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ABSTRACT 

Objective: To synthesize the gold nanoparticles by a biological method using the extract obtained from the shells of Pistacia vera (P. vera) and to 
study its effective role in the anticancer activity.  

Methods: The synthesis of gold nanoparticles using the extract obtained from the shells of Pistacia vera was confirmed by the color change and 
substantiating the same using ultraviolet (UV) visible spectroscopy. The size and the shape of the particles were studied using field emission 
scanning electron microscopy (FESEM). The stability of the nanoparticles was assessed by using the UV visible spectroscopy and Fourier-transform 
infrared spectroscopy (FTIR). The anticancer activity of the gold nanoparticles on the cancer cell lines was studied on PA1 ovarian cancer cell lines 
using 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Nature of cell death was analyzed using the fluorescence 
microscopy. 

Results: The ruby red color confirmed the formation of gold nanoparticles and it was substantiated by the absorption peak at 543.2 nm in the UV 
visible spectroscopy. The gold nanoparticles synthesized from the Pistacia vera shell showed the spherical shape and were in the size of around 10-
40 nm when analyzed with FESEM. The different functional groups were indicated in the FTIR spectra which were consisting of phenol, alcohol, 
alkenes and aromatics.  

Conclusion: The synthesis of the gold nanoparticle using the extract obtained from the shells of Pistacia vera has effective anticancer activity. 
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INTRODUCTION 

Nanoparticles possess very small size in the molecular range and its 
physical and chemical properties different from that of the bulk and 
small molecules. The proliferating research area in biomedical fields like 
imaging and therapy covers the engineering nanoparticles. The 
interaction of the nanoparticle with the biological environment depends 
on the nature of the medium. This interaction is due to the presence of 
proteins and several other biomolecules present in the biological 
environment and this is known as biomolecular corona formation [1]. 

There has been keen interest in gold nanoparticles as their physical 
and chemical properties are depending on the size and shape of 
these particles [2]. Preparation of gold nanoparticles is not only easy 
but is also highly flexible since they can be synthesized in different 
shapes and sizes [3-4]. Due to different size and structure, the gold 
nanoparticles (AuNPs) has found a wide range of biomedical 
application, including imaging, radiotherapy, chemotherapy, 
photothermal therapy [5]. The clearance rate of gold nanoparticles 
from the body is still a barrier beside the particle’s chemically inert 
nature. Hence, it is necessary to develop target-specific 
nanoparticles [6]. The toxicity of the nanoparticle is purely size 
dependent and was found to be deleterious in the range of 8 to 37 
nm [7]. 

There are many methods for the synthesis of nanoparticles, which 
includes electrochemical, microwave assisted, thermal de-
composition, etc. But the biosynthesis of nanoparticles from the 
fungi, bacteria, algae, and plants are eco-friendly [8] and can be used 
for pharmaceutical and biomedical applications since it involves no 
toxic substances for synthesis [9]. This method of synthesis has high 
potential and is economical [10].  

The advancement in healthcare and technology has enormously 
increased the lifespan of the individual increasing the birth rate and 
decreasing the mortality rate. Despite this, there has also been an 

increase in different pathological conditions because of which 
people die. Cancer is one of the deadliest diseases ever known. 
According to the survey conducted by the National Cancer Institute 
of America, in 2014, an estimated 15,780 children and adolescents 
ages 0 to 19 were diagnosed with cancer and 1,960 died of the 
disease. Further, they also added that National expenditures for 
cancer care in the United States totaled nearly $125 billion in 2010 
and could reach $156 billion in 2020. The AuNPs in cancer 
application is used for diagnosis of cancer in which the image quality 
is enhanced and in case of treatment, it is used for photodynamic 
therapy involving killing of cells by activating the photosensitizer 
using light and photothermal therapy in which the cells are 
destroyed by selectively heating the nanoparticles by using energy 
sources like laser [11]. 

It has been shown that the plant extracts from Salvia officinalis 

leaves, Pelargonium graveolens leaves, Lippia citriodora leaves, and 
Punica granatum fruit has served as green reactants in gold 
nanoparticles synthesis [12]. The genus Pistacia belongs to the 
Anacardiaceae family that comprise about 70 genera and over 600 
species. Pistacia vera (P. vera) is the only species of the genus 
cultivated commercially and is used all over the world. In traditional 
Iranian medicine (TIM), different parts of P. vera, P. atlantica, P. 

