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Green synthesized silver nanoparticles using
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Abstract. — OBJECTIVE: There is a need to
treat cancer cells with safe and natural nanopar-
ticles to avoid the side effects of chemothera-
peutic agents. Chamomile is considered a safe,
natural plant with anticancer activity. We synthe-
size simple, inexpensive, and eco-friendly silver
nanoparticles (SNs) using Chamomile (CHM) to
tune their anticancer properties.

MATERIALS AND METHODS: SN-CHM was
synthesized by reducing 1 mM silver nitrate
aqueous solution in 100 mL with the aqueous
ethanolic flower extract of CHM (18 mg/mL, w/v).
The reaction proceeded overnight at 600 rpm
and 28°C. SN-CHM was characterized for their
% vyield, average diameter, charge, morphology,
and silver release. Moreover, SN-CHM was in-
vestigated for its antioxidant and anticancer ac-
tivities at 200 pg/mL and 5 mg/ mL, respectively.

RESULTS: A 59.12% yield and a uniform SN-
CHM size of 115 = 3.1 nm with a {-potential of
-27.67 * (-3.92) mv were observed. The UV-vis-
ible absorption showed shifts from 379.5 to
383.5 nm for CHM and SN-CHM, respective-
ly. Moreover, Ag* was ultimately released from
SN-CHM after 5 h. Fourier Transform Infrared
Spectroscopy (FT-IR) showed characteristic ab-
sorption peaks of CHM and produced SN-CHM.
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Furthermore, SN-CHM showed moderate antiox-
idant activity. SN-CHM inhibited the % viability
of SW620 and HT-29 cell lines at 20 pM. SN-CHM
may also greatly upregulate the apoptotic gene
BAX while considerably downregulating the an-
ti-apoptotic genes BCL2 and BCL-XI.
CONCLUSIONS: CHM can be a safe soft drink,
especially when conjugated with Ag ions as an-
ticancer NPs. SN-CHM is considered potent anti-
cancer activity against SW620, and HT-29 cell lines.

Key Words:
Anticancer activities, Nanoparticle, Silver, Matri-
caria chamomilla.

Introduction

Using non-toxic and environmentally accep-
table compounds as reducing agents has recently
gained popularity due to the need for using silver
nanoparticles (SN) in biomedical applications and
sustainable development'. Natural compounds
and eco-friendliness, such as apple extract, syn-
thesize SN for antibacterial properties®. Saffron
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extract was also employed to deliver SN for anti-
microbial purposes®. Green and environmentally
friendly synthesis is also being investigated for
relatively high applications'.

In this study, we used Chamomile (CHM),
Matricaria chamomilla L., or German Chamo-
mile as a source of reduction to produce SN in
an environmentally safe*S. CHM is a globally
famous plant used in traditional medicine to tre-
at anxiety and gastrointestinal (GIT) disorders.
CHM is commercially available as an herbal
tea for treating infant GIT cramps. Biologically,
CHM was shown to be anti-inflammatory, an-
tioxidant, anticancer, and neuroprotective. Fur-
thermore, it has growth-inhibitory effects on
cancer and ovarian tumor models®. Additionally,
CHM was shown to induce apoptosis in cancer
cells’. Therefore, we focused our study on the
anticancer activities of SN reduced with CHM,
especially on GIT cancers.

SNs have a wide variety of uses in medical devi-
ces, medicines, textiles, and water purification, as
well as in the adsorption of metals and pesticides,
sensing of food contaminants, and DNA detection®.
SN can be used mainly in diagnosing and treating
cancer due to the unique optical and localized sur-
face plasmon resonance (LSPR) and lower cytotoxi-
city of Ag’. CHM was used in the green synthesis
of SN-CHM to reduce Ag" to Ag® and formulate
eco-friendly and less toxic silver nanoparticles'.

