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Abstract: Here we have shown the novel biosynthesis of
silver nanoparticles (Ag NPs) encapsulated by chitosan
polymers in the presence of Achillea millefolium aqueous
extract (Ag NPs@CHI). The Ag ions were first embedded
over the chitosan surface enriched with polar organofunc-
tions like amines (NH;) and hydroxyls, and subsequently
the ions were reduced green-metrically by the electron
rich phytochemicals of the plant extract. After the synth-
esis numerous techniques, including the UV-vis spectrum,
transmission electron microscopy, FE-SEM, EDS-elemental
mapping, and ICP-AES, were used to study the physico-
chemical characteristics of the nanocomposite biomaterial.
Next, we explored the material biologically in the anti-cuta-
neous squamous cell carcinoma effects against the corre-
sponding cell lines like PM1, MET1, MET 4, SCC T9, SCC
ICIMET, SCC IC19, SCC T8, and SCC T11. The related ICso
values of the nanocomposite against them were 182, 158,
177, 178, 177, 99, 62, and 183 pg/mL, respectively. The cyto-
toxicity in terms of percentage cell viability of cancer cells
were decreased with the increase in the nanocomposite
doses.
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1 Introduction

Now a days medical researchers are inclined to employ
plant extracts to cure cancer in addition to chemical med-
ications which have severe side effects, following the
human awareness of the efficacy of medicinal plants in
treating deadly diseases like cancer [1-4]. Herbal medi-
cines, either in combination with anticancer drugs or
alone, have demonstrated positive therapeutic outcomes
in certain resistant cases. In contrast, modern medicine
alone has proven ineffective in treating these cases [3-6].
Medicinal plants are a viable option for mitigating the dis-
ease efficacies. The medicinal plants’ affordable price, lower
toxicity, minimal side effects, and accessibility make them
valuable alternatives to chemical drugs [6-9]. Achillea mill-
efolium has been utilized for various purposes such as
treating gall bladder insufficiency, reducing blood pressure,
preventing kidney stones, stopping bleeding, regulating
women’s menstrual cycles, addressing children’s enuresis,
inducing relaxation, repelling Ascaris parasites, alleviating
cold symptoms, treating skin acne, and relieving muscle
pain [10-12]. The antidiabetic properties have been scienti-
fically substantiated. Studies have demonstrated its efficacy
in decreasing blood pressure, lowering blood cholesterol
and fat levels, exhibiting antimicrobial effects, and miti-
gating the seizures severity [13-15].

In addition to the wide array of chemical drugs employed
in carcinoma treatment, the medicinal plants integration with
diminished negative impacts can function as a supplemen-
tary approach and potentially a substitute for chemical drugs.
There has been a collaborative effort between the traditional
and modern scientific communities to develop advanced
medications for combating this fatal illness [3,6-9]. With the
emergence of nanotechnology, researchers have focused on
creating nanomedicines that combine traditional medicine
and plant-based remedies, resulting in a diverse range of
efficient compounds for carcinoma management [16].
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The nanoparticle’s sustainable production has garnered
notable attention owing to its several advantages as com-
pared with the conventional methods. Furthermore, the
artificial procedure is capable of being carried out under
normal pressure conditions, resulting in substantial energy
savings [17-21]. Various plant components, including root
extract, seeds, leaves, stems, and fruit extracts, are utilized
in the process as reducing agents and stabilizers [20-22].
Despite the existence of various other approaches in the
NPs biosynthesis, such as the bio-macromolecules and
microorganisms, as well as plant extracts, the latter
option proves to be more advantageous due to its cost-
effectiveness, abundance, and scalability [23,24].

Among the assortment of NPs, silver nanoparticles (Ag
NPs) have indicated many therapeutic effects. This is pri-
marily attributed to their remarkable efficacy in com-
bating microbes, bacteria, and cancer cells, in addition to
their exceptional chemical stability [25-28]. The Ag NPs use
in various industries such as electronics, textiles, appli-
ances, food and beverage, cosmetics, and healthcare has
caused a notable enhance in their global consumption [29].
In addition, the green synthesis utilization for these NPs
holds notable efficacy in the realm of applied pharmaceu-
tics. Medicinal herbs have been utilized to mediate Ag NPs
with green methods, which have revealed promise in
curing several cancer forms [25-27]. According to recent
findings, it has been discovered that the Ag NPs effectively
eliminate carcinoma cells by increasing the reactive oxygen
species levels within the cells [26-28]. Hence, separate
research has indicated that the Ag NPs play a crucial role
in permeating the membrane of carcinoma cells, ultimately
leading to their demise [27,28]. The goal of this particular

