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A B S T R A C T

The effective use of the gold nanoparticle (AuNPs) conjugated drugs for targeted drug delivery applications is
one of the most promising research areas in the field of cancer. Herein, we aimed to establish a nano drug
conjugated with docetaxel as a possible therapy option. Gold nanoparticles were synthesized by chemical re-
duction method. This is followed by the conjugation with an anticancer drug, docetaxel (Dtx) by a non-covalent
method and folic acid (FA) was conjugated by a covalent method. The physicochemical characteristics of the
synthesized AuNPs, Dtx and FA were studied by various analytical techniques such as UV–vis spectroscopy
(UV–vis), Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), Raman spectroscopy, X-ray
photoelectron spectroscopy (XPS), field emission scanning electron microscope (FE-SEM) high-resolution
transmission electron microscope (HR-TEM) and energy dispersive X-ray spectroscopy (EDS). The surface
morphology and microstructure of the synthesized AuNPs and gold conjugates (AuNPs-Dtx-FA) were examined
by FESEM and HR-TEM. The average size of the spherical shaped AuNPs was observed in the range of 5–18 nm.
XPS and EDS spectra were examined the oxidation state and chemical composition of the synthesized nano-
particles. The cytotoxicity of the synthesized AuNPs nano-conjugates was evaluated by in-vitro studies against
lung cancer cell line (H520). The chemical reduction method followed here in the development of AuNPs is a
simple and one-step process, which exhibits the excellent binding specificity, biocompatibility and feasible for
the large scale up process of the AuNPs.

1. Introduction

The use of functional nanomaterials as carriers for high-perfor-
mance drug delivery application is an area of expanding interest around
the world. Among the various nanomaterials, gold nanoparticles
(AuNPs) are found to be an excellent candidate for targeted drug de-
livery due to their characteristic features which include unique phy-
siochemical properties which allow for easy surface modifications, fa-
cile conjugation with biomolecules, relatively high biocompatibility
and low-toxicity [1–4]. Based on their unique properties, the gold based
nanoconjugates have been widely used in myriad applications including
biosensor, bioimaging, photothermal therapy and targeted drug de-
livery [5–8]. The size controlled AuNPs can be synthesized by various
methods like physical, chemical and biological methods. Among them,
the chemical reduction method has been widely used for the synthesis
of AuNPs due to its low-toxicity, highly stable, and less time con-
sumption [9–11]. The chemical reduction method plays a vital role in
the production of functional nanomaterials [12].

Docetaxel (Dtx), an anticancer drug, belongs to the family of tax-
anes, diterpenes produced by plants of the genus Taxus [13]. Like pa-
clitaxel, Dtx is a semi-synthetic material that irreversibly binds to β-
actin, and consequently alters the microtubule polymerization and
disrupts cell mitosis and trigger apoptosis [14]. Dtx based treatment is
an option in the patients for hormone-refractory of lung cancer and it
has been shown to increase the survival of patients [15]. Dtx treatment
though is associated with several toxicities, based mostly on the dose
and duration of the therapy [16]. A major drawback of Dtx treatment
lies in its poor hydrophilicity [17].

Folic acid (FA) is an emerging ligand for targeting cells membrane
receptor on the range of cell type and retains a high affinity for its
receptor [18]. Therefore, FA and AuNPs based conjugates have sig-
nificantly enhanced delivery to folate receptor (FR) in the positive
tumor cells because the FR are frequently overexpressed in a wide
variety of tumor cells but highly restricted in most normal tissues [19].
FA or its conjugates are transporting the surface of cancer cells via
endocytosis through the folate receptor at the pH range of 5.0–5.5
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[20,21]. Moreover, the high specific area and spherical morphology of
gold based nanoconjugates can be used as an effective nanocarrier in
targeted drug delivery applications [11].