CHM is an aromatic plant rich in volatile
constituents, e.g., chamazulene and a-terpineol.
However, the main volatile constituent of Cha-
momile is the essential oil terpenoid a-bisabolol!!.
In addition, flavonoids and phenolic acids such as
caffeic acid, luteolin, luteolin-7-O-glucoside api-
genin, and apigenin-7-O-glucoside were detected
in the polar extracts of Chamomile'?. Therefore, a
focus on drug production of potentially powerful
and effective anticancer treatments is strongly ur-
ged among the different drug discovery methods.
Natural products have proven effective at revea-
ling new leads and unique candidates'. The plant
extract used is highly advantageous because it
is fast, safer, less risky, and less biodegradable
than the standard nonliving synthesis processes'.
This study aimed to synthesize SN using aqueous
extracts of CHM, whose bulb is a rich source
of the terpenoid a-bisabolol. The produced SN-
CHMs were characterized for their morphology,
release, Fourier Transform Infrared Spectroscopy
(FT-IR), and SEM. SN-CHM was tested against
cancer cell lines to prove its enhanced anticancer
and antioxidant potential activities.

Materials and Methods

Chamomile (CHM) was obtained from the Sau-
di market (Buraydah, Al Qassim, Saudi Arabia). It
was classified as Matricaria chamomilla L. by spe-
cialists and taxonomists (Department of Plant Pro-
duction and Protection, Qassim University). HCI,
HNO,, and AgNO, were purchased from GLO-
BAL CHEMIE (Vadodara, India). Ammonium
molybdate and ascorbic acid were purchased from
(Sarkhej, Ahmedabad, Gujarat, India). Total an-
tioxidant capacity (TAC), 2,2-diphenyl-1-picrylhy-
drazyl (DPPH), ferric reducing antioxidant power
(FRAP), (4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide) (MTT), and dimethylsulfoxi-
de (DMSO) were obtained from Sigma Aldrich
(St. Louis, MO, USA). From ATCC, we purchased
human colorectal cancer cell lines (SW620 and
HT-29 cells) (Manassas, VA, USA). All cultures
were grown at 37°C in a humid environment with
5% CO,. Every chemical was of analytical grade.
Using Millipore water, all glassware was washed.

Plant Material and Extraction Procedure

Chamomile aerial parts were dried at 50°C in
the oven for 3 continuous days to remove moi-
sture. At a temperature of 50°C, the CHM’s ma-
ximum humidity was held at a relative moisture
percent of 20% for all drying air temperatures'.
The plant was then ground to a fine powdered
form. Exactly 1 g of the plant powder was ex-
tracted using an aqueous ethanol mixture (100
mL of distilled water: ethanol, 70:30). The extract
was stirred for 24 h using a magnetic stirrer and
filtered through Whatman filter paper.

Preparation of SN-CHM

SN-CHM was prepared as previously descri-
bed with minor modifications'®"”. Concisely, 33.96
mg = (2 mM) silver nitrate (AgNO,) was prepared
and stirred with aqueous extracted CHM using a
multiple stirrer (VELP-Scientifica-Srl, Italy). The
stirring proceeded at 28 + 2°C. SN-CHM was
fabricated by detecting a color change from yel-
lowish to wine-red. The obtained SN-CHMs were
stored in a dark place away from light (Figure 1).

Characterization of SN
The percentage yield of synthesized SN

The amount of Ag" converted to Ag’ denotes
the % yield of the produced SN-CHM depending
on the previously reported procedure with minor
adjustments'™. The amount of Ag’ in SN-CHM
was determined using inductively coupled pla-
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Figure 1. Schematic diagram for the preparation of SNs-CHM.

sma-optical emission spectrometry (ICP-OES)
(iICAP 6000, Thermo Scientific, Waltham, MA,
USA). The blank sample was 5% HNO,/H,O for
detecting free Ag* at 324 nm. The samples were
diluted 20 times with 5% HNO, and tested for to-
tal Ag’ (SN-CHM plus unreacted Ag"). Then, the
same concentration of NaCl as AgNO, was added
to each sample test to precipitate Ag® as AgCl.
After 12 h, the AgClI was centrifuged for 13 min at
2,000 rpm and analyzed using ICP-OES. The total
Ag’ in the reduced SN-CHM was then determined
from the supernatant SN. Each solution was scan-
ned 5 times. The % yield of Ag’ can be calculated
by dividing the obtained concentration by the
initial concentration of AgNO, using the equation:

Eq. L.

