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Abstract

The green synthesis method is an environmentally friendly, cost-efficient, and safe method for the production of metallic

nanoparticles (MNPs). This method mainly relies on the use of plants and microorganisms as well. While plant-based MNPs are
produced via the green synthesis method, the secondary metabolites of plants have the ability to enrich some functional properties
of these MNPs. As a result of this, plant-based MNPs can be cytotoxic to some cancer cell lines. This review regarding the effect
of plant-based MNPs anticancer activities on various cancer cell lines provides a summary of research articles in this area.
Additionally, this review reports secondary metabolites of the plants used to synthesize MNPs. The present article offers a survey
of plant species used with metallic nanoparticles, focusing on their anti-cancer properties in specific cancer cell lines. The objective

is to provide researchers with a broad overview, facilitating exploration of plant—-metal combinations.
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1. Introduction

Metallic nanoparticles (MNPs) are synthesized from salts
of metals in a size range of 1-100 nm. Metal and metal oxide
nanoparticles have unique physical and chemical functionalities.
Given their small size, MNPs can cross biological membranes
and biological barriers to influence cell metabolism. They can
also be used in many biomedical applications as antimicrobial or
therapeutic agents for diagnostic purpose and cancer treatments.
(Khan et al., 2019; Franco et al., 2022; Khursheed et al., 2022).
In the literature, zinc oxide (ZnO), iron oxide (FesO4NPs), and
copper oxide nanoparticles (CuONPs) are commonly used for
drug and gene delivery, biosensor design, cancer diagnosis, and
treatment (Sharma et al., 2014). Although many types of metals
are used in biomedical fields, silver nanoparticles (AgNP) are
mostly preferred (Patra et al., 2018; Akhter et al., 2024). Since
AgNPs have anti-angiogenic, antimicrobial, antiviral,
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antioxidant, and anti-cancer properties, their use in various
nanoparticle applications in biomedicine is quite common (Igbal
et al., 2019). AgNPs have cytotoxic properties on cancer cells,
arrest the cell cycle, and cause DNA damage and cell death by
inducing oxidative stress (Liu et al., 2016). FeNPs can be used
for many purposes, such as disease diagnosis and treatment,
water decontamination, and cancer treatment (Montiel
Schneider et al., 2022). Gold (Au) is a naturally inert material
that is spontaneously resistant to bacteria, so it is widely used in
biomedical applications (Ghobashy et al., 2024). ZnO
nanoparticles have proven to be anti-fungal, anti-bacterial, and
anti-cancer properties, and they have been used in various drug
release systems (Ozcelik, 2023; Yalcin et al., 2023). Considering
these properties, the use of nanoparticles in cancer treatment
stands out due to their superior properties, such as high
efficiency, selectivity, sensitivity, low toxicity, biosafety, and
stability. Physical and chemical methods frequently used in
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nanoparticle production may require the use of high radiation,
stabilizing agents, and toxic substances. Chemicals used to
capture and reduce metal salts in particle formation increase free
radical formation (Balmuri et al., 2017), thus increasing the
toxicity of the nanoparticle. The green synthesis method has
emerged as an eco-friendly alternative synthesis to existing
chemical and physical methods. This method is easy to apply,
cheap, fast, simple, eco-friendly, and safe since it does not
contain stabilizing agents (Carrapico et al., 2023).
Environmentally friendly synthesis is achieved by minimizing
waste generation in green synthesis. It is also possible to produce
particles with variable morphology and size by changing
synthesis parameters (Gour et al., 2019). NPs can be produced
by using various plants and microorganisms. However, the use
of plants is more advantageous as they allow larger-scale
production with faster NP synthesis. In addition, secondary
metabolites of plants cover the particle during NP synthesis and
provide various functions for the particle depending on the
nature of the secondary metabolites. Given the fact that different
plants contain different phytochemicals, the effect of the NP
produced may vary, although the same metal salt is used.
Concordantly, the cellular effects of synthesized MNPs can be
modified and enriched.

In this review, nanoparticle production methods with a
particular focus on plant-based green synthesis are explained,
and the studies of the last decade examining the effects of Ag,
Au, Fe, PbO, Pt, MgO, ZnO, and CeO nanoparticles, which are
produced from plants by green synthesis, on cancer lines are
compiled. In this context, the important contributions using
plant-based synthesis are stated in detail, and their
developmental aspects are presented as future perspectives in the
field.

2. Production methods of metallic nanoparticles

There are top-down and bottom-up methods for MNP
production. Bottom-up synthesis of NPs can be divided into
three main groups: physical, chemical, and green synthesis (Fig.
1).

2.1. Physical methods

Evaporation-condensation, laser ablation, and mechanical
milling are examples of physical techniques employed in
synthesizing metallic nanoparticles. These physical methods
typically aim to reduce bulk metals into nanoscale particles by
applying high energy or mechanical forces. The evaporation-
condensation process involves the application of a highly
controlled vacuum to a metallic material, facilitating the
evaporation of small particles that subsequently condense onto a
target substrate. This method is preferred for the production of
thin metallic layers (Pandey et al., 2011).

Another method is laser ablation, which is based on Cu or
Ti vapor laser exposure on the metals (Al, Ag) in a liquid
medium (Simakin et al., 2004). When these metal plates emit
laser energy, small particles from metals break off and turn into
nanoparticles (Sadrolhosseini et al., 2019). Depending on the
laser parameters, the size of the nanoparticles can be changed.
In addition, during long-term laser ablation, the rate of formation
of new nanoparticles in the liquid medium may be reduced by
saturation in the medium (Ghorbani et al., 2014).

The other method of metal nanoparticle production is the
milling method. In this method, metal powders are made to be
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smaller particles through the use of rotating balls (Rajput et al.,
2015). Although this method is cost-efficient for large-scale
production, it has many disadvantages, such as high energy
consumption and long processing time (Ullah et al., 2014).

Production Methods of Metallic Nanoparticles

Metal salts

Chemical Methods

Physical Methods )

A“T Green Synthesis
Methods

— —

Plants Extract

Microorganisms
Based

Based

Metallic
Nanoparticles

Fig. 1. Production methods of metallic nanoparticles (Created with
Biorender).

In bottom-up nanoparticle production, the aforementioned
methods are suitable, but these methods have some limitations
such as the great deal of energy needed, high pressure, and
temperature. In addition, these methods are rarely preferred for
the large-scale formation of MNPs due to low production yields,
high energy consumption, and cost (Dikshit et al., 2021).

