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I. INTRODUCTION 

Application of nanoparticles in the field of medicine (e.g., 
antimicrobials (Maria et al., 2015), biosensing (Varghese et 
al., 2020), imaging (Mukherjee et al., 2014), bioremediation 
(Salvadori et al., 2022), cosmetics (Gajbhiye and 
Sakharwade, 2016), among others) has risen exponentially 
in the last two decades. Nanoparticles are particles whose 
size ranges from 1-100 nm (Tiquia-Arashiro and Rodrigues, 
2016). They have emerged as a very important aspect of 
modern medicine, as their applications range from imaging 
to carriers for gene delivery in individual target cells (Annu 
et al., 2018). Several nanoparticles have multifunctional 
characteristics such as iron oxide nanoparticles, which are 
useful in intrinsic imaging as well as in drug delivery 
(Sharma et al., 2016; Kang et al., 2015).  

 Theranostics, a novel integration of ‘diagnosis’ and 
‘therapeutics’ is emerging as a safe, targeted, and efficient 
pharmacotherapy that focuses on patient-centred care. The 
term ‘Theranostics’ was coined by John Funkhouser. It is a 
new field of medicine that delivers a transition from 
conventional medicinal practices to the contemporary 
personalized and precision medicine approach. Theranostics 

deals with a specially tailored treatment plan based on the 
uniqueness of each individual and hence, aids in the 
prescription of the right drug and treatment protocol for 
patients under investigation yielding a cost-effective and 
efficient treatment approach (Jeelani et al., 2014).  

To incorporate the versatile benefits of nanoparticles in 
theranostics, ‘theranostic nanoparticles’ were developed. 
These ‘theranostic nanoparticles’ have a wide range of 
applications in the diagnostic arena that includes optical 
imaging, magnetic resonance imaging (MRI), ultrasound, 
computed tomography, and nuclear imaging (single-photon 
computed tomography and positron emission tomography) 
(Zavaleta et al., 2018). Current nanoparticle technologies in 
the therapy area include drug delivery in cancer patients by 
liposome-based nanomaterials, neurodegenerative disease 
therapy, HIV/AIDS therapy, ocular disease therapy, and 
respiratory disease therapy (Annu et al., 2018). In an ideal 
scenario, such theranostic nanoparticles should accumulate 
rapidly and particularly in targeted tissues, efficiently carry 
out drug delivery without damaging other organs and clear 
out from the body after a suitable period as nontoxic by-
products. This trend of combining therapy and diagnostics is 
leading to greatly improved personalized disease 
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management (Abel et al., 2015). The process can be 
optimized by building more compatible and elaborately 
designed nanosystems to improve targeting strategies. 
Theranostics that utilize particles at the nanoscale level have 
been devised to fabricate a single agent that is a combination 
of two radioactive drugs; one used for diagnosing the 
disease and the other used for delivering specialized target 
therapy to initiate treatment (Zavaleta et al., 2018).  

Various types of nanoparticles including gold, platinum, 
iron, and iron oxides amongst many others have been 
recognized for their role in different biomedical functions. 
The rapid and broad range development and the improved 
practical potential of metallic nanoparticles specifically, has 
made them an excellent choice in therapeutics, especially in 
the field of diagnosis, imaging, among others (Azizi et al., 
2017). Bio-synthesized silver nanoparticles (b-AgNPs) have 
been the focal point of several research studies due to their 
display of versatility and multifunctional biological 
activities (Mukherjee et al., 2014). Silver nanoparticles 
exhibit an optical effect that depends on the shape and size 
of the nanoparticles called localized surface plasmon 
resonance (LSPR) which enables them to have a range of 
applications (Abel et al., 2017; Kelly and Johnston, 2014). 
Silver nanoparticles of small sizes have a very large surface 
area to volume ratio that allows the attachment and 
coordination of a large number of ligands, making them a 
suitable catalyst (Cassano et al., 2018). b-AgNPs exhibit 
enhanced antibacterial and anti-cancer activities towards 
cancer cells like human lung cancer cell lines, mouse 
melanoma cell lines, and human breast cancer cell lines 
among others. These nanoparticles also exhibit 
biocompatibility towards multiple human cells making them 
a suitable drug delivery vehicle. b-AgNPs have been shown 
to display a unique bright red fluorescence that aids in the 
process of diagnosis and imaging by detecting the 
localization of drugs in oncogenic cells and tumor cells 
(Mukherjee et al., 2014). Along with their biomedical 
versatility, silver nanoparticles are also more economical 
than gold nanoparticles, as the cost of production is low and 
accessibility is more. Biosynthesis of nanoparticles involves 
using novel methods that are non-hazardous to the 
environment and further reduces the production costs 
(Parveen et al., 2016). The current review aims to provide 
comprehensive detail about green synthesized silver 
nanoparticles and their potential application as theranostic 
nanoparticles.  
 

II. GREEN SYNTHESIS OF SILVER NANOPARTICLES AND 
THEIR THERAPEUTIC APPLICATIONS 

Nanoparticles are commonly synthesized using three 
methods viz. (i) Physical method (ii) Chemical method and 
(iii) Biological method. Chemical methods of nanoparticle 
synthesis involve using organic and inorganic reducing 
agents. Physical methods involve techniques like 
evaporation-condensation and laser ablation for synthesizing 
nanoparticles. This method has been proven to be beneficial 
over chemical methods due to the synthesis of uniformly 
distributed nanoparticles and comparatively less incidence 
of contamination and environmental pollution as non-toxic 
solvents are involved (Iravani et al., 2014). Although 

physical and chemical methods are easier to perform, these 
methods pose a threat to the environment due to the 
extensive use of toxic chemicals as reducing and stabilizing 
reagents that are non-biodegradable (Vanaja et al., 2014). 
On the other hand, the biological method or green synthesis 
of nanoparticles uses biological sources as reducing and 
capping agents. This method exhibits less toxicity and high 
efficacy (Nethi et al., 2020). Thus, green synthesis is 
considered to be an attractive approach due to its ease of 
production, affordability, and eco-friendly nature (Vanaja et 
al., 2014). This approach utilizes organisms like bacteria, 
fungi, and plants as a source of reducing agents for 
synthesizing different metallic nanoparticles such as gold, 
silver, cadmium, magnetite, copper, lead, palladium, zinc 
oxide nanoparticles among others (Iravani et al., 2014; Bilal 
et al., 2017). Among the different biological methods, plant 
extracts are considered to be a more viable option due to 
their ease of maintenance, biosafety, high availability, and 
cost-effectiveness (Parveen et al., 2016; Kadam et al., 
2020).  

