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Nanobiotechnology has grown rapidly and become an integral
part of modern disease diagnosis and treatment. Biosynthesized
silver nanoparticles (AgNPs) are a class of eco-friendly, costeffective and biocompatible agents that have attracted attention
for their possible biomedical and bioengineering applications.
Like many other inorganic and organic nanoparticles, such as
AuNPs, iron oxide and quantum dots, AgNPs have also been
widely studied as components of advanced anticancer agents in
order to better manage cancer in the clinic. AgNPs are typically
produced by the action of reducing reagents on silver ions. In
addition to numerous laboratory-based methods for reduction of
silver ions, living organisms and natural products can be
effective and superior source for synthesis of AgNPs precursors.
Currently, plants, bacteria and fungi can afford biogenic AgNPs
precursors with diverse geometries and surface properties. In this
review, we summarized the recent progress and achievements in
biogenic AgNPs synthesis and their potential uses as anticancer
agents. Cancer is one of the leading causes of mortality, resulting
in one in six deaths (or 9.6 million people) in 2018 alone;
however, 70% of deaths from cancer occur in middle- and lowincome countries. Surgery, chemotherapy, radiation therapy and
hormone therapy are the most common approaches for cancer
treatment and management. In recent years, therapeutic and
diagnostic approaches based on nanotechnology have shown
potential to improve cancer therapy. Cancer nanotechnology
unfolded a newer horizon of interdisciplinary research across
chemistry, medicine, engineering and biology focusing on the
major advancement in cancer detection, diagnosis and treatment.
In recent years, nanoparticles (NPs) have gained an immense
scientific attraction due to their large surface area to volume ratio
and high reactivity with unmatchable properties. Recently,
nanotechnology-based anticancer drugs, such as Abraxane®
(Celgene, Summit, NJ, USA), Doxil® (Johnson & Johnson, New
Brunswick, NJ, USA) and Myocet™ (Perrigo, Dublin, Ireland),
have been approved by the US Food and Drug Administration
for clinical use.
Particles with at least one dimension smaller than 100 nm are
defined as NPs. Their physical (e.g., plasmon resonance and
fluorescent enhancement) and chemical (e.g., catalytic activity
enhancement) properties arise from their surface geometry,
which determines the area/volume ratio. When NPs diameter
decreases for a spherical particle, the surface area increases
proportionately to the square of diameter and there is a resulting
increase of surface activity compared to bulk materials with
larger dimensions. In some cases, a decrease in size combined
with an increase in the area can improve material
biocompatibility. Although nanotechnology is one of the most
promising research fields and is currently viewed as a frontier in
medicine, only a few nanoproducts are currently considered for
bio-application due to their potential toxicity and unknown

safety. Silver, a precious metal, has been widely used in medicine
since ancient times. Hippocrates, the father of modern medicine,
believed that silver could treat disease and promote wound
healing. It has fascinating material properties, which are costeffective as well as abundant in nature compared to other
precious metals. Previous studies revealed that the physical,
optical and catalytic properties of silver nanoparticles (AgNPs)
are strongly influenced by their size, distribution, morphologic
shape and surface properties. Hereafter, AgNPs have received
considerable attention from scientists for their unique properties.
