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Abstract: In the 21st century, plant-derived metal nanoparticles (PDMNPs) have gained considerable
interest because of their tremendous and remarkable potential as therapeutic agents as well as
development of less expensive, safer, and easier biomedical equipment. PDMNPs are synthesized
from metal salts or oxides by using plant extracts because plants have diversified bioactive compounds
that can act as reducing and stabilizing agents at the time of nanoparticle synthesis. Besides, PDMNPs
take advantages over the nanoparticles synthesized by other methods because of their low cost,
environmental friendliness, and sustainability. The present review explains the synthesis of PDMNPs,
their characterization techniques, and oxidative stress-mediated pharmacological effects. The mode
of actions for antioxidant, antimicrobial, and anticancer properties has also been critically explored.
Due to the plethora of data on plant-derived nanoparticles and their pharmacological properties, we
have highlighted PDMNPs’ shape, size, metals of use, and experimental findings regarding their
antioxidant, anti-microbial, and anticancer properties in a tabulated form for studies conducted in
the last five years, from 2018 to 2022. Because of our review study, we, herein, contemplate that the
scientific community as a whole will get a greater comprehension of PDMNPs and their numerous
therapeutic applications in a single window.

Keywords: plant-derived metal nanoparticles; reactive oxygen species (ROS); antioxidant; antimicro-
bial; anticancer

1. Introduction

The burgeoning branch of science based on nanoparticles (NPs), known as nanoscience
and nanotechnology, has attracted a lot of study attention over the past few decades. NPs
have been developed widely with unique and dazzling properties ranging in size from
1.0 to 100 nm because they provide the way for advancing multidisciplinary research
ranging from medicine to engineering, physics, and chemistry [1]. For several years, NPs
have been employed in the manufacture of nanodevices, nanotherapeutics, nanoelectronics,
and engineered biological structures, with applications in pharmaceuticals, foods, agricul-
ture, energy, environment, cosmetics, electronics, and catalysis [2]. Because of their tiny
size, diverse structure, and numerous biological and physicochemical features, NPs have
increasingly caught the attention of the research community over the past two decades [3].
In most of the cases, metal salts/oxides-mediated NPs outperform other nanoparticles
due to their huge surface area to volume ratio, excellent biocompatibility, adjustable pro-
duction, and high stability, making them appropriate for a wide range of applications [3].
Depending on the synthesis methods, NPs may be obtained in various forms, including
nanotubes, nanorods, nanoparticles, and nano-sheets, which differ in morphology, size,
and form along with optical properties, but they excel in a variety of applications in diverse
sectors [4]. The top-down strategy and bottom-up approach are two methods used to create
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nanoparticles. The techniques that use chemical reactions to generate nanoparticles are
commonly known as bottom-up approaches. These processes can also be used to grow thin
films in some cases. For generating thin films when bulk material is used for depositions,
top-down techniques are preferable. Radio frequency sputtering, pulsed laser deposition,
molecular beam epitaxy, and e-beam evaporation are the techniques that are often utilized.
NPs are sometimes grown using techniques like mechanical milling and high-energy ball
milling [5].

Furthermore, due to significant energy consumption, environmental contamination,
and detrimental impacts on humans, physical and chemical procedures are not regarded
as an optimal and significant strategy for manufacturing NPs [6]. To address these inade-
quacies, green methods are preferable since they are environmentally friendly, save energy,
and have no hazardous side effects. There are numerous green and sustainable methods
for producing NPs, including microorganisms (bacteria, fungi, and yeast), biomolecules,
and plants [7]. Plant-derived metal nanoparticles (PDMNPs) are among those that have
gained recognition as nanomedicine in recent years and have advantages over synthetic
NPs. Plants’ bioactive compounds serve as reducing, capping, and stabilizing agents by
converting the metal sources into NPs [8]. Although PDMNPs are biologically efficient
as therapeutics at the target sites of protein receptors, they may exhibit several types of
toxicity influenced by their size, shape, surface area, crystallinity, agglomeration as well
as dissolution [9]. However, they are quite effective for a variety of therapeutic applica-
tions [10]. Thus, PDMNPs’ ability to turn bioactive compounds that are poorly soluble
and poorly absorbed into promising deliverable substances has enormous potential in
the pharmaceutical and biomedical sectors. PDMNPs could lead to the development of
cost-effective and safer therapeutic as well as drug-delivery agents against various diseases.

Oxidative stress, a global health concern, is a redox imbalance in between the genera-
tion and accumulation of reactive oxygen species (ROS) during the metabolic processes [11].
Oxidative stress is primarily caused by oxygen free radicals such as hydrogen peroxide,
superoxide, and hydroxyl groups, which are produced as byproducts of molecular oxy-
gen through oxidative reactions, catalyzed by endothelial nitric oxide synthase (eNOS),
xanthine oxidase (XO), and NADPH oxidases enzymes [12]. Based on types and sources,
oxidative stress signaling causes metabolic dysfunctions and inflammatory responses. Con-
sequently, increased inflammatory signaling is linked to altered redox balance, which leads
to metabolic dysfunctions such as cardiovascular stroke, atherosclerosis, and diabetes [13].
On the other side, ROS overproduction causes oxidative damage to biomembranes, lipids,
fats, proteins, and nucleic acids, which leads to aging, inflammation, pain, and the on-
set of various diseases such as diabetes, cancer, cardiovascular, neurodegenerative, and
metabolic disorders [14]. Naturally, the human body has a number of independent cellu-
lar mechanisms that work together to counteract the negative effects of oxidative stress.
Antioxidants, whether produced endogenously or taken as supplements, are helpful in
reducing oxidative stress [15]. Thus, managing ROS may be an important therapeutic pur-
suit to prevent various diseases. PDMNPs have a well-established role in the prevention of
oxidative stress-related diseases [16]. PDMNPs exposure may significantly increase ROS
generation because PDMNPs release metal ions, which promote ROS overexpression by
impairing mitochondrial function via targeting electron transport chain (ETC) reactions [17].
Additionally, at higher doses, PDMNPs may cause pathophysiological toxicity, including
genotoxicity, inflammation, carcinogenesis, and cell necrosis [18]. PDMNPs, on the other
side, release metal ions at very low doses, which interfere with the redox reaction and
produce the Fenton reaction, e.g., H2O2 + Mn+ →Mn+ + HO− + •OH. This entire cascade
suppresses the mitochondrial membrane potential and the electron shuttle chain, as well as
blocking the enzymes that denature the proteins of the cell membrane [19]. Because of this
process, PDMNPs exhibit antioxidant, antibacterial, and anticancer properties.

Thus, keeping all these points in mind, we envisioned the PDMNPs in a concise
manner through this study which is focused on their synthesis, characterization techniques,
and pharmacological properties in a lucid approach (Figure 1). For many decades, a huge
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number of publications on various pharmacological properties of plant-derived NPs have
been published but addressing the mode of action and mechanism is very limited. Due to
this rationale, the antioxidant, antimicrobial, and anticancer activities have been provided
in a tabular form for the last 5 years from the year of 2018 to the year-end of 2022. More
importantly, in-depth mechanisms of oxidative stress-mediated pharmacological actions
are also covered. We hope that the scientific community will get a deeper understanding of
the physicochemical profile of PDMNPs and their therapeutic applications as a result of
this review.
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2. Overview of Nanoparticles
2.1. History and Development of Nanoparticles

NPs made of carbon or other materials such as silver (Ag), gold (Au), or iron (Fe) metals
have nanoscopic dimensions ranging from 1 to 100 nanometers in size [20]. They cannot be
seen with the naked eye or even a standard microscope [21]. Because of their small size, NPs
exhibit high surface energy, and huge surface area, and thus, they have unique and distinct
physical and chemical properties from their bulk counterparts [22]. NPs can be made
artificially as by-products or by modifying/engineering raw materials that have specific
functions. The chemical synthesis of metal-based NPs, including Ag, Au, Fe, copper (Cu),
zinc (Zn), palladium (Pd), platinum (Pt), and cobalt (Co) comes to mind when we discuss
the different types of nanoparticles [23]. Materials like metal salts, metal oxide, silicates,
polymers, organics, carbon, and others are also tuned into nano-size on a large scale using
physical, mechanical, and chemical approaches [24]. Depending on the material from
which they are made, nanomaterials can adopt a variety of morphologies such as spheres,
cylinders, sheets, or tubes [25]. Nanomaterials can take many different forms, such as
zero-dimensional (colloids, quantum dots, nanoclusters, etc.), one-dimensional (nanowires,
nanotubes, nanobelts, and nanorod, etc.), two-dimensional (quantum wells, super lattices,
and bio membranes, etc.), and three-dimensional (nanocomposites, filamentary composites,
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cellular materials, porous materials, hybrids, and nanocrystal array) [26–28]. The synthesis
of metal nanoparticles in suspension was made by Faraday in 1857, and Mie characterized
the quantitative color change of nanoparticles in suspension in 1908 [29]. Metal-based
nanomaterials are superior to other nanomaterials due to their high area-to-volume ratio,
high surface energy, and distinctive electronic structure, which are formed via simple
electronic transitions between various energy levels [30]. Ag is one of the metals that is
frequently used to create nanomaterials using a variety of techniques because it is simple
to convert from Ag+ ion to zero valent Ag0. As a result, silver has many excellent uses in
the fields of medicine, catalysis, biotechnology, the environment, and the textile industry.
According to a literature review, Au is also used in the synthesis of nanomaterials to a
significant level, followed by other metals, viz., Cu, Zn, Fe, Pd, Pt, and Co but to a lesser
extent [31]. Nanomaterials based on metal oxide are used to create nano-polymers because
they have an M-O-M bridge connecting the metal to the oxygen atom [32]. Alloy-based
nanomaterials are also created with specialized qualities, like the preservation of atomic
ordering, lusters, and more cluster shining, to improve the metal properties in electronic
appliances. Additionally, magnetic nanoparticles have a magnetic component (such as Fe,
Co, or Ni) and a chemical component to modify their magnetic characteristics, which are
widely used in industries for catalysis [33].

2.2. Methodology

The electronic search engines like SciFinder, Google Search, Google Scholar, National
Center for Biotechnology Information (NCBI), PubMed, EMBASE (biomedical and phar-
macological bibliographic database of published literature), and clinicaltrials.org were
used to collect the scientific data based on PDMNPs and their therapeutic applications. In
order to get the published papers, we also looked for publications including ScienceDirect,
the American chemical society (ACS), Royal society of chemistry (RSC), Springer Nature,
Elsevier, Taylor & Francis, and Bentham Sciences. The key terms, like Nanoparticles,
plant-derived nanoparticles, plant-based nanoparticles, metal nanoparticles, therapeutic
applications of nanoparticles, antioxidant properties of nanoparticles, antimicrobial proper-
ties of nanoparticles, and anticancer properties of nanoparticles, were used to search the
literature for this review article.

3. Synthesis of PDMNPs
3.1. General Synthesis

The properties and therapeutic applications of NPs or PDMNPs depend on their
synthesis method. They are often synthesized using the top-down approach and the
bottom-up approach [34,35]. As shown in Figure 2, to make nanoparticles, both approaches
include physical, chemical, and biological processes [36]. The bulk material under study
is broken down into fine particles using suitable techniques such as mechanical grinding,
thermal evaporation, sputtering, and ball-milling in the top-down approach, whereas in
the bottom-up approach, nanomaterials are synthesized by assembling atoms or molecules
into new or novel material in the nano-size using chemical and biological methods [37].
Condensation and evaporation are two important physical processes that generate metal
NPs in a furnace tube at atmospheric pressure. These processes mostly follow the top-down
method, utilizing electrical or mechanical energy to grind materials into minute NPs. Even
though physical techniques do not involve hazardous materials, they nonetheless cost more
to produce nanoparticles since they need expensive and energy-intensive equipment [38].
Chemical methods include the reduction, precipitation, hydrothermal, sol-gel, emulsion,
and micro-emulsion processes. The most widely used technology among them is sol-gel
because of its flexible implementation and high yield. Chemical processes are faster at
producing bulk materials, but they also require expensive, hazardous substances that are
detrimental to the environment and our health [39]. The synthesis of NPs using salts or
oxides of metals such as Ag, Au, Pt, and Pd has attracted a lot of attention in recent decades
due to the need to create materials that are safe for the environment, society, and economy,
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as well as for use in everyday items like electrical appliances, vehicles, aircraft, biomedical
devices, and medications [40]. Because they are uniform in size, shape, composition, surface
charge, and optical properties, metal-based NPs have many advantageous medical and
industrial applications. However, the high cost and purity of metals during synthesis is a
major concern in the biomedical and pharmaceutical sectors [41,42]. Greener approaches to
synthesizing biogenic NPs are constantly in demand by researchers to reduce toxic effects
and maintain a green environment because of their biocompatible, clean, cost-effective, and
eco-friendly properties [43,44].
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3.2. Plant Mediated Synthesis

Use of fungi, bacteria, plant, and plant-derived products are the best examples and
best studied topics currently to synthesize green NPs over conventionally synthesized
NPs [45]. However, the production of NPs by microorganisms like bacteria and fungi
is a costly and time-consuming process, and since microbes are the main contributor to
many diseases, high-grade care is always needed. PDMNPs do not pose these dangers
and typically preserve positive health effects. In the suspension of plant extracts and metal
salts/oxides, the synthesis of PDMNPs is completed in three steps, viz., activation, growth,
and termination [46]. The synthesis begins with the activation of metal salts/oxides by
reducing them followed by the growth of smaller nanoparticles into larger NPs, and finally,
with the production of desired nanoparticles [47]. The usage of plant extract helps to
overcome the poor solubility, decreased stability, and extended duration, which are the
main drawbacks of the synthesis of metal NPs (Figure 3). The aqueous extracts of the
leaves of numerous plants have received the most attention among plant extracts for the
production of metal-chelated NPs [48]. Given the rapid rate of synthesis, short reaction
times, and repeatable yields of Ag and Au, these metals are excellent choices for creating
plant-based NPs [49]. All plant parts, including the flowers, leaves, stems, fruits, and roots,
are abundant sources of bioactive compounds, which include terpenoids, polyphenols,
flavonoids, and tannins. Numerous studies have demonstrated that various plant extracts
contain polyphenols, flavonoids, tannins, quinol, chlorophyll, and saponin, contributing as
reducing, capping, and stabilizing agents to improve the stability of PDMNPs [50].