2.2. Chemical methods

The most common methods to synthesize MNPs are
chemical methods. In chemical methods, metal salts are reduced
to metal nanoparticles by the use of some chemical agents for
capping and stabilizing. In general, metal salts and chemical
agents are mixed in a solvent that is toxic and corrosive during
the generation of MNPs (Herlekar et al., 2014). Due to this,
many chemical agents are used as reducing and capping agents,
such as sodium borohydride (NaBH.) (Banne et al., 2017),
sodium citrate, Tollen’s reagent, N, N-dimethylformamide
(DMF), and formaldehyde (Norris et al., 2010). Compared to
physical methods, chemical methods are mostly used for the
industrial-scale production of MNPs due to their higher
production yields. However chemical methods have some
limitations such as toxicity problems, environmental hazards
and unsustainability. Moreover, MNPs can lead to toxic
nanoparticles depending on the use of some chemicals during
their production. Thus, these methods are not safe MNP
synthesis methods for clinical applications (Pal et al., 2007).
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2.3. Green synthesis (biosynthesis)

Nanoparticles can be used in many applications in
biomedical fields. There are also some concerns about toxicity.
Despite the many advantages of physical and chemical methods,
there is a need for safer and more environmentally friendly
methods. Green synthesis methods have a huge potential to
synthesize MNPs that are safe, environmentally friendly,
sustainable, thermodynamically favorable, and cost-efficient
(Razavi et al., 2015). Similar to other methods, many types of
metal nanoparticles, such as Au, Ag, and Fe, can be produced
via green synthesis methods (Singh et al., 2018). In this method,
microorganisms or plant extracts provide some biomolecules.
These molecules act as reducing, capping, and stabilizing agents.
The green synthesis method has many advantages, such as the
minimization of waste production throughout the process and
the use of non-toxic solvents. Moreover, the preparation of
metallic nanoparticles by green synthesis is cheap, fast, easy,
and suitable for mass production. In addition, it is possible to
produce metallic nanoparticles of different sizes by optimizing
some parameters (temperature, pH, and pressure). Green
synthesis metal nanoparticles can be used in many different
applications, such as the use of antimicrobial agents, molecular
detection, labeling, and optical imaging for diagnostic or
therapeutic purposes (Gade et al., 2014). Although these
methods do not include toxic chemicals for green synthesis,
MNPs can have cytotoxic activity on various cancer cells. Thus,
depending on the inclusion of biomolecules, some green
synthesis-based MNPs can be used as anticancer agents on some
cancer cell lines.

2.3.1. Microorganism-based synthesis

The microorganism-based green synthesis method includes
the use of bacteria, fungi, or algae in metallic nanoparticle
generation. In this method, metal salts are reduced to metal ions
through electron transfer by enzymes or supernatants derived
from microorganisms. When metal salts become metal ions,
these small molecules begin to aggregate to form metallic
nanoparticles. This method is a more environmentally friendly
production method compared to chemical and physical methods.
However, microorganism-based methods require the culturing
of microorganisms, isolation of supernatant or enzyme, and
filtration of extracts. Although the production of MNPs with
microorganisms is a long-term process, microorganism culture
is essential for this purpose. Similar to other methods, the
microorganism-based method is suitable for the production of
different types of metallic nanoparticles such as Ag, Au, Fe, Ti,
PbO, Pt, MgO, ZnO, and CeO, (Gade et al., 2014; Molnar et al.,
2018). In this method, metal salt can directly or indirectly
interact with microorganisms. Microorganisms release a special
biopolymer called extracellular polymeric substances (EPS).
EPSs have some functional chemical groups, such as
carboxylate (-COOH), amino (-NHy), thiol (-SH), and alcohol (-
OH). During the indirect interactions, biomolecules extracted
from the microorganism are added to the medium for metal salts
to be reduced to metallic nanoparticles (Escarcega-Gonzalez et
al., 2018). These chemical groups also make metallic
nanoparticles biocompatible (Jeevanandam et al., 2022).
However, the direct interaction method is based on real-time
interaction with metal salts and microorganisms. During these
interactions, some enzymes, such as nicotinamide adenine
dinucleotide (NADH), play critical roles in the formation of
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MNPs. Despite the advantages of this method, the mechanism of
generation of MNPs may vary because of the diversity of
microorganisms. Thus, it is a great challenge to optimize the
size, quantity, and morphology of MNPs. For these reasons,
microorganism-based synthesis methods are not suitable for
large-scale production or standardized synthesis of magnetic
nanoparticles (Mittal et al., 2013).

In the literature, there are various studies of the
microorganism-based MNPs. Haji et al. (2022) prepared AgNPs
by using silver nitrate (AgNO3) and extracts of Acinetobacter
baumannii (Haji et al., 2022). In another study, AuNPs were
produced by using (HAuCls-3H20). ZnONPs were also prepared
by using [Zn(CHsCOO),:2H,O] and the supernatant of
Leuconostoc sp. The antibacterial activity of these MNPs was
investigated against biofilms formed by Staphylococcus aureus
and Pseudomonas aeruginosa (Kabiri et al., 2023). Lahiri et al.
(2021) prepared copper oxide nanoparticles (CUONPs) from
CuSO; and Streptomyces sp. and evaluated their antimicrobial
activity.

2.3.2. Plant extract-based synthesis

Plant-based green synthesis methods are simpler, easier,
cheaper, and more useful than the other methods to produce
MNPs on a large scale. Additionally, plants have various
secondary metabolites for reducing metal salts to metal
nanoparticles. These metabolites, such as steroids, saponins,
carbohydrates, and flavonoids, which are called phytochemical
molecules, act as reducing and capping agents during the
formation of MNPs. Plant-based green synthesis methods also
have more advantages than microorganism-based methods. The
microorganism-based methods additionally require cell culture
and cell extraction compared to the plant-based methods. As a
result of this, whole extracts from plants (leaf, fruit, roots, etc.)
can be used directly and are easier and cheaper to produce
compared to the other methods. In the literature, many
researches have been reported on the generation of MNPs using
plant extracts. Similar to microorganism-based methods, particle
size can be optimized by controlling parameters such as
temperature and pH (Pal et al., 2019). Although both methods
are environmentally friendly, plant-based methods require less
energy and are faster to produce MNPs. In plant-based methods,
the plant extracts and metal salts are mixed directly, and metal
salts are reduced to MNPs during the process. MNPs gain
functionality by phytochemicals from plants. Thus, it is possible
to produce MNPs in one step. In the production of green
synthesis of MNPs, plant tissues such as roots, leaves, fruits, and
flowers are homogenized and mixed with metal precursor
solutions (Mittal et al., 2013). The plant tissue to be used for
nanoparticle synthesis is sequentially cleaned, mixed, boiled,
and filtered to prepare the plant extract. This extract is then
added to a solution containing metal salts (Nguyen et al., 2023).
The most important feature of MNP production from plant
extract is the reduction of metal salts of secondary metabolites
(ketones, aldehydes, flavones, phenolic acids, amides, sugars,
ketones, carboxylic acids, terpenoids, etc.) in plant extracts to
MNPs while giving particles unique properties at the same time
(Ovais etal., 2018). When plant extract is used in NP production,
the secondary metabolites and plant-derived phytochemical
agents surround the nanoparticle and give it various functions,
such as anti-microbial and anti-cancer activities.

