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Abstract: Glioblastoma multiforme is an aggressive brain tumor with limited therapeutic options. This study 

evaluated the multifunctional anticancer effects of curcumin-synthesized silver nanoparticles (curcumin-AgNPs) on 

the U-87 glioblastoma cell line. Curcumin-AgNPs were biosynthesised using curcumin as a reducing and stabilising 

agent and characterised by ultraviolet–visible spectroscopy (UV–Vis), dynamic light scattering (DLS), and 

transmission electron microscopy (TEM). Cytotoxicity was assessed by MTT assay. The mRNA expression of 

apoptosis- and epithelial–mesenchymal transition (EMT)-related genes was quantified by real-time PCR. DLS and 

TEM analyses revealed curcumin-AgNPs with sizes of 56.27±4.59 nm and 22±3 nm, respectively. Curcumin-AgNPs 

reduced U-87 MG cell viability in a dose- and time-dependent manner. Analysis of apoptosis-related genes showed 

an increased BAX/BCL2L1 ratio. Additionally, FN1 and VIM were downregulated to 0.48- and 0.60-fold, 

respectively, indicating inhibitory effects on EMT and the metastatic potential of U-87 MG cells. These findings 

indicated that curcumin-AgNPs exhibit cytotoxic, pro-apoptotic, and EMT-modulating effects in U-87 MG cells, 

highlighting their potential as a multifunctional nanoplatform for glioblastoma research. Further studies are 

required to elucidate their underlying mechanisms. 
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1. INTRODUCTION 

Glioblastoma multiforme (GBM), a type of 

astrocytoma, is the most common primary CNS 

malignancy. It's a fast-growing tumor that spreads 

into neighboring normal brain tissue  and is one 

of the most lethal cancers worldwide [1]. Brain 

tumors are classified into four grades (I to IV 

scale) based on their rate of growth. Grade IV 

brain tumors are the most aggressive GBMs at 

this grade. These tumors are rarely cured, but 

proper treatment can increase the life expectancy 

of patients [2].  

The use of new methods in cancer treatment has 

significantly increased the rate of recovery from 

this disease. New approaches in cancer treatment 

have greatly benefited from nanotechnology [3]. 

Among the nanostructures, metal nanoparticles 

play a significant role in cancer treatment and 

diagnosis [4]. Silver nanoparticles (AgNPs), as 

one of the metal nanoparticles, have a bright 

future in medical applications [5].  

Different physical, chemical, and biological 

methods are used to synthesize AgNPs, but green 

synthesis methods have been essential due to their 

biocompatibility [6]. In green synthesis methods, 

herbal extracts are used for the synthesis of 

nanoparticles, which have many advantages, such 

as lower cost, compatibility with the environment, 

and the possibility of easy production on a large 

scale [7]. A method for green chemistry synthesis 

of AgNPs using curcumin as a reducing agent can 

improve the biological effect of nanoparticles [8]. 

Several studies have demonstrated that green-

synthesized AgNPs inhibited cancer cell growth 

by generating intracellular reactive oxygen species 

(ROS), modulating apoptosis-related proteins 

(e.g., caspase-3, -8, -9), and inducing cell death in 

glioblastoma and other cancer models [9, 10]. 

Moreover, the combination of AgNPs with cisplatin 

has been demonstrated to enhance glioblastoma 

cell death through transient receptor potential 
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melastatin 2 (TRPM2) activation [11].  

Curcumin itself exhibits anticancer activity by 

regulating multiple signalling pathways involved 

in proliferation, migration, invasion, and cell 

death [12]. It modulates PI3K/AKT/mTOR, NF-κB, 

and SHH/GLI1 pathways and induces apoptosis 

by downregulating anti-apoptotic proteins such  

as BCL-XL [13-15]. In addition, curcumin has 

been reported to suppress epithelial-mesenchymal 

transition (EMT) by downregulating N-cadherin 

and vimentin expression in cancer cells [16]. 

Despite these promising findings, the potential of 

curcumin-mediated green-synthesised AgNPs has 

not yet been systematically investigated in U-87 

MG cells, particularly with respect to their effects 

on viability, migration, and the expression of 

genes related to apoptosis and EMT. To address 

this gap, in the current study we synthesized 

spherical curcumin-AgNPs with a suitable size for 

potential blood-brain barrier (BBB) penetration and 

evaluated their multifunctional anticancer effects 

using the MTT assay, wound-healing assay, and 

quantitative real-time PCR.  

