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Abstract: This article presents a simple, eco-friendly, and
green method for the synthesis of silver nanoparticles
(AgNPs) from AgNO3 solution utilizing an aqueous extract
of Callisia fragrans leaf. The effects of C. fragrans leaf
extraction conditions were evaluated. Parameters affecting
the synthesis of AgNPs, such as the volume of extract, pH,
temperature, and reaction timewere investigated and opti-
mized. The obtained AgNPs were analyzed by UV–Vis
spectroscopy, X-ray diffraction pattern, energy-dispersive
X-ray spectroscopy, field emission scanning electron micro-
scopy, transmission electron microscopy (TEM), dynamic
light scattering (DLS), and FTIR techniques. TEM and DLS
analyses have shown that the synthesized AgNPs were pre-
dominantly spherical in shape with an average size of 48 nm.
The zeta potential of the colloidal solution of AgNPs is
−27mV, indicating the dispersion ability of AgNPs. The
results of GC–MS and FTIR analyses show the presence of
biomolecules in the aqueous extract of C. fragrans leaf that
acts as reducing and capping agents for the biosynthesis
of AgNPs. The synthesized AgNPs demonstrate anticancer
activity against MCF-7, HepG2, KB, LU-1, and MKN-7 cell
lines, with inhibitory concentrations at 50% (IC50 values) of
2.41, 2.31, 2.65, 3.26, and 2.40 µg·mL−1, respectively. The
obtained results in the study show that the biosynthesized

AgNP from C. fragrans leaf extract can be further exploited as
a potential candidate for anticancer agents.

Keywords: biosynthesis, plant extract, UV–Vis absorp-
tion spectrum, surface plasmon, nanoparticles

1 Introduction

Nanotechnology is one of the most active fields of research
in materials science. Nanoparticles have completely new
and improved properties based on specific characteristics
such as their size, distribution, and morphology. The
development of reliable, eco-friendly processes for the
synthesis of nanomaterials is an important aspect of nanotech-
nology, which is called green nanotechnology. Nanoparticles
of metals are well recognized to have significant applications
in electronics, magnetic, optoelectronics, and information sto-
rage [1]. In medicine, metallic nanomaterial like gold, silver,
iron, copper, tellurium, and zinc oxide nanoparticles reported
to play a powerful role in antioxidant, antibacterial, anti-
fungal, and anticancer [2–5].

Among the various metal nanoparticles, silver nano-
particles (AgNPs) have found applications in products
ranging from food, medicine, and consumer products to
washing machines [6–8]. Moreover, AgNPs have recently
attracted attention as the anticancer agent against the
cell lines such as MCF-7, Hep2, HepG2, HCT-116 colon,
HT29, HELA, Caco2, and A549 [9–19]. The main mechan-
isms of AgNPs in cancer therapy also suggest that AgNPs
induce cell death through reactive oxygen species (ROS)
generation, activation of caspase 3, and DNA fragmenta-
tion [20].

AgNPs are typically synthesized by different methods
such as physical and chemicalmethods. The physicalmethods
include laser ablation [21], spark discharging [22], and pyro-
lysis [23]. The chemicalmethods are electrochemical reduction
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[24], chemical reduction [25], solution irradiation [26], etc. The
major process involved in chemical synthesis is the reduction
of Ag+ ions to AgNPs.

The major disadvantage in the physical method is the
low yield and complex instruments. The disadvantage in
the chemical method is the use of toxic solvent and
expensive stabilizing agents are also required to prevent
the aggregation of nanoparticles to make them physiolo-
gically compatible, which may pose potential environ-
mental and biological risks [27]. Thus, the development
of the green methods for the synthesis of AgNPs is of
great scientific interest. The main advantages of biolo-
gical method for AgNPs synthesis are its simplicity, low
cost, non-toxicity, and ease of upscaling. Several biological
systems including bacterial [28], fungi [29], algae [30], yeast
[31], chitosan [32], and particularly plant extracts [33–42]
have been used in the synthesis of AgNPs.