The percentage distribution of studies on AgNP, CUONP,
PtNP, ZnONP, AuNP, PbO NP, and CeO, MNPs, based on 20
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articles sourced from Scopus, PUBMED, Springer, and MDPI
databases can be seen in Fig. 2. These studies were selected
according to the inclusion and exclusion criteria considered
during the preparation of this review. The graph aims to provide
readers with a projection of the distribution of green-synthesized
MNPs, produced from plant extracts and investigated for their
anticancer activity over the last 10 years. Categorizing
nanoparticle types offers a broad projection of the relevant
literature (Vijayakumar et al., 2023; Batool et al., 2024; Muslim
and Naji, 2024; Ullah et al., 2024).

CeO2
PbO NP 5%
5%
AuNP
5%
ZnONP u AgNP
A"D/l
= = CUONP
PINP = PtNP
5% = ZnONP
= AUNP
= PbO NP
AgNP
60% m Ce02
CuONP

15%

Fig. 2. The distribution of metal nanoparticles prepared by the green
synthesis method in the literature. It was prepared on the basis of metal
and metal oxide nanoparticles listed in Table 2. In accordance, the
corresponding references are listed in Table 2.

The plants used for particle production, the secondary
metabolites contained in these plants, and the studied biological
effects are summarized in Table 1. Plant-based MNPs can
acquire anticancer, antibacterial, antimicrobial, anti-arthritic, or
antioxidant activities through the functional molecules derived
from the plants they interact with during synthesis. These
molecules enhance the properties and functionality of the
nanoparticles, enabling them to exhibit various biological
effects. The phytochemicals present in plant extracts are
essential components that support the potential applications of
these nanoparticles. Given this, plant-based MNPs can play a
promising role in the treatment and prevention of various
diseases (Demir et al., 2024; Grancharova et al., 2024; Revathi
et ai., 2024).

According to Table 1, walnut fruit is especially rich in
polyphenols, and it has been shown that polyphenol has a
selective cytotoxic effect on cancer cells (Arulvasu et al., 2010;
Dai and Mumper, 2010). In the literature, it has been reported
that in research on Punica granatum, which contains flavonoids
and tannins, these molecules’ anti-cancer activities were shown
on breast cancer cell lines (Moga et al., 2021). Another study
reported the antimicrobial, anticancer, antidiabetic, and anti-
inflammatory activities of Saussurea costus, which contains
tannin and alkaloid derivatives (Singh et al., 2018). Salehi et al.
(2016) demonstrated the induction of apoptotic pathways of
cancer cell lines by using an extract that contains phenolic acid
and flavonoids. In another research, the anti-inflammatory, anti-
microbial, anti-fungal, anti-cancer, anti-arthritic, and anti-
proliferative activities of Curcuma wenyujin, which contains
terpenoid derivatives, were investigated. Its anti-cancer
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activities on many cancer cell lines, such as gastritis, prostate,
ovarian, and uterine were also evaluated. C. wenyujin extract
showed cytotoxic activity when applied to various cancer cell
lines (Manzan et al., 2003; Zhou et al., 2014). Takemoto et al.
(1983) demonstrated the anti-viral, anti-cancer, anti-diabetic,
and anti-allergenic activities of Glycyrrhiza glabra (Liquorice),
which is rich in flavonoid chalcone, isoflavone, and flavonols.
In the literature, there is much research on ginseng extract.
Ginseng’s anti-proliferative activities have been shown on
myeloma and HelLa cell lines (Davydov and Krikorian, 2000;
Yesil-Celiktas et al., 2010). Camellia sinensis has anti-cancer,
anxiolytic, anti-diabetic, anti-obesity, anti-inflammatory,
analgesic, antipyretic, cytotoxic, and apoptogenic activities
(Johnson 2011). It has many secondary metabolites, which are
terpenoids, proanthocyanidins, and other phenolic compounds,
flavones, and catechins. In another study, researchers evaluated
the anti-proliferative and anti-cancer activities of rosemary
extract on colon, pancreatic, and breast cancer cell lines. It is
enriched in flavonoids, carnocytic acid, rosmarinic acid, and
ursolic acid (Gutiérrez and Perez 2004; Movahedi et al., 2014).

In another study, Raphanus sativus (Longipinnatus), rich in
flavonoids, and phenolics was reported to have anti-tumor
activity (Gutiérrez and Perez 2004). The extract of Teucrium
polium, which contains high levels of diterpenoids, flavonoids,
iridoids, sterols, and terpenoids, was applied to cancer cell lines
and displayed anti-cancer activity (Nematollahi-Mahani et al.,
2007; Movahedi et al., 2014). Another plant, Commiphora
wightii also has anti-microbial, anti-cancer, and anti-
inflammatory activities due to the fact that it contains terpenoids
and flavonoids. C. wightii has been confirmed to have anti-
cancer activities. (Bhardwaj and Alia, 2019). Mangifera indica
is rich in mangiferin and acts as an anti-oxidant, anti-bacterial,
anti-fungal, anti-inflammatory, anti-allergic, and anti-cancer
(Pattanayak 2013). Rehmanniae radix also has anti-
inflammatory, anti-arthritic, anti-apoptotic, anti-cancer, and
antioxidant activities. Its anti-cancer activities were shown on
cervical cancer cells (Kim et al., 2006; Xia et al., 2019).
Additionally, Curcumae kwangsiensis consists of steroids,
saponin, tannin, terpenoids, alkaloids, glycoside, phenolic
compounds, and flavonoids. C. kwangsiensis has anti-parasitic,
anti-fungal, anti-viral, anti-bacterial, antioxidant, hypoglycemic,
anti-diabetic, neuroprotective, and analgesic properties (Chen et
al., 2021). In Chinese traditional medicine, C. kwangsiensis
folium has been used in the treatment of ovarian cancer (Ebell et
al., 2016). Anti-diabetic, anti-spasmodic, and anti-inflammatory
properties of Prosopis farcta extracts, which mainly contain
tannin, tryptamine, quercetin, and apigenin, have been described
in studies (Asadollahi et al., 2010). Interestingly, Scutellaria
barbata has been known as the magic herb that protects life in
Asian societies. The cytotoxicity of S. barbata extract on various
cancer cell lines has been studied so far (Lee et al., 2017; Suh et
al., 2007; Marconett, et al., 2010; Chen et al., 2017; Kan et al.,
2017; Yang et al., 2017; Zhang et al., 2017).

