrich, USA) for 5 min, 

before observation using Zeiss Confocal Microscope 

with 400x magnification. Immunofluorescence images 

are further quantified using ImageJ software [30]. 

 

Data collection and statistical analysis 

All obtained data were analyzed and presented 

using the GraphPad Prism 9 application. The data were 

assessed using the Shapiro-Wilk test to determine the 

normality of the data and Levene’s test to evaluate the 

homogeneity of the data. Data that fulfill the normality 

and homogeneity parameters were continued for the 

one-way analysis of variance (ANOVA) test. The one-

way ANOVA was performed to evaluate any significant 

differences among the various treatment groups (p < 

0.05). Tukey’s HSD post-hoc test determined the 

significance between each group. The data that did not 

pass Levene’s test were further analyzed with Welch’s 

ANOVA (p < 0.05). The analyzed data were illustrated 

in a diagram. 

 

Results and discussion 

B. kockiana plant extract successfully 

synthesizes AgNPs 

This study demonstrated the ability of B. kockiana 

plant extract to act as reducing agents, stabilizers, and 

capping agents for AgNPs synthesis. After mixing 

AgNO3 solution with B. kockiana plant extract and 24 h 

of incubation, a dramatic color change with cloudier 

consistency was observed. This indicates that a reaction 

occurs during incubation, involving the B. kockiana 

phytochemicals reducing the AgNO3, forming AgNPs 

(Figures 1(A) and 1(B)). Synthesis of AgNPs using 

plant extract could be achieved because of the 

phytochemicals contained in it. The primary mechanism 

that could be involved in the synthesis process is by 

reducing the Ag+ into Ag0 and stabilizing and capping 

the nanoparticles. This causes AgNPs to form, while 

maintaining the size around 1 - 100 nm [31]. In this case, 

previously mentioned phytochemicals such as gallic 

acid, methyl gallate, and pyrogallol contained in the B. 

kockiana plant extract could be responsible for the 

synthesis process. Several previous studies that 

conducted green synthesis of AgNPs also reported a 

similar change of colour, which, when tested on cancer 

cell lines, indicated an anticancer ability [32,33].

 

 

Figure 1 Change of color in the BK-AgNPs. (A) at 0 h, (B) after incubation for 24 h. 
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Characterization of green synthesized BK-

AgNPs 

To further confirm the formation of AgNPs using 

B. kockiana plant extract, UV-Vis spectroscopy and 

PSA were performed, which were later further tested on 

the HeLa cell line. We also observe the absorbance of 

UV-Vis periodically to confirm the stability of the 

AgNPs formed. UV-Vis spectroscopy result indicates 

the presence of AgNPs after being synthesized using B. 

kockiana plant extract, with the SPR peaks observed 

around 433 - 443 nm (Figure 2(A)). We also observed 

an increase in absorbance of green synthesized BK-

AgNPs in a time-dependent manner, with the 

absorbance on the sixth day showing the highest 

absorbance (Figure 2(B)). This indicates a high yield of 

BK-AgNPs with good stability for long-term storage. 

Successful synthesis of BK-AgNPs was also 

demonstrated in the particle size results, with an average 

size of 40 nm and a polydispersity index of 0.525 

(Figure 2(C)). 

UV-Vis spectroscopy and PSA are robust assays 

to evaluate the AgNPs synthesized using plant extracts. 

UV-Vis spectroscopy utilizes the unique optical, 

magnetic, and electrical properties of silver as a metallic 

material. This analysis will result in a surface plasmon 

resonance (SPR) peak, which is unique to each material. 