When PDMNPs are synthesized, the bioactive compounds found in plant extracts
provide great stability, reduce the clumping, as well as inhibiting the agglomeration, which
promotes good dispersion and more active sites in the suspension [51]. These bioactive
compounds have a variety of functional groups, including carboxylic acid (-COOH), alde-
hyde (-CHO), hydroxyl (-OH), nitrile (-CN), and amines (-NH2), which are engaged in
reducing metal ions into free metals (Figure 4) like Ag+ → Ag0, Au+ → Au0, Cu2+ → Cu0,
Zn2+ → Zn0, and Pt+ → Pt0 [52]. Bioactive compounds also improve the adsorption ability
of NPs by increasing the surface area of PDMNPs through molecular interactions such
as electrostatic interaction, dipole–dipole induction, π–π interaction, and hydrogen bond-
ing [53]. According to research studies, functional groups of bioactive compounds are
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involved in reducing the energy gap in metals, which promotes electron release and makes
it easier for free radical species to develop. They may readily pass through the cell mem-
brane of pathogens and other host cells followed by killing the diseased cells and as a
result, they exhibit a variety of biological activities such as antioxidant and anticancer [54].
In some studies, polyphenols and flavonoids form a capping layer around the NPs via
electrostatic interactions, which increases the PDMNPs’ ability to bind to bacterial cell
surfaces [55]. Copper-based PDMNPs have been synthesized by using Cu(NO3)2 salt and
plant extracts. In these studies, the bioactive compounds such as anthraquinone glycosides,
tannin, and quercetin contained in plant extracts have been found to play key roles in
enveloping and stabilizing the PDMNPs by reducing Cu2+ ions into Cu0 form [56,57].
Furthermore, Kumar et al. reported the formation of highly stable Zn nanoparticles when
they used a suspension of Citrus paradisi peel extract and zinc oxide. Following these
studies, researchers found that the hydroxyl and carboxyl functional groups of flavonoids,
carotenoids, and limonoids were involved in reducing the Zn2+ ions into Zn0, a zero valent
state [58]. Moreover, Kesharwani et al. demonstrated that alkaloids, amino acids, and
sugar compounds reduce Ag+ to Ag0 [59]. Therefore, these investigations supported the
significance of bioactive compounds in the synthesis of PDMNPs by demonstrating how
they operate as reducing, capping, and stabilizing agents.
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4. Factors Affecting the Synthesis of PDMNPs

There are some challenges during the synthesis of PDMNPs, particularly, non-uniformity
in the particle’s shape and size, that need to be overcome in order to maintain monodis-
persity in the suspension phase. There are also some other factors that cause delays in
the production rate, reaction time, and overall yield of synthesized nanoparticles. These
factors include the concentration of plant extract, metal salt concentration, incubation time,
pH, temperature, types of bioactive compounds, and agitation processes to make the plant
extract and suspension of nanoparticles [60].

4.1. Effect of Extract Concentration

The concentration of extracts is one of the most important factors that influence the
synthesis of PDMNPs as well as the time required for their formation [61]. In most of the
studies, generally, the extract volume ranges from 1 mL to 250 mL have been applied to
observe their effects on the synthesis [62]. The effects of extract concentration can be easily
observed by changes in color while synthesizing PDMNPs. Moreover, color changes have
been observed as the ratio of concentrations of plant extract varies, indicating variations in
the size of nanoparticles. When the concentration of plant extract containing significant
number of bioactive compounds is high, a sharp peak (small particle size) is observed. A
broad peak is observed as the concentration of extract decreases, indicating that the size of
the nanoparticle is large [63]. Furthermore, Adeyemia et al. synthesized the bimetallic Ag
and Au nanoparticles by using different concentrations (50, 100, and 250 mL) of Dovyalis
caffra (Kei apple) fruit extract. This study demonstrated that different concentrations of
extracts affect the shape and size of nanoparticles with a low reaction time in 250 mL
volume [64]. Other researchers also reported the different extract concentrations regarding
the best synthesis of PDMNPs using Ocimum sanctum (Tulsi) leaves extract (0.1, 0.2, 0.3, 0.4,
and 0.5 mL), Aegle marmelose leaves extract (10, 20, and 30 mL), and Aloe barbadensis Mill.
(Aloe Vera) leaves extract (5, 10, and 15 mL) concentrations [65–67].

4.2. Effect of Time

The incubation period of suspension containing plant extract and metal salts/oxides is
a vital period that influences the synthesis of PDMNPs in an appropriate time. Smaller-size
nanoparticles are produced by using a short incubation time, but larger nanoparticles with
a propensity to assemble are often produced by employing a longer incubation time [68].
Numerous investigations have shown that the ideal incubation time, during which all
essential reaction steps are properly carried out, is in between 30 min and 2 h. By using
Garcinia indica fruit extract, Sangaonkar et al. successfully carried out the experiment of UV
spectroscopy to investigate the incubation time from 2.0 to 120 h in a reaction mixture and
then found that 24 h was the ideal incubation time for the synthesis of Ag nanoparticles.
Similar to this, when fruit extract from Garcinia indica was utilized as a reducing agent,
the Au ions are reduced, followed by transformation into nanoparticles in less than two
hours [69,70]. In the earlier studies, by using the extracts of Chenopodium leaf and Tansy
fruits, Ag and Au nanoparticles started to appear within 10 min of the reaction started and
increased up to 2 h by the time the reaction was finished [71,72]. In contrast, other research
indicated that the incubation period was slightly longer than the recommended 2 h [73,74].
Additionally, several reports indicated that the ideal incubation duration for the nucleation
reactions used to generate metal nanoparticles from plant extracts is 60 min, indicating
great stability of the metal nanoparticles [75,76].

4.3. Effect of pH

The parameter of pH cannot be ignored at the time of nanoparticle synthesis because
it affects the morphology of nanoparticles in terms of shape and size [77]. The absorbance
peaks in UV-Visible absorption spectra throughout their investigation make it simple to
see changes caused by pH variations [78]. The formation of big-sized nanoparticles at pH
2.0 and large amounts of smaller-sized nanoparticles at pH 3.0 to 4.0 during the synthesis of
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gold nanoparticles using Avena sativa plant extract demonstrate the strong pH dependence
of nanoparticle size [79]. Another study found that increasing the pH from 3.0 to 7.0 causes
nanoparticle size to decrease, whereas increasing the pH from 7 to 11 causes nanoparticle
size to rise [80]. Similarly, by using some other plant extracts, studies hypothesized
that higher pH (alkaline) values produce small, mostly spherical nanoparticles whereas
lower pH (acidic) values produce big, ellipsoidal nanoparticles [81–84]. According to an
experiment performed by Chitra and Annadurai, the size of Ag nanoparticles synthesized
using Bacillus brevis cell culture was highly dependent on pH changes, with larger size
(60–110 nm) at pH 5 and smaller size (10–40 nm) at pH 9 [85]. Moreover, Suresh et al.
reported the synthesis of smaller size nanoparticles derived from low-pH ginger extract,
which was attributed to the presence of the highest total phenolic content as compared
to neutral and alkaline pH extracts [86]. Overall, pH influences the size and shape of
PDMNPs because exposure of polar functional groups such as carbonyl and hydroxyl
groups increase the stability as well as binding ability of metal ions during the nucleation
and growth phases, which encourages less aggregation of synthesized nanoparticles [87].

4.4. Effect of Temperature

Another crucial factor that must be monitored throughout the synthesis of nanoparti-
cles is temperature. A rise in temperature typically speeds up the reaction, increasing the
amount of product produced. For instance, the rate of nanoparticles formation is higher
at high temperatures than it is at normal temperature [88]. The greater yield of synthe-
sized nanoparticles is made possible by an increase in metal reduction and homogenous
nucleation, both of which are influenced by temperature. It is interesting to note that the
temperature range needed for the synthesis of PDMNPs is lower (37–100 ◦C) than the
temperature range needed for synthesis using physical and chemical methods, which is
around 350 ◦C [89]. Because of the increment in surface plasmon resonance and sharpness
of peak by increasing temperature, Ag and Au nanoparticles have been synthesized at
higher rates at higher temperatures, transitioning from nanorod to platelet-shaped size, as
reported in various research [90–93]. Additionally, some research used spectrophotometers
to analyze the strong peaks of absorbance, which directly linked the experiment’s increased
temperature to the nanoparticle’s rapid growth [94]. The sharpness of the absorbance relies
on the size of the synthesized nanoparticles.

4.5. Effect of Types of Bioactive Compounds

Plant extracts rich in bioactive compounds (polyphenols, flavonoids, tannins, saponin,
etc.), which function as reducing and stabilizing agents, influence the reduction of metal
ions, the size, shape, processing, and stability of the PDMNPs [95]. These variations are
explained by the presence of varying amounts of phytochemicals, which rely on extract
preparation techniques, species variances within the same plant, and geographical and
seasonal variations [96]. There are many publications on PDMNPs that reported the use
of bioactive compounds as reducing, capping, and stabilizing agents, but no clear study
is available so far on which types of phytochemicals are responsible for these properties.
Most often, the reported bioactive compounds are polyphenols, flavonoids, terpenoids,
and alkaloids, which contain oxygen functionalities and could act as reductants of metal
ions for the synthesis of PDMNPs [97,98]. Some publications showed that ascorbic acid
and glucose could reduce some metals like Au and Ag into their zero valent states, leading
to PDMNPs synthesis [99]. Proteins, enzymes, and sugars found in plant extracts also lead
to bio reduction of metals as well as agglomeration of synthesized nanoparticles [100,101].
Thus, the various types of bioactive compounds, which are good reducing and capping
agents, may enhance the yield of synthesized PDMNPs by inhibiting the aggregation of
the nanoparticles.



Future Pharmacol. 2023, 3 260

4.6. Effect of Agitation

Naturally, bioactive compounds are synthesized in cytoplasm or in specific cells
and organelles, followed by transportation to other organs. Among them, terpenoids
and alkaloids are synthesized in chloroplast whereas the endoplasmic reticulum contains
the steroids and sesquiterpenoids. Plant vacuoles contain water-soluble compounds like
polyphenols, flavonoids, saponins, and tannins. Lipid soluble compounds such as monoter-
penoids and fats are transported through resin ducts and lactiferous glands from their
origin sites to storage locations [102]. Most of the compounds are synthesized in the leaves
and aerial parts and stored in other parts like roots, fruits, and stems. Thus, a metabolic
profile based on bioactive compounds that varies from species to species of plants depends
upon season, time, and stage of development [103]. It also depends on the location and
types of compounds by which extraction should be done so that we can obtain bioactive
compounds in good yield [104]. Agitation during extraction is a very important aspect that
should be done because most of the bioactive compounds are enclosed within the cells
or vacuoles. Usually, proper agitation causes the breakdown of the cell walls or vacuole
rupturing, followed by enhancing the squeezing out of the compounds [105]. Hot aqueous
extraction, among them, is the best way for easy preparation of PDMNPs. In this type of
extraction, polar compounds are widely extracted, the majority of which are polyphenols
and flavonoids, along with their glycosides. Further, when compounds are extracted for an
extended time of period, their yield improves [106–108]. In addition, pressurized agitation
of plant material is very important; applying pressure increases extraction yield [109].

