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ABSTRACT 
 Silver nanoparticles (AgNPs) are one of the materials with a lot of potential because of 

their diverse applications.  AgNPs are synthesized in a variety of ways; however, with the 
direction of anticancer applications and decomposition of organic dyes in dyeing wastewater, 
AgNPs synthesized by the green method are preferred.  In this study, AgNPs were synthesized 
using Perilla frutescens (L. )  Britt extract called P.  AgNPs.  The Perilla frutescens (L. )  Britt 
extract was utilized as both a surface stabilizer and a reducing agent. UV-Vis absorption spectra 
of the P.AgNPs was analyzed to determine how particle production is affected by the extract's 
pH.  The shape, crystalline structure, size and size distribution of P.AgNPs were studied using 
TEM imaging, X-ray diffraction diagram (XRD) and dynamic light scattering (DLS). Surface 
functional groups and atomic composition of P. AgNPs are represented on Fourier 
Transformation InfraRed spectrum (FTIR) and Energy-dispersive X-ray spectroscopy (EDX). 
The obtained P.AgNPs are relatively uniform with an average diameter of 30 nm ± 5 nm and 
well distributed in the solution.  P.AgNPs were deposited on activated carbon (P.AgNP-AC). 
P. AgNPs- AC was used to decompose methylene blue (MB) dye in the presence of H2O2,
achieving a decomposition efficiency of up to 98. 4% .  The extract or P. AgNPs exhibited
potential antiproliferative activity against MDA-MB-231, HT29, and K562 cells. Interestingly,
the anticancer effect of P. AgNPs was up to 2.0 times stronger than that of the leaf extract. 

Keywords: Anticancer; Decompose; MB; Perilla frutescens (L.) Britt; Silver nanoparticles 
(AgNPs)

1. Introduction
Perilla’s scientific name is Perilla 

frutescens (L.) Britt and it is one of the herbs 
friendly to human health. Leaves can be used 

to relieve symptoms of fever and vomiting 
[1]. The stem and twigs can be used to treat 
chest pain and bloating while the seeds are 
used to treat cough [2]. Furthermore, Perilla 
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frutescens (L.) Britt extracts are widely used 
in pharmaceuticals and cosmetics [3]. The 
reason Perilla frutescens (L.) Britt is so 
popular is the presence of bioactive 
compounds including essential oils (0.5 %, 
mainly perillaldehyde, l-perilla alcohol, 
limonene), flavonoids (quercetin, luteolin, 
apigenin, scutellarin), phenolic acids (caffeic, 
ferulic, rosmarinic acid), triterpenoids 
(oleanolic acid, ursolic acid, tormentic acid, 
corosolic acid), phytosterols (β-sitosterol, 
stigmasterol, campesterol), and vitamin E. [3-
5]. 

Many studies show that the 
components of Perilla frutescens (L.) Britt 
leaves can be used in the synthesis of metal 
nanoparticles such as gold and silver 
nanoparticles by the biological reduction 
method [2, 6, 7]. The synthesis of silver 
nanoparticles (AgNPs) using green chemistry 
has been increasingly noticed, especially in 
research related to biomedical applications 
because of its environmental friendliness. 
Green tea leaf extract was used to synthesize 
AgNPs with an average diameter of about 15-
33 nm and was used to test antibacterial 
properties against Staphylococcus aureus and 
Klebsiella bacteria [8-11]. N.S. Alharbi et al. 
have reviewed the use of medicinal plants for 
the synthesis of AgNPs [6, 12-14]. AgNPs 
were synthesized from leaf extract of 
Aesculus hippocastanum and their tanning 
activity was studied [15, 16]. The synthesis of 
AgNPs using the leaf extract of Holoptelea 
Integrifolia as well as its anti-inflammatory, 
antioxidant and catalytic activities, has also 
been studied [16, 17]. AgNPs with small 
sizes from 1 to 5 nm were synthesized using 
fruit extract of Piper retrofractum, which 
showed antibacterial activity against 
Escherichia coli and S. aureus [18-20]. 
Further, AgNPs with a face centered cubic 
crystal structure were synthesized using 
perilla leaf extract. However, the synthesized 
particles came in many different shapes such 
as spheres, rods, triangles, and orthorhombic 
geometry [7, 21]. 

