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Abstract
Plants are the well-known sources for the hyper-accumulation and reduction of metallic ions. Analysis of various plant 
extracts has justified the presence of different types of phytochemicals that possess the stabilization and reduction functionali-
ties of precursors to form nanoparticles. Such characteristics make plants as an attractive source for synthesizing eco-friendly 
nanoparticles (NPs) with potentially less toxicity to the body. Recently, phytosynthesized nanoparticles have been explored 
for targeted inhibition and diagnosis of cancer cells without affecting non-cancerous healthy cells. The aim of this review is 
to discuss the characteristic performance of NPs synthesized from various plant sources for the diagnosis and inhibition of 
cancer. The mode of action of phytosynthesized nanoparticles for anti-cancer applications are also discussed.
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Introduction

Cancer is a non-communicable disease, which is character-
ized by rapid and continuous division of cells (Jeevanandam 
et al. 2020b). It is the world’s second causative factor of 
deaths, with an estimate of 606,880 mortality in the USA 
alone, until June 2019 (Siegel et al. 2019). The International 
Agency for Research on Cancer (IARC) reported about 18.1 
million new cases and 9.6 million deaths in 2018. One out of 
every six women and one out of every five men throughout 
the world tend to develop cancer during the course of their 
life span (Bray et al. 2018). Cancer is a chronic disease that 
usually exhibit complications in the later stages or revealed 
via tedious early stage diagnosis. Early diagnosis will 
increase the chance of effective treatment and management 

of this deadly disease. Annually, about 2.6 million cases 
of cancer is diagnosed (Siegel et al. 2015), and according 
to the American Cancer Society (ACS), the incidence of 
cancer will rapidly increase to 21.7 million new cases in 
2030 (Agarwal et al. 2017). In the past 5 years, 50% of the 
diagnosed cancer cases belonged to developing countries 
(Bray et al. 2012) and it has been attributed to the poor, mis-
diagnosis of cancers and lack of appropriate treatment with 
high cost of management and cancer theranostics (Bray et al. 
2012). Both diagnosis and treatment are essential in reducing 
the complication of cancer among patients. In 2016, a report 
by iMShealth Institute for Healthcare Informatics stated a 
record level for worldwide market of cancer therapeutic drug 
($107 billion USD) in 2015 and is predicted to increase up 
to $150 billion in the year 2020 (Wise 2016). Even after 
spending a massive budget to produce an effective cancer 
theranostic agent, cancer is still considered as a deadly dis-
ease which is the causative factor for several deaths, and the 
risk of increasing cancer cases is still intensifying, especially 
in the developing countries (Mahmoud and Moneer 2017). 
The situation is more severe in the low and middle-income 
countries, wherein around 75% of cancer-related deaths 
occur and is found to increase rapidly. Inevitably, serious 
global concerns are required to harmonize the remuneration 
of new treatments and diagnostic strategies to be accessible 
by all the cancer patients in underdeveloped and developing 
world (Shah et al. 2019). Thus, it is necessary to develop a 

 *	 Michael K. Danquah 
	 michael‑danquah@utc.edu

1	 CQM - Centro de Química da Madeira, MMRG, 
Universidade da Madeira, Campus da Penteada, 
9020‑105 Funchal, Portugal

2	 Department of Chemistry and Biomolecular Science, 
University of Ottawa, Ottawa, ON K1N6N5, Canada

3	 Chemical Engineering Department, University of Tennessee, 
Chattanooga, TN 37403, USA

4	 Department of Eastern Medicine, Government College 
University, Faisalabad 38000, Pakistan

http://orcid.org/0000-0002-4232-7138
http://crossmark.crossref.org/dialog/?doi=10.1007/s13205-020-02516-7&domain=pdf


	 3 Biotech (2020) 10:535

1 3

535  Page 2 of 26

diagnostic and therapeutic method that is highly effective 
and low cost to eradicate cancer throughout the world.

Amongst all different types of cancers, the incidence rate 
of lung, female breast, and colorectal cancers are the top-
most in terms of cancer deaths. There are several treatment 
strategies available such as surgery, chemotherapy, radiation, 
immunotherapy, and hormonal therapy. Although these prac-
tices are regularly employed in the hospitals to date, they are 
associated with several mild to severe side-effects (Jeevanan-
dam et al. 2019c). Likewise, the diagnostic techniques of 
cancers that are widely in practice are tissue biopsy, micro-
imaging and histopathology assay (Abbaci et al. 2014). 
However, these methods are usually limited to minimum 
tissue extent and may lead to rapid neoplastic alterations, 
cancerous cell proliferation and growth of cancerous meta-
static cells. In case metastatic cancer spread to other tissues, 
it is extremely difficult to target the individual neoplastic 
cells by conventional chemotherapeutic or surgical tech-
niques (Mudali et al. 2020). Furthermore, surgical removal 
of cancer tissues may also lead to damage and removal of 
healthy cells along with cancerous neoplasms (Sudhakar 
2009). Thus, existing techniques for the diagnosis and treat-
ment of cancer cannot reach neoplastic cells at the mini-
mum level of individual cells (Mallidi et al. 2011). However, 
imaging agents based on nanoparticles, in contrast, offer the 
potential to reach the target site effectively and to the high-
est degree that enhances tumor detection using conventional 
scanning technologies, such as Positron Emission Tomogra-
phy (PET), Computed Tomography (CT) scan, and Magnetic 
Resonance Imaging (MRI) (Devaraj et al. 2009; Lee et al. 
2008). Moreover, imaging at the nanoscale platform equips 
the physicians to treat and diagnose cancers more accurately 
compared to traditional techniques such as Raman spectros-
copy, Multimodal Imaging and Photo-Acoustic Tomography 
(PAT) (Brigger et al. 2012). Thus, nanoparticles are under 
extensive research to offer innovations in cancer diagnostic 
and treatment modalities.

Nanotechnology is a multidisciplinary field, which 
involves diverse areas of research ranging from engineer-
ing to physics, chemistry, biology, and medicine (Pal et al. 
2019). For several years, it has been exploited in every 
aspect such as manufacturing of nanodevices, nanothera-
peutics, nanoelectronics and engineered biological structures 
(Pal et al. 2017). Briefly, nanoparticles (NPs) are formed by 
assembling atoms or small group of molecules or breaking 
down of large materials in the nano regime (1–100 nm in 
diameter) (Jeevanandam et al. 2018). Although synthesized 
from bulk or micromaterials, nanoparticles possess distinct 
durability, higher surface to volume ratio, conductivity 
and other functional biocompatible properties. NPs can be 
synthesized by physical, chemical and biological methods. 
Numerous literature suggested that physicochemical synthe-
sis of NPs are costly and also hazardous to the environment 

(Andra et al. 2019; Jeevanandam et al. 2020a). Contrarily, 
the nanosized particle formation by biological means is a 
much better approach owing to their advantages in reduc-
ing the limitation of physical and chemical approaches 
(Jeevanandam et al. 2019a). NPs synthesized by biologi-
cal methods are non-toxic, easy to scale up with consistent 
unique shape, dimension and composition (Asiya et al. 2019; 
Deepak et al. 2019). These properties of the nanoparticles 
are vital in the end user application of nanoparticles. The 
synthesis of NPs via chemical approaches require distinct 
reducing agents such as sodium borohydride (NaBH4), 
sodium citrate, tollens reagent and stabilizing agents to pro-
duce definite sized particles (Wong et al. 2019). Recently, 
emphasis is also being given to the development of new 
strategies for ease in synthesis, less time consuming and 
affordable fabrication of nanosized particles. The increasing 
applications of chemicals in NPs synthesis causes inhala-
tion problems, which can easily damage the lungs and cause 
many other fatal diseases (Mossman et al. 2007). The use of 
precursor materials, detergent, and stabilizer during synthe-
sis of NPs creates the cytotoxicity and many adverse effects 
to the human health (Wiesner et al. 2006). These issues can 
be addressed via integrating green and eco-friendly meth-
ods in nanoparticles synthesis. Biosynthesis approaches have 
significance in emphasizing the making of the NPs synthesis 
route as clean, safe, eco-friendly, and to delineate the current 
gap of physical and chemical methods of synthesis.

Biological sources including fungi and bacteria are most 
commonly used for the synthesis of nanoparticles (Sonar 
et al. 2017) which is high cost and time consuming process. 
In case of microbial synthesis of NPs, pathogenic and sap-
rophytic microbes such as E. coli are used that can cause 
serious health issues. However, phytosynthesized NPs are 
devoid of such risks and safer for health concerns (Rahul 
et  al. 2015). Moreover, the plant-based NP fabrication 
approach does not demand any costly procedures, in contrast 
to microbial synthesis of NPs. Thus, medicinal plants are the 
source of anticancer phytochemicals that are recently studied 
and declared as an excellent source for producing natural 
NPs with negligible hazards and require a short time for 
large-scale production (Nasrollahzadeh et al. 2015b; Ovais 
et al. 2017). Therefore, phytosynthesized nanoparticles are 
proposed and valued as highly beneficial for commercial 
applications. In recent times, the interest of researchers has 
been shifted towards phytosynthesized nanoparticles due to 
the increasing menace of organic synthesis and upcoming 
research studies pronouncing plants as safer sources. Nano-
particles such as gold (Au), copper (Cu), silver (Ag), palla-
dium (Pd), titanium (Ti), zinc (Zn) and iron (Fe) are widely 
synthesized via plant extracts as sources and possess tremen-
dous applications in the biomedical field (Nasrollahzadeh 
and Sajadi 2015, 2016a; Ovais et al. 2016). Interestingly, 
nanoparticle-based approaches such as bio-imaging, cancer 



3 Biotech (2020) 10:535	

1 3

Page 3 of 26  535

cell inhibition ability and photo-thermal therapy is now 
focused by researchers for cancer theranostics. Especially, 
phytosynthesized nanoparticles, including gold and silver 
are employed for the visualization of tumors and assess them 
at cellular level (Ovais et al. 2016, 2017). Therefore, phy-
tosynthesis of nanoparticles is the top priority and a matter 
of interest for the scientific community in the current era. 
Among plant-based NP synthesis approach, plant extracts 
from leaves, roots, fruits and seeds are particularly promis-
ing due to their safe in use, low cost and easily available 
(Mamatha et al. 2017; Nasrollahzadeh and Sajadi 2016b; 
Sadeghi and Gholamhoseinpoor 2015). In phytosynthesis, 
several organic as well as inorganic phytochemicals such as 
flavonoids and alkaloids are found to be useful in the forma-
tion of NPs (Sajadi 2021). The characteristic of a phytosyn-
thesized NPs, depends on the phytochemistry of plants and 
these phytochemicals will be a beneficial factor in altering 
the properties of NPs (Rath et al. 2014). Thus, this article 
discusses the fabrication of NPs synthesized from different 
plant sources and their application in the inhibition and diag-
nosis of cancer. In addition, the mechanism of diagnostic 
and anticancer effects of phytosynthesized nanoparticles is 
also discussed.

Phytosynthesized nanoparticles

In recent times, synthesis of NPs has been achieved using 
exclusive phytochemical extracts from plant sources in their 
live, dead or inactive form (Husen and Siddiqi 2014). Sev-
eral metabolites from plant such as tannins, phenols and 
alkaloids are essential for the formation of nanoparticles 
by reducing metal ions. The challenge in its widespread 
application is the varying composition of polyphenolic and 
phytochemical compounds in various plant species (Rahul 
et al. 2015). Thus, it is necessary to devise a method, in 
which optimized and controlled quantity of phytochemicals 
can be produced to obtain the desired product with a higher 
reproducibility rate, in lesser time and cost. Hence, it is pre-
dicted that quantification and isolation of phytochemicals 
using plant tissue culture technique can be beneficial in pro-
ducing significantly dynamic nanoparticles. Furthermore, 
the application of extract or biomass from plants has been 
identified as more consistent and eco-friendlier for nano-
particle fabrication (Andra et al. 2019). The major merits 
of phytochemical extracted from plants in the synthesis of 
NPs include (i) wide accessibility, (ii) safety, (iii) low cost, 
(iv) rapid synthesis rate, (v) ease in large scale synthesis and 
(vi) better morphology and dimension control of nanopar-
ticles. These meritorious properties have inspired numer-
ous researchers to identify distinct species of plants for the 
synthesis of NPs. Literature suggest that several plant spe-
cies possess excellent ability to accumulate metals, that are 

intracellularly reduced into nanoparticles (Vijayaraghavan 
and Ashokkumar 2017). The Medicago sativa and Brassica 
juncea are well-known metallophytic plants with the capa-
bility to collect and form nanosized gold (Au) from aque-
ous KAuCl4 precursor as demonstrated by Bali and Haris 
(2010). The metal was stored as NPs in distinct plant parts 
including vascular tissue, epidermis and cortex, however, 
mostly present in parenchyma cells and xylem (Bali and 
Harris 2010). The NPs of 5–10 nm were formed in B. juncea 
and 10–20 nm in M. sativa, respectively. The mechanism of 
synthesis involves in live plants involves the nucleation of 
crystal via interaction, evolution, and coagulation consist-
ent with the well-known Turkevich method of AuNPs syn-
thesis. Apart from this, a lot of attention has been directed 
towards the plant utilization with effective phytoremediation 
of heavy metals to synthesize nanosized metallic particles. 
For the first time, Gardea-Torresdey et al. (2003) reported 
the synthesis of nanosized silver (AgNPs) and gold parti-
cles formation within live Medicago sativa (alfalfa) plants 
via respective metal uptake (Gardea-Torresdey et al. 2003, 
2002). Characterization by X-ray absorption spectroscopy 
and TEM confirmed the internalization and accumulation 
of gold and silver NPs. However, the intracellular fabrica-
tion of nanosized metallic particles is tedious and requires 
expensive processes to recover them from the plant biomass 
and thus, very few reports have been found in the literature. 
So far, Sesbania drummondii (Sharma et al. 2007), Chilopsis 
linearis (Gardea-Torresdey et al. 2005), Triticum aestivum 
(Armendariz et al. 2004b), and Avena sativa (Armendariz 
et al. 2004a) were used for the intracellular production of 
distinct metallic NPs. Furthermore, the critical limitation 
of intracellular approach is the reducing and stabilizing 
functional group variations in distinct plant parts that are 
essential for nanosized particle formation (Dauthal and 
Mukhopadhyay 2016). Nowadays, the extracellular route 
for the synthesis of NPs has opened a new avenue as an 
alternative to intracellular NPs synthesis, due to the ease 
in downstream and scaling up processes. Nevertheless, it 
is demanding to replicate nanosized particles with definite 
uniform dispersity and reliable surface morphology due to 
the fluctuating composition and structure of phytochemicals. 
Furthermore, the existence of impurities with wastes from 
agriculture or biomasses of plant is high, at all times. So, the 
critical aspects of plant-mediated synthesis involve a specific 
phytochemicals (extract) obtained from a specific part or 
the whole living plants. Literature evidence suggested that 
focus of researchers is now diverted towards fabrication of 
NPs of noble metals such as gold, platinum (Pt), silver and 
palladium (Pd). These nanoparticles are categorized under 
valuable metals and are broadly utilized in nanomedicine 
and nanobiotechnology. The phytosynthesized nanoparti-
cles can be classified into metal, oxides of metal, polymer, 
carbon and nanocomposites, based on the type of precursor 
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used and nanoparticles formed. Figure 1 shows the TEM 
micrographs of various nanoparticles synthesized from the 
phytochemical extracts of different plants.

Metallic nanoparticles

Numerous metallic nanoparticles such as Ag, Au, copper, 
zinc oxides, platinum and cobalt have been synthesized from 
either whole plants or their extracts. Gold is a noble element 
by nature and hence highly unreactive. AuNPs have attracted 
substantial attention from various research groups in the 
field of phytochemical mediated synthesis of nanoparticles, 
due to their several applications in nanoelectronics, drug 
delivery, catalysis and nanodevices. AuNPs have several 
properties such as, resistant to deterioration, tunable surface 
plasmon resonance (SPR) and exceptional physiochemical 
properties (El-Sayed et al. 2005). Moreover, they are mono-
dispersed, have enhanced surface area to volume ratio, and 
easy to functionalize with any biomolecules such as anti-
bodies, nucleic acids, proteins and peptides. In general, the 
reduction of auro chloric acid (HAuCl4) into ruby red color 
AuNPs via conventional citrate reduction or polyol method 
confirms the formation of nanosized gold particles (Ovais 
et al. 2017). Shankar et al. (2003) carried out the first exper-
iment on the biosynthesis of nanosized metallic particles 
via phytochemical extract of geranium leaves. The extracts 
of plants were proven to possess ability to form nanosized 
gold particles of various morphologies. It has been sug-
gested in the study that the existence of terpenoids in the 

plant extract may be accountable for gold ions reduction into 
nanosized gold. Recently, similar studies also demonstrated 
the synthesis of AuNPs using phytochemicals from lemon 
grass (Shankar et al. 2005) and Azadirachta indica leaves 
(Shankar et al. 2004). Vimalraj et al. (2018) synthesized 
AuNPs by utilizing aqueous phytochemicals from Mangifera 
indica seed as a reducing material in one step method. TEM 
studies revealed the spherical morphology of the synthesized 
NPs and the biocompatibility assessment of these 46.8 nm 
sized particles indicated the non-toxicity of AuNPs towards 
mesenchymal stem cells. The in vitro analysis results empha-
sized the anti-angiogenic properties of these nanoparticles 
with supreme biocompatibility, thereby useful in several 
biomedical and pharmaceutical applications.