khinjuk P. terebinthus, and P. lentiscus have been used for a long time 
as useful remedies for different diseases, for example, the fruit 
kernel of P. vera as a cardiac, stomach, hepatic, and brain tonic 
formulations [13, 14]. P. vera contains major bioactive compounds 
such as monoterpenoids, sesquiterpenoids, volatile oil, diterpenoids 
and phenolic compounds and shows multiple biological actions like 
antioxidant, antimicrobial, anti-inflammatory, anti-hepatotoxic 
indicating its pharmaceutical values [15, 16]. A recent study has 
demonstrated that the P. vera oleoresin displayed good anti-tumour 
activity [17]. Therefore, the objective of the study is to synthesize 
gold nanoparticles using shells of P. vera extract and their cytotoxic 
effect against ovarian cancer cell line was investigated. 
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MATERIALS AND METHODS 

Materials and chemical reagents 

The shells of Pistacia vera (P. vera) were collected from the 
commercial market. Tetrachloroauric acid, also known as gold 
chloride (HAuCl4), Bovine Serum (FBS), Dulbecco’s Modified Eagle 
Medium (DMEM) and 0.25% trypsin-EDTA were obtained from 
Himedia Lab Private Limited, Mumbai, India. All other chemicals 
were purchased from Sigma-Aldrich (Saint Louis, Missouri, USA). 

Biosynthesis of gold nanoparticles 

The collected shells of P. vera were washed thoroughly with distilled 
water. The sample was shadow dried for 24 h and ground to coarse 
powder; 1.0 g of the ground shell sample was added to 20 ml of 
distilled water and heated at 60 °C for 20 min. The mixture was 
cooled to room temperature and filtered through Whatmann No. 1 
filter paper. The aqueous extract was stored in a refrigerator for 
further studies [18]. Biosynthesis of gold nanoparticles was carried 
out following Balashanmugam et al. [19] method. The aqueous shells 
extract of P. vera was taken and added to 9.0 ml of 1.0 mmol of 
HAuCl4. The reaction was incubated at room temperature in dark 
condition for 24 h and observed for any change in color. 

UV visible spectroscopy 

The biological reduction of chloroaurate was recorded under UV-
visible spectroscopy using PC based systronic double beam 
spectrophotometer 2202. The formation of ruby red color confirms 
the synthesis of AuNPs. The confirmation of color change was done 
by analyzing the absorption peak over the range of wavelength from 
300 nm to 700 nm. 

Stability of AuNPs 

The stability of AuNPs synthesized from the shells of P. vera was 
recorded between 300 nm and 700 nm at different time intervals 
such as 6 h, 12 h, 18 h, 24 h, 10th day, 20th day, and 30th day. The 
absorbance of the solutions was measured using the above-
mentioned instrument. 

Field emission scanning electron microscopy (FESEM) and 

energy dispersive X-ray spectroscopy (EDX) 

A drop of AuNPs was placed on aluminium foil and allowed to stand 
for 2 min, and the excess solution was removed using a blotting 
paper allowed to dry at 50 °C. FESEM observations were made on a 
HITACHI-SO-6600. EDX analyses of different elements were 
recorded with the above instrument. 

X-ray diffraction (XRD)  

The crystalline nature of the gold nanoparticles was revealed by 
XRD analysis. The gold nanoparticles were placed on a glass disk 
(~5 mm diameter) for drying and then mounted in the specimen 
port of the diffractometer. The XRD pattern was observed with Cu 
Kα radiation with the operating condition at 40 kV, 100 mA and 
scanned in the 2θ range from 20 ° to 80 ° with step size 0.02 ° per 
second. 

Fourier transform infrared spectroscopy (FTIR) 

The formation of AuNPs and its stabilizing biomolecules were 
analyzed using FTIR (Perkin–Elmer spectrum). All measurements 
were carried out in the range of 400–4000 cm−1 at a resolution of 4 
cm−1. The biomolecule that is present in the extract which was 
responsible for capping was identified. The various modes of 
vibrations were identified and assigned to determine the different 
functional groups present in the sample. 

In vitro cytotoxicity by MTT assay 

The PA1 ovarian cancer cell lines were obtained from National centre for 
cell sciences (NCCS), Pune, India. The cells were maintained in DMEM 
medium supplemented with 10% (v/v) heat-inactivated fetal bovine 
serum, penicillin (100 U/ml) and streptomycin (100 μg/ml) in a 95% air 
humidified incubator at 37 °C with 5% CO2. The cytotoxic effect of 
biosynthesized AuNPs was tested against PA1 cancer cell line by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay 

