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ARTICLE INFO ABSTRACT

Keywords: Silver nanoparticles (AgNPs) are known as carriers of anticancer activities for effectual target treatment of cancer
Biosynthesis cells. Plant-mediated synthesis for AgNPs synthesis is valuable for biomedical applications due to their more
Camellia. sinensis safety and cost-effectiveness. In this work, AgNPs were synthesized successfully using green tea (Camellia
ﬁ?%%t:zs sinensis) extract (CSE-AgNPs). The physicochemical properties of CSE-AgNPs were identified by UV-visible

spectrophotometry, FT-IR, PXRD, DLS and TEM. The results indicated the successful synthesis of well-dispersed
CSE-AgNPs with spherical shape and size (8-68 nm). The cytotoxic effects of CSE-AgNPs on hominid testicular
embryonic cancer stem cells (NTERA-2) and normal cells (ACTH2 cell line) were done by the MTT assay and
acridine orange/propidium iodide staining. CSE-AgNPs exhibited toxic effects in a dose-dependent manner as
their half inhibitory concentrations (IC50) were 6 pg/mL and 28 pg/mL against the cancerous and normal cells
after 24 h, respectively. The investigation of Bcl2, Bax, caspase 3 and 9, p53 and HSPA2 genes’ expression
indicated CSE-AgNPs as an apoptosis-inducing complex. The findings document the usability of the bio-
synthesized CSE-AgNPs for triggering cell death in cancerous cells in vitro and provide a strong rationale for
conducting in vivo studies.

Cancer therapy

1. Introduction

Cancer is a generic term denoting a large group of diseases, in which
the organization’s cells begin to propagate and reproduce uncontrolla-
bly [1-6]. The rapid growth of cancerous cells leads to the formation of
abnormal tissues identified as malignant tumors [7-12] which can
attack healthy organs and tissues [13-18]. The development of civili-
zation and commercial expansion causes an alteration in dietary forms
and, in the meantime, plants and biomaterials derived from the plant
can help improve health [19-24]. Testicular cancer is a common form of
cancer among men aged 15-34 years old, accounting for about 8850

new cases and 410 deaths in 2017 in the USA [25]. Medical treatment of
testicular cancer generally includes orchiectomy, radiation therapy and
chemotherapy. These approaches, alone or together, have proved
effective to some extent. Still, there are critical limitations to the
mentioned therapies, including their serious side effects for healthy
tissues or organs, hypogonadism and metabolic syndrome [26]. There-
fore, developing novel therapies with the lowest side effects is of utmost
clinical importance [27,28]. Nanotechnology holds promises for cancer
theranostics by enabling the synthesis of materials and devices with
higher efficacy and lower adverse effects on normal cells and tissues
[29-31]. Nanoparticle-targeted therapy is a helpful technique for cancer
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therapy since the particles can effectively penetrate the tumor tissue,
leading to the accumulation of therapeutic agents at the tumor site
[32-34]. Among metallic nanoparticles, silver nanoparticles (AgNPs)
are important and attractive nano-sized materials in biology and medi-
cine [35,36]. AgNPs are commonly identified as potential anticancer
substances due to their inherent capacity in the inhibition of tumor cell
propagation, migration and angiogenesis [37,38]. AgNPs can also cross
the blood-testis and blood-brain barriers to reach tumor regions [39].
However, the conventional approaches adopted for the fabrication of
nanoparticles (NPs) suffers from the existence of some toxic chemicals
adsorbed on the particles’ surface, seriously hindering their medical
applications [40]. Therefore, the biosynthesis of nanoparticles, known
as green chemistry synthesis, has been proposed to produce nano-sized
particles in a simple, rapid, dependable and non-toxic manner [41].

Chemical and physical methods are time-consuming and not eco-
friendly [42,43]; an environmentally safe approach to the synthesis of
NPs is the biological method [44,45]. Different biological systems,
including bacteria, fungi and herbal extracts, have been successfully
employed for the biosynthesis of metallic NPs [46]. Studies have re-
ported the role of metabolites such as terpenoids, flavonoids, carbohy-
drates, proteins and phenolic compounds in the synthesis of NPs [34].
These agents are responsible for the formation of nanoparticles by
reducing properties, thereby promoting their stabilizing characteristics
and biocompatibility [47-49]. Researchers have identified plants that
have a high potential for synthesizing silver nanoparticles, e.g.,
turmeric, Nigella sativa [47], Zingiber officinale [50] and black tea [51].
In this regard, green tea (Camellia sinensis) leaf, as a strong antioxidant
and chemopreventive agent, has been proved as an affordable choice for
the green chemistry synthesis of nanoparticles [52].

In the current research, for the first time, we demonstrate the
enhanced anticancer activity of AgNPs biosynthesized by C. sinensis
(CSE-AgNPs) against human testicular carcinoma cells (NTERA-2). For
this purpose, C. sinensis was first extracted from a leaf of wild-growing
green tea. Then, the extract was utilized for the biofabrication of
AgNPs using a biochemical procedure. The fully characterized samples
were evaluated biologically to determine their exact anticancer efficacy
both at the cellular and molecular levels.

2. Experimental procedure
2.1. Materials

Silver nitrate (AgNO3), sodium hydroxide (NaOH) and hydrochloric
acid (HCI) were obtained from Merck KGaA (Germany). The cell culture
medium (DMEM/F12), FBS, PBS, penicillin and streptomycin were
procured from Invitrogen (USA). Trypsin, ethylene diamine tetraacetic
acid (EDTA), DAPI and MTT were obtained from Sigma-Aldrich (United
States).

