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Abstract- Green synthesized silver nanoparticles (AgNPs) were extracted from Aerva javanica plant using eco-friendly 
green chemistry approach. Anti-cancer drug gefitinib conjugated to these spherical shaped with an average size of 5.7nm 
AgNPs. Gefitinib-conjugated AgNPs were characterized by ultraviolet–visible spectroscopy, fourier transform-infrared (FT-
IR) and scanning transmission electron microscopy (STEM) analysis. These results were confirmed the conjugation of 
gefitinib with AgNPs at 490nm wavelength. The effect of acidic pH 4.5 showed the agglomerate formation of gefitinib in 
significant amount in a shorter period which delivers drugs effectively in a tumor cells. The cell viability was analysed in 
human breast cancer cell line (MCF-7) determined that gefitinib-AgNPs were 50% more effective than gefitinib alone. It was 
concluded that the gefitinib conjugated AgNPs are used as effective delivery vehicle which are less toxic in nature.  
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I. INTRODUCTION 
 
Nanotechnology confers the nano-scale architecture 
and design of materials [1] as nano-materials have 
increased surface area which enhances their optical, 
physical and chemical properties [2]. Nano-material 
preparations used in biomedical applications as 
targeted drug delivery, cancer treatment, molecular 
imaging, endocrine resistant therapy, genomic DNA 
analysis, photothermal therapy, antibacterial agents 
and as biosensors [3, 4]. Silver nanoparticles 
(AgNPs) are significant class of metallic 
nanoparticles and have been extensively used in 
industry, pharmaceuticals, as disinfectants [5]. They 
have been employed in biomedical applications 
owing to excellent biocompatibility and size 
dependent properties [6]. Biological synthesis of 
AgNPs has reduced cytotoxicity due to the presence 
of capping agents and hence can be used as drug 
delivery vehicle because of their biocompatibility and 
biofunctionality [7]. In current study, we were 
reported the synthesis of non-toxic quantum sized 
fluorescent AgNPs from Aerva javanica [8].  
Aerva javanica has been known for its medicinal 
properties. It has been used in conventional medicine 
as antifungal, antibacterial agent [8]. Anthelminthic 
properties of Aerva javanica has also been reported 
[9]. Extensive use of Aerva javanica (common name 
Hathi bovei) in skin treatment because of its 
antioxidant properties [8]. These antioxidant 
properties of Aerva javanica are due to presence of 
alkaloids, flavonoids and other biochemical 
compounds present in Aerva javanica Alkaloids 
isolated from Aerva sp. exhibit characteristic green 
fluorescence [10-12]. Phenols exhibit good 
antioxidant and reducing properties [13] which is 
required for synthesis of AgNPs [14]. As these 
phenol groups are oxidized quinoid compounds are 
produced which have the ability to bind to the surface 

of nanoparticles responsible for capping and stability 
of nanoparticles [15]. Hence, the synthesized 
nanoparticle was capped with antioxidant capping 
agent thereby reducing the cytotoxicity of these 
nanoparticles. Combination of fluorescent and 
antioxidant properties of AgNPs may provide an 
efficient alternative for cytotoxic quantum dots for 
their biomedical applications including drug delivery 
and bioimaging [16].  
Chemically synthesized AgNPs have been shown 
cytotoxic effects because of generation of reactive 
oxygen species (ROS) [17]. Effects of AgNPs have 
been seen on various cell lines including Huh7 cell 
lines, MCF-7, HepG2, A549 cell lines [18-21]. The 
exact mechanism depends upon the size and capping 
agents of AgNPs but chemically synthesized AgNPs 
reduced the glutathione (GSH) levels and promotes 
the production of ROS [22]. GSH is an important 
ROS scavenger; hence play an important role in 
minimizing oxidative stress by binding to ROS [23]. 
Hsin et al has shown that AgNP mediated oxidative 
stress is because of inhibition of GSH synthesizing 
enzyme thereby increasing oxidative stress within the 
cell. However, superoxide dismutase and catalases 
are also inhibited by AgNPs [24]. Cell membrane 
undergoes lipid peroxidation and DNA and 
mitochondrial damage occurs as a result of ROS 
generation. Cytochrome C released from 
mitochondria causes activation of caspase 9 and 
caspase 3. This release is due to down regulation of 
Bcl-2 and up regulation of Bax leading to cellular 
apoptosis which is caused by AgNPs [24]. 
Biosynthesized nanoparticles, however, do not 
exhibit cytotoxic properties because of surface 
capping which potentially reduces their toxicity [25].  
Chemotherapy is in practice for many years and has 
preferentially leaded to a significant reduction in 
mortality among patients with breast cancer [26]. 
However, there is an evidence of multidrug 
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resistances towards this therapy [26]. To overcome 
this limitation one of the most promising strategy is 
the nano-particle delivery of anti-cancerous drugs 
[27]. Gefitinib also known as IRESSA [4-(3-chloro-
4-fluoroanilino)-7-methoxy-6-(3-morpho-
linopropoxy)-quinazoline] is a selective inhibitor that 
exhibit strong anti-tumor efficacy in multiple cancers 
such as adenocarcinoma [28]. In combination therapy 
of lung cancer treatment, gefitinib become resistance 
towards this therapy due to the induction of insulin 
like growth factors such as IGF-1R [29]. In the 
present study we were targeted nano-material based 
drug delivery by conjugating gefitinib to green 
synthesized AgNPs which significantly enhanced 
antitumor efficacy for the treatment of breast 
carcinoma cells.  
 
