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ABSTRACT
Objective(s): Green synthesis of gold nanoparticles (AuNPs) using plant extracts has gained significant 
attention for its eco-friendly approach and potential therapeutic applications. In this study, we present the 
green synthesis of AuNPs utilizing Stachytarpheta jamaicensis extract, exploring its potency for anticancer 
therapy. 
Materials and Methods: The synthesized AuNPs were characterized using various techniques, including 
UV-Vis spectroscopy, Fourier Transform-Infrared (FT-IR), Scanning Electron Microscope (SEM), and 
Particle Size Analyzer (PSA). The anticancer potency of AuNPs was examined by MTT assay in the breast 
cancer (MCF7) cell line, along with gene expression analysis of two oncogenes, c-Myc (MYC) and Cyclin D1 
(CCND1). 
Results: The formation of AuNPs was proven by SEM with an average particle size of 60.3 nm. FTIR analysis 
elucidated the plant extract components responsible for the reduction and stabilization processes during 
AuNP synthesis, affirming the involvement of multiple compounds from S. jamaicensis extract. Cytotoxicity 
assessments in the MCF7 cell line demonstrated a substantial reduction in cell viability, yielding an IC50 
value of 19.53 µg/mL. The downregulation of MYC and CCND1 following AuNP treatment hinted at a 
potential mechanism underpinning the observed decrease in cell viability. 
Conclusion: Our findings significantly contribute to the evolving body of evidence advocating for the use 
of green-synthesized AuNPs from S. jamaicensis extract as promising contenders in anticancer therapy. 
Emphasizing their potential in targeted cancer treatment strategies, this study underscores the importance 
of environmentally conscious approaches in nanomedicine development.
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INTRODUCTION
Gold nanoparticles (AuNPs) have garnered 

considerable attention due to their versatile 
applications [1-3]. Due to their small size, these 
particles have the ability to penetrate tissues 
and target immune cells, including lymphoid 
tissues. This characteristic makes them potentially 
valuable in applications such as immunotherapy, 

drug delivery, and anticancer therapy. Moreover, 
AuNPs are recognized for their potential utility as 
nano-sensors, biomarkers, colorimetric sensors, 
antibacterial agents, and antioxidants [4-6]. 
These nanoparticles can be easily synthesized, 
offering high chemical and thermal stability [7]. 
However, conventional physical and chemical 
synthesis methods, despite their efficacy, have 
drawbacks concerning environmental impact and 
potential hazards to human health, limiting their 
applicability in sensitive fields such as food and 
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medicine [8]. 
In response to the demand for sustainable 

practices, researchers have shifted their focus 
to develop safer methods for AuNP synthesis. 
Among these methods, the utilization of biological 
systems, including microbes, fungi, and plant 
extracts, has gained prominence [9-11]. In contrast 
to the challenges encountered in microbe-assisted 
synthesis [11], the process of plant-mediated 
ones is gaining more attention due to its ease of 
handling and the ability to control the size and 
shape of NPs. Phytochemicals such as flavonoids, 
polyphenols, and alkaloids play pivotal roles in the 
reduction of gold ions, leading to the formation of 
stable and biocompatible AuNPs. Plant-mediated 
synthesis of AuNPs stands out for its simplicity, 
rapid synthesis rate, eco-friendliness, and the 
potential enhancement of biocompatibility 
with biomolecules [10, 12, 13]. One of the most 
compelling aspects of green-synthesized AuNPs 
lies in their potential for anticancer therapy [14-
16]. AuNPs have demonstrated inherent cytotoxic 
effects on cancer cells while sparing normal 
cells, making them ideal candidates for targeted 
drug delivery and localized therapy [17-19]. The 
biocompatible nature of plant-synthesized AuNPs 
further enhances their compatibility within 
biological systems, fostering the development of 
novel strategies for cancer treatment with reduced 
side effects [17].

