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ABSTRACT: The green synthesis of gold nanoparticles was mediated by aqueous extract of
Wedelia trilobata leaves and in-vitro cytotoxic efficacy of synthesized gold nanoparticle against
HCT 15 human colon cancer cell line was studied. Synthesis of nanoparticles was completed within
30-35 minutes of reaction at room temperature and structural properties of the particles were studied
through standard characterization methods. Formation of gold nanoparticles was initially confirmed
by a change in colour from light yellow to deep purple and the appearance of Surface Plasmon
Resonance at 533nm in UV-Visible spectroscopy. The particles were mostly spherical, crystalline
with face-centered cubic structure with 10-50 nm diameters, and they exhibited a high degree of
agglomeration. Further, MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
tetrazolium reduction assay was conducted using different concentrations of gold nanoparticles (25-
500pg/ml). The gold nanoparticles showed dose-dependent toxicity and the efficiency was up to 30

percent on average.
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1.INTRODUCTION

Metals have attracted a great interest in nanoscience and applications owing to the properties they
exhibit at nanometer scale much different from their bulk properties [1] and these unique properties
can be fine-tuned by manipulating their size as well [2]. These features make them suitable for
diverse applications in electrical, chemical, and biological fields [3]. The conventional chemical and
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physical routes of nanoparticle (particles diameter in the range of 1-100 nanometer) synthesis

involve toxic chemicals, high energy consumption and higher cost. Biosynthesis of nanomaterial
has been proven encouraging as the synthesis is possible at room temperature, rapid, eco-friendly,
biocompatible [4] and does not involve multiple steps in synthesis. Plants are encouraged over
micro-organisms as the need to grow and preserve culture is not there and the chance of
contamination is zero to very low as well as they are less time consuming [5]. The biomolecules in
the plant extracts act as reductants as well as capping agents in the synthesis of nanoparticles.
Several plants that have been used in synthesis have shown a fast rate of synthesis [6]. In spite of
the fact that metal nanoparticles synthesis using plant extracts has been reported by many workers
in different plants such as alfalfa [7,8], geranium [9,10], neem [11], lemongrass [12], Emblica
officinalis [13], Aloe vera [14], Cinnamomum camphora [15], Magnolia kobus [16], Rosa
hybrida [17], Aloe barbadensis [18], Olive leaf [19], Panax ginseng [3], Eclipta prostrata [20],
Ocimum sanctum [21], Ginkgo biloba [22], Nerium oleander [23], Garcinia indica [24], still there
is lot to explore about the potential and efficiency of the plants in synthesis of nanoparticles of
different shape, size, and their suitability for different applications. Synthesis of nanoparticles of
desired shape and size depends on various reaction parameters such as concentration of metal salt,
concentration of biomass extract, pH of the reaction solution, temperature, incubation time [25],
aeration, mixing ratio, redox conditions [4, 26] and nature of the solvent as well [21]. Gold (Au) is
a block-d transition metal with a higher atomic number. The gold nanoparticles show high dispersion
due to its very small size and large surface area. It’s resistance to oxidation by air, moisture and soft
acids as well as its biocompatible nature, makes it a suitable candidate for biological applications
particularly in cell targeting, drug-delivery, biomolecular imaging, tumors detection, antimicrobial,
cancer therapy, chemical and biological sensing and so on [25, 27] There are prior reports that gold
nanoparticles being used in chemotherapy and cancer cell diagnosis [28], in-vitro cytotoxicity assay
[23] and they also act as probe for microscopic study of cancer cells [29]. The cytotoxicity and
antiproliferative effect of nanoparticles depend on the cell type, particle size, and concentration as
reported by Zahan et al. [30]. Priya & Iyer [29] reported a dose-dependent effect of the
biosynthesized nanoparticles against MCF 7 breast cancer cell lines. Wedelia trilobata (L.) Hitchc.
leaf has not been evaluated so far in the synthesis of gold nanoparticles and hence present study was
undertaken. In the present study, green synthesis of gold nanoparticles (AuNPs) by the aqueous W.
trilobata leaves extract was carried out and its anticancer property was assessed in HCT 15 colon

cancer cell line.
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2. MATERIALS AND METHODS

2.1. Materials

Wedelia trilobata (L.) Hitchc is a perennial plant native to tropical America widely naturalized in
tropical areas and largely used as ornamental ground cover. The leaves of W. trilobata are known to
contain tannins, flavonoids, terpenoids, phenols, saponins [31]. Fresh and healthy leaves of W.
trilobata were collected from the campus of Pondicherry University and identified with the help of
morphological characters. Gold (III) chloride trihydrate (HAuCls. 3H>0), Dulbecco's Modified
Eagle's medium (DMEM), fetal bovine serum (FVS), Dimethyl sulfoxide (DMSO), MTT (3-4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) tetrazolium was purchased from Hi-Media
Laboratories Pvt. Ltd. Mumbai, India.