The synthesis of AgNPs employing reducing agents
from plant extracts is based on the redox reactions of
biological compounds in the extracts such as flavonoids,
terpenoids, polyphenols, alkaloids, and sugars with Ag+

[43]. The functional groups in phytochemical compounds,
whose redox potential is less than that of silver ion can
reduce silver cation to silver atoms, which then aggregate
to form AgNPs. The biological compounds are adsorbed on
the surfaces of newly-synthesized AgNPs, encapsulating
them to prevent agglomeration and stabilize the AgNPs
colloidal solution. The synthesis of AgNPs using plant
extracts does not use any harmful chemicals, and the
applicability of AgNPs colloidal solutions is becoming
increasingly promising, thanks to the binding of bioactive
compounds in plant extracts to the surfaces of AgNPs. The
presence of substances extracted from herbal plants on the
surface of AgNPs has significantly increased the applica-
tion of AgNPs in medicine. In addition, the green synthesis
of AgNPs employing plant extracts can be carried out
under simple conditions. The major limitation of the synth-
esis of nanoparticles using plants is the long hours required
for the synthesis, and the formation of polydisperse mixture
of nanoparticles.

Callisia fragrans is an herbaceous plant with small
white fragrant flowers and waxy leaves, which can be
found widely in Vietnam (its Vietnamese name is Luoc
Vang). In Vietnam C. fragrans leaves have been used in
traditional medicines for treating skin diseases, burns,
and joint disorders. C. fragrans leaves contain biologically
active compounds such as flavonoids, neutral glycol- and
phospholipids, and fatty acids [44,45]. Accordingly,
C. fragrans is considered as an antiviral and antibac-
terial drug [46].

In this study, we have developed a green method for
the synthesis of AgNPs using C. fragrans leaf aqueous
extracts which have been demonstrated as a facile, cheap,
and environmentally friendly method. The anticancer activ-
ities of the synthesized AgNPs were also investigated.

2 Materials and methods

2.1 Materials

Silver nitrate (AgNO3), sulfuric acid (H2SO4), sodium
hydroxide (NaOH), n-hexane (C6H14), chloroform (CHCl3),
ethyl acetate (CH3COOC2H5), and ethanol (C2H5OH) were
purchased from Merck chemical company (Germany).
Fresh C. fragrans leaves were collected from various
locations in Da Nang City, Vietnam. All aqueous solu-
tions were made using double-distilled water.

The cell lines of human breast carcinoma (MCF-7),
human lung carcinoma (Lu-1), human hepatocellular car-
cinoma (HepG2), human carcinoma in the mouth (KB),
and human gastric carcinoma (MKN-7) were obtained
from Long-Island University, USA and Milan University,
Italia.

2.2 Preparation of leaf extract

The leaves were washed thoroughly with double-distilled
water and then dried by air. Predetermined masses of
leaves were cut into fine pieces. The influences of the
ratio of C. fragrans leaf mass/water volume, extraction
time, and extraction temperature to the efficacy of C. fra-
grans leaf extraction were investigated. After the boiling
process, the extract was filtered through Whatman No. 1
filter paper to obtain an aqueous extract, which was
directly used in the synthesis of AgNPs or stored at 4°C
for further experiments.

2.3 Phytochemical screening of aqueous
extract of C. fragrans leaf

The aqueous extract of C. fragrans leaf was screened for
the presence of phytochemicals like terpenoids, flavo-
noids, alkaloids, tannins, and saponins using standard
color tests [47].
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2.4 Chemical constituent of aqueous extract
of C. fragrans leaf

The aqueous extract of C. fragrans leaf is extracted by
liquid–liquid methodwith n-hexane, chloroform, and ethyl
acetate solvents to, respectively, yield n-hexane extract,
chloroform extract, and ethyl acetate extract. The remaining
aqueous extract were concentrated and dissolved in ethanol
to obtain ethanol extract. These extracts are subjected to
GC–MS analysis using GC–MS 7890B-5977B–Agilent. A
capillary column HP-5MS (30m × 0.25mm i.d. and 0.25 μm
film thickness) was used for separating the components.
Helium gas was used as the carrier gas with a flow rate of
1.1mL·min−1. The temperature of the oven varied from 40°C
to 280°C at a rate of 5min−1 with a holding time of 1–10min.
The injector temperaturewas 270°C, and the injection volume
was 1.0 μL. The identification of components of the extracts
was based on a comparison between Kovat’s retention
indices and mass spectra that corresponded with data
(Adam, 1989) and mass spectra libraries (National Institute
of Standards and Technology 98).