Glycyrrhiza urlalensis is a medicinal plant, which is well 
reported for its hepatoprotective effects. The root extracts of 
G. uralensis was used for the rapid biogenic fabrication of 
nanosized silver and gold particles (Huo et al. 2018). The 
reduction of HAuCl4 and silver nitrate, lead to the formation 
of Au and Ag and the X-ray diffraction (XRD) data showed 
the FCC phase formation in both nanoparticle samples 
with an optimum crystallite size of 12.25 nm and 8.01 nm, 
respectively. Moreover, AuNPs were also synthesized using 
Dracocephalum kotschyi leaf extracts and are systematically 
characterized via various analytical instruments. The synthe-
sized AuNPs displayed 11 nm sized spherical shaped dimen-
sion and enhanced anti-choline esterase ability (Dorosti and 
Jamshidi 2016). Likewise, Desai et al. (2018) synthesized 
nanosized photoluminescent gold particles with excellent 

Fig. 1   Transmission Electron Micrograph (TEM) of various nano-
particles synthesized from plant extracts. a Gold nanoparticles from 
Polyscias scutellaria (Reproduced from Yulizar et al. 2017), b Silver 
nanoparticles from Impatiens balsamina (Reproduced from Arito-
nang et al. 2019), c Platinum nanoparticles and d Palladium nanopar-
ticles from Gloriosa superba (Reproduced from Rokade et al. 2018), 

e Zinc oxide nanoparticles from Costus pictus (Reproduced from 
Suresh et al. (2018a; b), f Iron oxide nanoparticles from plantain peel 
extract (Reproduced from Herlekar et al. 2014), g Copper oxide nano-
particles from Saraca indica (Reproduced from Prasad et al. 2017b) 
and h Magnesium oxide nanoflowers from Rosmarinus officinalis 
(Reproduced from Abdallah et al. 2019) 
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antioxidant and catalytic potential by reducing HAuCl4 with 
kokum fruit extract. The photoluminescence property of 
the AuNPs demonstrated a broad excitation at 311 nm and 
an emission at 455 nm. Also, the nanosized gold particles 
exhibited significant dose-mediated activity of scavenging 
DPPH radicals (Desai et al. 2018). The Euphorbiaceae fam-
ily plants contain highly active constituents, i.e., euphol, is 
found in Euphorbia tirucalli (Avelar et al. 2011). Lunardi 
et al. (2018) synthesized AuNPs using dried euphol latex 
as nanoparticle formation agents. The synthesis was per-
formed under microwave irradiation without solvents of 
organic nature to yield eco-friendly nanoparticles (Lunardi 
et al. 2018). Similarly, Origanum vulgare contain numerous 
phytochemicals namely, flavonoids, essential oils, phenolic 
acids, and anthocyanins in their leaves and flowering stems. 
Benedec et al. (2018) used different concentrations of Ori-
ganum vulgare extracts to reduce gold ions and fabricate 
biocompatible AuNPs. The cytotoxicity assays revealed 
that AuNPs synthesized from the biogenic source were less 
toxic towards normal human dermal fibroblast cells (Bene-
dec et al. 2018). Furthermore, the Croton Caudautus Geisel 
plant is widely distributed in South East Asia, and it is uti-
lized for numerous human disease therapy. Recently, Kumar 
et al. (2019) extracted phytochemicals from those plants and 
utilized for the fabrication of AuNPs and proposed that the 
oxygen atom of flavonoids was accountable for the biogenic 
formation of nanosized particles. The AuNPs yielded were 
spherical in morphology with 20–50 nm in size and the abil-
ity to scavenge free radicals disclosed that the phytochemi-
cals extracted from C. caudautus possess extreme reducing 
power. These AuNPs also exhibited excellent in vitro prolif-
erative efficacy and microbial cell inhibition activity (Kumar 
et al. 2019). In an experiment performed by Rajan et al. 
(2014), Garcinia combogia fruit extracts were employed for 
the fabrication of anisotropic and spherical nanosized gold. 
The morphology of the synthesized AuNPs were proved to 
be depended on the reaction temperature and the amount 
of Garcinia combogia fruit extract used in the chemical 
reaction (Rajan et al. 2014). A similar type of experiment 
was steered by Islam et al. (2015), where the leaf extract of 
Pistacia integerrima was used for ion reduction into nano-
sized gold particles. The presence of hydroxy and carboxylic 
groups in polyphenols was proposed to be accountable for 
gold ions decrement to form nanosized gold particles, while 
polyphenols are anticipated to be the functional group to 
control the size of obtained nanosized particles at distinct 
pH and extreme temperatures. Furthermore, Dhamecha et al. 
(2015) synthesized 72–85 nm sized gold nanoparticles via 
Pterocarpus marsupium extract under various synthesis 
conditions, such as pH, stirring rate and temperature. The 
study showed that the synthesis parameters did not have any 
remarkable effect on morphology; however, the stability was 
significantly affected. The in vitro stability analysis revealed 

that the nanosized gold particles were stable (except at low 
pH), and highly biocompatible (Dhamecha et al. 2016c). 
Similarly, nanosized gold particles were fabricated using 
Nepenthes Khasiana aqueous extract and its stability was 
evaluated in 2% of bovine serum albumin, human serum 
albumin, 0.2 M of histidine, cysteine, 5% of sodium chlo-
ride, and acidic solution. The study showed that the synthe-
sis parameters and the morphology of the gold nanoparticles 
played a major role on stability, and the nanoparticles were 
unstable in sodium chloride and the acidic solution (Dhame-
cha et al. 2016a). These studies partly support that the pres-
ence of phytochemicals as functional group in nanoparticles, 
along with the synthesis parameters, is highly significant 
in maintaining stability of the nanoparticles under in vitro 
conditions.

Silver nanoparticles (AgNPs) are another exclusive group 
of metallic nanoparticles, which are phytosynthesized via 
a wide variety of plant species. Generally, AgNPs synthe-
sis in solution requires three main components, namely, (i) 
metal precursor, i.e., salt of silver (ii) a material with reduc-
ing ability, and (iii) a functional group material to stabi-
lize and control the size of nanosized particles and to avoid 
aggregation. Generally, materials with reducing property 
namely ascorbic acid, alcohol, borohydride, sodium citrate 
and hydrazine compounds are used for AgNPs fabrication. 
Apart from physicochemical synthesis approach of AgNPs, 
there is much attention towards a plant-mediated synthesis 
of AgNPs. Recently, parts of plants and their metabolites 
have been efficaciously utilized for the effectual biogenic 
fabrication of AgNPs (Husen and Siddiqi 2014; Nasrol-
lahzadeh et al. 2015a). Ahmed (2016) fabricated nanosized 
silver particles via extracts of Azadirachta indica (neem) 
leaves with reducing property for transforming ions of silver 
to AgNPs. The synthesized AgNPs were homogeneous and 
spherical, and the presence of a surface plasmon resonance 
band revealed the formation of AgNPs. The average par-
ticle size was approximately around 34 nm as evidenced 
from dynamic light scattering (DLS). The synthesis of nano-
particles required only 15 min for silver ion transformation 
into silver nanoparticles without any toxicity. The existence 
of ion reducing biomolecules such as polysaccharides and 
proteins in the plant extracts were proposed to be account-
able for silver nanoparticle formation (Chung et al. 2016). 
Cleome viscos plant extracts were successfully used for the 
biological silver nitrate reduction into silver ions and subse-
quent formation of AgNPs (Lakshmanan et al. 2018). Also, 
several reports emphasized the fabrication of AgNPs using 
a variety of phytochemicals from diverse plant species, such 
as Butea monosperma (Patra et al. 2015), Cucurbita maxima 
(Nayak et al. 2015), Achillea Biebersteinii (Baharara et al. 
2015) and Alternanthera sessilis (Lalitha 2015). Similar 
to gold nanoparticles, several studies have demonstrated 
that the type of phytochemicals, synthesis parameters and 
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conditions can significantly affect the stability and biocom-
patibility of phytosynthesized silver nanoparticles (Jadhav 
et al. 2015, 2016).

Apart from AuNPs and AgNPs, nanosized platinum par-
ticles are generally utilized for catalytic speeding up of reac-
tions in industries and in widespread biomedical as well as 
pharmaceutical applications. Certain platinum nanoparticles 
have been utilized in numerous medical applications with 
non-metals as bimetals, alloys or nanosized core–shell clus-
ters (Bhattacharya and Mukherjee 2008). However, reports 
on phytosynthesis of platinum nanoparticles are significantly 
scarce as compared to silver and gold nanoparticles. The 
synthesis of platinum nanoparticles leads to the reaction as 
shown in Eq. (1).

The first plant mediated nanosized platinum particle 
fabrication was performed via extracts of Diopyros kaki 
leaves and aqueous solution of H2PtCl6·6H2O as precursor. 
It is noteworthy that the 90% of platinum ions were con-
verted into NPs at 95 °C and > 10% concentration of leaf 
broth (Song et al. 2010). Similar type of synthesis was per-
formed by Dobrucka (2016) using Fumariae herba extract 
to yield hexagonal and pentagonal shape of the platinum 
NPs (Dobrucka 2016). Furthermore, Kumar et al. (2013) 
fabricated platinum NPs via plant extracts of Terminalia 
chebula and the high performance liquid chromatography 
(HPLC) results revealed that polyphenols are responsible 
for the decrement of Pt+4 ions into Pt0.

The phytosynthesis of copper nanoparticles (CuNPs) was 
also widely reported, due to their applications in sensor, anti-
microbial and catalysis field. Several plant species such as 
Capparious zeylanica leaf broth (Saranyaadevi et al. 2014), 
Ocimum sanctum leaf extracts (Kulkarni and Kulkarni 2013; 
Patel et al. 2016), aqueous extracts of Syzygium aromaticum 
(cloves) (Subhankari and Nayak 2013) and the leaf extracts 
of Vitis vinifera (Angrasan and Subbaiya 2014) were used 
as CuNPs formation agents. Nagar and Devra (2018) devel-
oped a rapid and green convenient nanosized copper par-
ticle fabrication method using salts of cupric chloride and 
leaf extracts of Azadirachta indica. The phytosynthesized 
CuNPs were highly crystalline and cubical with a size of 
48 nm and stable for 2 months due to elevated zeta potential 
(− 17.5 mV) at 4 °C. This study claimed that the metal ion 
decrement into metallic nanoparticles is rapid, compared 
to the microbial extract mediated nanoparticle fabrication.

Metal oxide nanoparticles

Metal oxides nanoparticles are significant in biomedi-
cal fields, due to their stability as compared to their 

(1)H2Pt + 6Cl − ⋅6H2O + Plant molecule (OH, COOH and so on) → Pt0 nanoparticles [13]

corresponding elemental forms (Cifuentes et al. 2019). The 
conventional synthesis approach of metal oxide nanoparti-
cles includes sol–gel, force hydrolysis and electrochemical 
techniques. However, the disadvantages associated with the 
chemical synthesis, such as involvement of toxic chemicals, 
paved the way for the eco-friendly synthesis of metal oxide 
nanoparticles (Nasrollahzadeh et al. 2015c, 2016).

Nanosized iron oxide (Fe3O4) particles have potential 
applications in diagnosis and therapy of several diseases. 
Izadiyan et al. (2018) synthesized Fe3O4 using the Jug-
lans regia husk extracts and the results suggested that the 
obtained iron oxide nanoparticles are smaller in size, com-
pared to the co-precipitation method. Furthermore, studies 
have shown that the biogenic nanosized iron oxides are non-

toxic towards normal cell, even at high concentration (below 
1000 µg/mL). In addition, the phytosynthesis of Fe3O4 was 
also performed using the leaf extracts of Artemisia vulgaris 
(Kouhbanani et al. 2018) and fruit extracts of Couroupita 
guianensis (Sathishkumar et al. 2018). Likewise, Prasad 
(2016) synthesized Fe2O3 nanoparticles from the garlic vine 
leaf extracts via FeSO4·7H2O as precursor. The octahedral 
shaped 18.22 nm sized particles were attained, and nanopar-
ticles’ stability was ascribed to the existence of biomolecules 
in the plant extracts as evidenced via thermogravimetric 
analysis (Prasad 2016). In another study, irregular shaped 
Fe2O3 nanoparticles were obtained from the leaf extracts of 
Ocimum sanctum with a size of 20–47 nm. The decrement 
was proposed to be due to the existence of proteins and phe-
nols in the extract (Balamurugan et al. 2014).

Zinc oxide nanoparticles has gained attention due to its 
wide benefits in optics, electronics, drug distribution, cancer 
and diabetic cell inhibition applications (Pal et al. 2015). The 
United States Food and Drug Administration (USDA) has 
enlisted zinc oxides nanoparticles as ‘generally recognized 
as safe (GRAS)’ metal oxide (Pulit-Prociak et al. 2016). 
Even though, nanosized ZnO is utilized for biomedical and 
pharmaceutical applications, the challenge of toxicity is yet 
to be resolved. Due to the increasing popularity of biosyn-
thesis approaches, several studies have been performed to 
synthesize ZnO NPs using plant parts. The most common 
protocol to synthesize ZnO nanoparticles via plant extracts 
is the utilization of zinc nitrate or zinc sulphate as precursor 
and boiling the mixture at the desired temperature. Optimi-
zation is usually performed considering the concentration 
of plant extracts, incubation temperature, and reaction time.
(Agarwal et al. 2017) Generally, plants such as Anisochilus 
carnosus (Anbuvannan et al. 2015), Plectranthus amboini-
cus (Fu and Fu 2015) and Vitex negundo (Ambika and 
Sundrarajan 2015) belongs to family Lamiaceae have been 
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utilized for nanosized ZnO particle fabrication, due to pres-
ence of specific nanoparticle stabilizing phytochemicals. 
Recently, Chung et al. (2015) demonstrated an eco-friendly 
and inexpensive method for ZnO nanoparticles fabrication 
using hydro extracts of Eclipta prostrata leaves. The TEM 
images of the synthesized nanoparticles revealed that their 
optimum size is 29 ± 1.3 nm with distinct morphologies 
(Chung et al. 2015). Hence, the design of phytosynthesized 
nanoparticles has specific significance in biomedical appli-
cations, especially in nanomedicine.

Titanium oxide (TiO2) nanoparticles exhibited a unique 
surface chemistry and have broad applications in textiles, 
papers, energy, and food industries, similar to other metal 
oxides (Abd El-Nasser et al. 2020). Mostly, TiO2 nanoparti-
cles are synthesized via chemical approaches such as micro 
emulsion, sol–gel methods and hydrothermal crystalliza-
tion requires elevated temperatures and toxic chemicals. 
Hence, the formation of nanosized TiO2 particles by eco-
friendly approach is the need of the hour. Sundrarajan and 
Gowri (2011) synthesized TiO2 nanoparticles with the leaf 
extract of Nyctanthes arbortristis (Night-flowering Jasmine) 
using titanium tetra-isopropoxide (TTIP) as precursors. The 
SEM micrograph revealed that the synthesized nanoparti-
cles are uniform, spherical and crystalline in nature with 
100–150 nm in size. Moreover, Santhoshkumar et al. (2014) 
synthesized TiO2 nanoparticles using leaf extracts of Psid-
ium guajava. The 32.5 nm sized particles displayed effective 
antibacterial activity against several bacterial species (San-
thoshkumar et al. 2014). By following the similar procedure, 
several researchers synthesized nano TiO2 powders by uti-
lizing phytochemicals from the plants such as Azadirachta 
indica aqueous leaves extract (Sankar et al. 2015), extract 
of Murraya koenigii leaves (Suganya et al. 2013), aqueous 
phytochemical extracts of Solanum trilobatum leaves (Raja-
kumar et al. 2014) and Citrus reticulata (orange) peel extract 
(Rao et al. 2015).

Nanocomposites

The increased knowledge and understanding in the synthe-
sis of nanoparticles has enabled researchers to synthesize 
a newer class of hybrid nanoparticles consisting of two or 
three types of nanocomponents (Pal et al. 2013). They have 
superior qualities owing to their nanometer size and physi-
ochemical properties, when compared to the traditional com-
posite materials (Hatamifard et al. 2015; Pal 2019). Nano-
sized core–shell particles contain a nanosized material at the 
centre and other components surrounding central core that 
are made of distinct biphasic nanomaterials (Gawande et al. 
2015). The nanosized particle surface can be altered with 
the biological moieties such as proteins, antibody, peptides 
and aptamers for several purposes, including sensing and 
targeted drug distribution. Literatures suggested that during 

the synthesis of nanoparticles if the particles are not capped, 
the hydrophobic surface of NPs will interact with each other 
and form agglomerated nanoparticles (Khatami et al. 2018a). 
This agglomeration phenomenon could be addressed using 
natural protecting biomolecules. The biomolecules obtained 
from the plant extracts are surface immobilized over nano-
sized particles during their formation and results in increased 
stabilized nanoparticles. Prasad et al. (2017a, b) developed 
a low cost biogenic approach for the formation of spherical 
and 16–20 nm sized oxides of magnetic iron particles sup-
ported with nickel via leaf extracts of Moringa oleifera as 
stabilizing and capping material. Similarly, Venkateswarlu 
et al. (2015) synthesized 50 nm sized oxides of iron-silver 
core–shell particles with improved magnetism and excel-
lent bacteria inhibition ability using stem extracts of Vitis 
vinifera as reducing and capping agent (Venkateswarlu 
et al. 2015). A similar type of Au/Ag nanocomposite from 
the dried tuber of Dioscorea bulbifera (Ghosh et al. 2015), 
Au–PD from the leaf extracts Cacumen platyclade (Zhan 
et al. 2011) and Fe3O4–SiO2 nanoparticles from the leaf 
extracts of green tea (Sharma and Tapadia 2016) were syn-
thesized and demonstrated potential application in various 
fields.

Several studies have shown that plant mediated syn-
thesized nanoparticles possess various significant func-
tional properties, similar to nanoparticles synthesized 
from chemicals. Huang et al. (2020) reported that nan-
oparticles synthesized from plant biomass have active 
functional groups to provide excellent optical properties 
such as photoluminescence. Likewise, Bhoir and Chawla 
(2016) showed that silver nanoparticles fabricated using 
mint extracts possess excellent mechanical strength, opac-
ity and ultraviolet light transmittance property. Kombiah 
et al. (2016) demonstrated that zinc-iron oxide nanopar-
ticles synthesized from Hibiscus rosa-sinensis plant have 
superior photoluminescence and magnetic properties at 
room temperature, compared to conventional combus-
tion methods. Plant extract-mediated synthesis of nano-
particles are known for their biological properties such 
as bioavailability (Shinde et al. 2019), biocompatibility 
(Ovais et al. 2018) and non/less toxicity (Nasrollahzadeh 
et al. 2014; Vasantharaj et al. 2019). The unique proper-
ties of phytosynthesized nanoparticles depend on vari-
ous factors including extraction method, solvent used for 
extraction, existence and quantity of phytochemicals, 
and biochemical interactions between phytochemicals 
and precursors, which eventually affects the size, shape, 
morphology, surface charge and functional groups present 
in the synthesized nanoparticles (Sajadi et al. 2016). Even 
though, all the aforementioned properties may be incor-
porated into chemically synthesized nanoparticles, the 
use of toxic chemicals in the synthesis process contrib-
utes to the toxicity of the nanoparticles in environmental 
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and biomedical applications (Jeevanandam et al. 2020a). 
These factors make phytosynthesis approaches more 
promising for biomedical applications. Table 1 presents 
a summary of phytosynthesized nanoparticles from sev-
eral plant extracts.

Phytosynthesized nanoparticles with cancer 
cell inhibition property

Recently, numerous researchers have diverted their attention 
on the application of nanotechnology in cancer theranos-
tics (Shewach and Kuchta 2009). Different types of nano-
particles are being synthesized via conventional chemical 

Table 1   Phytosynthesized nanoparticle from various plant extracts

Nanoparticles Plant Plant parts Size (nm) Shape References

Silver nanoparticles Acacia nilotica Gum 10–78 Spherical Yeasmin et al. (2017)
Acorus calamus, Moringa 

oleifera, and Cucurbita 
maxima

Petals 21–57 Spherical and rectangular Nayak et al. (2015)

Ceropegia thwaitesii Leaves 20–100 Spherical Muthukrishnan et al. (2017)
Panax ginseng Leaves 10–20 Spherical Castro-Aceituno et al. 

(2016)
Ficus retusa Leaves 15 Spherical Zayed et al. (2019)
Euphorbia hirta Leaves 2.9–206.3 Spherical Selvam et al. (2019)
Gossypium hirsutum Stem 20–100 Spherical Vanti et al. (2019)
Callistemon citrinus Aerial parts 29 Spherical Larayetan et al. (2019)
Cressa cretica Leaves 15–22 Spherical Balasubramanian et al. 