Figure 1: A. millefolium’s image.
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study is to introduce a novel method for the synthetic design
and development of chitosan-capped Ag NPs, green synthe-
sized and promoted by plant extract (Figure 1), a bioinspired
procedure without using any harmful and toxic agents fol-
lowed by their biological evaluation in the treatment of
cancer cells. Chitosan is a unique naturally occurring carbo-
hydrate polymer having plenteous hydroxyl groups as well
as high density of amino functions, both of which provides
electron rich environment that is necessary for anchoring
the incoming metal ions as well as their green reduction to
generate the corresponding nanoparticles. In addition, the
electron rich environment also enables the NPs to stabilize
by encapsulation. Also, the positively charged chitosan helps
in improved ionic gelation through self-association or by
different physicochemical interactions like Van der Waals,
H-bonds, hydrophobic or ionic interactions, etc., which is
important in determining the size of the NPs.

The green reduction is further promoted by the plen-
teous oxygenated phytochemicals of A. millefolium extract.
Our devised green Ag NPs were analyzed and their cyto-
toxicity was clarified on a number of cutaneous squamous
carcinoma cell lines like PM1, MET1, MET 4, SCC T9, SCC
ICIMET, SCC IC19, SCC T8, and SCC T11 with some excellent
outcomes. In literature there has not been much report on
the green-mediated Ag NPs in the treatment of cutaneous
squamous cell carcinoma and therefore this method itself
proves its novelty.

2 Experimental

2.1 Materials and methods

The catalyst preparation involved the use of chemicals
such as AgNOs, chitosan, [3-[4,5-dimethylthiazol-2-yl1]-2,5
diphenyl tetrazolium bromide] (MTT), and various sol-
vents, all of which were of analytical grade with a purity
of over 99.5%. These chemicals were obtained from Sigma
Aldrich, USA. Biochemicals like streptomycin, penicillin, glu-
tamine, and fetal bovine serum were sourced from Fluka. The
cells were purchased from Fieser, USA. The trypsin-EDTA was
procured from Gibco BRL, Scotland. No further purification
was required for their use. For the analytical research of the
catalyst, a double beam UV-vis instrument (PG, T80+) was
utilized, along with quartz cuvettes measuring 10 mm. The
energy dispersive X-ray spectroscopy (EDX) studies and scan-
ning electron microscopy (SEM) analysis were conducted
using the FESEM-TESCAN MIRA3 microscope. Transmission
electron microscopy (TEM) method was performed using a
Zeiss microscope, operating at 300 kV.
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2.2 Preparation of A. millefolium extract

The A. millefolium (1.0 g) plant (Figure 1) being washed and
dried was added to 20 mL of DI water, and warmed for
0.5h at 80°C. The plant suspension was then filtered over
Whatman-1 paper and applied as intended.

2.3 Synthesis of Ag NPs

A solution of 0.1g chitosan in 10 mL A. millefolium plant
extract was prepared by sonication and then the Ag pre-
cursor, AgNO3 aqueous solution (50 mL, 1 mM) was added
to it. The mixture was again sonicated at 40°C for 0.5h
when the solution color became reddish brown, validating
the generation of Ag NPs (Figure 2, inset). The prepared Ag
NPs@CHI nanocomposite was collected and centrifuged for
15 min at 4,500 rpm and then rinsed with DI water.

2.4 Anticancer properties

The cytotoxic efficacies of synthesized Ag NPs@CHI nano-
composite on normal cell (HUVEC) and cutaneous squa-
mous cell carcinoma cells (PM1, MET1, MET 4, SCC T9,
SCC ICIMET, SCC IC19, SCC T8, and SCC T11) were evaluated
using the MTT assay. To assess the influence of nanoparti-
cles on cell morphology, the first stage consisted of placing
100 nanoparticles into 96-well plates. Following this, the
cells were exposed to several dilations of nanoparticles
every 72h. The OLYMPUS model contrast phase micro-
scope was employed to evaluate potential changes in cell
morphology after treatment with nanoparticles, in contrast
to the control group of untreated cells. The viability and
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Figure 2: UV-vis analysis of the biosynthesis of Ag NPs@CHI and image
of the nanocomposite solution (inset).
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Figure 3: FE-SEM image of biosynthesized Ag NPs@CHI.

