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INTRODUCTION

Nanotechnology studies include controlled monodispersity
nanoparticles of various forms, sizes and chemical compositions
[1]. Due to their use in catalysis, drug delivery, medicines,
biotechnology, cancer therapy and electronics, metal based nano-
particles have garnered wide research interest [2]. Metal nano-
particles also regulate air and water pollution [3]. They are
effective antibacterial agents whether synthesized chemically
[4,5] or from plant extracts [6]. Gold nanoparticles (AuNPs)
are biocompatible and used in cancer diagnosis, photothermal
therapy and drug delivery [7] and also found to be least hazardous
metal nanoparticles to animals and microbes [2].

There are several methods for synthesizing nanoparticles;
e.g. physical, chemical and biological methods. Chemical pro-
cedures involve several organic solvents and toxic chemicals,
restricting their medical applicability and producing hazardous
wastes [8]. Synthesis of green metal nanoparticles approach
seems to be promising and high sustainable therapeutic efficacy,
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In this study, a successful synthesis of gold nanoparticles (AuNPs) using extract from the Carambola fruit was carried out. Remarkably |
fast reduction of Au® ions was observed when aqueous chloroauric acid was treated with star fruit powder at 60 °C and this was obtained |
without the use of any stabilizing or reducing agents. The UV-visible, FT-IR, DLS, XRD, SEM and TEM were used to study the synthesized
AuNPs. The FT-IR studies suggested that the phenolic group may have contributed to the reduction of Au®*. The DLS particle size |
analysis and TEM measurements revealed that AuNPs had a mean particle size of 10 nm and were nearly spherical in form. The crystalline |
character of AuNPs was established by TEM-SAED image and XRD analyses. Zeta potential measurements were used to analyze the |
stability of AuNPs. The synthesized AuNPs effectively scavenge free radicals such as DPPH, NO® and H,O, with % inhibition values of |
57.12,58.75 and 60.23, respectively. The MTT assay of the anticancer activity demonstrated that the synthesized AuNPs worked effectively
against MCF7 cell lines and are comparable to those of standard cancer drugs. I
|
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tailored binding, low toxicity and site-specific administration
[9-11]. Plants like Capsicum Chinense, Jatropha integerrima
Jacq., Curcuma pseudomontana, Vitex negundo, Onion peel,
Sumac, Lavender, Citrullus lanatus, Bauhinia purpurea, Gum
arabic, efc. [12-22] have been used for the synthesis of AuNPs
and characterized. The promising bioactive components present
in the aqueous extracts of these plants are responsible for the
conversion of Au* ions into AuNPs.

Few metal nanoparticles viz. CuO, ZnO and MgO nano-
particles are already synthesized from the aqueous extract of
star fruit [23]. According to the studies [24], Carambola fruits
are an excellent source of common antioxidants like carotene,
magnesium, potassium and phosphorous. Sart fruits also contain
antioxidants including iron, zinc and manganese, which support
a stronger immune system. The objective of the current investi-
gation is to synthesize AuNPs from the aqueous extract of star
fruit. Several spectral and microscopic techniques, including
UV-visible, FT-IR, DLS, XRD, SEM and TEM, are used to
characterized the synthesized gold nanoparticles. In addition,
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the antioxidant and anticancer (against breast cancer cells)
properties of the synthesized AuNPs were also evaluated.

EXPERIMENTAL

The ripened Carambola fruits were purchased from the
local fruit market of Hyderabad city, india. All of the chemicals
used were of analytical reagent grade and did not require further
purification. All the experiments were conducted with Milli-
Q water.

Biosynthesis gold nanoparticles using Carambola (star)
fruit extract: Ripened Carambola (star) fruits were cleaned
with milli-Q water and allowed to dry in the sun for ten days
to remove moisture. The dried fruit was cut and finely powdered
in the electric mixer. Accurately weighed 1 g and 2 g of star
fruit powder was added to10 mL of Milli-Q water separ-ately
followed by addition of 10 mL of 1.67 x 10° M aqueous
HAuCl, solution in 250 mL Erlenmeyer flasks. The flasks were
then placed in a water bath heated to 60 °C. A pale-yellow solution
became purple within 5 min, suggesting the formation of AuNPs.
Periodically, a nanodrop spectrophotometer recorded the prod-
uction of gold nanoparticles.