3. Effects of metallic nanoparticles on cancer cell lines

Cancer cell lines originate from cancerous tissue and are
considered in vitro experimental models to test the cellular
effects of natural and synthetic compounds as well as
biomaterials. Anti-carcinogenic activity of any test agent
depends on its ability to inhibit cancer cell proliferation, cancer
cell migration, invasion, and angiogenesis, induce apoptosis
and/or autophagy, and modulate the cell cycle and metabolism
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Table 1
Plants used in the green synthesis of metallic nanoparticles and their bioactive compounds.
Plants Plant Part Bioactive compounds Bioactivity Reference
o . . . A. digitata has analgesic and antipyretic, anti-
Adansonia digitata fruit terpenoids, flavonoids, sterol . 9 5 anaigesic. 1Py A (Kamatou et al., 2011)
inflammatory, antioxidant activity and antiviral activities.
Artemisia leaves phenolic acid, flavonoid, Artemisia turcomanica has been shown to have a cytotoxic (Salehi et al., 2016)
turcomanica alkaloid, terpenoid effect by inducing apoptosis in AGS cell line. v
B. buxifolia extract demonstrates antioxidant, anti-
alkaloids, terpenoids, bacterial, and anti-biofilm activities. These properties
Barleria buxifolia leaves triterpenoids, esters, aliphatic  indicate its potential for protecting against oxidative stress, (Sekar et al., 2022)
ketones, B-carotene combating bacterial infections, and inhibiting the formation
of biofilms.
L . terpenoid, phenolic Camellia sinensis has proven anti-cancer, anti-diabetic, .
Camellia sinensis leaves compound, anti-inflammatory and apobtogenic broperties (Sharangi, 2009)
purine and alkaloid v poptog prop '
Centratherum phytochemicals, tetrahydroxy C. anthelminticum has shown antioxidant and anti- (Lambertini ¢ tal,
L seed chalcone, tetrahydroxy . A . 2004; Qureshi et al.,
anthelminticum proliferative effects in cancer cells.
flavone 2016)
ti ids, . . A .
. I er[?en0| y . The anti-cancer and anti-inflammatory activities of C. (Bhardwa and Alia,
Commiphora wightii leaves flavonoids, steroids, I
wightii extract has been proven. 2019)
carbohydrates, sterols,
saponin, tannin, terpenoid,
Curcumae leaves alkaloids, phenolic The successful effect of C. kwangsiensis extract in the  (Sacchetti et al., 2005;
kwangsiensis compound treatment of ovarian cancer has been demonstrated. Ebell et al., 2016)
flavonoid

Curcuma wenyujin

Eclipta alba

Eleutherococcus
senticosus (Siberian
ginseng)

Glycyrrhzia glabra
(Liquorice)

Jacobaea maritima

Juglans regia

(Walnut)

Mangifera indica

Moringa peregrina

Ocimum sanctum

Prosopis farcta

Punica granatum
Raphanus sativus
var. longipinnatus

Rehmanniae radix

Rhus coriaria

rhizome, stem

leaves

stem

roots

leaves

peeled walnut

leaves

leaves

leaves

fruits
crusts

leaves

roots

fruit

terpenoids and sesquiterpene
derivatives

coumestan, wedelolactone,
desmethylwedelolactone,
sitosterol

Triterpenoidal saponins and
phenylpropane derivatives

flavonoid chalcon,
isoflavone,
flavonol,

flavonoids,
triterpenoids

polyphenol

mangiferin

flavonoids

saponins,
flavonoids, triterpenoids, and
tannins
tannin, tryptamine, quercetin
and apigenin

flavonoid, tannin

flavanoid, phenol, alkaloid

iridoid glycosides,
phenylethanoid glycosides,
monoterpenoidand
triterpenes
phenolic acids, favonoids,
and tannins

The anti-cancer properties of C. wenyujin have previously
been demonstrated in gastritis, prostate, ovarian and uterine
cancers.

E. alba has anti-fungal, anti-bacterial, analgesic, anti-
hepatotoxic, immunomodulatory, and antioxidant
activities.

Ginseng extract has been shown to inhibit cancer cell
growth when applied directly to myeloma (B-16) and Hela
(S-3) cell lines.

Liquorice extract is antiviral, anti-cancer, anti-diabetic and
has anti-allergenic activity.

J. maritima exhibits anti-cancer and anti-bacterial effects,
highlighting its potential as a therapeutic agent in inhibiting
cancer cell growth and combating bacterial infections.

Many studies have proven that polyphenol is safe against
healthy cells and shows cytotoxicity against cancer cells.

Mangifera indica has been shown that high magniferin
content of M. indica has anti-bacterial, anti-fungal, anti-
viral, anti-inflammatory, and anti-cancer properties.

M. peregrina has antioxidant, anti-microbial, anti-diabetic,
anti-spasmodic, hypertension, hepatotoxicity, anti-
inflammatory, anti-cancer properties

O. sanctum demonstrates anti-cancer activity by reducing
tumor volume in fibrosarcoma tumors.

The anti-diabetic, anti-spasmodic and anti-inflammatory
properties of P. farcta have been demonstrated.

P. granatum has been shown to have cytotoxic activity in
the human breast cancer cell line.

Anti-tumor activity of R. sativus var. longipinnatus extract
has been demonstrated.

In Hela cells, it was observed that R. radix extract increased
apoptosis by increasing Fas expression.