2.5 Synthesis of AgNPs

For the synthesis of AgNPs, a definite volume of leaf
extract was mixed with a volume of 1 mM AgNO3 in
100mL Erlenmeyer flasks. The reaction was carried out
by placing the flasks in a water bath for a specified synth-
esis time and temperature. The color change in the col-
loidal solutions occurred indicating the formation of
AgNPs. The influence of some factors such as the volume
ratio of C. fragrans leaf extract/AgNO3 solution, pH, reac-
tion temperature, and reaction time for the synthesis of
AgNPs was investigated.

2.6 Characterization of AgNPs

The formation of AgNPs was characterized by UV–visible
(UV–Vis) spectroscopy. The synthesized AgNPs solution
was diluted ten times and measured using the UV–Vis
spectra. The UV–Vis spectra of these samples were mea-
sured between 350 and 700 nm on a UV–VIS Perkin Elmer
Lambda 365 spectrophotometer operated at a resolution
of 1 nm. The samples for electron microscopy were gold
coated (JEOL,ModelNo. JFC-1600), and imageswere obtained
by scanning electron microscope (ZEISS EVO-MA 10,
Oberkochen, Germany). The samples for transmission

electron microscopy (TEM) analysis were prepared by
drop coating biologically synthesized AgNPs solution
onto carbon-coated copper TEM grids. TEM measure-
ments and energy-dispersive X-ray spectroscopy (EDX)
analysis were carried out using HRTEM Tecnai G2 F20.
Crystal phase identification of AgNPs was characterized
by powder X-ray diffraction using a Panlytical X Pert
PRO Diffractometer. The diffracted intensities were recorded
from 10° to 70° 2θ angles. The zeta potential and hydrody-
namic size were calculated using HORIBA SZ-100. FTIR was
carried out with JASCO FT/IR-6800 to investigate the type of
functional groups involved in the reduction and capping of
AgNPs.

2.7 Evaluation of in vitro cytotoxic activity of
the AgNPs on cancer cell lines

The in vitro cytotoxicity of AgNPs was determined using
human breast carcinoma (MCF-7), human lung carci-
noma (Lu-1), human hepatocellular carcinoma (HepG2),
human carcinoma in the mouth (KB), and human gastric
carcinoma (MKN-7) cell lines. These tests were performed
by the Institute of Biotechnology – Vietnam Academy of
Science and Technology according to the sulforhodamine
B (SRB) assay. The test was carried out to determine the
total cellular protein content based on the optical density
(OD) measured when the protein composition of the cells
was stained with SRB. The measured OD value is directly
proportional to the amount of SRB bonded to the protein
molecule, so the more the cells (the more protein) the
larger the OD value. The test was carried out under the
following specific conditions: trypsinizing experimental
cells to separate cells and counting in a counting chamber
to adjust the density to suit the experiment. Proceed to put
190 µL of cells in 96-well plate for testing. The prepared
sample (10 µL) was introduced into the wells of the cell-
prepared test a 96-well plate. Wells without reagent but
contained cancer cells (190 µL) + DMSO 1% (10 µL) were
used as day 0 control. After 1 h, cells were fixed with tri-
chloroacetic acid (TCA) 20% in day 0 control wells. Cells
were then incubated in the incubator for 72 h. After 72 h,
the cells were fixed with TCA for 1 h, stained with SRB for
30min at 37°C, washed three times with acetic acid, and
then dried at room temperature. Unbuffered Tris base of
10mM was used to dissolve the amount of SRB, then the
mixture was shook gently for 10min. The OD result was
determined at 540 nm on an ELISA Plate Reader (Biotek).
The inhibition percentage of cell growth in the presence of
reagents is calculated by the following equation:
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% Inhibition 100% OD sample OD day0
OD DMSO OD day0

(1)

Ellipticine at concentrations of 10, 2, 0.4, and 0.08µg·mL−1

was used as the reference control; 1% DMSO was used as a
negative control (final concentration in the test well is 0.05%).
All experiments were performed in triplicate and the results
were expressed as the mean ± standard deviation. The IC50
value (concentration that inhibits 50% of growth) was deter-
mined using Table Curve 2Dv4 computer software.