2.2. Plant extract preparation and biosynthesis of AgNPs

The leaves of wild-growing C. sinensis were collected from villages of
Rudsar, north of Iran. The samples were then washed twice with
deionized water. Freshly dried leaves were ground into fine powder
under a sterile position. To prepare the C. sinensis extract, 1 g of the
powder was solved in deionized water (100 mL) and, then, stirred for 30
min. The solution was filtered (Whatman no. 42 paper) and stored at
4 °C [53]. This extract was considered as a concentration of 100% and
other concentrations were made from this base extract solution.

For the biosynthesis of AgNPs, 3 mL of the prepared extract was
dropped into 7 mL of the AgNOj3 solution (1 mM). The UV absorption
spectra of the solution were determined between 300 and 900 nm using
UV-Vis spectroscopy (Japan’s Shimadzu UV-2500 model). Different
factors were assessed to achieve nanoparticles with suitable size and
stability [54].
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2.3. Optimizing effective parameters in the biosynthesis of AgNPs

To optimize the pH of CSE-AgNPs, 3 mL of the extract and 7 mL of
AgNOs solution were mixed in six tubes. Then, pH was set to 4, 5, 6, 7, 8
and 9 using HCI (0.1 M) and NaOH (0.1 M). The absorption spectra of all
the colloidal solutions were assessed by a spectrophotometer (Shimadzu
UV-2500) in the series of 300-900 nm and the optimal pH was selected.
The AgNOj3 solution and plant extract were used at various ratios of 1:9
(1 mL AgNOj3 /9 mL extract), 2:8 (2 mL AgNOs3 /8 mL extract), 3:7 (3 mL
AgNOs3 /7 mL extract), 4:6 (4 mL AgNOs /6 mL extract), 1:9 (1 mL
extract /9 mL AgNO3), 2:8 (2 mL extract /8 mL AgNO3), 3:7 (3 mL
extract /7 mL AgNOs) and 6:4 (6 mL extract/4 mL AgNOs) to optimize
nanoparticle preparation. The absorption spectra of CSE-AgNPs at all
ratios were evaluated by UV-Vis spectroscopy. Then, the optimum ratio
of the plant extract to the AgNO3 solution was applied to produce CSE-
AgNPs. To optimize the reaction time, the absorption spectra of CSE-
AgNPs were determined at different times (30, 60, 120, 180 and 240
min) and the optimal time was specified.

2.4. Physicochemical characterizations

For physicochemical characterization, the CSE-AgNPs solution was
first centrifuged three times at 12,000 rpm for 15 min and, then, freeze-
dried. To determine crystalline phases, the obtained powder was intro-
duced into an X-ray diffractometer (Philips X'pert Pro, the Netherlands)
with Cuka radiation (A = 1.5406 10\) in the series of 10-80° with 2°/min
scanning degree. FTIR examination was performed to detect the surface
functional groups as well as the stretching and bending vibrations in the
green tea extract powder and AgNPs. The FT-IR spectra of the examples
were documented in the wavenumber range of 500-4000 cm ! using a
smart diffuse reflectance FT-IR (NICOLET IR 100 model). The particle
size distribution profile of the CSE-AgNPs was investigated using a DLS
(Photal, Otsuka Electronics Co.). The structural investigation of the CSE-
AgNPs was performed by a transmission electron microscope (TEM)
(LEO - 912AB - 120 KV model, Carl Zeiss, Germany). Image J software
was employed to analyze the micrographs and the particle size
distribution.

2.5. Biological evaluations

2.5.1. Antioxidant property

The antioxidant activity of the CSE-AgNPs was identified using the
ABTS-radical scavenging and DPPH free radical scavenging assays.
Briefly, 54.8 mg of ABTS (2 mM) was dissolved in 50 mL of distilled
water, added along with 0.3 mL of potassium persulphate (17 mM) and
kept at 37 °C for 24 h. Then, 1 mL of DMSO and 0.16 mL of ABTS so-
lution were added to 0.2 mL of different concentrations of the samples to
create the final solution. After 20 min, absorbance was calculated by
using an ultraviolet-spectrophotometer at 734 nm [55].

In the DPPH assay, each sample was diluted in water in 96-well
microtitre plates separately and the final concentrations of the plant
extract, AgNPs and standard solution were attained (1.56, 3.12, 6.25,
12.5, 25, 50 and 100 pg/mL). Afterwards, 200 pl of the DPPH solution
was added to 2.5 mL of the example solution. The plates were incubated
at 37 °C for 30 min and the absorbance was measured at 490 nm.
Ascorbic acid (routine) was applied as the control (+) and the extract
was employed as the blank.

The percentage of inhibition was designed as stated by the subse-
quent equation [14]:

Absorption control — Absorption test

Percentage of inhibition = x 100

Absorption control

2.5.2. Cell culture
Pluripotent humanoid testicular embryonic cancer stem cells
(NTERA-2 Cell No: IBRC C10509) and normal human testis (ACTH2 Cell
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No: IBRC C11135) cell lines were purchased from Iran Biological
Resource Center (Iran). The NTERA-2 and ACTH2 cell lines were
cultured in the DMEM medium modified with L-Glutamine, 15% FBS,
1% P/S at 37 °C in humid air with 5% CO,. Once reaching at least 70%
confluency, the cells were separated from the cell culture flasks by 5%
trypsin—-EDTA solution and utilized for the cytocompatibility assay.