Characterization: The UV-visible spectra of the prepared
nanomaterial solution were recorded by a Shimadzu spectro-
photometer (UV-1650 PC) in the wavelength range from 200-
800 nm at room temperature. The sample was scanned between
4000 and 500 cm™ using an FT-IR spectrometer (Bruker,
Germany). The crystalline nature, crystal structure and average
particle size of the synthesized gold nanoparticles were deter-
mined by using Rigaku Tokyo X-ray Diffractometer using Cu
Kol radiation (A = 1.5406 /0\) and a filter of nickel at 40 kV.
Horbia nano Partica Analyser (SZ100) Dynamic Light Scattering
(DLS) method was used to determine the average particle size
in solution and zeta potential of synthesized nanoparticles. A
Jeol 639 OLA/Oxford XMXN model Electron Microscope was
used to acquire a SEM picture and electron diffraction spectrum
(EDX) of the sample. The Jeol/JEM2100 was used to obtain
the HR-TEM micrographs.

DPPH radical scavenging activity: A method proposed
by Blois [25] was used to assess the radical scavenging capacity
of the nanoparticles with DPPH radical. A control reading of
the absorbance at 517 nm was immediately taken after the
addition of 1 mL of DPPH solution to 3 mL of methanol. For
every 4 mL of 0.004% (w/v) methanolic DPPH solution, 1 mL
of different concentrations of nanoparticle compounds (25 to
100 pg/mL) and the reference component (ascorbic acid) were
added. Using methanol as blank, the UV-visible spectrometer
was used to measure the absorbance at 517 nm after 30 min of
room temperature incubation. For both standard sample and
each test compound, the ICs, values were determined. Eqn. 1
was used to determine the free radical scavenging activity of
synthesized AuNPs against DPPH.

control

I (%)= smple 100 (1)

control

where Aqumple 1S the absorbance of test sample and Aconor 1S an
absorbance of control.

Nitric oxide (NO) scavenging activity: In this work, a
reported approach [26] was used to assess the nitric oxide
scavenging activity. In brief, sodium nitroprusside (10 mM)
and phosphate buffer saline (0.2 M, pH 7.4) were added to 1 mL
of the test compounds at various concentrations and the mixture
was incubated at 25 °C 120 min before being treated with 1
mL of Griess reagent. At 546 nm, the chromatophore’s absor-
bance was determined. The prevention of nitric oxide gener-
ation in comparison to standard ascorbic acid was measured.
The free radical scavenging activity of the synthesized AuNPs
against NO was determined using eqn. 1.

Hydrogen peroxide (H.0.) scavenging activity: In
phosphate buffer, a 40 mM H,O, solution was prepared (pH
7.4). A solution of H>O, (0.6 mL, 40 mM) and phosphate buffer
(3.4 mL) were mixed with the various concentrations of gold
nanoparticles and ascorbic acid (25, 50, 75 and 100 pg/mL).
After 5 min of incubation, this reaction mixtures OD value
measured at 230 nm, the absorbance (OD) value of reaction
mixture was measured using phosphatate buffer as blank [27].
The free radical scavenging capacity of AuNPs against H,O,
was also calculated using eqn. 1.

Anticancer activity: The MTT assay [28] was used to
measure cell viability in using triplicate with gold nanoparticles
at five different doses. Cells in suspension were trypsinized
and subjected to the trypan blue assay to measure their viability.
Cells were counted using a hemacytometer and plated at a
density of 5 x 10° cells per well in 100 UL of culture media
in 96-well plates for an overnight incubation at 37 °C. After
incubation, added the fresh media containing 100 UL of test
compound at various concentrations in the corresponding wells
of 96-plates. After 48 h, remove the drug solution and replace
it with fresh drug containing MTT solution (0.5 mg/mL). The
plates then incubated for 3 h at 37 °C. At the end of the incubation
time, the precipitates were formed when cells with metabolically
active mitochondria convert the MTT salt to chromophore
formazan crystals. The optical density of dissolved crystals
was measured at 570 nm on a microplate reader. The percen-
tage growth inhibition was calculated using the following
formula:

100 (Control — Treatment)
Control

The ICs, value was calculated using the linear regression
equation (y = mx + c).

Inhibition (%)=

RESULTS AND DISCUSSION

The star fruit powder consists of elements such as vitamin-
C (ascorbic acid), gallic acid and tartaric acid with hydroxyl
and carboxylic groups and is ideal for the systemic production
of colloidal gold nanoparticles from the aqueous solution of
aurochloric acid. After 5 min, all Au* ions had been reduced.
Biological components in star fruit powder extract served as
capping and reducing agents, converting Au* in the solution
into Au’ nanoparticles (Fig. 1).