3 Results and discussion

3.1 Optimization for the extraction of
C. fragrans leaf

The influence of some factors on the extraction process
of phytochemical compounds present in C. fragrans leaf
was studied. The obtained extract of C. fragrans leaves
(10 mL) was mixed with 30mL of 1 mM AgNO3 solution in
Erlenmeyer flasks. The flask was kept in a water bath at
70°C for 60min. A change in the color was observed
indicating the formation of AgNPs.

3.1.1 Effect of solid/liquid ratio

The effect of the ratio of C. fragrans leaf weight/distilled
water volume on the formation of AgNPs was studied

with experimental parameters as follows. The time of
extraction was 60min and the extraction temperature
was 60°C. The ratio of C. fragrans leaf weight/distilled
water volume varied from 5 g·100mL−1 to 10 g·100mL−1,
15g·100mL−1, 20g·100mL−1,and25g·100mL−1.TheUV–Visspectra
(Figure 1) show the effect of C. fragrans leaf weight/distilled
water volume on the formation of AgPNs from 1mM
AgNO3. Characteristic surface plasmon absorption was
observed at 420–460 nm for the brown-colored AgNPs.

The results of Figure 1 show that the intensity of
absorption peak increased along with the increase of
the ratio of C. fragrans leaf from 5 g to 15 g·100mL−1

of distilled water. The reason is that when the C. fragrans
leaf content increases, the amount of reducing agent is
more separated, so the concentration of AgNP is more.
However, as the content of C. fragrans leaf increased up
to 20 g and 25 g·100mL−1, the intensity of the absorption
peak of the obtained AgNPs solution decreased dramati-
cally. This can be explained as follows: when the weight of
C. fragrans leaf exceeds 15 g, it is possible to create many
substances that speed up the creation of AgNPs drastically,
the formed particles then coagulate easily into larger-sized
version, reducing the intensity of absorption peak [48]. So
the optimal solid/liquid ratio is 15 g of C. fragrans leaf per
100mL of distilled water.

3.1.2 Effect of extraction time

The effect of extraction time of C. fragrans leaf on the
formation of AgNPs was studied under the following

Figure 1: UV–Vis spectra of AgNPs synthesized at the ratio of C. fragrans leaf weight/distilled water volume.
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conditions: 15 g C. fragrans leaf per 100mL of distilled
water, the temperature of extraction was 60°C, and the
time for extraction t = 30, 40, 50, 60, 70, 80, and 90min.

The results of Figure 2 show that the absorption of the
synthesized AgNPs solution increased with the increase
in the extraction time from 30 to 70min. As the extraction
time was prolonged (80 and 90min), the intensity of AgNPs
absorption decreased considerably. A possible reason for this
is that at the extraction time of 70min, the appropriate
amount of reducing agent to reduce the largest amount of
silver ions to silver was produced. Beyond this point, sub-
stances that are not beneficial to the process of creating
AgNPs may be formed or coagulation may occur, reducing
the intensity of absorption peak. Thus, the suitable time for
the extraction of C. fragrans leaf was 70min.

3.1.3 Effect of extraction temperature

The effect of extraction temperature of C. fragrans leaf on
the formation of AgNPs was studied with experimental
parameters as follows: 15 g of C. fragrans leaf per 100mL
of distilled water, an extraction time of 70min, and the
temperature for extraction at 60°C, 70°C, 80°C, 90°C, and
boiling temperature.

The obtained results are shown in Figure 3. The
intensity of AgNPs absorption increased when extraction
temperature increased from 60°C to boiling temperature.
Thus, the increase in the intensity of peak can be corre-
lated with an enhancement in the extraction temperature
of C. fragrans leaf because the higher the extraction tempera-
ture, the higher the amount of reducing agent separated.

In accordance to above reported results, Ahmadi and cow-
orkers [40] andmany others have shown that the preparation
of extract by boiling the plant in the water was proved in the
synthesis of AgNPs.

In summary, the optimum extraction conditions of
phytochemical compounds from C. fragrans leaf were
found to be 15 g of C. fragrans leaf per 100mL of double
distilled water, extraction time of 70 min, and boiling
temperature.

3.2 Phytochemical screening of aqueous
extract of C. fragrans leaf

Standard phytochemical tests were conducted to find the
presence of metabolites like terpenoids, flavonoids, alka-
loids, tannin, and saponin in the aqueous extract of
C. fragrans leaf. The results of the phytochemical screening
are presented in Table 1.