9% SN — CHM yield __ [Concentration of sample by ICP—OES] x 100

- |. Initial Concentration of AGNO3

Size and Charge

A Malvern Zetasizer Nano, manufactured by
Malvern Instruments GmbH (Herrenberg, Ger-
many), was used to measure the size and char-
ge of the synthesized SN-CHM with compliant
software as an option and sample measurements
at many concentrations without diluting or con-
centrating. SN-CHM was adjusted to 25°C and
put through a laser beam of 623 nm®".

SEM Analysis

The morphology of the produced nanoparticles
was examined using scanning electron microscopy
(Carl Zeiss, Germany). Before imaging in SEM
equipment, the SN-CHM was coated with a thin
layer of platinum using a coating unit (Sputter coater,
JOEL JFC-1300) in a vacuum for 55 sec at 25 mA2,
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Ultraviolet-Visible Spectroscopy

The CHM extract and SN-CHM were examined
using UV-Vis (Jasco, UV-630, Japan) spectropho-
tometry for the maximum wavelength and shift*"-2.

Fourier Transform Infrared Spectroscopy (FT-IR)

An FT-IR spectrometer (Thermo SCIENTI-
FIC Co., Twin, USA) 9 was used to analyze the
compatibility of CHM and CHM-associated SN
formation. Therefore, our aim here was to prove
the formation of SN-CHM, and absorption peaks
were detected at 400-4,000 cm™.

Silver lon Release

The release of Ag’ from the prepared SN-CHM
was achieved as previously described with minor
modifications®. A thin film layer was prepared (=
3 cm?) and subjected to release by incubating SN-
CHM in 50 mL deionized water for 24 h. After
careful calibration with standard Ag solution, sam-
ples were taken at different time intervals for Ag’
measurement. The experiment proceeded in tripli-
cate at room temperature (25°C) using an orbital
shaker (WiseShak, SHO-2D, Korea) at 100 rpm.

Antioxidant Activity Screening

Three in vitro assays were conducted to measure
the antioxidant activity of the CHM extract and the
formulated SN-CHM. The results were expressed
as mg Trolox equivalents using calibration curves.
All the methods were repeated three times, and the
mean and standard deviations were calculated.

Total Antioxidant Capacity (TAC)

The reducing ability of CHM and SN-CHM
to molybdate ions was determined using the lite-
rature method?, in which 200 pl containing 200
ug of the samples (CHM or SN-CHM) was mixed
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with 2 mL of molybdate reagent. The mixture was
incubated in a warm water bath for 30 min. The
developed blue color was measured at 695 nm.

Ferric Reducing Antioxidant Power
(FRAP) Method

Freshly FRAP reagent was prepared using CHM
and SN-CHM to reduce ferric ions**. The FRAP
and the nanoparticle reaction mixture were prepa-
red: 2 mL of the reagent and 0.1 mL of CHM or SN-
CHM (200 pg) were mixed and incubated for 30
min before measuring the absorbance at 593 nm?®.

DPPH Scavenging Activity

The reduction in the DPPH radical color indicates
the ability of products to scavenge free radicals®.
The ability of CHM and SN-CHM to reduce the
DPPH color was assessed as mentioned in the lite-
rature?’” with modifications. To the DPPH (300 M)
solution, equal volumes of CHM or SN-CHM solu-
tion were added. After 30 min of incubation, the re-
duction in the violet color was measured at 517 nm.

Cell Culture

The human adenocarcinoma colorectal cancer
cell line HT-29 and metastatic colorectal cancer
cell line SW620 were purchased from ATCC (Ma-
nassas, VA, USA). HT-29 cells and SW620 cells
were maintained in RPMI-1640 media (10% he-
at-inactivated fetal bovine serum) (Thermo Fisher
Scientific Inc, Waltham, MA, USA), 100 Unit/
mL penicillin (Thermo Fisher Scientific Inc. Wal-
tham, MA, USA), and 2 mM L-glutamine (Ther-
mo Fisher Scientific Inc, Waltham, MA, USA).
STR analysis was performed to confirm the new
batches of cells. Testing for mycoplasma was per-
formed on all cell lines. All cells were incubated
at 37.2°C in a humidified atmosphere and 5% CO,.