Lung cancer (lung carcinoma) is the most common malignancy in
men and the second most common in women. Chemotherapy while a
common treatment option is limited by low specificity and high general
toxicity [22,23]. Owing to its limitations, the combination of controlled
release and targeted drug delivery will exhibit a more effective ap-
proach [24]. Thus, the development of nanoconjugates that fulfill these
criteria is expected to aid in better cancer therapy [25]. Recently,
AuNPs have been utilized for anticancer therapy for several types of
cancers such as lung cancer cell line (A549, and H1299) [25,26],
prostate cancer cell lines (PC3) [27] and Du145 cell line [28], breast
cancer cell lines (MCF 7) [29] and liver cancer cell line (HepG2) [24].

In the present work, we aimed to investigate a simple and efficient
method for the synthesis of AuNPs by chemical reduction method. The
synthesized AuNPs were conjugated with docetaxel as the chemother-
apeutic drug and FA by non-covalent and covalent method, respec-
tively. The surface morphology features and size distribution of the
AuNPs based nanoconjugates were studied by HR-TEM and FE- SEM.
The oxidation state and elemental composition of the synthesized
AuNPs based nanoconjugates were studied using XPS and EDS analysis.
The cytotoxicity of these AuNPs nanoconjugates was assessed by in-
vitro studies against lung cancer cell line (H520) at different con-
centrations and time intervals.

2. Experimental section

2.1. Materials

Gold (III) chloride trihydrate (HAuCl4•3H2O, M.W. 393.83 g/mol),
Docetaxel (DTX) (C43H53NO14, M.W. 807.879 g/mol), Folic acid (FA)
(C19H19N7O6, MW. 441.40 g/mol) and 10% Fatal bovine serum (FBS)
were procured from Sigma Aldrich Chemicals, USA. Trisodium citrate
(Na3C6H5O7, MW. 258.06 g/mol), N, N-Dimethyl sulfoxide (DMSO)
(C2H6OS) were purchased from Merck chemicals. Ethanol (99.9%) was
received from Changshu Hongsheng Fine Chemical Co., Ltd, China. Pre-
Mix WST was procured from Takara Scientific. RPMI 1640 medium was
purchased from Himedia chemicals, Mumbai, India. Human Lung
cancer cell line (H520) was received from National Centre for Cell
Science (NCCS), Pune, India. All the chemicals were used without any
purification and millipore water was used throughout the work.

2.2. Methods

2.2.1. Synthesis of gold nanoparticles
A modified procedure has been used for the synthesis of gold na-

noparticles from Gold (III) chloride trihydrate using trisodium citrate as
a reducing agent, by the chemical reduction method [9–11].

Briefly, 5mL of 1 (wt%) of trisodium citrate in aqueous medium was
added dropwise to a 200mL aliquot of 1mM HAuCl4•3H2O boiling with
stirring the solution under reflux. After adding the reducing agent, the
reaction mixtures color changed from golden yellow to colorless. This
reaction was continued until the solution turned to wine red. This color
change appeared within 3min due to the reduction of AuIII to Au0 and
the reaction was completed within 5min. The obtained colloidal sus-
pension was allowed to cool at room temperature. After the completion
of the reaction, the loosely bounded citrate ions were removed by
centrifuge at 5000 rpm for 30min and the obtained AuNPs the solution
was stored at 4 °C.

2.2.2. Preparation of gold based nanoconjugates
In order to prepare the gold based conjugate, 5 mL of 1mM of Dtx

was dissolved in ethanol and sonicated for 15min. This aliquot solution
was added to the synthesized AuNPs in a 50mL glass beaker with
constant stirring, for 3 h. Followed by, the obtained Dtx loaded AuNPs

solution was sonicated for 20min in an ice bath. Thereafter, 3 mL of
1mM of FA was dissolved in DMSO under constant stirring for 1 h at
room temperature. The prepared solution was added into Dtx loaded
AuNPs solution and stirred for 4 h at room temperature. After this so-
lution was sonicated for 30min, it was centrifuged at 5000 rpm for
30min. The obtained solution was stored at 4 °C in order to prevent
aggregation.