[20]. The cell line was seeded in 96-well microplates (1 × 106 cells/ml) 
and incubated at 37 °C for 24 h in an incubator and allowed to grow to 
90% confluence. After the incubation period, the medium was removed 
and the cancer cells were treated with biosynthesized AuNPs at 
increasing concentrations of 5, 10, 20, 40, 60, 80 and 100 μg/ml, in 
triplicate manner; non-treated cells were used as a control and 
incubated for 24 h. The incubated treated cells were then subjected to 20 
µl of MTT solution (5 mg/ml) and allowed to stand for 4 h at 37 °C in the 
dark. The formazan crystals were dissolved using 100 µl dimethyl 
sulphoxide (DMSO) and the absorbance was read spectrophotometry at 
570 nm using enzyme-linked immunosorbent assay (ELISA) plate 
reader. The percentage of cell viability was expressed as 

Cell viability�%� =
Absorbance of treated cells

Absorbance of control cells
× 100 

Analysis of apoptosis  

The PA1 cells were seeded into two 6-well plates at 5 × 104 
cells/well, separately and allowed to attain>90% confluence. The 
cells were treated with an IC50 concentration of AuNPs for 24 h. The 
one plate with monolayer cells was washed with PBS, fixed in 
methanol: acetic acid (3:1, v/v) for 10 min and stained with 50 
μg/ml propidium iodide (PI) for 20 min. The second plate was 
washed with PBS and stained with 5 µl of acridine orange (AO, 100 
μg/ml) and 5 µl of ethidium bromide (EB, 100 μg/ml). The 
morphological changes in the stained cells, the apoptotic nuclei 
(intensely stained, fragmented nuclei and condensed chromatin) 
were observed by FLoid cell imaging fluorescent microscopy [19]. 

RESULTS AND DISCUSSION 

Biosynthesis of gold nanoparticles 

The aqueous extract of the shells of Pistacia vera reduced HAuCl4 and the 
gold nanoparticles were synthesized indicated from the color change to 
ruby red after 24 h. A study on the biosynthesis of gold nanoparticles 
from using the extract of cardamom and analysis of the effect of pH on 
synthesis involved the use of cardamom as a reducing agent for the 
synthesis [21]. The formation of ruby red color indicated the 
biosynthesis of AuNPs as shown in fig. 1. The color change to ruby red 
during the synthesis of the gold nanoparticles is due to the excitation of 
surface plasmon vibrations, which is stated as a characteristic feature of 
synthesized nanoparticles in a study of the diagnostic and therapeutic 
application of gold nanoparticles depending on their synthesis and 
characterization [22]. The absorption peak was recorded at 543.2 nm in 
the UV-visible spectra, confirming the synthesis of AuNPs as illustrated 
in fig. 1. The peak of the nanoparticles is broadened in the absorption 
spectra. For the biological and biomedical application, it is found that the 
broadening of the peak in the absorption spectra indicates the 
polydispersion of the nanoparticles from a study involving the peak of 
absorption and properties of scattering of gold nanoparticles [23]. 
 

 

Fig. 1: UV-visible spectrum of AuNPs synthesized from the shells 

of Pistacia vera L. Inset shows biosynthesized AuNPs. (a) 

control (before synthesis), (b) test (after synthesis) 

 

Stability of AuNPs 

The stability of the biosynthesized AuNPs was evaluated under UV-
visible spectroscopy at different durations (6 h-1 mo). It was 
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recorded that with increased contact time, the peak becomes 
sharper. The reaction had started within 6 h, and the surface 
plasmon resonance showed a peak at 538.6 nm. There was a shift in 
the peak to 540.5 nm at 12 h and remained up to 18 h. At 24 h, the 
peak was observed at 543.2 nm and the 30 d old sample exhibited 
the stable peak of surface plasmon resonance at 543.2 nm. These 
results showed that there is no alteration in the peak for a period of 
one month of incubation, thus indicating the higher stability of 
biosynthesized AuNPs (fig. 2). The band of surface plasmon 
resonance at a constant wavelength over a period of one month with 
the increase in the intensity values was found to be stable by 
analyzing the UV-visible spectra of the synthesized gold and silver 
nanoparticles [24]. In this study, a similar increase in the peak 
intensity over the period of 24 h when the AuNPs were synthesized 
by reduction to 30th day was observed indicating that it is stable for 
about a month. 