2.2.Preparation of Plant Extract

Plant leaves extract preparation and nanoparticle synthesis was done as described by Rather et al.
[32] with slight modifications in reaction time. Leaves were thoroughly washed with tap water thrice
to remove soil and dirt particle followed by washing with distilled water twice. The excess water
was soaked into tissue paper and the leaves were left for oven drying in a hot air oven at 40°C. The
dried leaves were ground finely. A ten gram of the powdered leaves was added to 100 ml of distilled
water and heated at 60°C on a hot plate for 20 minutes, cooled at room temperature, and filtered
through the mesh to remove the plant material. The extract solution was then centrifuged at 10000
rpm for 10 minutes and the clear supernatant was separated, filtered through Whatman Filter paper
(No. 1), and finally stored in the refrigerator to avoid decomposition and fungal growth.
2.3.Preparation of metal salt solution

100 ml of 1 mM aqueous Gold (III) chloride trihydrate (HAuCls4. 3H20) solution was prepared and
stored away from dust.

2.4.Biosynthesis and optimization of reaction parameters

2.4.1. Biosynthesis

At room temperature, the leaves extract was added to the 1 mM salt solution very slowly (drop-
wise) and the final mixture was swirled for few minutes to ensure thorough mixing. The synthesized
gold nanoparticle solution was centrifuged to separate the pellets and then washed with distilled
water followed by ethanol several times to remove impurities. The separated pellets were dried at
60°C in a hot air oven. The remnant was then scraped out and ground finely into powder in a mortar
with pestle. The obtained powder was weighed and stored.

2.4.2.0ptimization of reactants ratio

To determine the best ratio for synthesis and maximum yield under set experimental conditions,
reaction mixtures were prepared with different ratios of extract and metal (1:9, 2:8, 3:7, 4:6, 5:5, 6:4,
7:3, 8:2, 9:1). The standard Surface Plasmon Resonance (SPR) of gold is between wavelength 500-
550 nm [25]. The ratio which showed the highest absorbance in UV-Visible spectroscopy was
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chosen for larger volume synthesis.

2.4.3. Optimization of reaction time

The minimum time that is required to complete the synthesis with maximum yield was optimized
by taking a time-dependent UV-Visible Spectroscopy of the sample. The hour after which there was
no further increase in absorbance of the reaction solution was fixed as the optimum reaction time.
2.5.Characterization of synthesized AuNPs

The UV Visible Spectroscopy (UV Visible spectrophotometer, Shimadzu, Japan, UV- 2400PC
Series) was carried out to confirm and monitor the synthesis of AuNPs in an aqueous solvent in a
wavelength range of 200-800 nm. The particle size was analyzed in a Particle Size analyzer (DLS)
(Zetasizer version 6.12, Malvern Instruments Ltd.) to ensure the particles are formed below 100 nm.
The size, crystalline structure and diffraction pattern were analyzed in X-ray diffractometer (XRD,
PANalytical X’pert Pro). The Fourier Transform Infra-red Spectroscopy (FTIR) (Thermo Nicolet
Model 6700) study was carried out for both the leaf powder and the synthesized AuNPs to probe the
possible biomolecules responsible for bio-reduction. To determine the size, shape and morphology
the particles were analyzed in SEM (JEOL Model JSM-6390LV) and Transmission Electron
Microscopy (TEM, TECNAI-G2 F30-F TWIN). The elemental profile was demonstrated by the
TEM- equipped Energy dispersive spectroscopy (EDAX) and Selected Area Electron Diffraction
(SAED) pattern gives an insight into the crystallographic profile of the particles. The graphs of XRD
and UV-Vis Spectroscopy were prepared from raw data using OriginPro 8.5 (Version 85E) Software.
2.6.Cytotoxicity Study

The cell viability study was performed with MTT-reduction assay to evaluate the efficacy of
biosynthesized AuNPs against HCT 15 colon cancer cell line. The MTT (3-4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) tetrazolium reduction assay was adopted for the cytotoxicity
test.