Cell Proliferation Assay

Cell proliferation was performed using
3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazo-
lium bromide (MTT)** for SN-CHM and CHM
extract against HT-29 and SW620 cancer cell li-
nes. 1x10° cells/mL were seeded in 96 flat-bottom
well plates. CHM, AgNO,, and SN-CHM (5 mg/
mL) were mixed with sterile distilled water and di-
luted to the required concentrations (50, 100, 150,
200, and 250 pg/mL). Appropriate concentrations
of CHM, AgNO,, and SN-CHM (50-250 pg/mL)
were added to the cultures and incubated for 24 h
in a 5% CO, atmosphere. Freshly prepared MTT
solution (5 mM, 10 pL) was added to the cells and
further incubated for 2 h at 37°C in 5% CO,. DM-

SO was added to solubilize the formazan crystals.
Utilizing a microplate reader, the optical densi-
ty was measured at 540 nm for three separate
experiments. The means and standard deviations
(mean+SD) were calculated, and Eq. 1 was used to
calculate the % growth inhibition.

(A570 of treated cells)

% growth inhibition = %100 eq 1

(A570 of control cells)

Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted using a PureLink kit
(Ambion by Life Technologies, USA, Cat No.:
12183018A) as suggested by the company. Total
RNA was estimated by a Nanodrop spectrophoto-
meter (Nanodrop-2000, Thermo Scientific, USA).
Complementary DNA (cDNA) was produced from
1 pg of the RNA using a High-Capacity cDNA
Reverse Transcription kit (Applied-Biosystem,
USA) using a Labnet Multigene thermocycler ac-
cording to the manufacturer’s instructions. Relati-
ve levels of mRNA were determined from cDNA
by real-time PCR (Applied Biosystem-Real Time
PCR Detection System) with a Power SYBR Gre-
en PCR kit (Applied Biosystem, UK) or with Ta-
gMan Universal Master Mix II, no UNG (Applied
Biosystem, USA) according to the manufactu-
rer’s instructions. Following normalization to the
reference gene GAPDH, quantification of gene
expression was carried out using a comparative Ct
method where ACT is the difference between the
CT values of the target and reference gene.

Statistical Analysis

Each experiment was carried out in triplicate to
determine statistical means and standard errors.
Data analyses were performed using Statistical
Package of Social Science (SPSS) Software ver-
sion 25 (IBM Corp., Armonk, NY, USA). Two-
way ANOVA was used to assess the statistical
significance of differences in values between the
treated and untreated (control) groups, and diffe-
rences with p < 0.05 were deemed significant.

Results

The aqueous extracts of the CHM were used to
reduce AgNO,, causing the color to change from
yellow to wine-red. This coloration indicated the
formation of nanosilver SN-CHM. Differential li-
ght scattering (DLS) revealed uniform SN-CHM
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with only one symmetrical peak of size 115 +
3.1 nm (Figure 2A). The {-potentials recorded by
DLS of SN-CHM were negative surface charges
of -27.3 £ 3.92 mv. All recorded polydispersity
indices (PDIs) were optimal and below 0.152,
demonstrating a stable colloidal system (Figure
2A). Furthermore, SEM showed oval-shaped SN-
CHM with a size range of 1 um (Figure 2B).
The UV-visible absorption shifted from 378.5 to
388 nm for CHM and SN-CHM, respectively (Fi-
gure 3A). As CHM reduced AgNO, to SN-CHM,
a color change was observed. SN-CHM has free
electrons that generate the SPR band’s resonance.
The functional groups of AgNO,, CHM, and SN-
CHM were checked by FT-IR (Figure 3B). The FT-IR
also showed the typical peaks of CHM and AgNO,
compared with SN-CHM. The bands at 3,410.00