2. EXPERIMENTAL PROCEDURES 

2.1. Materials 

Dulbecco’s modified Eagle’s medium (DMEM), fetal 

bovine serum (FBS), streptomycin, penicillin, and 

trypsin were obtained from GIBCO (InvitrogenTM, 

Grand Island, USA). 3-[4,5-dimethylthiazol-2-yl]-

2,5-diphenyltetrazolium bromide (MTT) was 

purchased from Sigma-Aldrich (St. Louis, MO, 

USA). All other chemical reagents used in buffer 

preparation and solution were purchased from the 

Merck company (Hohenbrunn, Germany). Silver 

nitrate and curcumin were purchased from Samchun 

(Pure Chemical Co., Ltd.). 

2.2. Green Synthesized of Silver Nanoparticles 

AgNPs were synthesized as described previously 

[17]. Briefly, 50 µM of curcumin was achieved  

by dissolving it in deionized water, and the pH 

was then adjusted to 8. The solution was heated  

to 70°C and, under vigorous stirring, an aqueous 

solution of 4 mM silver nitrate was added 

dropwise (1:15 ratio). The reaction was allowed 

to proceed for 2 h. Nanoparticles were collected 

by centrifugation at 12,000 rpm for 5 min; the 

pellet was then washed three times with deionized 

water to remove unreacted curcumin and impurities. 

Finally, the nanoparticles were resuspended in 

deionized water and stored at 4°C until use. 

2.3. Characterization of Silver Nanoparticles 

2.3.1. Ultraviolet-visible analysis 

Ultraviolet-visible (UV–Vis) spectroscopy was used 

to evaluate the optical properties of synthesized 

AgNPs. For this purpose, the adsorption spectrum 

of a colloidal solution of nanoparticles in the 

range of 300 to 600 nm was measured using a 

spectrophotometer (BioTek Epoch, USA). 

2.3.2. Dynamic light scattering 

The nanoparticles were diluted to an aqueous 

solution at room temperature, and the hydrodynamic 

diameter and zeta potential of the nanoparticles 

were measured using a dynamic light scattering 

(DLS) instrument (Brookhaven, USA). 

2.3.3. Transmission electron microscopy 

The morphology of the curcumin-AgNPs was 

examined using a transmission electron microscope 

(TEM, model Zeiss-EM10C, Germany) operating 

at an accelerating voltage of 100 kV. For sample 

preparation, a drop of the nanoparticle suspension 

was placed onto a carbon-coated copper grid  

(200 mesh) and air-dried before imaging. 

2.4. Cell Culture and Media 

The human GBM cell line U-87 MG was obtained 

from the Iranian Biological Resource Center 

(Tehran, Iran). The cells were cultured in a T-75 

culture flask containing a basal medium comprised 

of DMEM supplemented with 10 % (v/v) FBS, 

100 µg/ml streptomycin, and 100 IU/ml penicillin. 

The cell culture flasks were maintained in a 

humidified incubator at 5 % CO2 and 37°C. 

2.4.1. Evaluation of cytotoxicity  

The cells were removed from the T-75 culture 

flask using trypsin solution (0.25% w/v) after a 

cultivation time of 72 h. The suspended cells were 

precipitated by centrifuge at 250 g for 5 min. The 

settled U-87 MG cells were resuspended in basal 

medium and added at the same seeding density 

(10000 cells/ cm2) in a flat-bottom 96-well plate. 

Cell viability was determined by the MTT assay 

using the direct method. The cytotoxicity effect of 

curcumin-AgNPs on U-87 MG cells was analyzed 

at different concentrations (1-10 µg/ml) over the 

culture period. Untreated cells served as the 

control group. After 48 and 72 h of incubation, 

MTT solution (5 mg/ml in PBS) was added to 

each well of the 96-well plate and incubated for  

4 h at 37°C in a humidified atmosphere (95% air, 
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5% CO2) in the dark. Following the removal of 

the MTT solution, DMSO was added to each well. 

Subsequently, the optical density of the cells was 

measured using a multi-well scanning spectro-

photometer at wavelengths of 570 and 630 nm. 