II. EXPERIMENTAL METHODS 
 
2.1. Synthesis of silver nanoparticles (AgNPs)  
AgNPs were synthesized using the chemical 
reduction method as described by khan [8]. 0.5 gm of 
Aerva javanica [30] plant extract was added in 1mM 
solution of AgNO3 (Sigma Aldrich, UK) placed at 
200rpm in a rotary shaker (Hauppauge, USA).The 
reaction time was completed in 6-8 hrs. After 
reaction, the colour of reaction mixture was changed 
from yellow to brown indicates that the synthesis of 
AgNPs. 50 gm of synthesized AgNP solution was 
mixed with 50% (w/w) of poly ethylene glycol for 
capping of nano-particles. Ultraviolet–visible (UV-
vis) spectrum of nano-silver solution was recorded at 
300 to 700 cm-1 on UV Spectrophotometer (Model 
UVD-2950; USA).  
2.2. Conjugation of gifitinib with AgNPs 
The gifitinib (Iressa; AstraZeneca, USA) were 
solubilized using different concentrations ranging 
from 1 to 50 μgmL−1 in 1% ethanol. The 
construction of standard curve based on absorbance 
value was measured at 304nm. 10μgmL−1 drug 
solution was added drop by drop to the AgNP 
solution. The formation of gefitinib-conjugated 
AgNPs was obtained after continuous stirring at 150 
rpm for 2hr at room temperature. The prepared 
solutions were centrifuged at 14,000 × g for 1 hr and 
pellets were subjected to STEM and FT-IR analyses 
to confirm the conjugation.  
2.3. Characterization of gefitinib-conjugated 
AgNPs  
Effect of drug-conjugated AgNPs was analyzed on 
1N HCl and 1 N NaOH pH in phosphate buffer saline 
solution at 37ᵒC. Drug-conjugated AgNPs was 
initially measured using UV-Vis spectrophotometer 
(Model UVD-2950; USA) at 350 to 700 nm. The 
transmission spectrum was recorded on fourier 
transform-infrared (FT-IR) spectrometer (Perkin-
Elmer Spectrum, USA) by scanning wavenumber 
range of 600-4000cm-1. One of efficient technique is 
scanning transmission electron microscopy (STEM) 
was used to determine the surface morphology by 

using STEM detector at 10kV (Nova Nano-SEM450, 
USA).  
2.4. Cell Viability Assay  
The cell viability of AgNPs and gefitinib-AgNPs 
were assessed against MCF-7 cells, obtained from the 
American Type Culture Collection (ATCC, 
Manassas, VA). 1×105 cells were grown in 96-well 
microtitre plate (Becton Dickinson, USA) for 24hrs 
and treated with different concentrations (10-40 
μg/ml) for 48hrs. Later, the cells were incubated with 
250μg ml−1 MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) (Sigma-Aldrich, 
Biotechnology, USA) for 4hrs at 37ᵒC. The cultured 
media was replaced with 100μL of dimethyl sulfoxide 
(DMSO) (Sigma-Aldrich, Biotechnology, USA) after 
incubation. The absorbance was recorded at a 
wavelength of 570nm in a microplate reader (Techno 
Service, AMP Platos R496, Egypt).  
2.5. Statistical analysis  
Statistical differences of cell viability between groups 
were performed by un-paired ‘t’ test (p< 0.05) using 
the GraphPad PRISM statistic software (version 7.0) 
(GraphPad Software, La Jolla, California USA).  
 