2.3. Characterization studies

2.3.1. High-Resolution scanning electron microscope
The morphology and microstructure of the synthesized AuNPs were

examined by high-resolution transmission electron microscope (HR-
TEM) (JEOL-2100-JEM). 0.5 µL of AuNPs conjugate solution was di-
luted with Millipore water and sonicated for 10min. A small drop of the
conjugate was coated over a carbon coated copper grid and allowed to
dry at ambient temperature. The dried samples were fixed on the
sample holder and analyzed at 200 kV an acceleration voltage. The size
distribution of the obtained conjugates was measured by image J
(version 1.41 h) and origin pro-8 software. The elemental compositions
of AuNPs/DTX/FA were measured by energy dispersive X-ray spectro-
scopy (EDS).

2.3.2. Field emission scanning electron microscope
The surface morphology of the synthesized AuNPs based conjugates

was analyzed by field emission scanning electron microscope (FE-SEM)
Hitachi-S-34000N (Japan) instrument. For sample preparation, 0.5 µl of
AuNPs based conjugates were diluted with Millipore water and soni-
cated for 15min. A small drop of the sonicated solution was coated over
a cleaned aluminum substrate and the substrate was dried at room
temperature. The dried samples were pasted over double sided carbon
tape. The pasted samples were then sputter-coated with gold and pla-
tinum (60:40) for 25 s at 30mA current and 0.4 mb pressure. These
samples were then analyzed at an accelerating voltage of 20 kV.

2.3.3. X-ray diffraction
Crystallinity and phase purity of the obtained AuNPs/DTX/FA was

studied by XRD analysis. XRD pattern was recorded on Bruker (D8
advance PXRD) equipment using a scanning rate of 2 s/step and
(Johansson monochromator) to produce pure Cu Kα (λ = 1.5406 Å)
radiation as a target with a voltage of 40 kV and current 30mA. For
sample preparation, a small amount of obtained solution was sonicated
for 5min and coated over the freshly prepared glass substrate. The
sample coated glass substrate was dried at room temperature. The
coated samples were scanned from 5° to 90° (2θ) degrees.

2.3.4. X-ray photoelectron spectroscopy
The oxidation state and elemental composition of the obtained

samples were examined by X-ray photoelectron spectroscopy (XPS).
XPS spectra were performed using an Omicron Nanotechnology, ESCA-
14 (Germany) photoelectron spectrometer instrument. Al K-Alpha X-ray
source of monochromatic in the “hybrid” mode of a nominal photo-
electron was operated at 120W (15 kV, 20mA). For sample prepara-
tion, a small drop of 0.5 µl of AuNPs based conjugate solution was
coated over the freshly prepared aluminum substrate and dried at 60 °C
for 3 h. The dried samples were fixed with XPS sample holder and
measurements were taken on three replicates for each sample. Data
analysis was done using the vision processing data reduction software.

2.3.5. Raman spectroscopy
Raman spectra were collected on a Nano Photon-Raman spectro-

meter with laser excitation (532 and 785 nm). The data acquisition time
was 30 s and the peak intensities of the samples were normalized to
those of a glass plate at 520 cm−1. The spectra were obtained in the
range of 400−2500 cm−1 with three accumulations, 10 s exposure
times and spectral resolution of 16 cm−1. For sample preparation, 1mL
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of the obtained solution was sonicated for 5min and coated over a
freshly prepared glass substrate. The sample coated glass substrate was
dried at room temperature. The coated samples were examined with an
excitation wavelength of 532 nm.

2.3.6. Fourier transform infrared spectroscopy
The surface functional groups of AuNPs based conjugates were de-

termined by Fourier transform infrared spectroscopy (FT–IR) (Thermo
scientific & co., ID 3, USA). The AuNPs based conjugate solution was
diluted with Millipore water and analyzed under attenuated total re-
flection (ATR) mode. The samples were analyzed in the transmission
mode with a spectral range from 400–4000 cm−1, a spectral resolution
of 4 cm−1 and a scanning speed of 20mm/s at room temperature.

