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Abstract As the nano revolution unfolds, it is imperative to
integrate nanoscience and medicine. The secret gleaned from
nature have led to the generation of biogenic technologies for
the fabrication of advanced nanomaterials. Present investiga-
tion discloses the gold nanoparticles biosynthesizing capabil-
ity of the flower of pharmacologically important tree
Couroupita guianensis. Rapid, cost-effective, one-step pro-
cess of synthesis has been achieved. Newly genre gold
nanoparticles were characterized by involving UV—vis spec-
troscopy, FTIR, XRD, SEM, and TEM analysis. Interestingly,
as a result of extensive screening on the application of newly
synthesized gold nanoparticles their anticancer potential has
been discovered using MTT assay, DNA fragmentation, apo-
ptosis by DAPI staining, and comet assay for DNA damage.
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1 Introduction

Metal nanoparticles are of great importance due to their high
surface area and a high fraction of surface atoms. The scien-
tific and technological significance of metal nanoparticles has
made them the subject of intensive research, given their spe-
cial chemical and physical properties. In particular, gold
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nanoparticles are employed in many fields: biosensing
(Mirkin et al. 1996), catalysis (Sen et al. 2012), electronics
(Rao and Cheetham 2001), enzyme electrodes (Crumbliss et
al. 1992), super conductors (Sun and Xia 2002), and cancer
therapy (EI-Sayed et al. 2006) among others.

Presently, biological nanoscience has drawn increasing
attention due to its avant-garde nature and the efficacy of
produced nanoparticles in industrial, biomedical, and elec-
tronic applications such as catalyst (Hashmi and Hutchings
2006), cancer detection (Huang et al. 2007b), and bioimaging
(Wu et al. 2006). Among the loads of metal nanoparticles,
gold nanoparticles have an especially wide application in
DNA recognition, heredity medicine, and nano-catalysis. It
has been pointed out that the divergent capabilities of these
nanoparticles are controlled by their size (Alivisatos 1996; Jin
et al. 2001; Aizpurua et al. 2003).

Numerous methodologies are developed to synthesize
noble metal nanoparticles of particular shape and size
depending on specific requirements. Biosynthesis of
nanoparticles has an emerging highlight of the intersection
of nanotechnology and biotechnology which has received
increased attention to a growing need to develop environ-
mentally benign technologies in material syntheses. Bio-
molecules as reductants are found to have significant
advantage over chemical reductants due to their non bio-
compatible nature (Huang et al. 2007a).

In the present cram, a simple biosynthetic method using
flower extract of Couroupita guianensis is addressed herein
for synthesizing gold nanoparticles. The newly synthesized
gold nanoparticles were characterized by employing stan-
dard technologies. The plant C. guianensis, commonly
known as cannon ball tree, has innumerable medicinal ap-
plications including antibiotic, antiseptic, anti-inflammatory
activity (Geetha et al. 2004). Indeed, it is expected that gold
nanoparticles synthesized using the flower of the tree C.
guianensis might have medicinal properties. Accordingly,
efforts are made to identify the newly generated gold
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nanoparticles’ medicinal value. As a result, their antileu-
kemic cancer activity has been explored. Cancer is the
leading cause of death worldwide after cardiovascular
diseases (Garrett and Workman 1999). Leukemia is a
major type of cancer affecting a significant segment of
the population, especially children. In fact, leukemia is
the most frequent childhood cancer, with 26 % of all
cases, and 30 % mortality (Canadian Cancer Society 2005).
Clinical trials in identifying new agents and treatment modal-
ities has been studied and achieved. However, current treat-
ments have many limitations related to their side effects and
the development of acquired drug resistance (Robert and Jarry
2003). Thus, the new therapeutic agents needed should be
more active and produce fewer side effects and they also
should act through a mechanism different from that of cyto-
toxic agents already used.

2 Materials and methods
2.1 Preparation of flower extract

Fresh flowers of C. guianensis were collected, washed thor-
oughly with double distilled water, air dried, and powdered.
About 1 g of powdered flower was transferred into a 100-
mL beaker containing 50 mL double distilled water and
mixed well. The extract obtained was filtered through
Whatmann no. 1 filter paper and the filtrate was collected
in a separate flask.

2.2 Synthesis of gold nanoparticles using plant extract

One hundred milliliter solution of 1 mM chloroauric acid at
concentration of 107> M was prepared by dissolving in
double distilled water. Different reaction concentrations of
C. guianensis extract and HAuCl, solution (1:9, 2:8, 3.7,
4:6, and 5:5) were subjected, respectively. The reduction of
gold ions to gold nanoparticles was completed within 5 min.
The pale yellow color solution turns to ruby red color
indicating the formation of gold nanoparticles. The reduc-
tion of metal ions was continuously monitored by visual
inspection as well as by measuring with UV—visible spec-
trometer in the wavelength range 300-800 nm.