and 3,370.0 cm™ are related to the O-H stretching
of phenol. The peaks (2,921.0 and 2,852.0 cm™) are
representative of the C-H vibration (stretching) of
glucosides. The bands (1,750.00 and 1,620.00 cm™)
match the C=0 vibration of bonded, coupled esters
from luteolin®. The wide-ranging band centered
throughout 1,050.00 cm is recognized to be aromatic
ethers and polysaccharides (C-O-C stretching). The
bands (900-600 cm™) match the amines and amides
of CHM. The FT-IR spectrum of SN-CHM does not
include the band at 1,109.00 cm™', which resembles
the C-O groups of polyols such as flavones, terpe-
noids, and polysaccharides. These confirmed polyols
are responsible for reducing silver ions, producing
FT-IR spectra with two main groups of peaks'’.

The Ag" was released continually in an
aqueous medium, and the content of Ag" in
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Figure 3. A, UV-spectroscopy of chamomile extract and SNs-CHM. B, FTIR spectra of silver nitrate compared with silver

nanoparticles reduced by chamomile.

SN-CHM was completely released after 5 h.
Ag" was released quickly from SN-CHM due to
the higher solubility of CHM in water. Further-
more, a continual release of Ag™ was observed
depending on the degree of solubility of CHM
in water (Figure 4A)*?. The initial Ag* and Ag°
concentrations contained in SN-CHM after NP
synthesis were determined using ICP-OES. The
yield percentage of Ag’ in SN-CHM was 1.18 +
29.1 mM (= 59.12%). The % yield does not reach
100% using the current process for synthesis with
an acceptable % yield.

Antioxidant Activity of SN-CHM

Three methods were used to measure Chamo-
mile extract antioxidant activity and whether its
nanoparticle formulation with silver enhanced or
decreased its activity with silver. The formulated
Chamomile nanoparticles significantly reduced
the molybdate ions compared to the Chamomile
extract, with total antioxidant activity (TAA) va-
lues of 36.65 + 0.88 and 31.33 + 0.83, respectively.
However, the reducing activity of the SN-CHM
to the ferric ions in the FRAP was higher but not
significant compared to the Chamomile extract
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activity (FRAP values of 62.92 + 0.84 and 61.77
+ 2.11). On the other hand, Chamomile extract
was found to be more active as a free radical
scavenger for DPPH (DPPH-SA) than SN-CHM,
with DPPH-SA values of 12.50 + 0.28 and 11.23
+ 0.82, respectively (Figure 4B).

Cell Proliferation Assay

Starting at 20 ug/mL, SN-CHM was proven to
decrease the % viability of HT-29 cells at diffe-
rent concentrations (Figure 5A). Related results
showed a metastatic colorectal cancer cell line

of metastatic origin, SW620 cells, with extracts
of CHM, AgNO,, and SN-CHM resulted in si-
gnificant dose inhibition of % viability starting
at 10 pg/mL (Figure 5B). These findings thus
demonstrate that the SN-CHM complex has an-
ticancer potential in both adenocarcinoma and
metastatic human colorectal cancer cell lines®*-*,

Gene Expression of Apoptosis-Related
Genes

Based on the concentration of AgNO,, SN-
CHM, and CHM extracts were applied to HT-29
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Figure 4. A, Ag" release from the prepared SNs-CHM in deionized water. (n =3 + S.D). B, Antioxidant activity of CHM and
SNs-CHM using different TAA, DPPH-SA, and FRAP methods.
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and SW620 cells for 48 h. The apoptosis and
anti-apoptosis marker genes quantified by quan-
titative real-time PCR showed that SN-CAM
can downregulate the anti-apoptotic genes BCL2
and BCL-XI while significantly increasing the
apoptotic gene BAX. The expression of GAPDH,
a housekeeping gene, served as the standard to
which all genes were normalized (Figure 6)*.