Plant-mediated green synthesis of nanoparticles is a green 
chemistry approach that unites the concept of 
nanotechnology with phytochemistry (Parveen et al., 2016). 
Additionally, the vast availability of plants facilitates the 
large-scale production of plant extracts which serve as the 
reducing agent in nanoparticle synthesis. Plant extracts 
contain polyphenols and protein constituents which are 
known to have reducing properties. This ensures the least 
usage of hazardous chemical reducing agents, thereby 
reducing the level of toxicity involved in synthesizing such 
nanoparticles (Mukherjee and Patra, 2017). One of the 
earliest approaches of plant-based synthesis of silver 
nanoparticles was with Alfalfa sprouts, owing to their ability 
to absorb Ag from the agar medium and subsequently 
transfer it to the shoot region of the plant without any 
change in the oxidation state. Once reaching the shoot 
region, these Ag atoms would arrange themselves into 
nanoparticles by uniting in bundles and forming larger 
constituents (Gardea-Torresdey et al., 2003; Rauwel et al., 
2015). Mukherjee et al. (2014) showed that silver 
nanoparticles could be synthesized from Olax scandens in a 
single-step process. These b-AgNPs exhibited not only 
theranostic ability towards cancer cells but also showed anti-
bacterial properties and fluorescence facilitated imaging. 
Seriphidium quettense along with varying concentrations of 
AgNO3 was utilized for the green synthesis of silver 
nanoparticles (Sq-AgNPs) which were then evaluated for 
their anti-bacterial, anti-cancer, anti-fungal as well as 
biocompatibility. The Sq-AgNPs exhibited anti-bacterial 
activity towards a wide range of bacteria including 
Escherichia coli, Klebsiella pneumonia, and Bacillus 
subtilis. Sq-AgNPs also proved to be highly efficacious in 
prohibiting the proliferation of human liver cancer cells. The 
results of the hemolytic assay revealed that these 
nanoparticles were highly biocompatible even at high 
concentrations making them ideal drug delivery agents 
(Oasim et al., 2019). b-AgNPs synthesized from the leaf 
extract of Butea monosperma showed anti-proliferative 
activity towards cancer cells like B16F10, MCF-7 and were 
found to be biocompatible with the normal cells (Patra et al., 
2015). Zizyphus xylopyrus bark extract was used to 
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synthesize silver nanoparticles that could be used as 
efficient drug delivery systems due to their biocompatibility 
with the host cells (Maria et al., 2015). The mycelia extract 
of fungal precursors such as Ganoderma neo-japonicum was 
also employed for the synthesis of silver nanoparticles to 
target the cell viability and membrane leakage system of 
human breast cancer cells. The consecutive treatment of 
MDA-MB-231 breast cancer cells with varying 
concentrations of b-AgNPs revealed that the cell viability of 
the cancer cells was prohibited and cell damage was 
observed due to membrane leakage induced by these AgNPs 
(Gurunathan et al., 2013). M. J. Ahmed et al. (2019), tested 
the therapeutic potential of the plant Jurinea dolomiaea 
against cervical cancer cell lines (HeLa) and breast cancer 
cell lines (MCF-7). This in- vitro study of cytotoxic 
properties of silver nanoparticles synthesized from the leaf 
extract of J. dolomiaea not only proved its anti-cancer 
potential but also the antioxidant properties possessed by the 
plant. The apoptosis study also proved the high 
biocompatibility levels of these b-AgNPs as compared to 
Cisplatin, a common chemotherapeutic drug (Ahmed et al., 
2019). The anti-cancer potential and apoptotic activity of 
silver theranostic nanoparticles synthesized using Fagonia 
indica against human breast cancer cells were studied by 
Ullah et al. (2020). Different mechanistic assays like 
Acridine orange/Ethidium Bromide (AO/EB) assay, DAPI 
assay, and Annexin V/PI assay were used to study and 
unveil the mechanism of action of these b-AgNPs. It was 
found that the b-AgNPs triggered the activation of caspases 
3 and 9, which caused morphological changes in the plasma 
membrane of the cancer cells, leading to nuclear 
condensation followed by apoptosis (Ullah et al., 2020). The 
wide variety of plants used for the green synthesis of silver 
nanoparticles exhibits the vast and unexplored potential of 
these silver nanoparticles in the area of theranostics.  

The anti-diabetic and cardioprotective potential of silver 
nanoparticles synthesized from the plant Syzygium cumini 
were tested by Atale et al. (2017), The results of this study 
concluded that S. cumini derived silver nanoparticles were 
efficacious in suppressing glucose-induced cardiac stress. 
The mechanism of action was found to be the maintenance 
of the cellular integrity and reduction in the oxidative stress 
(Atale et al., 2017).  

Zeedan et al. (2020), conducted an in-vivo and in-vitro 
experiment to test the anti-viral effects of silver 
nanoparticles synthesized from olive leaves and natural 
honey. The antiviral efficacy was tested using MDBK cell 
culture and experimental animals. These green AgNPs were 
found to protect the MDBK cell culture and the 
experimental animals from the BoHV-1 (bovine alpha 
herpesvirus 1) proving their antiviral potential. b-AgNPs 
synthesized from Oscillatoria sp. and Spirulina platensis 
were checked for their antiviral property and were found to 
be highly effective against the Herpes Simplex virus (El-
Sheekh et al., 2020). 

 

III. APPLICATIONS OF GREEN SYNTHESIZED SILVER 
NANOPARTICLES IN CANCER THERAPY 

According to a WHO report in 2018, cancer is one of the 
leading causes of death worldwide (Aziz et al., 2019). 