(2019)
Gold nanoparticles Dillenia indica Fruit 5–50 Spherical Sett et al. (2016)

Peltophorum Pterocarpum Flower 5–40 Spherical Balamurugan et al. (2016)
Ocimum tenuiflorum
Azadirachta indica

Flower and leaf 20 Spherical Rao et al. (2017)

Nepenthes khasiana Leaves 50–80 Spherical Bhau et al. (2015)
Panax notoginseng Whole plant 100 Spherical Wang et al. (2019)
Lonicera japonica Flower 10–40 Spherical Patil et al. (2019)
Bursera serrata Fruit 10 Spherical, triangular and 

tetragonal
Bag (2019)

Rhizopus oryzae Protein extracts 20 Spherical Das et al. (2012)
Zinc oxide Nanoparticles Cassia fistula Plant 5–15 Crystalline Suresh et al. (2015)

Heritiera fomes
Sonneratia apetala

Leaves 40–50 Spherical Thatoi et al. (2016)

Boswellia ovalifoliolata Bark 20 Spherical Supraja et al. (2016)
Pongamia pinnata Leaves 100 Spherical Sundrarajan et al. (2015)
Allium sativum, Allium 

cepa and Petroselinum 
crispum

Leaves 14–70 Hexagonal Stan et al. (2015)

Passiflora caerulea Leaves 70 Spherical Santhoshkumar et al. (2017)
Stevia rebaudiana Leaves 10–90 Rectangular Khatami et al. (2018b)

Copper Oxide Nanopar-
ticles

Aloe vera Leaves 20 Spherical Kumar et al. (2015)
Punica granatum Peels 40 Spherical Ghidan et al. (2016)
Gloriosa superba L Leaves 5–10 Spherical Naika et al. (2015)
Pterospermum acerifolium Leaves 100–250 Oval Saif et al. (2016)
Tinospora cordifolia Leaves 6–8 Spherical Nethravathi et al. (2015)

Ni/Fe3O4 Moringa Oleifera Leaves 16–20 Spherical Prasad et al. (2017a)
Au–Ag Antigonon leptopus Leaves 10–60 Spherical Ganaie et al. (2016)
Au–Pd Cacumen Platycladi Leaves 7.4 ± 0.8 Spherical Zhan et al. (2011)
Au/Ag Diopyros kaki Leaves 50–500 Spherical Song and Kim (2008)
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synthesis approaches, such as citrate reduction and polyol 
methods, and studied for their anticancer activity and or for 
therapeutic drug distribution to the cancerous cells. Nano-
particles with anticancer properties and efficacy in reaching 
target sites are used as a novel alternative to conventional 
cancer treatment modalities which are characterized with 
various side effects on normal healthy cells (Yesilot and 
Aydin 2019). Till date, several microorganisms, including 
bacteria, fungi and yeast, have been utilized to fabricate 
nanoparticles with potential anticancer ability. Moreover, 
nanoparticles have not only been synthesized from microbes, 
even seaweeds (Sanaeimehr et al. 2018), algae and dried 
waste grass (Khatami et al. 2018c) have also been employed. 
In addition, plants are explored to a large extent due to their 
simple, non-elaborative, cost-effective and facile approach in 
synthesizing nanoparticles with biocompatibility (Barabadi 
et al. 2017). Thus, extracts of plants have the capability of 
reducing metal ions, and has been extensively under evalu-
ation since the nineteenth century. Considering all the sig-
nificant aspects of green synthesis, this type of approach has 
been widely used for various biomedical applications. This 
section of the review discusses the plant mediated synthesis 
of nanoparticles and their significance in cancer therapeutics 
and strategies adopted for inhibition of the growth of cancer 
cells.

Metallic nanoparticles with anticancer property

Nanosized metallic nanoparticles, such as nano silver and 
gold particles, gained substantial attention in recent times 
for cancer theranostics, due to their striking characteris-
tics at nano-regime, that has been ascribed to its enhanced 
aspect ratio. Plant mediated approaches for nanoparticles 
are increasingly popular due to ease in scaling up and down-
streaming process for commercial applications (Ovais et al. 
2017). In addition, plants with medicinal properties are the 
significant source of bioactive chemical entities with anti-
cancer ability and offer exhilarating cancer treatment tactics 
via ecofriendly fabrication of nanosized metallic particles. 
Numerous scientists have described the utilization of bio-
logical extracts for nanoparticle fabrication by anticipating 
nanosized particles’ safety, which has led to the emergence 
of green nanotechnology.

Silver has been traditionally used in several medicinal 
drugs due to its excellent antimicrobial (Ali et al. 2020) and 
anticancer activities (Gomathi et al. 2020). Since bulk sil-
ver exhibits potential antimicrobial property, their nanosized 
counterparts have been extensively studied to demonstrate 
excellent inhibition property against pathogenic microbes 
(Boateng and Catanzano 2020). Thus, various nano forms 
of metals, particularly silver and magnesium, are employed 
to contribute additional benefits to drug formulations for 
disease treatment (Chandran et al. 2019; Jeevanandam et al. 

2015, 2019b). Several cancer-related studies have been per-
formed using AgNPs synthesized from plants as compared 
to other metallic nanoparticles. AgNPs acts on cancer-
affected cells via caspase and mitochondrial pathway-medi-
ated apoptosis. Moreover, these nanoparticles are also highly 
biocompatible and show higher efficiency in cytotoxic activ-
ity against cancer cells (Ovais et al. 2016). Furthermore, 
AgNPs were produced via hydro extract of Salacia Chin-
ensis bark and evaluated against different cancer cells such 
as liver (Hep G2), lungs (L-132), pancreas (MIA-Pa-Ca-2), 
breast (MDA-MB-231), oral (KB cells), prostate (PC-3), and 
HeLa cancer cell lines (IC50 = 5–15 µg/mL). These phyto-
synthesized nanoparticles (40–80 nm) from the reduction of 
silver nitrate were characterized and reported to be stable. 
Cytotoxicity of these AgNPs was investigated towards nor-
mal fibroblasts (≥ 95% of cell viability) and blood erythro-
cytes (< 3% of hemolysis), wherein the results demonstrated 
negligible toxicity to the cells. Moreover, the study served 
as a potential proof that the phytosynthesized AgNPs can be 
efficiently applied for cancer treatment as compared to the 
traditional therapies (Jadhav et al. 2018). Selvan et al. (2018) 
also attempted to synthesize AgNPs via aqueous extracts 
of garlic, turmeric and green tea. Phytochemical analysis 
showed the existence of various biochemicals in the extracts, 
which served as capping and reducing mediators for obtain-
ing nanosized silver particles. The antioxidant effectiveness 
of NPs was studied through various scavenging assays such 
as 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) 
(ABTS) cation, 2,2′-diphenyl-1-picrylhydrazyl (DPPH), 
p-nitrosodimethylaniline (p-NDA), hydrogen peroxide 
(H2O2) and dimethyl sulfoxide (DMSO). The synthesized 
AgNPs displayed excellent concentration-dependent (2, 5, 
10, 25, 50 and 100 μg/mL) cancer cell inhibition ability after 
48 h, compared to the standards such as rutin and ascorbic 
acid. The anticancer activity of NPs was also studied in vitro 
using different cancer cells, such as MCF-7, HeLa, Hep-2, 
A549 cells and normal human dermal fibroblasts (NHDF) 
cell line. The cytotoxic assay result of AgNPs synthesized 
using turmeric extract demonstrated remarkable results 
for antioxidant and anticancer assays as compared to the 
other plant extracts (Selvan et al. 2018). Likewise, Mousavi 
et al. (2018) assessed nanosized silver particles synthesized 
using extracts of Artemisia turcomanica leaves. In this 
study, they investigated the apoptosis induction in cancer-
ous gastric cells (AGS) and also compared the cancer cell 
inhibition potential with commercially available nano sil-
vers. Improved programmed cell death was detected, while 
treating cells with the phytosynthesized AgNPs compared to 
those not treated with NPs (p < 0 0.001). The study revealed 
that the phytosynthesized AgNPs induced significant apop-
tosis (95%) and showed a time- and dose-mediated cyto-
toxic and anticancer effect against AGS cells compared to 
the commercial chemically synthesized AgNPs (84%). A 
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similar biogenic AgNPs (0.04 and 0.08 mg/mL) was syn-
thesized using Saccharina japonica extract, and their cyto-
toxicity effect was examined in HeLa cells, revealing their 
excellent anticancer efficiency via sulforhodamine B (SRB) 
assay (~ 20–40% cytotoxicity towards cancer cells) (Sree-
kanth et al. 2016). Sarkar and Kotteeswaran (2018) phyto-
synthesized AgNPs using hydro extracts of Punica granatum 
(pomegranate) leaves, and the cancer inhibition ability was 
investigated using HeLa cell lines. The proliferation reduc-
tion potential of the nanosized particles was evaluated via 
MTT assay, and the IC50 was reported to be 100 μg/mL. Lac-
tate dehydrogenase (LDH) assay also showed that a 100 μg/
mL dosage of the nanoparticles exhibited 50% cytotoxicity, 
and the cancer cell inhibition efficiency of the phytosyn-
thesized nanosized particles was demonstrated via DNA 
fragmentation assay.

AgNPs have not only been synthesized from whole 
plant extracts, but also from tissue cultured explants. This 
approach for the synthesis of NPs has received a positive 
response, due to their eco-friendly approach. Recently, cal-
lus extracts of particular plants have been employed as it 
requires a shorter period to grow, when compared to the 
plants and also can secrete secondary biochemical metabo-
lites that are necessary for the nanoparticle formation. The 
first report of using callus for nanosized silver particle fab-
rication was by Mude et al. (2009), where they synthesized 
60–80 nm sized spherical AgNPs from callus extracts of 
papaya (Carica papaya) (Mude et al. 2009). Later, Satya-
vani et al. (2011) utilized callus of Citrullus colocynthis 
extracts for AgNP fabrication. Herein, the anticancer activ-
ity was evaluated against human HEp-2 carcinoma cells of 
epidermoid larynx using different assays. The synthesized 
spherical shaped AgNPs (31 nm) were found to exhibit a 
dose-mediated (500 nM) side-effects in the cell line (50%). 
Additionally, LDH assay showed that an increased level 
of LDH was significantly observed than the control. In yet 
another assay, AgNPs treated cells showed double-strand 
breaks exhibiting apoptosis and cellular DNA fragmentation 
(Satyavani et al. 2011). Interestingly, Huang et al. (2019) 
synthesized AgNPs using reducing agents obtained from cal-
lus extracts of Chlorophytum borivilianum L. (Safed Musli) 
plants. The NPs were fabricated by exposing nitrates of sil-
ver to the methanolic extracts of callus, wherein the change 
in yellow color to brown showed the bio-reduction and 
development of nanosized particles. The well-characterized 
AgNPs were studied for their cytotoxic property against the 
cancerous human HT-29 colon cells via MTT assay (IC50 at 
AgNPs concentration of 500 μg/mL after 24 h is 254 μg/mL) 
and validated their potential application for cancer treatment 
in the future (Huang et al. 2019).

Apart from AgNPs, AuNPs have found their utility 
in several biomedical applications. They have been uti-
lized extensively in industries and in biological fields for 

detection and therapy purposes. Although AuNPs can be 
efficiently synthesized using chemical approaches, other 
methods such as biological preparations have their own 
unique advantages. Physico-chemical approaches are posh 
and involve elevated energy inputs, and thus scientists have 
diverted their focus towards biological methods which are 
eco-friendly, cost-effective and biocompatible (Ovais et al. 
2017). Recently, gold NPs are fabricated by utilizing vari-
ous natural sources, such as microbes and plants, of which 
plant extracted AuNPs have found their place in several 
anticancer studies and have gained wide attention in cancer 
treatment. Wu et al. (2019) stated nanosized gold particle 
formation via plant extracts of Abies spectabilis. The well-
characterized nanoparticles were studied for anticancer, 
cell migration and apoptosis activities in bladder cancer 
(T24) cells. The synthesized AuNPs displayed dose-
dependent cytotoxicity (1 to 25 μg/mL for 24 h), while the 
other assays showed up regulation of Beclin-1, Bax and 
caspase 3, and down-regulation of Bid and Bcl-2 genes 
(Wu et al. 2019). In another study, biogenic AuNPs were 
synthesized by incubating salts with the phytochemicals 
to obtain curcumin-based, AuNPs coated with curcumin, 
turmeric, quercetin and Paclitaxel. The obtained NPs were 
assessed for anticancer activity in various cancerous breast 
cells and the cytotoxicity studies exposed that the com-
bination of these synthesized NPs (5 μM concentration) 
shows significant toxicity in cancerous cells of MCF-7 and 
MDA-MB-231. Moreover, when the nanoparticles were 
tested in normal human embryonic kidney (HEK) 293 
cells, they did not show any signs of toxicity either alone 
or in combination (Vemuri et al. 2019). In another study, 
flowers of Lonicera japonica were used for the synthesis 
of AuNPs and evaluated for cancer cell inhibition ability 
(95%) in cancerous cervical cells. The presence of several 
biochemical metabolites such as alkaloids and phenolic 
compounds is proposed to be a contributing factor for the 
formation and anticancer activity of nanoparticles (Patil 
et al. 2019). Other nanosized metallic particles, such as 
zinc and copper have also been synthesized using plant 
sources. Recently, it was established that nanosized zinc 
sulphide particles can be synthesized using Stevia rebau-
diana plant extract. Biochemical metabolite glycoside was 
used as the bioreducing agent in nanoparticle formation 
and exhibited excellent cytotoxicity (IC50 = 400 mg/mL for 
24 h) against cancerous MCF-7 cells (Alijani et al. 2019). 
Similarly, floral extracts of Quisqualis indica were used 
to fabricate CuNPs by Mukhopadhyay et al. (2018) via 
copper acetate as a precursor. The cytotoxicity potentials 
of the CuNPs were investigated by MTT and LDH assay 
on B16F10 melanoma cells (IC50 = 102 μg/mL after 24 h), 
revealing that the phytosynthesized CuNPs demonstrated 
a significant decrease in tumor growth in mice bearing 
B16F10 melanoma tumor.
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Anticancer nanosized oxides of metal 
particles

Metal oxides are extremely utilized in biomedical appli-
cations, especially in cancer therapeutics. Sisubalan et al. 
(2018) synthesized nanosized oxides of cerium (CeO2) and 
Zn particles using Rubia cordifolia L leaf extracts. These 
nanoparticles were studied for their biomedical activity 
towards MG-63 cells of osteosarcoma by MTT assay. 
Overall, this study revealed the anti-proliferative activity 
(~ 70–80%) of nanosized ZnO and CeO2 particles (50 μg/
mL) towards osteosarcoma cells by producing exceptional 
levels of ROS, thus underlining the role of green synthe-
sis. Likewise, Prashanth et al. (2018) fabricated nano ZnO 
powders via solution combustion approach. In this study, 
the group synthesized nano ZnO particles using lactose 
and phytochemicals extracted from Melia azedarach, 
Indigofera tinctoria and Abutilon indicum. Anticancer 
activity was evaluated in cancerous Calu-6 (58–112 μg/
mL) and DU-145 (34–103 μg/mL) cells, wherein the bio-
synthesized nanosized oxides of zinc particles showed 
significant activity with enhanced biocompatibility 
(Prashanth et al. 2018). Besides, ZnO nanoparticles were 
fabricated via leaf extracts of Tecoma castanifolia plant 
to identify their ability to inhibit bacteria and cancerous 
cells. The IC50 value of the nanoparticles in cancerous 
A549 cells was found to be 65 μg/mL, which indicated 
their enhanced anticancer ability (Sharmila et al. 2019). 
Furthermore, Sanaeimehr et al. (2018) synthesized ZnO 
nanoparticles from phytochemical extracts of the algae 
Sargassum muticum to assess its cell inhibition proper-
ties towards cancerous HepG2 cells of human liver. The 
findings from the assay using trypan blue dye confirmed 
that the ZnO NPs (175 μg/mL) possessed a concentra-
tion-dependent cytotoxicity in liver cancer cells (55.5%) 
and the MTT assay showed a time- and dose-dependent 
cancer cell inhibition ability. Also, ZnO nanoparticles 
synthesized from aqueous extracts of Sargassum muti-
cum have been treated on murine cancer cell lines (Nam-
var et al. 2015). The nanoparticles demonstrated various 
levels of cytotoxicity in various cancerous murine cell 
lines such as 4T1 (IC50 = 21.7 ± 1.3 μg/mL), CRL-1451 
(IC50 = 17.45 ± 1.1 μg/mL), CT-26 (IC50 = 11.75 ± 0.8 μg/
mL) and WEHI-3B (IC50 = 5.6 ± 0.55 μg/mL). They did 
not show cytotoxicity against healthy 3T3 mouse fibro-
blasts. The nanosized ZnO particles also mediated diverse 
morphological alternations, apoptotic cell cycle popula-
tion block, and apoptotic protein stimulation towards 
cancer cells. Additionally, Namvar et al. (2014) demon-
strated the fabrication of biogenic magnetic nanosized 
iron oxide particles (Fe3O4 MNP) using the aqueous 
extracts of brown Sargassum muticum seaweed containing 

functional active groups for effective nanoparticle forma-
tion. The in vitro cancer cell inhibition ability of these 
nanoparticles was confirmed using human Jurkat leu-
kaemia cells (IC50 = 6.4 ± 2.3 μg/mL), cancerous HeLa 
(IC50 = 12.5 ± 1.7 μg/mL), MCF-7 (IC50 = 18.75 ± 2.1 μg/
mL) and HepG2 (IC50 = 23.83 ± 1.1 μg/mL) liver cells. 
An exceptional minimum inhibitory concentration (IC50) 
value was observed at 72 h after Fe3O4 MNPs treatment. 
Cell cycle evaluation also suggested a substantial incre-
ment in Fe3O4 MNPs accumulation in cells at sub-G1 
phase, which confirmed apoptosis induction by the mag-
netic nanoparticles.