Discussion
The aqueous extracts of the CHM were used

to reduce AgNO,, showing a color change from
yellow to wine-red. This color change indica-

ted the formed nanosilver SN-CHM (Figure 1).
This change was due to the excitation of surfa-
ce plasmon resonance by SNs, as revealed in
the UV-Vis spectrum. The color change of the
aqueous ethanolic extract to the synthesized SN-
CHM confirmed the successful reduction with
SN2, As reported, CHM-coated SNs (SNs-
CHM) were synthesized**. SNs-CHM are more
frequently synthesized chemically, where silver
ions are decreased in the tested conditions?’,
which may reduce the nucleation of the decre-
ased (neutral) silver atoms. The use of small
silver ion concentrations (mM range) increases
the chance of nuclei formation. The stirring of
the solution is to avoid the collision and develop-
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Figure 5. SNs-CHM inhibits cell proliferation. HT-29 (A) and SW620 (B) cells were treated with different concentrations
of CHM, AgNO,, and SNs-CHM. The results are expressed as the mean % viability of three independent determinations

(*p < 0.05, **p < 0.01).
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ment of silver nuclei. CHM is adsorbed on SN
surfaces. The particles are “negatively loaded,”
and certain nanoparticles may be repelled?®.
CHM can inhibit the growth of cancer cells®’;
however, the formulated SNs-CHM have more
powerful anticancer activity. Several flavonoids
have been identified in the aqueous extract of
Chamomile. For example, apigenin and apige-
nin-7-0O-glucoside have been identified as major
constituents in the High Performance Liquid
Chromatography (HPLC) chromatogram of the
flowers’ aqueous extract'?. In addition, several
flavonoid aglycones and glycosides, e.g., apigenin
7-O-neohespridoside and apiin, luteolin-7-O-glu-
coside, myricitrin, hispidulin glucuronide, and
luteolin-7-O-rutinoside, in addition to phenolic
acids, e.g., p-coumaric acid, ferulic acid, caffeic
acid, and chlorogenic acid, have been reported
in the polar extracts of the plant’*’. These fla-
vonoids and phenolic acids are supposed to be
extracted by organic solvents and water and have
been reported for their potential antioxidant and
reducing activity”; therefore, they are expected
to reduce the silver ions Ag* in the current study.
The % yield does not reach 100% using the
current process for synthesis with an acceptable
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% vyield. The decrease in % yield was due to
the purification process, which resulted in the
loss of SN-CHM. The adsorption of Ag* or SN-
CHM on centrifuge tubes or pipets, volume loss,
and transportation during sample dilution and
quantification are possible causes of variations
between actual and predicted Ag inputs'®. UV-Vis
spectroscopy is a critical technique for detecting
colloidal silver. All metal nanoparticles have free
electrons, so the SPR band shifts*. The surface
plasmon resonance peak in the UV-VIS spectra of
SN-CHM displayed a redshift, which is explained
by the larger size of SN-CHM?™.

The increase in particle sizes reflected a change
in color. Fuku et al*?, found that plasmonic NPs can
be altered by changing the SPR absorption wave-
length. The highly negatively charged (-potential of
SN-CHM reveals that SN-CHM has enough charge
to resist aggregation, confirming that SN-CHM is
stable in a colloidal solution®*. Moraes et al*, re-
ported that the size, polydispersity index (PDI), and
{-potential of particles indicate the stability of NPs.
Kaufman et al® stated that the surface charge of
NPa plays a significant role in the stability of NPs.

PDI below 0.2 indicates homogeneous particle
size distribution. PDIs lower than 0.2 are reported
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to be ideal because they reveal that the particle
size distribution falls within a narrow range of
sizes*®. The size of SN-CHM is different in DLS
compared with that obtained by SEM due to the
electronic images showing only the metallic center
of the SN-CHM. The SEM captures only the core
of the NPs, while the surrounding hydrated area
CHM is considered the collapsed zone around Ag’.
The image procurement processes also showed a
high-vacuum chamber”. Our interpretation agrees
with the results due to the CHM coating of the
SN-CHM, which limits the total particle density**.
FTIR spectroscopy confirmed that a forming coat
of CHM covers Ag” as SN-CHM to prevent the
aggregation of SN. The FTIR showed the typical
peaks of CHM and Ag compared with SN-CHM®.