growth of cells were assessed using the trypan blue dye
exclusion test and a hemocytometer slide. Afterward, the cells
were grown at a density of 106 cells per well. Subsequent to
this, the initial plate showed no growth after a day, whereas
the second plate was exposed to around 900 ug/mL of
methanol as a control for the solvent. Different doses of
NPs were introduced to the rest of the plates, and each

Figure 4: TEM images of Ag NPs@CHL
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Figure 5: EDX data of biosynthesized Ag NPs@CHI.

dosage was replicated three times. The dishes were subse-
quently transferred to an incubator adjusted to 5% CO,, 37°C,
90% humidity, and 95% oxygen for a duration of 24h.
Subsequently, the dishes were analyzed to determine the
IC5q value. Throughout a span of 3 days, MTT solution quan-
tities were added and allowed to incubate for 8 h. Afterward,
the formazan crystals were dissolved in 0.1L of dimethyl
sulphoxide, and their absorption at 570 nm was quantified
using a Biotech ELISA reader produced in Germany [30,31]:

Sample A

11 viability(%) = —————.
Cell viability(%) Control A

2.5 Statistical analysis

Minitab-21 was applied to follow the normality of the data.
Following this, the non-normal data were corrected. SPSS-
22 was used for data variance analysis, and the visual
representations were generated using Excel.
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Figure 6: SEM-elemental mapping of Ag NPs@CHI.

3 Results and discussion

The novel hybrid nanomaterial was prepared paved by a
bio-inspired green reduction method. A hydrogel solution
of A. millefolium extract and chitosan was used as the tem-
plate to generate the Ag NPs in situ from its precursor salts.
Following this pathway the metal ions were reduced pro-
moted by the electron rich organo-functions contained in
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Figure 7: XRD pattern of Ag NPs@CHI.
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Table 1: ICs, of nanocomposite in the anti-cutaneous squamous cell
carcinoma test

ICsp Nanocomposite (pg/mL)
PM1 182+ 4

MET1 158 + 6

MET4 177 +3

SCCT9 178 + 4

SCC ICIMET 1775

SCC IC19 99 +5

SCC T8 62+7

SCCm™ 1835

the green tea-CS hydrogel. The organogel encapsulation
additionally facilitated the electronic stabilization of Ag
NPs by capping. The so formed Ag NPs@CHI nanocompo-
sites were characterized. Synthesis of the Ag NPs@CHI can
be perceived by visible observations only, while changing
the solution color from yellow to light-brown, as indicated
in Figure 2. The outcome was further validated by a time-
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dependent UV-vis spectroscopic investigation and consequently
a broad hump for Ag NPs emerged at 450 nm, an interpretation
of its characteristic surface plasmon resonance. The result is
displayed in Figure 2, where the absorption of Ag-nanocompo-
site can be clearly distinguished from the A. millefolium extract-
CS hydrogel. The unmetalled hydrogel extract displays an
absorption at 335 nm which diminished gradually in the latter
graph when Ag ions got reduced to its NPs over the CS-
Achillea hydrogel and a prominent absorption was noticed
at 450 nm in 30 min of reaction time.

In order to assess the morphological property of Ag
NPs@CHI nanocomposite, FE-SEM and TEM investigations
were carried out. Figure 3 shows the FE-SEM image of the
prepared nanomaterial as spherical shaped with some
aggregated particles due to manual preparation of the
sample for recording the analysis.

TEM images of Ag NPs@CHI is given in Figure 4, the
black dots show the Ag NPs with good distribution as sphe-
rical shaped without any aggregation and having sizes
around 10-15 nm.

Figure 8: Anti-cutaneous squamous cell carcinoma efficacy of nanocomposite against PM1 (a), MET1 (b), MET4 (c), and SCC T9 (d) cells.
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Chemical composition of the Ag NPs@CHI was esti-
mated from EDX investigations and the corresponding out-
come is presented in Figure 5. It shows Au and Ag as the
metallic components and weak signals of O, N, and C at the
base regions. The sharp and strong Au signal that appeared
at 2.1keV is related to the gold vapor deposition during the
EDX analysis and not contributed from the original sample
under investigation. The non-metals are characteristics of
the A. millefolium phytochemicals and chitosan association
within the nanocomposite sample. The corresponding map
sum spectrum is also documented therein as inset which
shows the atomic wt% of the elements. Markedly, Ag con-
tent in the sample is 36.8%, as compared to C content
of 44.1%.

