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Abstract

In this study silver nanoparticles (AgNPs) were synthesized using water extract of the
aerial parts of Euphorbia paralias (E. paralias) as reducing and stabilizing agents. Various
experimental parameters, including sample pH, temperature, reaction time, extract composition,
and metal salt concentration, were examined for their effects on the size and morphology of the
AgNPs. The synthesized silver nanoparticles (AgNPs) were characterized using UV-Vis
spectroscopy, FTIR, X-ray diffraction (XRD), transmission electron microscopy (TEM), and

thermal gravimetry. The formation of AgNPs began within 3 minutes and

progressively increased over time for two hours. The synthesized nanoparticles were
predominantly spherical, with an average size varying between 15 and 35 nm. Bio-fabricated
AgNPs have more significant anticancer activity against HepG2, MCF-7, and HCT-116 with
IC50 =20.3 £1.8,30.4 + 3.8, and 45.2 £ 2.5 pg/ml respectively. The anticancer activity of the
aqueous extract of Euphorbia paralias with IC50 > 500 pg/ml indicates that AgNPs exhibit
synergistic effects as the diverse range of phytochemicals present in plant extracts, combined
with the small size and large surface area of AgNPs, allows for maximum adsorption of these
capping agents onto their surfaces and improves the therapeutic performance of phyto- AgNPs in

anticancer activity.
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1. Introduction

In 2020, more than nineteen million
new cancer cases and ten million cancer-
related deaths were recorded worldwide
(WHO-Cancer Report-2020).  Breast
cancer accounted for the highest proportion
of diagnoses (11.7%), followed by lung
cancer (11.6%), colorectal cancer (10%),
and prostate cancer (7.3%). Moreover,
expert projections suggest that by 2040, the
number of cancer cases will rise to 24.8

a 47%
compared to 2020. (Sung et al. 2021).

million, representing increase
Cancer treatment is very costly, requiring

expensive  facilities and drugs and

chemotherapy medications can damage
healthy cells in addition to killing rapidly
proliferating cancer cells, resulting in
adverse effects that spread throughout the
body. To provide safe and dependable
treatment, new methods are required to
develop anticancer medicines that are
effective but have fewer side effects and are
less toxic in the clinic. Given this outlook,

the development of new treatments and

drugs will be challenging unless
governments allocate a greater share of
resources to cancer care. Insufficient

funding could hinder access to high-quality
treatment and care (Voda and Bostan,
2018). New cancer therapies typically focus

on developing more effective drugs while

minimizing the side effects associated with
anticancer treatments. However, the plant
kingdom remains largely unexplored; many
anticancer drugs, such as those derived from
Euphorbia, originate from plants. Euphorbia
species are commonly utilized in traditional
medicine for addressing stomach, liver, and
ailments.

uterine cancer-related

Additionally, have been

these species

applied in the management of asthma
conditions. Numerous other species have
been employed to treat skin disorders,
gonorrhea, migraine headaches, intestinal
parasites, as well as warts and calluses (Ben

Jannet et al. 2017).

Euphorbia paralias L is one of the
most common Euphorbia species growing

(Abdelgaleil et al., 2001).

in  Egypt

Chemical constituents of  Euphorbia

paralias L species have been investigated

previously and showed that phenolic

compounds, steroids, terpenes,

hydrocarbons, and alkaloids are various

phytochemicals detected in the genus
Euphorbia. These phytochemicals have
potential  anticancer and  antioxidant

(Youssef et al. 2024). Miloud and Senussi
examined the antimicrobial activity of leaf

extracts from two Euphorbia species,

namely Euphorbia paralias and Melilotus
sulcatus, against four bacterial species

(Staphylococcus  aureus,  Pseudomonas
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aeruginosa, Escherichia coli, and Klebsiella
sp.) and two fungal species (Aspergillus
niger and Aspergillus flavus) (Miloud and
Senussi, 2021). Euphorbia paralias polar
extract showed the presence of many
chemical compounds such as flavanol (as
catechin,  myricetin  and  quercetin,
Quercetin-3-O-b-Darabinopyranoside),