5. Structural Characterization of PDMNPs

To ensure the reproducibility in terms of therapeutic potential, production, and safety
after the completion of synthesis, thorough characterization of synthesized nanoparticles is
crucial [110]. Basic physicochemical techniques such as UV-Visible absorption spectroscopy,
Fourier Transform Infrared Spectroscopy (FTIR), Raman spectroscopy, Scanning Electron
Microscopy (SEM), Transmission Electron Microscopy (TEM), and powder X-ray Diffrac-
tion (XRD) are used to characterize the NPs based on their shape, dispersity, size, and
surface area. There are also some more recent methods that are available and frequently
used in modern times, including X-ray photoelectron spectroscopy (XPS), dynamic light
scattering (DLS), energy dispersive X-ray spectroscopy (EDX), field emission scanning
electron microscopy (FE-SEM), etc. (Table 1) [111].

5.1. Ultra Violet-Visible Spectroscopy

UV-Visible absorption spectroscopy is an easy-to-use technique that clearly displays
the peak’s absorbance. Strong or weak bands on the peak indicate how stable a synthe-
sized nanoparticle is, and these optical features include reaction time, temperature, pH,
and concentration of suspension [112]. For Ag and Au metals, the majority of the syn-
thesized nanoparticles are visible at wavelength ranges of 400–450 nm and 500–550 nm,
respectively [113].

5.2. X-ray Crystallography

X-ray crystallography is a powerful method to characterize the crystal structure and
phase identification of synthesized nanoparticles in which X-rays strike the crystal surface
and then interact with the atoms to measure the crystallinity [114]. On the crystalline plane,
the atoms organize themselves properly and display a diffraction pattern [115]. According
to multiple research papers, several PDMNPs have resulted in crystalline structures with
average particle sizes of about 25–30 nm [116–120].

5.3. Fourier-Transform Infrared Spectroscopy (FTIR)

Fourier-transform infrared spectroscopy (FTIR) is used to depict the chemical informa-
tion, particularly functional groups (amide, hydroxyl, and carboxyl groups), along with
bonds parameters [121]. By locating the bioactive compounds present in plant extracts,
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which may serve as coating/capping and stabilizing agents during the reduction processes
of metal into their respective ions, FTIR is used to extract useful information about the
surface chemistry of synthesized PDMNPs [122]. In addition to identifying functional
groups, FTIR also identifies stretching and vibrational frequencies, such as C=O, C=C,
C-H, and C-O, demonstrating that a functional group can change from a raw plant extract
to a synthesized nanoparticle [123]. The chemical behavior of PDMNPs has been well
documented in the literatures [124–128].

5.4. Microscopic Techniques

High-resolution microscopies such as SEM, TEM, and AFM depict the morphological
characterization of nanoparticles. Data are collected in two-dimensional images using
the SEM technique via a selection of areas under study. The generated image depicts
spatial variations in morphological properties (size distribution, shape, aggregation, and
dispersion), as well as information on the sample’s qualitative chemical composition [129].
There is also a high-resolution SEM technique called FE-SEM that offers deeper pictures
of molecules in their native condition. The direct imaging method TEM, on the other
hand, shows particle size, size distribution, and morphology. It has a resolution that is
around one million times better than the wavelength in simple light microscopy [130].
Numerous scientists and researchers have used SEM and TEM to characterize numerous
examples of PDMNPs in terms of particle size, distribution, aggregation, and chemical
contents [131–133]. The AFM technique, which analyses 3D pictures of samples with infor-
mation on size, shape, sorption, dispersion, and aggregation as well as surface properties
of particles, is an improvement over the SEM and TEM approaches [134].

5.5. Powder XRD Technique

By examining the crystalline structure (orientation, phases, and lattice parameters)
of samples in powder form, this approach may characterize the NPs and compare them
to established structural databases. Because atoms in a crystal are arranged at the proper
distance, when X-rays hit the crystal surface and interact with the atoms, they produce
a diffraction pattern [135]. The XRD experiment yields two peaks, where a broad peak
denotes amorphous powder and a sharp peak denotes the crystalline form of synthesized
NPs [136]. The XRD method has been used in numerous studies to characterize the
PDMNPs in order to ascertain the crystalline properties of samples, and in the majority of
cases, samples displayed a strong diffraction pattern that was closely correlated with the
emergence of NPs [137–140]. In contrast, EDX is a unique and adaptable tool for obtaining a
sample’s composition map or performing an area-specific elemental analysis. This method
involves stimulating samples with electrons or high-energy photons and then detecting the
spectrum of the released photons [141].

5.6. Light Scattering Methods and Zeta-Potential (ζ)

Two significant non-destructive/invasive methods that are based on the light scat-
tering concept are dynamic light scattering (DLS) and zeta-potential to determine the
physicochemical properties of NPs. When they are distributed in colloidal suspension un-
der various conditions, including concentration, pH, temperature, and time, DLS assesses
the diameter and stability of the NPs. DLS also relies on the particle’s diffusive motion.
Particles that are more massive will move more slowly than those that are smaller. Zeta
potential, on the other hand, is used to describe the surface charge of NPs and learn more
about their physical stability and interactions with other molecules on their surfaces [142].
DLS has been widely used in recent years to measure the size of PDMNPs that have been
reduced to nano-size ranges between 1.0 and 200 nm [143,144]. The values of Zeta potential
are crucial indicators of a nanoparticle’s stability. NPs have a tendency to aggregate at
0–5 mV values, whereas 5–20 mV values indicate that they are poorly stable. The maximum
stability of NPs is shown by Zeta potential values above 40 mV [145].
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Table 1. The details of techniques that are widely used to characterize the PDMNPs [146].

Name of Technique Source of Detection Study

UV-Visible absorption
spectroscopy Monochromatic wavelength For identifying, characterizing, and studying nanomaterials in

terms of size, shape, concentration, and agglomeration state

Fourier-Transform Infrared
(FTIR) spectroscopy Infrared radiations Identifying the surface adsorption of functional groups

on nanoparticles

Scanning Electron
Microscopy (SEM) Electron beam Characterization of size (below 1.0 nm) and shape

of nanoparticles

Transmission Electron
Microscopy (TEM) Electron beam Measurement of nanoparticle’s size, distribution,

and morphology

Atomic Force
Microscopy (AFM)

Electron beam from the
laser light

Evaluation of size and shape of nanoparticles in three
dimensions. It also determines the surface morphology and
elemental composition in a very quick time

Dynamic Light Scattering (DLS) Scattered light from a laser Studying the aggregation and colloidal state of nanoparticles
in suspension

Zeta Potential Measurement Free ions Studying the physical stability in terms of surface charge of
colloidal nanoparticles

6. Assessment of Oxidative Stress-Mediated Therapeutic Actions
6.1. Antioxidant Action

Living cells undergo metabolic reactions and generate free radical species, which cause
human diseases (cardiovascular, neurodegeneration, inflammation, and cancer, among
others) and ageing by damaging proteins, nucleic acids, lipids, and carbohydrates [147].
Chemicals like propyl gallate (PG), tertiary butyl hydroquinone (TBHQ), butylated hydrox-
yanisole (BHA), and butylated hydroxytoluene (BHT) are widely used as antioxidants that
inhibit degenerative reactions in processed foods, drinks, juice, and the edible items but,
when used for a long time, they have negative impacts on the human body [148]. Despite
the availability of chemical antioxidants, there is growing interested in the development of
nano-antioxidants due to their low cost as well as lack of deleterious side effects. Many
researchers have synthesized a large number of metal NPs from plant extract for their an-
tioxidant properties because medicinal plants as well as metals such as Ag, Au, Cu, Zn, Fe,
and Pd have been well known for their antioxidant properties in traditional medicines since
antiquity [149]. Many bioactive compounds, including polyphenols, flavonoids, terpenoids,
tannins, and saponins, are abundant in plants and act as reducing, capping, and stabilizing
agents for the synthesis of PDMNPs by reducing the metal ions into their zero-valent state.
Because of fine-tuning in surface area, particle size, and surface activity, PDMNPs have
attracted a lot of attention recently for their powerful antioxidant effects. These agents
exhibit good biocompatibility and action stability [150]. As shown in Figure 5, metals can
readily donate an electron to quench free radicals, according to their chemical structure,
and act as powerful antioxidants on their own in nature. For their antioxidant activity,
metals salts of Ag, Au, Pd, Pt, Zn, Cu, and metal oxides like copper oxide (CuO), zinc
oxide (ZnO), nickel oxide (NiO), and magnesium oxide (MgO) are frequently utilized [151].
Numerous medicinal plants and nanoparticles synthesized by their extracts along with
free radical scavenging properties are well studied [152–156]. It has been considered that
antioxidants remove the free radicals by converting O2

−•, H2O2, and OH• into O2, H2O,
and O2, respectively [157,158]. Nanoparticles derived ROS that facilitate the damaging of
the cell membrane of microorganisms, as well as cancerous cells, are resulted into antimi-
crobial and anticancer effects. The scavenging capacity of ROS derived from PDMNPs, can
be easily determined by using ROS or other free radical quenching-based assays including
2,2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant power (FRAP), trolox
equivalent antioxidant capacity (TEAC), oxygen radical absorbance capacity (ORAC), to-
tal oxy radical scavenging capacity (TOSC), total radical-trapping antioxidant parameter
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(TRAP), cupric-reducing antioxidant capacity (CUPRAC), and chemiluminescence meth-
ods [159]. Although DPPH, FRAP, TEAC, TOSC, ORAC, TRAP, and CUPRAC methods are
simple, standardized, and the most recognized antioxidant assays, the chemiluminescence
methods have advantage over them because they are a highly sensitive analytical method
that gives quenching capacity of ROS at very low concentration [160]. Due to the low
detection limit, luminol, lucigenin, pholasin, and peroxyoxalate are used as chemilumines-
cence reagents to generate the excited state by producing light which is diminished by the
oxidant initiator such as HO•, O2

•, ROO•, ONOO−, or HOCl [161]. The total antioxidant
capacity of various plant extracts and their NPs by the chemiluminescence method was
also reported in many studies [162]. Most of the methods are based on luminol-H2O2
chemiluminescence, lucigenin–H2O2 chemiluminescence nano-enzyme based sensor, and
NaHCO3-H2O2-Co2+ chemiluminescence reactions to measure the antioxidant activities of
various fruit, herbs, and medicinal plants extracts along with dietary substances such as
soft drinks and wines [163–167]. The chemiluminescence assay is also reported to evaluate
the antioxidant activity in pomegranate and honey samples [168]. Additionally, herein, we
present an in-depth mechanism of ROS-mediated antimicrobial and anticancer properties
of PDMNPs. Table 2 shows the antimicrobial and anticancer activities of PDMNPs over the
last five years (2018–2022).
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6.2. Antimicrobial Action

Infections caused by various pathogenic microorganisms have become a major chal-
lenge for the entire world, and the problem is worsening due to the uncontrolled and
indiscriminate use of antibiotics to prevent the infections. Since multidrug resistance
(MDR) poses a severe threat to the spread of epidemic infections, the researchers’ extensive
efforts to find new medicines have been insufficient [169]. The development of sustainable,
alternative techniques to reduce antibiotic exposure and their resistance has recently at-
tracted a lot of attention and it is unsurprisingly growing quickly [170]. PDMNPS have been
noteworthy as emerging antibacterial agents in the current context because of their high
surface area to volume ratio and distinctive chemical diversity. PDMNPs are observed in a
variety of shapes when reactions are completed, including spherical, hexagonal, triangular,
truncated, octahedral, rod-shaped, and flower-shaped. PDMNPs with different shapes
have a large surface-volume area, which facilitates their antimicrobial actions by interacting
with biological components of microorganisms via various mechanisms such as membrane
disintegration, cellular component damage (DNA, protein, lipids, and electron transport
chain), and the generation of ROS (Figure 5) [171]. Thus, PDMNPs may be promising op-
tions for combating MDR microorganisms and overcoming microbial resistance. PDMNPs
have shown inhibitory activities against both Gram-positive and Gram-negative bacteria,
fungi, and various viruses as a safe, eco-friendly, and simple platform for developing
anti-microbial agents [172].