R. coriaria has anti-cancer, antioxidant, anti-microbial,
anti-infammatory, anti-fungal, hypoglycemic,
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(Zhou et al., 2014;
Manzan et al., 2003)

(Gupta et al., 2011)

(Takemoto et al.,
1983; Davydov and
Krikorian, 2000)

(Pandian et al., 2017)

(Grace and Khattab
1998; Althubiti et
al.,2023)

(Dai and Mumper,
2010; Pandian et al.,
2017)

(Pattanayak and
Nayak, 2013)

(Senthilkumar et al.,
2018)

(Jaggi et al.,2003;
Pattanayak et al.,2010)

(Asadollahi et al.,
2010)

(Arulvasu et al., 2010)

(Gutiérrez and Perez,
2004)

(Xiaetal., 2019; Kim
et al., 2006)

(Sakhr and El Khatib
2020; Elagbar et al.,
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Rosmarinus flavonoid compounds
officinalis leaves carnosic acid, rosmarinic
(Rosemary) acid, and ursolic acid
sesquiterpens, alkaloids,
Saussurea costus roots . . .
triterpenes, lignans, tannins
agueous . .
. flavonoid, alkaloid and
Scutellaria barbata extract of the .
saccharide
whole plant
Solanum . .
. fruit flavonoids
lycopersicum
terpenoids, apocarotenoids,
Tectona grandis leaves phenolic compounds,
flavonoids steroids/saponin
diterpenoids, flavonoids,
Teucrium polium leaves iridoids, sterols, and
terpenoids
polyphenols, flavones,
Zingiber officinale isoflavones, flavonoids,
(Ginger) roots anthocyanins, coumarins,

lignans, catechins, and
isocatechins
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hypolipidemic, neuroprotective, and anti-atherogenic
properties

Rosemary extract has been shown to have anti-proliferative
properties on colon pancreatic and breast cancer cell lines.
Carnasol causes the release of apoptosis-related proteins in
cancer cells.

The anti-microbial, anti-cancer, anti-diabetic and anti-
inflammatory properties of S. costus have been described
in previous studies.

S. barbata extract has been shown to have anti-tumor
activity on breast cancer, colorectal cancer,
hepatocarcinoma, skin cancer, and ovarian and lung cancer.
S. lycopersicum has anti-cancer, anti-microbial, anti-
mutagenic, anti-inflammatory, anti-neurodegeneration,
anti-platelet activities.

T. grandis exhibits significant antioxidant, anti-
inflammatory, cytotoxic, analgesic, hypoglycemic, wound
healing, and anti-plasmodial activities. These properties
suggest its potential for therapeutic applications in
managing oxidative stress, inflammation, cancer, pain,
diabetes, wound healing, and malaria.

T. polium extract showed anti-tumor activity by inhibiting
proliferation and colonization in BT20 breast cancer,
DU145 prostate and A549 lung cancer cell line and MCF-
7 cell line.

Ginger has been confirmed to have anticancer activity
against many types of cancer.

2020; Alsamri et al.,
2021)

(Yesil-Celiktas et al.,
2010; Gutiérrez and
Perez, 2004)

(Singh et al., 2018)

(Marconett et al.,
2010; Liu et al.,2015;
Zhang et al., 2017)

(Mousa et al., 2023).

(Vyas et al., 2019)

(Movahedi et al.,
2014; Nematollahi-
Mahani; 2007).

(Mukjerjee and Karati,
2022; Alkhathlan et
al., 2021;
Plengsuriyakarn et al.,
2012; Khdary et al.,
2023; Osman et al.,
2020; Nachvak et al.,
2023)
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Fig. 3. The mechanism of actions of green-synthesized metal nanoparticles on cancer cells (Created with Biorender).

and ECM remodeling (Mehrotra et al., 2024; Perumal et al.,
2024; Ramya et al., 2024). These effects are caused by direct
interaction of the agent with cellular components and
biomolecules, which inhibit biomolecule function or deregulate
critical survival and apoptotic pathways, epigenetic gene
regulatory effects, formation of free radicals inducing oxidative
damage, or altered membrane fluidity. However, conclusions for

therapeutic potentials should be drawn based on comparative
studies on normal cells (Gharari et al., 2023; Ullah et al., 2024).
In this context, if a nanoparticle is claimed to have anti-cancer
activity, cancer cell lines serve as good, fast, and easy models to
test cellular effects at molecular and biochemical levels upon
direct application, which is also concordant with recent
regulations on animal testing. 947 human cancer cell lines of 36
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Table 2
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Use of metallic nanoparticles produced by green synthesis method on various cancer cell lines.