It is well evident from the table that the aqueous extract
was rich in metabolites like terpenoids, flavonoids, tannin,
and saponin. These biological compounds are reducing and
stabilizing agents for the synthesis of AgNPs [43].

3.3 Chemical constituents of C. fragrans leaf
aqueous extract by GC/MS

The GC/MS analysis of C. fragrans leaf aqueous extract, as
given in Table 2, revealed its richness with many

Figure 2: UV–Vis spectra of AgNPs synthesized at various extraction times.
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bioactive compounds such as beta-amyrin, lupeol, and
vitamin E. Beta-amyrin and lupeol are triterpenoids,
which are reducing agents for the synthesis of AgNPs
and are known to possess potent bioactivities such as
anticancer and anti-inflammatory activities.

3.4 Optimization of various parameters to
improve the AgNPs synthesis

The effect of mixing ratio (volume of extract per 30mL of
1 mM AgNO3), temperature, pH, and time, which influ-
ence the formation of AgNPs was studied in detail.

3.4.1 Effect of mixing ratio on the formation of AgNPs

To assess the effect of mixing ratio on the formation of
AgNPs, 14 samples were tested (from mixing ratio of 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, and 14mL of extract volume
per 30mL of 1 mM AgNO3 solution volume). The samples

after color change were measured by spectroscopy within
the wavelength of 350–700 nm (Figure 4).

Figure 3: UV–Vis spectra of AgNPs synthesized at various extraction temperatures.

Table 1: Phytochemical screening of aqueous extract of C. fra-
grans leaf

Phytochemical C. fragrans leaf extract

Terpenoids +
Flavonoids +
Alkaloids −
Tannin +
Saponin +

− indicates absence, + indicates presence.

Table 2: GC–MS analysis of C. fragrans leaf aqueous extract

Compound Chemical formula

Alpha-pinen C10H16

Beta-amyrin C30H50O
Caryophyllene C15H24

Caryophyllene oxide C15H24O
Cetene C16H32

Cyclohexadecane, 1,2-diethyl- C20H40

2,4-Di-tert-butylphenol C14H22O
Dihydroactinidiolide C11H16O
Docosyl trifluoroacatate C24H45F3O2

Dodecane C12H26

1-Dodecene C12H24

Eicosane C20H42

5-Eicosene, (E)- C20H40

Eucalyptol C10H18O
E-15-heptadecenal C17H32O
Hentriacontane C31H64

n-Hexadecanoic acid C16H32O2

Hexadecanoic acid, ethyl ester C18H36O2

Humulenen C15H24

Lupeol C30H50O
Nanocos-1-ene C29H58

Octadecanoic acid C18H36O2

Propane, 1,1,2,3,3-pentachloro C3H3Cl3
Phytol C20H40O
Spathulenol C15H24O
2-Tetradecene, (E)- C14H28

Tetracosane C24H50

Tridecane C13H28

Vitamin E
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By changing the mixing ratio in similar environ-
mental conditions, the observed wavelength of maximum
peak (λmax) did not change much. However, by increasing
the extract volume, the absorption intensity rose and
reached its peak at 10 mL of extract per 30mL of 1 mM
AgNO3. This occurred by increasing the extract volume of
C. fragrans leaf, leading to an increase in the concentra-
tion of terpenoids, flavonoids, tannin, saponin, etc., which
is responsible for the forming and stabilizing of AgNP. As
the extract volume continued to increase (11–15mL), the
absorption intensity decreased. The reason may be that
when the extract volume increased, the concentration of
the reducing agent in the extract also increased, thus
raising the rate of AgNPs generation, thereby leading to
an increase in the particle size and reducing the absorp-
tion intensity. Thus, the optimal volume of C. fragrans leaf
extract V = 10mL per 30mL of 1 mM AgNO3 solution and
the synthesized AgNP solution is not flocculated.

3.4.2 Effect of temperature on the formation of AgNPs

Temperature plays an important role in the synthesis of
AgNPs. In order to study the effect of temperature, six
containers containing 30mL of 1 mM AgNO3 together
with 10mL extract were put at six different temperature
levels of 50°C, 60°C, 70°C, 80°C, 90°C, and 100°C. The
UV–Vis spectra in Figure 5 show the effect of temperature
on the formation of AgNPs.