However, many reports have proposed antimicrobial mechanisms mediated by NPs,
but the precise mechanism is unknown. PDMNPs have antimicrobial activity because
they release metal ions. Metal ions interact with the cell membrane to form pits or
gaps, which cause cell membrane damage by deactivating enzyme functions [173]. They
also interact with the sulfur or phosphorus functionalities of proteins or DNA, causing
metabolic processes to breakdown. Similarly, PDMNPs can cause ROS formation due to
lipid/phospholipid membrane oxidation, which leads to the collapse of DNA/RNA/protein
architecture within the bacterium cell [174]. The mechanism underlying the nanoparticle’s
antibacterial action was recently revealed by a study. In this study, PDMNPs were exposed
to solar energy, which causes electrons to move from the band gap to the conduction band
and produce both free electrons and holes. OH− combines with a hole to make OH•,
while free electrons react with O2 to create O2

•. ROS that was produced as a result of this
antibacterial activity disrupted cell membranes, allowed cytoplasm to leak out, damaged
mitochondria and DNA, and ultimately caused cell death [175]. According to a literature
review, due to the high toxicity of Ag ions or Ag-based products against microbes, Ag is the
most commonly employed metal for the synthesis of PDMNPs as antibacterial agents [176].
Ag and Ag-products in the form of nanoparticles have been or are being employed as
preservatives in the development of nanomedicine, cosmetics, and the food sector due to
their small size and huge surface area [177].

Additionally, due to the existence of a thick peptidoglycan layer that serves as a barrier
to the penetration of nanoparticles, Gram-positive and Gram-negative bacteria demon-
strated different antibacterial efficacy [178]. Most studies concluded that Ag nanoparticles
are more effective antibacterial agents against Gram-positive bacteria than Gram-negative
bacteria. Some studies, however, have speculated that Ag is more effective for Gram-
negative bacteria [179]. According to a different study carried out by Singh and colleagues,
Gram-positive bacteria are covered in a thick layer of peptidoglycans and straight-chain
polysaccharides that are cross-linked with embedded proteins, giving the cell stiffness and
making it difficult for PDMNPs to bind to the cell surface. In contrast, Gram-negative
bacteria have negatively charged lipopolysaccharides that are bonded to positively charged
silver metal [180]. Tiwari et al. discovered the mechanism by which Zn-based PDMNPs
generate ROS. These ROS increase lipid peroxidation, DNA damage, protein, and nucleic
acid leakage, as well as reducing the microorganism cell viability. Furthermore, the Zn2+

ions released by PDMNPs contribute to the damage of microorganism cell membranes dur-
ing molecular interactions [181]. When Zn nanoparticles bind with biomolecules through
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electrostatic interactions, Zn2+ ions are released at the target site, where they cause the
oxidation of proteins and lipids, which damages cells [182]. Similar to this, it has been
revealed that nanoparticles made of Ti metal generate ROS, when exposed to ultraviolet
light. According to this study, ROS prevent oxidative phosphorylation from occurring in
the cell membrane, which results in cell death [183]. PDMNPs use a similar antibacterial
mechanism to destroy fungal species by releasing metal ions that produce ROS and other
free radicals [184]. The enzymatic action of glucan synthase or N-acetyl glucosamine on
components such as mannoproteins, 1,3-D-glucan, 1,6-D-glucan proteins, chitin, as well as
polysaccharides like chitin, glucan, and mannan or galactomannan, is what creates the cell
walls of fungi. These enzymes interact with the metal ions and ROS produced by PDMNPs
to display antifungal action [185]. Figure 5 also depicts the antifungal activity of PDMNPs
when they interact with the cell membrane or cell wall, allowing intracellular components
to leak out. Free radicals, in particular, react with sulfur and phosphorus functionalities
in the cell wall to disrupt redox homeostasis. Furthermore, free radicals disrupt fungal
growth by interfering with DNA replication, protein synthesis, and enzymatic activity [186].
PDMNPs also interact with glutathione-producing enzymes (antioxidants), reducing fungi
resistance [187]. Despite these findings, a more detailed mechanism for the action of PDM-
NPs against pathogenic bacteria (both Gram-positive and Gram-negative) and fungi is still
required. Table 2 shows the antimicrobial activities of PDMNPs over the last five years
(2018–2022).

6.3. Anticancer Action

According to the WHO database, cancer is currently the world’s top cause of death,
accounting for close to 10 million deaths globally in 2020. By 2025, it is anticipated that
this number would rise to 19.3 million, with the majority of the patients being from
emerging nations [188]. Therefore, it is vital that focus be given globally to accurate cancer
detection and subsequent therapy. There are numerous medicines available to treat the
various forms of cancer, but these treatments have side effects, particularly when they harm
healthy cells, tissues, and organs, which lower down the quality and length of life [189].
Anticancer agents have essentially demonstrated three proposed mechanisms for combating
various types of cancer. The first is the apoptotic pathway’s target, which is dependent
on an increased level of ROS, which causes oxidative stress and DNA fragmentation in
the cancerous cell. The second is the interaction of cancer cell proteins/DNA, and the
last is anticancer agents interacting with cell membranes to alter cell permeability and
mitochondrial dysfunction [190]. The diagnosis of cancer is also a crucial step before
treatment, which involves the common use of methods including tissue biopsy, microscopy,
and histopathology assay. These techniques, however, only reach a minimal amount of
tissue, which causes cells to proliferate quickly and develop into the metastatic stage. While
receiving surgical or chemotherapeutic treatment, this cascade makes it difficult to target
the cancer cells. However, positron emission tomography (PET), computed tomography
(CT) scan, and magnetic resonance imaging (MRI) approaches can detect the cancers more
effectively when using NPs-based imaging agents because they can more precisely reach
the target areas [191].

Due to the presence of bioactive compounds, the abilities of medicinal plants to treat
cancer have been well documented since antiquity [192–194]. The detection, diagnosis,
and therapy of cancer have also been investigated using a wide variety of metal NPs. As
compared to microbial synthesis of nanoparticles, PDMNPs have recently attracted much
greater attention since they are clean, safe, and environmentally friendly while bridging the
current gap between physical and chemical techniques of their synthesis [195]. According
to studies, PDMNPs have a high level of selectivity between cancer cells and healthy
cells, which helps to reduce negative effects and provides protection against healthy cell
damages. The broad synthesis of PDMNPs by using various metal oxides/salts and plant
extracts as green sources has enormous therapeutic potential for the treatment of cancer.
Interestingly, Ovais et al. created Ag and Au nanoparticles based on plant extracts to
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observe tumor progression and evaluate it at the cellular level [196,197]. Although the
mode of action of PDMNPs is complex and under investigation, some reports claim that
their anticancer activity is due to enhanced apoptosis in cancer, cells via cell cycle arrest as
well as activation of ROS and caspase-3 mediated signaling. Finally, in cancerous cells, they
cause mitochondrial depolarization and DNA damage [198]. NPs develop intracellular
membrane-bounded vesicles when they are exposed to the cancer cell surface, which
permits them to enter the cells and produce reactive oxygen species. These species exhibit
a series of abnormal behavior, including mitochondrial dysfunction, enzyme inactivation,
protein oxidation, damage to nuclear materials (DNA/RNA), etc., and as a result, develop
the cancer disease [199]. The cell cycle is stopped in the growth phase at the time of mitosis
and meiosis, based on a 2017 study by Patil and Kim. By increasing the ratio of B-cell
lymphoma protein 2-associated X and B-cell lymphoma protein, ROS causes cells to be more
susceptible to apoptosis [200]. This one is followed by stimulation of caspase-3, -8, and
-9 to help accelerate apoptosis. Two years later, Kim et al. demonstrated in their experiment
that ROS increases the quantity of P53, a tumor protein that fights against cancer cells.
Researchers noted in the same study that smaller NPs could kill more cancer cells because
they can enter the cell membrane more readily and acquire a larger surface area. Therefore,
it seems reasonable that ROS production aids PDMNPs in their fight against cancer [201].
Table 2 lists the anticancer investigations of PDMNPs for the last five years (2018–2022).

Table 2. A list of PDMNPs along with their characteristics, antioxidant, antimicrobial, and anticancer
properties for the last five years (2018–2022).

Plant Name (Part Used) Extract Nanoparticles Findings Ref.

Quercus robur, Eucalyptus
globulus, Camellia sinensis, Thimus
mastichina, Thimus vulgaris, Thuja
occidentalis, Mentha sp.,
Rosmarinus officinalis, Laurus
nobilis, Citrus limon (leaves)

Aqueous

Metal: Ag, Cu, Fe, Pd,
Ni,
Shape: Hexagonal,
spherical, triangular,
and rod shaped
Size: 50 nm

Antioxidant activity: Evaluated by using
DPPH, FRAP, FC, and cyclic
voltammetry methods

[202]

Camellia sinensis, Ilex
paraguariensis, Salvia officinalis,
Tilia cordata, Levisticum officinale,
Aegopodium podagraria, Urtica
dioica, Capsicum baccatum, Viscum
album (whole plants)

Methanol

Metal: Ag
Shape: spherical, and
rod-shaped
Size: 100–200 nm

Antioxidant activity: Evaluated by DPPH,
CUPRAC, and SNPAC assays [203]

Phoenix Dactylifera (leaves)
Ethanol/water
mixture
(70%/30%)

Metal: Cu
Shape: spherical and
rhombohedral
Size: 25–100 nm

Antioxidant activity: Evaluated by using
DPPH, phosphomolybdenum, and
ferric-reducing antioxidant power (FRAP)
assays with IC50 of 0.39 mg/mL

[204]

Rosa floribunda charisma (flowers) Phenyl ethyl
alcohol

Metal: Mg
Shape: Polyhedral
Size: 35.25–55.14 nm

Antioxidant activity: Evaluated by using
inhibition of superoxide (IC50
26.2 µg/mL), nitric oxide (IC50
52.9 µg/mL), hydroxyl radical (IC50
31.9 µg/mL), and xanthine oxidase (IC50
15.9 µg/mL) assays
Antibacterial activity: Against
Staphylococcus epidermidis (MIC of 15.63),
Staphylococcus pyogenes (MIC of 7.81), and
Pseudomonas aeruginosa (MIC of 31.25)
µg/mL as well as with minimum biofilm
inhibitory concentrations 1.95, 1.95,
7.81 µg/mL, respectively

[205]
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Table 2. Cont.

Plant Name (Part Used) Extract Nanoparticles Findings Ref.

Cestrum nocturnum (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 20 nm

Antioxidant activity: Evaluated by DPPH
(29.55% inhibition) hydrogen peroxide
(45.41% inhibition), hydroxyl radical
(20% inhibition), and superoxide radical
scavenging (8% inhibition) methods
Antibacterial activity: Against Citrobacter,
Escherichia faecalis, Salmonella typhi,
Escherichia coli, Proteus vulgaris, and Vibrio
cholera with MIC values of 16, 4, 16, 8, 8,
and 16 µg/mL

[206]

Plantago lanceolate (whole) Aqueous
Metal: Ag
Shape: spherical
Size: 30 ± 4 nm

Antioxidant activity: Evaluated by using
DPPH assay with IC50
369.5± 13.42 µg/mL
Antibacterial activity: Against
Agrobacterium tumefaciens, Proteus vulgaris,
Staphylococcus aureus, and Escherichia coli
with IC50 values 08.02 ± 0.68,
55.78 ± 1.01, 12.34 ± 1.35 and
11.68 ± 1.42 µg/mL, respectively

[207]

Flemingia wightiana (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 20–40 nm

Antioxidant activity: Evaluated by using
DPPH and H2O2 scavenging activity with
IC50 values of 71.96 and 80.59 µg/mL
respectively
Anticancer activity: Against SKOV3
(inhibition 83.2%) and COLO205
(inhibition 75.9%) cancer cells

[208]

Artemisia absinthium, Humulus
lupulus, and Thymus vulgaris
(leaves)

Ethanol

Metal: Ag
Shape: spherical and
wedge
Size: 42–48 nm

Antioxidant activity: Evaluated by using
DPPH with 0.14 ± 0.00 inhibition for
A. absinthium/AgNPs,
0.11 ± 0.00 inhibition for
H. lupulus/AgNPs, and
0.14 ± 0.00 mmol/g for
T. vulgaris/AgNPs while 0.55 ± 0.05;
0.86 ± 0.05 and 0.55 ± 0.05 mmol/g
inhibitions in ABTS method for
A. absinthium/AgNPs, H. lupulus/AgNPs,
and T. vulgaris/AgNPs samples.
Antibacterial activity: Evaluated with
inhibition zones in the range 9.0 ± 0.1 to
20.4 ± 0.3 mm for all the samples

[209]

Sesamum indicum (oil cake) Aqueous
Metal: Ag
Shape: spherical
Size: 6.6–14.8 nm

Anticancer activity: Against MCF-7 cell
lines with 72.02% cell viability, 15.18% late
apoptosis, and 1.20% necrosis at
2.5 µg/mL concentration of AgNPs
whereas against with 56.97% cell viability,
31.19% late apoptosis, and 4.85% necrosis
at 7.5 µg/mL concentration of AgNPs
Antibacterial activity: With minimum
inhibitory concentration (0.5 µg/mL)
against Pseudomonas aeruginosa, Klebsiella
pneumoniae, and Escherichia coli.