the

the

flavonoids (as chalcone),

monoterpenoids (as linalool), and
polyphenol (as ellagic acid) (Youssef et al.
2024). The extracts demonstrated greater
effectiveness against bacterial species than
fungi at the tested concentration (100
mg/mL). Methanolic extracts of the selected
plants exhibited significant antimicrobial
potential against all tested microorganisms,
whereas aqueous extracts showed no
activity against the fungal species tested.
Furthermore, beyond its established targets
Q3G has been

inhibit the

in mycobacterial cells,
demonstrated to effectively
glutamine synthetase enzyme, a promising
target for developing new drugs for TB
therapy (Safwat et al. 2018).

Recently, botanical-based synthesis
of Ag has attracted increasing interest due to
its  cost-effectiveness, simplicity, and
environmentally friendly synthesis methods
(Yadav et al. 2025, Stozhko et al. 2024,
Rashidi 2024, 2024,

Vadakkan et al. 2024, Alex et al. 2024).

Jamil et al.

The chemical reduction of Ag+ ions to form

Ag°® nanoparticles is usually performed

using physicochemical techniques such
as sodium citrate (Na;C¢HsO7) (Chen et al.
2020), polyol synthesis (Zeroual et al.
2020), biologic process (Zevallos Torres et
al. 2021), electrochemical techniques (Thuc
et al. 2016), and surfactant-
assisted synthesis (Molina Torres et al 2019
These conventional methods are often toxic,
unstable, and

expensive, time-intensive,

detrimental to the
environment.The necessity to use a benign, 1
ess hazardous, ecofriendly, and biocompatibl
e process for developing AgNPs of various
dimensions and shapes has increased (Aziz
et al,  2020). Although  biological
approaches have limitations, such as limited
control over nanoparticle size, shape, and
crystalline structure, they are widely
regarded as safe, practical, cost-effective,
and environmentally sustainable (Yousaf et
al.  2020). NP and

Generally, size

morphological  features  are  greatly
influenced by the experimental parameters,
including sample pH, temperature, reaction
time, extract type, and metal salt interaction
with reducing chemicals (Khalil et al.
2014). Researchers are interested in
synthesizing AgNPs using plant extract
because it is a quick, environmentally
friendly, non-toxic, economically viable, and
one-step  biosynthetic  approach. Plant
metabolites are typically employed as liquid
extracts of seeds, fruits, flowers, tree bark,

leaves, peels, and rhizomes.
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In the present study, water extract of
Euphorbia paralias was used for the
synthesis of AgNPs, and the characteristics
of the bio-fabricated silver nanostructures
were analyzed wusing UV-vis, Fourier
transform infrared FTIR, TEM, EDX, and
XRD. The cytotoxic and anti-cancer
activities of the extract and the bio-
fabricated AgNPs against mammalian cell
lines: HepG-2 cells (human Hepatocellular
carcinoma), MCF-7 cells (human Breast
carcinoma) and HCT-116 (human Colon

carcinoma) were evaluated.
2. Experimental

2.1. Chemicals and Extract Preparation
The chemicals used for the synthesis
were of analytical grade. Silver nitrate
(AgNOs, 99.7%) was purchased from
Sigma-Aldrich Chemicals. E. paralias plant
was harvested in April in 2022 from the
region of Ageba area, Mersa-Mattruh, on the
Mediterranean coast of Egypt. The aerial
parts were air-dried, grounded to a fine
powder, and kept being used for various

analyses.

2.2 Preparation of E. paralias aerial parts
extract.

An E. paralias aerial parts extract
was prepared by boiling 0.50 g of dried,
finely ground aerial parts of E. paralias in
50 mL of deionized water for 20 minutes.
The mixture was then filtered, and the

volume was adjusted to 50 mL with

deionized water. Fresh extract was prepared

for each experiment.