MNP Cell Line Tested Plant Bioactivity Reference
MCEF-7 (breast cancer cells), . AgNP showed cytotoxic effects in cancer cells .
AgNP L-929 (fibroblast cell line) Juglans regia compared to normal cells. (Khorrami et al., 2018)
AgNP MDA-MB-2 (Triple-negative Eclipta alba AgNPs exhibited higher anti-cancer activity on MDA- (Mani et al., 2023).
breast cancer) MB-2
MCF:épI-:;ZI_?"(\(/:;r)\/lcal), AgNPs exhibited anti-cancer activity on cancer cell
AgNP cell lines and L-929 (fibroblast Barleria buxifolia lines but did not show cytotoxic effects against normal (Sekar et al., 2022)
. human cells
cell line)
HTC116, HT29 cell line Zingiber officinale . . (Shanmugam et al., 2022;
AgNP (human colon cancer cell lines) (Ginger) NS0 AU SR BT EEE  1 Alkhathlan et al., 2021;)
AgNP HepG2 (:L;W?ir:]ys\;er cancer Tectona grandis AgNPs exhibited cytotoxic effects on cancer cell line. (Younis et al., 2023)
AgNP MCF-7, Caco-2 (f:olorectal Moringa peregrina AgNPs showed potential as a good anti-cancer agent. (Al Baloushi et al., 2024)
cancer cell lines)
AgNP MCF-7, A(\:-eslil?i)nfel:ng cancer Jacobaea maritima AgNPs exhibited cytotoxic effects on cancer cells. (Althubiti et al., 2023)
AgNP SW480 and HCT116 cell lines Adansonia digitata AgNPs exhibited cytotoxic effects on cancer cells. (Almukaynizi et al., 2022)
AgNP MDA-MB-231 (triple-r_1egative Centrat_he_rum AgNPs_ demonstrated  anti-cancer activity by (Husain et al., 2020)
breast cancer cell line) anthelminticum increasing cell death.
AGS AgNP plant-derived anti-proliferation property was
AgNP (gastric cancer cell line), Artemisia turcomanica  concentration dependent. Apoptosis was induced (Mousavi et al., 2018)
L-929 (fibroblast cell line) rather than necrosis in AGS cells.
MNK45 . . AgNPs induced mitochondrial apoptosis in cancer .
AgNP . . T | . Hash ., 202
g (human gastric cancer cell line) eucrium pofium cells by generating ROS. {aEEElEEE )
MCE-7 AgNPs induced apoptosis through DNA fragmentation
AgNP 3T3-L1 (embryonic cells) Commiphora wightii by arresting .the cell cycle in the G2M phase in the (Malik et al., 2020)
MCEF-7 cell line.
AgNP MCF-7, HaCaT (human Elgutherocgccu_s AuNPs did not have any cytotoxic effect on cgll Ilne.s. _
. . senticosus (Siberian Therefore, AgNPs could be used therapeutically in (Abbai et al., 2016)
AuNP keratinocyte cell line) . . . .
ginseng) breast cancer given their cytotoxic effect.
AuNPs  increased  mitochondrial ~ membrane
A498 ermeability by generating ROS in A-498 cell line
AuNP (renal cancer cell lines), Curcuma wenyujin P 'y y 9 g . . S (Liu et al., 2019)
Sw-156 AuNPs activated pro-apoptotic proteins and inhibited
anti-apoptotic proteins.
MCF-7, In the morphological analyzes, it was determined that
AuUNP HEP-G2 (human liver cancer Glycyrrhzia glabra pnolog yzes, ; (Al-Radadi, 2021)
. AuNPs led cancer cells to apoptosis.
cell line)
Hum;lr:J\H/Eg(;/vcr AuNPs did not show cytotoxic effect in HUVECs.
AuNP ' Camellia sinensis AuNPs could be used in the treatment of acute myeloid (Ahmeda et al., 2020)
32D-FLT3-ITD, leukemia
Murine C1498 ’
PA-1,
AUNP SW-626, Curcu_mae_ Dose_—dependently, AuNPs inhibited growth in cancer (Chen et al,, 2021)
SK-OV-3, kwangsiensis cell lines.
HUVEC
PANC-1 (pancreatic cancer . Nps showed anti-cancer activity by increasing
AUNP cell) Scutellaria barbata intracellular ROS production in PANC-1 cell line. (Wang etal., 2019)
AgNP human T-cell lymphoma . : .
CuNP @urkat) cell line, Ocimum sanctum AgNPs and CuNPs had anti-cancer activity. (Ashokkumar et al., 2024)
CUONP MCF-7, HCT-116, and HEK- gl e ol CuONPs demonstrated anti-cancer activity against (Abdollahzadeh et al.,
293 cell lines g 9 breast and colon cancers. 2024)
CUONP MCF-7 and normal NIH/3T3 Moringa peregrina CuONI?“’s exhibited cytotoxic activity against the MCF- (Barani et al., 2024)
cells. 7 cell line.
4T1 (breast cancer cell ling), . - The cytotoxicity of Rosemary-FeNP was hlgher than
. Rosmarinus officinalis ~ that of rosemary extract. Rosemary-FeNPs induced
FeNP C26 (colon carcinoma cell . . ; . (Ahmeda et al., 2020)
lines) (Rosemary) mitochondrial pathway apoptosis by down-regulating
the anti-apoptotic protein BCL-2.
MgONPs increased ROS generation and induced .
M MCF-7 . . . . Malik et al., 202
90 ¢ Saussurea costus apoptosis by creating oxidative stress in MCF-7 cells. WAL SCEC v
PbO NPs were more cytotoxic than CeO, NPs. CeO,
CeO;NP HT-29 . - . .
. Prosopis farcta NPs could be used as a potential agent, especially for (Nazaripour et al., 2021)
PbONP (colon cancer cell lines) .
drug delivery systems.
PtNPs induced apoptosis by arresting the cell cycle in
PtNP MCF-7 Punica granatum the GO/G1 phase, increased oxidative stress and caused (Sahin et al., 2018)

DNA damage.
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MCF-7, MDA-MB-231 cell - ZnO NPs exhibited dose-dependent anti-cancer (Mongy and Shalaby
ZnONP . Rhus coriaria L .
lines activity in both cancer cell lines. 2024)
A549 Raphanus sativus var. _Compounds n R'_ sativus var. Ior}glplnnatus extract (Umamaheswari et al.,
ZnONP . increased the anti-cancer properties of ZnONP by
(lung cancer cells) longipinnatus . L 2021)
targeting cancer-related proteins in the cell.
ZnONP A549 Mangifera indica NPs.penetrated _the'membrane through ion channels (Rajeshkumar et al., 2018)
(lung cancer cells) and interacted with intracellular proteins.
ZnONP MG-63 (bone cancer cells) Rehmanniae radix Increased ROS caused apoptosis via the mitochondrial (Cruz et al., 2020)

pathway.

tumor types (Cancer Cell Line Encyclopedia (CCLE)) having
the genomic diversity of their respective cancers and
demonstrating the metabolic profiling and hormonal response
status of the tumor microenvironment from which they were
derived served as useful systems for medical research (Mirabelli
et al., 2019). Additionally, HUVEC (human endothelial cell
line), L-929 (normal fibroblast cell line), and 3T3-L1
(embryonic cell line) were used to evaluate the effect of particles
on normal cells compared to cancer cells.

Various metal salts are selected due to their properties and
reduced to MNPs with the determined plant extract. The
mechanism of action of green-synthesized MNPs on cancer cells
varies (Fig. 3). Nanoparticles tend to accumulate in cancer cells
more than in healthy cells. Considering the side effects of
traditional chemotherapy applications, the use of NPs with anti-
cancer activity for therapeutic purposes has many advantages.
MNPs can cross the cell membrane, induce free radical
formation, conjugate with DNA, or cause cell death by affecting
cell enzymes and transcription processes (Moghaddam et al.,
2024; Shochah et al., 2024). In this context, both the anti-cancer
activity of the metals selected for NP production and the plant-
derived cytotoxic activity used in the production of green
synthesis become critical. For example, AgNP are quite unique
due to their diverse bioactivity spectrum with antioxidant, anti-
fungal, anti-inflammatory, anti-viral, anti-angiogenic, and anti-
microbial properties. Moreover, many studies have shown that
MgONP have a cytotoxic effect on cancer cells. Studies on gold
nanoparticles have demonstrated anti-cancer properties, and it
has been stated that AUNPs can be used as a potential therapeutic
agent in cancer treatment. Similarly, ZnONP have been shown
to have anti-fungal, anti-bacterial, and anti-cancer activities and
have been studied on various cancer cell lines due to their
cytotoxic effects (Yalcin et al., 2020; Karahan et al., 2023; Genc
and Celik, 2024).