2.5.3. Invitro cyto-compatibility of CSE-AgNPs

The effect of CSE-AgNPs on the growth and proliferation of NTERA-2
and ACTH2 cell lines was done by the MTT assay which is a colorimetric
method. This method is established on the disintegration of tetrazolium
salt in viable cells. The NTERA-2 and ACTH2 cells were plated into 96-
well culture plates containing 100 pl of the culture medium separately.
Then, CSE-AgNPs were added to each well with different treatments (0,
0.78, 1.56, 3.12, 6.25, 12.5, 25, 50 and 100 pg/mL). After 24 h, 100 pl
of the MTT solution (0/5 pg/mL) was added to each well and incubated
for 4 h at 37 °C. Afterwards, the medium containing MTT was discarded
and DMSO was added to each well for 30 min. The light absorption of
each well was read by an ELISA reader at 570 nm. The results were
defined as an IC50% (50% maximal inhibitory concentration). To ach-
ieve better results, the assessments were repeated three times and the
ratio of viable cells was calculated by the following procedure [56,57]:

Mean absorbance of the treated sample

P t f cell vitality(%) =
ercentage of cell vitality(%) Mean absorbance of the control sample

x 100

2.5.4. AO/PI staining assay

NTERA-2 and ACTH2 cell lines were seeded in 6-well cell culture
microplates (SPL Lifescience). The NTERA-2 cells (1 x10° cells/mL)
were treated with 6 and 12.5 pg/mL of the CSE-AgNPs. The ACTH2 cells
(1 x10° cells/mL) were treated with 28 and 50 pg/mL of the CSE-
AgNPs. Then, the cells were incubated at 37 °C overnight. Afterwards,
the cells were harvested by trypsinization, centrifuged and washed twice
by PBS. An aliquot of 10 pg/mL fluorescent dyes containing acridine
orange/propidium iodide (AO/PI) was added to each well at 25 °C. After
3-5 min, the freshly stained cell suspensions were dropped into a glass
slide. Finally, the slides were observed by a fluorescence microscope
(Olympus CKX41, Tokyo, Japan). No less than 100 cells were enumer-
ated and the ratio of apoptotic cells was calculated using the following
equation [58]:

Total ber of tosis cell
Percentage of total apoptosis cells(%) = ot UMBET 0F aPOpIosts ceTs
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expression in the untreated cells and the CSE-AgNPs-treated NTERA-2
cells. To this end, NTERA-2 cells were seeded in the cell culture flasks
and treated with the CSE-AgNPs at an inhibitory concentration (6 pg/
mL) for 24 h.

Total RNA was extracted as a sample using a High Pure RNA isolation
kit (Qiagen, Germany). Complementary DAN (cDNA) was synthesized
using oligo (dT) and a first-strand complementary fabrication kit based
on the manufacturer’s guideline (Fermentas, Lithuania). The sequences
of the primers and conditions employed in this study are presented in
Table 1. The PCR amplification conditions comprised 10 min at 95°C,
followed by 45 cycles of a denaturation phase at 95°C for 10 min, and
annealing and extension for 30 s at 72°C. The relative gene expression
rank was evaluated with the comparative Ct method (222CY  The
housekeeping glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene was employed as an internal control [59].

2.6. Statistical analysis

Statistical analysis was performed in SPSS 22 and the results were
analyzed by one-way analysis of variance (ANOVA). The expression
ranks of the selected genes between the treated samples and the control
group were examined using Tukey’s HSD post-hoc test. The data were
shown as the mean + standard deviation and P < 0.05 was regarded as
statistically significant.

3. Results and discussion
3.1. Plant-mediated synthesis of NPs

Stable AgNPs cannot be produced under acidic or neutral solutions;
so, AgNPs are synthesized in alkaline media [60]. It is defined as the
mechanism of plant-assisted silver nanoparticles based on the following
hypothesis. (a) electrostatic interactions was performed between silver
ions and biochemically active groups of plant extract; (b) then, silver
ions were bio-reduced into silver nuclei, which subsequently grew [61].

It is known that C. sinensis contains various polyphenolic compounds,
is easily removed from the body in alkaline conditions and acts as a
reducing/stabilizing factor [62]. The reduction of silver ions from Ag (I)
to Ag (0) in the AgNOj3 solution was performed by C. sinensis extract and
the formation of CSE-AgNPs was indicated by the immediate color
change from green to dark brown (Fig. 1A).

x 100

2.5.5. Gene expression assessment
The real-time PCR procedure was applied to compare the expression
ranks of BCL2, BAX, Caspase 3, Caspase 9, P53 and HSPA2 gene

Table 1
The primers sequence and applied conditions for real-time PCR.

Total number of apoptosis and normal cells

The synthesis of the extract-stabilized AgNPs was also verified by
UV-Vis spectroscopy, wherein the CSE-AgNPs showed an SPR (surface
plasmon resonance) peak at 440-450 nm (Fig. 1B). Comparison of the
absorption spectrum obtained from the aqueous extract of C. sinensis
with the solution containing biosynthesized silver nanoparticles showed
that the extract was not absorbed in the corresponding wavelength and

Gene name Forward Primer Reverse Primer Annealing temperature Product size (bp)
BCL2 5" CAGGATAACGGAGGCTGGGATG 3 5" GACTTCACTTGTGGCCCAGAT 3’ 59 157
BAX 5" CCCTTTTGCTTCAGGGTTTCAT 3’ 5" TCAGCTGCCACTCGGAAAAA 3' 59 223
CASPASE3 5" ACTGGACTGTGGCATTGAG 3' GAGCCATCCTTTGAATTTCGC 3' 5/ 60 138
CASPASE9 5" CGGTGACCCCAGAATTGACC 3' 5" CCTGCCCGCTCACGTC 3' 61 164
P53 5" TGCTCAAGACTGGCGCTAAA 3’ 5" CAGTCTGGCTGCCAATCCA 3’ 59 157
HSPA2 5" TTGCAACCCCATCATCAGCA 3’ 5 TTGGCACAAGGACATTTCAAAGA 3/ 59 192
GAPDH 5" GGAAGGTGAAGGTCGGAGTCA 3' 5 GTCATTGATGGCAACAATATCCACT 3’ 58 101
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UV-vis spectra

— AgNPs

Extract

Fig. 1. I) Solutions used in the synthesis of silver nanoparticles using C. sinensis extract (CSE-AgNPs). II) UV-Vis spectrophotometry from extract and silver ni-

trate (AgNOs).

the absorption spectrum observed in the solution was due to the pres-
ence of nanoparticles.