2.3.7. UV–vis spectroscopy
Optical properties of the synthesized gold based conjugates were

examined by UV–vis absorption spectroscopy (UV–vis) (Agilent dio-
daris spectrophotometer, Cary-8453, India). The spectra were recorded
on double beam standard quartz cuvettes with the spectral range of
200–800 nm at room temperature. 5 µl of AuNPs based nanoconjugates
were diluted with Millipore water and sonicated for 5min and analyzed
by the spectrophotometer.

2.3.8. MTT assay
100 µL of H520 cells were seeded in 96 well plates (Corning, USA)

at the density of 3000 cells per well and incubated at 37 °C for 24 h in a
CO2 incubator for 24 h before the experiment. The cells were incubated
with free AuNPs, Dtx, FA and AuNPs based nanoconjugates at a con-
centration ranging from 10 to 100 µM and 5 to 200 pM in the case of FA
and analysed at 24, 48 and 72 h, time points. At the time these inter-
vals, the medium was removed and the plate was washed with PBS two
times. The cells were then incubated for a maximum of 4 h in WST. The
absorption was measured at 560 nm using ELISA (Enzyme-linked im-
munosorbent assay) microplate reader (Robonik). The cell viability was
calculated by the following equation:

=Cellviability(%) (Abssample/Abscontrol)x100.

where, Abs sample represents the number of absorbance for the treated
cells and Abs control represents the number of absorbance for control
cells in culture medium only. All the experiments were carried out three
times.

2.3.9. Statistical analysis
The cell, culture data were expressed as a mean of three experi-

ments± standard deviation (SD). The significance of AuNPs, Dtx, FA,
and nanoformulations data performed by one-way analysis of variance
(ANOVA), followed by post hoc test for comparison with group A (SPSS
16.0 software (SPSS Inc. Chicago, IL, USA)). The significance level of
95% is acceptable value (p < 0.05) [30].

3. Results and discussion

AuNPs were synthesized by the chemical reduction method of tri-
sodium citrate which acts as a capping and as well as a stabilization
agent. Nanoconjugates of the AuNPs have been prepared by functio-
nalization with docetaxel (Dtx) and folic acid (FA). The influence of the
reaction condition on the morphology of the AuNPs based nanoconju-
gates and their characteristics have been evaluated with respect to the
concentration of the reactant, temperature, reaction time and pH. When
reducing the temperature during citrate reduction, the size, shape and
quality of the particles were drastically affected and the final product
appeared to be of a larger size and with irregular morphology. Fig. 1
depicts the scheme for the synthesis of AuNPs based nanoconjugates by
the chemical reduction method.

3.1. Surface morphology of gold based nanoconjugates

The morphology and microstructure of the synthesized AuNPs based
nanoconjugates were studied by HR-TEM and FE-SEM analysis. A ty-
pical HR-TEM measurement of the synthesized AuNPs is shown in
Fig. 2. Fig. 2(a) depicts the higher magnification (2 nm) image of AuNPs
which shows the clear and uniform lattice fringes confirming that the
particles are spherical in shape with a high degree of crystallinity. Fig. 2
(b and c) shows the AuNPs at various magnifications (5 and 10 nm). The
size of AuNPs has been determined by measuring the diameter of par-
ticles on TEM micrographs. Fig. 2(d) shows the low magnification
image of AuNPs (100 nm) and the particles are in the mono-dispersion
state due to the negatively charged layer of citrate ions, which repel
each other. The average diameter of the obtained AuNPs was found to
be 18 nm (Inserted the histogram on Fig. 2(d)) with very few particles
of higher and lower size distribution. Fig. 2(e) depicts the selected area
electron diffraction (SAED) pattern to AuNPs which shows higher
crystallinity. The crystal lattice spacing distances of AuNPs is about
4.0786 Å and these lattice are accordance with the (200), (311) dif-
fraction planes of gold (Joint Committee on Powder Diffraction Stan-
dards file No. 04-0784). Thus, the results indicate that the gold particles
are arranged in a face centered cubic crystals system with
λ = 1.5406 Å. The elemental compositions of the synthesized AuNPs
were examined by EDS analysis. Fig. 2(f) depicts the EDS spectrum of
synthesized AuNPs which indicates the 60.44 wt% of gold is present in
the sample. The occurrence of copper 39.56 wt% is present in the
spectrum due to the presence of the TEM grid was appeared in the
spectrum. This result suggests that the synthesized AuNPs are highly
pure and have good crystallinity.