It can be seen from Figure 5 that the synthesis of
nanoparticles increases while increasing the reaction
temperature from 50°C to 80°C by using the leaf extract
of C. fragrans. A higher rate of reduction occurred at
higher temperature due to the consumption of silver
ions in the formation of nuclei of nanoparticles.

As the reaction temperature continued to increase
from 90°C to 100°C, the absorption intensity decreased,
possibly due to the aggregation of nanoparticles. Mittal
et al. [49] have also reported this trend in the biosynth-
esis of AgNPs.

According to the obtained results, 80°C was selected
as the optimum temperature for this study.

3.4.3 Effect of pH level on the formation of AgNPs

pH level plays an important role in AgNPs synthesis [50].
This factor induces the reactivity of leaf extract with silver
ions. The influence of pH on the synthesis of AgNPs was
evaluated under different pH levels of the reaction mix-
ture by the leaf extract (Figure 6). The obtained results
showed that the absorption peak intensity increased gra-
dually with an increase in pH, suggesting that the reduc-
tion rate of silver ions increases with the increase in pH.
These results are congruent with those reported by other
works [51–54]. They attributed this behavior to the pos-
sible ionization of the phenolic and tannin compounds
present in the mentioned extracts. At low pH, a small

Figure 4: UV–Vis spectra show effect of mixing ratio of extract volume per 30mL of 1 mM AgNO3 solution in the formation of AgNPs.
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with broadening SPR band was formed, indicating the for-
mation of a large amount of AgNPs. As the pH level
increased from 4.05 to 7.06, the absorption intensity values
rose and reached the highest value at pH = 7.06 with a
sharp peak. However, at pH = 8.05, 9.06, and 10.04, the
amount of AgNPs was formed too fast, leading to coagula-
tion; AgNPs have large size, which reduces the absorption
intensity values. Similarly, Sarsar et al. [55] reported that

the AgNP synthesis using P. guajava leaf extract, pH 7.0 was
optimum for the synthesis of the nanoparticles.

3.4.4 Effect of reaction time on the formation of AgNPs

The influence of reaction time on the synthesis of AgNPs
was evaluated with the results shown in Figure 7.

Figure 5: UV–Vis spectra of AgNPs synthesized at the different temperatures.

Figure 6: UV–Vis spectra of AgNPs synthesized at various pH.
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Figure 7 shows that as the reaction time of the synth-
esis of AgNPs increased, the measured absorption inten-
sity value also grew. This can be explained that the longer
the reaction time, the stronger the reaction of the sub-
stances in the extract with Ag+ ions to create AgNPs,
leading to a higher absorption intensity. After 360min,
the synthesis of AgNPs by C. fragrans leaf aqueous extract
is considered complete.

In summary, the optimal conditions for the synth-
esis of AgNPs using C. fragrans leaf aqueous extract are
10 mL of extract per 30 mL of 1 mM AgNO3 solution, pH
7.06, reaction temperature 80°C, and reaction time
360 min.

3.5 Field emission scanning electron
microscopy (FE-SEM), TEM, EDX, and
X-ray diffraction pattern (XRD) analysis
of AgNPs

FE-SEM and TEM images of the produced AgNPs are
shown in Figure 8. The shapes of AgNPs were spherical.

EDX spectra recorded from the AgNPs are shown in
Figure 9.

X-ray diffraction pattern of AgNPs synthesized by
C. fragrans leaf extract is shown in Figure 10. The diffrac-
tion peaks at 2θ = 38.14°, 44.14°, and 64.51° correspond to

Figure 7: UV–Vis spectra of AgNPs synthesized as a function of time.

Figure 8: FE-SEM and TEM micrographs of AgNPs synthesized by aqueous extract of C. fragrans leaf.
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the (111), (200), and (220) faces of the silver fcc crystal
structure, respectively.

3.6 Nanoparticle size distribution and zeta
potential

The hydrodynamic diameter and size distribution of sphe-
rical AgNPs were analyzed by dynamic light scattering

(DLS). Results show that the AgNPs synthesized by extract
of the C. fragrans leaf with the average nanoparticle size
was around 48.0 nm (Figure 11). The value of polydisper-
sity index (PDI) may vary from 0.01 (mono-dispersed par-
ticles) to 0.5–0.7, whereas PDI index value >0.7 indicated
broad particle size distribution of the formulation and is
probably not suitable to be analyzed by the DLS technique
The polydispersity index of AgNPs synthesized by the
extract of the C. fragrans leaf was 0.523, indicating the
formation of polydisperse mixture of nanoparticles [56].