There have been many methods used 
to synthesize AgNPs from plant extracts, but 
most AgNPs do not have a uniform size or 
shape. Perilla frutescens (L.) Britt extract 
with a silver nitrate solution has been used to 
synthesize silver nanoparticles [7]. These 
AgNPs showed significant anticancer 
activity against human colon cancer 
(COLO205) and prostate adenocarcinoma 
(LNCaP) with IC50 values of 24.33 μg/mL 
(for LNCaP) and 39.28 μg/mL (for COLO-
205). The AgNPs exhibited apoptotic effects 
on LNCaP cells including cell shrinkage, 
membrane blebbing, chromatin 
condensation, fragmentation of nuclei, and 
formation of apoptotic bodies  [7]. Silver 
nanoparticles synthesized with the flavonoid 
extract of P. frutescens showed cytotoxic 
effects against cancer cell lines including 
human colon carcinoma (COLO205) and 
mouse melanoma (B16F10), with IC50s of 
59.57 and 69.33 µg/mL, respectively [22]. 
Silver nanoparticles made with Perilla 
frutescens (L.) extract (Pf-AgNPs) and 
Perilla frutescens (L.) extract alone also 
exhibited moderate toxicity on MCF‑7 cancer 
cells with IC50 values of 346.2 and 467.4 
µg/mL, respectively [23]. 

In this study, P.AgNPs with high 
efficiency and concentrated size distribution 
were synthesized using Perilla frutescens (L.) 
Britt extract with suitable pH. Another 
improvement to the nanoparticles found in 
this report was the deposition of the AgNPs 
onto activated carbon to create a 
photocatalytic material that can decompose 
MB dye with high efficiency. At the same 
time, the anti-cancer activity of the extract 
and P.AgNPs was conducted on three cell 
lines: A549 (human lung carcinoma), MDA-
MB-231 (human breast carcinoma), and K562 
(human chronic myelogenous leukemia), 
with Ellipticine used as the positive control. 
 
2. Materials And Methods  
2.1 Materials 

Perilla frutescens (L.) Britt leaves 
were collected in the experimental garden of 
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Thai Nguyen University of Education. 
AgNO3 (99 %), activated carbon, NaOH 
(99%) and HCl (37-38 %) were provided by 
Merck. Methylene blue (C16H18ClN3S - MB, 
98+ %), A549 cells, MDA-MB-231 cells, 
K562 cells and Ellipticine were provided by 
Sigma-Aldrich. All chemicals were used 
without further purification.  
 
2.2 Methods 

The method of synthesizing P.AgNPs 
from Perilla frutescens (L.) Britt extract was 
carried out according to a previous study [7] 
with some minor changes. Perilla leaves were 
washed several times with double distilled 
water to remove dust particles. The leaves 
were then washed with deionized water and 
crushed using a blender with the ratio of 10 g 
leaves:100 ml water. The solution obtained 
after grinding was filtered with a 0.2 µm pore 
diameter filter to remove residues. The 
obtained extract was stored in a refrigerator 
at 4°C for use in the synthesis of AgNPs. The 
pH of the extract was adjusted by adding 1 M 
NaOH or 2 M HCl such that the extract 
solutions had pH values ranging from 4 to 8. 
Subsequently, 60 ml of 1 mM AgNO3 
solution was added to 5 ml of the extract. The 
solution mixture was stirred at 500 rpm and 
heated at 50°C for 30 min. The color of the 
solution gradually changed from dark green 
to blue-white. The obtained products are the 
silver nanoparticles (P.AgNPs). 

P.AgNPs were deposited on activated 
carbon according to the method from 
Wibawa [24] with slight modifications as 
follows: 50 ml of P.AgNPs fresh solution was 
mixed with activated carbon (5 g) in a 100 ml 
flask under magnetic stirring for up to 10 h to 
allow the P. AgNPs to deposit on the 
activated carbon to form P.AgNP-AC. The 
solution was then centrifuged to remove 
unbound substances and redispersed in 
double distilled water. 
 
2.3 Application 

In the photocatalysis application, 2 ml 
of P.AgNPs -AC solution was added to 100 

ml of 10 ppm MB solution and magnetically 
stirred in the dark for 2 h to equilibrate the 
absorption. Then, the solution was 
illuminated with a white LED light from a 
6500 K, 50 W color temperature source in the 
presence or absence of H2O2 (30 %). 
Degradation of the MB dye was measured by 
monitoring the absorption spectrum over 
time of illumination. The results were 
compared with the absence of P.AgNPs-AC 
to evaluate the photocatalytic performance. 