For AgNPs, SPR peaks usually occur at 380 to 450 nm 

wavelengths [34]. Compared to the UV-Vis result of this 

study, it indicates that AgNPs were successfully 

synthesized since the wavelengths detected were around 

380 - 450 nm. Furthermore, UV-Vis spectroscopy is also 

able to determine the stability of AgNPs periodically, if 

the SPR peaks are achieved around the same 

wavelengths tested on different days [35], which was 

also achieved in this study. This indicates AgNPs were 

synthesized with good stability and increased in yield 

each day. The size, shape, morphology, and other 

properties of AgNPs could also affect the SPR peak 

formed. Smaller-sized AgNPs often result in the SPR 

peak being formed at a lower wavelength, while larger-

sized AgNPs cause the SPR peak to be formed at a 

higher wavelength. For example, a previous study 

reported that AgNPs were formed with a SPR peak at 

419 nm wavelength, and the average size of AgNPs was 

confirmed at 18 nm [36]. This study reported the SPR 

peaks around 433 - 443 nm with an average size of 40 

nm, based on PSA. This confirms the correlation 

between the SPR peak formed and the size of AgNPs.

 

 

 

Figure 2 B. kockiana plant extract successfully synthesizes AgNPs. (A) UV-Vis spectroscopy results yielding a peak 

each day of observation, (B) increases in absorbance units of UV-Vis spectroscopy, (C) AgNPs detected with appropriate 

size and polydispersity index. 

  

C 
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BK-AgNPs inhibit HeLa cell migration ability 

Synthesized BK-AgNPs were tested on HeLa cells 

to assess their ability to inhibit cell migration, modeling 

cervical cancer metastasis. Based on the scratch assay, 

the results show that BK-AgNPs can reduce the 

migratory ability of HeLa cancer cells, as evidenced by 

a wider gap in the BK-AgNPs-treated group compared 

to the untreated group. A larger gap indicates less 

migration of HeLa cells to the wounded area, which was 

inhibited by BK-AgNPs treatment. Even after 48 h, BK-

AgNPs treatment consistently resulted in a wider gap 

compared to the untreated group (Figure 3). The 

inhibition of the migratory ability of HeLa cells involves 

various interconnected molecular pathways. However, 

we assume that the PI3K/Akt pathway is one of the main 

factors that induce the ability of HeLa cells to proliferate 

and migrate. This could be explained by the cervical 

cancer itself, which involves E6 and E7 proteins that 

could interact and overamplify PIK3CA, which in turn, 

phosphorylates phosphatidylinositol diphosphate (PIP2) 

to phosphatidylinositol triphosphate (PIP3), which then 

phosphorylates Akt to p-Akt, causing PI3K-Akt 

pathway activation [37,38]. p-Akt is able to activate 

various downstream signaling, including EMT 

pathways, which are essential modulators in the 

metastasis of cervical cancer [39]. Based on this notion, 

inhibition of p-Akt is a key point to inhibit cervical 

cancer metastasis. 

BK-AgNPs could decrease the migration ability of 

HeLa cancer cells through inhibition of p-Akt by several 

mechanisms, primarily by reactive oxygen species 

(ROS) generation. A previous study has reported that 

some green synthesized AgNPs were able to induce 

ROS in HeLa cancer cells, which in turn were able to 

modulate p-Akt and other modulators of metastasis [40]. 

Other previous study have demonstrated that the AgNPs 

synthesized using Citrus hystrix leaf extract are capable 

of preventing the migration of HeLa cells to the wound 

area created using the scratch method [41]. The exact 

mechanism could be applied in this study, in which BK-

AgNPs are able to induce ROS that affects p-Akt, 

causing inhibition of migratory ability in HeLa cells.

 

 

Figure 3 BK-AgNPs inhibit the migratory ability of HeLa cells compared to the untreated group, indicated by the gap 

area at 0, 24 and 48 h (p ≤ 0.05). 

 