2.6.1. Cell line culture and MTT assay

The HCT15 cells were plated separately in 96-well plate with the concentration of 1x10%* cells/well
in DMEM media. Ten percent of antibiotic Solution and 10% of fetal bovine serum (FVS) was added
to it. The cells were incubated at 37°C in a CO; incubator (5% CO3) for 24 h. The cells were washed
with 200 pL of 10% Phosphate Buffer Solution (PBS). Different test concentrations of the gold
nanoparticles viz., 25, 50, 100, 250 and 500pg/ml were added to the cells. The medium was aspirated
from cells at the end of the incubation period of 24 hours. MTT (0.5mg/mL prepared in 10% PBS)
was added to the cells and incubated at 37°C for another 4 hours. The formed formazan crystals
were dissolved with 100 pL of DMSO and thoroughly mixed. The development of color intensity
was evaluated at 570nm. The absorbance of the purple formazan was measured in a microplate
reader at 570 nm wavelength. Normal lymphocyte cells untreated with gold nanoparticles was set
as the control.
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3. RESULTS AND DISCUSSION

3.1. Visual observation and UV- visible spectroscopy

The biosynthesis of gold nanoparticles using the leaves extract of W. trilobata was carried out at
room temperature and the reduction had happened within 30-35 minutes. The formation of the
particles was confirmed by observing the change of colour (Figure 1) from light yellow to deep
purple which develops due to the surface plasmon resonance of the formed particles and further
confirmed by SPR peak around 530 nm in UV-Visible spectroscopy [21]. The ratio of 1:9 of extract
and metal salt solution showed the highest absorbance of 2.9 at 533 nm (Figure 2). The absorption
spectra showed an increasing trend in intensity up to six hours without showing any major shifts in
SPR wavelength which states that the formed particles were stable. After 6 h the particles showed a

decrease in absorbance (Figure 3).

Figure 1: Reaction of aqueous Wedelia trilobata leaves extract with 1 mM HAuCly solution. (A) At
the beginning of the reaction; (B) deep purple colour formation after the addition of ImM HAuCl4

solution after 30 min of incubation.
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Figure 2: UV-Vis spectra recorded for gold nanoparticles in an aqueous solvent for nine different
concentration ratios of extract and metal salt solution showing the highest absorbance of 1:9 ratio at
533 nm wavelength.
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Figure 3: Time-dependent UV-Vis spectroscopy study of the prepared gold nanoparticles showing
minimum reaction time of 30 mins and optimum time of synthesis to be 6 hours.

The optical absorption spectrum of the material was studied by Tauc relation [33,34] and the energy
band gap estimated using Tauc plot (equation 1) was found to be 3.41 eV (Figure 4). The value is
higher than the previously reported band gap energy of 2.95 and 2.90 [35] which may be attributed
to the size of the nanoparticles.

ahv = A(hv — Eg)™ (1)

Where A is optical constant, hv is incident photon energy, o is the absorption coefficient, (a =
2.303 X A/d, where d and A are the width of the cell and absorbance, respectively). Eg is the band
gap energy related to the particular transition in the materials. The exponent m has the value of 2,

3/2, 2, and 3 depending on the nature of the electronic transition.
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Figure 4: Band gap energy (eV) of the synthesized gold nanoparticles calculated using Tauc plot.
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3.2. DLS

The hydrodynamic size for the synthesized nanoparticles in a solution of ratio 1:9 showed maximum

particles size distribution in the size range of 6-10 nm (mean number 82.6 %) (Figure 5).
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Figure 5: Dynamic Light Scattering showing particle size distribution (%) with maximum particles
lying between the size ranges of 6-10 nm (82.6 %).
3.3.X-ray Powder Diffraction (XRD)
The XRD was carried out to confirm its crystallinity and structural phase analysis. The diffraction
pattern with the wavelength of the light source at CuK-Alpha: (A=0.154056 Angstrom) is shown in
figure 6. The Bragg reflections were observed at 20=38.17°, 43.62°, and 64.60° corresponding to the
lattice planes of (111), (200), and (220) (JCPDS 01-1174) for the face-centered cubic (fcc) metallic
gold. A similar finding was reported by Ghodake et al. [39], Noruzi et al. [17], Reddy et al. [40],
and Singh et al. [3]. The ratio of intensity between the planes confirms the preferred orientation of
the particles in (111) plane characteristic of fcc crystalline structure [41]. In addition to these
reflection peaks, a number of unassigned peaks were observed which can be attributed to the
presence of salt residues and bio-organic phases on the surface of the Au nanoparticles [22] due to
the impurities left during the post-synthesis isolation of nanoparticles. The inter-planar spacing (d-
spacing) of the synthesized particles was calculated by using Bragg’s diffraction equation.

