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KEYWORDS Abstract In the past years, use of plant sources for the biosynthesis of nanoparticles has become
Gold nanoparticles; very important. Gold nanoparticles with unique biological properties are one of these materials
Anti-cancer; which are being investigated extensively. In the present study, the aqueous extract of Pistacia vera
Anti-fungal; hull was utilized to fabrication of gold nanoparticles (AuNPs@ PV) in a facile, environmentally
Anti-bacterial; friendly, and affordable way. Then the anticancer, antifungal, antibacterial, and photocatalytic
Catalyst potentials of AuNPs@ PV were also investigated. The results of various techniques applied, includ-

ing XRD, UV-vis, TEM, FT-IR, EDS, and FESEM showed the biological reduction of Au’" ions
to Au’. Antibacterial studies were performed on a wide range of bacteria including seven strains of
ATCC and seven strains of drug-resistant pathogens. According to the findings of this research, it
seems that biosynthesized gold nanoparticles had good antibacterial activity against ATCC and
drug-resistant strains of bacteria. The MIC values of E. coli, S. aureus, P. mirabilis, P. aeruginosa,
E. faecalis, K. pneumonia, A. baumannii were 34.37, 4.2, 8.59, 4.29, 0.5, 34.37, and 8.59 pg/mL,
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respectively. The result of the antifungal investigation showed that two pathogenic fungi, Candida
albicans (IFRC1873) and Candida albicans (IFRC1874) were susceptible to AuNPs@ PV with MIC
values of 550 and 137 pg/mL, respectively. Furthermore, AuNPs@ PV revealed noteworthy anti-
cancer efficacy against AGS-3 and MCF-7 cell lines with ICs, values of 58.31 and 148.1 pg/mL,
respectively. The results of the cytotoxicity effect of AuNPs@ PV on BEAS-2B as a normal cell line
indicated the selectivity of AuNPs@P)V on cancerous cells. Furthermore, the fabricated
AuNPs@ PV under UV irradiation exhibited significant potential in the decolorization of methylene
orange (MO) with a percent decolorization of 91.5 % after 20 min. Therefore, it can be concluded
that biosynthesized gold nanoparticles as a photocatalyst, anti-bacterial, antifungal, and anti-cancer
agents have potential applications in the fields of environment and biology.
© 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Nanotechnology is one of the most modern technologies in the
world, which has unique and practical characteristics in the
field of modern technology (like medicine (Mohammadzadeh
et al., 2019; Khorsandi et al., 2022), pharmacology
(Velsankar et al., 2022), and environment (Naghizadeh et al.,
2021; Hashemi et al., 2022). Nanoscience is basically the ability
to work at the molecular level to create new structures with the
molecular organization (Khatami et al., 2018). It has been
found that nanoparticles are very beneficial in the expansion
and development of oral, transdermal, systemic, pulmonary,
and other administration ways to investigate drug delivery,
increase drug bioavailability and protect drug bioactivity.
Owing to high surface-to-volume ratio of nanomaterials, these
materials can penetrate cells and connective tissue without
blocking capillaries. By encapsulating drugs with nanoparti-
cles, it is possible to improve the absorption through the cell
membrane, thus increasing the half-life of the drugs. Nanopar-
ticles can also enter cancer cells as drug carriers and cause
more drug penetration into the cancerous tumors. It has been
reported several recent literature that some of the anti-tumor
agents attached to nanoparticles display the long-term persis-
tence of the drug in tumors, the reduction of tumor growth,
and the long-term survival of tumor-bearing animals
(Selvaraj and Alagar, 2007). Among various nanoparticles,
our study is focused on gold nanoparticles due to their unique
properties, including resistance to surface oxidation, chemical
inertness, high stability, and multifunctional potential
(Aljarba et al., 2022). These features led to the introduction
of gold nanoparticles as an attractive option for drug delivery
systems and nanoformulation (Eleraky et al., 2020). Also, gold
nanoparticles have revealed potential applications for the
delivery of antitumor agents, such as cisplatin and oxaliplatin
via the detection of DNA. Gold nanoparticles can play an
important role in effective antibacterial activities against some
resistant strains due to photothermal properties and binding to
surface ligands (Gubitosa et al., 2018). Expansion and clinical
verification of new affordable therapeutic mechanisms against
bacterial infections are urgently needed (Khan et al., 2016).