2.4.2. Real-time polymerase chain reaction 

After removing the culture medium from a 6 cm2 

dish, the cells were washed twice with PBS. The 

cells were removed from the culture dishes using 

trypsin solution (0.25% w/v) after a cultivation 

time of 48 h. The suspended cells were precipitated 

by centrifuge at 250 g for 5 min. Cell pellets were 

resuspended in 200 µL PBS and stored at -80°C 

for RNA extraction. Total RNA was extracted by 

a highly pure RNA isolation kit (Roche Applied 

Science, Germany) according to the manufacturer’s 

instructions. The RNA quality and quantity were 

measured using a Nanodrop spectrophotometer 

(Thermo Fisher Scientific). The synthesis of 

cDNA from an RNA template was performed 

using the RevertAid First Strand cDNA Synthesis 

Kit (Thermo Fisher Scientific) according to the 

manufacturer’s instructions. Primer sequences 

applied in real-time PCR were listed in Table 1. 

qRT-PCR analysis was conducted by the Applied 

Biosystems StepOneTM 48-Well Real-Time PCR 

System and SYBR® Green Real-Time PCR 

Master Mix (Applied Biosystems). Relative 

quantification was performed using the comparative 

Ct (2-∆∆Ct) method, and HPRT1 was considered a 

reference gene. 

Table 1. Primer sequences used in real-time PCR 

Primer Sequence: 5´→3´ 

HPRT1 
ATGCTGAGGATTTGGAAAGGG 

ACAGAGGGCTACAATGTGATGG 

BAX 
TGCCAGCAAACTGGTGCTC 

AACCACCCTGGTCTTGGAT 

BCL2L1 
GAGACTCAGTGAGTGAGCAGGTG 

GCTTGTAGGAGAGAAAGTCAACC 

VIM 
CAGCTAACCAACGACAAAGCCC 

CAGAGACGCATTGTCAACATCC 

FN1 
TTGTTATGGAGGAAGCCGAGG 

CACCCACTCGGTAAGTGTTCC 

CDH2 
ACCAGGTTTGGAATGGGACAG 

TGAGGGCATTGGGATCGTCAG 

2.4.3. Wound healing assay 

Cancer cell migration was analyzed by the 

wound-healing assay. The cells were seeded in a 

3.5 cm2 culture dish and cultured until the cell 

confluency reached 95%. The culture dish was 

scratched across the surface of the cancer cell 

monolayer using a 100 µl sterile pipette tip and 

washed three times with PBS to remove cell 

debris. After scratching, the cells were maintained 

in reduced-serum medium (1% FBS) to minimize 

proliferation and allow migration to be evaluated. 

The treated group received 2 µg/ml curcumin-

AgNPs, while untreated scratched cells served as 

the control group. The wound area was visualised 

and photographed using an inverted microscope  

8 h after incubation in a humidified incubator at 

5% CO2 and 37°C. 

2.5. Statistical analysis 

Statistical analyses were performed with SPSS 

software (version 16). All data are presented  

as mean ± standard deviation (SD). Differences 

between groups in the wound healing test were 

evaluated using the independent-sample t-test. 

The relative expression levels of target genes were 

analyzed using REST 2009 software (version 2.0.13). 

A p-value of < 0.05 was considered statistically 

significant. 

3. RESULTS AND DISCUSSION  

3.1. Morphological and Physicochemical 

Characterization of Curcumin-Silver 

Nanoparticles  

Nanomedicine offers new strategies for tackling 

human diseases at the nanoscale level, where 

most biological molecules exist and function. 

Comprehensive physicochemical characterization 

of nanomaterials is essential in biomedical research 

to accurately interpret their biological effects. 

Key parameters such as morphology, particle size, 

purity, hydrodynamic diameter, aggregation, and 

stability in aqueous media are routinely assessed 

for nanoparticle characterization [18]. In the present 

study, UV-Vis spectroscopy, DLS, and TEM 

techniques were employed to characterize curcumin- 

AgNPs. The UV-Vis spectrum of curcumin-AgNPs 

displayed a characteristic plasmonic absorption 

peak at 410 nm, confirming the successful 

synthesis of AgNPs with high purity (Fig. 1).  

DLS analysis revealed an average particle size  

of 56.27±4.59 nm. Notably, after four months  

of storage, the size only slightly increased to 

61.88±2.76 nm, indicating excellent colloidal 

stability. The zeta potential of -21 mV further 

supported the stability of the nanoparticles. TEM 

imaging showed that the curcumin-AgNPs were 
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predominantly spherical with an average diameter 

of 22±3 nm. The smaller size observed by  

TEM compared to DLS is consistent with the 

hydrodynamic nature of DLS measurements. 

These findings confirm the successful biosynthesis 

of small, stable, and monodispersed curcumin-

AgNPs. The particle size obtained falls within the 

optimal range for biomedical applications, including 

potential BBB penetration [19]. Similar physico-

chemical features have been reported in earlier 

studies on plant-mediated nanoparticles [20, 21].  

