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Oral cancer is the sixth most prevalent malignancy worldwide. Gold 
nanoparticles (AuNPs) were prepared using Lantana camara leaf extract 
and evaluate their in vitro anticancer activity against human KB cells. The 
AuNPs were characterized using various techniques. The MTT assay was 
employed to evaluate the cytotoxic potential of AuNPs against KB cells. 
Staining techniques were used to quantify reactive oxygen species (ROS) 
levels and assess apoptotic cell death in AuNP-treated KB cells. 
Furthermore, the caspase activities were examined to verify the induction 
of apoptosis. The antibacterial activity of AuNPs was also evaluated against 
gram-negative and gram-positive bacterial strains. The results indicated 
that the synthesized AuNPs exhibited predominantly spherical morphology 
with an average particle size of 40 to 80 nm. The assay revealed a 
dose-dependent cytotoxic effect, with an IC₅₀ value of 30 µg/mL against KB 
cells formulated AuNPs effectively inhibited KB cell proliferation, enhanced 
intracellular ROS generation, and induced apoptosis, as confirmed by 
fluorescence staining and elevated caspase activities. The AuNPs 
demonstrated significant antibacterial properties, producing inhibition 
zones of up to 23 mm against Staphylococcus aureus and 15 mm against 
Escherichia coli. In summary, the L. camara-mediated AuNPs exhibited a 
substantial anticancer potential against oral cancer cells and demonstrated 
encouraging antibacterial properties. 
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INTRODUCTION  
 

Cancer is a disease that is highly prevalent and is defined by the uncontrolled 

proliferation of cells, which results in the formation of malignant tumors that can invade 

adjacent tissues and metastasize to distant organs through the lymphatic system or 

circulation. Cancer is the second most common cause of death in the world, with about 8 

million cancer-related deaths and 14 million new cases each year (Ferlay et al. 2015). Oral 

cancer is a substantial public health concern, with an estimation of 275,000 new cases 

diagnosed worldwide each year, among a variety of malignancies. It is currently the sixth 

most prevalent malignancy worldwide (Warnakulasuriya 2009).  

Despite ongoing progress in research and treatment strategies, oral cancer continues 

to be a substantial global health issue. The biomedical field is continually confronted with 

challenges because of the persistently low survival rates, which are primarily related to its 

high incidence. Tobacco consumption and excessive alcohol consumption are significant 

risk factors for oral cancer (Gopal et al 2025). Viral and fungal infections, poor oral 
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hygiene, immunosuppression, and protracted exposure to carcinogenic agents such as 

radiation, heavy metals, industrial chemicals, and inorganic acids are additional 

contributors (Kumar et al. 2016; Hernandez et al. 2017). Certain microbial species in the 

buccal cavity are suspected of promoting chronic inflammation, which has the potential to 

accelerate carcinogenesis (Tayyeb et al. 2024; Ravikumar et al. 2024). Additionally, the 

progression of the disease has been linked to opportunistic pathogens such as Candida 

species and human papillomavirus (HPV), even though HPV-related oral cancers occur in 

only a small percentage of cases (~2%). Among patients with oral cancer, the mortality 

rate is significant due to these etiological factors (Coletta et al. 2020). The five-year 

survival rate for oral cancer is approximately 60%; however, this figure can rise to 90% 

when the disease is detected at an early stage. Regrettably, late-stage diagnosis is a 

prevalent occurrence, affecting approximately 60% of patients. This is frequently the result 

of factors such as limited health literacy, socio-economic barriers, or delays in clinical 

recognition by healthcare professionals (Sujir et al. 2019). 

Surgical excision of the tumor is the primary strategy for conventional treatment of 

oral cancer, which is followed by chemotherapy and radiation therapy. Despite their 

widespread use, these methods are frequently expensive and can have a substantial negative 

effect on the life of patients (Rivera 2015). The selection of a therapeutic approach is 

contingent upon a variety of factors, such as the tumor’s anatomical location, size, 

histological grade, the patient's overall health status, their capacity to tolerate treatment-

related adverse effects, and their personal treatment preferences (Khalid et al 2025). The 

aggressive and metastatic character of malignant cells complicates conventional 

therapeutic interventions and increases the likelihood of treatment failure or disease 

recurrence in most cases (Yao et al. 2020). Consequently, it is imperative to investigate 

innovative therapeutic strategies that are both more effective and less harmful to healthy 

tissues. The development of targeted therapies that selectively target malignant cells while 

preserving normal ones has become a primary focus of recent cancer research. In this 

perspective, nanotechnology presents promising solutions as an emerging and 

transformative field (Gomerdinger et al 2025). Nanocarriers have garnered significant 

attention as potential drug delivery systems for oral cancer therapy. Their capacity to 

enhance drug bioavailability, target tumor sites, and reduce systemic toxicity renders them 

highly advantageous. Additionally, the utilization of biofunctionalized nanofibers, which 

are designed with high porosity and are labelled with therapeutic biomolecules, has yielded 

promising outcomes in the treatment of oral cancers (Kandaswamy et al. 2024).  