FESEM micrograph of the synthesized AuNPs and AuNPs based
conjugates are shown in Fig. 3. Fig. 3(a) depicts the FE-SEM images of
AuNPs which shows the particles are spherical in shape with a uniform
distribution on the aluminum substrate. The average size of the AuNPs
was found to be 20 nm. Fig. 3(b) shows the low magnification image of
docetaxel and it can be observed that the particles are randomly dis-
persed on the surface of the substrate. These particles are present in the
form of core-shell like particles and were observed to have an average
size of 25 nm. Fig. 3(c) indicates the low magnification images of folic
acid which shows that these particles are spherical in shape with an
average diameter of 440 nm. Fig. 3(d) shows the FE-SEM image of
AuNPs based conjugates and the particles are spherical in shape with a
smooth surface, without any aggregation. Fig. 3 (e and f) shows the EDS
spectra of the drug molecule and AuNPs based conjugates.

3.2. Crystallinity of the AuNPs based conjugates

Crystalline nature of the synthesized AuNPs was determined by XRD
analysis. Fig. 4(a) depicts the XRD pattern of citrate capped AuNPs. The
Bragg reflection indicates the synthesized AuNPs possess the face cen-
tered cubic crystal structure in nature. The XRD pattern exhibits the
diffraction band at (2θ) 38.21°, 40.36°, 44.39°, 64.76° and 77.76° which
corresponds to the (111), (200), (220) and (311) crystal planes, re-
spectively [31]. These diffraction peaks indicate that these AuNPs are
composed of pure crystalline gold is confirmed by JCPDS (Joint Com-
mittee on Powder Diffraction Standards file No. 04-0784). In the XRD
pattern, the most intense Bragg reflection lattice planes appear at (111)
and (200) of planar surface are 100% and 19% respectively, whereas,
the Bragg reflection corresponding to the (220) and (311) planes with
the lattice spacing planes of 1.44 and 1.23 A°. These planes indicate the
{111} facets were indicating the crystalline nature of AuNPs.

Fig. 4 (b and c) indicates the XRD spectra of docetaxel and folic acid,
respectively. The most intense band appears at 6°, 9°, 13°, and 21° of
Dtx which shows the highly crystalline in orthorhombic in nature of Dtx
(Fig. 4b) [32]. Fig. 4(c) shows indicates the sharper band at 10.4°,
20.2°, and 22.6° corresponds to the (101), (202) and (002) crystal
planes of the FA, respectively [33]. Fig. 4(d) shows the XRD spectrum of
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gold based conjugates of AuNPs/DTX/FA was observed at 2θ values of
6°, 13°, 22.6°, 26.2°, 38.21°, 44.39° and 77.76°. These bands indicate the
gold based conjugates possess good crystallinity.

3.3. Structural analysis of gold based nanoconjugates

The oxidation state and elemental composition of the synthesized
gold based nanoconjugates (AuNPs/Dtx/FA) were determined by X-ray
photoelectron spectroscopy (Fig. 5). Fig. 5(a) shows the survey spec-
trum of AuNPs/ Dtx/FA, which shows the synthesized gold based na-
noconjugates is high purity. The high-resolution spectrum of the AuNPs
based nanoconjugates was observed the core levels of Au 4f7/2 and Au
4f5/2 spin orbital and the peak positioned at 85.3 eV and 88.9 eV, re-
spectively (Fig. 5(b)) [34]. These values were compared to the re-
spective core levels of bulk Au crystals. Moreover, the obtained peaks of
Au 4f7/2 and Au 4f5/2 showing a narrow width revealed that only a
single element of gold was present in the system. This result indicates