Table 2 summarizes the MNPs produced, plants used for
the biosynthesis process, and the test cell lines. Studies of the
last decade are exemplified in this review. In a study conducted
by Abdollahzadeh et al. (2024) copper(ll) nitrate hexahydrate
[(Cu(NOs)2-6H20)] was mixed with walnut shell powder to
synthesize CUONPs. These nanoparticles were then applied to
different concentrations in MCF-7, HCT-116, and HEK-293 cell
lines. According to the results, the anti-cancer activities of
CUuONPs are dependent on the particle size and have been
reported anti-cancer activities on breast and colon cancer.
Mongy and Shalaby prepared ZnONPs using Rhus coriaria fruit
extract and zinc acetate dihydrate [Zn(C2H30.),-2H,0] and they
investigated the anti-cancer activity of the particles on MCF-7
and MDA-MB-231 cell lines. They demonstrated that ZnONPs
have dose-dependent anticancer activity through cell cycle arrest
in the S phase (Mongy and Shalaby, 2024). In a similar study,
AgNPs were prepared by mixing them with AgNO3 and the plant
Eclipta alba. When comparing between direct plant extract and
AgNPs application, nanoparticles have been reported to have

higher anti-cancer activities on triple-negative breast cancer
(MDA-MB-2) cell lines (Mani et al., 2023). In another study,
AgNPs were synthesized by using leaves of Barleria buxifolia,
and nanoparticles were treated on human breast cancer (MCF-
7), cervical (HeLa), and liver (HepG2) cell lines and fibroblast
cells (L929). AgNPs showed selective anticancer activity on
cancer cell lines (Sekar et al., 2022). Mousa et al. (2023)
prepared ZnO nanoparticles using Solanum lycopersicum
(tomato) extract and nanoparticles exhibited anti-cancer activity
on ovarian cancer cell line (SKOV3). In another study,
CuOMNPs were synthesized using Moringa peregrina leaf
extracts and have been investigated for their anti-cancer
activities on MCF-7 cell lines and normal NIH/3T3 cells.
According to the results, nanoparticles have anti-cancer
activities on cancer cells selectively (Barani et al., 2024).
Ginger’s anti-cancer activities have been demonstrated in
previous studies so ginger-based green synthesis of AgNPs
showed cytotoxicity on cancer cell lines (Alkhathlan et al., 2021;
Shanmugam et al., 2022). Younis et al. (2023) prepared AgNPs
from Tectona grandis leaf extract and reported cytotoxicity on
the HepG2 cancer cell line via the induction of reactive oxygen
species (ROS) generation. In another research, the anti-cancer
activities of AgNPs produced from Moringa peregrina leaf
extract were investigated on breast (MCF-7) and colon (Caco-2)
cancer cell lines and demonstrated anti-cancer activities on
cancer cells (Al Baloushi et al., 2024). Similarly, AgNPs
synthesized from Jacobaea maritima leaves have been utilized
in the treatment of breast cancer (MCF-7) and lung cancer (A-
549) cell lines. According to the result, AgNPs exhibited
cytotoxic activities on both cell lines with different inhibitory
concentrations (ICso) values, which were 1.37 pg mL? for the
MCF-7 cell line and 1.98 pug mL? for the A-549 cell line
(Althubiti et al., 2023). Almukaynizi et al. (2022) applied
AgNPs produced from Adansonia digitata fruit via green
synthesis on SW480 and HCT116 cell lines and demonstrated
the effects of cell inhibition on cancer cells. AgNPs were also
synthesized using Centratherum anthelminticum seed extract,
and the resulting nanoparticles exhibited anti-cancer activity on
the MDA-MB-231cell line by inducing apoptosis (Husain et al.,
2020). Ashokkumar et al. (2024) prepared AgNPs and CuNPs
using Ocimum sanctum leaves. AgNPs and CuNPs were applied
at different concentrations on the human T-cell lymphoma
(Jurkat) cell line, and synthesized nanoparticles showed anti-
cancer activity at all concentrations.

In another study, Khorrami et al. (2018) prepared AgNPs
using walnut extract and they applied AgNPs and direct walnut
extract to MCF-7 breast cancer and L-929 fibroblast cell lines.
When AgNPs and walnut extract at different concentrations (10-
60 ng mL) were treated on cancer cell lines, AgNPs were found
to be more cytotoxic on MCF-7 cells than direct walnut extract.
Additionally, green synthesized platinum nanoparticles (PtNPSs)
prepared from Punica granutum extract were applied to MCF-7
cells at different concentrations (2.5, 5, 10, 20, 40, and 50 pg
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mL1), and cell death was induced by PtNPs (Sahin et al., 2018).
Amina et al. synthesized MgONPs using Saussurea costus
extract and they compared the cytotoxic activities of MgONPs
and paclitaxel on MCF-7 cells. The results demonstrated that
MgONP applied cell death rate was 84.3% compared to the
65.4% cell death rate of the paclitaxel-applied group at the same
concentration (Amina et al., 2020). In another study, the anti-
cancer activities of green synthesized AgNPs from Artemisia
turcomanica and commercial AgNPs were compared on AGS
(human gastritis adenocarcinoma cell line) and L-929 at
different concentrations (3,5, 12.5, 25, 50, and 100 pug mL™).
When comparing the cytotoxic effects of green synthesized
AgNPs at different concentrations, the AGS cell line showed
higher anti-cancer activity compared to L-929 cells (Mousavi et
al., 2018).

AUNPs were produced from Curcuma wenyujin extract and
tested on A498 renal cancer and SW-156 human kidney-derived
cell lines. AuNPs were applied to cell lines at concentrations of
5,10, 25, 30, 40, and 50 ug mLt. AuNPs activated pro-apoptotic
proteins and inhibited anti-apoptotic proteins in the A498 cell
line. Mitochondrial membrane damage increased 2-fold at 50 g
mL? AuNP application in comparison to 25 pg mL?. In
addition, caspase9 and caspase3 activities also increased when
AUNP application was increased to 50 pg mL* from 25 ug mL-
L. In another study, AuNPs were produced from Glycyrrhiza
glabra extract (Al-Radadi, 2021). AuNPs’ anti-cancer activity
was evaluated on MCF-7 and HepG2 human liver cancer cell
line at a concentration range of 0-500 pg mL*. AuNP
application caused concentration-dependent inhibition of cell
growth, and ICs of the AuUNPs were found to be 50 pg mL* and
23 ug mL* on MCF-7 and HepG2 cells, respectively.