Apart from ZnO and CeO2, nanosized oxides of cop-
per particles (CuO nanoparticles) have also been syn-
thesized by utilizing phytochemical extracts. In a par-
ticular study, phytochemicals of Azadirachta indica was 
utilized for the nanosized CuO particle fabrication and 
their anticancer ability was evaluated through in vitro 
molecular methods. The uptake of copper ions inside the 
cancer cells led to ROS and eventually results in apoptosis 
and DNA fragmentation. Interestingly, in vivo evalua-
tion was also carried out in a Balb/C breast tumor mice 
model and observed that the biogenic CuO NPs caused 
reduction of the cancer cells and increased mean sur-
vival time of mice. It was also observed that CuO NPs 
altered the pro-inflammatory cytokine level and pro-
apoptotic protein expressions (~ 68% increased expres-
sion of P38, caspase 3 and caspase 8) to be beneficial as 
a better anticancer agent (Dey et al. 2019). Furthermore, 
CuO NPs have been proposed for its widespread use in 
emerging anticancer applications. Gopinath et al. (2016) 
synthesized CuO NPs by extracting phytochemicals from 
the dried fruits of Tribulus terrestris and studied their 
anticancer potential. MTT assay was performed using 
normal human mesenchymal stem and adenocarcinoma 
AGS cell lines to study anticancer activity, wherein the 
NPs were found to be safe for stem cells (100 µg/mL 
nanoparticle concentration =  ~ 80% cell viability) while 
showing significant toxicity towards cancer cells (100 µg/
mL nanoparticle concentration = 17.1% cell viability) 
(Gopinath et al. 2016). In another study, nanosized CuO 
particles were fabricated via phytochemicals extracted 
from black bean and studied their ability to disrupt the 
mitochondrial structure in cancer cells along with inhib-
iting their proliferation (0.5 and 1 mg/mL of CuO NPs 
inhibits ~ 70% of Hela cell after 24 h) (Nagajyothi et al. 
2017). In addition, Ezhilarasi et al. (2016) used Moringa 
oleifera plant extract to study their antibacterial and anti-
cancer activities and the MTT assay results in HT-29 cells 
provided ample evidence about the anticancer ability of 
nickel oxide (NiO) nanoparticles (1000 g/mL nanopar-
ticle concentration leads to 7.6% cell viablity) (Ezhila-
rasi et al. 2016). In an interesting study, un-doped tin 
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oxide and cobalt-doped tin oxide were synthesized from 
the aqueous Clerodendrum inerme extract using solution 
combustion synthesis method. The synthesized 30 and 
40 nm cobalt-doped tin oxide nanoparticles were proved 
to possess effective anticancer activity against MCF-7 
(IC50 = 18.15 ± 1.0 μg/mL) and Ehrlich ascites tumor cells 
(Tumor volume = 1.2 ± 0.65 mL) (Khan et al. 2018).

Anticancer nanocomposites

In recent times, nanocomposites have been synthesized via 
phytochemicals extracted from plants to act as better anti-
cancer agents without side-effects on noncancerous cells. 
In an interesting study, graphene-based nanocomposites 
were prepared and used to demonstrate its ability in treat-
ing cancer. Graphene and graphene-based nanocomposites 
are usually utilized in several industrial-based applications 
such as the development of sensors, energy storages and 
catalysts. The group synthesized eco-friendly and simple, 
nanosized silver-graphene oxide composites utilizing plant 
extracts of Tilia amurensis (5–25 μg/mL nanocomposite 
dose), evaluated their anticancer efficacy against cancer-
ous ovarian A2780 cells and the results demonstrated 
reduced cell viability (IC50 =  ~ 12.5 μg/mL) (Gurunathan 
et al. 2015). Similarly, rGO–Ag (reduced graphene oxide-
silver) nanocomposites were prepared using C-phycocy-
anin and evaluated for their anticancer ability by adding 
cisplatin (Cis). The anticancer efficacy in HeLa cells was 
studied by different assays and stress markers by treating 
the cells in combination with Cis and rGO-AgNPs. Cyto-
toxicity assays demonstrated a dose-dependent decrement 
in the viability of cells, when incubated with Cis, GO, 
rGO, AgNPs, and rGO-AgNPs (Dose = 0.1–6 μg/mL and 
IC50 = ∼1.5 μg/mL), and the inhibition of cells were more 
significant when used in combination. Moreover, the study 
also demonstrates the expression of genes related to apop-
tosis such as pro-apoptotic, anti-apoptotic, and autophagy 
with a polymerase chain reaction in real-time. The find-
ings revealed pronounced effects on the expression of 
apoptotic and autophagy genes when treated in combi-
nation. Thus, it emphasized the potential of rGO-AgNPs 
nanocomposites in promoting cytotoxicity, apoptosis, and 
autophagy in cervical cancer cells and are proposed as a 
strong agent in cancer treatment (Yuan and Gurunathan 
2017). Biogenic approach for the fabrication of nanosized 
gold-silver-indium-reduced graphene oxide composite 
was demonstrated using Piper pedicellatum leaf extracts. 
The inhibitory assay using α-glucosidase showed that the 
nanosized composites had exceptional potential to inhibit 
PC3 cells (IC50 = 0.178 ± 0.01 µg/mL) than nanosized gra-
phene oxide particles and are non-toxic towards healthy 
epithelial RWPE-1 and prostate cells (Saikia et al. 2018).

Other novel nanoparticles

In a recent study, core–shell Fe3O4/Au nanoparticles were 
synthesized by a green route using husk extracts of Juglans 
regia (walnut) in two-step co-precipitation method. These 
NPs of size 6.08 ± 1.06 nm was tested for their anticancer 
activity using colorectal HT-29 cancer cell line and the 
results demonstrated a significant toxic effect in cancer cells 
(IC50 = 235 μg/mL), compared to non-cancer cell line (Izadi-
yan et al. 2019). Another study highlighted the efficacy of 
Fe3O4-γFe2O3 structured core–shell magnetic nanoparticles 
that are synthesized via phenolic phytochemical extracts of 
Vanilla planifolia and Cinnamomum verum as capping and 
reducing agents. The 10–14 nm sized core–shell magnetic 
nanocomposites were studied for their efficacy in hyper-
thermia mediated inhibition of BV2 microglial cells. The 
particles were used as heating element in the hyperthermia 
experiment and were proven to be valuable in persuading 
cell death after 30 min at a temperature of 46˚C. Hence, 
these types of novel magnetic nanocomposites are proven 
to be an active hyperthermia material with potential cancer 
treatment ability in the future (Ramirez-Nuñez et al. 2018). 
Table 2 lists a summary of phytosynthesized metallic nano-
particles towards cancer cells.

In vitro and In vivo studies

Several therapeutic strategies have been established and 
used for the treatment and complete eradication of cancer 
from the patient’s body. However, the success rate of each 
strategy is less and may lead to toxicity in patients, which 
is a critical limitation. Apart from existing conventional 
treatments, novel strategies such as RNAi nanotechnology 
have emerged, which show a ray of hope to tackle cancer 
more effectively than conventional methods. Nanoparticles 
namely metals (titanium, iron, gold, copper and silver), 
metal oxides (ZnO, CuO, Iron oxides), polymers and other 
hybrid nanoparticles synthesized from biological sources, 
especially plant extracts, have potential in tackling cancer as 
described in the previous sections. Phytosynthesized nano-
particles have been evaluated using MCF-7 cells (Şahin et al. 
2018), HT-29 cells (Ezhilarasi et al. 2016), B16F10, MCF-
7, HNGC2, A549 (Patra et al. 2015) and H1299 cells (He 
et al. 2016b) to reveal and compare in vitro anticancer activ-
ity. In vitro studies using these cell lines serve as an initial 
screening option to eliminate nanoparticles that are toxic 
towards normal and healthy cells (Dhamecha et al. 2015).

Apart from in  vitro studies, in  vivo animal models 
have been developed and studied for anticancer activity 
as well, although the review of literature for in vivo stud-
ies are limited. CuO NPs fabricated via Azadirachta indica 
plant leaf extracts were studied for their in vitro as well 
as in vivo anticancer efficiency via breast cancer Balb/C 
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mice model. The in vitro cytotoxicity analysis via MTT 
assay showed that the IC50 value of the resultant CuO NPs 
against MCF-7 (breast) and Hela (cervical) cancer cell 
lines were 21.56 and 24.74 µg/mL, respectively. The syn-
thesized CuO NPs showed 73.55% reduction in the tumor 
volume and improved the mice persistence time by altering 
pro-inflammatory cytokine levels up to 70.47% after treat-
ing the mice with 1000 µg/kg of mice’s body weight. Thus, 
in vivo model can be beneficial for studying the applica-
tion of phytosynthesized NPs in cancer therapeutics and in 
preclinical toxicity analysis of these NPs towards normal 
cells (Dey et al. 2019). Similarly, Dhamecha et al. (2016a, 
b, c) synthesized doxorubicin (Dox) loaded nano-gold 
particles and evaluated their anticancer activity for the 
treatment of chemically induced fibrosarcoma in a mice 
model. The study showed 81% of tumor suppression by 
the gold nanoparticles (2.5 mg/kg), when compared to free 
Dox (48% of tumor suppression), and were reported to be 
highly safe for use with less toxicity and high biocompati-
bility (Dhamecha et al. 2016b). In another study, an in vivo 
model was developed using cells with Ehrlich ascites car-
cinoma (ESC) and treated with phytosynthesized un-doped 
tin oxide and tin oxide doped with cobalt nanoparticles. 
The NPs demonstrated better in vivo activity of inhib-
iting MCF-7 (IC50 value = 18.15 ± 1  µg/mL) and ESC 
cell growth (48.99 ± 0.65 106/mL of tumor cell count), 
respectively, compared to standard cancer drugs (Khan 
et al. 2018). Moreover, He et al. (2016a, b) developed an 
in vivo tumor xenograft model using H1299 cells in severe 
combined immunodeficient (SCID) mice. The phytosyn-
thesized AgNPs of concentrations between 5–8 μg/mL 
showed anticancer activity against lung cancer and effec-
tively suppressed the tumor (IC50 = 5.33 ± 0.37 μg/mL). 
The findings demonstrated the cancer inhibition ability 
of nanosized silver particles with enhanced potential in 
chemoprevention and chemotherapy of cancerous lung 
cells, specifically for intervention in the early stage (He 
et al. 2016b). However, there is no proper regulatory firm, 
standard repositories or protocols to study the anticancer 
activity via standard methods and deposit those data for 
future research, which is a major limitation in commer-
cializing these anticancer nanoparticles. Besides, unstable 
nanoparticles with no control of particle size distribution 
and shape/morphological uniformity are some additional 
limitations of phytosynthesized nanoparticles. Some of 
these limitations can be addressed using biopolymeric 
formulation or capping agents. Phytosynthesized nano-
particles are mostly less toxic and highly biocompatible 
compared to chemically synthesized nanoparticles and 
are useful for biomedical applications. This enables the 
functional bioactive molecules encapsulated within the 
nanoparticles to exhibit anticancer ability at the highest 
level (Jeevanandam et al. 2020a).

Phytosynthesized nanoparticles for cancer 
diagnosis

Phytosynthesized nanoparticles are extensively used to 
diagnose prostate, gastrointestinal and hepatic cancers. 
These biogenic nanoparticles can act as bioimaging or 
biosensor agent to effectively diagnose cancer without any 
side-effects to patients due to their enhanced biocompat-
ibility. Furthermore, phytosynthesized nanoparticles are 
used to detect biomarkers of cancer existing as a naturally 
occurring gene, molecule or a characteristic represent-
ing cancer complication (Chinen et al. 2015). There are 
few literatures available to prove the biosensor applica-
tion of phytosynthesized nanoparticles for the detection 
of cancer cells. This can be attributed to the inefficiency 
of these nanoparticles to be incorporated in biochips, 
which upon continuous detection of cancer cells may lead 
to heat generation and disintegration of functional phy-
tocompounds in its surface (Ohnishi et al. 2013). Thus, 
phytosynthesized nanoparticles are predominantly under 
extensive research in bioimaging applications, especially 
as a contrast agent, to locate the cancer cells in patients. 
Chanda et al. (2011) fabricated gold nanoparticles using 
phytochemicals of cinnamon such as starch, linalool, cat-
echin, trans-cinnamaldehyde and epicatechin. The result-
ant nanoparticles are ~ 13 nm in diameter, homogenously 
spherical shaped with narrow size distribution and long-
term stability. Furthermore, these nanoparticles possess 
ability to internalize into human prostate cancer PC-3 
and breast cancer MCF-7 cells and released detectable 
photoacoustic signals, which is beneficial as photoacous-
tic contrast enhancement agent to locate cancer cells via 
computational tomography images (CT) (Chanda et al. 
2011). Likewise, Mukherjee et al. (2013) demonstrated the 
synthesis of gold nanoparticles using the phytochemicals 
extracted from the leaves of Olax scandens. The synthesis 
approach resulted in 5–15 nm sized spherical particles, 
18–55 nm sized rod-shaped particles, 30–55 nm sized 
dumbbell shaped particles, 30–100 nm sized triangular and 
15–35 nm sized hexagonal nanoparticles. Furthermore, 
these nanoparticles possess ability to internalize into A549 
lung cancer, COLO205 colon cancer and MCf-7 breast 
cancer cell lines to exhibit bright red fluorescence along 
with anticancer ability, which is beneficial to evaluate the 
location of cancer cells for effective diagnosis (Mukherjee 
et al. 2013). Similarly, cocoa extract powder was used to 
fabricate spherical, anisotropic, 150–200 nm sized gold 
nanoparticles. These nanoparticles possess excellent inter-
nalization ability in epidermoid A431 carcinoma, triple 
negative MDA-MB-231 breast cancer, murine L929 and 
mouse NIH 3T3 fibroblast cells. Furthermore, the nano-
particle exhibited anticancer ability against cancer cells 
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via photoablation method and are less toxic to fibroblasts. 
In addition, these nanoparticles showed high contrast 
efficiency to be a contrast agent, when exposed to X-ray, 
which will be useful to locate the cancer cells via CT 
images (Fazal et al. 2014).

Recently, Li et al. (2018) utilized pea protein lysate for 
the fabrication of luminescent gold nanocluster hybrid, 
coated with red blood cell membrane to improve their blood 
compatibility, as shown in Fig. 2. The gold nanocluster 
was around ~ 10 nm size, spherical shaped with uniform-
ity, whereas the gold nanocluster-protein hybrid is below 
100 nm in size. This complex nanoclusters exhibited excel-
lent internalization in the in vivo mouse model and showed 
superior fluorescence property to classify tumor and normal 
cells via real time near-infra red fluorescence images. Other 
than gold, carbon dots were also recently gaining interests 
among researchers to be synthesized using phytochemicals, 
as they exhibit excellent fluorescence property. Vandarku-
zhali et al. (2017) recently fabricated carbon dots with a 
quantum yield of 48% using phytochemical extracts obtained 
from pseudo-stem of banana. The result carbon dots were 
2–3 nm in size with a narrow distributed hydrodynamic 
diameter of 2.5 nm. These nanosized dots exhibited fluo-
rescence property based on their binding nature with iron 
and thiosulfate ions. Furthermore, these carbon dots eas-
ily internalize into breast cancer MCF-7 and cervical can-
cer HeLa cells with ability to act as fluorescent probe for 
classifying cancer and normal cells via multi-colors such 
as green, blue and red. In addition, these nanodots possess 
high photostability, water solubility, less toxicity, cell mem-
brane permeability and good compatibility to be useful as 
a potential bioimaging agent (Vandarkuzhali et al. 2017). 
Moreover, Song et al. (2016) fabricated hollow cobalt–plat-
inum alloy nanoparticles using plant polyphenols such as 

tannic acid and epigallocatechin gallate as a supporting 
agent. The alloys fabricated using tannic acid were 20 nm 
in size with 3 nm of thickness, whereas epigallocatechin 
gallate-mediated synthesis yielded ~ 9.6 nm sized particles, 
which further reduced to 6.6 nm after the addition of ellagic 
acid. These nano-alloys were injected in mice models and 
are demonstrated to possess ability for effectively internali-
zation into cancer cells with high T2 relaxation property, 
which is beneficial to classify cancer location via magnetic 
resonance imaging (MRI) scans. In addition, they also pos-
sess excellent fluorescence property to classify cancer and 
normal cells via photoacoustic images (Song et al. 2016). 
However, there exist certain glitches such as long-term sta-
bility of phytosynthesized nanoparticles in cancer environ-
ment and its long circulation time, hinders their efficiency 
to compete with chemical synthesized nanoparticle, which 
must be addressed in the future studies.

Mechanism of anticancer activity 
and cancer detection by phytosynthesized 
nanoparticles

There are numerous studies that focused on evaluating the 
anticancer ability of phytosynthesized nanoparticles. How-
ever, the exact mechanism is yet to be identified as different 
nanoparticles exhibited distinct mechanisms, based on the 
phytochemical content and their interaction of cancer cells. 
Figure 3 shows a schematic representation of various mecha-
nisms exhibited by phytosynthesized nanoparticles against 
cancer cells to inhibit their growth. It is noteworthy that the 
phytosynthesized nanoparticles show enhanced anticancer 
ability, compared to chemical synthesized counterparts, as 
the phytochemicals are coated or bind as functional groups 
in the nanoparticles. Such phytochemicals will act as anti-
cancer agents along with nanoparticles, which increases the 
intensity of apoptosis (programmed cell death) in cancer 
cells (Husen 2019). The phytosynthesized nanoparticles 
exhibits anticancer ability in two ways, either by binding 
to the surface or via cellular internalization (Andra et al. 
2019). Some nanoparticles dissociate into its ionic states 
in the body fluid upon administration, due to low stability 
(Lee et al. 2016), whereas stable nanoparticles reach the 
targeted cancer cells (Tietze et al. 2015). The dissociated 
ions in the body fluid also perform anticancer activity but 
with less specificity towards cancer cells. Thus, unstable 
nanoparticles in body fluids are nanoencapsulated or nano-
formulated to increase their stability (Hu et al. 2018). The 
primary mechanism in the inhibition of cancerous cells is 
the formation of reactive oxygen species (ROS) by nano-
particles. The ROS will be formed on the surface to damage 
cell membrane or nanosized particles can internalize into the 
cells and form ROS to disrupt cell membranes from inside 

Fig. 2   Gold nanocluster hybrid synthesized using pea protein lysate, 
Reproduced with permission from ©American Chemical Society (Li 
et al. 2018)
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(Zhu et al. 2016). Phytosynthesized nanoparticles may also 
lead to membrane protein damage and transmembrane elec-
tron transport disruption, upon binding to the cancer cell 
surface and cause specific cancer cell apoptosis (He et al. 
2016a; Zhang et al. 2018).

The main advantage of using phytochemicals for the 
formation of nanoparticles is to ease the internalization of 
them into the cancer cells (Yang et al. 2018). Internaliza-
tion of nanoparticles into cancer cells may lead to increased 
oxidative stress and elevated osmotic pressure, which will 
be responsible for apoptosis (Morry et al. 2017). The inter-
nalized nanoparticles may also bind with cell organelles 
(Ghosh 2019), DNA (Sundaramoorthy et al. 2016), elec-
tron transport chain (He et al. 2016a), enzymes (Nosrati 
et al. 2018) and proteins (Hasegawa et al. 2015) to disrupt 
them and lead to programmed cell death. It is noteworthy 

that all these mechanisms are possible to be responsible for 
cancer cell inhibition by nanoparticles. Thus, antagonistic 
and synergistic mechanism is the two classes of anticancer 
approaches that can be exhibited by phytosynthesized nano-
particles. In antagonistic approaches, only a specific type 
of the above mentioned mechanisms will be accountable 
for the cancer cell inhibition ability of nanosized particles 
(Zhu et al. 2017), predominantly cell wall disruption upon 
nanoparticles’ interaction with the cancer cell surface. How-
ever, in synergistic approaches, involves a combination of 
two or more of the above mentioned mechanisms to inhibit 
cancer cell growth using nanoparticles (Thapa et al. 2017). 
Furthermore, nanoparticles are attracted towards the cancer 
cells either via electrostatic force (Revia and Zhang 2016) 
or they may disintegrate, and the ions may enter into cells 
via ion channels (Othman et al. 2016). In spite of several 

Fig. 3   Anticancer mechanism 
of phytosynthesized nanopar-
ticles. The schematic drawing 
demonstrates two possible 
anticancer mechanism exhibited 
by the majority of phytosynthe-
sized nanoparticles. The first 
anticancer approach is the direct 
inhibition of cancer cell by the 
nanoparticles either by damag-
ing cell wall and membrane 
protein; disrupting transmem-
brane electron transport; and 
generating reactive oxygen 
species (ROS) to facilitate apop-
tosis. Smaller nanoparticles may 
also enter into the cancer cell, 
generate ROS, induce oxidative 
stress, and disrupt DNA, elec-
tron transport chain, enzymes 
and protein to facilitate cancer 
cell apoptosis. The second 
approach is the dissociation 
of nanoparticles into ions and 
delivers anticancer activities by 
the standalone nanoparticle ions

Fig. 4   Mechanism of cancer 
diagnosis using phytosynthe-
sized nanoparticles for biosen-
sors and bioimaging applica-
tions. The nanoparticles may 
either bind with specific cancer 
biomarker to generate an exclu-
sive signal to be detected by the 
biosensor or internalize into the 
cancer cell to exhibit fluores-
cence that can be detected for 
bioimaging applications
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reports on the anticancer mechanism of nanoparticles, exten-
sive research is required to specify and standardize them to 
improve their anticancer ability in the future.