3.2. Influence of different parameters on the fabrication of CSE-AgNPs

Initially, 3 mL of the C. sinensis extract and 7 mL of the AgNOj3 so-
lution were mixed. The color of the colloidal solution turned from green
to dark brown and, then, black over time went on, indicating the for-
mation of CSE-AgNPs (Fig. 1A). Different parameters were measured for
the synthesis of nanoparticles with the best absorption spectra.

3.2.1. pH optimization

The pH of the resulting solution was estimated at 6 by a pH meter.
The effect of pH on the fabrication of NPs was studied at various pH
values of 4, 5, 6, 7, 8, 9; the UV-vis spectra of CSE-AgNPs at different pH
ranges are depicted in Fig. 2A. An SPR band appeared in the range of
400-450 nm. A sharp and symmetric peak was obtained at pH 8. In the
range of pH 4 and 5, there was no suitable absorption peak. At higher pH
(pH=9), the SPR band’s position decreased compared to pH 8; so, pH 8
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Absorbance

Absorbance

,[A]
o
o
<
©
E-]
=
o
a
-
<
0 T T T T T T T T T T ]
300 350 400 450 500 550 600 650 700 750 800 850 900
2 E —— 1:9 (1ml AgNO,/9ml extract)
1.8 —— 2:8(2ml AgNO;/8ml extract)
1.6 —— 3:7(3ml AgNO,/7ml extract)
14 —— 4:6 (4mIAgNO,/6ml extract)
g 12
<
S 1
=
o
2 os
<
0.6
0.4
0.2
0 t t t + t t

300 350 400 450 500 550 600 650 700 750 800 850 900

Wavelength (nm)

was selected for the synthesis of nanoparticles. Previous studies have
shown that the pH reaction did not have a considerable influence on the
shape of NPs, but affected the nanoparticle size [63]. At pH= 8, a sharp
and symmetrical peak was detected, but at higher pH (pH=9), a
decrease in the rate of adsorption was observed; this can suggest Ag-ions
were hydrolyzed at the desired acidity, such that the species was formed.
The stable hydroxides of silver ions were oxidized and, eventually,
prevented from entering the bioremediation reaction [41,64]. With the
rise in pH, the SPR bands became broader, which was due to the
increased particle size [65]. pH was directly correlated with the
steadiness of the NPs. With a rise in pH, the AgNPs with less stability and
larger dimensions were created due to CSE-AgNPs aggregation. How-
ever, this aggregation was caused by the existence of electrostatic re-
lations between partly ionized sodium citrate groups. At the lower pH,
CSE-AgNPs were less aggregated because all groups were protonated,
acting toward the electrostatic relations [66]. Therefore, pH 8 was
deemed optimal.
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Fig. 2. a) UV-vis spectrophotometry of extract under different pH conditions; b-c) Comparison of absorption spectra at various ratios of extract and silver nitrate
(AgNO3); d) Different times efficacy in the synthesis of silver nanoparticles using C. sinensis extract (CSE-AgNPs).
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3.2.2. Optimization with different concentration ratios

Different concentration ratios of the plant extract and silver nitrate
solution at pH 8 were measured. The maximum absorption peak of CSE-
AgNPs occurred at the concentration ratio of 2:8 (2 mL extract /8 mL
AgNO3), which was further validated by creating the highest peak in
UV-Visible spectrophotometry. Thus, this ratio was deemed optimal and
the next factor was assessed based on this ratio (Fig. 2B). The intensity of
the absorption spectra of CSE-AgNPs rose with increasing the treatment
of AgNOs3 (6-8 mL). The UV-Vis peak was more prominent for higher
AgNOg3 treatments than the extract, indicating that more NPs per unit
volume was made when AgNOj3 concentration was elevated (Fig. 2B, C).

Different studies report that, in biosynthesis, extra Ag-ion concen-
tration is necessary for the better synthesis of AgNPs [67]. Ibrahim et al.
reported that when they synthesized AgNPs using AgNOs3 as a metal salt
and the banana peel extract as a reducing and coating agent, the color
changed from yellowish to darker shades of reddish-brown by elevating
the concentration of AgNO3 [68]. However, at a higher concentration
(9 mL), CSE-AgNPs started to aggregate and form into large particles.
Zhang et al. believed that aggregation and formation of large particles
were due to two probable bases. Firstly, the creation level of nuclei
increased more significantly than the growth degree of Ag-nanocrystals
by increasing the AgNO3 content. Secondly, many AgNPs were shaped at
higher treatment of AgNOs. Therefore, the collision frequency was
enhanced considerably, which resulted in the aggregation of the nano-
particles [69-71]. The current study concluded that the optimum ratio
of 2:8 extract/AgNOs was suitable for AgNPs synthesis.

3.2.3. Optimization of CSE-AgNPs in different reaction times

The interaction time, also known as the reaction time, is a key factor
for nanoparticle synthesis. The optimum time results in higher concen-
trations of CSE-AgNPs in the medium, observed by high absorbance
peaks. At different predetermined reaction times (30, 60, 120, 180 and
240 min), a sample was withdrawn and the presence of CSE-AgNPs was
recorded by the spectrophotometer. The time, beyond which no further
increase in the absorption was observed, was deemed as the completion
time of the reaction. A rise in absorbance was detected when the rate of
CSE-AgNPs synthesis was enhanced and more particles were shaped at
the same time. The plasmon severity at the reaction time of 120 min was
close to that at 180 and 240 min, indicating the completion of the re-
action. Therefore, the optimum time for the synthesis of CSE-AgNPs was
chosen to be 120 min (Fig. 2D). Recent studies have demonstrated that,
besides the nature of the plant extracts and types of biologically active

Process Biochemistry 119 (2022) 106-118

molecules, several factors such as pH, concentrations and reaction time
can affect the reduction process [72].