[210]



Future Pharmacol. 2023, 3 268

Table 2. Cont.

Plant Name (Part Used) Extract Nanoparticles Findings Ref.

Dodonaea viscosa (leaves)

Aqueous,
acetone,
methanol,
acetonitrile

Metal: Ag
Shape: spherical and
dendritic
Size: 15, 18, 12, and
20 nm

Antibacterial activity: Against
Streptococcus pyogenes with a zone of
inhibition (20, 16, 13, 18 mm) for AgNPs
synthesized by methanol, acetone,
acetonitrile, and water extracts
nanoparticles, respectively
Anticancer activity: Against A549 NSCLC
cell lines with IC50 values 14, 3, 80, and
4µg/mL for methanol, acetone,
acetonitrile, and water extract derived
nanoparticles, respectively.

[211]

Mangifera indica (leaves) Aqueous
Metal: Ag
Shape: rod-shaped
Size: 500–900 nm

Antioxidant activity: Evaluated by using
DPPH with inhibition 83.7 ± 0.2%,
89.8 ± 0.3%, and 96.4 ± 0.3% for 0.1 w/v,
1 w/v, and 10% w/v concentration,
respectively.
Anticancer activity: Against MCF-7 and
HCT-116 cell lines with cell growth
49.1 ± 0.5% and 58.2 ± 0.2%, respectively,
at 10% w/v

[212]

Impatiens balsamina and Lantana
camara (leaves) Aqueous

Metal: Ag
Shape: spherical
Size: <24 nm

Antioxidant activity: Against
Staphylococcus aureus and Escherichia coli
with average ZOI values 13.8 and 8.9 mm
for Impatiens balsamina and 15.8 and
15.4 mm Lantana camara, respectively

[213]

Jasminum auriculatum (leaves) Aqueous
Metal: Au
Shape: spherical
Size: 8–37 nm

Anticancer activity: Against
cervical cancer
Antibacterial activity: Against
Streptococcus pyogenes, Staphylococcus
aureus, Escherichia coli, and Klebsiella
pneumoniae
Antifungal activity: Against Candida
albicans, Aspergillus fumigatus, Lecanicillium
lecanii, and Trichoderma viride

[214]

Alpinia nigra (fruits) Aqueous
Metal: Ag
Shape: spherical
Size: 6 nm

Anticancer activity: Against human
cervical cancer cell line (HeLa) with the
IC50 value of 104 µg/mL
Antibacterial activity: Against
Streptococcus pyogenes, Staphylococcus
aureus, Escherichia coli, and Klebsiella
pneumoniae with ZOI values of 20, 9, 12,
and 7 mm, respectively
Antifungal activity: Candida Albicans,
Aspergillus fumigatus, Lecanicillium lecanii,
and Trichoderma viride with ZOI values of
4, 4, 5, and 5 mm, respectively

[215]

Lycium chinense (fruits) Aqueous
Metal: Au, Ag
Shape: spherical
Size: 536 and 480 nm

Anticancer activity: Aignificant
cytotoxicity to the human breast cancer
MCF7 cell line for AgNPs and whereas no
toxicity to non-diseased RAW264.7
(murine macrophage) cells, whereas no
toxicity on both cell lines for AuNPs

[216]

Garcinia Indica (fruit) Aqueous
Metal: Au, Ag
Shape: spherical
Size: 20–30 nm

Antioxidant activity: Evaluated by DPPH
assay with 32–72% inhibition [217]
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Ziziphora clinopodioides
(whole plant) Aqueous

Metal: Ag
Shape: spherical
Size: 20–45 nm

Antibacterial activity: Against
Staphylococcus aureus and Escherichia coli
with MIC values at 200 and 400 ppm
concentrations, respectively

[218]

Calophyllum tomentosum (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: NA

Antioxidant activity: Evaluated by using
DPPH (90% inhibition), H2O2 scavenging
(83.94%), nitric oxide scavenging power
(78.4%), reducing power assays
Antibacterial activity: Against Klebsiella
aerogenes, Staphylococcus, auereus,
Pseudomonas aeruginosa, and Escherichia
coli with a maximum inhibition at
100 µg/mL concentration

[219]

Pistacia atlantica (leaves
and fruit) Aqueous

Metal: Au
Shape: spherical
Size: 40–50 nm

Antioxidant activity: Evaluated by using
DPPH assay
Anticancer activity: Against cervical
cancer with a maximum inhibition of cells
at 200 µg/mL concentration
Antibacterial activity: Against Escherichia
coli, Pseudomonas aeruginosa, Staphylococcus
aureus, and Bacillus subtilis with MIC
values 7.81, 3.9, 7.81, and 3.25 µg/mL

[220]

Allium rotundum L., Falcaria
vulgaris Bernh. and Ferulago
angulate Boiss. (leaves)

Aqueous
Metal: Ag
Shape: spherical
Size: 20.5 nm

Antimicrobial activity: Against
Pseudomonas aeruginosa and
Staphylococcus aureus

[221]

Carya illinoinensis (leaves) Methanol
Metal: Ag
Shape: spherical
Size: 20 nm

Antibacterial activity: Against
Saphylococcus aureus (MIC: 128), Listeria
monocytogenes (MIC: 64), Escherichia coli
(MIC: 16), Pseudomonas aeruginosa
(MIC: 32)

[222]

Tasmannia lanceolata and
Backhousia citriodora (leaves) Aqueous

Metal: Au
Shape: spherical
Size: 7.10 ± 0.66 nm

Anticancer activity: Against liver cancer
(HepG2), melanoma cancer (MM418C1),
and breast cancer (MCF-7) cell lines.
AuNPs showed 20% better inhibition of
these cancer cell lines than plant extracts

[223]

Ougeinia oojeinensis (leaves) Ethanol
Metal: Ag
Shape: spherical
Size: 5–100 nm

Antioxidant activity: Evaluated by DPPH
assay with IC50 value 21.95 ± 1.02
Antibacterial activity: Against Escherichia
coli, Bacillus cereus, Pseudomonas aeruginosa,
and Staphylococcus aureus with ZOI values
14.58 ± 0.79, 16.55 ± 0.37, 16.25 ± 0.63,
and 23.83 ± 0.44 mm, respectively.
Antifungal activity: Aspergillus niger,
Rhizopus oryzae, Mucor, azygosporus, and
Penicillum chrysogenum with a zone of
inhibition 20.17 ± 0.6, 16.50 ± 0.29,
20.25 ± 0.38, 21.82 ± 0.43 mm,
respectively

[224]
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Holoptelea integrifolia (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 32–38 nm

Antioxidant activity: Evaluated by using
DPPH, metal chelating, and nitric oxide
assay with inhibition 51.49 ± 3.33,
41.18 ± 2.27, and 74.59 ± 3.08%,
respectively
Antibacterial activity: Against Escherichia
coli and Salmonella typhimurium with MIC
value ranges from 75 to 150µg

[225]

Aesculus hippocastanum (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 50 ± 5 nm

Antioxidant activity: Evaluated by using
DPPH and superoxide radical scavenging
assays with 54.72% and 62.9% inhibition
at the highest concentration of 100 ppm.
Antibacterial activity: Against
Pseudomonas aeruginosa, Pseudomonas
fluorescens, Staphylococcus aureus,
Staphylococcus epidermidis, Listeria
monocytogenes, Bacillus subtilis,
Corynebacterium renale, Micrococcus luteus,
Enterococcus faecalis, and Bacillus cereus
with ZOI values as 20.0, 8.0, 8.0,
17.5 ± 2.12, 13 ± 0.00, 13 ± 0.00,
15 ± 2.64, 12 ± 0.00, 17 ± 0.00, 10.5 ± 1.41,
10.5 ± 1.41 mm diameter, respectively

[226]

Punica granatum L. (seeds) Oil

Metal: Au
Shape: elongated, and
rectangular
Size: 70 nm

Antioxidant activity: Evaluated by using
DPPH scavenging (23.6 ± 1.5 to
62.5 ± 1.8%) and H2O2 scavenging
(21.6 ± 1.3 to 62.8 ± 1.8%) at different
concentrations
Anticancer activity: Against lung and
colon cancer with the cell viability
ranging from 80.3 to 25% and 83.3 to
28.4.2%, respectively

[227]

Alternanthera bettzickiana (leaves) Aqueous
Metal: Au
Shape: spherical
Size: 80–120 nm

Antibacterial activity: Bacillus subtilis,
Staphylococcus aureus, Salmonella typhi,
Pseudomonas aeruginosa, Micrococcus luteus,
and Enterobacter aerogens
Anticancer activity: Against human
lung cancer

[228]

Green tea and black tea (leaves) Aqueous

Metal: Au, Ag
Shape: spherical
Size: ∼10 nm for
AuNPs, and ∼30 nm
for AgNPs

Antibacterial activity: Against Bacillus
subtilis, Staphylococcus aureus, Salmonella
typhi, Pseudomonas aeroginosa, Micrococcus
luteus, and Enterobacter aerogenes with ZOI
values 14 ± 0.43, 19 ± 0.33, 17 ± 0.13,
28 ± 0.33, 30 ± 0.33, 24 ± 0.17 mm
diameters for AgNPs while AuNPs show
the ZOI values as 16 ± 0.88, 16 ± 0.44,
14 ± 0.58, and 22 ± 0.44 mm diameter
against Salmonella typhi, Pseudomonas
aeruginosa, Micrococcus luteus, and
Enterobacter aerogenes, respectively

[229,
230]

Phoenix dactylifera (root hairs) Aqueous
Metal: Ag
Shape: spherical
Size: 15–40 nm

Antibacterial activity: Against Candida
albicans and Escherichia coli with 20 and
22 mm ZOI, respectively
Anticancer activity: Against MCF7 cell
lines with IC50 values of 29.6 µg/mL

[231]
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Sida cordifolia (whole plant) Aqueous
Metal: Ag
Shape: spherical
Size: 3–6 nm

Antibacterial activity: Against Escherichia
coli, Klebsiella pneumoniae, Bacillus subtilis,
and Staphyloccocus aureus with ZOI values
as 15.0 ± 0.63, 17.17 ± 0.75, 18.00 ± 0.63,
and 19.50 ± 0.55 mm, respectively

[232]

Salvia spinose (whole plant) Aqueous
Metal: Ag
Shape: spherical
Size: 450 nm

Antibacterial activity: Against Bacillus
subtilis, Bacillus vallismortis, and
Escherichia coli with zone of inhibition
diameters of 15, 16, and 12 mm

[233]

Melaleuca alternifolia (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 11.56 nm

Antimicrobial activity: Against
Staphylococcus aureus, Staphylococcus
epidermidis, Streptococcus pyogenes,
Klebsiella pneumoniae, Pseudomonas
aeruginosa, Trichophyton mentagrophytes,
and Candida albicans with ZOI values
ranges from 14.8 to 24.7 mm

[234]

Parkia speciosa (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 31–35 nm

Antimicrobial activity: Against Escherichia
coli, Staphylococcus aureus, Pseudomonas
aeruginosa, and Bacillus subtilis with ZOI
values ranging from 4.0 to 10 mm
in diameter
Antioxidant activity: Evaluated by DPPH
assay with IC50 value of 15.26 µg/mL

[235]

Hygrophila spinosa (whole plant) Aqueous
Metal: Au
Shape: spherical
Size: 68.44 ± 0.30 nm

Anticancer activity: Against MCF-7 and
MDA-MB-231 (breast cancer), SKOV-3
(ovarian cancer) NCI/ADR (multi-drug
resistant), and U-87 (glioblastoma, brain
cancer) cell lines with significant
percentage cell viability 43.78, 39.34, 21.45,
31.48, and 27.89%, respectively

[236]

Clerodendrum phlomidis (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 23–42 nm

Antioxidant activity: Evaluated by using
phosphomolybdate (910 AEAA), ferric
reducing power (1.63 AU), superoxide
radical scavenging (IC50 55.86 µg/mL),
and DPPH (IC50 9.12 µg/mL) assays
Anticancer activity: Against Ehrlich
ascites carcinoma (EAC) and human
colorectal adenocarcinoma (HT29) cell
lines with 91.84% and 84.91% inhibition,
respectively

[237]

Aconitum toxicum Rchb (rhizome) Aqueous

Metal: Ag, Au
Shape: spherical
Size: 9–15 nm for
AuNPs and 53–67 nm
for AgNPs

Antioxidant activity: Evaluated by using
DPPH assay with inhibition in between
78% and 84.32% at different
concentrations

[238]
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Musa acuminata colla (flowers) Aqueous