Stachytarpheta jamaicensis (L.) Vahl, belonging 
to the Verbenaceae family, predominantly 
flourishes in tropical regions of the Americas and 
subtropical forests spanning Africa, Asia, and 
Oceania [20]. This herbaceous plant, considered 
weedy, reaches a height of 60–120 cm and is 
distinguished by a smooth, dark green stem that 
transitions to a woody base. S. jamaicensis boasts 
a rich content of secondary metabolites, including 
alkaloids, flavonoids, phenols, steroids, and 
terpenoids. Notably, the phenolic compounds, 
consisting of coumarins, flavonoids, tannins, and 
saponins, have been extensively investigated 
for their therapeutic attributes. Among these, 
the phytochemicals in the phenolic compounds 
of S. jamaicensis, incorporating coumarins, 
flavonoids, tannins, and saponins, have garnered 
considerable attention from researchers due to 
their therapeutic potential. This plant, renowned 
in herbal medicine, is acknowledged for a diverse 
array of properties, including antacid, analgesic 
[21], anti-inflammatory [22], hypotensive [23], 
diuretic, laxative, sedative, and spasmogenic.

Building upon prior research on the 
biosynthesis of AuNPs [24, 25], this study is 
the first to introduce the green synthesis of 
AuNPs utilizing S. jamaicensis leaf extract. The 

synthesized AuNPs underwent comprehensive 
characterization through UV–visible Spectroscopy, 
Fourier Transformed Infrared Spectroscopy (FT-IR), 
Scanning Electron Microscopy (SEM), and Particle 
Size Analyzer (PSA). The anticancer potential of 
AuNPs formulated with S. jamaicensis leaf extract 
was explored against the MCF7 breast cancer cell 
line, along with an assessment of the mRNA levels 
of Cyclin-D1 and c-Myc, two influential oncogenes 
associated with breast cancer.

MATERIALS AND METHODS
Preparation of S. jamaicensis leaf extract

Fresh S. jamaicensis leaves were collected 
from the author’s private collection. The leaves 
were washed once with tap water and twice with 
double-distilled water. The S. jamaicensis leaves 
(7 g) were finely diced and mixed with 35 mL of 
ddH2O. The mixture was then stirred and heated for 
60 min at 55 °C. The mixture was then centrifuged 
and filtered through Whatman No. 1 filter paper 
to obtain the aqueous extract  [26].

Synthesis of AuNPs
Gold ion solution was prepared by dissolving 

20 mg of HAuCl4 (Smart Lab, Indonesia) with 20 
mL of ddH2O to form a 1 g/L solution. AuNPs were 
prepared by mixing 20 mL of gold ion solution with 
20 mL of plant extract. The mixture were then 
incubated for 24 hr at room temperature in dark 
conditions. The mixture color changed to a deep 
purple due to the formation of AuNPs.

Characterization of AuNPs
The reduction of AuNPs was verified through 

UV-Vis spectroscopy, conducted at 2 nm intervals 
within the range of 400–700 nm. Identification 
of the bioreduction compounds involved in the 
reaction was carried out using FT-IR, specifically 
with the Bruker Alpha II ECO-ATR system covering 
the range of 450–4000 cm−1. AuNPs positioned 
on the surface of the Attenuated Total Reflection 
(ATR) SURFACE, underwent spectral analysis 
through scanning at a defined resolution. The 
OPUS software facilitated the analysis of spectral 
data, aligning it with available reference databases 
of spectra. For size distribution determination 
in the liquid phase, PSA characterization was 
employed. This method was commenced with 
an analysis of refractive index and viscosity in the 
test samples and was crucial for understanding NP 
properties like chemical receptivity, stability, and 
biocompatibility. Subsequently, 2 mL of sample 
was introduced into a PSA analysis cuvette, where 
a laser beam was emitted into the sample, and 
the intensity of the reflected light was measured 
to ascertain particle size and distribution [27, 28]. 
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The AuNPs emulsion underwent freeze-drying, 
and the resulting dried sample was scrutinized for 
structure using a SEM (Thermo Fisher Scientific 
Phenom P-series) at magnifications ranging from 
10,000 to 30,000x. 

Cell proliferation analysis and half-maximal 
inhibitory concentration (IC)-50 determination

To determine the IC50 value, MCF-7 cells (5,000/
well) were plated in a 96-well format. Following a 
24 hr incubation, cell groups were subjected to 
treat with either DMSO (control) or AuNPs diluted 
in DMSO at the varying concentrations (25, 50, 100 
µg/mL) for an additional 48 hr. Post-incubation, 10 
μL of 12 mM MTT solution was introduced to each 
well, followed by a 3 hr incubation period, and the 
reaction was halted with the addition of 100 μL of 
STOP solution. Thorough mixing of the samples 
was ensured before measuring absorbance at 570 
nm [29]. 