3.3. Characteristic of CSE-AgNPs

3.3.1. FTIR spectroscopy study

The FTIR analysis was performed to evaluate the chemical and
molecule structures of the plant extract and CSE-AgNPs (Fig. 3). Bio-
functional classes linked to the surface of NPs and chemical residues
were identified by FTIR; this indicated the possible existence of mole-
cules in the plant extract which were responsible for the Ag-ions’
reducing factor. Examining the FTIR spectrum of the C. sinensis extract
displayed the existence of several biomolecules such as flavonoids and
terpenoids [73]. The presence of a broad peak (3441) in the spectrum
was associated with the stretching vibrations of O-H hydroxyflavones
and catechin groups. The peaks at 2903 em ™! and 1050 ecm™! corre-
sponded to the tensile vibrations of the C-H groups. A strong absorption
peak at 1635 cm™, related to tensile vibrations of the C =0 bond,
indicated a stretch of the acid groups present in the thearubigins.
Moreover, the spectra showed a C-O peak at 1256 cm ™! and peaks at
826 cm ! and 568 cm ™, confirming the existence of aromatic replaced
rings. Apart from a minor shift in the C=0 stretch from 1635 cm™! to
1256 cm™’, the rest of the peaks remained unaffected in the spectra
based on the CSE-AgNPs after the reaction with the C. sinensis extract, as
presented in Fig. 3, verifying that CSE-AgNPs were protected by the
natural compound known as thearubigins present in the extract [62].
The FT-IR spectra demonstrated the biofunctional classes of molecules
existing in the green tea extract that may be accountable for reducing
metallic ions and stabilizing AgNPs [74].

3.3.2. XRD examination
The crystalline construction of CSE-AgNPs was determined by the
XRD technique [75] (Fig. 4). The fairly wide XRD form displayed the
synthesis of AgNPs. The size of CSE-AgNPs was calculated by Debye--
Scherrer’s formula:
Ky

where D is the particle dimension, K is a grain sharp factor (0.94), A is
the incident X-ray wavelength (1.5418 A), g is the full width at half
maximum of the deflection peak and 0 is Bragg’s angle of the peak.
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Fig. 3. Fourier transform infrared spectroscopy (FTIR) spectra of (A) extract; (B) biosynthesized silver nanoparticles using C. sinensis extract (CSE-AgNPs).
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Fig. 4. X-ray diffraction (XRD) pattern of biosynthesized silver nanoparticles using C. sinensis extract (CSE-AgNPs). The XRD peaks are placed at angles of 38.16°,
38°, 44°, 64° and 77° matching the 111, 200, 220 and 311 planes of CSE-AgNPs.
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Fig. 5. (A, B) Transmission electron micrograph, energy dispersive spectroscopy (EDS) result of biosynthesized silver nanoparticles using C. sinensis extract (CSE-
AgNPs) and the pictogram of particle size distribution; (C) Dynamic light scattering (DLS) analysis of CSE-AgNPs.

Prominent peaks at 38, 44, 64° and 77° could be attributed to the (111),
(200), (220) and (311) reflection designs, respectively. The peak related
to the (111) plane was stronger and sharper than others [55,76]. These
results were compatible with the standard deflection data stated for Ag
by the JCPDS database (no. 04-0784) [67].

111

3.3.3. TEM and DLS analysis

DLS and TEM procedures were employed to evaluate the dimension
and shape of the CSE-AgNPs (Fig. 5A-C). The TEM showed that the
nanoparticles were well-dispersed and had a sphere shape with size
varying from 5 to 40 nm. The shape stability of CSE-AgNPs is critical in
nanotechnology because shape affects the physicochemical properties of
NPs [77]. The morphological characteristics of CSE-AgNPs are
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illustrated in Fig. 5A, B. DLS studies were performed for particle size
distribution and to obtain the average hydrodynamic diameter of the
CSE-AgNPs. The particle size was 8-68 nm in the DLS analysis. The
dimension and shape of CSE-AgNPs wen shown to depend on the green
tea extract used for fabrication [78]. The EDX test result displayed a
sharp signal in the Ag area while affirming that the AgNPs have formed.
Due to SPR, normally AgNPs display a characteristic absorption peak at
~3 keV [79].

3.4. Antioxidant activity of biosynthesized silver nanoparticles (CSE-
AgNPs)

Free radicals, particularly their enhanced production, have gained
momentum in many diseases, including cancer and cardiovascular dis-
eases [80]. The most frequently used methods for determining antioxi-
dant capacities include the ABTS and DPPH radical scavenging assays,
while rutin is used as a standard [81]. The results indicate that
CSE-AgNPs have a comparable antioxidant activity with the standard
antioxidants rutin, while the plant extract exhibited a lower antioxidant
activity. CSE-AgNPs showed a notable dose-dependent scavenging
property toward all the free radicals (Fig. 6). Researchers have reported
that biochemical groups of plant extract involved in the reduction of Ag
ions for AgNPs creation can explain their antioxidant properties [82].
The DPPH free radical assay was considered for defining the free radical
scavenging property of the fabricated NPs and natural products due to
its high stability [83]. DPPH showed a maximum absorption band at
490 nm and was gradually reduced as the antioxidant properties
diminished [84]. In this research, DPPH scavenging property rose with
an increment in the treatment of the fabricated CSE-AgNPs with the
maximum activity of 80.91% at the maximum concentration
(100 pg/mL), which was close to that exhibited by the rutin standard in
the similar treatment (93.21%); however, the herbal extract displayed
noticeably less scavenging property (50.19%), which confirmed that
CSE-AgNPs had a high antioxidant potential (Fig. 6A). CSE-AgNPs
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60
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revealed maximum ABTS+ scavenging property (92.16%), almost
equivalent to that displayed by the rutin standard (95.44%) at
100 pg/mL, demonstrating a strong property. The results were in
agreement with those of Shanmugam et al., showing that the
ABTS+ scavenging property of biosynthesized AgNPs is strong [85]
(Fig. 6B). In the present study, the CSE-AgNPs fabricated via a green
procedure displayed high antioxidant properties, consistent with the
results of Selvan et al. [55].