Metallic NPs such as silver, gold and platinum NPs have been
widely tested in humans. For medicinal applications, NPs
synthesis must be biocompatible and either non-toxic or lowtoxicity protocols should be used. The most common method
which has been used to produce AgNPs is chemical synthesis,
recruiting reagents whose function is to reduce the silver ions and
stabilize the nanoparticles. However, these reagents are toxic and
may have potential health hazards. In addition, these production
methods are usually expensive and labor-intensive. To address
this issue, approaches for AgNPs synthesis through green
chemistry (such as the use of biologic sources) have shown great
promise recently. During the past decade, it has been
demonstrated that many biologic systems, including plants,
algae, bacteria, yeast and fungi can transform inorganic metal
ions into metal nanoparticles via the reductive capacities of the
proteins and metabolites present in these organisms. Biologic
methods of AgNPs synthesis have been reported using plants,
bacteria , fungi , seaweed , algae and lichen . These eco-friendly
methods can present alternatives methods to chemical and
physical syntheses of AgNPs. Physicochemical properties of
AgNPs can have a significant impact on their biologic activity,
therefore particle characterization is normally completed after
synthesis. In addition, AgNPs synthesized using biologic
approaches typically retain a homogenous chemical composition
with few defects. These AgNPs show promising activity against
a range of cancer cell lines. Such eco-friendly methods provide
alternatives to the traditional chemical and physical synthesis of
AgNPs for use in anti-cancer treatments.
AgNPs can cause cytotoxicity of the cancer cells by altering their
morphology and reducing the viability along with oxidative
stress in different cancer cells. In addition, AgNPs play a pivotal
role in tumor control via their cytotoxic effects The purpose of
this review is to provide an overview of the main published
studies concerning the use of biologic synthesis of silver
nanoparticles and the applications of these materials in different
cancer cell lines. Several biologic synthesis mechanisms of
AgNPs are discussed together with the importance of
biologically synthesized AgNPs on cancer cell lines. While
picking a drug material for the treatment of certain disease types
including cancer, hemocompatibility of that material should be
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kept in mind .Kwon et al. demonstrated the minimization of the
damage to membrane including hemolysis, potassium efflux,
protein leakage and alterations in cell shape and membrane
fragility by the use of AgNPs of specific shape and size
.Therefore, AgNPs have been evidenced to have great potential
in anti-cancer activity since they show selective participation in
the interruption of mitochondrial respiratory chain that leads to
the production of reactive oxygen species (ROS) and disruption
of adenosine triphosphate (ATP) synthesis, thus resulting in
nucleic acid damage. Various studies have established that
temperature, pH of the solution, precursor concentration, the
molar ratio of capping agent to that of precursor, the types of
reducing agents, the strength of chemical interaction between the
precursor and different crystallographic planes of AgNPs and the
synthesis method determine the size and shape of the AgNPs
.Depending on the synthesis methods, a range of particle sizes
and shapes (e.g., cubes, prisms, spheres, rods, wires, plates, etc.)
can be obtained . For instance, in the synthesis of AgNPs from
the bacteria Xanthomonas oryzae, spherical as well as triangular
and rod-shaped particles with an average size of 14.86 nm were
obtained depending on the experimental conditions, whereas
bacterial synthesis from Pseudomonas stutzeri AG259 resulted
in triangular and hexagonal particles with an average size of 200
nm. In the fungal synthesis from Fusarium acuminatum,
spherical AgNPs in the range of 5–40 nm (average size 13 nm)
was reported. On the other hand, AgNPs synthesis from the
fungus Trichoderma viride, spherical and sporadically rod-like
particles in the range of 10–40 nm at 27 °C. Decreasing the
temperature to 10 °C increased the particle size to 80–100 nm.
Studies have established that low reaction temperatures can
facilitate the formation of two- ldimensional nanostructures. To
underscore the range of sizes and shapes of AgNPs which plantbased green synthesis can yield, the study on Nelumbo nucifera
can be used as an example. Synthesis using the leaf extract of this
plant resulted in AgNPs with spherical, triangular, truncated
triangular and decahedral morphologies. Sizes of the particles
ranged between 25 and 80 mm averaging 45 m. Vilchis-Nestor
et al. reported more spherical and larger AgNPs under ambient
conditions with the increase in the concentration of the Camellia
sinensis (green tea) extracts. Both “top-down” and “bottom-up”
approaches can be adopted for NPs synthesis, including AgNPs
. A top-down approach involves reducing particle size of an
appropriate starting material until NPs are obtained. Different
physical and chemical processes like ball milling, chemical
etching, laser ablation and sputtering are known top-down
approaches. However, a major drawback of top-down
approaches is the occurrence of surface defects on the NPs.