RNA isolation and gene expression analysis
MCF-7 cells were cultured in 6-well plates 

and subsequently categorized into four groups, 
each treated for 48 hr: the control group (DMSO-
treated), positive control (treated with doxorubicin 
at 10 µg/mL), AuNP-I group (treated with AuNPs at 
25 µg/mL), and AuNP-II group (treated with AuNPs 
at 50 µg/mL). Total RNA isolation was performed 
using the SV Total RNA Isolation System (Promega) 
following the manufacturer’s protocol [30]. cDNA 
synthesis was conducted using ReverTra Ace 
qPCR RT Master Mix (Toyobo) according to the 
manufacturer’s protocol, and q-PCR analysis was 
carried out using Thunderbird Next SYBR qPCR Mix 
(Toyobo). Forward and reverse primers for Cyclin 

D1 (CCND1), c-Myc (MYC), and β-actin (ACTB) 
were designed using Primer3Plus and obtained 
from Genebank (https://www.ncbi.nlm.nih.gov/) 
(Table 1). ACTB served as the internal control or 
reference gene. PCR reactions were conducted in 
a Rotor gene (MyGo Pro) thermocycler. The fold 
change in mRNA expression was calculated using 
the formula below:

Description:
Ct : Cycle threshold
Ctg : target gene
Cct : control gene

Statistical analysis
The data were acquired and presented as mean ± 

SD. Statistical analysis was conducted with GraphPad 
Prism 8, including a Shapiro-Wilk test (α>0.05) to 
assess data normality. Subsequent analyses were 
performed using either parametric or nonparametric 
methods based on the normality of the data.

RESULTS
Synthesis and characterization of AuNPs

The successful formation of AuNPs was 
visually confirmed by the emergence of a distinct 
purple color upon the mixing of the plant extract 
with HAuCl4 solution (Fig. 1A). In the synthesis 

 

Gene Primer Forward (5’→3’) Primer Reverse (5’→3’) 

CCND1 AACTACCTGGACCGCTTCCT CCACTTGAGCTTGTTCACCA 

MYC GGAGGAACAAGAAGATGAGG GTAGTTGTGCTGATGTGTGG 

ACTB CCACACTGTGCCCATCTA CG CAACTTCTGCCTTTGGCTTC 

 

Table 1. Forward and reverse primers sequences

Fig. 1. Synthesis and characterization of AuNPs with S. jamaicensis extract. (A) S. jamaicensis leaves and color changes during synthesis 
AuNPs, and characterization of AuNPs using Uv-Vis spectrophotometry (B) and SEM with 10.000x (C) and 30.000x magnification (D)
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process, the plant extract served as a potent 
reducing agent, effectively converting Au3+ to 
Au0. The resulting colloidal solutions underwent 
thorough examination using UV-vis spectroscopy, 
as illustrated in Fig. 1B. Notably, the absorption 
peaks of the AuNPs manifested within the 
wavelength range of 520-540 nm, consistent with 
the characteristic surface plasmon resonance (SPR) 
of AuNPs, typically observed around 520 nm and 
influenced by its size [31]. To further elucidate the 
morphology of AuNPs, SEM imaging was conducted, 
providing valuable insights into their structural 
features. As depicted in Fig. 1C, SEM images offer a 
clear visualization of AuNPs synthesized utilizing S. 
jamaicensis leaf extract. The observed accumulation 
of AuNPs reinforces the successful and controlled 
biosynthesis of AuNPs through this eco-friendly and 
efficient method.