Furthermore, a continual release of Ag™ was
observed depending on the degree of solubility of
CHM in water. Another study*’ showed that ethyl-
cellulose had prolonged dissolution to 48 h becau-
se it is practically water-insoluble®. The shielding
function of the coating film reduces the nanopar-
ticle-water interaction, and therefore, particle cor-
rosion is first limited by coating diffusion to water,
slowing cation release. ICP-OES measurements
proved the water solubility of SN-CHM, which
confirmed that the depletion of CHM around SN
increases the release rate of Ag™.

The antioxidant assays revealed that SN-
CHM enhanced the reducing ability of the
Chamomile extract and had a nonsignificant
effect on the free radical scavenging capaci-
ty of Chamomile. Similar effects for silver
nanoparticles have been reported when they
were used in the formulation of Allium cepa
aqueous extract, as silver significantly enhan-
ced the molybdenum ion-reducing power of the
extract®>. The viability assay showed in both
cell lines that even CHM alone strongly redu-
ced the viability of cancer cells. However, the
strongest effect was seen on SN-CHM, which
was significant, and this effect was best in HT-
29 cells, with an approximately 40% reduction
in cell viability. Cells treated with SN-CHM
demonstrated a clear pattern in gene expression
with the downregulation of anti-apoptotic mar-
kers and upregulation of pro-apoptotic marker
genes, indicating that the CHM molecule has a
pro-apoptotic effect in cancer cells.

SN-CHM can be useful as an anticancer
drug since it targets the BCL2 family of pro-
teins. Apoptosis is largely responsible for inhi-
biting cell growth and is a key factor in the
fight against cancer™. As a result, apoptosis has

become a popular therapeutic target for cancer
treatment strategies. HT-29 and SW620 cells
were significantly more susceptible to apop-
tosis when exposed to SN-CHM than control
and CHM extract alone in this investigation.
The most well-known method of killing cancer
cells is the induction of apoptosis by antican-
cer treatment. SN-CHM was shown to be very
efficient in inducing apoptosis by targeting
BCL2, and it has the potential to be used as an
anticancer therapy in the future.

Furthermore, the increased mortality of cel-
Is treated with SN-CHM is predicted due to
the synergistic impact induced by reducing the
CHM to Ago*¢. Following the findings of a
recent study®’, employing the smallest possible
nanoparticles may not be the best choice. The
larger particles displayed greater resilience to
external impacts than the smaller nanoparti-
cles (NPs). The SN-CHM size can significant-
ly influence in vitro toxicity compared with
samples of a greater particle size retaining
more activity against mammalian cells than
those with a smaller particle size.

Furthermore, the size and form of nanoparti-
cles have been shown to impact biological acti-
vity***’. According to this study’s findings, SN
can be a very successful cancer therapy for many
malignancies and an alternative treatment for in-
flammation prevention by promoting autophagy
in the body®. Moreover, we prepared a simpler
and more economical method of SN-CHM than
that of Dadashpour et al’, who prepared SNs-
CHM by boiling the aqueous extract. We report
here the difference that we did not use to boi-
ling. The mix of CHM and AgNO, was mixed
overnight, and the formulated SNs-CHM were
prepared without boiling. Moreover, we used a
lower concentration than Dadashpour et al’, who
used 60 ug/mL as a safer concentration of Ag’.
Moreover, the SN-CHM complex was found to
inhibit the % viability of HT-29 and SW620 cells
at different concentrations starting at 20 and 10
ug/mL, respectively, compared with extracts of
CHM, AgNO,, and SN-CHM.

Conclusions

When CHM is combined with Ag ions as
anticancer nanoparticles, it has the potential
to be a safe and effective soft drink with an-
ticancer properties. Furthermore, SN-CHM is
particularly effective in inhibiting the growth of
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SW620 and HT-29 cell lines, suggesting that it
could be a promising new treatment option for
certain types of cancer. These findings are exci-
ting and offer hope for those who are looking
for safe and effective ways to fight cancer. In
addition, this molecule has strong proapoptotic
properties in cancer cell lines. SNs-CHM are
promising NPs for future application in diffe-
rent fields and are very useful in developing
antioxidant agents. At the same time, there is a
need for further investigation in the future.
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