The mechanism of cancer diagnosis revolves around two 
main applications, either bioimaging or biosensors, as shown 
in Fig. 4. Nanoparticles with their enhanced ratio of surface 
area to volume can accommodate several biomolecules as 
receptors to detect a wide variety of cancer biomarkers. In 
addition, when nanoparticles are combined with biosensors, 
it is highly sensitive to even minute changes in their surface 
and rapid in delivering signals to the sensors. Thus, phy-
tosynthesized nanoparticles coated with specific receptors 
are critical in the rapid detection of cancer biomarkers in 
biofluids, which includes sweat, blood and urine with high 
sensitivity and without any toxic reactions to humans and the 
environment (Kuang et al. 2017). Moreover, nanoparticles 
exhibit excellent fluorescent properties, which is proved to 
be enhanced by synthesizing them using phytochemicals and 
the existence of plant extracts as functional active groups in 
those nanoparticles (Wu et al. 2016). When these nanoparti-
cles are tagged with specific receptors of cancer biomarkers, 
they bind to cancer cells, internalize via tagged receptors and 
exhibit fluorescent property, which will be highly beneficial 
in imaging specific cancer cells (Chinen et al. 2015). Moreo-
ver, conventional fluorescent dyes can also be encapsulated 
with phytosynthesized nanoparticles for targeted delivery 
into cancer cells without causing damage to non-cancerous 
cells (Chansaenpak et al. 2018). The same mechanism is 
used in the cancer diagnosis via MRI (Kumar et al. 2016b), 
PET (Ovais et al. 2017), CT (Ovais et al. 2016) and infrared-
based (Chen et al. 2016) bioimaging approach.

In recent times, theranostic (detection and inhibition) 
mechanism of nanoparticles are widely explored and are 
considered as the future of cancer treatment. Here, the 
nanoparticles will possess both cancer detection and inhi-
bition properties. Such novel nanoparticles will be coated 
with biomolecular receptors to bind with specific cancer 
biomarkers, either give signals for biosensors or bioimag-
ing of cancer cells to locate and detect the type of cancer 
and its location. Upon diagnosis, the encapsulated or coated 
phytochemicals or drugs is released into the cancer cells to 
exhibit the anticancer mechanism, as mentioned earlier, for 
the inhibition of cancer cell growth. Magnetic nanoparticles 
are widely used in these types of multipurpose cancer treat-
ment modalities. Magnetic nanoparticles can be remotely 
driven inside the patient’s body to reach the target site via 
magnetic force, and this is beneficial to obtain MRI images 
of cancer types for diagnosis. After diagnosis, the release 
of the drug can be programmed and executed via external 
magnetic field depending on the effectiveness of drug and 
cancerous cell growth (Gobbo et al. 2015; Yang et al. 2017). 
Thus, phytosynthesized magnetic nanocomposites will be 
highly beneficial in the future as a multipurpose cancer drug 

to be utilized as theranostic agent to cure cancer. Recently, 
Kesavan et al. (2018) fabricated a novel an iron oxide-drug 
nanocage theranostic nanocomposites using plant derived 
saponins as bio-surfactants for targeted chemotherapy of 
cancer via magnetic responses (Kesavan et al. 2018), which 
showed the potential of phytosynthesized multipurpose 
nanocomposites in the future of cancer treatment.

Future perspective and outlook

Currently, phytosynthesized nanoparticles and nanocom-
posites have been demonstrated for the inhibition of cancer 
cell growth in preclinical lab research with various mecha-
nisms of action proposed. Opportunities exist for some of 
these early demonstrations to make it to the clinical level. In 
future, phytosynthesized nanocomposites with the ability to 
inhibit multiple cancer types will play a major role as cancer 
therapeutic agent. Furthermore, dendrimer-based nanofor-
mulations, which possess ability to accommodate various 
nanoparticles will be beneficial in the theranostic applica-
tions against cancer cells.(Asadi et al. 2018) Furthermore, 
phytochemicals with anticancer ability are encapsulated or 
coated on nanoparticles to deliver them at the target can-
cer cell type to effectively inhibit their growth (Ling et al. 
2019). Moreover, the enhanced interaction of nanoparticles 
with cancer cells will be highly beneficial in cancer treat-
ment modalities such as hyperthermia and nanocryosurgery. 
These nanoparticles specifically bind to cancer cells, which 
will be beneficial in avoiding damage in the non-cancerous 
cells and elevate the disruptive potential in cancer cells, via 
external heat treatment and cryosurgery (Ramirez-Nuñez 
et al. 2018; Yuan et al. 2017). In addition, certain noble 
nanosized metallic particles have surface plasmon resonance 
(SPR) properties, which is essential for photodynamic and 
photothermal cancer treatments (Erdogan et al. 2019; Song 
et al. 2016). Recently, numerous literatures are available 
on the immobilization of aptamers on the surface of nano-
particles. Such immobilizations will help nanoparticles in 
detecting biomarkers of specific cancer cells, bind with them 
and exhibit improved anticancer activity. Thus, aptamer with 
phytosynthesized hybrid nanocomposites will be highly 
useful in the targeted cancer cell attachment to cause pro-
grammed cell death, without affecting the growth of normal 
cells (Liu et al. 2016).

It is noteworthy from the previous sections that phyto-
synthesized nanoparticles are extensively employed in the 
diagnosis of both common and rare cancer types. Mostly, 
these phytosynthesized nanoparticles are employed as thera-
nostic agents to avoid side-effects to the environment as well 
as patients. Nanoparticle based biosensors are now included 
in several personalized diagnosis methods, which allows the 
patients to diagnose themselves. Smart watches and smart 
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phones play a major role in these types of personalized dis-
ease diagnosis, including cancers. These phytosynthesized 
nanoparticles can be included in the implantable biosensors 
or biochips, which can detect the emergence and spread of 
cancer cells in patients. Furthermore, the details can also be 
sent to physicians via smart phones for continuous moni-
toring of cancer progression, without being present in the 
hospitals. Moreover, it is possible to detect multiple cancer 
types via nanosensors and bioimaging approaches which 
will play a significant role in the future of cancer diagnosis. 
In spite of this widespread research, there is limited infor-
mation on preclinical and clinical trials of these phytosyn-
thesized nanoparticles for cancer theranostics. Since several 
researchers have proposed various methods to evaluate the 
anticancer activity of nanoparticles, it is high time to form 
a regulatory body to standardize the assays used to evaluate 
the anticancer activity of nanoparticles. Furthermore, the 
phytosynthesized nanoparticles that are evaluated via these 
standard methods have to be enlisted in a standard repository 
and made available to researchers to catalyze the process of 
developing novel anticancer nanomedicines.

Conclusion

Phytosynthesized nanoparticles show promising antican-
cer and in vitro cancer detection properties. Moreover, 
their bioavailability, less toxicity and biocompatibility 
make them a promising candidate for cancer treatment and 
diagnosis. However, their stability and dispersibility char-
acteristics require improvements to enable wide-spread 
cancer theranostic applications. Furthermore, the idea of 
incorporating smart biosensors such as bioaffinity ligands 
(including aptamers and antibodies) and biochips with nano-
particles may improve the future of personalized theranos-
tic approaches for cancer. In addition, the standardization 
of procedures to estimate cancer cell inhibition ability of 
nanoparticles and enlisting them in a standard repository 
will advance research into phytosynthesized nanomedicine.

Acknowledgements  The author (Dr. Jaison Jeevanandam) acknowl-
edge the support of FCT-Fundação para a Ciência e a Tecnologia (Base 
Fund UIDB/00674/2020 and Programmatic Fund UIDP/00674/2020, 
Portuguese Government Funds), ARDITI-Agência Regional para o 
Desenvolvimento da Investigação Tecnologia e Inovação through the 
project M1420-01-0145-FEDER-000005-CQM+ (Madeira 14-20 Pro-
gram). All the authors would like to thank their respective departments 
for the support provided during the preparation of this article.

Author contributions  JJ drafted the content, compiled and corrected 
all the sections. PKK, MA and GS contributed each section in the 
manuscript and MKD reviewed the final version of the manuscript to 
ensure technical coherence. All authors read and approved the final 
version of the manuscript.

Funding  This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

References

Abbaci M, Breuskin I, Casiraghi O, De Leeuw F, Ferchiou M, Temam 
S, Laplace-Builhé C (2014) Confocal laser endomicroscopy for 
non-invasive head and neck cancer imaging: a comprehensive 
review. Oral Oncol 50:711–716

Abd El-Nasser S, Kim S, Yoon H, Toth R, Pal K, Bechelany M (2020) 
Sodium-assisted TiO2 nanotube arrays of novel electrodes for 
photochemical sensing platform. Org Electron 76:105443. https​
://doi.org/10.1016/j.orgel​.2019.10544​3

Abdallah Y et al (2019) The green synthesis of MgO nano-flowers 
using Rosmarinus officinalis L. (Rosemary) and the antibacterial 
activities against Xanthomonas oryzae pv. Oryzae. BioMed Res 
Int 2019:5620989

Agarwal H, Kumar SV, Rajeshkumar S (2017) A review on green 
synthesis of zinc oxide nanoparticles–an eco-friendly approach. 
Resour Effic Technol 3:406–413

Ahmed S, Saifullah, Ahmad M, Swami BL, Ikram S (2016) Green 
synthesis of silver nanoparticles using Azadirachta indica aque-
ous leaf extract. J Radiat Res Appl Sci 9:1–7

Ali S et al (2020) Bioinspired morphology-controlled silver nanoparti-
cles for antimicrobial application. Mater Sci Eng C 108:110421

Alijani HQ, Pourseyedi S, Mahani MT, Khatami M (2019) Green syn-
thesis of zinc sulfide (ZnS) nanoparticles using Stevia rebau-
diana Bertoni and evaluation of its cytotoxic properties. J Mol 
Struct 1175:214–218

Ambika S, Sundrarajan M (2015) Antibacterial behaviour of Vitex 
negundo extract assisted ZnO nanoparticles against pathogenic 
bacteria. J Photochem Photobiol B Biol 146:52–57

Anbuvannan M, Ramesh M, Viruthagiri G, Shanmugam N, Kan-
nadasan N (2015) Anisochilus carnosus leaf extract mediated 
synthesis of zinc oxide nanoparticles for antibacterial and photo-
catalytic activities. Mater Sci Semicond Processing 39:621–628

Andra S, Balu SK, Jeevanandham J, Muthalagu M, Vidyavathy M, 
San Chan Y, Danquah MK (2019) Phytosynthesized metal 
oxide nanoparticles for pharmaceutical applications. Naunyn-
Schmiedeberg’s Arch Pharmacol 392:755–771

Angrasan J, Subbaiya R (2014) Biosynthesis of copper nanoparticles 
by Vitis vinifera leaf aqueous extract and its antibacterial activity. 
Int J Curr Microbiol Appl Sci 3:768–774

Aritonang HF, Koleangan H, Wuntu AD (2019) Synthesis of silver 
nanoparticles using aqueous extract of medicinal plants’ (Impa-
tiens balsamina and Lantana camara) fresh leaves and analysis 
of antimicrobial activity. Int J Microbiol 2019:8642303

Armendariz V, Herrera I, Jose-yacaman M, Troiani H, Santiago P, 
Gardea-Torresdey JL (2004a) Size controlled gold nanoparticle 
formation by Avena sativa biomass: use of plants in nanobiotech-
nology. J Nanopart Res 6:377–382

Armendariz V, Jose-Yacaman M, Duarte Moller A, Peralta-Videa JR, 
Troiani H, Herrera I, Gardea-Torresdey JL (2004b) HRTEM 
characterization of gold nanoparticles produced by wheat bio-
mass. Revista Mexicana de Fisica Suppl 50:7–11

Asadi N et al (2018) Synthesis, characterization and in vitro evalua-
tion of magnetic nanoparticles modified with PCL–PEG–PCL 

https://doi.org/10.1016/j.orgel.2019.105443
https://doi.org/10.1016/j.orgel.2019.105443


	 3 Biotech (2020) 10:535

1 3

535  Page 20 of 26

for controlled delivery of 5FU. Artif Cells Nanomed Biotechnol 
46:938–945

Asiya SI, Pal K, El-Sayyad GS, Elkodous MA, Demetriades C, Kralj 
S, Thomas S (2019) Reliable optoelectronic switchable device 
implementation by CdS nanowires conjugated bent-core liquid 
crystal matrix. Org Electron. https​://doi.org/10.1016/j.orgel​
.2019.10559​2

Avelar BA et al (2011) The crude latex of Euphorbia tirucalli modu-
lates the cytokine response of leukocytes, especially CD4+ T 
lymphocytes. Revista Brasileira de Farmacognosia 21:662–667

Bag G (2019) Green synthesis and characterization of gold nanopar-
ticles using fruit Bursera serrata extract. Asian J Pharm Phar-
macol 5:332–343

Baghbani-Arani F, Movagharnia R, Sharifian A, Salehi S, Shandiz SAS 
(2017) Photo-catalytic, anti-bacterial, and anti-cancer properties 
of phyto-mediated synthesis of silver nanoparticles from Artemi-
sia tournefortiana Rchb extract. J Photochem Photobiol B Biol 
173:640–649

Baharara J, Namvar F, Ramezani T, Mousavi M, Mohamad R (2015) 
Silver nanoparticles biosynthesized using Achillea biebersteinii 
flower extract: apoptosis induction in MCF-7 cells via caspase 
activation and regulation of Bax and Bcl-2 gene expression. Mol-
ecules 20:2693–2706

Balamurugan M, Saravanan S, Soga T (2014) Synthesis of iron oxide 
nanoparticles by using Eucalyptus globulus plant extract. e-J Surf 
Sci Nanotechnol 12:363–367

Balamurugan M, Kaushik S, Saravanan S (2016) Green synthesis of 
gold nanoparticles by using Peltophorum pterocarpum flower 
extracts. Nano Biomed Eng 8:213–218

Balashanmugam P, Durai P, Balakumaran MD, Kalaichelvan PT (2016) 
Phytosynthesized gold nanoparticles from C. roxburghii DC. leaf 
and their toxic effects on normal and cancer cell lines. J Photo-
chem Photobiol B Biol 165:163–173

Balasubramani G, Ramkumar R, Raja RK, Aiswarya D, Rajthilak C, 
Perumal P (2017) Albizia amara Roxb. mediated gold nanopar-
ticles and evaluation of their antioxidant, antibacterial and cyto-
toxic properties. J Clust Sci 28:259–275

Balasubramanian S, Kala SMJ, Pushparaj TL, Kumar P (2019) Biofab-
rication of gold nanoparticles using Cressa cretica leaf extract 
and evaluation of catalytic and antibacterial efficacy. Nano 
Biomed Eng 11:58–66

Bali R, Harris AT (2010) Biogenic synthesis of Au nanoparticles using 
vascular plants. Ind Eng Chem Res 49:12762–12772

Barabadi H, Ovais M, Shinwari ZK, Saravanan M (2017) Anti-cancer 
green bionanomaterials: present status and future prospects. 
Green Chem Lett Rev 10:285–314

Benedec D et al (2018) Origanum vulgare mediated green synthesis 
of biocompatible gold nanoparticles simultaneously possess-
ing plasmonic, antioxidant and antimicrobial properties. Int J 
Nanomed 13:1041

Bhattacharya R, Mukherjee P (2008) Biological properties of “naked” 
metal nanoparticles. Adv Drug Deliv Rev 60:1289–1306

Bhau BS, Ghosh S, Puri S, Borah B, Sarmah DK, Khan R (2015) Green 
synthesis of gold nanoparticles from the leaf extract of Nepenthes 
khasiana and antimicrobial assay. Adv Mater Lett 6:55–58

Bhoir SA, Chawla SP (2016) Silver nanoparticles synthesized using 
mint extract and their application in chitosan/gelatin com-
posite packaging film. Int J Nanosci 16:1650022. https​://doi.
org/10.1142/S0219​581X1​65002​28

Boateng J, Catanzano O (2020) Silver and silver nanoparticle‐based 
antimicrobial dressings. In: Therapeutic dressings and wound 
healing applications, pp 157–184

Bray F, Jemal A, Grey N, Ferlay J, Forman D (2012) Global cancer 
transitions according to the Human Development Index (2008–
2030): a population-based study. Lancet Oncol 13:790–801

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A 
(2018) Global cancer statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin 68:394–424

Brigger I, Dubernet C, Couvreur P (2012) Nanoparticles in cancer 
therapy and diagnosis. Adv Drug Deliv Rev 64:24–36

Castro-Aceituno V, Ahn S, Simu SY, Singh P, Mathiyalagan R, Lee 
HA, Yang DC (2016) Anticancer activity of silver nanoparticles 
from Panax ginseng fresh leaves in human cancer cells. Biomed 
Pharmacother 84:158–165

Chahardoli A, Karimi N, Fattahi A (2017) Biosynthesis, characteri-
zation, antimicrobial and cytotoxic effects of silver nanoparti-
cles using Nigella arvensis seed extract. Iran J Pharm Res IJPR 
16:1167

Chanda N et al (2011) An effective strategy for the synthesis of bio-
compatible gold nanoparticles using cinnamon phytochemicals 
for phantom CT imaging and photoacoustic detection of cancer-
ous cells. Pharm Res 28:279–291

Chandran S, Venkatesan P, Bheeman D, Rajamani R, Bellan C (2019) 
Shape controlled synthesis of dextran sulfate stabalized silver 
nanoparticles: biocompatibility and anticancer activity. Mater 
Res Express 6:045066

Chansaenpak K, Tanjindaprateep S, Chaicharoenaudomrung N, Weer-
anantanapan O, Noisa P, Kamkaew A (2018) Aza-BODIPY 
based polymeric nanoparticles for cancer cell imaging. RSC 
Adv 8:39248–39255

Chen Z et al (2016) Cancer cell membrane–biomimetic nanoparticles 
for homologous-targeting dual-modal imaging and photothermal 
therapy. ACS Nano 10:10049–10057