FT-IR analysis was employed to discern 
potential bio-reducing biomolecules within the 
extract [26]. The identification of functional 
groups on the surface of synthesized AuNPs was 
conducted through FT-IR measurements, with the 
resulting spectra of both AuNPs and S. jamaicensis 
extract presented in Fig. 2A. The key peaks in the 
S. jamaicensis extract were observed at 3466, 
1790, 1638, 1556, 964, and 571 cm-1. Specifically, 
the peak at 3466 cm-1 signifies the presence of OH 
groups, encompassing both phenolic and aliphatic 
hydroxyl functionalities. The peak at 1790 cm-1 

corresponds to the C=O stretching of acid 
halides, while the peak at 1638 cm-1 is indicative 
of C=C stretching in alkene groups. The presence 
of lignin, associated with the vibration of the 
aromatic skeleton C=C, is highlighted by the peak 

at 1556 cm-1 [32]. Additionally, peaks at 964 cm-1 
correspond to the C=C bending of alkene, while 
those at 571 cm-1 represent the C-I stretching 
of halo compounds. These distinctive peaks 
collectively contribute to the comprehensive 
characterization of the identified biomolecules 
involved in the reduction process.

The FT-IR spectrum of AuNPs revealed distinct 
peaks at 3466, 2114, 1793, 1634, 1466, 1127, 
1100, and 629 cm-1. A minor wavelength shift 
was observed in the peaks corresponding to the 
functional groups present in the extract before 
and after the formation of AuNPs, suggesting an 
interaction between these functional groups and 
the NPs. The broad peak at 3466 cm-1 signifies the 
characteristic presence of phenolic compounds, 
while the peak at 2114 cm-1 indicates the 
representation of a simple gold monocarbonyl 
species. Additionally, bands at 1634 cm-1, 1127  
cm-1, and 1100 cm-1 correspond to the alkene 
group, tertiary alcohol, and aliphatic ether of the 
plant extract, respectively. These findings suggest 
that the S. jamaicensis extract not only facilitates 
the reduction of gold ions but also plays a crucial 
role in stabilizing the resulting AuNPs.

The particle size distributions obtained from 
PSA results for S. jamaicensis extract, HAuCl4 
and colloidal AuNPs are presented in Fig. 2B-D, 
respectively. The average particle sizes measured 
for S. jamaicensis extract, HAuCl4, and AuNPs 
colloids are 34.1, 224.3, and 60.3 nm, respectively. 
This outcome serves as compelling evidence of 
the S. jamaicensis extract’s capability to effectively 
reduce HAuCl4 to AuNPs, as demonstrated by the 
considerable reduction in particle size.

Fig. 2. Characterization of AuNPs using FT-IR (A) and PSA (B-D).
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Half-maximal inhibitory concentration (IC50) of 
AuNPs

The IC50 of AuNPs was determined through a 
comprehensive assessment involving three dose 
variations (25, 50, and 100 µg/mL) and a single 
incubation time (48 hr). The MTT assay was 
employed as the measurement method, and the 
obtained optical density (OD) results enabled 
the calculation of cell viability percentages. 
Utilizing the data on percent cell viability, the 
IC50 value was determined, representing the dose 
required for AuNPs to induce a 50% reduction in 
cell population from the initial number. The IC50 
results for AuNPs are depicted in Fig. 3. In the 
MCF7 cell culture, following a 48-hr incubation 
period, AuNPs demonstrated a notable inhibition 
of cell viability ranging from 37.42% to 55.66%, 
ultimately yielding an IC50 value of 19.53 µg/mL. 
These findings underscore the significant anti-
proliferative effects of AuNPs and provide valuable 
insights into their potential therapeutic application 
in cancer treatment.

Effect of AuNPs on CCND1 and MYC expression
A predominant cause of cancer malignancies 

stems from the heightened expression of 
oncogenes within cells. The proteins encoded 
by the MYC gene play a pivotal role in governing 
the cell cycle and cell proliferation by regulating 
key genes associated with the cell cycle, including 
cyclin, CDKs, and transcription factor E2F [33]. 
Expression values, representing mRNA levels 
normalized to the control group expression, were 
determined through triplicate experiments with 
comparisons made using the housekeeping gene 
ACTB. The error bars in the figures illustrate the 
mean ± SD.