Cancer therapy mostly includes surgery, chemotherapy, and 
radiation therapy and is widely known to have harsh side 
effects such as increased toxicity, damage of healthy cells, 
and tumor recurrence (Cherukula et al., 2016). Three of the 
most common cancers include lung cancer, breast cancer, 
and colon cancer, of which lung cancer has the highest 
fatality rate. The primary cause of cancer is uncontrolled 
cell growth and proliferation induced due to variations in 
gene expression and subsequent metastasis of the tumor 
cells to distant tissues and organs (Aziz et al., 2019; 
Balakumaran et al., 2015). The urgent need for specialized, 
targeted therapy arises as a result of long-term adverse 
effects induced by anti-cancer drugs in the systemic 
circulation and poor prognosis of such treatment procedures 
(Yhee et al., 2014). 

The use of biosynthesized silver theranostic nanoparticles 
for cancer therapy can prove to be an effective, alternative 
approach to the conventional methods used for cancer 
treatment (Cherukula et al., 2016). Nanoparticles possess 
immense potential in specialized cancer therapy due to their 
unique physical, chemical, and biomedical properties which, 
as mentioned earlier, are attributed to their small size, large 
surface area, and diverse pharmacological properties, for 
instance, biocompatibility, cancer-killing ability, as imaging 
facilitators among others (Yhee et al., 2014). Biosynthesized 
silver theranostic nanoparticles have gained attention due to 
their role in cancer diagnosis and alternative targeted drug 
delivery systems (Karmous et al., 2020; Madamsetty et al., 
2019). These nanoparticles either damage tumor cells and 
oncogenes or protect healthy cells from cancerous cells 
using mechanisms that employ the antioxidative and 
antitumor properties found in plants (Karmous et al., 2020). 
The mechanism of action differs in different b-AgNPs based 
on their plant precursors. This mechanism ranges from cell 
cycle arrest, inhibition of angiogenesis, membrane damage, 
and leakage, DNA damage, mitochondrial destruction, 
misfolding of proteins, apoptotic cell death, among others 
(Aziz et al., 2019; Gurunathan et al., 2013; Mukherjee et al., 
2014; Patra et al., 2015; Ullah et al., 2020; Liang et al., 
2015; Kuppusamy et al., 2016). The choice of plant species, 
type of extract, and concentration of phytochemicals are of 
prime importance during the synthesis of nanoparticles. A 
rise in metal concentration or leaching of trace elements 
from biosynthesized metal nanoparticles can cause an 
increase in oxidative stress which can, in turn, increase the 
risk of cancer (Karmous et al., 2020). 

A. Role of b-AgNPs as theranostics in Breast Cancer 
Therapy 
Breast cancer, a type of adenocarcinoma, is the second 

most commonly occurring cancer in the world and also a 
major cause of cancer deaths among women (Gurunathan et 
al., 2013; Jemal et al., 2002). MDA-MB-231 and MCF-7 
are two of the most commonly studied human breast cancer 
cell lines (Gurunathan et al., 2013). 

Silver nanoparticles have been shown to display 
promising results in inhibiting cell growth of breast cancer 
cells in-vitro. S. Dinparvar et al. (2020), b-AgNPs from the 
seed extract of the plant Cuminum cyminum and checked its 
efficacy against human breast cancer cell line MCF-7 and 
human breast metastatic cancer cell line AU565. The action 
of chemically synthesized AgNPs and b-AgNPs was 
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compared by a cytotoxic analysis and an anticancer study. b-
AgNPs were not only non-toxic but also exhibited strong 
inhibitory effects against human breast cancer cell lines at 
0.25 and 0.5 µg /ml. Both b-AgNPs and chemically 
synthesized AgNPs showed strong inhibition against cancer 
cells, but b-AgNPs proved to be far less cytotoxic than the 
latter (Dinparvar et al., 2020). Jeyaraj et al. (2013) used 
Sesbania grandiflora leaf extract as a substitute for a 
reducing agent while biosynthesizing AgNPs to check their 
inhibitory action against human breast cancer cell line MCF-
7. MTT, AOEB, Hochest, and COMET assays proved the 
effective anti-proliferative effect of these b-AgNPs against 
MCF-7. Cell damage was induced by multiple pathways 
including membrane damage, increase in oxidative stress, 
and apoptosis (Jeyaraj et al., 2013). In a similar study 
conducted by Ramar et al. (2015), Solanum trilobatum was 
used to synthesize silver nanoparticles and tested for in-vitro 
anticancer effect on MCF-7 cell line and was proven to be 
extremely effective (Ramar et al., 2015). Cytotoxicity 
studies conducted on b-AgNPs synthesized from the root 
extract of Rheum emodi also showed their anti-cancer 
activity against MCF-7 in a dose-dependent manner 
(Sharma et al., 2015). Heydari and Rashidipour (2015), used 
the extract of Oak fruit hull for the preparation of silver 
nanoparticles and tested their cytotoxicity against MCF-7 
cell line. Silver nanoparticles synthesized from Melia dubia 
leaf extract by Kathiravan et al. (2014), showed phenomenal 
anticancer activity against human breast cancer cell line KB. 
Piper longum fruit used by Reddy et al. (2014), to prepare 
b-AgNPs showed strong anti-cancer activity against the 
MCF-7 cell line. b-AgNPs synthesized from the aqueous 
extract of Citrullus colocynthis showed active anti-cancer 
activity against multiple cancer cell lines including MCF-7 
(Shawkey et al., 2013).  

Analysis of cytotoxicity of b-AgNPs synthesized from 
Fagonia indica was conducted using the MTT cell viability 
assay (3-(4,5-Dimethylthiazol-2-Y1)-2,5-
diphenyltetrazolium bromide). The results displayed that the 
inhibition in the growth of in-vitro cultured breast cancer 
cells was influenced by the concentration of b-AgNPs. 
Alteration in nuclear chromatin morphology and apoptosis 
were studied using the DAPI assay and Annexin V/PI flow 
cytometric assay. The results showed that the nanoparticle-
treated cells had a distinct bright colour, abnormal nuclei, 
and condensed chromatin with irregular cell structure (Ullah 
et al., 2020). These results were in accordance with previous 
research work on the influence of green synthesized 
theranostic nanoparticles on MCF-7 cell lines (Venugopal 
and Rather et al., 2017; Bhattacharyya et al., 2008; 
Kathivaran et al., 2014). The AO/EB assay exhibited the 
mechanism of action of membrane damage of the MCF-7 
cells (Ullah et al., 2020; Venugopal et al., 2017). The b-
AgNPs treated cells showed shrinkage, membrane blebbing, 
and nuclear fragmentation leading to cell damage and 
subsequent apoptosis (Ullah et al., 2020; Patra et al., 2015). 
Annexin V/Propidium Iodide apoptosis detection assay 
conducted by several researchers indicated the possibility of 
inducible apoptosis via autophagy, mitochondrial 
dysfunction, lipid peroxidation and arresting of the cell 
cycle (Ullah et al., 2020; Liang et al., 2015; Venugopal et 
al., 2017; Kikuchi et al., 2012). Previous studies have 