Gold nanoparticles (AuNPs) have become one of the most widely used materials 

among inorganic nanoparticles because of their singular combination of structural stability, 

biocompatibility, chemical inertness, and versatility. They are suitable for a variety of 

biomedical applications, particularly in cancer therapeutics, because of their well-

characterized surface chemistry, which enables efficient functionalization with a wide 

range of biological and chemical ligands (Hu et al. 2020). AuNPs show minimal toxicity 

at low concentrations, which further enhances their suitability for clinical applications. The 

synthesis of nanoparticles can be succeeded through various methods. However, these 

conventional methods frequently involve the use of hazardous reagents and high costs, 

which pose significant health and environmental risks due to the toxic byproducts produced 

during the synthesis or stabilization processes (Santhosh et al. 2022). To circumvent these 

constraints, there has been a significant increase in green synthetic methods, particularly 

those that employ plant extracts. The eco-friendly and large-scale production of AuNPs 

can be facilitated by phytochemicals that are present in plants, which function as natural 
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reducing and stabilizing agents. This method reduces production costs, eliminates the need 

for dangerous chemicals, and minimizes the environmental impact. As a result, plant-

mediated synthesis provides a more environmentally friendly, sustainable, and secure 

alternative to conventional nanoparticle fabrication methods (Sun et al. 2019). 

Plants have been utilized in traditional healing practices since ancient times, and 

they have been an abundant reservoir of medicinal compounds. A wide range of bioactive 

constituents within medicinal botanicals have been identified through phytochemical 

investigations, with numerous examples demonstrating therapeutic potential for a wide 

range of health conditions (Kalita et al. 2012). Lantana camara (L. camara) is a flowering 

ornamental shrub that is a member of the genus Lantana and the species Lantana camara 

Linn. It is classified in the Magnoliopsida class of the Magnoliophyta division of the 

kingdom Plantae. Locally, it is referred to as "Unni chedi" in Tamil (Ghisalberti 2000; 

Sharma et al. 2007). A variety of maladies have been treated with L. camara in traditional 

folk medicine. Lantadene A and Lantadene B are significant bioactive compounds among 

its phytochemical constituents. Scientific investigations have verified that leaf extracts of 

L. camara demonstrate a variety of pharmacological properties, such as antioxidant, 

antifungal, antibacterial, anticancer, wound healing, and antidiabetic properties (Barreto et 

al. 2010; Kato-Noguchi and Kurniadie 2021). L. camara is presently being investigated for 

its potential role in oral cancer therapy due to its proven bioactivity and traditional use in 

treating mouth ulcers.  

The present study introduces a unique plant-mediated approach for synthesizing 

AuNPs using L. camara extract, which differs from previously reported green synthesis 

methods in several key aspects (Al-Mafarjy et al 2024; Ruth et al. 2025). Unlike earlier 

studies that primarily focused on qualitative characterization, this work provides a 

comprehensive physicochemical and biological evaluation of the synthesized AuNPs, 

including UV–Vis, FTIR, XRD, TEM, SEM–EDX, and DLS analyses. Furthermore, the 

study demonstrates dual biological functionality both antibacterial and anticancer activities 

validated through ROS generation, caspase activation, and MTT assays, which have not 

been simultaneously reported for this plant system. The integration of quantitative 

statistical analysis and exact p-values enhances the scientific rigor and reproducibility 

compared with prior reports. 

In contrast to recent publications on plant-mediated AuNP synthesis (e.g., 

Azadirachta indica, Ocimum sanctum, Curcuma longa), this work uniquely establishes a 

mechanistic link between nanoparticle concentration, oxidative stress induction, and 

apoptosis, providing new insights into the biomedical potential of phytochemical-derived 

AuNPs. 