Metal: Ag, Au
Shape: spherical
Size: 12.6–15.7 nm for
AgNPs and
10.1–15.6 nm for
AuNPs

Antibacterial activity: Against
Enterococcus faecalis, Staphylococcus aureus,
Klebsiella pneumoniae, Salmonella typhi,
Escherechia coli, Proteus mirabilis, and
Pseodomonas aeruginosa with ZOI values
13, 9, 10, 9, 12, 6, and 12 mm for AgNPs)
and 11, 0, 10, 9, 7, 8, and 9 for AuNPs at
1000 µg concentration
Anticancer activity: 50% cell viability at
55.0 µg/mL and 35 µg/mL concentrations
for AuNPs, and AgNPs respectively

[239]

Allium cepa (cloves) Aqueous
Metal: Ag
Shape: spherical
Size: 10–50 nm

Antibacterial activity: Against
methicillin-resistant Staphyllococcus aureus
and Pseudomonas aerigunosa with a
maximum inhibition at 100 µg/mL
concentration
Anticancer activity: Against human breast
cancer cells (MCF-7) with a maximum
inhibition at 100 µg/mL concentration
after 24 h

[240]

Solanum nigurum (leaves) Aqueous

Metal: Au, Ag, Pd
Shape: spherical
Size: 3.46 nm for
AgNPs, 9.39 nm for
AuNPs, and 21.55 nm
for PdNPs

Antibacterial activity: Against Escherichia
coli with ZOI values 19.2 and 20 mm,
23 and 20 mm, and 18 and 19 mm for
AuNPs, AgNPS, and PdNPs, respectively,
at 5 and 10 mL concentration

[241]

Carthamus tinctorius L. (flowers) Aqueous
Metal: Ag
Shape: spherical
Size: 38 nm

Antibacterial activity: Against Escherichia
coli with inhibition of 98% and 85% at
40 ◦C and 80 ◦C temperatures

[242]

Carpesium cernuum (whole plant) Aqueous
Metal: Ag
Shape: spherical
Size: 13.0 ± 0.2 nm

Antioxidant activity: Evaluated by using
DPPH assay with IC50 value
0.121 ± 0.005 mg/mL
Anticancer activity: Against human lung
cancer A549 and B16F10 cell lines with
44.5 and 36.0% cytotoxicity on A549 and
B16F10 respectively at 100 µg/mL
concentration

[243]

Ananas comosus (peels) Aqueous
Metal: Fe
Shape: spherical
Size: 17.87 nm

Antifungal activity: Against Fusarium
verticilliodes, Aspergillus flavus, and
Alternaria alternate with inhibition zones
ranging from 18.96 to 39.23 mm diameters

[244]

Aaronsohnia factorovskyi
(whole plant) Aqueous

Metal: Ag
Shape: spherical
Size: 104–140 nm

Antibacterial activity: Against
Staphylococcus aureus, Bacillus subtilis,
Pseudomonas aeruginosa, and Escherichia
coli with an inhibition zone diameter of
about 19.00 ± 2.94 mm
Antifungal activity: Against Fusarium
oxysporum, Fusarium solani,
Helminthosporium rostratum, and Alternaria
alternate with reduced the growth of
fungal yarn to 1.5 mm.

[245]
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Vernonia amygdalina (leaves) Aqueous
Metal: CuO
Shape: spherical
Size: 19.68 nm

Antibacterial activity: Against
Staphylococcus aureus, Escherichia coli,
Pseudomonas aeruginosa, and Enterobacter
aerogenes. The uppermost zone of
inhibition of 15 mm was observed for
E. aerogenes

[246]

Artemisia ciniformis (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 4–14 nm

Anticancer activity: Against gastric cancer
with the highest inhibition of cell
proliferation at 100 µg/mL concentration

[247]

Cichorium intybus (leaves) aqueous
Metal: Ag
Shape: spherical
Size: 17.17 nm

Anticancer activity: Against human breast
cancer (MCF-7) with IC50 value
507.58 µg/mL after 24 h.

[248]

Rhynchosia suaveolens (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 10–30 nm

Anticancer activity: Against DU145 and
PC-3 (human prostate carcinoma cell
lines), SKOV3 (human ovarian
carcinoma), and A549 (human lung
adenocarcinoma) with IC50 values of 4.35,
7.72, 4.2, and 24.7 µg/mL, respectively

[249]

Solanum lycopersicum (leaves) Aqueous
Metal: FeO
Shape: flower shaped
Size: 483.8 nm

Anticancer activity: Against human lung
cancer cell line A549 with IC50 value
69 ± 0.50 µg/mL

[250]

Ageratum conyzoides (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 14–48 nm

Antioxidant activity: Evaluated by using
DPPH and ABTS free radical scavenging
assays with % inhibition 53.61 ± 0.01 to
89.82 ± 0.017 and 40.16 ± 0.13 to
81.1 ± 0.13 in 31.25 to 500 mg/mL
concentrations, respectively.

[251]

Blumea eriantha DC (whole plant) Ethanol
Metal: Ag, Fe
Shape: spherical
Size: 50 nm

Antioxidant activity: Evaluated by using
DPPH (% inhibition 20.66 ± 0.90 for
AgNPs and 17.25 ± 1.19 for FeNPs), ABTS
(% inhibition 86.31 ± 0.21 for AgNPs,
74.94 ± 1.72 for FeNPs), H2O2 scavenging
(% inhibition 92.14 ± 1.06 for AGNPs and,
57.00 ± 0.58 for FeNPs), and total
antioxidant assay (% Inhibition
70.10 ± 0.53 for AgNPs and
56.14 ± 0.64% for FeNPs)
Antibacterial activity: Against
Staphylococcus aureus (ZOI 16.17 ± 2.08 for
AgNPs and 13.06 ± 0.57 FeNPs), Bacillus
subtilis (ZOI 14.12 ± 1.52 for AgNPs and
12.45 ± 0.52 for FeNPs), Bacillus cereus
(ZOI 11.20 ± 1.15 for AgNPs and
10.12 ± 1.02 for FeNPs), and Escherichia
coli (ZOI 15.24 ± 1.52 for AgNPs and
11.55 ± 1.18 for FeNPs)
Anticancer activity: Against MCF-7
(human breast adenocarcinoma cell line)
with % inhibition 15.45, 20.25, and 28.16 at
the concentrations 25, 50, and 100 µg/mL,
respectively, for AgNPs as well as 11.09,
17.81, and 22.25 at the concentration 25, 50,
and 100 µg/mL respectively for FeNPs

[252]
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Artemisia abrotanum
(whole plant) Aqueous

Metal: MgO
Shape: spherical
Size: 10 nm

Antioxidant activity: Evaluated by using
DPPH assay with IC50 4.73 µg/mL [253]

Cnici Benedictus
(whole plant) Aqueous

Metal: Au, CuO, and
ZnO
Shape: spherical
Size: 13 nm for
Au-CuONPs and 28 nm
for CuO-ZnONPs

Antibacterial activity: Against
Staphylococcus aureus (MIC 0.3125),
Escherichia coli (MIC 0.625), Pseudomonas
aeruginosa (MIC 2.5)
Antifungal activity: Against Candida
albicans (MIC 1.25).
Anticancer activity: Against rat glioma C6
cells with IC50 0.907 and 4.91 for
Au-CuONP and CuO-ZnONPs,
respectively

[254]

Elephantopus scaber (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 37.86 nm

Anticancer activity: Against human skin
carcinoma cells on A375 and L929 cell
lines with IC50 values 15.68 ± 0.15 µg/mL
and 65.49 ± 0.40 µg/mL, respectively
Antioxidant activity: Evaluated by using
the DPPH method with an IC50 value of
6.629 µg/mL
Antibacterial activity: Against Bacillus
subtilis, Lactococcus lactis, Pseudomonas
fluorescens, and Pseudomonas aeruginosa
Antifungal activity: Against Aspergillus
flavus and Aspergillus penicillioides with
ZOI ranges from 12 to 24 mm for all
the strains

[255]

Acanthospermum hispidum
(leaves) Aqueous

Metal: Ag
Shape: quasi-spherical
Size: 20–60 nm

Antibacterial activity: Against
Pseudomonas aeruginosa, Streptococcus
pyogenes, Staphylococcus aureus, and
Escherichia coli with a zone of inhibition of
17–19 at 100 µg/mL concentration
Antifungal activity: Against Candida
albicans, Aspergillus niger, and Aspergillus
clavatus with MIC 500, 250, and
500 MIC µg/mL, respectively
Antimicrobacterial activity: Against
Mycobacterium tuberculosis H37RV with
MIC 100 MIC µg/mL

[256]

Leucaena leucocephala L. (leaves) Aqueous
Metal: Ag
Shape: quasi-spherical
Size: 35–47 nm

Antibacterial activity: Against
Pseudomonas aeruginosa, Streptococcus
pyogenes, Staphylococcus aureus, Escherichia
coli, Salmonella typhi, Bacillus subtilis with
ZOI values of 16–19 at 100 µg/mL
concentration
Antimycobacterial activity: Against
Mycobacterium tuberculosis with MIC of
125 µg/mL

[257]
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Silybum marianum (whole plant) Aqueous

Metal: Ag-ZnO, ZnO
Shape: quasi-spherical
Size: 31.2 nm for ZnO,
and 35.3 nm for
Ag–ZnO

Antibacterial activity: Against
Staphylococcus epidermidis, Bacillus subtilis,
Klebsiella pneumonia, Escherichia coli, and
Pseudomonas aeruginosa with MIC values
250, 50, 150, 100, and 250 µg/mL for
ZnONPs and 150, 50, 250, 150, and
150 µg/mL for Ag-ZnONPs, respectively
Antifungal activity: Fusarium solani,
Aspergillus flavus, Aspergillus fumigatus,
and Aspergillus niger with MIC values 50,
250, 500, and 100 µg/mL for ZnONPs and
50, 150, 700, and 150 µg/mL for
Ag-ZnONPs, respectively
Antioxidant activity: Total antioxidant
capacity (67.6 ± 1.44 for ZnONPs and
72.6 ± 1.32 for Ag-ZnONPs, at
1000 µg/mL concentration), total reducing
power (72.4 ± 2.78 for Ag-ZnONPs and
68.1 ± 1.31 for ZnONPs at 1000 µg/mL
concentration) and DPPH (67.22 ± 2.1 for
Ag-ZnONPs and 56.31 ± 1.4 for ZnONPs
at 1000 µg/mL concentration)

[258]

Nyctanthes arbor-tristis (flowers) Aqueous
Metal: ZnO
Shape: spherical
Size: 12–32 nm

Antifungal activity: Alternaria alternata,
Aspergillus niger, Botrytis cinerea, Fusarium
oxysporum, and Penicillium expansum with
MIC values 64, 16, 128, 64, and 128 µg/mL

[259]

Melia azedarach (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 23 nm

Antifungal activity: Against Colletotrichum
coccodes, Monilinia sp., and Pyricularia
with growth inhibition of 18%, 33%, and
51%, respectively.