Concerning the anticancer activity, the 
method for determining cytotoxicity used 
layered cultured cells following the method 
from a previous study [22]. As previously 
mentioned, the three cell lines used in this 
study were the A549 cell line (human lung 
carcinoma), the MDA-MB-231 cell line 
(human breast carcinoma), and the K562 cell 
line (human chronic myelogenous leukemia). 
Ellipticine served as the positive control. All 
treatments were performed in triplicate. The 
inhibition concentration 50 (IC50) value is 
defined as the concentration of a compound 
that inhibited 50% of the cell growth. The 
IC50 value was determined using linear 
regression analysis. 
 
3. Results and Discussion 

The UV-Vis absorption spectra of the 
extract and all the P.AgNPs formulations are 
presented in Fig. 1a. Perilla frutescens (L.) 
Britt extract has high absorption in the 
ultraviolet region while the absorption 
spectra of P.AgNPs have a characteristic 
absorption peak in the visible light region. 
The synthesis of P.AgNPs is strongly 
dependent on the pH of the extract. When the 
pH of the extract is below 5, the absorption 
spectrum is a wide band with low absorbance 
in the visible region and high in the UV 
region. This shows that the particle synthesis 
efficiency is lower at low pH. The UV-Vis 
absorption spectrum of the solution has the 
narrowest half-width with a maximum 
absorbance of 1.65 at 450 nm at pH 7. The 
color of the extract and of the seed solution is 
also shown in Fig. 1b. 
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Fig. 1. UV-Vis absorption spectrum of Perilla frutescens (L.) Britt extract and P.AgNPs synthesized with 
different pH of extracts (a), images of the solutions obtain Perilla frutescens (L.) Britt extract and P.AgNPs 
(b). 

 

The TEM images of the P.AgNPs-AC 
in Fig. 2a show that the particles have a 
relatively uniform size, with an average 
diameter of 30 nm ± 5 nm. The particle size 
distribution was determined by DLS 

measurement with a PdI of 0.272, indicating 
an average hydrodynamic diameter of 40 nm 
(Fig. 2b). This result shows that P.AgNPs-AC 
have uniformity in shape and size comparable 
to the chemical reduction method without 
using surfactants. 

 

 
Fig. 2. TEM images of P.AgNPs  - AC scale bar is 100 nm (a) and the particle size distribution spectrum by 
the number of particles (b). 

 
X-ray diffraction patterns of the 

P.AgNPs synthesized with extract pH 6, 7, 
and 8 have diffraction peaks at 2q angles of 
27.5°, 32.3°, 38.1°, 44.1°, 46.3°, 64.1°, and 
77.4° which correspond to the silver lattice 
planes (210), (122), (111), (200), (103), 
(220), and (311) (Fig. 3a) (JCPDS 361451).  
This indicates that P.AgNPs have a face 
centered cubic crystal structure similar to the 
natural structure of silver. It is noted that 

most of the diffraction peaks of pH 7 
P.AgNPs have higher relative intensity than 
those of pH 6 and pH8 P.AgNPs. Fig. 3b 
shows the energy dispersion spectrum and 
element composition table obtained from 
EDX measurement. In addition to the 
elements C, Si, and O, present due to the 
contribution of the measurement technique, 
Ag is the major component of the particle 
sample with a dispersion peak of 3 keV.

 
Fig. 3. X-ray diffraction of P.AgNPs synthesized with different pH extracts (a) and EDX energy dispersive 
spectrum of P.AgNPs (b). 
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The characteristic functional groups of 
Perilla frutescens (L.) Britt extract and 
P.AgNPs were recorded on the FTIR spectra 
(Fig. 4). The characteristic functional groups 
of Perilla frutescens (L.) Britt extract and 
P.AgNPs are basically the same. For 
example, the absorption peak at 1048 cm-1 is 
attributed to C-O group stretching 
oscillations of aromatic compounds [7]. The 
oscillations of the hydroxyl group of 

flavonoids, triterpenoids, and phenolic 
compounds are shown as a high-intensity 
wide absorption band at 3310 cm-1 [7]. The 
slight shift at some positions between the 
FTIR spectrum of Perilla frutescens (L.) Britt 
extract and that of P.AgNPs can be explained 
by the effects of proteins, which cap around 
the P. AgNPs surface and act as stabilizing 
agents. This allows the P.AgNPs to remain 
stable in solution without agglomeration. 