  
 
MATERIALS AND METHODS 
 
Preparation of L. camara Extract 

Fresh leaves of L. camara were collected from wild population in May 2025 from 

university garden of the south China Agricultural University campus, Guangzho. The 

leaves were thoroughly rinsed and air-dried in the shade. Subsequently, a clean mortar and 

pestle were employed to grind the desiccated leaves into powder. About 10 g of powdered 

leaf material and 100 mL of double distilled water were used for the extraction procedure 

(Kato-Noguchi and Kurniadie 2021). The release of phytochemicals was facilitated by 
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heating the resulting mixture at 60 °C for 15 min. The extract was filtered using Whatman 

No. 1 paper and stored at room temperature until use. 

 
Green Synthesis of AuNPs 

About 5 mL of the L. camara extract was combined with 45 mL of a 1.0 mM 

aqueous solution of Gold (III) chloride hydrate (AuCl₃⋅H₂O) to synthesize AuNPs. The 

biosynthesis was carried out at pH 7.0, under constant stirring at room temperature for 

60 min. The formation of AuNPs was indicative of the reduction of Au³⁺ ions to elemental 

gold (Au⁰) in the reaction mixture, as evidenced by a visible color change. The AuNPs 

were isolated by centrifuging the resulting colloidal suspension at 15,000 rpm for 30 min 

at 37 °C. The supernatant was discarded with care, and the settled nanoparticles were 

washed by re-suspending the granules in distilled water and centrifuging them again under 

the same conditions. The purpose of this washing phase was to eliminate any biomolecules 

or phytoconstituents that could potentially impede the characterization or application of the 

AuNPs. The purified AuNPs were stored at 4 °C in dark airtight containers to prevent 

aggregation and photodegradation.  

 
Characterization 

The morphological characteristics of the AuNPs were characterized using a 

TECNAI G2 20 TEM that was operated at 200 kV of accelerating voltage. To evaluate the 

shape and size distribution of particles, HR-TEM images were acquired. The identification 

of characteristic diffraction peaks corresponding to metallic gold was facilitated using 

XRD with Cu-Kα radiation. UV–visible spectroscopy was employed to investigate the 

optical properties of the AuNPs, which confirmed the SPR characteristic of AuNPs. The 

spectrophotometer utilized was a Shimadzu 1601 with a 2-mm path length quartz cuvette. 

The functional groups were identified via FTIR spectroscopy. To evaluate the colloidal 

stability and dispersion characteristics of the AuNPs, DLS and zeta potential analysis were 

carried out on a Malvern Zetasizer Nano-ZS90 instrument. The particle size distribution 

and surface charge were also evaluated. 

 

Anti-cancer Activity 
Cell culture 

Human KB cells were cultured in Dulbecco's Modified Eagle Medium (DMEM) 

supplemented with 10% fetal bovine serum (FBS) and 1% antimycotic solution, as 

obtained from the ATCC, USA. The cells were maintained in incubator (37 °C, 5% CO₂) 

until they were used in in vitro anticancer evaluations. 

 

Cytotoxicity Assay 
The MTT assay was employed to assess the cytotoxic effect of the AuNPs on KB 

cells. To facilitate appropriate cell adherence in the growth medium, KB cells were seeded 

in a 96-well microplate and allowed to incubation. The cells were incubated for 24 h after 

adhesion and treated with various doses of AuNPs (15 to 60 µg/mL). Immediately 

following the treatment period, 100 µL of fresh DMEM and 20 µL of MTT solution were 

introduced to each well, and a 4-h incubation period was conducted to facilitate the 

formation of formazan crystals. Afterward, add 100 µL of DMSO to each well to dissolve 

the formazan crystals. The absorbance at 570 nm was measured using a microplate reader. 
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Measurement of ROS 
The intracellular ROS generation in KB cells treated with AuNPs was assessed 

using DCFH-DA (2',7'-dichlorodihydrofluorescein diacetate) staining. To facilitate 

adherence, KB cells were dispersed in a 24-well plate in DMEM and incubated (37 °C, 24 

h). Subsequently treated the cells with 25 µg/mL and 30 µg/mL of AuNPs after incubation, 

and they were then incubated for an additional 24 h at 37 °C. Following treatment, 10 µL 

of DCFH-DA staining solution was added to each well, and incubated (37 °C, 1 h) in the 

dark. The fluorescence microscope was used to observe the accumulation of intracellular 

ROS. The increased fluorescence intensity in the AuNPs treated groups compared to the 

untreated controls indicated elevated ROS levels. 