2-3 Synthesis of AgNPs using E. paralias
aqueous extract:

Stock solution of AgNO; (107 M)
was prepared by dissolving a 0.17 gm of
AgNO; in 100 mL flask with deionized
water. At room temperature, 1 mL of AgNO3
(107 M) was mixed with (0.1- 1 ml) of
E. paralias extract and complete to 10 mL.
The reduction process was followed by the
change in the color of the solution and UV—
visible spectra of the samples were
measured after 2h. The highest absorbance
was found for the ratio of 1 mL AgNOs to 1
mL of the extract. Using this ratio the effect
of reaction time was followed by UV-
visible spectroscopy to optimize the reaction
time. Also, the effect of pH of the solution
on the reduction process was done at this
ratio in a 10 mL flask and the pH was
adjusted using 0.05 M HNO; and 0.1 M
NaOH. The effect of temperature was
measured using 1mL AgNOs to 1 mL of the
extract, and the samples' absorbance was

measured at the temperature range from 20-

90 °C.

2-4 Characterization of Ag Nanoparticles
The process of reduction of Ag” ions
to form AgNPs in solution was followed by
measuring the UV-Vis spectra of the
reaction mixtures on a wavelength range of

200-800 nm using a Shimadzu UV-2600
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UV-Vis spectrophotometer with quartz
cuvettes of 10 mm optical path length,
resolution 2 nm. All measurements were
conducted against a reference sample
containing water, which served as the
solvent in the synthesis. The size and
morphology of the nanoparticles were

analyzed through transmission electron
microscopy (TEM), and the images were
obtained  using a  JEOL-1200JEM
microscope. For TEM analysis, a drop of the
synthesized AgNPs colloid was placed onto
carbon-coated copper grids and allowed to
air-dry. XRD analysis of the AgNPs was
performed using a Shimadzu XRD-6000
diffractometer operating at 40 kV and 20
mA, with Cu Ka radiation (A = 1.54 A).
Fourier-transform infrared (FTIR)
spectroscopy was performed to identify the
functional groups potentially involved in
nanoparticle formation. The analysis was
conducted both before and after the
synthesis of nanoparticles, using samples of
the powdered aerial parts and the
synthesized nanoparticle (NP) powder. The
bio-reduced silver nanoparticles (AgNPs)
were centrifuged at 10,000 rpm for 15
minutes, after which the samples were dried,
ground with potassium bromide (KBr), and
analyzed using a Nicolet 6700 FTIR
spectrometer to obtain the FTIR spectra of
the capped nanoparticles.
Thermogravimetric analysis was performed

at a heating rate of 10 °C/min using a

Shimadzu DT-50
the

thermal analyzer to

determine quantity of capping

phytochemicals present on the AgNPs.

2.5. Evaluation of Cytotoxic Effects of E.
paralis and capped AgNPs

The  cytotoxicity  assay  was
conducted using the microculture MTT
method with minor modifications (Kawase
et al.,, 2003, Soliman et al. 2018). Cell
viability and inhibition were calculated
using the formula: % viability = (A/Ac)
x100, where A;= Absorbance of the test
sample and A, = Absorbance of the control
sample. The 50% inhibitory concentration
(IC50) was determined from graphical plots
of the dose-response curves for each

concentration.
3. Results and Discussion

3.1. Preparation of AgNPs using E. paralis
extract and characterization

For monitoring the formation and
stability of silver nanoparticles, the Uv-Vis
spectra of the  synthesized silver
nanoparticles were recorded against water
as reference. Figure 1 shows the absorption
spectra of the UV—visible spectra of silver
nanoparticle formation wusing constant
AgNO; concentration (10°M) with different
extract volumes (0.1 — 1.0 mL) at room
temperature. The AgNPs display changing
in color from pale yellow to brown,
formation of  silver

indicating  the

nanoparticles; the color arises due to the
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excitation of Surface Plasmon Resonance
(SPR) of the AgNPs. The surface plasmon
resonance (SPR) of silver nanoparticles
(AgNPs) was observed at 430 nm, attributed
to the excitation of surface plasmon
vibrations. With the addition of 0.1-1.0 ml
of E. paralis aerial parts extract, the surface
increased with the

plasmon intensity

increase of the extract concentration

indicating more AgNPs formation. On the

other hand, increasing the volume of the
extract from 1 mL to 2 mL the absorbance
very slightly increased due to the end of the
reduction signifying that 1-2 mL was
adequate to reduce most of the silver ions to
nanosilver. Further increase in the volume
of the extract led to a slight decrease in the
absorbance (Fig. 1). The optimum volume

of 1mL extract was used in the subsequent

experiments.