that the gold was present in the metallic form of Au0 and thus rendering
the AuNPs highly stable. Fig. 5(c) depicts the high-resolution image of
carbon (C1s) was observed the two peaks at 287.27 eV and 290.64 eV
corresponds to the (CeC or CeH)/(CeO) (OeCeO) formations [35].
The binding energy of the nitrogen (N1s) (Fig. 5(d)) exhibited only one
peak at 403.52 eV, which can be associated with the nitrogen atom
present in the form of C]N/NeH [36]. Fig. 5(e) shows the high-re-
solution spectrum of oxygen (O1s) exhibited peaks at 534.38 eV which
corresponds to the OeCeO/C]O [37]. These spectra clearly indicate
that the synthesized AuNPs based nanoconjugates possess highly pure.
Based on these results, we can also suggest that the synthesized nano-
conjugates are pure, reaffirming with previous results.

Raman spectroscopy is used to identify the surface vibration and
rotational frequency of the surface particles and also to observe the
structural fingerprints of the particles. Fig. 5(f) shows the Confocal
Raman spectra of the gold based conjugates. Fig. 5(f) (a) depicting the
Raman spectra of the synthesized citrate capped AuNPs, we observed

Fig. 1. Schematic representation of the synthesis of AuNPs based conjugates.

Fig. 2. HR-TEM images of citrate capped
AuNPs. (a) HR-TEM image at 2 nm magnifica-
tion particle shows the uniform lattice fringes,
(b & c) Spherical shaped AuNPs at 5 and 10 nm
magnifications, (d) TEM images of AuNPs and
inset the histogram of the AuNPs. The average
size is 18 nm (e) SAED pattern of the AuNPs
and (f) EDS spectrum of AuNPs.
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peaks at 269 cm−1, 1232 cm−1, 1373 cm−1 and
1596 cm−1corresponding to the Au0 and carbon strongly observed on
the surface [38]. Fig. 5(f) (b) shows the Raman spectra of the Dtx,
which we observed had peaks at 820 cm−1 (aromatic stretching vi-
bration of C]C), 1220 cm−1 (CeH), 1373 cm−1(C]C) and 1630 cm−1

(aromatic stretching vibration of C]O, carbonyl groups) [39]. Fig. 5(f)
(c) shows the Raman spectra of FA which shows the strongest peaks at
689, 920, 1260, 1376 and 1590 cm−1, which corresponds to the
asymmetric vibration of the C]N, CeH rocking vibration of P-amino
benzoic acid, rocking vibration of C]N, C]C asymmetric stretching
vibration and aromatic stretching vibration of C]O carbonyl groups,
respectively [40].

Fig. 6(d) depicts that the Confocal Raman spectra of AuNPs based
conjugates contain a very strong peak at 269 cm−1 due to vibrations

between Au0 and C, reaffirming the SERS spectra document at AuNPs
surfaces. Peaks at 857, 1293, 1378 and 1596 cm−1 were also observed,
which documents the vibrations displayed by DTX and FA. The strong
vibration peaks at 269 cm−1 and 1378 cm−1 correspond to the Au0 and
carbon particles. These vibration peaks indicate the structural finger-
prints of the obtained AuNPs based conjugates are highly pure.

Surface functional groups of the synthesized AuNPs based nano-
conjugates were studied by FT–IR spectroscopy (Fig. 6). Fig. 6 (a) (a)
shows the FT–IR spectrum of AuNPs and the major peak was observed
at 3289 cm−1, which corresponds to the OH stretching vibration of the
carboxyl group. The band at 2929 cm−1 corresponds to the CeH
stretching vibration of alkanes. The strongest peak at 1704 cm−1 is
attributed to C]O stretching vibration of amides. The weak band at
1365 cm−1 is ascribed to CeH in plane bending frequency of alkanes.
The weak band observed at 1051cm−1 is attributed to the CeO
stretching vibration of carboxylic groups [39].