[260]

Kleinia grandiflora (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 20–50 nm

Anticancer activity: Against Dalton’s
lymphoma ascites (DLA) cell lines with
40% cytotoxicity at 10 µg/mL
concentration and IC50 of 500 nM after 6 h
of treatment
Antimicrobial activity: Against Escherichia
coli, Pseudomonas aeruginosa, Candida
albicans, and Aspergillus niger with a zone
of inhibition as 13 ± 0.7, 17 ± 1.02,
13 ± 0.32, and 15 ± 0.46, respectively

[261]

Medicago sativa L. Aqueous
Metal: ZnO
Shape: hexagonal
Size: 14 nm

Antimicrobial activity: Against
Staphylococcus epidermidis, Lactococcus
lactis, and Lactobacillus casei with MIC
values in the range of 0.58–9.31 µg/mL
Antifungal activity: Candida albicans, and
Saccharomyces cerevisiae with MIC values
of 9.31 and 4.65 µg/mL

[262]
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Tussilago farfara (flower buds) Aqueous

Metal: Ag, Au
Shape: spherical
Size: 13.57 ± 3.26 nm
for AgNPs and
18.20 ± 4.11 nm
for AuNPs

Antibacterial activity: Against Escherichia
coli, Enterococcus faecalis, Pseudomonas
aeruginosa, and Staphylococcus aureus with
MIC values ranging from 10 to 40 µg/mL
for AuNPs and AgNPs samples
Anticancer activity: Against PANC-1 cells
with IC50 values 166.1 and 71.2 µM for
AgNPs and AuNPs, respectively. Against
AGS cell lines with IC50 values 338 and
77.9 µM for AgNPs and AuNPs,
respectively. Against HT-29 cell lines with
IC50 values 275.3 and 87 µM for AgNPs
and AuNPs, respectively

[263]

Celastrus paniculatus (leaves) Aqueous
Metal: Cu
Shape: spherical
Size: 2−10 nm

Antifungal activity: Against plant
pathogenic fungi Fusarium oxysporum with
showing 76.29 ± 1.52 maximum
mycelial inhibition

[264]

Pechuel-loeschea leubnitziae (roots) Methanol
Metal: Ag
Shape: spherical
Size: 100 nm

Anticancer activity: Against the U87
glioma cell line with an IC50 value in the
range of 0.64–0.71 µg/mL

[265]

Centaurea pumilio L. (aerial parts) Methanol
Metal: Ag
Shape: spherical
Size: 6 and 8 nm

Antimicrobial activity: Against
Stapholococcus aureus, Streptococcus
pyogenes, Pseudomonas aeruginosa,
Escherichia coli, and Candida albicans with
ZOI values 22, 17, 12, 12 mm and no
value, respectively.
Antioxidant activity: Through estimation
of SOD with activity in a
dose-dependent-manner on the 4th and
7th days and then decreasing on the
14th day

[266]

Artemisia turcomanica (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 22 nm

Anticancer activity: Against AGS (Human
Gastric Adenocarcinoma) and normal
L-929 cell lines with the IC50 value
15.43 and 14.56 µg/mL

[267]

Hagenia abyssinica (Brace) JF.
Gmel. (leaves)

Metal: Cu
Shape: spherical,
hexagonal, triangular,
cylindrical, and
irregularly shaped
Size: 34.76 nm

Antibacterial activity: Against Escherichia
coli, Pseudomonas aeruginosa, Staphylococcus
aureus, and Bacillus subtilis with ZOI 12.7,
12.7, 14.7, and 14.2 mm, respectively

[268]

Solanum nigrum (leaves) Aqueous
Metal: CuO
Shape: spherical
Size: 32 and 25 nm

Antioxidant activity: Evaluated by using
DPPH assay with 9–60% inhibition at
different concentrations from ranges 15,
30, 60, 125, 250, and 500 µg/mL
Antibacterial activity: Against Bacillus
subtilis, Staphylococcus, saprohyticus,
Escherichia coli, and Pseudomonas
aeruginosa with ZOI 13 ± 0.1, 11 ± 0.2,
15 ± 0.4, and 12 ± 0.6 nm, respectively, at
a concentration of 100 µg

[269]
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Solanum nigrum (leaves) Aqueous
Metal: ZnO
Shape: spherical
Size: 49 nm size

Antioxidant activity: Evaluated by using
DPPH (21–94% inhibition) andH2O2
scavenging (12–95% inhibition) assays at
15–500 µg/mL concentrations with IC50
values 130.54 and 126.14 µg/mL,
respectively.
Antibacterial activity: Against Bacillus
Subtilis, Staphylococcus saprohyticus,
Escherichia coli, and Pseudomonas
aeruginosa with ZOI 17, 15, 19, and 17 nm
at 100 µg concentration

[270]

Polyalthia longifolia (leaves) Aqueous
Metal: CuO
Shape: quasi-spherical
Size: 5–60 nm

Antibacterial activity: Against
Pseudomonas aeruginosa, Staphylococcus
aureus, Escherichia coli, and Staphyloccocus
pyogenes with MIC values 100, 12.5, 25,
and 125 µg/mL respectively
Antifungal activity: Aspergillus niger,
Epidermophyton floccosum, Aspergillus
clavatus, and Candida albicans with MIC
values 1000, 100, 1000, and 1000 µg/mL,
respectively

[271]

Limonia acidissima (fruits) Aqueous

Metal: MgO
Shape: flake-like
structure
Size: 10–15 nm

Antibacterial activity: Against Escherichia
coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, and Staphylococcus aureus with
MIC 0.25, 0.025, 0.25, and 0.025 µg/mL,
respectively
Antifungal activity: Against Alternaria
alternate and Phomopsis azadirachtae with
91.48% and 95.33% inhibitions,
respectively

[272]

Cardiospermum halicacabum
(leaves) Aqueous

Metal: ZnO
Shape: hexagonal
quartzite
Size: 65, 62, 55, and
48 nm

Antibacterial activity: Staphylococcus
aurius, Bacillus subtilis, Escherichia coli, and
Pseudomonas aeruginosa with ZOI
inhibition 20, 20, 21, and 19 mm at 0.6 mg
concentration, respectively

[273]

Oedera genistifolia (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 34.2 nm

Cytotoxicity: No cytotoxicity against
HeLa cells
Antibacterial activity: Against Listeria
ivanovic, Streptococcus uberis,
Staphylococcus aureus, Mycobacterium,
smergatis, Enterobacter cloacae, and Vibrio sp
with MIC values 1.0, 0.5, 0.5, 0.25, 0.5, and
0.25 mg/mL, respectively

[274]

Vernonia amygdalina (leaves) Aqueous

Metal: Cu, Zn
Shape: hexagonal
wurtzite
Size: 34 to 39 nm

Antibacterial activity: Against
Staphylococcus aureus, Pseudomonas
aeruginosa, and Escherichia coli with ZOI
values 21, 24, and 25 mm diameter,
respectively

[275]

Moringa oleifera (leaves) Aqueous
Metal: ZnO
Shape: quasi-spherical
Size: 35–95 nm

Antifungal activity: Against Candida
albicans, Aspergillus niger, Aspergillus
clavatus, Trichophyton mentographytes, and
Epidermophyton floccosum with MIC values
250, 250, 250, 100, and 100 µg/mL,
respectively

[276]
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Wedelia chinensis (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 31.68 nm

Antioxidant activity: Evaluated by using
DPPH and reducing power assay with a
maximum inhibition at 200 µg/mL and at
absorbance 0.81 ± 0.146
Antibacterial activity: Against Escherichia
coli and Listeria monocytogenes with ZOI
25.4 and 21.7 mm, respectively
Cytotoxic: Showed dose-dependent
cytotoxicity against Hep G2 cells with an
IC50 value of 25 µg/mL

[277]

Seripheidium quettense (leaves) aqueous
Metal: Ag
Shape: spherical
Size: 49.96–54.36 nm

Antibacterial activity: Bacillus subtilis,
Staphylococcus aureus, Staphylococcus
epidermidis, Escherichia coli, Pseudomonas
aeruginosa, and Kle sela pneumonia with
MIC 33.3, -, 100, 11.1, 100, and
33.3 µg/mL, respectively
Antifungal activity: Against Aspergillus
fumigatus, Aspergillus flavus, Aspergillus
niger, and Mucor spp., with ZOI 12 ± 0.33,
10 ± 0.41, 13.2 ± 0.72, and 11 ± 0.78 mm
diameter, respectively
Anticancer activity: Demonstrated
cytotoxic effects against HepG2 cells with
IC50 of 62.5µg/mL

[278]

Albizia procera (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 6.18 nm

Antibacterial activity: Escherichia coli and
Staphylococcus aureus with ZOI 13.5 ± 3.1
and 18.5 ± 6.75 at 100 µg
concentration dose

[279]

Cynara scolymus (Leaves) Aqueous
Metal: ZnO
Shape: spherical
Size: 65.9 nm

Antiproliferative activity: Against human
breast cancer cell line (MCF 7) and Vero
cells with IC50 values of 65.31 µg/µL and
957.85 µg/µL, respectively
Antimicrobial activity: Against
Staphylococcus aureus, Escherichia coli,
Pseudomonas aeruginosa, Candida albicans,
and Candida tropicalis with MIC50 > 7, 25,
>100, >100, and 0.35 µg/mL
concentrations, respectively

[280]

Mangifera indica (leaves) Aqueous

Metal: ZnO
Shape: spherical and
hexagonal quartzite
Size: 45–60 nm

Antioxidant activity: Evaluated by DPPH
assay with 20–90% inhibition at different
concentrations
Anticancer property: Evaluated
cytotoxicity against lung cancer A549 cell
lines with 85% cell viability at 1.0 µg/mL
concentration

[281]

Cissus arnotiana (leaves) Aqueous
Metal: Cu
Shape: spherical
Size: 60–90 nm

Antibacterial activity: Against Escherichia
coli, Streptococcus sp., Rhizobium sp., and
Klebsiella sp., with 22.20 ± 0.16,
20.23 ± 0.35, 16.33 ± 0.13, and
18.25 ± 0.12 at 75 µg mL concentration
Antioxidant activity: Evaluated by using
DPPH assay with % radical scavenging
activity 18 ± 1, 21 ± 2, 20 ± 8, 19 ± 6,
18 ± 2 at 20, 40, 60, 80, and 100 µg/mL
concentrations

[282]
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Tridax. procumbens (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 54.34 nm

Antioxidant activity: Evaluated by using
DPPH free radical scavenging activity
(60.96 ± 0.61% inhibition), metal chelating
activity (53.24 ± 0.56% inhibition), and
β-carotene linoleic
(85.26 ± 0.16% inhibition) assays
Antibacterial activity: against
Pseudomonas aeruginosa, Serratia marcescens,
Shigella fexneri, Salmonella typhi, Escherichia
coli, Proteus mirabilis, Klebsiella pneumonia,
Enterococcus faecalis, and Staphylococcus
aureus with ZOI inhibition ranges from
11 ± 1.00 to 15.33 ± 0.58 mm diameter
and MIC values from 11.43 to
102.8 µg/mL, respectively, for all the
strains, respectively

[283]

Taraxacum officinale (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 15 nm

Antioxidant activity: Evaluated by using
DPPH radical scavenging
((IC50 = 56.1 µg/mL), ABTS radical
scavenging (IC50 = 45.6 µg/mL), and
nitric oxide (NO) scavenging
(IC50 = 55.2 µg/mL) assays
Anticancer activity: Against human liver
carcinoma cells HepG2 cells with a
maximum inhibition at 25 µg/mL
Antimicrobial activity: Against
Xanthomonas axonopodis pv. citri and
Pseudomonas syringae with ZOI 17.2 ± 0.65,
20.2 ± 0.84, 22.0 ± 0.84 mm, and
15.4 ± 0.32, 17.2 ± 0.65, 19.5 ± 0.66 mm at
10, 20, and 30 µg/mL concentrations,
respectively

[284]

Tragopogon collinus (whole plant) Ethanol and
methanol

Metal: Ag
Shape: spherical
Size: 7–18 nm

Antibacterial activity: Against
Staphylococcus aureus with ZOI 2, 5, and
10 mm and Escherichia coli with ZOI 4, 7,
and 8 mm at 6000, 7000, and 8000 µg/mL
concentrations, respectively

[285]

Deverra tortuosa (aerial part) Aqueous

Metal: ZnO
Shape: hexagonal and
Wurtzite structures
Size: 9.26–31.18 nm

Anticancer activity: Against cancer cell
lines namely human colon
adenocarcinoma “Caco-2” with IC50
50.81µg/mL and human lung
adenocarcinoma “A549” with IC50
83.47 µg/mL, respectively

[286]

Pulicaria vulgaris Gaertn.
(aerial part) Aqueous

Metal: Ag
Shape: spherical
Size: 28.6 ± 9.0 nm

Antibacterial activity: Against
Staphylococcus aureus, and Escherichia coli
with MIC values ranging from 60 to
80 µg/mL and MBC values ranging from
80 to 100 µg/mL
Antifungal activity: Against Candida
albicans, and Candidia glabrata MIC values
ranging from 40 to 60 µg/mL and MCF
values ranging from 80 to 100 µg/mL
Antioxidant activity: Evaluated by using
DPPH radical scavenging assay with
maximum scavenging activity at
120 µg/mL concentration

[287]
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Rhododendron arboretum (leaves) Aqueous
Metal: MgO
Shape: spherical
Size: NA

Antibacterial activity: Escherichia coli,
Spectrococous mutans, and Proteus vulgaris
with ZOI 36 mm, 32 mm, and 24 mm at
10 mg/L concentration, respectively

[288]

Aegle marmelos (leaves) Aqueous
Metal: ZnFe2O4
Shape: spherical
Size: NA

Antibacterial activity: Against Escherichia
coli, Pseudomonas aeruginosa, Staphylococcus
aureus, and Bacillus subtilis with ZOI 17,
25, 22, and 23 nm

[289]

Costus pictus D.(leaves) Aqueous
Metal: MgO
Shape: hexagonal
Size: 50 nm

Antibacterial activity: Staphylococcus
aureus, Bacillus subtilis, Escherichia coli, and
Salmonella paratyphi with ZOI 5.5, 10.0,
12.5, and 15.0 mm
Antifungal activity: Candidia albicans and
Aspergillus niger with ZOI 10.5 and
12.5 mm
Anticancer activity: Against DLA cell line
with % inhibition 2 ± 0.152, 9 ± 0.025,
18 ± 0.174, 30 ± 0.035, and 52 ± 0.0.053 at
10, 20, 50, 100, and 200 µg/mL
concentrations, respectively

[290]

Tropaeolum majus L. (leaves) Aqueous
Metal: Ag
Shape: spherical
Size: 35–55 nm

Antibacterial activity: Against
Staphylococcus aureus, Enterococcus faecalis,
Escherichia coli, Salmonella typhi, and
Pseudomonas aeruginosa with MIC values
from 50 to 450 µg/mL
Antifungal activity: Aspergillus niger,
Candida albicans, Penicillium notatum,
Trichoderma viridiae, and Mucor sp. with
MIC values from 12 to 170 µg/mL
Anticancer activity: Against MCF7 and
VERO cells with 50% inhibition at 3–4 and
5–6 µg/mL concentrations, respectively.