2.0 -

1.5 4

1.0 4

Absorbance

0.5 -

0.0

200 400

600 800

Wavelength nm.
Figure (1): The absorption spectra of AgNps as a function of E. paralis aerial parts extract concentration.

The

characterized by

bio-produced AgNPs was

further employing
Transmission Electron Microscopy (TEM).
The TEM images confirm the formation of
the AgNPs which were spherical with an
of 15

demonstrated a

average size nm and 35nm

range of  different
morphologies with irregular contours when
0.3 mL of extract was used in the synthesis,
Fig. 2(a). When 1 mL of extract was used,

the AgNPs had an average size of 18 nm

65

(Fig. 2b), and their size decreased further
when 2 mL of extract was used (Fig. 2c). It
can be concluded that the size of AgNps is
getting smaller with increasing the extract
concentration which works as a reducing
and capping agent to enhance nucleation
and reduce the agglomeration process of the
nanoparticles. Similar studies showed that a
comparatively higher extract ratio is
responsible for the synthesis of symmetrical

nanoparticles (Sosa, 2003).
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Figure (2): Effect of the E. paralis aerial parts extract concentration on the size and shape of the AgNPs.
(a) TEM image of AgNPs using 0.3 ml E. paralis extract (b) TEM image measured using 1 ml E. paralis
extract; (c) shape of AgNPs formed at 2 ml of extract.

3.2 Impact of contact time

The effect of contact time between
Ag" ions and the extract were investigated at
room temperature to determine the reaction
rate and the duration required to complete
the reduction process. Figure 3 illustrates
that the formation of AgNPs began within 3
minutes and progressively increased over
time. The absorption band showed minimal

4.0 T T T T

changes after two hours, indicating the
complete reduction of Ag* to Ag®. It is worth
noting that previous studies reported a
reduction period for silver ions ranging from
24 to 48 hours (Sesa, 2003, Khalil et al.
2017) or longer time as one week (Lin et al.
2010, Dipankar and Murugan, 2012,
Bindhu and Umadevi, 2013).
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Figure (3): Effect of contact time on AgNPs formation (1 mL E. paralis aerial parts extract and constant
(10% M) AgNO;).
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3. 3. Effect of extract pH

The pH of the extract used in
nanoparticle biosynthesis is a crucial factor
influencing the size, shape, and composition
of the resulting nanoparticles. (Khalil et al.
2014). Using UV-Vis spectroscopy and
TEM analysis, the effect of the pH of E.
paralis aerial parts extract solution on the
biosynthesis of Ag nanoparticles was
examined across a pH range of 3 to 11,
Figures 4. It can be seen from Fig. 4, that at
pH 3, AgNPs show lower and broader
absorbance like the extract, and no clear
band for the surface plasmon resonance of
AgNPs was observed. Furthermore, a blue
shift in the absorbance maximum was
observed from 444 nm at pH 4 to 412 nm at
pH 9.6; the plasmon resonance band became
sharper and the absorption peak intensity
increased gradually with an increase in pH,
suggesting that the reduction rate of silver
ions increases with the increase in pH. This
behavior may be due to the ionization of
phenolic, flavanol catechin, myricetin
quercetin, and flavonoids compounds in the
extract of E. paralis (Priya et al. 2016,
Traiwatcharanon et al. 2015) that can