 
Fig. 4. FTIR spectra of Perilla frutescens (L.) Britt extract and P.AgNPs with some characteristic peaks. 

 
Fig. 5. UV-Vis absorption spectra of MB dye under 6500 K LED excitation over time in the presence of 

P.AgNPs-AC and no H2O2 (a), No P.AgNPs-AC  and H2O2 (b),  P.AgNPS-AC and H2O2 (c). Photograph of 
the color change of solutions when illuminated in the presence of P.AgNPs-AC and H2O2 over time (e). 

 
P.AgNPs-AC were used to study the 

photocatalytic activity on MB dye 
degradation under the excitation of white 
light from a 30W LED, with a color 
temperature of 6500 K. This light source has 

a wavelength above 400 nm, with a peak 
wave of 464 nm. Photodegradation is 
represented by a decrease in absorbance of 
MB with increasing time of illumination. To 
observe the catalytic role of P.AgNPs-AC, the 
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experiments were designed including a 
solution containing only H2O2 reducing agent 
as reference [24] a solution containing only 
P.AgNPs-AC, and a solution containing both 
P.AgNPs -AC and H2O2. The absorbance of 
MB over time is shown in Fig. 5. 

The absorbance of initial 10 ppm MB 
was 1.9. After 120 min of illumination, the 
absorbance decreased to 1.33 (only P.AgNPs 
-AC-Fig. 5a), 1.51 (only H2O2-Fig. 5b) and 
0.03 (P.AgNPs-AC and H2O2-Fig. 5c). The 
photodegradation efficiency was determined 
by the formula: H = [(AbInt - Abst) / 
AbsInt] ´100%, where AbsInt is the initial MB 
absorption, Abst is the MB absorption after 
illumination for time t. This decrease in 
absorbance is equivalent to MB absorption 
efficiency. Results showed photodegradation 
efficiencies of 30% (only P.AgNPs-AC), 
20.5% (only H2O2), and 98.4% (P.AgNPs -
AC and H2O2). There were both P.AgNPs -
AC and H2O2 in the solution; as soon as the 
solution reached equilibrium, the absorbance 
of MB in the solution decreased significantly. 
This is explained by the strong adsorption of 
color molecules by AgNPs with the assistance 
of H2O2 reducing agent. However, there will 
then be a desorption process if there is no light 
stimulation. Under the influence of light, the 
colorant decomposition process continues 
thanks to the formation of free *OH groups. 
The dependence of the ln(Abst/AbsInt) 
function on illumination time is shown in 
Figure 5d. The results show that when only 
AgNPs or only H2O2 is present, the color 
molecules are decomposed equally. 
Decomposition quickly reaches saturation at 
which point no further decomposition is 
possible. In the presence of AgNPs and H2O2 

simultaneously, MB was almost completely 
decomposed after 60 min. The photocatalytic 
mechanism of P.AgNPs-AC can be briefly 
mentioned as follows: The photocatalytic 
effect depends on the production of electron-
hole pairs which generate *OH radicals [25, 
26]. 

P. AgNPs -AC + hn ® P.AgNPs (h + e)    
(3.1)                                                

 h + H2O  ® H+ + *OH            (3.2) 
H2O2 + hn ® *OH + *OH            (3.3) 

MB + *OH + O2 ® H2O + CO2 + byproducts                           
(3.4) 

 

Thus, it can be seen that the h hole and 
the *OH free radical are the direct color-
degrading agents when using P.AgNPs-AC 
under light stimulation. The simultaneous 
presence of the reducing agent H2O2 and 
AgNPs -AC during the decomposition of the 
dye significantly increased the number of 
*OH groups. On the other hand, the 
decomposition is facilitated by the transfer of 
electrons from H2O2 to MB dye via AgNPs, 
which creates an electron-rich surface for the 
interaction between reactants and can aid in 
the attraction of dye molecules onto the 
AgNPs surface through hydrophobic 
interactions and van der Waals forces.  

Based on the linear regression 
equations, IC50 values for the cancer cell 
lines were calculated (Table 1).  
 