The FT–IR spectrum of the DTX and FA are shown in Fig. 6(a–c) and
the peaks observed at 3500–2850 cm−1 (OH and CeH stretching vi-
bration of alkanes), 1674 cm−1 (NeH bending vibration), 1379 cm−1

(CeH bending vibration, CH2 and CH3), 1055 cm−1 (CeOeC stretching
vibration) and 600–900 cm−1 (NeH wagging frequency) [41]. Fig. 6
(a) (d) depicts the AuNPs based conjugates and their peaks presented at
3306–2913 cm−1 (OH and CeH stretching vibration of alkanes),
1680–1714 cm−1 (NeH bending vibration), 1385 cm−1 (CeH bending
vibration, CH2 and CH3), 1050–1060 cm−1 (CeOeC stretching vibra-
tion) and 600–900 cm−1 (NeH wagging frequency). These peaks con-
firm that the Dtx and FA particles have successfully bound with AuNPs.
These spectra confirm the AuNPs are incorporated with Dtx and FA and
formed as conjugates.

3.4. Optical properties of gold based conjugates

Optical properties of the synthesized AuNPs and their corresponding
conjugates were confirmed by UV–vis spectroscopy. The UV–vis spec-
trum of AuNPs is shown in Fig. 6 (b) (a). It shows the SPR absorption
peak at 526 nm due to the formation of the spherical shape of nano-
particles [42]. Fig. 6 (b) (b) shows the UV–vis spectra of DTX with at
233 and 288 nm which corresponds to the π–π* transition of the car-
bonyl group present in the ring [43]. Fig. 6 (b) (c) depicts the UV–vis
spectra of FA which was observed peaks at 232 and 344 nm corre-
sponding to the π–π* transitions of aromatic amino groups and amide
[44]. AuNPs/DTX/FA conjugates had peaks at 232, 288, 344, and

Fig. 3. FE-SEM images of AuNPs based nanoconjugates. (a) Spherical shaped AuNPs, (b) Dtx, (c) FA, (d) AuNPs/Dtx/FA nanoconjugates, (e and f), EDS spectrum of
Dtx and AuNPs/PEG/Dtx/FA nanoconjugates, respectively.

Fig. 4. XRD spectra of AuNPs based nanoconjugates. (a) AuNPs, (b) Dtx, (c) FA
and (d) AuNPs/Dtx/FA conjugate.
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530 nm, corresponding to the formation of the AuNPs based conjugates
(Fig. 6 (b) (d)). These spectra clearly indicate the conjugates are clearly
attached with the AuNPs which could be used for targeted drug delivery
applications.

3.5. In-vitro cytotoxicity study

In order to study the anticancer activity of AuNPs, Dtx, FA and
AuNPs based nanoconjugates on proliferation, the H520 lung cancer

Fig. 5. XPS spectra of AuNPs based nanoconjugates; (a) survey spectrum of AuNPs/Dtx/FA, the high resolution spectrum of gold (b), carbon (c), nitrogen (d) and
oxygen (e), respectively. (f) Raman spectra of AuNPs/Dtx/FA nanoconjugates with (a) AuNPs, (b) Dtx, (c) FA and (d) AuNPs/Dtx/FA.