The results of the current study were confirmed by Magdy et al. who
reported similar outcomes when working with AgNPs modified by green
tea extract [86]. Additionally, Magdy et al. stated that the antioxidant
activity of the plant extract may be a highly probable mechanism that
helps prevent AgNPs’ toxicity. They reported that green tea extract can
not only mitigate the side effects of AgNPs, but has anti-cancer effects
against Ehrlich ascitic carcinoma; therefore, it can be useful in the
treatment of AgNPs-related liver dysfunction [86]. Further molecular
research is required to fill in this scientific gap. The IC50 value of
CSE-AgNPs, the extract and relevant standards for all the considered
antioxidants are presented in Table 2. Herein, the CSE-AgNPs displayed
maximum properties toward DPPH scavenging activity with the IC50 of
8.78 pg/mL, whereas the minimum activity was toward ABTS+ cation
radical with the IC50 of 9.82 pg/mL. Compared to rutin as a standard,
the antioxidant activity of CSE-AgNPs increased more significantly than
the C. sinensis extract.

Table 2
The IC50 value of biosynthesized silver nanoparticles using C. sinensis extract
(CSE-AgNPs), an extract compared to Rutin as a standard.

IC50 (pg/mL)

Silver nanoparticles Plant extract

Rutin
ABTS 4.36 9.82 24.9
DPPH 3.26 8.78 98.7

B——# Rutim

o——e AgNPs

>—> Plant extract

100

80

60

40

% Inhibition

20

1.56 3.12 6.25 12.5

25

50 100

Concentration (ug/mL)

Fig. 6. Antioxidant scavenging properties of extract and biosynthesized silver nanoparticles using C. sinensis extract (CSE-AgNPs). (A) 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging action, (B) 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) scavenging action. Values are mean + SD of triplicate exami-
nations (n = 3). Significant changes are denoted by *p < 0.05, **p < 0.01 and ***p < 0.001 versus control (rutin).
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Fig. 7. The mean percentage of normal human testis (ACTH2) and cancerous cells (NTERA-2) proliferation in cells treated with various concentrations of bio-
synthesized silver nanoparticles using C. sinensis extract (CSE-AgNPs) performed by 3-[4,5-dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay in
24 h. Error bars represent the mean+SD of triplicate analyses (n = 3). Significant changes are shown by *p < 0.05, **p < 0.01 and ***p < 0.001.

3.5. Invitro cytocompatibility of CSE-AgNPs

MTT assay was performed to measure the influence of CSE-AgNPs on
the survival and proliferation of NTERA-2 and ACTH2 cell lines. Various
concentrations of CSE-AgNPs (0, 0.78, 1.56, 3.12, 6.25, 12.5, 25 50, and
100 pg/mL) were evaluated in both cell lines after 24 h (Fig. 7). In the
NTERA-2 cell line, there was no noteworthy change in cell proliferation
between CSE-AgNPs-treated cells (0.78, 1.56 pg/mL concentrations)
and untreated cells (control). The cell proliferation was significantly
decreased in the presence of 3.12 pg/mL of CSE-AgNPs compared to the
control cells (p < 0.05). The cell proliferation was significantly reduced
in 6.25 pg/mL of CSE-AgNPs compared to the control cells (p < 0.01).
The cell proliferation in the treated cells with high treatments of CSE-
AgNPs (12.5, 25, 50, 100 pg/mL) was significantly lower than the
control cells (p < 0.001). In the ACTH2 cell line, there was no sub-
stantial change in the bioavailability percentage of 0.78, 1.56, 3.12 and
6.25 pg/mL of CSE-AgNPs compared to the control group. At 12.5 pg/
mL and 25 pg/mL concentrations, CSE-AgNPs showed a significant
reduction in the treated cells compared to the control group (respec-
tively at p < 0.05 and p < 0.01). The maximum inhibitory effect was
observed on ACTH2 cell propagation at 100 pg/mL, which was statis-
tically significant compared to the control cells (p < 0.001).

There was an inverse relationship between the dosage of NPs and cell
viability; as the concentration of CSE-AgNPs increased, the cell prolif-
eration decreased. AgNPs may induce reactive oxygen species (ROS), the
activity of which on cells leads to cellular death [87]. It has been re-
ported that cancer cell line viability decreases with increasing the con-
centrations of AgNPs [88]. According to the results of these experiments,
the IC50 of CSE-AgNPs on ACTH2 cell line viability was 28 pg/mL after
24h of incubation. (Fig. 7A). The IC50 value was 6 pg/mL for
CSE-AgNPs against the NTERA-2 cells in 24 h, which was lower than the
IC50 for the ACTH2 cells (Fig. 7B). The results indicated that a lower
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treatment of CSE-AgNPs is necessary to prevent 50% of the NTERA-2 cell
line. These results confirmed that cancer cells are more sensitive than
normal cells to exposure to CSE-AgNPs. The findings of this study are
consistent with the results of Selvan et al., which showed that the bio-
synthesized AgNPs had the highest cytotoxicity activity against cancer
cells compared to normal cells [55]. The results of the present study
suggested that biosynthesized AgNPs reduced the viability of cells in a
dose-dependent manner. Most of the cells uptake AgNPs through
endocytosis [89]. Internalized AgNPs can be found in mitochondria and
the nucleus [90]. Once internalized, intracellular AgNPs induce a series
of effects including oxidative stress, cell cycle rest, impairment of the
cell membrane, inflammatory responses, DNA damage and genotoxicity,
chromosome aberrations and apoptosis [91-93]. The AgNP exposure
could induce the changes of cell shape, reduce cell viability, increase
lactate dehydrogenase (LDH) release and, finally, result in cell apoptosis
and necrosis [46,92,93]. In addition, damage to mitochondria disrupts
electron transfer inhibits the synthesis of adenosine triphosphate (ATP),
stimulates oxidative stress and activates mitochondrial apoptosis [91].