Figure 9: EDX micrograph of AgNPs synthesized by aqueous extract of C. fragrans leaf. The EDX spectra of the biosynthesized AgNPs show
silver element, indicating that the reduction of Ag ions to AgNPs had occurred in the aqueous extract of C. fragrans leaf. Carbon and oxygen
are also present in the EDX graph due to the organic molecules found in the extract of the C. fragrans leaves. These biomolecules capped the
AgNPs as capping and stabilizing agents.

Figure 10: XRD pattern of AgNPs synthesized by C. fragrans leaf aqueous extract.
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The surface charges and stability of the nanoparticles
in the suspension were measured through zeta potential
and the value was about −27.0 mV (Figure 12), which
indicated negative charges on the formed AgNPs. This
result showed that the use of the extract of the C. fragrans
leaf allows obtaining stable AgNPs without a stabilizer.

3.7 FTIR spectra of C. fragrans leaf extract
and biosynthesized AgNPs

FTIR measurement was used to determine the presence of
bioactive molecules that could be responsible for AgNP sta-
bilization by acting as capping agents. The absorption spikes

at 3,349.75, 2,917.77, 1,537.95, 1,385.60, and 1,076.08 cm−1

were determined for C. fragrans leaf extract, while AgNPs
shows absorption spikes at 3,326.47, 2,913.91, 1,526.28,
1,329.43, and 1,014.37 cm−1 ((A) and (B) in Figure 13).
Higher peaks at 3,349.75 and 3,326.47 cm−1 can be attrib-
uted to bounded hydroxyl (–OH) in alcohols in the C. fra-
grans leaf extract. The presence of smaller bands at 2,917.77
and 2,913.91 cm−1 for extract and AgNPs was due to the –CH
stretching in alkanes. Peaks at 1,537.95 cm−1 (extract) and
1,526.28 cm−1 (AgNPs) correspond to the C]O group. The
bands at 1,385.60 cm−1 (extract) and 1,329.43 cm−1 (AgNPs)
correspond to the C–O–C group. The peaks at 1,076 cm−1

(extract) and 1,014 cm−1 (AgNPs) are attributed to the C–O
stretching in esters that were found in the leaf extract. The
spectrum of AgNPs ((B) in Figure 13) was observed to be

Figure 11: Size distribution mean of biosynthesized AgNPs from C. fragrans leaf extracts in nm.

Figure 12: Zeta potential of AgNPs from C. fragrans leaf extracts in mV.
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similar to (A) in Figure 13 regarding the sites of the func-
tional groups. Therefore, these groups found in plant leaf
extracts were responsible for silver nitrate reduction to
AgNPs and capping nanoparticles for stabilization and pre-
venting their aggregation in the medium.

3.8 Mechanism of the formation of AgNPs by
aqueous extract of C. fragrans leaf

Based on the results of phytochemical screening and
determination of chemical compositions by GC–MS, the

Figure 13: FTIR spectra of C. fragrans leaf extracts (A) and AgNPs biosynthesized using the leaf extracts (B).

Figure 14: Mechanism of reduction of Ag+ to Ag0 by C. fragrans leaf extract.
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aqueous extract of C. fragrans leaf contains functional
groups of terpenoids, flavonoids, tannin, and saponin;
these groups of substances will act as the reducing agent

Ag+ to Ag [57,58]. In particular, the presence of β-amyrin
and lupeol with the –OH group in the ring may undergo
oxidation and get converted to quinone forms of β-amyrone

Figure 15: Anticancer activity of C. fragrans leaf AgNPs against MCF-7, HepG2, MKN7, LU-1, and KB cell lines (the magnification in micro-
scopic images is 20×).
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and lupenone, respectively. The synthesized AgNPs are sta-
bilized through the lone pair of electrons and p electrons of
quinone structures of lupenone and β-amyrone and other
organic compounds in the aqueous extract of C. fragrans
leaves (Figure 14).