Chinen AB, Guan CM, Ferrer JR, Barnaby SN, Merkel TJ, Mir-
kin CA (2015) Nanoparticle probes for the detection of can-
cer biomarkers, cells, and tissues by fluorescence. Chem Rev 
115:10530–10574

Chung I-M, Rahuman A, Marimuthu S, Kirthi A, Anbarasan K, Raja-
kumar G (2015) An investigation of the cytotoxicity and cas-
pase-mediated apoptotic effect of green synthesized zinc oxide 
nanoparticles using Eclipta prostrata on human liver carcinoma 
cells. Nanomaterials 5:1317–1330

Chung I-M, Park I, Seung-Hyun K, Thiruvengadam M, Rajakumar 
G (2016) Plant-mediated synthesis of silver nanoparticles: their 
characteristic properties and therapeutic applications. Nanoscale 
Res Lett 11:40

Cifuentes B, Bustamante F, Cobo M (2019) Single and dual metal 
oxides as promising supports for carbon monoxide removal from 
an actual syngas: the crucial role of support on the selectivity 
of the Au–Cu system. Catalysts. https​://doi.org/10.3390/catal​
91008​52

Dadashpour M et al (2018) Biomimetic synthesis of silver nanopar-
ticles using Matricaria chamomilla extract and their potential 
anticancer activity against human lung cancer cells. Mater Sci 
En, C 92:902–912

Das SK, Dickinson C, Lafir F, Brougham DF, Marsili E (2012) Syn-
thesis, characterization and catalytic activity of gold nanoparti-
cles biosynthesized with Rhizopus oryzae protein extract. Green 
Chem 14:1322–1334

Dauthal P, Mukhopadhyay M (2016) Noble metal nanoparticles: plant-
mediated synthesis, mechanistic aspects of synthesis, and appli-
cations. Ind Eng Chem Res 55:9557–9577

Deepak P, Amutha V, Kamaraj C, Balasubramani G, Aiswarya D, Peru-
mal P (2019) Chemical and green synthesis of nanoparticles and 
their efficacy on cancer cells. In: Green synthesis, characteriza-
tion and applications of nanoparticles. Elsevier, pp 369–387

Desai MP, Sangaokar GM, Pawar KD (2018) Kokum fruit mediated 
biogenic gold nanoparticles with photoluminescent, photocata-
lytic and antioxidant activities. Process Biochem 70:188–197

https://doi.org/10.1016/j.orgel.2019.105592
https://doi.org/10.1016/j.orgel.2019.105592
https://doi.org/10.1142/S0219581X16500228
https://doi.org/10.1142/S0219581X16500228
https://doi.org/10.3390/catal9100852
https://doi.org/10.3390/catal9100852


3 Biotech (2020) 10:535	

1 3

Page 21 of 26  535

Devaraj NK, Keliher EJ, Thurber GM, Nahrendorf M, Weissleder R 
(2009) 18F labeled nanoparticles for in vivo PET-CT imaging. 
Bioconj Chem 20:397–401

Dey A et al (2019) Azadirachta indica leaves mediated green synthe-
sized copper oxide nanoparticles induce apoptosis through acti-
vation of TNF-α and caspases signaling pathway against cancer 
cells. J Saudi Chem Soc 23:222–238

Dhamecha D, Jalalpure S, Jadhav K (2015) Doxorubicin functionalized 
gold nanoparticles: characterization and activity against human 
cancer cell lines. Process Biochem 50:2298–2306. https​://doi.
org/10.1016/j.procb​io.2015.10.007

Dhamecha D, Jalalpure S, Jadhav K (2016a) Nepenthes khasiana medi-
ated synthesis of stabilized gold nanoparticles: characterization 
and biocompatibility studies. J Photochem Photobiol B 154:108–
117. https​://doi.org/10.1016/j.jphot​obiol​.2015.12.002

Dhamecha D, Jalalpure S, Jadhav K, Jagwani S, Chavan R (2016b) 
Doxorubicin loaded gold nanoparticles: implication of passive 
targeting on anticancer efficacy. Pharmacol Res 113:547–556. 
https​://doi.org/10.1016/j.phrs.2016.09.037

Dhamecha D, Jalalpure S, Jadhav K, Sajjan D (2016c) Green synthesis 
of gold nanoparticles using Pterocarpus marsupium: characteri-
zation and biocompatibility studies. Part Sci Technol 34:156–
164. https​://doi.org/10.1080/02726​351.2015.10549​72

Dobrucka R (2016) Biofabrication of platinum nanoparticles using 
Fumariae herba extract and their catalytic properties. Saudi J 
Biol Sci 26:31–37

Dorosti N, Jamshidi F (2016) Plant-mediated gold nanoparticles by 
Dracocephalum kotschyi as anticholinesterase agent: synthesis, 
characterization, and evaluation of anticancer and antibacterial 
activity. J Appl Biomed 14:235–245

El-Sayed IH, Huang X, El-Sayed MA (2005) Surface plasmon reso-
nance scattering and absorption of anti-EGFR antibody conju-
gated gold nanoparticles in cancer diagnostics: applications in 
oral cancer. Nano Lett 5:829–834. https​://doi.org/10.1021/nl050​
074e

Erdogan O, Abbak M, Demirbolat GM, Birtekocak F, Aksel M, Pasa 
S, Cevik O (2019) Green synthesis of silver nanoparticles via 
Cynara scolymus leaf extracts: the characterization, anticancer 
potential with photodynamic therapy in MCF7 cells. PLoS ONE 
14:e0216496

Ezhilarasi AA, Vijaya JJ, Kaviyarasu K, Maaza M, Ayeshamariam 
A, Kennedy LJ (2016) Green synthesis of NiO nanoparticles 
using Moringa oleifera extract and their biomedical applications: 
cytotoxicity effect of nanoparticles against HT-29 cancer cells. J 
Photochem Photobiol B Biol 164:352–360

Fazal S, Jayasree A, Sasidharan S, Koyakutty M, Nair SV, Menon D 
(2014) Green synthesis of anisotropic gold nanoparticles for 
photothermal therapy of cancer. ACS Appl Mater Interfaces 
6:8080–8089. https​://doi.org/10.1021/am500​302t

Fu L, Fu Z (2015) Plectranthus amboinicus leaf extract–assisted bio-
synthesis of ZnO nanoparticles and their photocatalytic activity. 
Ceramics Int 41:2492–2496

Ganaie SU, Abbasi T, Abbasi SA (2016) Rapid and green synthesis of 
bimetallic Au–Ag nanoparticles using an otherwise worthless 
weed Antigonon leptopus. J Exp Nanosci 11:395–417

Gardea-Torresdey JL, Parsons JG, Gomez E, Peralta-Videa J, Troiani 
HE, Santiago P, Yacaman MJ (2002) Formation and growth of 
Au nanoparticles inside live alfalfa plants. Nano Lett 2:397–401

Gardea-Torresdey JL, Gomez E, Peralta-Videa JR, Parsons JG, Troiani 
H, Jose-Yacaman M (2003) Alfalfa sprouts: a natural source for 
the synthesis of silver nanoparticles. Langmuir 19:1357–1361

Gardea-Torresdey JL, Rodriguez E, Parsons JG, Peralta-Videa JR, 
Meitzner G, Cruz-Jimenez G (2005) Use of ICP and XAS to 
determine the enhancement of gold phytoextraction by Chilop-
sis linearis using thiocyanate as a complexing agent. Anal Bio-
anal Chem 382:347–352

Gawande MB et al (2015) Core–shell nanoparticles: synthesis and 
applications in catalysis and electrocatalysis. Chem Soc Rev 
44:7540–7590

Ghidan AY, Al-Antary TM, Awwad AM (2016) Green synthesis 
of copper oxide nanoparticles using Punica granatum peels 
extract: effect on green peach Aphid. Env Nanotechnol Moni-
tor Manage 6:95–98

Ghosh C (2019) Supramolecular self-assembled nanoparti-
cle for organelle targeting in cancer. Doctoral thesis, 
Indian Institute of Science, Education and Research, India. 
http://210.212.192.152:8080/xmlui​/handl​e/12345​6789/2955

Ghosh S et al (2015) Dioscorea bulbifera mediated synthesis of 
novel Au core Ag shell nanoparticles with potent antibiofilm 
and antileishmanial activity. J Nanomater 16:161

Gobbo OL, Sjaastad K, Radomski MW, Volkov Y, Prina-Mello A 
(2015) Magnetic nanoparticles in cancer theranostics. Thera-
nostics 5:1249

Gomathi AC, Rajarathinam SRX, Sadiq AM, Rajeshkumar S (2020) 
Anticancer activity of silver nanoparticles synthesized using 
aqueous fruit shell extract of Tamarindus indica on MCF-7 
human breast cancer cell line. J Drug Deliv Sci Technol 
55:101376

Gopinath V, Priyadarshini S, Al-Maleki AR, Alagiri M, Yahya R, 
Saravanan S, Vadivelu J (2016) In vitro toxicity, apoptosis and 
antimicrobial effects of phyto-mediated copper oxide nanopar-
ticles. RSC Adv 6:110986–110995

Gurunathan S, Han JW, Park JH, Kim E, Choi Y-J, Kwon D-N, Kim 
J-H (2015) Reduced graphene oxide–silver nanoparticle nano-
composite: a potential anticancer nanotherapy. Int J Nanomed 
10:6257

Hasegawa M et al (2015) Intracellular targeting of the oncogenic 
MUC1-C protein with a novel GO-203 nanoparticle formula-
tion. Clin Cancer Res 21:2338–2347

Hatamifard A, Nasrollahzadeh M, Lipkowski J (2015) Green syn-
thesis of a natrolite zeolite/palladium nanocomposite and its 
application as a reusable catalyst for the reduction of organic 
dyes in a very short time. RSC Adv 5:91372–91381

He C et al (2016a) Mitochondrial electron transport chain identified 
as a novel molecular target of SPIO nanoparticles mediated 
cancer-specific cytotoxicity. Biomaterials 83:102–114

He Y et al (2016b) Effects of green-synthesized silver nanoparticles 
on lung cancer cells in vitro and grown as xenograft tumors 
in vivo. Int J Nanomed 11:1879

Herlekar M, Barve S, Kumar R (2014) Plant-mediated green synthe-
sis of iron nanoparticles. J Nanopart 2014:140614

Hu M et al (2018) Nanoformulation of metal complexes: Intelligent 
stimuli-responsive platforms for precision therapeutics. Nano 
Res 11:5474–5498

Huang F, Long Y, Liang Q, Purushotham B, Swamy MK, Duan Y 
(2019) Safed musli (Chlorophytum borivilianum L.) callus-
mediated biosynthesis of silver nanoparticles and evaluation 
of their antimicrobial activity and cytotoxicity against human 
colon cancer cells. J Nanomater 2019:2418785

Huang J, Liu J, Wang J (2020) Optical properties of biomass-derived 
nanomaterials for sensing, catalytic, biomedical and environ-
mental applications. TrAC Trends Anal Chem 124:115800. 
https​://doi.org/10.1016/j.trac.2019.11580​0

Huo Y et al (2018) Biological synthesis of gold and silver chloride 
nanoparticles by Glycyrrhiza uralensis and in vitro applica-
tions. Artif Cells Nanomed Biotechnol 46:303–312

Husen A (2019) Medicinal plant-product based fabrication nano-
particles (Au and Ag) and their anticancer effect. In: Plants 
that fight Cancer, 2nd edn. Taylor & Francis/CRC Press, pp 
133À147

https://doi.org/10.1016/j.procbio.2015.10.007
https://doi.org/10.1016/j.procbio.2015.10.007
https://doi.org/10.1016/j.jphotobiol.2015.12.002
https://doi.org/10.1016/j.phrs.2016.09.037
https://doi.org/10.1080/02726351.2015.1054972
https://doi.org/10.1021/nl050074e
https://doi.org/10.1021/nl050074e
https://doi.org/10.1021/am500302t
http://210.212.192.152:8080/xmlui/handle/123456789/2955
https://doi.org/10.1016/j.trac.2019.115800


	 3 Biotech (2020) 10:535

1 3

535  Page 22 of 26

Husen A, Siddiqi KS (2014) Phytosynthesis of nanoparticles: con-
cept, controversy and application. Nanoscale Res Lett 9:229. 
https​://doi.org/10.1186/1556-276X-9-229

Islam NU, Jalil K, Shahid M, Muhammad N, Rauf A (2015) Pista-
cia integerrima gall extract mediated green synthesis of gold 
nanoparticles and their biological activities. Arab J Chem 
26:2310–2319

Izadiyan Z et al. (2018) Cytotoxicity assay of plant-mediated synthe-
sized iron oxide nanoparticles using Juglans regia green husk 
extract. Arab J Chem 13:2011–2023

Izadiyan Z, Shameli K, Miyake M, Teow S-Y, Peh S-C, Mohamad 
SE, Taib SHM (2019) Green fabrication of biologically active 
magnetic core-shell Fe3O4/Au nanoparticles and their poten-
tial anticancer effect. Mater Sci Eng C 96:51–57

Jadhav K, Dhamecha D, Dalvi B, Patil M (2015) Green synthesis of 
silver nanoparticles using Salacia chinensis: characterization 
and its antibacterial activity. Part Sci Technol 33:445–455. 
https​://doi.org/10.1080/02726​351.2014.10036​28

Jadhav K, Dhamecha D, Bhattacharya D, Patil M (2016) Green and 
ecofriendly synthesis of silver nanoparticles: characterization, 
biocompatibility studies and gel formulation for treatment of 
infections in burns. J Photochem Photobiol B 155:109–115. 
https​://doi.org/10.1016/j.jphot​obiol​.2016.01.002

Jadhav K, Deore S, Dhamecha D, Jagwani S, Jalalpure S, Bohara 
R (2018) Phytosynthesis of silver nanoparticles: characteriza-
tion, biocompatibility studies, and anticancer activity. ACS 
Biomater Sci Eng 4:892–899

Jeevanandam J, Danquah K, M, Debnath S, S Meka V, S Chan Y, 
(2015) Opportunities for nano-formulations in type 2 diabetes 
mellitus treatments. Curr Pharm Biotechnol 16:853–870

Jeevanandam J, Barhoum A, Chan YS, Dufresne A, Danquah MK 
(2018) Review on nanoparticles and nanostructured materials: 
history, sources, toxicity and regulations. Beilstein J Nanotech-
nol 9:1050–1074

Jeevanandam J, Pal K, Danquah MK (2019a) Virus-like nanopar-
ticles as a novel delivery tool in gene therapy. Biochimie 
157:38–47. https​://doi.org/10.1016/j.bioch​i.2018.11.001

Jeevanandam J, San Chan Y, Danquah MK, Law MC (2019b) Cyto-
toxicity analysis of morphologically different sol-gel-synthe-
sized MgO nanoparticles and their in vitro insulin resistance 
reversal ability in adipose cells. Appl Biochem Biotechnol 
1–26

Jeevanandam J, Tan KX, Danquah MK, Guo H, Turgeson A (2019c) 
Advancing aptamers as molecular probes for cancer theranostic 
applications–the role of molecular dynamics simulation. Bio-
technol J 190:1385–1410

Jeevanandam J, Sundaramurthy A, Sharma V, Murugan C, Pal K, 
Kodous MHA, Danquah MK (2020a) Sustainability of one-
dimensional nanostructures: fabrication and industrial applica-
tions. In: Sustainable nanoscale engineering. Elsevier, pp 83–113

Jeevanandam J, Tan KX, Danquah MK, Guo H, Turgeson A (2020b) 
Advancing aptamers as molecular probes for cancer theranostic 
applications—the role of molecular dynamics simulation. Bio-
technol J 15:1900368

Kanipandian N, Thirumurugan R (2014) A feasible approach to phyto-
mediated synthesis of silver nanoparticles using industrial crop 
Gossypium hirsutum (cotton) extract as stabilizing agent and 
assessment of its in vitro biomedical potential. Ind Crops Prod 
55:1–10

Kesavan MP et al (2018) A theranostic nanocomposite system based on 
iron oxide-drug nanocages for targeted magnetic field responsive 
chemotherapy. Nanomed Nanotechnol Biol Med 14:1643–1654

Khan SA, Kanwal S, Rizwan K, Shahid S (2018) Enhanced antimicro-
bial, antioxidant, in vivo antitumor and in vitro anticancer effects 
against breast caner cell line by green synthesized un-doped 

SnO2 and Co-doped SnO2 nanoparticles from Clerodendrum 
inerme. Microb Pathog 125:366–384

Khatami M, Alijani H, Nejad M, Varma R (2018a) Core@ shell 
nanoparticles: greener synthesis using natural plant products. 
Appl Sci 8:411

Khatami M, Alijani HQ, Heli H, Sharifi I (2018b) Rectangular 
shaped zinc oxide nanoparticles: green synthesis by Stevia and 
its biomedical efficiency. Ceram Int 44:15596–15602

Khatami M, Sharifi I, Nobre MAL, Zafarnia N, Aflatoonian MR 
(2018c) Waste-grass-mediated green synthesis of silver nano-
particles and evaluation of their anticancer, antifungal and anti-
bacterial activity. Green Chem Lett Rev 11:125–134

Kombaiah K, Vijaya JJ, Kennedy LJ, Bououdina M (2016) Studies 
on the microwave assisted and conventional combustion syn-
thesis of Hibiscus rosa-sinensis plant extract based ZnFe2O4 
nanoparticles and their optical and magnetic properties. 
Ceramics Int 42:2741–2749. https​://doi.org/10.1016/j.ceram​
int.2015.11.003

Kouhbanani MAJ, Beheshtkhoo N, Amani AM, Taghizadeh S, Beigi 
V, Bazmandeh AZ, Khalaf N (2018) Green synthesis of iron 
oxide nanoparticles using Artemisia vulgaris leaf extract and 
their application as a heterogeneous Fenton-like catalyst for 
the degradation of methyl orange. Mater Res Express 5:115013

Kuang T, Chang L, Peng X, Hu X, Gallego-Perez D (2017) Molecu-
lar beacon nano-sensors for probing living cancer cells. Trends 
Biotechnol 35:347–359

Kulkarni VD, Kulkarni PS (2013) Green synthesis of copper nano-
particles using Ocimum sanctum leaf extract. Int J Chem Stud 
1:1–4

Kumar KM, Mandal BK, Tammina SK (2013) Green synthesis of 
nano platinum using naturally occurring polyphenols. RSC Adv 
3:4033–4039. https​://doi.org/10.1039/C3RA2​2959A​

Kumar PPNV, Shameem U, Kollu P, Kalyani RL, Pammi SVN (2015) 
Green synthesis of copper oxide nanoparticles using Aloe vera 
leaf extract and its antibacterial activity against fish bacterial 
pathogens. BioNanoScience 5:135–139

Kumar B et al (2016a) One pot phytosynthesis of gold nanoparticles 
using Genipa americana fruit extract and its biological applica-
tions. Mater Sci Eng C 62:725–731

Kumar S, Meena VK, Hazari PP, Sharma RK (2016b) FITC-Dextran 
entrapped and silica coated gadolinium oxide nanoparticles for 
synchronous optical and magnetic resonance imaging applica-
tions. Int J Pharm 506:242–252

Kumar PV, Kala SMJ, Prakash KS (2019) Green synthesis of gold 
nanoparticles using Croton Caudatus Geisel leaf extract and their 
biological studies. Mater Lett 236:19–22