shown that b-AgNPs inactivate caspases which are known to 
be involved in apoptosis and sometimes cause inflammation 
(Mukherjee et al., 2014). The formation of reactive oxygen 
species (ROS) induces oxidative stress on the cell which 
causes malfunction of various cell components, cell cycle as 
well as DNA damage, endoplasmic reticulum stress 
conditions, and misfolding of proteins (Mukherjee et al., 
2014; Ullah et al., 2020; Kikuchi et al., 2012; Azizi et al., 
2017). All the results indicate a positive response towards 
green synthesized silver nanoparticle therapy against breast 
cancer cells and a definitive need for further research and 
development in this field. 

B. Role of b-AgNPs as theranostics in Lung Cancer 
Therapy 
Lung cancer, another type of adenocarcinoma, prevails to 

be a major public health hazard and the most fatal cancer-
causing maximum deaths worldwide (Barabadi et al., 2020). 
Lung cancer screening and diagnosis are usually done with a 
computerized tomography (CT) scan. Venkatesan et al. 
(2014) biosynthesized silver nanoparticles from Rosa 
damascena and checked their efficacy against human lung 
cancer cell line A549. These nanoparticles were not only 
hemocompatible but also exhibited anti-cancer activity 
against human lung cancer, although the mechanism is 
unclear (Venkatesan et al., 2014). Another study conducted 
by Khanra et al. (2015), involved the biosynthesis of silver 
nanoparticles using the leaf extract of Scoparia dulcis and 
checking its anti-proliferative efficacy against the A549 cell 
line. Along with having high antimicrobial activity S. dulcis 
also showed anti-cancer activity against A549 and PA-1 
(human ovary cell line) making it a promising therapeutic 
agent in the future (Khanra et al., 2015). b-AgNPs 
synthesized from a seagrass Cymodocea serrulata also 
showed high cytotoxic potential and anticancer activity 
against A549, making it a candidate as a non-toxic cancer 
therapy agent (Palanippan et al., 2015). Khanra et al. 
(2016), used Croton bonplandianum Baill. leaves to prepare 
AgNPs and evaluate their anti-cancer activity against A549. 
The MTT assay revealed the strong anti-cancer potential of 
b-AgNPs and, it was found that the nanoparticles acted by 
reducing ATP content due to mitochondrial damage. This 
further increased the production of ROS species leading to a 
rise in oxidative stress (Khanra et al., 2016). b-AgNPs 
prepared from Olax scandens also exhibited enhanced anti-
cancer activity against the A549 cell line (Mukherjee et al., 
2014). One of the notable studies on in-vitro and in-vivo 
applications of b-AgNPs against lung cancer showed that 
AgNPs significantly suppressed proliferation of H1299 lung 
cancer cell lines and tumor growth in xenograft severe 
combined immunodeficient mouse model. Further, the 
AgNPs also induced apoptosis in a dose-dependent manner 
by increasing caspase 3 and surviving levels (He et al., 
2016). Silver nanoparticles extracted from Punica granatum 
exhibited strong anti-cancer activity by cell growth 
inhibition of the A549 cells (Annu et al., 2018). MTT cell 
viability assay conducted by various researchers in diverse 
projects confirmed no cytotoxic effects on normal cell 
growth and non-proliferative nature for cancerous cells 
(Annu et al., 2018; Mukherjee et al., 2014; Venugopal et al., 
2017). b-AgNPs have different mechanisms of action that 
enable them to curb the growth of cancerous cells, one of 
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them being creating oxidative stress and activation of 
apoptosis pathway by upregulation of the p53 protein 
(Mukherjee et al., 2014; Mei et al., 2012; Gurunathan et al., 
2013; Fridman and Lowe, 2003). DNA damage in A549 
cells was also a frequently observed side effect caused due 
to interruption of the mitochondrial respiratory chain as well 
as arresting the cell cycle at the G2/M phase (Mukherjee et 
al., 2014; Annu et al., 2018). Oxidative stress was generated 
by using H2O2 which helped in measuring the intracellular 
ROS scavenging that led to the malfunctioning of cellular 
organelles (Annu et al., 2018). It can be easily concluded 
that b-AgNPs have huge unexplored potential in the field of 
lung cancer theranostics.  

C. Role of b-AgNPs as theranostics in Colon Cancer 
Therapy 
Colon cancer is the third most common cancer 

worldwide. Almost 10% of cancer deaths are caused by 
colon cancer and the diagnosis is confirmed by colonoscopy, 
stool DNA test, Sigmoidoscopy, or Guaiac based fecal 
occult blood test. P. Kuppusamy et al. (2016), made use of 
an aqueous extract of Commelina nudiflora to synthesize 
AgNPs and study their anti-colon cancer properties. The b-
AgNPs exhibited reduced cell viability coupled with 
increased cell cytotoxicity in HCT-116 colon cancer cells. In 
the same study, the mRNA gene expression in the HCT-116 
cells was analyzed. Interestingly, it was observed that the 
expression of pro-apoptotic genes coding for Caspase 3, 
Caspase 8, and Caspase 9 was more upregulated in HCT-
116 cell lines that were treated with the b-AgNPs as 
compared to those treated with a normal chemotherapeutic 
drug, Cisplatin (Kuppusamy et al., 2016).  

b-AgNPs synthesized from Pimpinella anisum seeds have 
also showed high cytotoxicity and reduced cell viability in 
HT115 colon cancers (AlSalhi et al., 2016). Anti-cancer 
activity of Rosa indica was analyzed against HCT15 colon 
cancer cells, and was found to be a good anti-cancer agent 
as it reduced cancer cell viability, Bcl-2 expression, 
increased Bax levels, and caspase 3 and caspase 9 activities 
that induce apoptosis (Manikandan et al., 2015). Another 
study utilized leaf extract of Vitex negundo for synthesizing 
AgNPs and studied their efficacy against HCT15. The 
results of the MTT cell viability showed strong inhibition of 
cancer cell proliferation. The nuclear morphology study 
using propidium iodide staining showed an increase in 
apoptosis and cell cycle arrest at G0/G1 and G2/M phases 
(Prabhu et al., 2013). Gymnema sylvestre was used by 
Arunachalam et al. (2015), to prepare b-AgNPs to study and 
analyze their potential anticancer activity against HT29 
human colon cancer cell line. They found that once the 
nanoparticles penetrated the cell by various mechanisms like 
phagocytosis, pinocytosis, and endocytosis, DNA damage 
and apoptosis (Arunachalam et al., 2015). All these findings 
point towards the promising applications of green 
synthesized silver theranostic nanoparticles in combating 
cancer.  