 

Acridine Orange/Ethidium Bromide (AO/EB) Staining 
The AO/EB dual staining was implemented to evaluate apoptotic cell death in KB 

cells that were treated with AuNPs. To facilitate adherence, KB cells were dispersed in a 

24-well plate in DMEM and incubated (37 °C, 24 h). Following this, the cells were 

incubated for an additional 24 h under the same conditions and treated with 25 µg/mL and 

30 µg/mL of AuNPs. The cells were stained with a 1:1 ratio of AO/EB for 5 min at 37 °C 

immediately following treatment. The nuclear morphology and membrane integrity of the 

stained cells were subsequently analyzed using a fluorescence microscope to distinguish 

between viable, apoptotic, and necrotic populations. 

 

Propidium Iodide Staining 
The apoptotic morphological alterations in KB cells treated with AuNPs were 

visualized using propidium iodide (PI)-staining. KB cells were inoculated in 24-well plates 

in DMEM and incubated (37 °C, 24 h). The cells were subsequently incubated for an 

additional 24 h under the same conditions and treated with 25 µg/mL and 30 µg/mL of 

AuNPs. After treatment, 5 µL of PI staining solution was added and incubated in the dark 

for 20 min at room temperature. Examined the stained cells using a fluorescence 

microscope to evaluate their apoptotic characteristics. In the AuNPs-treated groups, PI 

staining demonstrated chromatin condensation and nuclear fragmentation, which suggests 

apoptotic cell death. 

 

Caspases Activity 
Commercial enzyme activity assay kits were employed to quantify the activity 

levels of caspase-3, caspase-8, and caspase-9 in control and AuNPs treated KB cells, in 

accordance with the manufacturer's guidance. The KB cells were treated with AuNPs at 

designated concentrations.  KB oral cancer cells were inoculated in 6-well plates for flow 

cytometric analysis of caspase-3, caspase-8, and caspase-9 expression. The cells were 

washed with PBS, and the culture medium was disposed at the conclusion of the treatment 

period.  

The cells were subsequently fixed by incubating them momentarily at 4 °C and 

adding 1.0 mL of pre-chilled 70% ethanol. The cells were centrifuged at high speed after 

fixation, and the supernatant was meticulously aspirated to prevent the particle from being 

disturbed. The particles were washed twice with PBS, and 5 µL of FITC-conjugated 

caspase antibody was subsequently added. The samples were thoroughly mixed and 

incubated in the dark (20–25 °C, 30 min). Following incubation, the cells were rinsed once 

with 1× PBS containing 0.1% sodium azide to eliminate any remaining unbound antibody. 
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Lastly, the cells were resuspended in 0.5 mL of PBS, thoroughly mixed, and analyzed using 

flow cytometry to quantify caspase-3-positive cells, which demonstrates apoptosis. 

 

Anti-bacterial Activity 
The antibacterial capabilities of the AuNPs were evaluated in relation to two 

bacterial strains Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus). The 

nutrient agar was prepared by dissolving the appropriate quantity in distilled water and 

subsequently sterilizing it through autoclaving. The medium was subsequently poured into 

Petri plates and permitted to solidify. 

Sterile swabs were employed to uniformly distribute bacterial cultures across the 

solidified nutrient agar surface. Sterile 6 mm filter paper discs were supplied with 5 µL of 

the AuNPs solution for the assay. These discs were subsequently affixed to the inoculated 

agar plates. The dishes were incubated (37 °C, 24 h). The efficacy of AuNPs against the 

respective bacterial strains was determined by measuring the diameter of the zone of 

inhibition (ZOI) formed around each disc, which was used to determine antibacterial 

activity. 

 

Statistical Analysis 
All experiments were performed in triplicate (n = 3) using independent biological 

replicates. Data was analyzed using GraphPad Prism v10.0 (GraphPad Software) and Excel 

used to perform all the statistical analyses. Analysis was done in triplicate, and we use 

mean for statistical analysis. One-way ANOVA test helps in determination of Statistical 

significance, succeeded by post hoc Tukey test. P < 0.05. was the fixed statistical 

significance. 

 

 
RESULTS AND DISCUSSION  
 
UV–Visible Spectroscopy 

Surface plasmon resonance (SPR) is a distinctive optical property of AuNPs, 

producing a characteristic absorption band in the visible region, typically between 500 nm 

and 600 nm, that can be effectively monitored using UV–visible spectroscopy. In this 

study, the L. camara extract alone exhibited a broad absorbance in the UV region and a 

minor shoulder in the visible range, attributable to its phytochemical constituents. Upon 

addition of HAuCl₄, however, a new, sharp SPR peak appeared at 568 nm, confirming the 

formation of AuNPs.  