2dsinf = nl (2)
Where d is inter-planar spacing, 0 is Bragg’s angle, n is the order of diffraction, and A is the value
of CuKa wavelength. The crystallite size was measured using Debye-Scherrer’s formula.

t =094/L cosO 3)
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Here, t is the crystallite size, and B denote full width at half maxima of the peaks for the lattice

planes of the material. The d-spacing calculated was found to be 0.23 nm, 0.21 nm, and 0.14 nm for
the planes (111), (200), (220) respectively corresponds to the standard Miller indices (JCPDS 01-
1174). For the (111) plane of Au, the crystallite size was found to be 37.29 nm and average

crystallite size was calculated to be 34.02 nm.
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Figure 6: X-ray diffraction pattern of biosynthesized gold nanoparticles with the reference standard
stick pattern of the elements presents. Peaks located at 38.17°, 43.62°, and 64.60° for the planes of
(111), (200), and (220) respectively exhibiting the facets of crystalline gold.
3.4. Fourier Transform Infrared Spectroscopy (FTIR)
FTIR in the scan range of 400-4000 cm™' wavenumbers was carried out to identify the possible
functional groups of the bioactive molecules taking part in the biosynthesis process. The FTIR
spectra of plant extract and synthesized nanoparticles (Figure 7) shows strong and broad bonds
between 3300-3444 cm™! corresponding to stretching vibrations of surface hydroxyl group (-OH)
and can also be attributed to N-H stretching of the hydrogen-bonded amine group. The sharp peak
at 1630 cm™! originates from C=0 stretching vibrations in the amide linkages of proteins. The bond
present between 1000-1100 cm™ in plant extract as well as in AuNPs arises due to C-OH and C-O
epoxy group. The peak at 1397 cm™ for AuNPs arises due to the stretching vibrations of the C=C
Carboxylic group. The sharp peak at 2927 and 2925 cm™! in AuNPs and leaves extract respectively
is attributed to —CH> molecular stretching vibrations [36]. The relative shifts in peak intensity and
position at 1441 cm™ and 1072 cm™ can be attributed to the surface binding of Polyphenolic groups
onto the nanoparticles [37, 38].
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Figure 7: FT-IR spectrum of (A) Leaves extract and (B) synthesized nanoparticles showing shifting
in peak intensity and position indicating the role of biomolecules in reduction and capping in
nanoparticles synthesis.

3.5. Scanning Electron Microscopy (SEM)

SEM analysis was carried out to know the morphological feature of the particles which suggests
that the particles are highly agglomerated and poly-dispersed in nature (Figure 8). The particles
appeared as an aggregate of smaller particles embedded in biomatrix as suggested by Nadaf and
Kanase (2016). The high degree of agglomeration may have happened due to an insufficient amount
of capping agents on the surface of nuclei [42]. The extract ratio influences the formation of stable
and symmetrical particles as well as aggregation behavior [43, 19]. Higher concentration of gold
ions increases nucleation and thereby aggregation with increasing incubation time [44]. The
synthesis and dispersion of nanoparticles in a highly polar solvent like water induces aggregation

by hydrolytic reaction [45, 21].

20kV X500 50um 11 51 SEI 20kV  X10,000 1|.|—m 11 51 SEI

Figure 8: SEM images of AuNPs a. at X500 magnification & b) X10000 magnification showing
the agglomerated distribution of the particles
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3.6. TEM- SAED- EDAX

TEM observations were recorded from drop-coated films of gold colloids onto the carbon-coated
copper grid. The particles are found to be predominantly spherical (Figure 9.A-9.C). The size of the
particles ranges from 10 nm to 50 nm and the average size is calculated to be 39.76 nm. Lattice
fringes with an inter-planar spacing of 0.24 nm were visible in TEM image (Figure 9.A). The fringe
spacing matches with the d-spacing of (111) plane of the crystalline fcc Au (JCPDS card no 01-
1174). A similar result was found by Majumdar et al. [38], Singh et al. [3], and Peter et al. [35]. The
bright spots and spacing in SAED (Figure 9.D) indicated the crystalline nature of the as-prepared
gold nanoparticles. The three bright rings correspond to the lattice planes of (111), (200), and (220).