D. Role of b-AgNPs as theranostics in other forms of 
cancer 
Biosynthesized theranostic AgNPs prepared from a wide 

variety of plants are also being studied for their role in 
cancer therapies for many different types of less common 

cancers. Jeyaraj et al. (2013), used b-AgNPs synthesized 
from Podophyllum hexandrum to check its cytotoxic 
efficacy and to study the role of caspases in apoptosis on the 
human cervical cancer cell line, HeLa. It was found that 
these nanoparticles could selectively target and inhibit the 
cell cycle and mechanism of HeLa cells by inducing DNA 
damage and caspase-induced cell death (Jeyaraj et al. 2013). 
Heliotropium indicum was used to synthesize silver 
nanoparticles whose anti-cancer efficacy was checked 
against HeLa cancerous cells. Results of the MTT assay 
revealed that these b-AgNPs successfully inhibited the 
growth of HeLa cells in a dose and time-dependent manner. 
Their anti-cancer activity was attributed to their amphiphilic 
and membrane penetrative nature as well as their ability to 
induce a state of hypoxia in the cells (Vijjstella, 2014). 
Sukirtha et al. (2012), used Melia azedarach to synthesize 
b-AgNPs for an in-vitro study of their effect on HeLa cancer 
cells. The anti-cancer activity of the nanoparticles was found 
to be in a dose-dependent manner with a lethal dose value of 
300µg/ml against the HeLa cell line (Sukirtha et al., 2012). 
Mishra et al. (2012), studied the anti-cancer effect of 
Azadirachta indica b-AgNPs on the SiHa cervical cancer 
cell line. They reported the vast anti-cancer potential of A. 
indica along with it being a very cost-effective anti-cancer 
therapeutic agent as well.  

Detailed study of laryngeal cancer therapy was also done 
by researchers. Devi and Bhimba (2012), used the seaweed 
Ulva lactuca to biosynthesize silver nanoparticles and test 
their anticancer efficacy against Hep-2 laryngeal cancer cell 
line. The potential anti-proliferative effect of b-AgNPs 
against Hep-2 cells was confirmed and was found to be 
nontoxic to the normal cells (Ahmad et al., 2010). The 
biomedical potential of the plant Citrullus colocynthis was 
tested against Hep-2 cell line by Satyavani et al. (2011). 
These b-AgNPs inhibited the growth of the cancerous cells 
in a dosage-dependent manner by DNA damage followed by 
apoptosis (Satyavani et al., 2011). Another very important 
study involved the use of Suaeda monoica leaf extract to 
prepare b-AgNPs and testing their anti-cancer potential 
against Hep-2 cancer cells. A partial reduction in the 
viability of the cancer cells was induced at a lethal dose 
value of 500nM. This anti-cancer potential was attributed to 
the intracellular physicochemical interaction of the b-AgNPs 
with the proteins and phosphate groups as well as the 
nitrogen bases in the DNA (Satyavani et al., 2012).  

Andean mora leaf was used to biosynthesize silver 
nanoparticles and its anti-proliferative effect on Hep-G2 
human liver cancer cells was checked. This study paved the 
way for the effective use of b-AgNPs in not only anti-cancer 
therapy but also drug delivery (Kumar et al., 2016). Studies 
conducted on the anti-cancer activity of Allium sativum b-
AgNPs against Hep-G2 cancer cells found potential cell 
inhibitory effects against the cancer cells making it a 
valuable anti-cancer drug in the future (Pandian et al., 
2015). Silver nanoparticles biosynthesized using the root 
extract of Citrullus colocynthis by Shawkey et al. (2013), 
were used to reveal its anti-cancer activity against multiple 
cancer types including breast cancer, colon cancer, liver 
cancer and intestine cancer. All these results prove the 
extremely vast potential of b-AgNPs in the arena of cancer 
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theranostics due to their non-toxic, cost-effective and easily 
penetrative nature.  
 

IV. APPLICATION OF B-AGNPS IN IMAGING AND DIAGNOSIS 

The versatile nature of green theranostic nanoparticles 
allows them to be used for a wide range of biomedical 
applications like diagnostic screening, fluorescence imaging, 
drug delivery, etc. The multifunctional properties possessed 
by biologically synthesized nanoparticles assist in providing 
multiple imaging platforms for easy and rapid disease 
verification and exact localization of tumor cells and 
damaged tissues. The individual properties of these 
multifunctional nanoparticles are harboured by altering the 
surface properties to match the required application (Ahmed 
et al., 2012).  

Plant extracted organic dye molecules are now being 
studied and applied for thermal imaging due to their low 
tissue absorbance and enhanced photothermal effects 
(Cherukula et al., 2016). The various phytochemicals 
present in plants and their penetrative nature are now being 
exploited for their fluorescence abilities. The fluorescent 
molecules present inside the plant cell complex with b-
AgNPs, penetrate the cells when incubated with such b-
AgNPs. These b-AgNPs with fluorescent properties can 
facilitate early diagnostic screening of serious diseases such 
as cancer. This principle was studied by performing 
fluorescence imaging of A549 human lung cancer and B16 
mouse melanoma cell lines after treating them with b-
AgNPS treated with the extract of Olax scandens. The cell 
lines treated with b-AgNPs displayed red fluorescence 
which was also the characteristic fluorescence displayed by 
the phytochemicals present in the Olax extract. Surprisingly, 
chemically synthesized AgNPs did not display any peculiar 
red fluorescence (Mukherjee et al., 2014).  