3.6. Cell population changes by AO/PI staining

Apoptosis was evaluated by staining NTERA-2 and ACTH2 cells with
acridine orange/ propidium iodide (AO/PI). This assay was performed
on non-treated cells as the control, treated cells with the IC50 concen-
tration and treated cells with higher than IC50 concentrations of CSE-
AgNPs. The AO/PI fluorescence microscopic staining was performed
to observe the morphological alterations in NTERA-2 and ACTH2 cells.
Viable cells appeared as green; early- and late-apoptotic cells as green-
orange and dark orange, respectively. Necrotic cells appeared brown
and reddish-brown (Fig. 8A-F). The ACTH2 cells were treated with 0 pg/
mL, 28 pg/mL (IC50) and 50 pg/mL concentrations of CSE-AgNPs. At
the 28 pg/mL and 50 pg/mL, the percentage of dead cells was detected
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Fig. 8. Morphological observation of normal human testis (ACTH2) and cancerous cells (NTERA-2) treated with the extract and biosynthesized silver nanoparticles
using C. sinensis extract (CSE-AgNPs) by AO/PI staining. ACTH2 cells were treated with A) 0, B) 28 and C) 50 pg/mL of CSE-AgNPs. NTERA-2 cells were treated with
A) 0, B) 6 and C) 12.5 pg/mL of CSE-AgNPs. (A, D): Untreated cells (control) appeared mostly as homogenously green and normal constructions with very little
apoptosis and necrosis. Treated cells at concentrations of 28, 50, 6 and 12.5 pg/mL of CSE-AgNPs (B, C, E and F), revealed initial and late apoptosis and necrosis.
Early apoptosis morphologies were orange-green amongst the chromatin condensation and fragmented DNA. Late apoptosis appeared as dark orange and bright red
necrosis. Cells were presented as viable (V), late-apoptotic (LA), early-apoptotic (EA) and necrotic (N). The values are displayed as mean+SD. (200x and 400x

magnification).
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as 58% and 76%, respectively (p < 0.01, p < 0.001) (Fig. 9A). More-
over, the percentage of the apoptotic and necrotic cells at the 50 pg/mL
concentration increased by 24% and 4%, respectively, compared to the
cells treated with 28 pug/mL of CSE-AgNPs. In addition, in the NTERA-2
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Fig. 9. Calculation of viable, apoptotic and necrotic per-
Il Necrosis centages of normal human testis (ACTH2) and Cancer cells
(NTERA-2) treated with different concentrations of bio-
synthesized silver nanoparticles using C. sinensis extract
(CSE-AgNPs) (A-B) by AO/PI staining. ACTH2 cells were
treated with concentrations of 0, 28 and 50 pg/mL of bio-
synthesized silver nanoparticles using C. sinensis extract
(CSE-AgNPs). NTERA-2 were treated with concentrations
of 0, 6 and 12.5 pg/mL of AgNPs compared with the con-
trol group (** p < 0.01, ***p < 0.001).

D Apoptosis

[ viable

cells, > 90% of the cells were viable in the controls, while 53% and 68%
of the treated cells were dead at the 6 pg/mL (IC50) and 12 pg/mL
concentrations of CSE-AgNPs (respectively at p < 0.01 and p < 0.001)
(Fig. 9B). The graph of the cell population revealed that, in the CSE-
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AgNPs-treated cells with 12 pg/mL, the number of apoptotic cells
increased by 13% and the number of necrotic cells was enhanced by 8%
compared to 6 pg/mL of CSE-AgNPs. The results of AO/PI staining
indicated that treatment with the IC50 concentrations of CSE-AgNPs in
cancer cells (NTERA-2) caused more apoptosis than the normal cells
(ACTH2) (Fig. 9B). In this regard, the AO/PI results are consistent with
previous studies using the MTT assay. It has been shown that cell death
induced by AgNPs through apoptosis and necrosis demonstrates char-
acteristic nuclear alterations, e.g., chromatin condensation and nuclear
destruction, in the cells [94,95].

In fact, CSE-AgNPs-treated cells, especially at higher concentrations
than IC50, showed clear fragmented DNA ladders, suggesting that cell
death is due to apoptosis. In general, the fragmented DNA indicates
apoptotic process [96]. Also, some works have demonstrated that cas-
pase 3 activation mediates the apoptotic process [97]. In the present
study, AO/PI staining induced apoptosis in CSE-AgNPs-treated NTERA-2
cells at IC50 concentrations and above, which was consistent with the
real-time PCR results showing an increase in caspase 3 levels. Therefore,
apoptosis-inducing agents, such as biosynthesized silver nanoparticles
that specifically target tumor cells at lower concentrations than normal
cells and may have the potential to develop as new antitumor drugs,
could be a new source for anti-cancer drugs.