A gradual red shift in the SPR peak was observed during synthesis, consistent with 

binding of plant biomolecules to the nanoparticle surface and the resulting increase in local 

refractive index (Ruth et al 2025). The SPR absorbance intensity stabilized after 

approximately 10 min, indicating that nucleation and growth of AuNPs had reached a 

steady state under the experimental conditions.  

While this stabilization reflects completion of particle formation dynamics, it does 

not alone confirm full reduction of Au³⁺ ions. The inference of near-completion was 

supported by the concurrent colour change and the absence of further spectral evolution 

beyond 10 min, together suggesting that most Au³⁺ ions were reduced to Au⁰ (Al-Mafarjy 

et al 2024). 
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Fig. 1. UV-Visible spectra of L. camara extract and L. camara mediated AuNPs 

 

Fourier Transform Infra-Red Spectroscopy 
The FTIR spectra of the L. camara extract and the AuNPs are depicted in Fig. 2 

and Table 1. The FTIR profile of the L. camara extract demonstrated the presence of a 

variety of functional groups that are involved in the reduction and stabilization of gold ions, 

as evidenced by the presence of several characteristic absorbance bands (Pasieczna-

Patkowska et al 2025; Patil et al 2024). The peaks at 950 and 1190 cm⁻¹ were the most 

prominent, indicating –C–F stretching vibrations. The peaks at 1354 cm⁻¹ were attributed 

to –C–O–C stretching of ether linkages. The peaks at 1497 cm⁻¹ were indicative of aromatic 

–C=C stretching. The peaks at 3001 cm⁻¹ were representative of –C–H stretching 

vibrations. In contrast, the FTIR spectrum of the AuNPs exhibited substantial absorbance 

bands at 1498 cm⁻¹ (aromatic –C=C) and a slightly displaced peak at 3010 cm⁻¹, which was 

associated with =C–H stretching. This suggests that these functional groups are involved 

in the bio-reduction and capping of AuNPs, as evidenced by their presence in both spectra. 

The interaction between gold ions and phytochemicals from L. camara during nanoparticle 

formation is also supported by the disappearance or displacement of specific peaks. 

 

Table 1. FTIR Peak Assignments of L. camara Extract and AuNPs 
 

Wavenumber 
(cm⁻¹) 

Functional group Assignment Sample name 

950 –C–F stretching Fluoro group vibrations L. camara extract 

1190 –C–F stretching Fluoro group vibrations L. camara extract 

1354 –C–O–C stretching Ether linkage L. camara extract 

1497 Aromatic –C=C stretching Aromatic ring vibrations L. camara extract 

3001 –C–H stretching Alkyl C–H bonds L. camara extract 

1498 Aromatic –C=C stretching Aromatic ring vibrations AuNPs 

3010 =C–H stretching Alkenyl C–H bonds AuNPs 
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Fig. 2. FTIR spectra of L. camara extract and L. camara mediated AuNPs 

 

Transmission Electron Spectroscopy 
The size, morphology, and structural characteristics of the AuNPs were analyzed 

using HR-TEM. The nanoparticles primarily demonstrated a spherical morphology. The 

average particle diameter was between 40 and 80 nm, as illustrated in Fig. 3. The particle 

size distribution, obtained by measuring over 100 particles using ImageJ software, 

indicated an average diameter of 65.4 ± 12.7 nm, consistent with the TEM micrographs 

(Fig. 3). The particle size histogram confirmed a narrow distribution, suggesting 

homogeneous nucleation during biosynthesis. The HRTEM images demonstrated lattice 

fringes that were well-resolved, with an interplanar spacing of approximately 0.21 nm. This 

fringe spacing is in close agreement with the (111) crystal planes of face-centered cubic 

(FCC) gold crystals, which typically exhibit a spacing of 0.235 nm, as per previous reports 

(D’Souza et al. 2018). These results substantiate the biosynthesized AuNPs' high structural 

integrity and crystalline nature. 

 

 
 

Fig. 3. TEM images AuNPs synthesized using L. camara 

 

Scanning Electron Microscopy (SEM) and Selected Area Electron 
Diffraction (SAED) 

AuNPs demonstrated homogenous spherical morphology with well-defined and 

regular surface features, as confirmed by SEM analysis (Fig. 4A). The images 
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demonstrated a uniform distribution of particles, suggesting that the sample was consistent 

in terms of size and shape. The crystallinity of the AuNPs was further corroborated by a 

structural analysis using SAED. This was demonstrated by the distinct diffraction rings 

that corresponded to the characteristic planes of FCC gold (Fig. 4B).  