2.3 Characterization of gold nanoparticles

UV-visible spectrum was recorded as a function of the
reaction time on a Techomp (UV 2300) double beam
spectrophotometer.

For FTIR measurements, the newly synthesized gold
nanoparticles were centrifuged at 8,000 rpm for 10 min and
the resulting suspension was redispersed in distilled water.
The purified pellets were dried and smirk with KBr pellets
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and analyzed by Thermo Nicolet Quator instrument in the
diffuse reflectance mode operating at a resolution of 4 cm ™.

XRD measurements of the C. guianensis-synthesized
gold nanoparticles solution drop coated on to glass sub-
strates was done on a Siefert X-ray diffractometer, operated
at a voltage of 40 kV and tube current of 30 mA with Cu-Ka
radiation. Surface morphology of newly formed gold
nanoparticles was determined using scanning electron mi-
croscope (FEI Quanta 200 SEM).

For TEM studies, newly synthesized gold nanoparticles
were prepared by placing a drop of nanoparticle solution on
carbon-coated copper grids and allowing water to evaporate.
TEM measurements were performed on JEOL 3010 UHR

TEM equipped with a Gatan Imaging Filter.
2.3.1 Assessment of cell morphology

HL-60 cells were cultured in 24-well plates and incubated at
37 °C for 24 h before each well were individually treated
with 0, 60, 90, 120, 150, and 180 pwg/mL gold nanoparticles
for 48 h. Determination of cell morphology was made using
a phase contrast microscope (Lu et al. 2010).

2.3.2 DAPI staining for apoptosis

Cells in 12-well plates were treated with or without 0, 80,
120, 180, and 200 pg/mL gold nanoparticles for 48 h. Cells
were then stained by using 4,6-diamidino-2-phenylindole
dihydrochloride (DAPI) (Chen et al. 2009a).

2.3.3 Comet assay for DNA damage

Cells in 96-well plates were treated with or without 0, 60,
90, 120, 150, and 180 pg/mL gold nanoparticles for 48 h.
Cells were then harvested and DNA damage was deter-
mined with the Comet assay (Chen et al. 2009b).

2.3.4 DNA gel electrophoresis for DNA fragmentation

Cells in six-well plates were incubated with 0 and 150 pug/mL
gold nanoparticles 48 h. Cells were harvested by centrifuga-
tion and DNA was isolated before DNA fragmentation was
determined by DNA gel electrophoresis (Lu et al. 2010).

2.3.5 Effect of gold nanoparticles on cytotoxicity

HL-60 cells were obtained from the NCCS, Pune, India, and
grown in RPMI1640 medium and supplemented with a
2 mg mL™" sodium bicarbonate, 4.5 mg mL™" glucose,
100 pg mL ™" streptomycin sulfate, 40 ug mL ™" gentamycin,
100 U mL ™" penicillin as well as 10 % heat-inactivated fetal
calf serum. An environment of humidified air containing
5 % CO, was maintained at 37 °C. Peripheral blood
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Fig. 2 FTIR spectra of a C. guianensis flower extract, b gold nanoparticles synthesized by C. guianensis flower extract
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Fig. 3 XRD pattern of gold nanoparticles synthesized using C.
guianensis

assay. Briefly, the cells were suspended at 3x10° Cell mL ™.
The cells were placed in 96-well microtiter plates (200 ul
well ") and incubated at 37 °C in a CO, incubator in the
presence of the gold nanoparticles. After 5 days, cell viability
was measured by MTT assay, from which cytotoxic concen-
tration (CCs) was calculated (Premnathan et al. 1996).

3 Results and discussion

Design and development of nanomaterials with unusual
physico-chemical and optoelectronic features is a corner
stone in nanoscience. Present report discloses the
bioreduction property of gold ions into gold nanoparticles
by ethnopharmacologically important C. guianensis
flower’s extract. Synthesis of gold nanoparticles has been
achieved in 5 min of reaction without any experimental
protocols like stirring, heating, change in pH. Reduction
and capping of newly formed gold nanoparticles was

"
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Fig. 4 SEM photograph of C. guianensis synthesized gold nanoparticles
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achieved with the flower extract of C. guianensis. As a
result of extensive screening with different concentrations
of auric chloride and flower extract, synthesis was success-
ful with the concentration of 2:8 (2 mL of flower extract and
8 mL of auric chloride). Figure 1 shows the UV—vis spectra of
the newly formed gold nanoparticles and the characteristic
SPR band occurs at ca. 534 and at 5 min that attained the
maximum intensity.