[291]

Psidium guajava L. (leaves) Aqueous

Metal: Ag
Shape: spherical
Size: 20–35, 25 nm, and
25–35 nm

Antioxidant activity: Evaluated by using
DPPH (IC50 values of
52.53 ± 0.31 µg/mL) and ABTS (IC50
values of 55.10 ± 0.29 µg/mL) radical
scavenging assays
Antimicrobial activity: Saccharomyces
cerevisiae, Aspergillus niger, Rhizopus,
Alcaligenes faecalis, and Escherichia coli with
a maximum inhibition at 100 µg/mL
concentration.

[292]

Handelia trichophylla (flowers) Aqueous
Metal: Ag
Shape: spherical
Size: 20–50 nm

Antibacterial activity: Against
Staphylococcus aureus, Bacillus subtilis,
Escherichia coli, and Pseudomonas
aeruginosa with ZOI 10.2, 9.1, and 8.5 mm
for negative control as well as 16.3, 11.3,
11.3, and 9.8 mm for positive control,
respectively

[293]
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Pimpinella anisum (seeds) Methanol
Metal: Ag, Au
Shape: spherical
Size: ~15 nm

Antioxidant activity: Evaluated by using
DPPH assay with IC50 45.53 and
191.58 µg/mL for AgNPs and AuNPs
samples, respectively
Antibacterial activity: Against
Staphylococcus aureus and Escherichia coli
with ZOI 11 and 13 mm for AgNPs while
AuNPs were inactive against these strains
Antifungal activity: Against Aspergillus
flavus and Candida albicans with ZOI
10 and 11 mm for AgNPs while AuNPs
were inactive against these strains

[294]

Gundelia tournefortii L. (leaves) Aqueous
Metal: Au
Shape: spherical
Size: 40–45 nm

Antioxidant activity: Evaluated by using
DPPH assay with IC50 194 µg/mL
Antibacterial activity: Pseudomonas
aeruginosa, Escherichia coli, Bacillus subtilis,
Staphylococcus aureus, Salmonella
typhimurium, and Streptococcus pneumonia
with MIC values 2 ± 0, 4 ± 0, 2 ± 0, 2 ± 0,
2 ± 0, 4 ± 0 mg/mL, respectively
Antifungal activity: Candida albicans,
Candida glabrata, Candida krusei, and
Candida guilliermondii with MIC values
4 ± 0, 4 ± 0, 2 ± 0, 2 ± 0 mg/mL,
respectively

[295]

Plectranthus asirensis
(aerial parts) Ethanol

Metal: Ag
Shape: spherical
Size: 20 nm

Antioxidant activity: Evaluated by using
DPPH assay with IC50 12.725 ± 0.326 and
14.541 ± 0.225 µg/mL values for luteolin
and stigmasterol in extract, respectively

[296]

Harpagophytum procumbens
(roots) Aqueous

Metal: Ag
Shape: spherical
Size: 82 nm

Antioxidant activity: Evaluated by
chemiluminescence method for
short-lived free radicals (inhibition = 73%)
and ABTS method for long-lived free
radicals (inhibition = 18.3%) respectively

[297]

Hyacinthus orientalis L. and
Dianthus caryophyllus L. (leaves) Aqueous

Metal: Ag
Shape: spherical
Size: 61.45 and 89.6 nm

Antioxidant activity: Evaluated by
chemiluminescence method with
inhibition of free radicals ranging
between 88.30 and 97.38%

[298] *

Salvia officinalis L.
(leaves) Aqueous

Metal: Ag
Shape: spherical
Size: 75 nm

Antioxidant activity: Evaluated by
chemiluminescence method with
98.6% inhibition of free radicals

[299] *

Anthriscus cerefolium L.
(aerial part) Hydroalcoholic

Metal: Ag
Shape: spherical
Size: 10–15 nm

Antioxidant activity: Evaluated by DPPH
radical scavenging and
chemiluminescence method with
significant percentage inhibition (55–78%)

[300] *

* References for chemiluminescence method; NA: Not Available; mm: Millimeter; Ag: Silver; Cu: Copper; Fe: Iron;
Pd: Paladium; Ni: Nickel; FeO: Ferric oxide; ZnO: Zinc oxide; CuO: Copper oxide; MgO: Magnesium oxide; DPPH:
2,2-diphenyl-1-picrylhydrazyl; FRAP: Ferric ion reducing antioxidant power; F-C: Folin-Ciocalteu; CUPRAC:
cupric reducing antioxidant capacity; SNPAC: silver nanoparticle antioxidant capacity method; MIC: Minimum
Inhibitory Concentration; IC50: Half maximal inhibitory concentration; H2O2: Hydrogen peroxide; AgNPs: Silver
nanoparticles; AuNPs: Gold nanoparticles; PdNPs: Paladium nanoparticles; FeNPs: Iron nanoparticles; ZOI: Zone
of inhibition; SOD: Superoxide dismutase; NO: Nitric oxide.
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7. Future Outlooks and Directions

PDMNPs have a wide range of applications in the regulation of oxidative stress-
mediated disorders and diseases, according to recent research advances. Evidence from the
published literature suggests that PDMNPs could be used as novel and effective therapeu-
tics to treat diseases caused by oxidative stress. Due to the availability of diverse bioactive
compounds, medicinal plants and herbs have been utilized as traditional medicine for
thousands of years. This gives patients more treatment alternatives than are available with
synthetic medications. Particularly, PDMNPs facilitate the large-scale manufacturing of
therapeutic compounds and are environmentally safe, inexpensive, and toxin-free, making
this method advantageous for the long-term advancement of nanoscience. PDMNPs also
have a wide range of medicinal uses, including as an antioxidant, and with antibacterial,
antifungal, anticancer, antiplasmodial, and antidiabetic potentials. Additionally, they have
the ability to redox the biomolecular reactions in catalytic amounts. More work in the right
direction is needed to address the main problems during the synthesis and implementation
of PDMNPs as therapeutic agents, based on pharmacological applications. The key issues
are as follows:

• When produced through physical and chemical processes, nanoparticles are uniform
and homogeneous. However, synthesized by biological methods, PDMNPs are vari-
able in shape and size. Consequently, logical investigations need to be employed to
ensure the uniformity of particles.

• The exact amount of reducing agents (bioactive compounds) in plant extracts is un-
known if it is not standardized quantitatively. Therefore, plant extract should be
standardized qualitatively and quantitatively in order to maintain the homogeneity of
formed PDMNPs.

• PDMNPs are synthesized using metals, which may be toxic to the human body
if consumed in large quantities. Most reports do not include the toxicity profile
of synthesized PDMNPs, as well as biological studies. To address these issues of
the precise mechanism, distribution, toxicity, and adverse effects, comprehensive
pharmacokinetic studies are required extensively.

• The majority of PDMNP therapeutic applications and molecular mechanisms are
based on ROS generated during biological actions. Despite these studies, the negative
effects on normal cells/tissues lack a mode of action, which is one of the most pressing
issues that must be addressed accurately.

• Extensive clinical or in vivo research is also required to develop PDMNPs in the
appropriate dosage forms for the treatment of a variety of diseases.

• Despite ROS-mediated therapeutic actions, other modes of action of PDMNPs must
be investigated further in order to be effective against other diseases.

8. Conclusions

In this review, we summarized the synthesis, characterization techniques, and in-
depth evaluation of antioxidant, antimicrobial, and anticancer activities of PDMNPs over
the last five years. The challenges experienced in the synthesis of PDMNPs and how
they should be overcome, as well as their therapeutic activities mediated by oxidative
stress, were the main topics of this review. Moreover, we provided the ideal parameters
(extract concentration, incubation time, pH, and temperature) to use at the time of PDMNPs
synthesis in order to obtain high-yield, low-cost PDMNPs. Additionally, we have discussed
the molecular mechanisms of oxidative stress-mediated therapeutic actions along with
their findings in tabulated form. Furthermore, we have also highlighted the future outlooks
of metal NPs and the changes that must be made in order to develop PDMNPs as safe
biocompatible agents. Considering the above scientific benefits and drawbacks of PDMNPs,
researchers may fine-tune their research by simplifying their processes to develop such
types of PDMNPs as therapeutics against human diseases. Furthermore, in vivo or clinical
studies might be needed to evaluate the toxicity and performance of PDMNPs if they are
used as therapeutics for long-term use.
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Ag: Silver; AgNO3: Silver nitrate; Au: Gold; AFM: Atomic force microscopy; ABTS:
2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid; Au-CuONPs: Gold-Copper oxide
nanoparticles; Ag-ZnONPs: Silver zinc oxide nanoparticles; AGS: Gastric adenocarci-
noma; BHA: Butylated hydroxyanisole; BHT: Butylated hydroxytoluene; Cu: Copper; Co:
Cobalt; Cu(NO3)2: Cupric nitrate; CuSO4.5H2O: Copper sulfate pentahydrate; HAuCl4:
Chloroauric acid; CuO: Copper oxide; CT: Computed tomography; CV: Cyclic voltammetry,
CUPRAC: Cupric reducing antioxidant capacity; SKOV3: Cystadenocarcinoma; COLO205:
Cellosaurus cell line; CuO-ZnONPs: Copper oxide-zinc oxide nanoparticles; DLS: Dy-
namic light scattering; DNA: Deoxyribonucleic acid; DPPH: 2,2-diphenyl-1-picrylhydrazyl;
DU145: Dihydroflavonols; DLA: Dalton’s lymphoma ascites; EDX: Energy dispersive
X-ray spectroscopy; EAC: Ehrlich ascites carcinoma; Fe: Iron; FTIR: Fourier-transform
infrared; FE-SEM: Field emission scanning electron microscopy; FRAP: Ferric reducing
ability of plasma; FeO: Iron oxide; H2PtCl6: Chloroplatinic acid; H2O2: Hydrogen per-
oxide; HCT-116: Human colorectal carcinoma; HepG2: Hepatocellular; HT29: Human
colorectal; HeLa: Henrietta lacks; H37RV: Mycobacterium tuberculosis strain; IC50: Maxi-
mal half inhibitory concentration; MgO: Magnesium oxide; MDR: Multidrug resistance;
MRI: Magnetic resonance imaging; Mg: Magnesium; MIC: Minimum inhibitory concen-
tration; mmol/g: Milimole per gram; MCF-7: Michigan cancer foundation-7; MM418C:
Melanoma; MDA-MB-231: Metastatic breast; MIC: Minimum inhibitory concentration;
NPs: Nanoparticles; NiO: Nickel oxide; Ni: Nickel; NSCLC: Non-small cell lung cancer;
NCI/ADR: Adriamycin-resistant; NO: Nitric oxide; Pd: Palladium; Pt: Platinum; PDMNPs:
Plant-derived metal nanoparticles; PG: Propyl gallate; PET: Positron emission tomography;
P53: Protein-53; Pb: Lead; PC-3: Prostatic carcinoma; PANC-1: Pancreatic cancer cell; ROS:
Reactive oxygen species; RNA: Ribonucleic acid; RAW264.7: Macrophage cell line; SEM:
Scanning electron microscopy; SNPAC: Silver nanoparticles antioxidant capacity method;
SOD: Superoxide dismutase; Ti: Titanium; TEM: Transmission electron microscopy; 3D:
Three dimensional; TBHQ: Tertiary butyl hydroquinone; WHO: World Health Organization;
XRD: X-ray Diffraction; XPS: X-ray photoelectron spectroscopy; Zn: Zinc; ZnSO4: Zinc
sulfate; ZnO: Zinc oxide; ZnNO3: Zinc nitrate; ZnO: Zinc oxide; ZOI: Zone of inhibition;
ZnONPs: Zinc oxide nanoparticles; FRAP: Ferric reducing antioxidant power; TEAC:
Trolox equivalent antioxidant capacity; ORAC: Oxygen radical absorbance capacity; TOSC:
Total oxy radical scavenging capacity; TRAP: Total radical trapping antioxidant parameter.
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