 

 
 

Fig. 4. SEM image (A); and SAED pattern (B) of AuNPs synthesized using L. camara 

 

X-Ray Diffraction 
AuNPs are illustrated in Fig. 5 by their XRD pattern. The diffractogram exhibits 

five prominent peaks at 38.3°, 44.5°, 64.8°, 77.7°, and 81.6°. These peaks correspond to 

the (111), (200), (220), (311), and (222) crystallographic planes, respectively. As per 

JCPDS file no. 04-0784, these diffraction peaks are in accordance with the FCC structure 

of metallic gold.  

 

 
Fig. 5. XRD pattern of AuNPs synthesized using L. camara 
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The peak at 38.3°, which corresponds to the (111) plane, is the most intense among 

these reflections, indicating a preferential crystalline orientation in the (111) direction. The 

high crystallinity and phase integrity of the synthesized nanoparticles are indicated by the 

dominant (111) facet, which is typical for AuNPs. The average crystallite size calculated 

using the Scherrer equation. 𝐷  =  𝐾 𝜆 / (𝛽 𝑐𝑜𝑠 𝜃) was 21-25 nm, confirming the 

crystalline nature of the biosynthesized AuNPs. The lattice fringe spacing observed in 

HR-TEM (≈ 0.21 nm) closely matched the (111) plane of FCC gold (0.235 nm), 

corroborating high structural integrity and crystallinity. 

 

Energy-Dispersive X-ray Spectroscopy 
The elemental composition of the biosynthesized AuNPs was analyzed using EDX 

spectroscopy (Fig. 6). The spectrum exhibited intense signals corresponding to elemental 

gold, confirming successful nanoparticle formation. A carbon peak was also detected, 

indicating the presence of organic molecules from L. camara extract adsorbed on the 

nanoparticle surface, which likely acted as reducing and capping agents. The apparent 

copper peaks observed in the spectrum originate from the copper grid used as the substrate 

during TEM/EDX analysis, rather than from the sample itself. This is a well-known artifact 

in EDX characterization, as the Cu grid contributes background signals that can overlap 

with Au peaks due to their close energy positions. The dominant Au signals and absence 

of other metallic impurities confirm the purity and successful synthesis of the AuNPs. 

 

 
Fig. 6. EDX analysis of AuNPs synthesized using L. camara 

 

Zeta and Dynamic Light Scattering 
The synthesized AuNPs exhibited a zeta potential of −24.3 mV (Fig. 7A), which 

helps explain their moderate colloidal stability. The negative surface charge promotes 

electrostatic repulsion among nanoparticles, thereby reducing aggregation and enhancing 

dispersion stability (Gunupuru et al 2025). In addition to electrostatic effects, partial 

stabilization may also arise from steric hindrance provided by biomolecules and 

biosurfactants derived from L. camara extract, which act as capping agents on the 

nanoparticle surface. Interestingly, nanoparticles with slightly lower negative surface 

charge often show improved cellular uptake, as reduced electrostatic repulsion facilitates 

membrane interaction and internalization (Raj et al. 2018). The average hydrodynamic 
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diameter of the AuNPs 71.2 ± 15.2 nm and a polydispersity index (PDI) of 0.214, as 

determined by DLS analysis (Fig. 7B), confirming a monodisperse distribution and 

successful bio-reduction synthesis (Rahman et al. 2022). 

 

 
 

Fig. 7. Zeta potential (A); and DLS (B) of AuNPs synthesized using L. camara 

 

Cytotoxicity 
The MTT assay was employed to evaluate the inhibitory potential of the AuNPs on 

KB cell viability. As shown in Fig. 8A, the viability of KB cells decreased significantly 

with increasing AuNP concentration compared to the untreated control.  