III. RESULTS AND DISCUSSION 
 
3.1. Synthesis and conjugation of AgNPs with 
gefitinib 
Medicinal plants have been reported to play an 
important role in the treatment of various 
malignancies and Aerva javanica has been known for 
its antimicrobial, antiulcer, anthelmintic, 
hypoglycaemic, analgesic and antioxidant properties 
[8-10]. The cytotoxicity of AgNPs depends on 
morphology including size, shape, surface chemistry 
and concentrations of nano-scale AgNPs [31]. 
Surface capping of AgNPs using polyethylene glycol 
(PEG) reduces the cytotoxicity [32]. In the present 
study we used A. javanica sp. strain from our 
laboratory and characterize the synthesized AgNPs 
using non-toxic green chemistry approach that is cost 
effective and environment friendly [8]. These 
characterized particles were conjugated with gefitinib 
to synthesize the gifitinib-AgNP.  
3.2. Characterization of gefitinib Conjugated 
AgNPs  
Gefitinib-AgNPs was initially confirmed by UV–vis 
spectrum as shown in Fig. 1. It was showed that 
wavelength of conjugated AgNPs was 30 fold high 
(490nm) then the without drug conjugated particles 
which was well-substantiated by the FT-IR and 
STEM results. Gefitinib-AgNPs exhibited prominent 
bands at wavenumber of 3719cm−1, 3040cm−1, 
2061cm−1, 1258cm−1 and 723cm−1 matched with 
the functional groups of AgNPs 3702cm−1, 
2862cm−1, 1079cm−1 and 664cm−1 shown in Fig. 2. 
Presence of hydrophilic group (OH) confirmed by 
FTIR analysis on the surface of AgNPs synthesized 
during this study indicated their stability in water 
because hydrogen bonding with hydrogen atoms of 
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water molecules. Presence of this group is important 
as it helps nanoparticles to easily pass out from 
glomerular filtrate excreted out from kidneys which 
otherwise may be retained in kidney and can cause 
damage to it. [33]. Due to their nontoxic nature they 
can be efficiently employed in drug delivery. Size 
dependent endocytosis of nanoparticles plays an 
important role in drug delivery as they can help drug 
to gain entry into the cells. Clathrin, caveolin, and 
dynamin mediated endocytosis have been reported 
along with macro-pinocytosis have been reported to 
be possible mechanisms where dynamin and clatherin 
mediated endocytosis occur in case of bigger particles 
size, particles with small size are endocytosed 
through caveolin [34]. Particles with size less than 10 
nm can be efficiently diffused into the cells and hence 
into nucleus where they can cause increased toxicity 
so they should be capped by nontoxic molecules to 
prevent their toxicity on cells. In line with this our 
results of STEM analysis showed that the average 
size of AgNPs is 5.7nm shown in Fig. 3. Effect of pH 
(4.5 and 7.5) was assessed on gefitinib-AgNPs 
solution. It was confirmed that high acidic pH 4.5 
showed 490nm wavelength similar results observed 
through FTIR analysis. This causes the agglomerate 
formation of gefitinib in significant amount in a 
shorter period which delivers drugs effectively in a 
tumor cells. Best results were shown at pH of 4.5, 
with narrow size distribution of gefitinib-conjugated 
AgNPs as shown in Fig.4.  
3.3. Cell Viability  
AgNPs have unique application in drug delivery 
strategies which possess low toxicity, high stability 
and increased surface area [35]. Previous study 
reported that anti-cancerous drugs (doxorubicin and 
alendronate) conjugated AgNPs used as effective 
delivery vehicle in tumor cells [36]. The plant derived 
AgNPs were synthesized by green chemistry 
approach and used for drug delivery [37]. In this 
study, cell viability was determined in MCF-7 cell 
line with the treatment of different concentration of 
gefitinib and gefitinib-AgNPs as compared to the 
control (shown in Fig.4). Gefitinib-AgNPs showed 
50% significant reduction in cell viability of MCF-7 
compared to gifitinib alone. This observation 
suggested that conjugated gefitinib-AgNPs could 
deliver gefitinib effectively into the breast cancer 
cells (MCF-7) and caused apoptosis of cancerous 
cells. 

 
Fig.1. Ultraviolet–visible absorption spectra of AgNPs 

conjugated with gefitinib. 

Fig.2. Fourier transform-infrared (FT-IR) spectroscopy of 
AgNPs conjugated with gefitinib. 

 
Fig.3. Scanning transmission electron microscopy (STEM) 
images (A) gefitinib-AgNPs (500nm) and (B) AgNP (50nm) 

dispersed on carbon-coated copper grid. 

 
Fig.4. pH dependent absorption spectra of gefitinib-AgNPs 

 
Fig.5. Cell viability of MCF-7 cell line treated with different 

concentrations of gefitinib and AgNPs+gefitinib measured by 
using MTT assay. All the experiments were repeated thrice and 

the data were analyzed by unpaired ‘t’ test; p < 0.05 as 
compared to control group. 
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CONCLUSIONS 
 
We conclude the following findings in our current 
study;  
 
1) Biosynthesis of quantum sized fluorescent AgNPs 
which can be potential quantum dots.  
 
2) Their narrow size distribution range and cytotoxic 
profile analysis indicates their uniform size dependent 
properties and their non-toxic nature.  
 
3) Non-toxic AgNPs conjugated with gefitinib in eco-
friendly environment and were further characterized.  
 
4) The inhibitory effect of gefitinib conjugated 
AgNPs against breast carcinoma cells were exhibited 
as effective drug delivery vehicle.  
 
5) It was concluded that AgNPs has high stability and 
biocompatibility indicating their potential application 
in Nanomedicine.  
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