BK-AgNPs decreased p-Akt expression 

The ability of BK-AgNPs to inhibit p-Akt 

expression was analyzed in this research using the ICW 

assay. ICW assay has the same principle as western 

blotting, however, with a plate-based technique that can 

quantify the fluorescence signal of the targeted protein 

[42]. Figure 4 shows ICW assay results on HeLa cells 

after being treated with BK-AgNPs. Compared to the 

control group, p-Akt expression was significantly lower 

in all different BK-AgNPs-treated groups. However, 

there is a slight, insignificant increase in p-Akt 

expression in the group treated with 60 ng/mL of BK-

AgNPs (Figure 4). The decrease in p-Akt expression 

after BK-AgNPs treatment in this study was mainly 

caused by ROS generation as the cells were treated with 

BK-AgNPs, as previously mentioned. ROS could 

reduce p-Akt expression through several mechanisms, 

one of which is direct inhibition of p-Akt. AgNPs 

treatment can induce ROS production, which in turn 

directly inhibits p-Akt by oxidizing and 

dephosphorylating it, and hampers downstream 

signaling [43,44]. Another mechanism involved in p-

Akt inhibition is via PTEN, whose role is to 

dephosphorylate PIP3. ROS presence can enhance 
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PTEN activity and bind to PIP3, which 

dephosphorylates it to PIP2. This dephosphorylation 

causes decreased PIP3 expression, which is required to 

phosphorylate Akt, which in turn decreases p-Akt 

expression [45]. This causes reduced activation of the 

downstream signaling of Akt, which causes decreased 

migration ability of cancer cells after being treated with 

BK-AgNPs.  

Previous studies have shown that green 

synthesized AgNPs decrease p-Akt expression by 

producing ROS, which interacts with the PI3K/Akt 

pathway. One study using Gracilaria edulis marine 

algae found that AgNPs increased ROS levels in HeLa 

cells, leading to reduced expression of PI3K, Akt, and 

mTOR, while also increasing PTEN expression. These 

findings suggest that AgNPs may affect the 

PI3K/Akt/mTOR pathway via direct inhibition or 

modulating PTEN, which in turn interacts with this 

pathway, resulting in decreased signaling [46]. 

However, in this study, we observed an increased 

expression of p-Akt at the highest concentration of BK-

AgNPs treatment, although it was not statistically 

significant compared to the control. This may be caused 

by excessive ROS production, which in turn activates 

pro-survival mechanisms in cancer cells, because of 

their ability to adapt to high ROS levels [47]. Another 

possible mechanism is the direct oxidation of PTEN if 

ROS is being excessively produced, particularly by 

mitochondria. This caused enhanced activity of 

PI3K/Akt caused by loss of function of PTEN, due to 

oxidation by ROS [48]. Previous studies have shown 

that treatment with 5-FU, which exerts its cytotoxic 

effects on cancer cells mainly through ROS production, 

leads to elevated ROS levels in 5-FU-resistant CRC 

cells and simultaneously activates Akt, followed by the 

activation of HIF-1α [49]. This marks the importance of 

treatment concentration determination to prevent any 

adverse results in cancer treatment.

 

 

Figure 4 Lower expression of p-Akt in the BK-AgNPs-treated groups compared to the untreated group based on the 

ICW assay (p ≤ 0.05). 

 

BK-AgNPs inhibit snail expression 

We perform an immunofluorescence assay to 

observe and quantify Snail expression in HeLa cells 

after treatment with BK-AgNPs, aiming to understand 

the mechanism by which BK-AgNPs inhibit HeLa cell 

migration. The results indicate that BK-AgNPs can 

inhibit Snail expression in treated groups compared to 

the untreated group. The findings also show a dose-

dependent pattern, with higher concentrations of BK-

AgNPs resulting in lower Snail expression (Figure 5). 

Snail is known as a key modulator of epithelial-

mesenchymal transition (EMT), which is crucial in the 

progression of metastasis in various cancers. Snail 

induces metastasis by upregulating various 

mesenchymal markers, while downregulating epithelial 

markers. This causes increased motility and the ability 

of cancer cells to invade distant tissue and organs [50]. 

Snail could be regulated by the PI3K/Akt pathway via 

GSK3β as a bridge between p-Akt and Snail. GSK3β is 

one of the various downstream signaling pathways of 

Akt, which are highly phosphorylated during cancer 

conditions. Phosphorylation of GSK3β causes 
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phosphorylation of Snail, which in turn activates 

multiple mesenchymal markers. This causes EMT 

activation and metastasis progression, initiated by the 

PI3K/Akt/GSK3β/Snail pathway [9]. 