 

 

Fig. 2: The stacked UV-visible spectra of biosynthesized AuNPs 

over a period of one month at different time intervals (Number 

of experiments, n=8) 

 

Field emission scanning electron microscopy (FESEM) and 

energy dispersive X-ray spectroscopy (EDX) 

The biosynthesized AuNPs were predominantly in a spherical shape 
with a diameter ranging between 10 to 40 nm which was observed 
from the inset (A) of fig. 3. Jeyaraj et al. [25] studied and analyzed 
the size, shape,and dispersion of the silver nanoparticle using the 
images obtained from field emission microscopy and stated that 
polydispersion is represented by no agglomeration. In this study 
also the agglomeration is absent and not definite indicating the 
polydispersion of the synthesized nanoparticles. The EDX spectrum 
showed sharp peaks identical to elemental gold, confirming the 
presence of biosynthesized AuNPs which could be seen from the 
inset (B) of fig. 3. A research on the synthesis of gold and silver 
nanoparticles using algae had used the EDS spectrum to depict the 
efficient reduction of the Au3+to Au °and confirmed the formation of 
elemental gold from the reduction reaction [26]. 

 

 

 

Fig. 3: Characterization of biosynthesized AuNPs (A) FESEM 

image of AuNPs, (B) EDX spectrum 

 

X-ray diffraction (XRD) 

The XRD analysis showed three distinct Bragg reflection peaks 
corresponding to (111), (200), (220) and (311) lattice planes at 38.21 
°, 44.39 °, 64.62 ° and 77.59 ° respectively are indexed to the face-
centred cubic structure of gold when compared to standard JCPDS file 
number 65-2870. The XRD pattern clearly indicated that the 
biosynthesized AuNPs are crystalline in nature (fig. 4). The strongest 
intensity of the diffraction peak of (111) lattice plane compared to the 
other peaks suggests its predominant orientation. The predominant 
orientation in the (111) plane with a predominant peak in the XRD 
compared to the other peaks indicated that the average size of the 
nanoparticles to be around 15 nm using the Debye–Scherrer equation 
for calculating size [27]. A similar predominant peak is observed in the 
XRD in this study substantiating that the average size is about 15 nm 
that can also be seen in the FESEM of the study. In a research on the 
synthesis of gold and silver nanoparticles using leaf extract, the gold 
nanoparticles showed characteristic diffraction peaks 38.21°, 44.39°, 
64.62°, 77.59°, 81.75°, 98.16°, 110.89° and 115.27° which is used for 
concluding the face-centred cubic (FCC) nature of gold nanoparticles 
[28]. 
 

 

Fig. 4: XRD pattern of biosynthesized AuNPs 

 

Fourier transform infrared (FTIR) spectroscopy 

The interaction of gold nanoparticles with biomolecules of aqueous 
shell extract of P. vera was inferred by FTIR analysis. The FTIR 
spectra show the functional groups' vibration of P. vera shells 
extract and biosynthesized AuNPs, respectively (fig. 5). A strong, 
broad peak recorded at 3339.62 cm-1due to O-H group stretching 
vibrations indicating the presence of phenol and alcohol. An 
absorption band appeared at 1637.25 cm-1corresponding to C=C 
stretching vibrations confirming the presence of alkenes. In the 
research on biofuel extracted from the shells of pista, the FTIR 
spectrum was used for the functional group analysis of bio-oil. It was 
stated that the presence of phenols and alcohols is indicated by the 
O–H stretching vibrations between 3200 and 3400 cm-1 and the 
presence of alkenes and aromatics is indicated by the C=C stretching 
vibrations between 1575 and 1675 cm-1[29]. The depth and width of 
the band are indicative of the intensity and abundance of the 
particular functional group in that band [30]. 
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Fig. 5: FTIR spectrum (A) aqueous shell extract of Pistacia vera, (B)biosynthesized AuNPs 

 

 

Fig. 6: (A) Cytotoxicity effect of different concentration of biosynthesized AuNPs on PA1 ovarian cell line. Values are given as mean±SD for 

each concentration (n=8). (B) Cytotoxic effect of biosynthesized AuNPs on PA1 cell line(n=8). (a) Control, (b) 5, (c) 10, (d) 20, (e) 40, (f) 

60, (g) 80 and (h) 100 μg/ml 
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In vitro cytotoxicity  