increase the rate of AgNPs formation. Upon

increasing the pH higher than 9.6, a solid
residue starts to form, maybe due to the
precipitation of Ag,O. In many previous
studies, using the basic medium is necessary
to obtain AgNPs.and found that on
increasing the pH, rate of the reaction
increased along with decrease in reaction
time especially when pH > 7 for both green
assisted and chemically synthesized AgNPs.
This behaviour of pH on the growth of
nanoparticles can be attributed to its
capability to modify the charge of bio-
compounds present in the leaf extract
[Verma and Mehata, 2016]. Additionally,
optimal value of pH for synthesis of AgNPs
attributed to high absorbance peak value,
low Amax (Wavelength value for maximum
absorbance/LSPR peak position) and high
population of smaller sized NPs were found
to be pH 12 and pH 10 for biosynthesized
and AgNPs

respectively [Ajitha et al. 2015]. The AgNPs

chemically  synthesized
synthesized in an acidic medium (pH 2-5)
were unstable and precipitated within 24
hours, whereas those prepared at pH 9
remained stable for one week. So, the
optimum pH used in the synthesis of AgNPs

was 9.
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Figure (4): Effect of pH on silver nanoparticles synthesis by E. paralis aerial parts extract.

3.4 Effect of Reaction Temperature

Temperature significantly influences
the silver
(AgNPs),

stability,

synthesis  of nanoparticles

affecting their size, shape,

Higher
the

and overall yield.

temperatures  generally  increase
reduction rate of silver ions (Ag') to
metallic silver (Ag°), promoting faster
nucleation and growth of nanoparticles. This
leads to smaller and more uniform
nanoparticles due to rapid nucleation over
slower growth processes. On the other hand,
elevated temperatures can destabilize certain
stabilizing agents, potentially leading to the
aggregation of nanoparticles. As seen in Fig.
5, as the temperature increased from 20 to
90 °C, at pH 6, the absorption spectra of

AgNPs increased with blue shift from 425

68

nm to 411 nm indicating that smaller size
formation increased with temperature and

the formed AgNPs are stable.
3.5 FTIR spectra

FTIR spectroscopy was employed to
identify the potential functional groups of
biomolecules in the E. paralis aqueous
extract that could be responsible for the bio-
reduction and coating of AgNPs. The FTIR
spectrum of the extract displayed a broad
band at 3402 cm™, which is attributed to the
OH groups present in the biomolecules. The
band at 1662 cm™ is assigned to the
stretching vibration of the carbonyl group
(C=0), and (C=C) potentially indicating the
presence of keto groups in flavonoids, Fig.

6. The band at 1280 cm™ (probably related
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to C-O of polyols),. Besides the bands consisted of the isolated flavonoids that
previously described, there was another might be present in the constituent of E.
band encountered at 748 cm’ due to paralis extract, (Fig. 7).

aromatic ring vibration. These assignments

0%
35 °C
40 °C
50 °C
60 °C
70 °C
20'°C
90 °C

Absorbance

T d T T T : T 1 ’
300 400 500 600 700 800

Wavelength, nm
Figure (5): Effect of temperature on silver nanoparticles synthesis by E. paralis.
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Figure (6): FTIR spectra of E. paralis and E. paralis capped AgNps.
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Figure (7): Compounds present in E. paralis.

3.7. Thermal gravimetric analysis

The TGA plot of the capped AgNPs
prepared using 2 ml E. paralis extract (Fig.
8 showed a relentless weight loss in the
temperature range of 160-700 °C. The final
weight of the nanopowder due to the
desorption of bioorganic compounds on the
AgNPs was 27.5%. This means that AgNPs
can adsorb large amounts of extract
compounds on their surface and be used as
drug carriers for cancer treatment. Similar
DTA spectrum of AgNPs synthesized
by Streptomyces aqueous extract obtained
by Paterlini et al. 2021 [ Paterlini]. They
attributed the loss of weight to the
desorption of organic compounds from the
surface of the NPs with a residual mass of

20% would correspond to the AgNPs.

3.8 X-ray diffraction

The XRD pattern of the phyto-
synthesized AgNPs prepared using the E.
paralis extract is shown in Figure 9. The
XRD results confirmed that the AgNPs
correspond to the crystalline face-centered
cubic phase of silver. Four distinct Bragg
reflections observed at 20 = 38.035° (111),
44.76° (200), 64.46° (220), and 77.39 °
(311) match those reported in the standard
powder diffraction card of JCPDS, silver
file No. 04-0783. The data revealed the
crystalline nature of AgNPs (Shameli et al
2010).
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Figure (8): TGA of capped Ag NPs prepared using E. paralis extract.
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Figure (9): XRD of capped AgNPs prepared using E. paralis extract at the conditions (pH =9, temp. =
90 °C, reaction time = 15 min).