In Fig. 4A, it is evident that treatment with 
AuNPs led to a significant reduction in the mRNA 
levels of the MYC oncogene. Specifically, at a dose 
of 25 μg/mL, there was a 24% decrease in MYC 
expression (0.76 ± 0.12-fold), while the 50 μg/mL 
dose resulted in a substantial 63% reduction in 
MYC expression (0.37 ± 0.01-fold). Fig. 4B further 
highlights the efficacy of AuNPs in diminishing 
the expression of Cyclin D1 (CCND1). The 25 μg/
mL dose of AuNPs demonstrated a noteworthy 
64% reduction in the CCND1 expression (0.36 ± 
0.02-fold), while the 50 μg/mL dose achieved a 
70% decrease in CCND1 expression (0.3 ± 0.19-
fold). These findings underscore the potential 
of AuNPs to modulate the expression of critical 
oncogenes, providing valuable insights into their 
anti-proliferative mechanisms in cancer cells.

DISCUSSION
In recent decades, advancements in 

nanotechnology, particularly with AuNPs, 
have paved the way for numerous bioscience 
applications, especially in the detection of 
biomarkers, leveraging the distinctive optical 
properties of colloidal AuNPs. This study explores 
the potential of the S. jamaicensis plant extract 
as a reducing agent to facilitate the reduction of 
gold ions, leading to the aggregation and growth 
of AuNPs. As noted by Wuithschick et al., the 
emergence of a blue/purple color during synthesis 
is attributed to the adsorption of NaAuCl4 
on the nanoparticle surface, influencing the 
surface chemistry and dielectric constant of the 
surrounding medium. The reduction of NaAuCl4 
occurs rapidly, resulting in light extinction by 
AuNPs and generating colors spanning from 

Fig. 3. IC50 of AuNPs from S. jamaicensis extract against MCF7 
cell line after 48 hr of treatment

Fig. 4. mRNA expression of MYC (A) and CCND1 (B) in MCF7 
cell line following treatment with AuNPs for 48 hours. Doses of 

AuNP: 25 μg/mL and 50 μg/mL
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red and purple to blue and ultimately, brown 
[34]. These color variations are contingent upon 
factors such as particle size, shape, structure, and 
aggregation state, constituting a phenomenon 
known as localized surface plasmon resonance, 
wherein the surface electrons of AuNPs oscillate 
in resonance with incident light [35-37].

Our results align with Zuber et al.’s findings, 
which observed a change in the solution color 
and the appearance of a plasmon peak between 
520–540 nm, as a sign of AuNP formation [38]. 
Validated by UV-vis spectroscopy, our study 
confirms the reaction completion after 24 hr, 
revealing a plasmonic peak at 520-540 nm. This 
substantiates the successful synthesis of AuNPs 
and highlights their potential applications in 
biomedical and bioscience applications.

In our current study, we explored the potential 
of S. jamaicensis extract in synthesizing AuNPs. 
SEM studies unveiled the morphology of AuNPs 
with a measured average particle size of 60.3 nm 
as determined by PSA. AuNPs with varying sizes 
exhibit distinct absorption spectra, with maximum 
absorption peaks typically falling within the 
range of 520–530 nm when the diameters range 
from 12 to 41 nm. The observed purple color 
of the green0synthesized AuNPs and the larger 
average nanoparticle diameter aligns with the 
previous findings, where colors transition from 
orange to red, and then, to purple with increasing 
nanoparticle sizes [39]. These results support the 
findings of our study, where the color of the AuNPs 
solution is deep purple, and the average diameter 
is bigger than 41 nm.  

 The synthesis process involved mixing 
Au metal precursor solution with S. jamaicensis 
extract, which acted as both a reducing and 
stabilizing agent. FT-IR analysis revealed the 
components of the plant extract responsible for the 
reduction and stabilization processes. Consistent 
with a previous study on AuNPs synthesized from 
Abies spectabilis extract, our FT-IR data (Fig. 2A) 
indicated the involvement of multiple compounds 
from S. jamaicensis extract in the synthesized 
AuNPs, suggesting their potential role as capping 
agents [28, 40].

The cytotoxic effects of AuNPs have been 
documented in the various cancer cell lines, 
including Hep2, MDA-MB-231, Caco-2, and T24 
cancer cells [28, 41-43]. The observed cytotoxicity 
of AuNPs is intricately linked to factors such as NP 
size, surface charge, and functional groups [44]. 