Conversely, a bottom-up approach produces NPs by assembling
smaller entities like atoms, molecules or particles to assemble the
NPs. Bottom-up methods are typically chemical or biologic in
nature (e.g., sol-gel processes, spray pyrolysis, electrochemical
precipitation and laser pyrolysis).

The downside of most AgNPs synthesis protocols involving
chemical and physical methods include associated high cost and
the use of toxic and potentially hazardous materials which may
pose environmental and biologic threats. NPs produced through
chemical synthesis are often not suitable for medical applications
because of toxic substances absorbed onto the NPs surfaces.
Commercial AgNPs have to be handled and must be costeffective for practical purposes. Therefore, alternative synthetic
methods are required that are environmentally sound and
economically feasible. The pursuit of such methods has led to the
investigation of biologic processes for synthesis. In biologic
synthesis of AgNPs, molecules produced by living organisms
(e.g., bacteria, fungi or plants), act as reducing and stabilizing
agents. The microbial enzymes or the plant phytochemicals
possessing antioxidant or reducing properties are mainly
responsible for NP biologic synthesis. However, enzymes are not
always necessary for bacterial synthesis of AgNPs. For example,
non-enzymatic intracellular synthesis was reported in
Lactobacillus A09, where Ag+ reduction occurred on the
bacterial cell surface Gram-positive bacterial cell walls, such as
those of Lactobacillus A09, contain numerous anionic surface
groups. These groups can provide silver ion biosorption sites
Ag+ on Lactobacillus A09, suggesting competition between
proton and silver ion binding to negatively charged sites].
Potentially an increase in pH can open bacteria cell wall
monosaccharide rings and oxidize these moieties to open-chain
aldehydes. At the same time, dissociation of protons from
protonated anionic functional groups (–RH) creates negatively
charged Ag+ adsorption sites on the cell surface. The twoelectron released while forming the aldehyde group from an
alcohol can reduce Ag+ ions to elemental Ag0. The steps
involved in the bacterial synthesis of AgNPs are mediated
through glucose ring-opening. Plant extracts have been used for
AgNPs synthesis and can be superior to bacterial and fungal
synthetic systems due to their availability, low toxicity and
safety. A wide range of extracted phytochemicals can rapidly
reduce silver ions. Reduction can be rapid compared to microbial
fermentation, as this approach can avoid lengthy sterile cellculture under controlled Furthermore, plant extracts can act as
both reducing and stabilizing agent during AgNPs synthesis.
Approaches of reduction with plant extracts can be applied to
other metallic NPs The plant source determines the properties of
the AgNPs. The concentration of individual phytochemicals and
combinations of phytochemicals present vary considerably in
extracts depending on the plant source. Therefore, AgNPs’
properties can be selected by controlling the extract composition.
The biosynthesis of AgNPs by plant extracts commonly involves
mixing of an aqueous solution of silver nitrate with an aqueous
plant extract. Typical reactions take place at room temperature
and requires only a few minutes to complete.
Numerous phytochemicals have been identified that are capable
of producing AgNPs. As examples, flavonoids, terpenoids,
terpenes, flavones, phenolics, polysaccharides, saponins, tannins
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and alkaloids have all been used for AgNPs synthesis.
Phytochemical functional groups, such as hydroxyl, aldehyde,
ketone, carboxyl and amino groups are capable of reducing Ag+
ions. Due to the diversity of phytochemicals the exact
mechanism of AgNPs synthesis varies. However, the chief
mechanism is the reduction of Ag+ ions by specific functional
groups. For example, Punica granatum peel extract contains the
flavonoids- kaempferol and naringin along with their glycosides.
All of these compounds have hydroxyl (–OH) groups that cause
the reduction of the Ag+ ions, resulting in the formation of
AgNPs