 
Fig. 1. Characterization of curcumin-AgNPs.  

A) Plasmonic absorption of AgNPs synthesized by 

curcumin have a peak at 410 nm with OD (optical 

density) 0.8 B) Particle size distribution by DLS  

C) TEM image of nanoparticles 

3.2. Cytotoxic Effect of Curcumin-Silver 

Nanoparticles 

The results showed that the cytotoxic effects of 

curcumin-AgNPs on U-87 MG cells were both 

time- and dose-dependent. As shown in Fig. 2 (A, B), 

after 48 h of treatment, cell viability decreased 

progressively from 97.67% at 1 µg/ml to 25.85% 

at 10 µg/ml. Specifically, at 2 µg/ml, cell viability 

was 89.39% after 48 h, indicating only a mild 

reduction compared to the control. At 72 h, a further 

reduction was observed, with cell viability decreasing 

from 87.05% at 1 µg/ml to 8.93% at 10 µg/ml. For 

downstream experiments, a sublethal concentration 

(2 µg/ml at 48 h) was selected to minimize 

excessive cytotoxicity and allow investigation of 

cellular responses under sublethal conditions. 

Consistent with our findings, Karan et al. (2022) 

demonstrated that curcumin-AgNPs exhibited a 

potent cytotoxic effect against DLD-1 and A549 

cancer cell lines, with ~80% lethality at 1.0 mg/ml 

after 24 h [22]. Similarly, several reports have 

shown the anti-proliferative activity of green-

synthesized AgNPs in diverse cancer types, 

including breast, pancreatic, lung, prostate, gastric, 

colon, and liver cancers [23-25]. However, studies 

investigating their effects on glioblastoma remain 

limited. For instance, Eugenio et al. (2018) evaluated 

the effects of Ag/AgCl-NPs biogenically synthesized 

using yeast culture on GBM02 glioma cells  

and reported that these nanoparticles reduced 

proliferation more efficiently than TMZ at high 

concentrations [26]. Similarly, Simsek et al. (2021) 

used an extract from Lavandula angustifolia to 

study the green synthesis of AgNPs and confirmed 

their anti-proliferative activity in U-87 MG cells 

[27]. To the best of our knowledge, the present 

study is the first to evaluate curcumin-AgNPs in 

U-87 MG cells. 

 

 
Fig. 2. Cytotoxicity of U-87 MG cells treated with 

curcumin-AgNPs. A, B) Cell viability at 1-10 µg/ml 

after 48 h and 72 h (*p< 0.05, **p< 0.01 compared to 

untreated group) 

3.3. Apoptotic Effect of Curcumin-Silver 

Nanoparticles  

A large number of genes are involved in the 
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induction of apoptosis. Of these, members of the 

BCL-2 gene family play an effective role. The 

proapoptotic gene BAX promotes apoptosis, 

while the anti-apoptotic gene BCL-XL prevents 

it. In the curcumin-AgNP-treated U-87 MG cells, 

BAX expression increased 2.21-fold, whereas 

BCL2L1 expression showed only a slight rise  

of 1.1-fold, as revealed in Fig. 3. Consequently, 

the BAX/BCL2L1 ratio increased nearly 2-fold 

compared to the control, indicating a clear shift 

toward apoptosis induction. 

 
Fig. 3. Apoptosis-related genes expression in U-87 

MG cells treated with curcumin-AgNPs (*p< 0.05 

compared to untreated group) 

Apoptosis or programmed cell death is a gene-

regulated phenomenon relevant in both physiological 

and pathological circumstances. Death receptors, 

mitochondrial responses, caspase activation, and 

the regulation of BCL2 and BAX gene expression 

are significant guiding mechanisms of apoptosis 

[28]. The induction of apoptosis in tumor cells is 

considered a valuable strategy in both cancer 

prevention and therapy [29]. In the current study, 

the apoptotic effect of curcumin-AgNPs was 

examined by determining the relative ratio of 

BAX to BCL2L1 in U-87 MG cells after 48 h  

of treatment. Our results revealed an increase in 

the BAX/BCL2L1 ratio. Numerous studies have 

demonstrated that nanoparticles can induce 

apoptosis in various tumor models. For example, 

Bin-Jumah et al. (2020) synthesized AgNPs via 

an eco-friendly approach using Beta vulgaris root 

extracts and demonstrated an increased BAX/BCL2 

protein ratio in HUH-7 hepatic cells [30]. Similarly, 

Baharara et al. reported that AgNPs induced 

apoptosis in MCF-7 cells through the regulation 

of BAX and BCL2 expression as well as activation 

of caspases-3 and -9 [28]. Urbańska et al. (2015) 

also studied the impact of AgNPs on GBM 

proliferation and apoptosis using an in ovo model, 

concluding that the antiproliferative properties 

predominated over their pro-apoptotic effects [31]. 