Furthermore, the elemental mapping study was done
to authenticate the EDX outcome. The Ag NPs@CHI nano-
material was subjected to SEM investigation and then
X-ray scanning of a small segment, as shown in Figure 6.
In the end, dispersion of the constituent elemental species
is depicted as a collection of colored dots, being evenly
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distributed throughout the matrix. The absence of Au sig-
nals in mapping profile also justifies the discrimination
from EDX result. Noticeably, applications of Ag species
are greatly impacted by their homogeneity.

Finally, Ag NPs@CHI nanocomposite’s crystallinity and
nature of phase were confirmed by XRD analysis. The single
diffraction pattern shows it as a single entity, as shown in
Figure 7. The profile shows four distinct Braggs diffraction
signals at 20 = 38.2°, 44.2°, 64.3°, and 77.3°. These are accre-
dited to the (111), (200), (220), and (311) crystal planes, respec-
tively [32]. The diffraction range of 10-25° corresponds to a
broad, non-crystalline region that represents the Achillea-
chitosan hydrogel.

Numerous toxicological studies [33] support the common
usage of Ag NPs in the profit-oriented category. Nevertheless,
there is still a significant amount of knowledge to acquire
regarding their impact on cells derived from mammalian
tissues. Ag NPs have been found to cause cell death through
various mechanisms such as autophagy, necrosis, or apop-
tosis. The release of Ag" ions into the surrounding media

Figure 9: Anti-cutaneous squamous cell carcinoma efficacy of nanocomposite against SCC ICIMET (a), SCC IC19 (c), SCC T8 (c), and SCC T11 (d) cells.
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can increase H,0, amounts and initiate apoptosis [34,35]. It is
crucial to emphasize that the effectiveness of Ag NPs in
harming mammalian cells is influenced by several factors
such as temperature duration, concentration, exposure
time, shape, size, surface of nanoparticles, and the parti-
cular type of cell being examined [36-38].

In the current experiment, the cutaneous squamous cell
carcinoma cells viability decreased in the Ag NPs presence.
The ICs, of Ag NPs was 182, 158, 177,178, 177, 99, 62, and 183 pg/mL
on PM1, MET1, MET 4, SCC T9, SCC ICIMET, SCC IC19, SCC T8, and
SCC T11 cells, respectively (Table 1; Figures 8, 9).

The cell viability examination plays a vital role in tox-
icology studies. It helps to understand the effects of various
toxic substances on cells and offers valuable information on
metabolic processes and cell survival [39]. Recent research
has shown that the Ag NPs toxicity on HeLa cells rises as the
concentration increases [40]. The enhanced toxic effect of Ag
NPs on MCF7 cells is linked to decreased viability, increased
apoptosis, and reduced cell growth [41]. Franco-Molina et al.
discovered that colloidal Ag has a cytotoxic efficacy on breast
carcinoma cells [42]. The research aligns with these results, as
it is confirmed that Ag NPs cause alterations in the mor-
phology of Hep-2 and BHK-21 cells. Upon microscopic observa-
tion, it was evident that cells exposed to Ag NPs exhibited a
distinct monolayer loss. A recent study by Liao et al. reported
that the cytotoxic effects of Ag NPs are influenced by factors
such as dosage, exposure time, and particle size, especially for
particles smaller than 10 nm [43].

4 Conclusion

Finally, herein we described an efficient technique for bio-
genic synthesis of Ag NPs over A. millefolium-chitosan
hydrogel in ultrasonic conditions without the use of any
toxic or hazardous substances. The unmetalled hydrogel
extract displays an absorption at 335 nm which diminished
gradually in the latter graph when Ag ions got reduced to its
NPs over the CS-Achillea hydrogel and a prominent absorp-
tion was noticed at 450 nm in 30 min of reaction time. In the
oncological part of the recent research, the ICsy of Ag NPs
was 182, 158, 177, 178, 177, 99, 62, and 183 ug/mL against PM1,
MET1, MET 4, SCC T9, SCC ICIMET, SCC IC19, SCC T8, and SCC
T11 cell lines, respectively.
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