Kuppurangan G, Karuppasamy B, Nagarajan K, Sekar RK, 
Viswaprakash N, Ramasamy T (2016) Biogenic synthesis and 
spectroscopic characterization of silver nanoparticles using leaf 
extract of Indoneesiella echioides: in vitro assessment on anti-
oxidant, antimicrobial and cytotoxicity potential. Appl Nanosci 
6:973–982

Lakshmanan G, Sathiyaseelan A, Kalaichelvan PT, Murugesan K 
(2018) Plant-mediated synthesis of silver nanoparticles using 
fruit extract of Cleome viscosa L.: assessment of their antibacte-
rial and anticancer activity. Karbala Int J Modern Sci 4:61–68

Lalitha P (2015) Apoptotic efficacy of biogenic silver nanoparticles on 
human breast cancer MCF-7 cell lines. Prog Biomater 4:113–121

Larayetan R, Ojemaye MO, Okoh OO, Okoh AI (2019) Silver nano-
particles mediated by Callistemon citrinus extracts and their 
antimalaria, antitrypanosoma and antibacterial efficacy. J Mol 
Liq 273:615–625

Lee H-Y et al (2008) PET/MRI dual-modality tumor imaging using 
arginine-glycine-aspartic (RGD)–conjugated radiolabeled iron 
oxide nanoparticles. J Nucl Med 49:1371–1379

https://doi.org/10.1186/1556-276X-9-229
https://doi.org/10.1080/02726351.2014.1003628
https://doi.org/10.1016/j.jphotobiol.2016.01.002
https://doi.org/10.1016/j.biochi.2018.11.001
https://doi.org/10.1016/j.ceramint.2015.11.003
https://doi.org/10.1016/j.ceramint.2015.11.003
https://doi.org/10.1039/C3RA22959A


3 Biotech (2020) 10:535	

1 3

Page 23 of 26  535

Lee I-C et al (2016) Comparative toxicity and biodistribution assess-
ments in rats following subchronic oral exposure to copper nano-
particles and microparticles. Part Fibre Toxicol 13:56

Li Z et al (2018) Plant protein-directed synthesis of luminescent gold 
nanocluster hybrids for tumor imaging. ACS Appl Mater Inter-
faces 10:83–90. https​://doi.org/10.1021/acsam​i.7b130​88

Ling JKU, Hii YS, Jeevanandam J, San Chan Y, Danquah MK (2019) 
Nanoencapsulation of phytochemicals and in-vitro applications. 
Phytochemistry: an in-silico and in-vitro update. Springer, Ber-
lin, pp 315–330

Liu J et al (2016) Multifunctional aptamer-based nanoparticles for tar-
geted drug delivery to circumvent cancer resistance. Biomaterials 
91:44–56

Lunardi CN, Barros MPF, Rodrigues ML, Gomes AJ (2018) Synthesis 
of gold nanoparticles using Euphorbia tirucalli latex and the 
microwave method. Gold Bull 51:131–137

Mahmoud AMA, Moneer MM (2017) Toward standardization of lapa-
roscopic resection for colorectal cancer in developing countries: 
a step by step module. J Egypt Natl Cancer Inst 29:135–140

Mallidi S, Luke GP, Emelianov S (2011) Photoacoustic imaging in 
cancer detection, diagnosis, and treatment guidance. Trends Bio-
technol 29:213–221

Mamatha R et al (2017) Rapid synthesis of highly monodispersed silver 
nanoparticles from the leaves of Salvadora persica. Mater Lett 
205:226–229

Manju S, Malaikozhundan B, Vijayakumar S, Shanthi S, Jaishabanu 
A, Ekambaram P, Vaseeharan B (2016) Antibacterial, antibiofilm 
and cytotoxic effects of Nigella sativa essential oil coated gold 
nanoparticles. Microb Pathog 91:129–135

Mishra P et al (2016) Facile bio-synthesis of gold nanoparticles by 
using extract of Hibiscus sabdariffa and evaluation of its cyto-
toxicity against U87 glioblastoma cells under hyperglycemic 
condition. Biochem Eng J 105:264–272

Moldovan B, Sincari V, Perde-Schrepler M, David L (2018) Biosyn-
thesis of silver nanoparticles using Ligustrum ovalifolium fruits 
and their cytotoxic effects. Nanomaterials 8:627

Morry J, Ngamcherdtrakul W, Yantasee W (2017) Oxidative stress 
in cancer and fibrosis: opportunity for therapeutic intervention 
with antioxidant compounds, enzymes, and nanoparticles. Redox 
Biol 11:240–253

Mossman BT, Borm PJ, Castranova V, Costa DL, Donaldson K, Klee-
berger SR (2007) Mechanisms of action of inhaled fibers, parti-
cles and nanoparticles in lung and cardiovascular diseases. Part 
Fibre Toxicol 4:1–10

Mousavi B, Tafvizi F, Zaker Bostanabad S (2018) Green synthesis 
of silver nanoparticles using Artemisia turcomanica leaf extract 
and the study of anti-cancer effect and apoptosis induction on 
gastric cancer cell line (AGS). Artif Cells Nanomed Biotechnol 
46:499–510

Mudali D, Jeevanandam J, Danquah MK (2020) Probing the character-
istics and biofunctional effects of disease-affected cells and drug 
response via machine learning applications. Crit Rev Biotechnol 
40:951–977

Mude N, Ingle A, Gade A, Rai M (2009) Synthesis of silver nanoparti-
cles using callus extract of Carica papaya—a first report. J Plant 
Biochem Biotechnol 18:83–86

Mukherjee S, Vinothkumar B, Prashanthi S, Bangal PR, Sreedhar B, 
Patra CR (2013) Potential therapeutic and diagnostic applications 
of one-step in situ biosynthesized gold nanoconjugates (2-in-1 
system) in cancer treatment. RSC Adv 3:2318–2329. https​://doi.
org/10.1039/C2RA2​2299J​

Mukhopadhyay R, Kazi J, Debnath MC (2018) Synthesis and char-
acterization of copper nanoparticles stabilized with Quisqualis 
indica extract: evaluation of its cytotoxicity and apoptosis in 
B16F10 melanoma cells. Biomed Pharmacother 97:1373–1385

Muthukrishnan S, Kumar TS, Rao MV (2017) Anticancer activity 
of biogenic nanosilver and its toxicity assessment on Artemia 
salina-evaluation of mortality, accumulation and elimination: an 
experimental report. J Environ Chem Eng 5:1685–1695

Nagajyothi PC, Muthuraman P, Sreekanth TVM, Kim DH, Shim J 
(2017) Green synthesis: in-vitro anticancer activity of copper 
oxide nanoparticles against human cervical carcinoma cells. 
Arab J Chem 10:215–225

Nagar N, Devra V (2018) Green synthesis and characterization of 
copper nanoparticles using Azadirachta indica leaves. Mater 
Chem Phys 213:44–51

Naika HR, Lingaraju K, Manjunath K, Kumar D, Nagaraju G, Suresh 
D, Nagabhushana H (2015) Green synthesis of CuO nanopar-
ticles using Gloriosa superba L. extract and their antibacterial 
activity. J Taibah Uni Sci 9:7–12

Namvar F et  al (2014) Cytotoxic effect of magnetic iron oxide 
nanoparticles synthesized via seaweed aqueous extract. Int J 
Nanomed 9:2479

Namvar F, Rahman HS, Mohamad R, Azizi S, Tahir PM, Chartrand 
MS, Yeap SK (2015) Cytotoxic effects of biosynthesized zinc 
oxide nanoparticles on murine cell lines. Evidence-Based 
Complement Altern Med 2015:593014

Namvar F, Azizi S, Rahman HS, Mohamad R, Rasedee A, Soltani 
M, Rahim RA (2016) Green synthesis, characterization, and 
anticancer activity of hyaluronan/zinc oxide nanocomposite. 
OncoTargets Ther 9:4549

Nasrollahzadeh M, Sajadi SM (2015) Preparation of Au nanoparti-
cles by Anthemis xylopoda flowers aqueous extract and their 
application for alkyne/aldehyde/amine A3-type coupling 
reactions. RSC Adv 5:46240–46246. https​://doi.org/10.1039/
C5RA0​8927A​

Nasrollahzadeh M, Sajadi SM (2016a) Pd nanoparticles synthesized 
in situ with the use of Euphorbia granulate leaf extract: cata-
lytic properties of the resulting particles. J Colloid Interface Sci 
462:243–251

Nasrollahzadeh M, Sajadi SM (2016b) Preparation of Pd/Fe3O4 nan-
oparticles by use of Euphorbia stracheyi Boiss root extract: a 
magnetically recoverable catalyst for one-pot reductive amina-
tion of aldehydes at room temperature. J Colloid Interface Sci 
464:147–152. https​://doi.org/10.1016/j.jcis.2015.11.020

Nasrollahzadeh M, Sajadi SM, Rostami-Vartooni A, Khalaj M (2014) 
Journey on greener pathways: use of Euphorbia condylocarpa 
M. bieb as reductant and stabilizer for green synthesis of Au/
Pd bimetallic nanoparticles as reusable catalysts in the Suzuki 
and Heck coupling reactions in water. RSC Adv 4:43477–43484

Nasrollahzadeh M, Sajadi SM, Babaei F, Maham M (2015a) Euphor-
bia helioscopia Linn as a green source for synthesis of silver 
nanoparticles and their optical and catalytic properties. J Colloid 
Interface Sci 450:374–380

Nasrollahzadeh M, Sajadi SM, Honarmand E, Maham M (2015b) Prep-
aration of palladium nanoparticles using Euphorbia thymifolia L. 
leaf extract and evaluation of catalytic activity in the ligand-free 
Stille and Hiyama cross-coupling reactions in water. N J Chem 
39:4745–4752

Nasrollahzadeh M, Sajadi SM, Rostami-Vartooni A (2015c) Green 
synthesis of CuO nanoparticles by aqueous extract of Anthemis 
nobilis flowers and their catalytic activity for the A3 coupling 
reaction. J Colloid Interface Sci 459:183–188

Nasrollahzadeh M, Sajadi SM, Rostami-Vartooni A, Hussin SM (2016) 
Green synthesis of CuO nanoparticles using aqueous extract 
of Thymus vulgaris L. leaves and their catalytic performance 
for N-arylation of indoles and amines. J Colloid Interface Sci 
466:113–119

Nayak D, Pradhan S, Ashe S, Rauta PR, Nayak B (2015) Biologi-
cally synthesised silver nanoparticles from three diverse family 

https://doi.org/10.1021/acsami.7b13088
https://doi.org/10.1039/C2RA22299J
https://doi.org/10.1039/C2RA22299J
https://doi.org/10.1039/C5RA08927A
https://doi.org/10.1039/C5RA08927A
https://doi.org/10.1016/j.jcis.2015.11.020


	 3 Biotech (2020) 10:535

1 3

535  Page 24 of 26

of plant extracts and their anticancer activity against epidermoid 
A431 carcinoma. J Colloid Interface Sci 457:329–338

Nethravathi PC, Kumar MAP, Suresh D, Lingaraju K, Rajanaika H, 
Nagabhushana H, Sharma SC (2015) Tinospora cordifolia medi-
ated facile green synthesis of cupric oxide nanoparticles and their 
photocatalytic, antioxidant and antibacterial properties. Mater 
Sci Semicond Process 33:81–88

Nosrati H, Mojtahedi A, Danafar H, Kheiri Manjili H (2018) Enzy-
matic stimuli-responsive methotrexate-conjugated magnetic 
nanoparticles for target delivery to breast cancer cells and 
release study in lysosomal condition. J Biomed Mater Res Part 
A 106:1646–1654

Ohnishi K et al (2013) Non-specific protein modifications by a phy-
tochemical induce heat shock response for self-defense. PLoS 
ONE 8:e58641

Othman BA et al (2016) Correlative light-electron microscopy shows 
RGD-targeted ZnO nanoparticles dissolve in the intracellular 
environment of triple negative breast cancer cells and cause 
apoptosis with intratumor heterogeneity. Adv Healthcare Mater 
5:1310–1325

Ovais M et al (2016) Green synthesis of silver nanoparticles via plant 
extracts: beginning a new era in cancer theranostics. Nanomedi-
cine 12:3157–3177

Ovais M et al (2017) Current state and prospects of the phytosynthe-
sized colloidal gold nanoparticles and their applications in cancer 
theranostics. Appl Microbiol Biotechnol 101:3551–3565

Ovais M et al (2018) Multifunctional theranostic applications of bio-
compatible green-synthesized colloidal nanoparticles. Appl 
Microbiol Biotechnol 102:4393–4408

Pal K (2019) Hybrid nanocomposites: fundamentals, synthesis, and 
applications. CRC Press, Boca Raton

Pal K, Maiti UN, Majumder TP, Debnath SC, Ghosh S, Roy SK, Otón 
JM (2013) Switching of ferroelectric liquid crystal doped with 
cetyltrimethylammonium bromide-assisted CdS nanostructures. 
Nanotechnology 24:125702. https​://doi.org/10.1088/0957-
4484/24/12/12570​2

Pal K, Mohan MLNM, Zhan B, Wang G (2015) Design, synthesis and 
application of hydrogen bonded smectic liquid crystal matrix 
encapsulated ZnO nanospikes. J Mater Chem C 3:11907–11917. 
https​://doi.org/10.1039/C5TC0​2436F​

Pal K, Maria HJ, Thomas S, Mohan MLNM (2017) Smart in-plane 
switching of nanowires embedded liquid crystal matrix. 
Org Electron 42:256–268. https​://doi.org/10.1016/j.orgel​
.2016.12.049

Pal K et al (2019) Soft, self-assembly liquid crystalline nanocomposite 
for superior switching. Electron Mater Lett 15:84–101. https​://
doi.org/10.1007/s1339​1-018-0098-y

Parveen A, Rao S (2015) Cytotoxicity and genotoxicity of biosynthe-
sized gold and silver nanoparticles on human cancer cell lines. J 
Cluster Sci 26:775–788

Patel BH, Channiwala MZ, Chaudhari SB, Mandot AA (2016) Bio-
synthesis of copper nanoparticles; its characterization and effi-
cacy against human pathogenic bacterium. J Environ Chem Eng 
4:2163–2169

Patil MP, Ngabire D, Thi HHP, Kim M-D, Kim G-D (2017) Eco-
friendly synthesis of gold nanoparticles and evaluation of their 
cytotoxic activity on cancer cells. J Cluster Sci 28:119–132

Patil MP, Bayaraa E, Subedi P, Piad LLA, Tarte NH, Kim G-D (2019) 
Biogenic synthesis, characterization of gold nanoparticles using 
Lonicera japonica and their anticancer activity on HeLa cells. J 
Drug Deliv Sci Technol 51:83–90

Patra S, Mukherjee S, Barui AK, Ganguly A, Sreedhar B, Patra CR 
(2015) Green synthesis, characterization of gold and silver nano-
particles and their potential application for cancer therapeutics. 
Mater Sci Eng C 53:298–309

Prasad AS (2016) Iron oxide nanoparticles synthesized by controlled 
bio-precipitation using leaf extract of Garlic Vine (Mansoa allia-
cea). Mater Sci Semicond Process 53:79–83

Prasad C, Sreenivasulu K, Gangadhara S, Venkateswarlu P (2017a) 
Bio inspired green synthesis of Ni/Fe3O4 magnetic nanopar-
ticles using Moringa oleifera leaves extract: a magnetically 
recoverable catalyst for organic dye degradation in aqueous 
solution. J Alloys Compd 700:252–258

Prasad KS, Patra A, Shruthi G, Chandan S (2017b) Aqueous extract 
of Saraca indica leaves in the synthesis of copper oxide nano-
particles: finding a way towards going green. J Nanotechnol 
2017:7502610

Prashanth GK et al (2018) Comparison of anticancer activity of bio-
compatible ZnO nanoparticles prepared by solution combus-
tion synthesis using aqueous leaf extracts of Abutilon indicum, 
Melia azedarach and Indigofera tinctoria as biofuels. Artif 
Cells Nanomed Biotechnol 46:968–979

Pulit-Prociak J, Chwastowski J, Kucharski A, Banach M (2016) 
Functionalization of textiles with silver and zinc oxide nano-
particles. Appl Surf Sci 385:543–553

Rahul S, Chandrashekhar P, Hemant B, Bipinchandra S, Mouray 
E, Grellier P, Satish P (2015) In vitro antiparasitic activity of 
microbial pigments and their combination with phytosynthe-
sized metal nanoparticles. Parasitol Int 64:353–356. https​://
doi.org/10.1016/j.parin​t.2015.05.004

Rajakumar G et al (2014) Solanum trilobatum extract-mediated 
synthesis of titanium dioxide nanoparticles to control Pedicu-
lus humanus capitis, Hyalomma anatolicum anatolicum and 
Anopheles subpictus. Parasitol Res 113:469–479

Rajan A, MeenaKumari M, Philip D (2014) Shape tailored green 
synthesis and catalytic properties of gold nanocrystals. Spec-
trochim Acta Part A Mol Biomol Spectrosc 118:793–799

Ramirez-Nuñez AL, Jimenez-Garcia LF, Goya GF, Sanz B, Santoyo-
Salazar J (2018) In vitro magnetic hyperthermia using polyphe-
nol-coated Fe3O4@ γFe2O3 nanoparticles from Cinnamomun 
verum and Vanilla planifolia: the concert of green synthesis 
and therapeutic possibilities. Nanotechnology 29:074001

Rao KG, Ashok CH, Rao KV, Chakra CHS, Rajendar V (2015) Syn-
thesis of TiO2 nanoparticles from orange fruit waste. Synthesis 
2:1

Rao Y, Inwati GK, Singh M (2017) Green synthesis of capped gold 
nanoparticles and their effect on Gram-positive and Gram-neg-
ative bacteria. Future Sci OA 3:FSO239

Rath M, Panda SS, Dhal NK (2014) Synthesis of silver nano parti-
cles from plant extract and its application in cancer treatment: a 
review. Int J Plant Anim Environ Sci 4:137–145

Revia RA, Zhang M (2016) Magnetite nanoparticles for cancer diagno-
sis, treatment, and treatment monitoring: recent advances. Mater 
Today 19:157–168

Rokade SS et al (2018) Gloriosa superba mediated synthesis of plati-
num and palladium nanoparticles for induction of apoptosis in 
breast cancer. Bioinorg Chem Appl 2018:4924186

Sadeghi B, Gholamhoseinpoor F (2015) A study on the stability and 
green synthesis of silver nanoparticles using Ziziphora tenuior 
(Zt) extract at room temperature. Spectrochim Acta Part A Mol 
Biomol Spectrosc 134:310–315

Şahin B, Aygün A, Gündüz H, Şahin K, Demir E, Akocak S, Şen F 
(2018) Cytotoxic effects of platinum nanoparticles obtained 
from pomegranate extract by the green synthesis method on the 
MCF-7 cell line. Colloids Surf B Biointerfaces 163:119–124

Saif S, Tahir A, Asim T, Chen Y (2016) Plant mediated green synthe-
sis of CuO nanoparticles: comparison of toxicity of engineered 
and plant mediated CuO nanoparticles towards Daphnia magna. 
Nanomaterials 6:205