 Our results show a correlation between p-Akt and 

Snail expression, with BK-AgNPs treatment reducing p-

Akt levels also leading to decreased Snail expression. 

This reduction in Snail caused by BK-AgNPs, compared 

to the untreated group, impacts the migratory ability of 

HeLa cells, as demonstrated using a scratch assay. 

Similar findings have been reported in previous studies, 

which indicate that inhibiting the PI3K/Akt/Snail 

pathway can suppress cancer cell migration [51]. 

Specifically in green synthesized AgNPs, a previous 

study has reported that green synthesized AgNPs using 

Moringa oleifera leaf powder could decrease Snail 

expression in HT-29 human colorectal cancer cells, 

indicating their antimetastasis ability [52].

 

 

Figure 5 Lower expression of Snail in the BK-AgNPs-treated groups compared to the untreated group based on the 

immunofluorescence assay (p ≤ 0.05). 

 

Evaluation of vimentin expression 

Using the ICW assay, the expression of Vimentin 

and after being treated with BK-AgNPs was also 

evaluated, since there is a correlation between 

dysregulated Akt and oncogenic pathway, which affects 

other signaling pathways related to cancer development 

[12]. Figure 6 shows that BK-AgNPs treatment 

significantly reduced Vimentin expression, particularly 

at a concentration of 40 ng/mL. Similar to p-Akt 

expression, there is also an increase in Vimentin 

expression in the group treated with 60 ng/mL of BK-

AgNPs (Figure 6(A)). 

Vimentin is known as one of the essential 

mesenchymal markers, which is crucial for the 

development of cancer metastasis by EMT activation. 

Findings of this study indicate Vimentin expression is 

affected by p-Akt indirectly, which is by 

PI3K/Akt/GSK3β/Snail pathway. When Snail are 

overactivated because of PI3K/Akt dysregulation, they 

will upregulate various mesenchymal markers, 

including Vimentin, while downregulating epithelial 

markers [50]. Vimentin can also be activated directly by 

Akt, thus increased Akt expression will result in further 

increases in Vimentin expression [53]. Vimentin then 

directly regulates various mesenchymal or EMT-related 

genes, which in turn can be overexpressed and cause 

increased ability of cancer cells to metastasize to other 

tissues and organs [54]. This results in reduced 

expression of Vimentin, which in turn diminishes the 

ability of cancer cells to migrate and invade other tissues 

and organs. In this study, this also explains the decreased 

migratory capacity of HeLa cells treated with BK-

AgNPs. Inhibition of Vimentin expression using AgNPs 

has been reported by previous study that uses AgNPs 

synthesized using gallic acid [55].
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Figure 6 Lower expression of Vimentin in the BK-AgNPs-treated groups compared to the untreated group based on the 

ICW assay (p ≤ 0.05). 

 

 

Conclusions 

This study demonstrated the potential of BK-

AgNPs as a promising anticancer agent against cervical 

cancer cells. The green synthesis method using B. 

kockiana plant extract yielded stable nanoparticles with 

an average size of 40 nm and excellent long-term 

stability, confirming the role of phytochemicals in 

facilitating reduction, stabilization, and capping. 

Functionally, BK-AgNPs significantly inhibited the 

proliferation and migratory capacity of HeLa cells, 

through inhibition of HeLa cell migration, which is 

modelled by the scratch assay. BK-AgNPs are also able 

to induce the downregulation of the PI3K/Akt pathway, 

as evidenced by reduced expression of p-Akt, Snail, and 

Vimentin. These findings emphasize the role of BK-

AgNPs in inhibiting HeLa cancer cells, which could be 

caused by ROS generation after BK-AgNPs treatment. 

ROS produced after treatment could modulate these 

pathways by directly interacting with Akt. While the 

data of this study support the therapeutic potential of 

BK-AgNPs for cervical cancer treatment, further studies 

are necessary to confirm these effects in vivo, optimize 

dosing, and evaluate long-term safety. Overall, this 

research provides new insights into the use of green 

synthesized nanoparticles as an alternative and 

potentially safer approach for cervical cancer therapy. 
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