10 1/nm

Figure 9: TEM images of bio-synthesized nanoparticles (A-C) on different nanometer scales
showing the formation of spherical particles with an average size of 34.02 nm and (D) bright spots
and rings in SAED indicating the lattice planes of the formed AuNPs crystals.

The EDAX measurements give the elemental composition profile of the synthesized particles. The
presence of elemental Au observed in the graph (Figure 10) from EDAX analysis indicates the
reduction of gold ions to elemental gold. In EDAX, a strong optical absorption peak was observed
at 1.66 keV, 2.08 keV, 9.58 keV which is the characteristic peak for crystalline gold nanoparticles
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and supported by previous literature [25, 46, 3, 22, 24]. Additional signals from carbon and copper

appear due to the carbon-coated copper grid used for imaging the sample [3].
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Figure 10: EDAX spectrum of prepared gold nanoparticles showing the peaks for major elements
present. The strong peaks for Cu and C appear due to the Carbon-coated Copper grid used during
sample loading.
3.7. Cytotoxicity assay
HCT 15 cells treated with AuNPs did not show significant toxicity in the test concentration range
(25-500 pg/ml). The concentration of 500png/ml showed cell toxicity of about 30% (Figure 11).
Metabolically active cells convert MTT into a purple formazan with maximum absorbance at 570
nm. Only the viable cells can convert MTT into formazan. The development of purple colour thus
acts as a marker of the live cells (Figure 12). The cellular mechanism of MTT reduction into
formazan involves reaction with an enzyme in the mitochondria of live cells [47]. The cell viability
showed dose-dependent cytotoxicity with the toxicity increasing with the increasing concentration
of AuNPs [48, 49]. The cell viability percentage was calculated from the following formula.

% of cell viability = [0Dsampie — ODcontror | X 100/0Dcontror 4)
Here, OD is optical density at 570 nm
The data represents a percentage of cell viability of three independent experiments for each
concentration and the solvent control. Cells exposed with 500 pg/ml gold nanoparticles showed
almost 30 % of cell toxicity.
The cell toxicity is induced by apoptosis which is broadly considered as a programmed death of
cells without any inflammatory response to healthy cells [49, 50]. As previously reported, the
cytotoxicity of the gold particles is due to the interaction of the metal atoms with the functional
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groups in intracellular proteins, nitrogen bases and phosphate groups in the DNA resulting in cell

destruction [47]. The apoptosis mechanism involves fragmentation of DNA ladders associated with
caspase-3 cascade activation. The increased activity of cascade-3 is mediated by the presence of
toxic elements in cells and through granzyme B activation [51, 50, 26, 52, 49, 53]. The moderate
level of cytotoxicity could be due to the agglomeration of the particles as cellular uptake of
nanoparticles is dependent on their size, shape, concentration, type of cell, agglomeration status and
surface chemistry, as well as experimental system variables like temperature, incubation time, and

culture media [30, 54, 55, 56, 57, 58, 59].
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Figure 11: Cytotoxic effect of biosynthesized gold nanoparticles. HCT 15 Colon cells were treated

with five different concentrations of nanoparticles and cell viability was determined by MTT assay.

Figure 12: Microscopic images of HCT cells after treating with AuNPs in MTT assay at different
concentrations a. 500 pg/ml, b. 250 pg/ml, c. 100 pg/ml, d. 50 pg/ml, e. 25 pg/ml, and f. Control
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4. CONCLUSION

In the present study, gold nanoparticles have been prepared by biosynthetic route and the effect of
reaction time as well as reactants volume ratio was observed. The ratio 1:9 of gold salt to extract
with incubation for 12 hours was found optimum for synthesis. Spectroscopic and diffraction studies
confirmed the crystalline nature and spherical shape with average size well below 100 nm. Studies
could be taken up to enhance the cytotoxic efficiency of gold nanoparticles with suitable adjuvants.
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