He et al. (2013), successfully synthesized b-AgNPs from 
the extract of Chrysanthemum morifolium and explored the 
biomedical application of these nanoparticles in clinical 
ultrasound gel for diagnosis. Diagnosis of a specific ailment 
using nanoparticles in molecular imaging involves analyzing 
the correlation of the signal generated with the phenotype. 
The size of the diseased area, along with the cancer stage 
and biochemical nature can be analyzed using the location 
and intensity of nanoparticle signals generated at the target 
site. An ideal nanoparticle system should possess a central 
imaging core surrounded by small molecule therapeutic 
agents. The presence of a cloak of protective polymer can 
protect these nanoparticle systems from immune cells and, 
the system, in turn, uses ligands such as IgG for active 
targeting. Most clinically viable silver nanoparticles are 
used in magnetic resonance screening while the other types 
are being modified in terms of their toxicity and 
biodistribution profiles to enhance their biocompatibility 
(Jokerst and Gambhir, 2011).  

Theranostic nanoparticles and their applications in 
biomedical fields and cancer theranostics have been ongoing 
for the past several years, but many challenges remain. One 
of the major challenges is the formulation of nanoparticles 
with multi functionalities making the nano-system 
extremely complicated. To ensure successful application of 
theranostics nanomedicine, appropriate imaging choice must 

be made, and considerable in-vivo assessment is highly 
required (Madamsetty et al., 2019). Although limited 
research has been performed in the application of green 
synthesized silver theranostic nanoparticles in imaging and 
diagnosis, extensive clinical research is still required to 
unearth its vast undiscovered potential and scope in the 
future.  

 

V. APPLICATIONS OF GREEN SYNTHESIZED SILVER 
NANOPARTICLES IN DRUG DELIVERY 

Nanoparticle-based drug delivery systems and vehicles 
(such as nano metal particles, polymers, and biological 
materials) have been extensively studied due to their 
diagnostic and theranostic properties (Mukherjee et al., 
2014; Ahmad et al., 2010; Jahangiran et al., 2017). 
Currently, cancer is the most common and widely studied 
and evaluated disease for nano vehicle-based targeted 
delivery, followed by neurodegenerative diseases, certain 
infections, and autoimmune diseases (Yetisgin et al., 2020). 
The demand for such an efficacious system has increased 
due to the reduced circulation time and limited target 
efficiency of the currently available treatments (Xie et al., 
2017). An ideal, efficient targeted delivery system includes 
the vehicle loaded with the drug or delivery agent being 
retained in the circulatory system of the organism’s body for 
a desirable amount of time, protecting themselves from the 
immune system of the body, and lastly releasing the drug at 
the target site (Yetisgin et al., 2020). Nano-vehicles protect 
the externally injected chemotherapeutic agents, genes, and 
imaging agents against the harsh environment in systemic 
circulation ensuring targeted delivery (Xie et al., 2017). 
However, it should be noted that such systems need to be 
experimentally analyzed first for their safety before using 
them in an in-vivo model, specifically animal models 
(Mukherjee et al., 2014). Due to their small size and 
penetrative nature, nanoparticles can easily enter the human 
body, much faster than larger-sized commercial drugs. 
Furthermore, the use of biosynthesized nanoparticles for 
drug delivery poses a lesser risk as compared to the adverse 
effects caused by toxic pharmaceutics, as no harmful 
reducing or capping agents are used (Lam et al., 2017). The 
nanoparticle-based drug delivery systems can be used for 
the delivery of nontoxic prodrugs to tumor cells and 
damaged tissues. Cellular stimulus at the target site or 
damaged tissue converts this prodrug to a toxic form which 
causes subsequent and selective damage of tumor cells and 
damaged tissue (Sahoo et al., 2016). 

Mukherjee et al. (2014), tested the in-vivo 
biocompatibility of b-AgNPs based nanocarriers towards 
different types of normal cells including human umbilical 
vein endothelial cells (HUVEC), rat cardio myoblast cell 
line (H9C2), and Chinese hamster cell line (CHO), and used 
the MTT assay to track their metabolic activities. It was 
found that b-AgNPs were nontoxic to the cells even at a 
higher concentration as opposed to chemically synthesized 
AgNPs, thereby indicating their suitability for in-vivo 
applications as drug delivery vehicles or carriers. 

In another study, polyethylene glycol-silver (PEGylated) 
decorated graphene nanocomposites (NGO-AgNPs-PEG) 
synthesized from Azadirachta indica extract were subjected 
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to a novel syn-graphenization method and studied for their 
capability as a nano-vehicle for drug delivery against cancer 
cells. A comparative study assessing the effect of cancer 
drug, free doxorubicin (DOX) and DOX loaded NGO-
AgNPs-PEG on HeLa cancer cells and HaCaT cancer cells 
were conducted. Based on the drug loading and unloading 
efficiency study and response to pH stimulus it was seen 
that the DOX released from the NGO-AgNP-PEGs was 
218% more efficient than the free DOX. This proves that 
these silver nanoparticles could also act as subsidiary 
carriers or as a supportive driving force for the delivery of 
the drugs to the selective cells or tissues. The anti-
proliferative study on the HaCaT cells showed that the 
DOX-loaded b-AgNPs were less harmful to normal cells as 
compared to free DOX. This study elaborates the promising 
prospects of NGO-AgNP-PEGs in targeted and controlled 
drug delivery therapies (Palai et al., 2019). 

Nano-based targeted delivery systems in infectious 
disease therapy are mostly used for antimicrobial drugs 
(Sahoo et al., 2016). Metallic nanoparticles, specifically 
silver nanoparticles have been used for the in-vitro 
evaluation of Candida albicans and Escherichia coli with 
the conjugated drugs being Fluconazole (FLC) and 
Ampicillin respectively (Yetisgin et al., 2020; Longhi et al., 
2015; Brown et al., 2012). Longhi et al. (2015), studied the 
antifungal effect of silver nanoparticles biosynthesized from 
Fusarium oxysporum individually and then paired with the 
antifungal drug FLC. The effect of the b-AgNPs alone was 
almost negligible but in combination with FLC, the growth 
of C. albicans was reduced by 16 to 64 times. A dose-
dependent decrease was observed in the cell viability of the 
biofilm proving that b-AgNPs could be used as an effective 
control agent against microbial diseases causing infection 
(Longhi et al., 2015). 