 
 

Fig. 8. (A) Cell viability of KB cells treated with AuNPs at concentrations of 15, 30, 45, and 60 
µg/mL, determined by MTT assay. Data represent mean ± SD from three independent biological 
replicates (p < 0.05, p < 0.01, p < 0.01, p < 0.01 vs. control). (B) Representative microscopic 
images showing morphological alterations in KB cells after treatment with AuNPs at 25 and 30 
µg/mL compared with untreated control. 
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At 25 µg/mL and 30 µg/mL, cell viability was reduced to approximately 50 %, 

corresponding to an IC₅₀ value of 30 µg/mL. The dose-dependent decline in viability 

confirms the cytotoxic efficacy of the nanoparticles. Microscopic observations (Fig. 8B) 

further revealed morphological alterations such as cell shrinkage, membrane detachment, 

and apoptotic features, substantiating the inhibitory effect of AuNPs on KB cell 

proliferation. These results are consistent with recent reports of green-synthesized AuNPs 

exhibiting dose-dependent cytotoxicity (Martínez-Saráoz et al. 2025). 

 

ROS Activity 
ROS levels in AuNPs treated KB cells are elaborated on Fig. 9. The untreated 

control cells exhibited minimal green fluorescence, suggesting a low basal level of ROS. 

In contrast, KB cells that were exposed to AuNPs at 25 µg/mL and 30 µg/mL exhibited a 

profound increase in intracellular ROS levels, as evidenced by the intense green 

fluorescence. These findings verify that the oxidative stress within KB cells was 

significantly elevated following treatment with the synthesized AuNPs. The intrinsic 

apoptotic pathway is activated by the release of cytochrome-c from mitochondria into the 

cytosol, which is a known mechanism by which elevated ROS levels initiate apoptosis 

(Chang et al. 2021). The present results are consistent with this mechanism, as they 

demonstrate that AuNPs induce ROS-mediated cytotoxicity in KB cells, thereby 

contributing to their anticancer potential. 

 
Fig. 9. Effect of AuNPs on ROS generation in the oral cancer KB cells. With significance of 
(p < 0.01, p < 0.001 vs. control). The increase in ROS levels indicates oxidative stress induced by 
AuNP exposure. 

 

Live/Dead Staining 
The results of the pro-apoptotic effect of AuNPs on KB cells were further validated 

using AO/EB dual staining, as illustrated in Fig. 10. Viable cells with intact membranes 

and no signs of apoptosis were shown by the strong green fluorescence of KB cells in the 

control group. On the other hand, the cells that were treated with 25 and 30 µg/mL of 

AuNPs exhibited an increase in yellow to orange fluorescence, which is indicative of early 

and late apoptotic cells, individually. These results corroborate that apoptosis is induced 

by AuNPs in a dose-dependent manner. Liu et al. (2015) reported that the AO/EB staining 

technique is effective in distinguishing between viable and apoptotic cells, thereby 

corroborating its utility in evaluating nanoparticle-induced cytotoxicity. 
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Fig. 10. Effect of AuNPs on apoptotic cell death in the oral cancer KB cells 

 

Apoptotic Changes 
The apoptotic staining of KB cells treated with AuNPs is depicted in Fig. 11, as 

observed through PI staining. The control cells exhibited modest red fluorescence, which 

suggested the absence of apoptosis and minimal membrane compromise. In contrast, KB 

cells treated with 25 and 30 µg/mL of AuNPs exhibited intensified red fluorescence, a 

symptom of apoptotic cell death that is the result of increased membrane permeability and 

nuclear damage.  

The function of AuNPs in promoting apoptotic pathways is further validated by the 

enhanced red fluorescence in treated groups, which supports their anticancer potential. 

 

 
 

Fig. 11. PI staining showing intensified red fluorescence in AuNP-treated KB cells, indicating 
apoptosis compared to control 

 

Caspases Activity 
The results of the enzymatic activities of caspase-3, caspase-8, and caspase-9 in 

control and AuNPs treated KB cells are illustrated in Fig. 12. The control group 

demonstrated baseline caspase activity, which suggests that apoptotic signaling was 

minimal, as demonstrated.  

Conversely, KB cells that were given AuNPs at doses of 25  and 30 µg/mL 

exhibited significantly increased levels of caspase activities. These results indicate that 

AuNPs effectively activated both intrinsic (caspase-9) and extrinsic (caspase-8) apoptotic 

pathways, which ultimately resulted in the activation of executioner caspase-3. The 

apoptosis-inducing potential of the AuNPs in KB cells was confirmed by the upregulation 

of caspase activity. 
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Fig. 12. Caspase activation in KB cells is treated with AuNPs. (A) Caspase-3, (B) Caspase-8, and 
(C) Caspase-9 activities increased significantly in a dose-dependent manner. Bars represent 
mean ± SD (n = 3). (p < 0.01, p < 0.01, p < 0.001 vs control). 