Smaller AuNPs, characterized by increased tissue 
distribution, deeper penetration into specific 
tissues, enhanced cellular uptake, and heightened 
toxic effects, have been associated with these 
cytotoxic outcomes [17]. Taking these factors 
into consideration, our investigation revealed 
a notable decrease in cell viability following 
treatment with synthesized AuNPs at relatively 
low concentrations, resulting in an IC50 value of 
19.53 µg/mL in the MCF7 cell line. In contrast, 
spherical AuNPs (21 nm) stabilized by citrate 
showed no toxic effects on human breast cancer 
cell lines (MCF-7) or human prostate cancer cell 
lines (PC-3), as reported by the previous studies. 
Additionally, it has been documented that 
spherical AuNPs (10–50 nm) stabilized by citrate 
exhibited non-toxicity towards human leukemic 
cells (K562) [45]. This study clearly illustrates that 
the photochemicals found in S. jamaicensis serve 
as an effective anticancer coating on AuNPs.

To gain insights into the mechanism behind 
the observed reduction in the cell viability, we 
examined the mRNA expression of c-Myc and 
Cyclin D1. The c-Myc oncogene, frequently 
deregulated in human cancers, plays a pivotal role 
in cell cycle progression, proliferation, apoptosis, 
and cellular transformation [46, 47]. Protein c-Myc 
acts as a transcription factor, and when it binds 
to the CACGTG (E-box), the resulting Myc–Max 
dimeric complex brings in chromatin-modifying 
complexes such as GCN5, TIP60, TIP48, and 
TRRAP. This recruitment leads to the activation of 
transcription, with GCN5 and TIP60 functioning 
as histone acetyltransferases, TIP48 as an ATP-
binding protein, and TRRAP as a transactivation-
associated protein [48]. One of many c-Myc target 
gene is Cyclin D1, an important regulator of cell 
cycle progression.

Cyclin D1 is encoded by the CCND1 gene, 
which forms complexes with either CDK4 or CDK6. 
These complexes phosphorylate and deactivate 
retinoblastoma (Rb), promoting the progression 
of the cell cycle from G1 to S phase. Changes such 
as mutations, amplification, or overexpression of 
cyclin D1 can disrupt normal cell cycle progression, 
potentially playing a role in the development 
of tumors [49]. The coordination of c-Myc with 
Cyclin D1 not only expedites tumor formation but 
may also drive tumor progression towards a more 
aggressive phenotype. Consequently, targeting 
c-Myc and Cyclin D1 represents a promising 
strategy for cancer therapy [50]. Our results 
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demonstrated that AuNPs synthesized using S. 
jamaicensis extract significantly reduced c-Myc 
and Cyclin D1 mRNA levels in MCF7 cells. This 
reduction in the c-Myc expression is particularly 
noteworthy, as it is associated with inhibited cell 
proliferation, induction of apoptosis, decreased 
tumor angiogenesis, and impaired invasion and 
metastasis, a promising outcome with implications 
for potential cancer therapy strategies [48, 50-
52]. These findings collectively underscore the 
multifaceted potential of AuNPs synthesized with 
S. jamaicensis extract in cancer therapeutics.

CONCLUSION
In conclusion, the biosynthesis of AuNPs using 

S. jamaicensis leaves aqueous extract presents a 
breakthrough in terms of affordability, speed, and 
safety, eliminating the need for toxic chemicals. The 
SEM imaging showcased the formation of AuNPs, 
while FT-IR analysis indicated a surface coverage of 
biomolecules, particularly phenolics compounds 
from the plant extract. Significantly, these AuNPs 
exhibited remarkable anticancer properties, 
evidenced by an impressive IC50 value of 19.53 µg/
mL against the MCF7 cell line. Furthermore, the 
mechanistic insights revealed a reduction in cell 
viability associated with the downregulation of key 
oncogenes, MYC and CCND1, in breast cancer. This 
promising anticancer potential paves the way for 
future investigations, particularly through in-vivo 
studies, to comprehensively assess the therapeutic 
efficacy and safety of AuNPs. The findings not only 
underscore the potential of AuNPs as a valuable 
tool in cancer treatment but also emphasize the 
importance of eco-friendly and cost-effective 
synthesis methods for nanomaterials with 
biomedical applications.
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