Saikia I, Hazarika M, Yunus S, Pal M, Das MR, Borah JC, Tamuly C 
(2018) Green synthesis of Au-Ag-In-rGO nanocomposites and 

https://doi.org/10.1088/0957-4484/24/12/125702
https://doi.org/10.1088/0957-4484/24/12/125702
https://doi.org/10.1039/C5TC02436F
https://doi.org/10.1016/j.orgel.2016.12.049
https://doi.org/10.1016/j.orgel.2016.12.049
https://doi.org/10.1007/s13391-018-0098-y
https://doi.org/10.1007/s13391-018-0098-y
https://doi.org/10.1016/j.parint.2015.05.004
https://doi.org/10.1016/j.parint.2015.05.004


3 Biotech (2020) 10:535	

1 3

Page 25 of 26  535

its α-glucosidase inhibition and cytotoxicity effects. Mater Lett 
211:48–50

Sajadi MS (2021) Green sources in eco-nanotechnology. Elsevier Sci-
ence, Amsterdam

Sajadi SM, Nasrollahzadeh M, Maham M (2016) Aqueous extract from 
seeds of Silybum marianum L. as a green material for prepara-
tion of the Cu/Fe3O4 nanoparticles: a magnetically recoverable 
and reusable catalyst for the reduction of nitroarenes. J Colloid 
Interface Sci 469:93–98

Sanaeimehr Z, Javadi I, Namvar F (2018) Antiangiogenic and antiapop-
totic effects of green-synthesized zinc oxide nanoparticles using 
Sargassum muticum algae extraction. Cancer Nanotechnol 9:3

Sankar R, Rizwana K, Shivashangari KS, Ravikumar V (2015) 
Ultra-rapid photocatalytic activity of Azadirachta indica engi-
neered colloidal titanium dioxide nanoparticles. Appl Nanosci 
5:731–736

Santhoshkumar T et al (2014) Green synthesis of titanium dioxide 
nanoparticles using Psidium guajava extract and its antibacterial 
and antioxidant properties. Asian Pac J Trop Med 7:968–976

Santhoshkumar J, Kumar SV, Rajeshkumar S (2017) Synthesis of zinc 
oxide nanoparticles using plant leaf extract against urinary tract 
infection pathogen. Resour Effic Technol 3:459–465

Saranyaadevi K, Subha V, Ravindran RSE, Renganathan S (2014) Syn-
thesis and characterization of copper nanoparticle using Cap-
paris zeylanica leaf extract. Int J Chem Tech Res 6:4533–4454

Sarkar S, Kotteeswaran V (2018) Green synthesis of silver nanoparti-
cles from aqueous leaf extract of pomegranate (Punica grana-
tum) and their anticancer activity on human cervical cancer cells. 
Adv Nat Sci Nanosci Nanotechnol 9:025014

Sathishkumar G et al (2018) Green synthesis of magnetic Fe3O4 nano-
particles using Couroupita guianensis Aubl. fruit extract for their 
antibacterial and cytotoxicity activities. Artif Cells Nanomed 
Biotechnol 46:589–598

Satyavani K, Gurudeeban S, Ramanathan T, Balasubramanian T (2011) 
Biomedical potential of silver nanoparticles synthesized from 
calli cells of Citrullus colocynthis (L.) Schrad. J Nanobiotechnol 
9:43

Selvam P, Vijayakumar T, Wadhwani A, Muthulakshmi L (2019) Biore-
duction of silver nanoparticles from aerial parts of Euphorbia 
hirta L. (EH-ET) and its potent anticancer activities against neu-
roblastoma cell lines. Indian J Biochem Biophys 56(2):132–136

Selvan DA, Mahendiran D, Kumar RS, Rahiman AK (2018) Garlic, 
green tea and turmeric extracts-mediated green synthesis of sil-
ver nanoparticles: phytochemical, antioxidant and in vitro cyto-
toxicity studies. J Photochem Photobiol B Biol 180:243–252

Sett A, Gadewar M, Sharma P, Deka M, Bora U (2016) Green synthesis 
of gold nanoparticles using aqueous extract of Dillenia indica. 
Adv Nat Sci Nanosci Nanotechnol 7:025005

Shah SC, Kayamba V, Peek RM Jr, Heimburger D (2019) Cancer con-
trol in low-and middle-income countries: is it time to consider 
screening? J Glob Oncol 5:1–8

Shankar SS, Ahmad A, Pasricha R, Sastry M (2003) Bioreduction of 
chloroaurate ions by geranium leaves and its endophytic fun-
gus yields gold nanoparticles of different shapes. J Mater Chem 
13:1822–1826

Shankar SS, Rai A, Ahmad A, Sastry M (2004) Rapid synthesis of 
Au, Ag, and bimetallic Au core–Ag shell nanoparticles using 
Neem (Azadirachta indica) leaf broth. J Colloid Interface Sci 
275:496–502

Shankar SS, Rai A, Ahmad A, Sastry M (2005) Controlling the optical 
properties of lemongrass extract synthesized gold nanotriangles 
and potential application in infrared-absorbing optical coatings. 
Chem Mater 17:566–572

Sharma A, Tapadia K (2016) Greener production of magnetic nano-
particles and their fabrication. Curr Sci 111:2018

Sharma NC, Sahi SV, Nath S, Parsons JG, Gardea-Torresde JL, Pal 
T (2007) Synthesis of plant-mediated gold nanoparticles and 
catalytic role of biomatrix-embedded nanomaterials. Environ 
Sci Technol 41:5137–5142

Sharmila G, Thirumarimurugan M, Muthukumaran C (2019) Green 
synthesis of ZnO nanoparticles using Tecoma castanifolia leaf 
extract: characterization and evaluation of its antioxidant, bac-
tericidal and anticancer activities. Microchem J 145:578–587

Shewach DS, Kuchta RD (2009) Introduction to cancer chemothera-
peutics. ACS Publications, Washington, D.C.

Shinde P, Agraval H, Singh A, Yadav UCS, Kumar U (2019) Synthesis 
of luteolin loaded zein nanoparticles for targeted cancer therapy 
improving bioavailability and efficacy. J Drug Deliv Sci Technol 
52:369–378

Siegel RL, Miller KD, Jemal A (2015) Cancer statistics, 2015. CA 
Cancer J Clin 65:5–29

Siegel RL, Miller KD, Jemal A (2019) Cancer statistics, 2019. CA 
Cancer J Clin 69:7–34

Singh AK et al (2019) Green synthesis of gold nanoparticles from 
Dunaliella salina, its characterization and in vitro anticancer 
activity on breast cancer cell line. J Drug Deliv Sci Technol 
51:164–176

Sisubalan N et al (2018) ROS-mediated cytotoxic activity of ZnO and 
CeO2 nanoparticles synthesized using the Rubia cordifolia L. 
leaf extract on MG-63 human osteosarcoma cell lines. Environ 
Sci Pollut Res 25:10482–10492

Sonar H, Nagaonkar D, Ingle AP, Rai M (2017) Mycosynthesized 
silver nanoparticles as potent growth inhibitory agents against 
selected waterborne human pathogens. Clean: Soil, Air, Water 
45:1600247

Song JY, Kim BS (2008) Biological synthesis of bimetallic Au/Ag 
nanoparticles using Persimmon (Diopyros kaki) leaf extract. 
Korean J Chem Eng 25:808–811

Song JY, Kwon E-Y, Kim BS (2010) Biological synthesis of platinum 
nanoparticles using Diopyros kaki leaf extract. Bioprocess Bio-
syst Eng 33:159

Song X-R et al (2016) Plant polyphenol-assisted green synthesis of 
hollow CoPt alloy nanoparticles for dual-modality imaging 
guided photothermal therapy. Small 12:1506–1513. https​://doi.
org/10.1002/smll.20150​3250

Sreekanth TVM, Pandurangan M, Kim DH, Lee YR (2016) Green 
synthesis: in-vitro anticancer activity of silver nanoparticles on 
human cervical cancer cells. J Cluster Sci 27:671–681

Stan M, Popa A, Toloman D, Dehelean A, Lung I, Katona G (2015) 
Enhanced photocatalytic degradation properties of zinc oxide 
nanoparticles synthesized by using plant extracts. Mater Sci 
Semicond Process 39:23–29

Subhankari I, Nayak PL (2013) Synthesis of copper nanoparticles using 
Syzygium aromaticum (Cloves) aqueous extract by using green 
chemistry. World J Nano Sci Technol 2:14–17

Sudhakar A (2009) History of cancer, ancient and modern treatment 
methods. J Cancer Sci Ther 1:1

Suganya A, Murugan K, Kovendan K, Kumar PM, Hwang J-S (2013) 
Green synthesis of silver nanoparticles using Murraya koenigii 
leaf extract against Anopheles stephensi and Aedes aegypti. Para-
sitol Res 112:1385–1397

Sundaramoorthy P, Ramasamy T, Mishra SK, Jeong K-Y, Yong CS, 
Kim JO, Kim HM (2016) Engineering of caveolae-specific self-
micellizing anticancer lipid nanoparticles to enhance the chemo-
therapeutic efficacy of oxaliplatin in colorectal cancer cells. Acta 
Biomater 42:220–231

Sundrarajan M, Gowri S (2011) Green synthesis of titanium dioxide 
nanoparticles by Nyctanthes arbor-tristis leaves extract. Chalco-
genide Lett 8:447–451

Sundrarajan M, Ambika S, Bharathi K (2015) Plant-extract mediated 
synthesis of ZnO nanoparticles using Pongamia pinnata and 

https://doi.org/10.1002/smll.201503250
https://doi.org/10.1002/smll.201503250


	 3 Biotech (2020) 10:535

1 3

535  Page 26 of 26

their activity against pathogenic bacteria. Adv Powder Technol 
26:1294–1299

Supraja N, Prasad T, Krishna TG, David E (2016) Synthesis, character-
ization, and evaluation of the antimicrobial efficacy of Boswellia 
ovalifoliolata stem bark-extract-mediated zinc oxide nanoparti-
cles. Appl Nanosci 6:581–590

Suresh D, Nethravathi PC, Rajanaika H, Nagabhushana H, Sharma 
SC (2015) Green synthesis of multifunctional zinc oxide (ZnO) 
nanoparticles using Cassia fistula plant extract and their photo-
degradative, antioxidant and antibacterial activities. Mater Sci 
Semicond Process 31:446–454

Suresh J, Pradheesh G, Alexramani V, Sundrarajan M, Hong SI (2018a) 
Green synthesis and characterization of zinc oxide nanoparticle 
using insulin plant (Costus pictus D. Don) and investigation of 
its antimicrobial as well as anticancer activities. Adv Nat Sci 
Nanosci Nanotechnol 9:015008. https​://doi.org/10.1088/2043-
6254/aaa6f​1

Suresh J, Pradheesh G, Alexramani V, Sundrarajan M, Hong SI (2018b) 
Green synthesis and characterization of zinc oxide nanoparticle 
using insulin plant (Costus pictus D. Don) and investigation of 
its antimicrobial as well as anticancer activities. Adv Nat Sci 
Nanosc Nanotechnol 9:015008

Thapa RK et al (2017) Synergistic anticancer activity of combined 
histone deacetylase and proteasomal inhibitor-loaded zein nano-
particles in metastatic prostate cancers. Nanomed Nanotechnol 
Biol Med 13:885–896

Thatoi P, Kerry RG, Gouda S, Das G, Pramanik K, Thatoi H, Patra JK 
(2016) Photo-mediated green synthesis of silver and zinc oxide 
nanoparticles using aqueous extracts of two mangrove plant 
species, Heritiera fomes and Sonneratia apetala and investiga-
tion of their biomedical applications. J Photochem Photobiol B 
163:311–318

Tietze R et al (2015) Magnetic nanoparticle-based drug delivery for 
cancer therapy. Biochem Biophys Res Commun 468:463–470

Vandarkuzhali SAA, Jeyalakshmi V, Sivaraman G, Singaravadivel S, 
Krishnamurthy KR, Viswanathan B (2017) Highly fluorescent 
carbon dots from Pseudo-stem of banana plant: applications as 
nanosensor and bio-imaging agents. Sens Actuators B Chem 
252:894–900. https​://doi.org/10.1016/j.snb.2017.06.088

Vanti GL, Nargund VB, Vanarchi R, Kurjogi M, Mulla SI, Tubaki 
S, Patil RR (2019) Synthesis of Gossypium hirsutum-derived 
silver nanoparticles and their antibacterial efficacy against plant 
pathogens. Appl Organomet Chem 33:e4630

Vasantharaj S et al (2019) Synthesis of ecofriendly copper oxide nano-
particles for fabrication over textile fabrics: characterization of 
antibacterial activity and dye degradation potential. J Photochem 
Photobiol B 191:143–149

Vemuri SK, Banala RR, Mukherjee S, Uppula P, Subbaiah GPV, Av 
GR, Malarvilli T (2019) Novel biosynthesized gold nanoparticles 
as anti-cancer agents against breast cancer: synthesis, biologi-
cal evaluation, molecular modelling studies. Mater Sci Eng C 
99:417–429

Venkateswarlu S, Kumar BN, Prathima B, Anitha K, Jyothi NVV 
(2015) A novel green synthesis of Fe3O4-Ag core shell recy-
clable nanoparticles using Vitis vinifera stem extract and its 
enhanced antibacterial performance. Phys B Condens Matter 
457:30–35

Vijayaraghavan K, Ashokkumar T (2017) Plant-mediated biosynthesis 
of metallic nanoparticles: a review of literature, factors affecting 
synthesis, characterization techniques and applications. J Environ 
Chem Eng 5:4866–4883

Vimalraj S, Ashokkumar T, Saravanan S (2018) Biogenic gold nano-
particles synthesis mediated by Mangifera indica seed aqueous 

extracts exhibits antibacterial, anticancer and anti-angiogenic 
properties. Biomed Pharmacother 105:440–448

Wang L, Xu J, Yan Y, Liu H, Li F (2019) Synthesis of gold nanopar-
ticles from leaf Panax notoginseng and its anticancer activity 
in pancreatic cancer PANC-1 cell lines. Artif Cells Nanomed 
Biotechnol 47:1216–1223

Wiesner MR, Lowry GV, Alvarez P, Dionysiou D, Biswas P (2006) 
Assessing the risks of manufactured nanomaterials. ACS Publi-
cations, Washington, D.C.

Wise PH (2016) Cancer drugs, survival, and ethics. BMJ 355:i5792
Wong CW, Chan YS, Jeevanandam J, Pal K, Bechelany M, Abd Elko-

dous M, El-Sayyad GS (2019) Response surface methodology 
optimization of mono-dispersed MgO nanoparticles fabricated by 
ultrasonic-assisted sol-gel method for outstanding antimicrobial 
and antibiofilm activities. J Cluster Sci. https​://doi.org/10.1007/
s1087​6-019-01651​-3

Wu Y et al (2016) Plant-derived fluorescent silicon nanoparticles fea-
turing excitation wavelength-dependent fluorescence spectra for 
anti-counterfeiting applications. Chem Commun 52:7047–7050

Wu T et al (2019) Synthesis and characterization of gold nanoparti-
cles from Abies spectabilis extract and its anticancer activity 
on bladder cancer T24 cells. Artif Cells Nanomed Biotechnol 
47:512–523

Yang Y, Jing L, Li X, Lin L, Yue X, Dai Z (2017) Hyaluronic acid 
conjugated magnetic Prussian Blue@ Quantum dot nanoparticles 
for cancer theranostics. Theranostics 7:466

Yang C, Zhang M, Merlin D (2018) Advances in plant-derived edible 
nanoparticle-based lipid nano-drug delivery systems as therapeu-
tic nanomedicines. J Mater Chem B 6:1312–1321

Yeasmin S, Datta HK, Chaudhuri S, Malik D, Bandyopadhyay A 
(2017) In-vitro anti-cancer activity of shape controlled silver 
nanoparticles (AgNPs) in various organ specific cell lines. J Mol 
Liq 242:757–766

Yesilot S, Aydin C (2019) Silver nanoparticles; a new hope in cancer 
therapy? East J Med 24:111–116

Yuan Y-G, Gurunathan S (2017) Combination of graphene oxide-silver 
nanoparticle nanocomposites and cisplatin enhances apoptosis 
and autophagy in human cervical cancer cells. Int J Nanomed 
12:6537–6558. https​://doi.org/10.2147/IJN.S1252​81

Yuan F, Zhao G, Panhwar F (2017) Enhanced killing of HepG2 during 
cryosurgery with Fe3O4-nanoparticle improved intracellular ice 
formation and cell dehydration. Oncotarget 8:92561

Yulizar Y, Utari T, Ariyanta HA, Maulina D (2017) Green method 
for synthesis of gold nanoparticles using polyscias scutellaria 
leaf extract under uv light and their catalytic activity to reduce 
methylene blue. J Nanomater 2017:3079636

Zayed MF, Eisa WH, El-kousy SM, Mleha WK, Kamal N (2019) Ficus 
retusa-stabilized gold and silver nanoparticles: controlled syn-
thesis, spectroscopic characterization, and sensing properties. 
Spectrochim Acta Part A Mol Biomol Spectrosc 214:496–512

Zhan G, Huang J, Du M, Abdul-Rauf I, Ma Y, Li Q (2011) Green syn-
thesis of Au–Pd bimetallic nanoparticles: single-step bioreduc-
tion method with plant extract. Mat Lett 65:2989–2991

Zhang Q et al (2018) Neutrophil membrane-coated nanoparticles 
inhibit synovial inflammation and alleviate joint damage in 
inflammatory arthritis. Nat Nanotechnol 13:1182

Zhu B, Li Y, Lin Z, Zhao M, Xu T, Wang C, Deng N (2016) Silver nan-
oparticles induce HePG-2 cells apoptosis through ROS-mediated 
signaling pathways. Nanoscale Res Lett 11:198

Zhu Z, Li Y, Yang X, Pan W, Pan H (2017) The reversion of anti-
cancer drug antagonism of tamoxifen and docetaxel by the hya-
luronic acid-decorated polymeric nanoparticles. Pharmacol Res 
126:84–96

https://doi.org/10.1088/2043-6254/aaa6f1
https://doi.org/10.1088/2043-6254/aaa6f1
https://doi.org/10.1016/j.snb.2017.06.088
https://doi.org/10.1007/s10876-019-01651-3
https://doi.org/10.1007/s10876-019-01651-3
https://doi.org/10.2147/IJN.S125281

	Phytosynthesized nanoparticles as a potential cancer therapeutic agent
	Abstract
	Introduction
	Phytosynthesized nanoparticles
	Metallic nanoparticles
	Metal oxide nanoparticles
	Nanocomposites

	Phytosynthesized nanoparticles with cancer cell inhibition property
	Metallic nanoparticles with anticancer property

	Anticancer nanosized oxides of metal particles
	Anticancer nanocomposites
	Other novel nanoparticles
	In vitro and In vivo studies

	Phytosynthesized nanoparticles for cancer diagnosis
	Mechanism of anticancer activity and cancer detection by phytosynthesized nanoparticles
	Future perspective and outlook
	Conclusion
	Acknowledgements 
	References