Fourier transform infrared (FTIR) was made in order to
identify the possible biomolecules responsible for the reduc-
tion of gold ions and capping of the bioreduced gold
nanoparticles (Fig. 2 a and b). FTIR spectrum of the aqueous
extract of C. guianensis (curve a) showed peaks at 3,414 (O—
H stretch, H-bonded of alcohols/phenols), 2,133 (=C (triple
bond) C- stretch of alkynes), 1,648 (—C=C- stretch of al-
kynes), 1,383 (C—N stretching vibration of aliphatic amines),
1,288 (C-O stretch of alcohols), and 1,073 cm ' (C-N
stretching vibration of aliphatic amines or alcohols/phenols).
The intense broad absorbance at 3,414 cm™ ! is characteristic
of the hydroxyl functional group in alcohols and phenolic
compounds. The FTIR spectrum of the gold nanoparticles
(curve b) showed peaks at 3,615 and 3,547 (O-H stretch,
H-bonded of alcohols/phenols), 2,924 and 2,855 (C-H
stretch), 2,402 and 2,129 (—C (triple bond) C- stretch of
alkynes), 1,744 (C=O0 stretch of carboxylic acids), 1,378 (C—
N stretching vibration of aliphatic amines), and 1,071 cm ' (C—
N stretching vibration of aliphatic amines or to
alcohols/phenols). Comparing both FTIR spectra it can be
identified that the changes in the -COOH group for —OH, i.e.,
hydroxyl group the peak appeared at 3,414 cm ' in raw mate-
rial, but after encapsulation of nanoparticles, the peak is
narrower and shifted to 3,615 cm ' and also for —C— of car-
boxylic group the peak intensity reduced after encapsulation of
nanoparticles. The peaks at 1,648, 1,383, 1,288, and
1,073 cm ' are reduced and the new peak appeared at

Fig. 5 TEM Micrograph of C. guianensis synthesized gold nanoparticles
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Fig. 6 Morphological analysis of HL-60 cells a control and b C.
guianensis synthesized gold nanoparticles treated with HL-60 cells

1,744 cm™! which indicates the alcoholic group is converted
into aldehyde to reduce Au®" to Au’.

A structural analysis of gold nanoparticles prepared from
the sample was performed by XRD. Taking into account the
angular positions of the Bragg peaks (Fig. 3), a face-centered
cubic structure was assigned to the gold nanoparticles. The
XRD pattern thus clearly illustrates that the gold nanoparticles
synthesized by C. guianensis are crystalline in nature.

Figure 4 shows the SEM images of the newly synthesized
gold nanoparticles. It was observed that the surface mor-
phology of gold nanoparticles synthesized from flower ex-
tract of C. guianensis solution clearly indicates that they are
in different shapes and well dispersed.

The TEM images confirm the formation of gold nanoparticles
and it has been observed that the newly formed nanoparticles are
polydispersed consisting of spherical, triangular, tetragonal and
pentagonal with irregular contours. The size distribution of gold
nanoparticles diameter is located between 7 and 48 nm (Fig. 5).
Generation of metal nanoparticles mainly relies on the use of
lethal reducing agents. For the development of biocompatible
nanoparticles, various biomimetic approaches are being ex-
plored. Indeed, a discovery on the application of nanoparticles
in medical sciences is exciting which is continually strengthened
by the ever-widening spectrum. This necessitates the need of
biologically benign nanoparticles. Biological methods may pro-
vide an alternate to the conventional techniques, with emphasis

Fig. 7 a Control and b gold nanoparticles induced apoptosis

Fig. 8 a Control and b assessment of DNA damage by comet assay
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Fig. 9 DNA fragmentation analysis using agarose gel electrophoresis.
Lane I: marker; Lane 2: control (HL-60); Lane 3: C. guianensis-
synthesized gold nanoparticles treated with HL-60 cells

on the production of environmentally benign nanoparticles.
However, the limitations such as change in pH and incubation
are accountable in the large-scale production. Greener technolo-
gy on the synthesis of nanoparticles deserves merit to overcome
the drawbacks of microbial synthesis of nanoparticles. The result
addressed herein is on the biological synthesis of gold
nanoparticles using medicinally important tree C. guianensis
flower extract.