How apoptosis is triggered may depend on cell 

type, the nature of the induced damage, and the 

chemical characteristics of nanoparticles [32]. 

3.4. EMT-Modulating Effect of Curcumin-

Silver Nanoparticles  

EMT is characterized by decreased expression of 

epithelial markers and increased expression of 

mesenchymal markers. To assess the effect of 

curcumin-AgNPs on EMT, U-87 MG cells were 

treated with 2 µg/ml NPs, and the expression of 

EMT-related genes was analyzed. As shown in 

Fig. 4, the expression level of CDH2 (N-cadherin) 

exhibited slight changes, which were not statistically 

significant. In contrast, FN1 (fibronectin) and 

VIM (vimentin) were significantly downregulated 

to 0.48-fold and 0.60-fold, respectively, in treated 

U-87 MG cells compared with the control (p< 0.05). 

 
Fig. 4. EMT-related gene expression in U-87 MG 

cells treated with curcumin-AgNPs (*p< 0.05,  

**p< 0.01 compared to untreated group) 

Beyond apoptosis, another critical mechanism by 

which nanoparticles affect tumor progression is 

the regulation of EMT. EMT plays a pivotal role 

in tumor progression, where polarized epithelial 

cells transform and acquire mesenchymal-like 

motility. This process is characterized by the 

breakdown of cell-cell junctions, loss of epithelial 

markers like E-cadherin, and the acquisition of 

mesenchymal markers including N-cadherin, 

vimentin, and fibronectin [33]. Curcumin has 

been widely recognized as an inhibitor of EMT, 

suppressing the invasive potential of oral squamous 

cell carcinoma by modulating EMT-related pathways 

[34, 35]. Consistently, Kumari et al. (2017) showed 
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that selenium-curcumin NPs downregulated CD44 

and N-cadherin in HCT116 cells, suggesting 

suppression of EMT, although E-cadherin expression 

remained unchanged [36]. Decreased CD44 has 

also been linked with reduced cancer cell 

proliferation and enhanced apoptosis [37]. In 

another study, Viswanathan et al. (2023) showed 

that AuNPs downregulated VIM expression and 

inhibited A549 cell migration [38]. In line with 

these findings, our results demonstrated that 

curcumin-AgNPs downregulated VIM expression 

in U-87 MG cells. In contrast, Matysiak-Kucharek 

et al. (2023) observed that AgNPs increased the 

expression of mesenchymal EMT markers (CDH2, 

VIM, MMP-2, -9) while reducing epithelial CDH1 

in MDA-MB-436 cells, indicating a potential 

stimulation of EMT [39]. 

3.5. Inhibitory Effect of Curcumin-Silver 

Nanoparticles on Cell Migration 

The migration of cancer cells is a key factor in 

tumor progression. In this study, we examined 

cell migration using the reliable and most popular 

in vitro scratch assay on U-87 MG cells. The 

results showed that treatment with 2 µg/ml 

curcumin-AgNPs slightly reduced cell migration 

relative to the control group, although this 

reduction was not significant at this concentration 

(Fig. 5). Previous reports have also shown that 

AgNPs impaired cell migration and invasion, 

including in MCF-7 and 4T1 breast cancer cells 

[40] and A549 lung cancer cells [41].  

  
Fig. 5. Effect of curcumin-AgNPs on U-87 cell 

migration using Scratch-wound assay. A, C) A scratch 

was made onto a monolayer of untreated U-87 MG cells 

at 0 h, B) Untreated cells after 8 h, D) treated cells with 

curcumin-AgNPs after 8 h, E) Quantification of open 

wound area over time 

4. CONCLUSIONS 

In summary, this study demonstrates that stable 

AgNPs are successfully synthesized with curcumin 

and exhibit multifunctional anticancer effects in 

U-87 MG cells. Curcumin-AgNPs exerted cytotoxic 

and pro-apoptotic effects while also modulating 

EMT-related gene expression. These findings 

highlight the potential of these nanoparticles as  

a multifunctional platform for nanotherapeutic 

research in glioblastoma.  
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