The in vitro cytotoxicity of AuNPs was examined on PA1 ovarian cell 
line in terms of the effect of nanoparticles on cell proliferation by the 
MTT assay [31, 32]. The dose-dependent inhibition was observed in 
AuNPs treated PA1 cells and the increase in the concentration of 
AuNPs (5, 10, 20, 40, 60, 80 and 100 μg/ml) showed increased 
cytotoxicity in PA1 cells which are shown in the inset (A) of fig. 6. 
The IC50 value for PA1 cells was recorded at 60 μg/ml. The cells were 
found clumped, rounded. A prominent decrease in the cell viability 
was observed in AuNPs (different concentrations) treated cells 
when compared to the control which is shown in the inset (B) of fig. 
6. Balashanmugam et al. [19] studied the in vitro cytotoxicity of the 
gold nanoparticles on three cancer cell lines using the gold 
nanoparticles concluded that the increase in the concentration of 
AuNPs resulted in an increase in cell death and concluded that the 
nanoparticles they synthesized possess anticancer properties. There 
has been increase in toxicity and cell death in this study with the 
increase in the concentration of biosynthesized gold nanoparticles 
on the PA1 ovarian cancer cell line. On the other hand, the normal 
cells had no toxic effect of the gold nanoparticles produced from the 
extract of Pistacia vera and hence, it can be effectively used as an 
anticancer drug. 

Analysis of apoptosis of PA1 cells under fluorescence microscope 

The apoptotic changes and nuclear condensation induced by 
biosynthesized AuNPs was observed using PI staining method under 
the fluorescent microscope. The PI stained PA1 cells showed very 
fewer apoptotic cells in the control, whereas an increased number of 
apoptotic cells was found in the cells treated at IC50 of AuNPs which 
can be seen in the (A) of fig. 7. Singh et al. [33] studied the apoptosis 
using the propidium iodide by treating the cells with increasing 
insulin concentration. They observed that on treating with insulin 
the number of viable cells increased with fewer red cells in the 
microscopic image. This approach is adoptedin this research to 
study the cell apoptosis induced by the gold nanoparticles, which 

showed an increase in the number of red cells after treating with 
propidium podide indicating that effectiveness of the gold 
nanoparticle. The biosynthesized AuNPs treated cells exhibited 
condensed chromatin and bright nuclei (marked by red 
fluorescence) than the control cells. The apoptosis-associated 
changes of cell membranes during the process of apoptosis were 
identified using dual AO/EB staining under the fluorescent 
microscope [34]. Baskić et al. [35] studied the apoptotic nature of 
cell death using AO/EB staining in which it had been stated that the 
green nuclei with well-defined structures indicate healthy cells. The 
control cells upon this staining, in this study, exhibit only such green 
structures which implies that they are healthy and not affected by 
the gold nanoparticles. There was no significant apoptosis detected 
in the control cells whereas the AuNPs treated PA1 cells resulted in 
morphological apoptotic changes which can be observed in the inset 
(B) of fig. 7. The control cells showed uniform bright green nuclei 
and cytoplasm. The cells treated with AuNPs exhibited early 
apoptosis, and late apoptotic cells having bright green patches of 
cells with intact membrane and green nuclei representing their 
perinuclear chromatin condensation, asymmetrically localized light 
orange crescent nuclei with increased volume and dark orange 
fluorescence depicting their chromatin in either fragmented or 
condensed form. Both the viable and the non-viable cells take up AO 
stain and emit green fluorescence on binding with DNA and red 
fluorescence on binding with RNA. The EB stain is taken up only by 
non-viable cells emitting red fluorescence on intercalating with DNA. 
An organized viable cell was observed emitting a uniform bright 
green fluorescence. In the early apoptotic stage, bright green patches 
of cells with intact membrane and green nuclei representing their 
perinuclear chromatin condensation were detected. The apoptotic 
cells showed asymmetrically localized light orange crescent nuclei 
with increased volume. The late-stage apoptotic cells emitted dark 
orange fluorescence depicting their chromatin in either fragmented 
or condensed form [36]. Hence, in this study the images of AO/EB 
staining of the cancer cell lines confirms no necrotic cell death as 
there is no red fluorescence. 

 

 

Fig. 7: Morphological changes of apoptotic cells stained with (A) propidium iodide (PI) and (B) acridine orange and ethidium bromide 

(AO/EB) under fluorescence microscopy. (a) PA1 control cells, (b) AuNPs treated PA1 cells. CC–Control cells, EA–Early apoptotic cells, AC–

apoptotic cells, LA–Late apoptotic cells 
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CONCLUSION 

The synthesis of nanoparticles using bio-waste is gaining popularity 
because of its low-cost and eco-friendly nature compared to widely 
known chemical and physical methods. The spherical shaped 
biosynthesized AuNPs exhibited cytotoxic activity against ovarian 
cancer by inducing apoptosis in PA1 cells. In biomedical view, the 
role of biosynthesized AuNPs seems to be promising and thus can be 
represented as a novel therapeutic agent for the diagnosis and 
treatment of cancer cells. The future work should implement DNA 
fragmentation, cell cycle analysis, and in vivo studies to substantiate 
the anticancer properties of biosynthesized AuNPs.  
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