Optimization of the drug encapsulation process and high 
duplicability at considerably lower cost are important factors 
that impact the amalgamation of theranostic nanomedicine 
in the clinical field (Madamsetty et al., 2019). Green 
synthesized nanomaterials are also being studied in the field 
of gel dosimetry for radiotherapy, but there is still a broad 
field of study yet to be unraveled and explored (Vedelago et 
al., 2018). In recent years, much encouraging evidence has 
sprouted that ensures a positive outlook for bio-inspired and 
green synthesized theranostic nanoparticles and their clinical 
applications in not an only cancer treatment, but a wide 
range of biomedical applications (Madamsetty et al., 2019).  

 

VI. BIMETALLIC NANOPARTICLES AND THEIR 
APPLICATIONS 

Bimetallic nanoparticles have been gaining recognition 
and scientific attention for their multifunctionality and 
superior properties over monometallic nanoparticles. The 
knowledge and information available about biomedical 
applications of bimetallic nanoparticles, specifically green 
synthesized bimetallic nanoparticles, is scarce because of 
limited research and experimentation being conducted in 
this respective arena. Despite their ease of production, cost-
effectiveness and eco-friendly nature, the mechanisms of 
synthesis of these nanoparticles have been poorly explored 
(Duran and Seabra, 2018).  

The introduction of a second metal for the formation of a 
heterogeneous bimetallic structure instantly enhances the 
attractiveness and the therapeutic potential of the resultant 
structure as useful properties of both metals have a better 
effect when used in a combination in comparison to when 
used singly. The addition of a new metal heavily influences 
the structural and intrinsic properties of the nanoparticles by 
the enhancement of the magnetic, optical as well as 
plasmonic properties, while also maintaining stability 
(Srinoi et al., 2018). Silver (Ag) and gold (Au) nanoparticles 
have been thoroughly explored by researchers for their wide 
range of biomedical and theranostic applications including 
anti-cancer, anti-microbial, anti-fungal, and antioxidant 
activities. A combination of the two to form bimetallic 
nanoparticles has been known to have better 
biocompatibility and unique properties as compared to that 
arising from both noble metals individually (Gupta et al., 
2020). In the case of Ag-Au nanoparticles, the surface 
plasmon resonance levels can be altered according to the 
required structural characteristics just by controlling the Ag: 
Au ratio in the displacement reaction taking place during the 
synthesis of this bimetallic structure. This flexibility allows 
the bimetallic structure to have variable shapes and high 
optical activity (Srinoi et al., 2018). This section will 
explore green synthesized bimetallic nanoparticles 
containing silver and their theranostic applications. 

 Sivamaruthi et al. (2019) studied the biosynthesis of 
silver-palladium (Ag-Pd) nanoparticles from the fruit extract 
of Terminalia chebula. The anti-cancer analysis showed that 
the nanoparticles acted by inducing the production of ROS 
which in turn leads to mitochondrial damage and subsequent 
apoptosis. The antimicrobial study was conducted by 
checking its effectiveness against the methicillin-resistant 
bacteria Staphylococcus aureus and Pseudomonas 
aeruginosa and was found to be efficacious against both 
species. The cytotoxic studies also showed that these 
bimetallic nanoparticles were harmless towards the normal 
body cells and had no undesirable hemolytic effect as well 
(Sivamaruthi et al., 2019).  

Jiang et al. (2019) developed a novel method of synthesis 
of Ag-Au bimetallic nanoparticles using Escherichia coli 
and studied their various biomedical applications. The Au-
Ag nanoparticles were found to have a wide spectrum of 
applications in various fields including ultrafast colorimetric 
detection of H2O2, photothermal therapy, and antibiotic 
therapy. Moreover, these nanoparticles were found to have 
effective anti-bacterial properties without any harmful 
cytotoxic side effects, guaranteeing the bright future of Ag 
and Au in the biomedical field (Jiang et al., 2019). 

Another interesting study conducted by Lateef et al. 
(2016), used Cola nitida, commonly referred to as Kolanut 
for the biosynthesis of Ag-Au nanoparticles. The antifungal 
study of these nanoparticles revealed that they were 
efficacious against Aspergillus flavus, Aspergillus 
fumigatus, and Aspergillus niger. The Kolanut nanoparticles 
were also studied for their larvicidal properties and 
exhibited a mortality rate of 80-100% within 24 hours, when 
exposed to the Anopheles mosquito larva. These 
nanoparticles also showed blood anticoagulation properties 
as well as thrombolytic potential making them suitable for 
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the management of blood coagulation disorders (Lateef et 
al., 2016).  

Gupta et al. (2020), drew a comparative study of the 
potential anticancer properties of photosynthesized mono 
and bimetallic nanoparticles. Ag, Au and Ag-Au 
nanoparticles were synthesized using the aqueous leaf 
extract of Moringa oleifera. The results exhibited the 
effectiveness of the Ag-Au nanoparticles against the Hep2 

cell line (Gupta et al., 2020). Bimetallic nanoparticles are 
making their way into the diagnostic and therapeutic 
sciences, thus making them extremely ideal theranostic 
agents and are also being studied for various biomedical 
applications that include drug delivery, antimicrobial 
property, antifungal nature, larvicidal nature amongst others.  