Figure 14 shows that, when the pH level of the solu-
tion is low, the oxidation reactions of β-amyrin and
lupeol are not favored, so the ability to reduce Ag+ into
Ag decreases. When the pH of the solution increases, the
equilibrium of the oxidation reaction of β-amyrin and
lupeol shifts from rightward, raising the rate of the reduc-
tion reaction Ag+ → Ag and the amount of synthesized
AgNPs. This reaction mechanism is consistent with the
results produced from investigating the effect of pH on
the synthesis of AgNPs.

3.9 Anticancer activity

The viability of MCF-7 (human breast carcinoma), LU-1
(human lung carcinoma), HepG2 (human hepatocellular
carcinoma), KB (human carcinoma in themouth), andMKN-
7 (human gastric carcinoma) cancer cells with AgNPs for
72 h was determined using the colorimetric SRB assay.

The obtained results showed that MCF-7 cells prolif-
eration was significantly inhibited by AgNPs with an IC50
value of 2.41 µg·mL−1, HepG2 cells with an IC50 value of
2.31 µg·mL−1, KB cells with an IC50 value of 2.65 µg·mL−1,
LU-1 cells with an IC50 value of 3.26 µg·mL−1 of the con-
centration andMKN-7 cells with an IC50 value of 2.40 µg·mL−1.
The cytotoxicity of metal nanomaterials is associated with the
various parameters such as sizes, morphologies, and surface
charges as well as different biological resources that act as
reducing and capping agents [59–61]. The IC50 values (2.41
and 2.31 µg·mL−1) for MCF-7 and HepG2 cancer cell lines of
AgNPs synthesized from the aqueous extract of C. fragrans
leaves are low compared to the IC50 values of AgNPs

synthesized from other plant extracts [62–64]. The reason
is that extracts of C. fragrans leaves contain beta-amyrin
and lupeol. These substances participate in a redox reac-
tion with Ag+ ions to convert to beta-amyrone and lupe-
none, which are active substances with excellent anticancer
properties [65,66]. The presence of these substances on the
surface of AgNPs has significantly increased the anticancer
ability of AgNPs. Thus, AgNPs were synthesized in this study
and showed good anticancer activity against MCF-7, HepG2,
KB, LU-1, and MKN-7 cell lines (Figure 15, Table 3).

4 Conclusions

The bio-reduction of Ag+ ion using the aqueous extract of
C. fragrans leaves leading to the formation of AgNPs of
fairly well-defined dimensions has been demonstrated to
have the optimal conditions of 10 mL of extract (15 g of
C. fragrans leaf per 100mL of water, extraction time
70min, boiling temperature) per 30mL of 1 mM AgNO3,
temperature 80°C, pH = 7.06, reaction time 360min. XRD
result shows the face-centered cubic lattice of AgNPs. The
synthesized AgNPs are mostly spherical in shape with an
average size of 48.0 nm. The zeta potential of AgNPs is
−27.0 mV. The aqueous extract of C. fragrans leaf acts as a
reducing and stabilizing agent. The synthesis of AgNPs
using C. fragrans leaf extract holds the environmental
advantage over alternative chemical synthesis methods
due to the absence of pollutants produced. Promisingly,
the synthesized AgNPs demonstrated anticancer activity
against MCF-7, HepG2, KB, LU-1, and MKN-7 cell lines.
This study thus demonstrates that synthesizing AgNPs by
using aqueous extract of C. fragrans not only generates
considerably lower environmental impacts, but the resulting
product also possesses incredible potential as life-saving
anticancer agents.

Table 3: In vitro cytotoxicity effect of AgNPs from the C. fragrans leaf on cancer cell lines represented as cell inhibition percentage ±
standard deviation

Concentration
(ppm)

MCF-7 HepG2 KB LU-1 MKN-7

% of
inhibition

SD % of
inhibition

SD % of
inhibition

SD % of
inhibition

SD % of
inhibition

SD

3.75 79.40 2.78 82.57 2.55 75.64 3.73 62.95 3.10 80.81 2.13
0.75 14.74 1.49 16.41 0.16 11.30 1.40 7.04 0.63 13.02 1.13
0.15 5.95 0.48 7.25 0.27 1.90 0.16 3.73 0.44 1.80 0.48
0.03 0.21 0.05 2.06 0.36 0.65 0.17 3.47 0.26 −1.98 0.81
IC50 2.41 ± 0.23 2.31 ± 0.25 2.65 ± 0.39 3.26 ± 0.28 2.40 ± 0.33

SD = standard deviation.
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