There are reports on the plant-mediated synthesis of gold
nanoparticles. Ghoreshi and co-workers (2011) reported on the
synthesis of gold nanoparticles using the flower extract of Rosa
damascene. Studies also demonstrate that the flavanoids and
polyphenols of the flower are responsible for the formation of
quasi-spherical nanoparticles. Philip (2010) demonstrated

Fig. 10 Differential cytotoxic 120
effects of C. guianensis-
synthesized gold nanoparticles
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Hibiscus rosa sinensis-mediated synthesis of gold nanoparticles
and it has been reported that carboxylic group of malic acid
may be the active principle for the reduction and capping of
gold nanoparticles. Cinnamomum zeylanicum-mediated syn-
thesis of gold nanoparticles have been reported and possibly
the amines of proteins bound the newly formed nanoparticles
(Smitha et al. 2009). It has been illustrated that flavanoids of the
plant Syzygium aromaticum found to have the property of
synthesizing irregular-shaped nanoparticles (Deshpande et al.
2010). Pioneering works on nanoparticles synthesis using plant
extracts have been carried out by Sastry and co-workers using
geranium leaves, neem, Aloe vera, and lemon grass are exten-
sively studied (Ankamwar et al. 2005; Shankar et al. 2004;
Chandran et al. 2006; Shankar et al. 2005). Singaravelu and
co-workers (Singaravelu et al. 2007, Govindaraju et al. 2008,
Khaleel et al. 2010) reported on the biological synthesis of
gold and silver nanoparticles using Sargassum wightii, Spiru-
lina platensis, Psidium guajava as green chemistry approach.

Foregoing facts discloses that phytochemicals in the synthesis
of nanoparticles is an important symbiosis between nanoscience
and green chemistry. As a result of our extensive screening on
identifying the newly formed gold nanoparticles application,
anti leukemic cancer activity has been explored. HL-60 cells
were treated with various concentrations of gold nanoparticles
for different time-periods. The results shown in Fig. 6a and b
indicate the nuclear morphology of dying HL-60 cells due to
gold nanoparticles treatment and these effects were dose-
dependent. Figure 7a and b indicates that gold nanoparticles
induced apoptosis in HL-60 cells, and the results showed less
cell number compared to control. Gold nanoparticles induced
apoptosis which was consistent with data showing that DNA
fragmentation occurred as seen in Fig. 8a and b. Concentra-
tions of gold nanoparticles led to a longer tail (DNA damage),
further supporting the fact that gold nanoparticles induced
apoptosis in HL-60 cells and data in Fig. 9 show DNA gel
electrophoresis of DNA fragmentation which was enhanced
with increasing exposure to gold nanoparticles.

4.06 2,03 1.01 0.5

16.25 8.13

PBMC
W HLE0

Concentration (ug)
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Cell viability determination was made using MTT assay
which was conducted for 120 h. C. guianensis flower extract-
synthesized gold nanoparticles caused a significant cytotoxicity
in HL-60 cells in a concentration-dependent manner with the
CCsq value of 5.14 uM whereas for PBMC it is 113.25 uM
(Fig. 10).

Despite the widespread use of gold nanoparticles, there are
only few studies to determine the cytotoxic effects of biolog-
ically synthesized gold nanoparticles, particularly in the con-
text of apoptosis. MTT assay was used to appraise the effect of
gold nanoparticles on proliferation of HL-60 cells. This is the
first study to evaluate C. guianensis-based gold nanoparticles’
cytotoxicity against cancer cell lines. Thus we hypothesize
that cell killing could be the possible mechanism induced by
the cytotoxic effect of biosynthesized gold nanoparticles.

Nanotechnology has attracted a great interest in recent years
due to its expected impact on many areas such as energy,
medicine, and electronics. The development of new materials
with nanometer size including nanoparticles, nanotubes,
nanowires, etc., is the major activity. Among all, nanoparticles
with the unique properties in chemistry, optics, electronics, and
magnetics have led to an increasing interest in their synthesis.

Much of the existing research in the development of anti-
cancer therapeutics from the plants has been focused on
investigating the molecular mechanism by which an agent
induces cytotoxicity and apoptosis in cancer cells. This study
provides valuable insight in developing nanotherapeutics
against dreadful cancer.

Investigation suggests that ethnopharmacological ap-
proach on the production of gold nanoparticles will greatly
facilitate on the creation of an important symbiosis between
nanoscience and medical science.

4 Conclusions

The results addressed herein disclose anticancer activity of
gold nanoparticles synthesized using aqueous flower extract
of C. guianensis. It is reasonable to infer that the pharma-
cological properties of C. guianensis provide the anticancer
activity of newly formed gold nanoparticles. Interestingly, it
has been demonstrated that the functionalization of gold
nanoparticles as anticancer nanomaterial has been achieved
without doping of molecules.
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