 

TABLE I: ANTICANCER ACTIVITIES OF BIOSYNTHESIZED SILVER NANOPARTICLES 

Study Plant Species 
Size of 

Nanoparticles Properties exhibited 

Maria et al., 2014 Zizyphus xylopyrus 60-70 nm Antimicrobial, Drug delivery system 

Mukherjee et al., 2014 Olax scandens 30-60 nm 
Antibacterial, Anti-cancer on human lung cancer, breast cancer, and mouse 

melanoma, Drug delivery vehicle, Imaging facilitator 
Annu et al., 2018 Punica granatum 6-45 nm Anti-cancer towards human lung cancer, Antibacterial, Antioxidant 

Kadam et al., 2020 Brassica oleracea var. 
botrytis 35.08 nm Photocatalytic activity for degrading MB dye, Biosensing of Hg2+ ion 

Vedelago et al., 2018 Seriphidium quettense 120.4 nm Antibacterial, Anti-cancer on human liver cancer, Antifungal, High 
biocompatibility towards healthy erythrocytes 

Gurunathan et al., 2013 Ganoderma neo-
japonicum 5 nm Cytotoxic effects, Apoptotic features on human breast cancer 

Ahmed et al., 2019 Jurinea dolomiaea - Anti-cancer towards human cervical cancer and human breast cancer, 
Antioxidant potential 

Ullah et al., 2020 Fagonia indica 10-60 nm Anti-cancer on human breast cancer, Antioxidant, Apoptotic features, 
Activating caspase 3 and 9 

Atale et al., 2017 Syzygium cumini 40-100 nm Anti-diabetic, Cardioprotective potential 
Aziz et al., 2019 Piriformospora indica 6-15 nm Anti-cancer on human breast cancer, liver cancer, and cervical cancer 

Balakumaran et al., 2015 Guignardia 
mangiferae 5-30 nm Antibacterial, Anti-cancer activity on human cervical cancer and breast cancer, 

Antifungal 
Venugopal et al., 2017 Beta vulgaris 5-20 nm Anti-cancer effect on human breast cancer, lung cancer, and pharynx cancer 
Kuppusamy et al., 2016 Commelina nudiflora 24-150 nm Anti-cancer effect on human colon cancer 
Dinparvar et al., 2020 Cuminum cyminum - Anti-cancer on human breast cancer 

Jeyaraj et al., 2013 Sesbania grandiflora 22 nm Anti-cancer on human breast cancer 
Ramar et al., 2015 Solanum trilobatum 41.90 nm Antibacterial, Anticancer on human breast cancer 
Sharma et al., 2015 Rheum emodi 27.50 nm Anti-cancer on human breast cancer 
Heydari et al., 2015 Oak fruit hull 40 nm Anti-cancer on human breast cancer 

Kathiravan et al., 2014 Melia dubia 7.3 nm Anti-cancer on human breast cancer 
Reddy et al., 2013 Piper longum 46 nm Antimicrobial, Anti-cancer on human breast cancer, Antioxidant 

Shawkey et al., 2011 Citrullus colocynthis 7-19 nm Anti-cancer effect on human breast cancer, liver cancer, colon cancer, and 
intestinal cancer 

Venugopal et al., 2017 Syzygium aromaticum 5-20 nm Anti-cancer on human breast cancer and lung cancer 

Bhattacharya et al., 2008 Gelsemium 
sempervirens - Anti-cancer effect on human cervical cancer 

Venkatesan et al., 2014 Rosa damascena 84 nm Anti-cancer potential towards human lung adenocarcinoma, Biocompatibility 
(selectively destroys cancer cells, while leaving healthy cells untouched) 

Khanra et al., 2015 Scoparia dulcis 15-25 nm Antibacterial, anti-cancer effect on human lung cancer 
Palaniappan et al., 2014 Cymodocea serrullata 29.28 nm Anti-cancer effect on human lung cancer 

Khanra et al., 2015 Croton 
bonplandianum 15-40 nm Antibacterial, anti-cancer effects on human ovarian cancer and human lung 

cancer 

AlSalhi et al., 2016 Pimpinella anisum 3.2-16 nm Antimicrobial, Anti-cancer property towards human neonatal skin cancer and 
human colon cancer 

Manikandan et al., 2015 Rosa indica 
23.52-60.83 

nm 
Antibacterial, Anti-cancer effect on human colon adenocarcinoma, Anti 

inflammatory 
Prabhu et al., 2013 Vitex negundo 22 nm Anti-cancer effect on human colon cancer, Apoptotic features 

Arunachalam et al., 2014 Gymnema sylvestre - Anti-cancer property towards human colon adenocarcinoma, Anti-ulcerative 

Jeyaraj et al., 2012 Podophyllum 
hexandrum 14 nm Anti-cancer on human cervical cancer 

Vijistella et al., 2014 Heliotropium indicum 80-90 nm Anti-cancer effect on human cervical cancer, antimicrobial potency 
Sukirtha et al., 2011 Melia azadarach 78 nm Anti-cancer property on human cervical cancer and mouse lymphoma 
Mishra et al., 2012 Azadirachta indica 2-18 nm Anti-cancer on human cervical cancer 
Devi et al., 2012 Ulva lactuca 20-56 nm Anti-cancer towards human breast cancer, cervical cancer, and intestinal cancer 

Satyavani et al., 2011 Citrullus colocynthis 31 nm Anti-cancer towards human larynx cancer 
Satyavani et al., 2012 Suaeda monoica 31 nm Anti-cancer towards human larynx cancer 

Kumar et al., 2015 Andean mora 12-50 nm Antioxidant, Drug delivery on Hep-G2 cell line cancer cells 
Pandian et al., 2015 Allium sativum 100-800 nm Anti-cancer 

He et al., 2013 Chrysanthemum 
morifolium 20-50 nm Antibacterial 

Longhi et al., 2016 Fusarium oxysporum - Antifungal, Biofilm inhibition in Candida albicans 
Gupta et al., 2020 Moringa oleifera 11-25 nm Anti-cancer activity on human breast cancer, human liver cancer 

Sivamaruthi et al., 2019 Terminalia chebula 20 nm Antimicrobial, Anti-cancer towards human lung cancer 
Lateef et al., 2016 Cola nitida 17-91 nm Anticoagulant, Thrombolytic, Larvicidal, Antifungal, Catalytic potential 
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VII. CONCLUSION 

With the demand for nanotechnology and nanomedicine 
increasing exponentially in the global market, green silver 
nanoparticles prove to be the perfect theranostic agents. 
Their lack of toxicity and high biocompatibility make them 
suitable therapeutic agents of malicious ailments like cancer. 
Their properties of fluorescence and imaging pave the way 
for a new era of eco-friendly diagnostic techniques. Even 
though there are many barriers to the commercial production 
and use of b-AgNPs, they have a bright future in 
nanobiotechnology and cancer theranostics. However, the 
bioavailability, toxicity, compatibility, drug delivery, and 
body clearance of these b-AgNPs need to be studied 
thoroughly to evolve and expand their scope in biomedical 
applications.  
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