3.9 In vitro cytotoxicity activity

E. paralias contains various
phytochemicals that may have anticancer
and antioxidant activities. The antioxidant
activity was identified by the ability of the

extract to reduce Ag" to Ag’ to produce

AgNPs. As shown from the

thermogravimetric analysis, high extract
concentrations are present and capped the
AgNPs due to the smaller size of the

nanoparticles and high surface area. One
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can use this fact to utilize the capped AgNPs
to treat cancer in at relatively small quantity

of capped AgNPs.

In vitro cytotoxicity assays are
widely used to assess chemicals such as
cancer  therapeutics,  pharmaceuticals,
biomaterials, natural toxins, antimicrobial
agents, and industrial chemicals because
they are fast and cost-efficient. These assays
measure the concentration of a substance
that causes damage to cellular components
and structures, providing quantitative or
biochemical data that can be extrapolated to
simulate in vitro biological pathways.
(Irena, 2005). The in vitro anticancer
activity of the synthesized nanoparticles was
assessed against human cancer cell lines,
including carcinoma
(HepG2),

carcinoma), and HCT-116 cells (human

hepatocellular
MCF-7 cells (human breast
colon carcinoma), using the MTT assay

(Denizot and Lang 1986). Doxorubicin

hydrochloride (IC50: 1.2 pg/mL), a highly
potent anticancer agent, was used as the
reference drug in this study. The correlation
between drug concentrations and cell
viability was analyzed to determine the
IC50  value, which indicates the
concentration needed to reduce cell viability
by 50%. The results are presented in Table 1
and Figure 11. According to the data in
Table 1, the aqueous extract of E. paralias is
the AgNps has
cytotoxic activity with I1Csy of 20.3 + 1.8,
30.4 £ 3.8, and 45.2 £ 2.5 pg/ml, against

HepG2, MCF-7, and HCT-116, respectively

cytocompatible, while

that is considered to be a promising
cytotoxic agent. It is worth noting that the
IC50 of 74.6 + 15.6 was obtained for the
extract in methanol against MCF-7,
supporting that the methanol extract
would have more concentrated
bioorganic compounds than the water

extract (Youssef et al. 2024).
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Figure (10): Cell viability of E. paralias agueous extract and AgNPs on different cancer cell lines.

Tabel 1

The IC50 of E. paralias aqueous extract and AgNPs values of cancer cell lines

Item/ 1C50 HepG-2 MCEF-7 HCT-116
Euphorbia paralias >500 > 500 > 500

P-AgNPs

20.3 £ 1.8 pg/ml

30.4 £ 3.8 ug/ml

452 £2.5 pg/ml
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4. Conclusion

In conclusion, silver nanoparticles
(AgNPs) were successfully synthesized at
room temperature through an eco-friendly
approach, utilizing Euphorbia paralias
extract as both the reducing and stabilizing
agent. The synthesis parameters, such as
extract concentration, reaction time, and pH,
were thoroughly investigated. The optimum
conditions for the synthesis of AgNPs in
this study was as following: pH 9, contact
time 60 min and at 90 °C. The IC50 of the
AgNPs with

biomolecules from the

synthesized capped
extract were
evaluated for cytotoxic
HepG-2, MCF-7, and HCT-116 cell lines,

The results indicated cytotoxic activity of

activity against

AgNPs capped with E. paralias was higher
than the aqueous extract. In the future work,
the aqueous E. paralias extract will be used
to synthesize Ag-Au NPs as alloy and study
their activity as antimicrobial and anticancer
drugs. The use of plant phytochemical and
its aqueous solution for the synthesis of
AgNPs as green method that do not use
toxic chemicals in the synthesis protocols to
effects in  medical

avoid  adverse

applications.
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