Two different quantities of star fruit powder (1 and 2 g)
were examined while maintaining 10 mL of aurochloric acid,
and it was determined that the reaction mixture containing 1 g
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Fig. 1. Proposed mechanism for reducing AuNPs by Star fruit powder

of star fruit powder exhibited the highest intensity peak at 545
nm (Fig. 2). Whereas absorbance was found to be decreased
in case of the reaction mixture containing 2 g star fruit powder
which is possible due to the agglomeration of nanoparticles in
the colloidal solution.

2.38
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200 A = star fruit powder extract
1-80 B =1 g star fruit powder extract

C =2 g star fruit powder extract

o~

024 h

A OHNOANANLUNOANLNOANLNOANLINOWNETT
AN N ANOOOONOITITITITOHLLOLLW O OO ON~NNN
Wavelength (nm

Fig. 2. UV-visible spectrum of the synthesized star fruit extract mediated
AuNPs

UV-visible studies: The UV-visible spectrum of the green
synthesized AuNPs is shown in Fig. 2. According to the spectral
investigation, AuNPs have a unique absorption peak at 545
nm with a high absorption value [14,19,20]. In this region, no
peak was found for the star fruit powder extract. This proved
that the phytochemicals present in the star fruit powder served

as capping and stabilizing agents during the synthesis of nano-
particles.

FT-IR studies: The star fruit powder extract and colloidal
AuNPs were analyzed by FT-IR to determine the role of reducing
ability of star fruit extract. The FT-IR peaks of star fruit powder
extract were appeared at 3897-3278, 2924, 1723, 1244, 972
and 567 cm™ (Fig. 3a), whereas the FT-IR spectral peaks of
AuNPs were observed at 3320 and 1637cm™ (Fig. 3b). A peak
at 3278 cm™ is due to the hydroxyl group (-OH) stretching
frequency of star fruit powder extract, which have shifted to
3320 cm™ in AuNPs. This vibration corresponds to the hydroxyl
function in alcohol or phenolic compounds present in star fruit
extract. A peak at 1723 cm™ in star fruit extract was due to the
carboxylic group and this stretching frequency was shifted to
1637 cm™ AuNPs because of the presence of biomolecules in
the star fruit powder extract. It has been suggested that the bio-
molecules in star fruit extract converted the Au** into Au’ nano-
particles through phenolic groups.

XRD studies: Five prominent peaks at 260 = 38.46°, 44.69°,
64.79° and 78.00° correspond to the (111), (200), (220) and
(311) miller planes, were identified by the XRD pattern (Table-
1). When comparing JCPDS card No. 04-0784 to XRD data,
it is evident that the peaks reflect the face centered cubic (FCC)
phase of gold nanoparticles (Fig. 4). In addition, the XRD
patterns reveal no other diffraction peaks associated with the
contaminants and no significant shift in any diffraction peaks,
indicating the purity of the synthesised gold nanoparticles.
These findings were in good accord with AuNPs that had previ-
ously been described [16,20].

Utilizing the Debye-Scherrer’s equation, the crystallite
size (nm) was determined using following equation:
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Fig. 3. (a) FT-IR spectrum of star fruit extract and (b) synthesized AuNPS
TABLE-1
20 VALUES, CALCULATED d-SPACING (A) AND MILLER PLANES (h 1 k) FROM XRD of AuNPs
d-Spacing (A) Standard . 20 values from XRD  Calculated d-spacing
Se 0 JCPDS No: 04-0783 =17 spectrum (A) (kD
1 2.355 100 38.46 2.338771 111
2 2.039 52 44.69 2.026131 200
3 1.422 32 64.79 1.437789 220
4 1.230 36 78.00 1.224019 311
600 A
111 0.94
(an D= -
5004 Bcos
where A is the X-ray wavelength, D is the average crystallite
400k size and B is the width at half maximum, 6 is the Bragg angle.
The calculated average crystallite size was found to be 20 nm.
2 Dynamic light scattering (DLS) studies: Fig. 5a-b illus-
§ 3007 trates the size distribution and zeta potential of the synthesized
= (220) AuNPs through the dynamic light scattering method (DLS).
200 (220) The hydrodynamic size of the AuNPs was ranged between
(311) 1 to 10 nm. The synthesized colloidal gold nanoparticles have
a zeta potential of -12.4 mV, which is negative and indicating
100 . .
of the strong surface electric charge of the nanoparticles. The
biomolecules with a negative charge on the nanoparticles surface
0 5 0 20 s 8o 100 were the reason of this negative zeta potential and results in
20 (°) the efficient stabilization of AuNPs. The DLS measurement
Fig. 4. XRD spectrum of AuNPs prepared by star fruit extract size is often not as those measured by TEM. Therefore, the size
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Fig. 5. (a) Particle size distribution curve and (b) Zeta potentials of the synthesized star fruit extract mediated AuNPs
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difference between TEM and DLS could be due to the sampling
volume used during the analysis.

