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INTRODUCTION

Cancer is a major threat to human health and enormous
drugs in the market for the treatment of cancer. However, the
cancer cells could develop rapid resistance to approved drugs
due to high mutation rate. In order to overcome the resistance,
new drugs with novel molecular mechanisms of action should
be developed and recently much attention has been devoted
for searching of potential anticancer agents. Chloroquine
phosphate (CQ) is a versatile therapeutic agents and approved
as antimalarial agent also, used for treatment of amoebiasis,
rheumatoid arthritis, lupus erythematosus, photo allergic dis-
order, as a non specific anti-inflammatory agent. Chloroquine
(CQ) also reported for board-spectrum antiviral activity [1]
against HIV [2], HBV [3], HCV [4,5], influenza [6], dengue
[7], SARS-CoV [8] and chikungunya virus [9].

Chloroquine reported for anticancer activity [10-12] and
also enhancing anticancer activity of radiotherapy [13]. Mecha-
nism of anticancer activity of chloroquine in by inhibiting
autophagy and activating apoptosis [14,15]. Chloroquine
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causes central nervous system toxicity of retinopathy and
epilepsy up to 25 to 40 % in rheumatoid arthritis patients at 20
mg/kg dosage for prolonged period [16-18] and nanoparticles
may reduce the same. Current work is to biosynthesis and
characterization of the chloroquine silver nanoparticles (CQ
AgNPs) and tested anticancer activity against Neuroblastoma
(SH-SY5Yc) and cytotoxicity was also investigated against
normal Vero cells by MTT assay.

EXPERIMENTAL

Preparation of silver nanoparticles: Silver nitrate (AgNO3)
was obtained from Hi Media (Mumbai, India). Aqueous
solution of 1 mM AgNO3 was used for the synthesis of silver
nanoparticles. The 50 mL of silver nitrate solution was stirred
for 10 min. 10 mg of Chloroquine was dissolved in ethanol
and 0.5 mL of chloroquine solution was added to silver nitrate
solution drop by drop continuously which was under stirring
at 40° C. After 30 min the solution changes to reddish brown
in colour. Colour change from colourless to reddish brown
indicates the formation of chloroquine silver nanoparticles.



Characterization of silver nanoparticles: UV-visible
spectra of the silver nanoparticles obtained from chloroquine for
plasmon resonance band analyzed in Shimadzu Double beam
UV-visible spectrophotometer. The scanning electron microscopy
(SEM) analysis was carried by a Carl Zeiss EVO-18 electron
micro-scope and visualized the morphological size and shape.
A sample of a nanoparticles solution was placed on a carbon
strip attached to a SEM brass, extra solution was detached using
blotting paper and then allowed to dry by putting it under a
mercury lamp for 5 min. The elemental compositions of chloro-
quine silver nanoparticles were obtained using BRUKER EDS-
(QUANTAX 200-XFLASH) SDD (silicon drift detector) by
variable pressure mode, at acceleration voltage of 20 KeV.
The Fourier transform infrared spectra were recorded using
IR Tracer-100 Shimadzu, FTIR and using the spectral range
4000-400 cm-1. 50 mg chloroquine silver nanoparticles placed
in ATR diamond disc (zinc selenide) for FTIR measurement.
The crystalline and the lattice characteristics of the synthesized
silver nanoparticles were measured by powder X-ray diffrac-
tion analyzed. The XRD measurement was carried out on
thoroughly dried thin films of the purified chloroquine silver
nanoparticles was dried on a glass slab on a D8 Advance ECO
XRD Systems with SSD160 1D Detector-Bruker XRD 6000
instrument operated at a voltage of 20 keV and a current of 30
mA with CuKα1 radiation (λ = 0.1542) in a 2θ (°) configuration.
The particle size of chloroquine silver nanoparticles were
determined by using Beckman coulter particle size analyzer
(DelsaTM Nano common).

Anticancer activity and cytotoxicity:  Chloroquine silver
nanoparticles were investigated for the anticancer activity
against Neuroblastoma cell (SH-SY5Y cells), cytotoxicity also
tested against Vero cells by MTT assay [19]. 50 % inhibitory
concentration (IC50) and 50 % cytotoxic concentrations (CC50)
were measured in µg/mL to understand the anticancer activity
and cytotoxicity effect, respectively.

RESULTS AND DISCUSSION

In the present work, authors synthesized silver nanopar-
ticles by bioreduction method using silver nitrate solution as
a source and chloroquine as a reducing agent. The process of
silver nanoparticles generation is presented in Fig. 1a. In brief,
the chloroquine added to the source solution and the mixture
was stirred on a magnetic stirrer till colour changed to reddish
brown. The colour change indicate the reduction of silver nitrate
to silver nanoparticles. The UV-visible spectrum for prepared
silver nanoparticles shows noticeable absorptions maximum
at 434 nm, confirms the presence of silver nanoparticles and
also absorptions maximum same upto 5 h (Fig. 1b). The SEM
studies used to investigate the morphology of the silver
nanoparticles and from SEM images confirms that the prepared
nanoparticles in spherical shape and their morphology are
shown in the Fig. 2. Fig. 3 revealed three peaks at degree 2θ
28.2°, 32.7° and 38.2° corresponding to three diffraction from
(220), (111), (211) planes of silver (as correlated to JCPDS:
File No. 4-783). The XRD studies show that biosynthesized
nanoparticles are crystalline in nature. Chloroquine silver
nanoparticles silver nanoparticles were of the sizes range from
17-400 nm and average size of the particles is 254 nm (Fig. 4).
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Fig. 1a. UV-visible spectra of chloroquine silver nanoparticles at 30 min
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Fig. 1b. UV-visible spectra of chloroquine silver nanoparticles at 1-5 h

Fig. 2. SEM analysis of chloroquine silver nanoparticles
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Fig. 3. Particle size analysis of chloroquine silver nanoparticles
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Fig. 4. XRD analysis of chloroquine silver nanoparticles

Polydispersity index was found to be 0.208, this indicates no
nanoparticles aggregation and mono disperse of synthesized
nanoparticles. IR spectrum indicates (Fig. 5) the broad band
at near 3500 cm-1 shows the presence of N-H group and 2968
and 2929 cm-1 is for C-H stretching. The frequencies 900-690
cm-1 is for =C-H bending occurs out of plane. 1610 and 1452
cm-1 is for the C=C ring stretch also 1579 cm-1 is for the N-H
and C-N stretching in the spectrum.

The prepared chloroquine silver nanoparticles showed
significant anticancer activity against Neuroblatoma cells with
inhibitory concentration (IC50) of 33.79 µg/mL, whereas
cytotoxicity (CC50) of AgNPs in Vero cells was found to be
173.79 µg/mL both by MTT assay (Figs. 6a,b and 7).

Conclusion

Chloroquine nanoparticles were reported for anticancer
activity with inhibition of autophagy [20,21], antimalarial and
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Fig. 5. FT IR spectrum of chloroquine silver nanoparticles
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Fig. 6a. Cytotoxicity of chloroquine silver nanoparticles in Vero cells
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Fig 6b. Anticancer activity of chloroquine silver nanoparticles in
Neuroblastoma cells

antidengue virus activities [22,23]. We have successfully synthe-
sized silver nanoparticles using chloroquine as a reducing agent
and the prepared nanoparticles were confirmed by the charac-
terization technique UV-visible, FTIR, SEM and XRD. We have
shown the anticancer potential of chloroquine silver nanoparticles
and the inhibitory concentration (IC50) of 33.79 µg/mL.
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