 

Anti-microbial Activity 
The antimicrobial activity of the AuNPs was assessed against both Gram-positive 

and Gram-negative bacterial genotypes. The results are visually depicted in Fig. 13, and 

the Zones of Inhibition (ZOIs) are summarized in Table 1. AuNPs labelled as 5 exhibited 

the most potent antibacterial activity among the tested samples, demonstrating the largest 

inhibition zones. The assay conditions were validated by the production of a 23-mm 

inhibition zone. S. aureus exhibited significantly larger inhibition zone than the E. coli. 

This implies that AuNPs have more potent antibacterial properties against Gram-positive 

bacteria. The increased efficacy may be attributed to the relatively more permeable cell 

walls of Gram-positive bacteria and the stronger surface interactions between the 

negatively charged AuNPs (zeta potential = −21 mV). In contrast, the interaction between 

nanoparticles and the outer membrane of Gram-negative bacteria is likely to be reduced by 

electrostatic repulsion. 

The discharge of ionic gold (Au⁺) from the nanoparticle surface is the mechanism 

of antibacterial action. This substance can penetrate bacterial cell walls, disrupt ATP 

synthesis, and inhibit DNA replication. Upon entering the cytoplasm, Au⁺ ions interact 

with thiol (−SH) groups of cellular proteins, resulting in metabolic dysfunction through 

disrupted proton gradients and impaired respiratory activity, and compromising membrane 

integrity (Anbu et al. 2020). 

The AuNPs synthesized in this study exhibited superior antibacterial activity, 

against S. aureus and E. coli, in comparison to previously reported green-synthesized 

AuNPs, including those produced using Lignosus rhinocerotis, Uncaria gambir, and 

macadamia nut shells, which exhibited inhibition zones in the range of 8 to 10 mm at higher 
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concentrations (Arifianto et al. 2025; Katas et al. 2019; Arief et al. 2020). The increased 

antimicrobial activity observed in this study is likely influenced by factors such as the 

nature of the capping agents used during green synthesis, particle size, degree of surface 

functionalization, and surface chemistry (Barabadi et al. 2020; Saravanan et al. 2021). 

Furthermore, the shorter synthesis time offers practical advantages in terms of applicability 

and scalability. Future studies will include MIC and MBC determinations using broth 

microdilution, providing quantitative measures of bacteriostatic and bactericidal activity 

and enabling stronger comparisons with recent reports. 
 

 
 

Fig. 13. Anti-bacterial activity of AuNPs against S. aureus and E. coli 
 

Table 1. Anti-bacterial Activities (zones of Inhibition) of AuNPs at Concentrations 
of 5, 10, and 20 µg 
 

Tested Bacteria Inhibition Zone by Tested Sample (mm) 

 AuNPs (5 μg) AuNPs (10 μg) AuNPs (20 μg) 

S. aureus 18 ± 0.5 20 ± 0.3 23 ± 0.2 

E. coli 10 ± 0.4 12 ± 0.3 15 ± 0.2 

 

These results emphasize the potential of L. camara mediated AuNPs as a 

prospective novel anticancer agent for the treatment of oral cancer. To completely elucidate 

the detailed molecular mechanisms that underlie the anticancer effects of these AuNPs and 

to validate their therapeutic potential in clinical applications, additional in-depth studies 

are required. 

 
 

CONCLUSION 
 

This study successfully demonstrated the green synthesis of gold nanoparticles 

(AuNPs) using L. camara extract, establishing a sustainable and eco-friendly route for 

nanoparticle fabrication. This was confirmed by UV–Vis, FTIR, TEM, SEM, SAED, XRD, 

EDX, zeta potential, and DLS analyses.  

1. The nanoparticles exhibited spherical morphology. The average particle diameter was 

between 40 and 80 nm. The nanoparticles exhibited strong crystallinity with FCC (111) 

orientation. 
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2. AuNPs showed moderate colloidal stability and monodispersity, supported by 

phytochemical capping agents. 

3. They demonstrated dose-dependent cytotoxicity in KB oral cancer cells, inducing 

reactive organic species (ROS) generation and caspase-mediated apoptosis. 

4. Significant antibacterial activity was observed, particularly against S. aureus, 

highlighting dual biomedical potential. 

5. Future studies will expand cytotoxicity testing to normal and additional cancer cell 

lines, employ advanced molecular assays (Annexin V/PI, mitochondrial potential, 

Western blot), determine MIC/MBC for antibacterial activity, and validate efficacy and 

biocompatibility in vivo with scalable synthesis optimization. 
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