Fig. 6. (a) FT–IR spectra of AuNPs/Dtx/FA based conjugates, (a) AuNPs, (b) Dtx, (c) FA and (d) AuNPs/Dtx/FA conjugates and (b) UV–vis spectra of AuNPs/Dtx/FA
nanoconjugates, (a) AuNPs, (b) Dtx, (c) FA and (d) AuNPs/Dtx/FA.
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cell line was used (Fig. 7). The cytotoxic effect of AuNPs (a), Dtx (b), FA
(c) and (d) nanoconjugates at different concentrations (10 µM, 25 µM,
50 µM, 75 µM, and 100 µM of AuNPs, 10 µM, 20 µM, 30 µM, 40 µM and
50 µM of Dtx and 5pM, 10pM, 25pM, 50pM, 100pM, 200pM and 300pM
of FA) and at three different time intervals (24, 48 and 72 h) was
analysed using H520 lung cancer cell line. The IC50 value of free doc-
etaxel was determined to be 38 µM at 48 h time point. At the same time
point, the concentrations for AuNPs and FA were also determined at
which we have maximum cell death, thus contributing to an optimum
value of AuNPs and FA that can be used in the conjugate development;
and to limit cell death to the effect of Dtx alone. We have determined
that at the maximum concentration of 100 µM for AuNPs, the cell death
was approximately 25% of the control, while FA has almost 100% cell
viability in the picomolar concentration. This experiment will help to
design better nanoconjugates while knowing the limiting concentra-
tions of the non drug components and decreasing potential non specific
targeting.

The combined effect of the AuNPs based nanoconjugates has been
evaluated for the cell viability of H520 cell line with unloaded AuNPs/
FA and Dtx loaded AuNPs/FA after incubation of 24 h time point.
Fig. 7(d) depicts the cytotoxicity of AuNPs/FA/Dtx at micromolar
concentration and compare with free AuNPs, Dtx, and FA. The IC50

value of docetaxel was observed at 38 µM and this concentration was
fixed and the concentration of AuNPs and FA was varied in the medium.
From the Fig. 7(d) it can be clearly seen that, with the addition of
AuNPs, FA, and Dtx components simultaneously, there is a dramatic
decrease in cell survival, almost 50% of control. This result clearly re-
inforces the fact that Dtx loaded AuNPs/FA is more effective against
cancer cell line than free Dtx. Both the dose concentrations and in-
cubation plays a major role in cell toxicity of Dtx.

In particularly, after 24 h incubation, H520 cell viability was de-
creased to about 75%, 68%, 56%, 47 and 39% for AuNPs/FA/Dtx
concentration at 5, 10, 25, 50 and 75 µM, respectively. This results
correspond to an increase in the cytotoxicity of 50% (p < 0.05) com-
pared with free Dtx.

From the cytotoxicity study, it was observed that synthesized AuNPs
based nanoconjugates induced the concentration dependent inhibition
against lung cancer cell lines. Some of the approved chemotherapeutic
agents provide more side effects and high cost. Hence, there is a need
for developing novel alternate medicines for this deadly disease. The

results suggest that the synthesized AuNPs based nanoconjugates are a
potential nanocarrier for chemotherapeutic agents in the treatment of
various cancers.

4. Conclusion

In this study, we have investigated a safe and effective nanocarrier
with a focus on targeted drug delivery. The AuNPs were synthesized by
chemical reduction method using trisodium citrate under controlled
conditions. Optical properties and structural features of the individual
nanoparticles and AuNPs/Dtx/FA were studied by UV–vis spectroscopy,
Raman and FT–IR spectroscopy. Oxidation state, purity and elemental
composition of the AuNPs based nanoconjugates were confirmed by
XPS and EDS spectroscopy. The morphological features of the synthe-
sized AuNPs were determined by HR-TEM and FE-SEM analysis, which
indicates the particles are spherical shape with highly crystalline in
nature (face centered cubic crystal) and have the average dimension of
18 nm. The crystallinity was also confirmed by XRD pattern. The an-
ticancer activities of the AuNPs, Dtx, FA, AuNPs/Dtx, FA/Dtx and,
AuNPs/Dtx/FA against lung cancer cell line (H520) were evaluated.
The IC50 value of docetaxel was observed at 38 µM and this con-
centration used for the combined effect of AuNPs based nanoconju-
gates, which showed almost 50% decrease in cell survival compared
with control. In conclusion, AuNPs based nanoconjugates can be con-
sidered an alternative and promising nanocarrier system to be used for
chemotherapeutic agents in the treatment of various cancers.
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