3.7. Examining apoptotic gene expression by real-time PCR

Gene expression in NTERA-2 cells exposed to CSE-AgNPs at the IC50
concentration (6 pg/mL) was assessed using real-time PCR after 24 h
(Fig. 10). The expression of Bax, Bcl2, caspase 3 and caspase 9 genes that
are associated with apoptotic markers and other related genes, p53 and
HSPA2 was compared to that of the untreated cells (control). The
disruption of an apoptotic pathway can be caused by alterations in the
cell number homeostasis, which leads to the development of cancer [98,
99]. Pro-apoptotic protein Bax and anti-apoptotic protein Bcl-2 strictly
control the balance between the cell life and death [100,101]. Bcl-2
protects the cells against apoptosis by connecting to Bax, stimulates
permeability transition, prevents them from translocation to mito-
chondria and oligomerization, and subsequently, activates caspase
cascade [102]. However, the gene expression of Bax and Bcl2 as well as
the subsequent downstream activation of caspase protein indicated the
stimulation of mitochondrial apoptosis in cancer cell lines [103].
Herein, an increment in the mRNA ranks of caspase 3 and caspase 9

Gene expression
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genes at the IC50 concentration of CSE-AgNPs was observed (2.23- and
1.42-fold change; p < 0.001, p < 0.05, respectively) in NTERA-2 cells
compared to the control group. Moreover, the mRNA level of Bax was
significantly upregulated (2.71-fold change, p < 0.001), while the gene
expression of Bcl-2 was significantly reduced (1.24-fold change,
p < 0.01) in the treated cells compared to control cells. These results
confirm that the exposure of CSE-AgNPs induced substantial apoptosis
in NTERA-2 cells. Mousavi et al. produced biosynthesis nanoparticles
with the mean diameter of 21.22 nm, which was similar to the particle
size of NPs in this current research. They also reported that AgNPs
increased apoptosis in the treated cells compared to the control ones
[104]. In a recent study, the significant upregulation of caspase 3 and
caspase 9 genes in human ovarian cancer cells (PA-1 cell line) treated
with biosynthesis nanoparticles confirmed that apoptosis probably
occurred in a caspase family-mediated manner [105].

The tumor suppressor gene P53 (tumor protein p53) acts as an anti-
cancer gene by activating cell death through apoptosis, as well as
stopping the cell cycle in cancer cells. P53-induced apoptosis is mediated
by apoptosis-relating proteins. The p53 induces apoptosis by regulating
the transcription of the pro-apoptotic members of the Bcl2 family and
releasing cytochrome-c as of mitochondria through its mitochondrial
translocation [106,107]. However, p53 is the most regularly deactivated
gene and is often mutated in hominid cancerous cells. The p53 pathway
may explain the impaired tumor suppressor function, drug resistance
and weak chemotherapeutic outcomes [108]. The results showed
significantly higher expression of p53 mRNA level (2.33-fold change,
p < 0.001) (Fig. 10). It has been demonstrated that p53 mRNA
expression is associated with Bax mRNA expression, while the caspase 9
mRNA expression pre-treatment is not associated with Bax and p53
mRNA expression [109].

Heat shock proteins (HSP) are vital proteins, noticeably expressed in
reaction to oxidative stress, chemicals and heat [110]. These proteins
are chiefly involved in protein assemblage, folding, transport and tar-
geting for lysosome deprivation [111]. HSPA2 (heat shock-related
70 kDa protein 2) has been associated with the cancer-enhancing pro-
tein expressed at irregular ranks in a subdivision of cancers [112]. The
expression of HSPA2 mRNA in NTERA-2 cells treated with CSE-AgNPs
was significantly increased (1.65-fold change, p < 0.01) in compari-
son to control cells. Jagadish et al. reported that HSP70-2 was
over-expressed in breast cancer patients and reduced tumor growth
[112]. The results hinted that CSE-AgNPs can significantly increase the

[ Control cells
[ Treated cells

Genes

Bax Bcl-2

Fold change

Caspase-3 Caspase-9

p53 HSPA2

Fig. 10. Real-time PCR examination for Bax, Bcl2, caspase 3, caspase 9, p53 and HSPA2 mRNA expression at the IC50 dose of biosynthesized silver nanoparticles
using C. sinensis extract (CSE-AgNPs) in cancer cells (NTERA-2) and control cells in 24 h. Significant changes are denoted by *p < 0.05, **p < 0.01 and ***p < 0.001

versus control.
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expression of Bax, caspase 3, caspase 9, p53 and HSPA2 genes, are
associated with apoptotic markers through the change in mitochondrial
membrane permeability and are used as a therapeutic agent for testic-
ular cancer cells.

4. Conclusions

Nanoparticles have been widely utilized as an efficient therapy
thanks to their beneficial properties. Recently, the biological synthesis of
nanoparticles with plants, fungi and bacteria has gained popularity.
These natural resources act as reducing/capping factors and affect the
attributes and performance of NPs for different applications. AgNPs
obtained by the biosynthetic method are cost-effective, biocompatible,
pollutant-free and easy to produce. In the present report, AgNPs were
synthesized using the green tea (C. sinensis) extract (CSE-AgNPs).
Preparation of CSE-AgNPs was optimized by different parameters and,
eventually, pH of 8, ratio of 2:8 (2 mL plant extract /8 mL AgNO3 so-
lution) and reaction time of 120 min were selected as optimum pa-
rameters. Characterization of the optimized CSE-AgNPs confirmed the
spherical shape of the AgNPs with dimensions in the range of 5-40 nm.
Herein, the CSE-AgNPs had more antiproliferative effects on NTERA-2
cells than ACTH2 cells at the half inhibitory concentration (IC50) of
nanoparticles and promoted apoptosis in cancer cells dose-dependently.
These nanoparticles also affected the expression of apoptotic indicators
(i.e., Bax, Bcl2, caspase 3 and caspase 9). CSE-AgNPs induced apoptosis
through the P53-dependent apoptotic pathway in cancer cells. HSPA2
was also involved in the apoptosis process on the cells exposed to CSE-
AgNPs. The present study proved the application of synthesized nano-
particles in the treatment of testicular cancer due to its high antioxidant
properties, high toxicity against cancer cells and safety against normal
cells. Thus, the fabricated CSE-AgNPs may be considered as a promising
treatment strategy for testicular cancer. Future studies can focus on the
cell and molecular mechanism of the CSE-AgNPs in vivo and fill in this
research gap. Studies can also assess the properties and applications of
CSE-AgNPs in the treatment of several cancers.
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