In a study, both AgNP and AuNP were produced using
Siberian Ginseng, and their bioactivities were tested on MCF-7
and HaCa-T human keratinocyte cell lines. Interestingly, AUNPs
did not exert cytotoxic effects on both cell lines, even at 100 pg
mL? concentration. On the other hand, the concentration-
dependent cytotoxic effect of AgNPs on both cell lines was
demonstrated. 100 png mL™* AgNP reduced the cell viability of
MCEF-7 cells by 50%, whereas it caused a 30% reduction in cell
viability of HecaT cells. The possiblee application of AuNPs in
the drug release of anti-cancer agents was further discussed
(Abbai et al., 2016). In another study by which AuNP was
produced from Camellia sinensis extract, the effectiveness of the
particles was tested on C1498 murine acute myeloid leukemia
cell line, incristine resistant acute promyleocytic leukemia (HL-
60/VCR), 32D-FLT3-ITD (32D cells with FMS-like tyrosine
kinase 3-internal tandem duplication mutation), and human
normal endothelial (HUVEC) cell lines. Gold salt, daunorubicin,
green synthesized AuNP, and C. sinesis extract were applied to
cells separately in 1-1000 pg mL*. Each treatment decreased
cell viability in a concentration-dependent manner. ICsp values
of gold salt, plant extract, AuNP, and daunorubicin on the
murine C1498 cell line were determined as 698, 389, 158, and
129 pg mL7?, respectively. The cytotoxic effect of green
synthesized AuNP was comparable to the chemotherapeutic
drug daunorubicin. AuNPs also exerted concentration-
dependent cytotoxicity on HL-60/VCR and 32D-FLT-ITD cell
lines whereas they did not show any effect on the HUVEC cell
line. The bioactivities of the FeNPs synthesized from rosemary
plant extract, the rosemary extract, and the green synthesis
FeNPs were investigated on 4T1 breast and C26 colon
carcinoma cell lines in a concentration range of 3-200 ug mL™.
90% growth inhibition was achieved at 200 pg mL of FeNPs.
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The ICso of rosemary-FeNPs was 21 pg mL™, whereas it was 48
ug mL! for the extract, indicating a higher cytotoxic effect of
green synthesized FeNPs in comparison to plant extract
(Ahmeda et al., 2020). ZnONPs produced with Raphanus sativus
extract were applied to the cells at a concentration of 5, 10, 15,
20, 25, 30, 35, 40, 45, and 50 pg mL* and incubated for 48
hours. It was observed that the cell viability was reduced by 50%
when 40 pg mL* was applied (Umamaheswari et al., 2021).

In another study, AgNPs derived from Teucrium polium
were applied to MNK45 gastric cancer cells within the
concentration range of 12.5 ug mL™* to 130 pg mL™. The ratio
of cell death was elevated to 74% at the concentration of 130 pg
mL%, which correlates with the fact that cell death increases with
higher concentration (Hashemi et al., 2020). AgNPs were
prepared from Commiphora wightii extract and treated for MCF-
7 breast cancer and 3T3-L1 embryonic cells. It has also been
reported that AgNPs induced more selective cell death in MCF-
7 breast cancer cells compared to 3T3-L1 embryonic cells. For
example, when AgNPs were applied at a concentration of 67 pg
mL-, cell viability decreased by 50% in MCF-7 cells (Malik et
al., 2020).

Similarly, ZnONPs prepared using Magnifera indica and
ZnONPs and direct plant extract were applied to the A549
human lung cancer cell line. The increased ROS generation in
cancer cells was dependent on the increasing concentration of
ZnONPs. Compared with the direct application of plant extract,
the anti-cancer activity of ZnONPs was found to be higher
(Rajeshkumar et al., 2018). In another study, ZnONPs produced
using Rehmanniae radix and treated on MG-63 human bone
cancer cell line demonstrated a correlation between the
concentration of ZNONPs and the induction of cytotoxic activity
by the formation of ROS in the cells. It is also hypothesized that
ZnONPs induce apoptosis in cancer cells (Chen et al., 2021).

AUNP produced using Curcumae kwangsienis extract were
applied to 3 different human ovarian cancer lines which are PA-
1 (human ovarian teratocarcinoma cell line), SW-626 (human
ovarian metastatic cell line), and SK-OV-3 (human ovarian
carcinoma cell line), and a normal human cell line (HUVEC) in
the range of 0-1000 ug mL. The particles did not exhibit any
cytotoxic effects on HUVEC cells at any concentration.
However, 1Cso of AUNPs was found to be 153 ug mL? in PA-1
cells, 166 ug mL* in SW-626 cells, and 204 ug mL* in the SK-
OV-3 cell line (Chen et al., 2021). A recent study showed that
Scutellaria barbata extract was used in AuNP synthesis, and its
anti-cancer activity on the PANC-1 human pancreatic cancer
cell line was evaluated. NPs were applied at a concentration of
0-100 pg mL%, and an ICs of 52 pg mL™* has been determined
(Wang et al., 2019).

Both lead oxide (PbONP) and selenium oxide (CeO2NPs)
nanoparticles were produced from Prosopis farcta extracts. HT-
29 particles (human colon cancer cell line) were exposed to
concentrations of PbDONPs in the range of 1-500 ug mL™. The
results showed that PbONPs did not exhibit any cytotoxic effects
at concentrations below 30 pg mL*. The ICso of PbONPs was
determined to be 60 ug mL™. In contrast, CeO,NPs exhibited a
cell viability of 58% even at a concentration of 500 pg mL™.
Therefore, PbO NPs have greater anti-cancer activity in cancer
cells compared to CeO,NPs (Nazaripour et al., 2021).

4. Conclusion

The examined articles here summarized the effects of
metallic nanoparticles from plant sources, including Ag, Au, Fe,
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PbO, Pt, MgO, Zn0, and CeO. It is worth noting that Ag and Au
nanoparticles appear to be particularly common and effective in
this context. This review suggests that metal nanoparticles
produced from plants using green synthesis have cytotoxic
properties on cancer cells through the functional phytochemicals
derived from the plants they interact with during synthesis.
Enhanced biological effects with reduced toxicity achieved
through green biosynthesis increase the potential for healthcare
applications. While physical and chemical production methods
are also utilized for MNP synthesis, the green synthesis method
is preferred due to its eco-friendly, practical, inexpensive, and
reliable nature. Sources for green synthesis in the literature vary
between plants and microorganisms, with plant-based sources
being prominent due to their numerous advantages.
It is worth noting that the toxicity of nanoparticles on cell
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