Morphological studies: The biological reduction of Au**
into AuNPs was verified by EDX. Green synthesized AuNPs
in Fig. 6a reveal a clear signal at 2.2, 9.5, 10.3, 11.5 and 13.4
keV, the same values as elemental gold. The spectral signals
of the other elements C, O and K also appeared as a result of
the elements present in the star fruit extract. A copper peak
was also observed, which may have come from the carbon coated
copper grid used in the study.

Fig. 6b shows the SEM micrographs of green synthesized
AuNPs using star fruit extract. SEM micrographs confirmed
that the metal particles were mono-size with a spherical shape
and uniformely distributed. SEM images taken one month after
synthesis revealed that the nanoparticles had not aggregated,
and thus indicating their stability. The particle size was found
to be between 40 and 80 nm by analyzing SEM micrographs
with the Imagel software.

TEM and SAED studies: The spherical shape particles
were observed under TEM, which was very small indicating
that star fruit extract-mediated AuNPs are more effective in
cytotoxic, antioxidant, antimicrobial and catalytic applications.
The mean particle size of the gold nanoparticles shown in Fig.
7a-b was found to be between 10 to 20 nm. The calculated inter-
planar distance of about 0.24 nm is represented in Fig. 7c.

In addition, the crystalline structure of star fruit extract
mediated AuNPs was determined using the pattern of selected
area electron diffraction (SAED) (Fig. 7d). The brilliant circles
correlate to the polycrystallinity of the nanoparticles of gold.
The circular rings assigned to (111), (200), (220) and (222)
observed in the SAED pattern are the characteristic reflections
of FCC crystalline structure. The results of the SAED and XRD
analysis were consistent with one another.

Antioxidant activities: Three different assays viz. DPPH
radical scavenging assay, nitric oxide (NO) and hydrogen
peroxide (H,O,) scavenging assays were used to assayed the
antioxidant capacity of the synthesized AuNPs. As indicated
in Table-2, all the samples exhibit the strong free radical
scavenging activity.

Element Line type Wt. (%) Atomic (%)

(0] K series  78.66 91.42
Cl K series 2.13 1.12
K K series 13.35 6.35
Cu K series 2.81 0.82

Au M series 3.05 0.29
Total 100 100

keV

DPPH Scavenging activity: The DPPH method was used
to evaluate the antioxidant effectiveness of green-synthesized
AuNPs prepared from star fruit extract (Fig. 8). The colour of the
solution changed from purple to light yellow as it was exposed
to gold nanoparticles. Specifically, an absorption peak at 517
nm suggested that the synthesized gold nanoparticles from
star fruit have antioxidant properties. According to the findings,
the effectiveness of gold nanoparticles and the gold standard
chemical, ascorbic acid, varied with their concentrations. At
100 pg/mL, the ICs, values for AuNPs and ascorbic acid were
77.22 and 52.92, respectively, indicating 57.12% and 78.36%
of the scavenging activity. The ability of gold nanoparticles to
scavenge DPPH radicals may be explained by their ability to
transfer electrons or hydrogen ions to DPPH radicals, leaving
them inactive. Studies have shown that antioxidant activity
of the prepared AuNPs via green synthesis is higher than that
of AuNPs prepared using conventional chemical techniques
[29].

Nitric oxide scavenging activity: Fig. 9 displays the
scavenging ability of the synthesized AuNPs against nitric
oxide (NO). The synthesized AuNPs were taken in different
concentrations ranging from 25-100 pg/mL. The results
showed that at 100 wg/mL of AuNPs derived from star fruit
extract had a maximum scavenging activity of 51.20%, how-
ever, possessed lower nitric oxide scavenging activity than the
reference compound ascorbic acid (63.40%) at 100 pg/mL.
According to Fig. 9, the ICs, value for AuNPs and ascorbic
acid was determined to be 73.15 pg/mL and 77.63 pug/mL,
respectively. The major phytochemicals contained in star fruit
extracts serve as a capping agent and were primarily respon-
sible for the antioxidant activity of AuNPs.