Table 1. Inhibitory activity (IC50) in 
proliferation of cancer cell lines (µg/ml). 

                Line cell 
Sample 

MDA-
MB-231 

cell 

HT29 
cell 

K562 
cell 

Perilla extract 22.48 24.50 21.20 
P.AgNPs 11.40 13.00 11.68 
Ellipticine 0.42 0.40 0.42 

 
The results show that the percentage of 

dead cells in MDA-MB-231, HT29, and 
K562 cell lines is influenced by the 
concentration of the extract or nanoparticles. 
Increased concentration led to a higher 
percentage of dead cells in all cell lines (Fig 
6). These findings suggest that the extract or 
nanoparticles of perilla leaves exhibit 
potential antiproliferative activity against 
MDA-MB-231, K562 and HT29 cells. 
Notably, P.AgNPs activity was up to 2.0 
times more potent than the leaf extract alone. 
Among the cell lines, MDA-MB-231 
experienced the greatest inhibitory effect on 
growth (11.40 µg/ml), while the HT29 cells 
were the least effected (13.00 µg/ml). 
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Fig. 6. Anticancer activity of the Perilla frutescens (L.) Britt extract, P.AgNPs and Ellipticine (positive 
control) in various concentrations against HT-29 cancer cell line. Morphological images were taken using an 
inverted phase-contrast microscope at 200X magnification. 
 

The Perilla frutescens (L.) Britt 
essential oil have some major bioactive 
components such as: perillyl alcohol, perilla 
aldehyde, rosmarinic acid, lignan, 
isoestrogen, limonene, linalool, 
caryophyllene, humulene, cineole, ocimen, 
eugenol, alpha-pinene, myrcene, and more. 
These compounds can effect cell growth, 
proliferation, inflammation, cell cycle, 
apoptosis, and metastasis through ROS, NF-
κB, PI3K/AKT, JNK, and other pathways 
[27]. 

Concerning cytotoxicity, Perilla 
frutescens (L.) Britt essential oil, particularly 
its major component perillyl alcohol, exhibits 
direct cytotoxicity towards cancer cells. One 
possible explanation for this is that Perillyl 
alcohol interacts with the cell membrane, 
leading to increased permeability and 
leakage of essential cellular components, 

ultimately causing cell death [28].Another 
explanation could be that the oil triggers 
programmed cell death pathways within 
cancer cells, leading to their self-destruction 
[29]. A third explanation, Perillyl alcohol can 
arrest the cell cycle at various stages, 
preventing cancer cells from multiplying 
[30]. For anti-proliferative effects, the 
essential oil suppresses uncontrolled growth 
and proliferation of cancer cells through 
various mechanisms, including 
downregulating oncogenes and upregulating 
tumor suppressor genes [31]. Green 
nanotechnology-derived metal nanoparticles 
are emerging as versatile players in cancer 
treatment and research, captivating interest 
due to their biocompatibility, cost-
effectiveness, eco-friendliness, and 
anticancer properties [32].
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4. Conclusion 
In this study, P.AgNPs were 

synthesized using Perilla frutescens (L.) Britt 
extract. The reaction yield was optimized by 
adjusting the pH of the extract. The results 
show that with a neutral pH medium, 
P.AgNPs are more uniform in shape and size. 
The silver nanoparticles synthesized from 
Perilla frutescens (L.) Britt extract are well 
dispersed and stable in solution due to the 
phenolic compounds and proteins present in 
the extract. Furthermore, P.AgNPs  
synthesized using plant extracts are 
environmentally friendly and are useful in 
more applications. P. AgNPs-AC were used 
to study the photocatalytic activity of MB 
dye. The results show that under the 
excitation of white light and the presence of 
H2O2 and P.AgNPs-AC, the MB dye 
decomposition efficiency can go up to 98.4 % 
after just 90 min. This result is much better 
than when using only H2O2 or using only 
P.AgNPs-AC. P. AgNPs and perilla were 
used to study anticancer activity on three 
cancer cell lines. The results show that both 
the extract and P.AgNPs have anti-cancer 
activity in vitro. The activity becomes 
stronger the greater the extract or particle 
concentration. P.AgNPs showed 2.0 times 
stronger activity than the extract and were 
different for different cell lines. The IC50 
value depended on concentration, particle 
size of P.AgNPs and cell line. 
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