H,0,scavenging activity: The H,O, experiment was per-
formed with different concentrations ranging from 25-100 pg/
mL and the results indicate that increasing the concentration
of AuNPs enhances the radical scavenging activity and shows
the highest scavenging activity of 60.75% for 100 pg/mL with
a (ICs) value of 84.59 ng/mL. However, it uses the same amount
of ascorbic acid and has 79.38% H,O, scavenging activity with
an ICs value of 50.52 pg/mL (Fig. 10). Hydrogen peroxide is

£

0095 14 47 SEI

20kv  X10,000

Fig. 6. (a) EDX spectrum and (b) Scanning electron microscope image of star fruit extract mediated AuNPs
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Fig. 7. (a-b) Transmission electron microscope images, (c) Interplanar distance and (d) SAED pattern of star fruit extract mediated AuNPs

TABLE-2
ANTIOXIDANT ACTIVITY OF SYNTHESIZED AuNPs AND ASCORBIC ACID (STANDARD)
SHOWING PERCENTAGE OF INHIBITION AND ICy, VALUES USING DPPH, NO AND H,0, ASSAYS

Assay Sample 25 pg/mL 50 pg/mL 75 pg/mL 100 pg/mL 1Cs, ug/mL
DPPH Synthesized AuNPs 36.40 £2.75 40.40 £3.10 48.56 + 3.40 57.12 +£3.20 77.22
Ascorbic acid (Standard) 34.18 +2.50 47.24 £3.40 58.40 + 2.60 78.36 +3.20 52.92
NO Synthesized AuNPs 37.14 £ 1.25 45.72 +2.83 51.26 £2.77 58.75 £2.39 73.15
Ascorbic acid (Standard) 37.40 £ 2.58 48.82 +2.30 63.40 £2.72 85.30 £ 2.88 51.20
HO Synthesized AuNPs 31.60 +2.15 47.60 £ 3.20 55.44 +2.40 60.23 +2.60 52.52
2 Ascorbic acid (Standard) 39.20 £ 2.15 49.48 +2.60 65.40 = 2.60 79.38 +3.20 50.52

not a good reactive, but it can be toxic to cells since it produces
the hydroxyl radicals.

Anticancer activity: Because of their unique properties,
AuNPs are used in the diagnosis and treatment of human cancer.
They are safe for healthy cells and do not negatively affect the
human body. On the MCF7 cell line, a dose-dependent cyto-
toxicity experiment of the synthesized AuNPs was performed
and for the cell viability experiments, MTT colourimetric assay
method was used.

Fig. 11a shows the percentage of the cancer cell line deaths
caused by the drug treatment; this data was collected using the
MTT assay. As a cancer treatment, the synthesized AuNPs

performed exceptionally well (Table-3). At 5, 10, 25, 50 and
100 pg/mL, the cytotoxic effect of AuNPs against the breast
cancer cell line was 7.37%, 18.14%, 36.67%, 53.33% and
66.67%, respectively (Fig. 11b). The ICs, values for AuNPs
against the cancer cell were 60.36 pg/mL. The antioxidants
present in the star fruit extract may account for the anticancer
properties of the AuNPs.

Conclusion

In this work, the gold nanoparticles were synthesized by
reducing a gold precursor solution with an extract of Carambola
fruit also known as star fruit at 60 °C. The synthesis process is
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Fig. 11.
TABLE-3
DOSE DEPENDENT CELL VIABILITY
STUDIES OF SYNTHESIZED AuNPs BY MTT
ASSAY ON THE MCF7 CELL LINE AT 48 h
Cone. (ug)  wroenee Taboson VIOIY 1cy (ug)
5 0.490 7.37 92.63
10 0.433 18.14 81.86
25 0.335 36.67 63.33
50 0.247 53.30 46.70 60.36
100 0.171 67.67 32.33
Untreated 0.529 0 100
Blank 0 0 0

ecologically benign and energy efficient since it requires neither
stirring nor pH adjustment. The average particle size of AuNPs,
which ranges from 1 to 10 nm, was determined using DLS, FE-
SEM and HR-TEM investigations. In terms of their potential
for use in biological applications, the synthesized AuNPs were
stable and well-capped. The green synthesized gold nano-
particles exhibit an excellent antioxidant activity of about 50%
in effectively scavenging DPPH, NO and H,O, radicals with
ICsp values of 77.22 pg/mL, 73.15 ng/mL and 52.52 pg/mL,
respectively. Moreover, AuNPs have demonstrated the highest
anticancer activity against human breast cancer cells (MCF7),
with ICs values of 60.36 pg/mL. Based on these findings, it
appears that the multifunctional synthesized gold nanoparticles
may be used in various biological applications.
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