Fungi cause many major diseases, including Mycotoxicoses,
Aspergillosis, Mycoses, Actinomycosis, Peniciliinosis, Candidia-
sis, etc. The spherical gold nanoparticles from separate parts
i.e., flower, bark, and the leaf of Moringa oleifera revealed
the antifungal performance against Aspergillus sp at high con-
centration (Mondal et al., 2022). Despite the unique properties

of nanoparticles, there is still space for further studies on anti-
fungal, antimicrobial, and anticancer activities. On the other
hand, one of the major concerns of people around the world
is environmental pollution. These effluents lead to toxicity of
industrial effluents. Therefore, they are considered a serious
threat to the aquatic life system and human life (Shirzadi-
Ahodashti et al., 2021). Different strategies, such as chemical
methods, adsorption (Santoso et al., 2021; Li et al., 2018),
and photocatalytic degradation (Ghoreishi, 2017; Shirzadi-
Ahodashti et al., 2020; Ebrahimzadeh et al., 2019), exist for
wastewater treatment. Among these, photocatalytic decompo-
sition is one of the easiest and best techniques to destroy
organic pollutions from sewage. Due to the reported photocat-
alytic applications of nanomaterials, the utilizing of these par-
ticles has increased in the past years (Samuel et al., 2020; Rani
et al., 2020; Mani et al., 2020). A wide range of environmen-
tally friendly nanoparticle synthesis approaches includes using
enzymes and natural extracts (Singh et al., 2020). Among
these, plant-mediated green synthesis is an eco-friendly, rapid,
and simple process to synthesize metal nanoparticles
(Ebrahimzadeh et al., 2020). Biomolecules in natural extracts
(like flavonoids and phenol) play an essential role in reducing
metal ions and converting them into nanoparticles (Fadaka
et al., 2021). Recently, the extract of Persicaria salicifolia
(Hosny and Fawzy, 2021); Curcumae kwangsiensis (Chen
et al., 2021), and Artemisia absinthium (Keskin et al., 2021)
was applied in the synthesis of gold nanoparticles. In the pre-
sent study, P. vera hull extracts were applied as stabilizing and
capping agents for biosynthesis of gold nanoparticles
(AuNPs@PV). Pistachio (Pistacia vera L.) belongs to the
Anacardiaceae family and is native to the arid zones of Central
and West Asia (Tomaino et al., 2010). The major pistachio-
producing countries worldwide are Iran and Turkey. The hull
of P.vera contains considerable antioxidant activity and natu-
ral biological mixtures (Moghaddam et al., 2009). Moreover,
numerous reports displayed that the hull extract of P. vera pos-
sesses large amounts of polyphenolic compounds with several
functions such as anti-inflammatory, anticancer, and antimi-
crobial. In addition, the hull extract of P. vera has properties
such as preventing high blood pressure, anti-mutagenic and
anti-diabetic (Seifzadeh et al., 2019; Arjeh et al., 2020;
Behgar et al., 2011; Grace et al., 2016; Rajaei et al., 2010).
In this study, the biological and photocatalytic activities of
biogenic gold nanoparticles were investigated. For this pur-
pose, extract of pistachio hull was applied for the fabrication
of gold nanoparticles. It was investigated in terms of
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anti-cytotoxic and anti-cancer activity against BEAS-2B,
MCEF-7, and AGS-3 cell lines for the first time. The antibacte-
rial and antifungal performance of AuNPs@ PV was measured
against ATCC strains, resistant pathogens isolated from clini-
cal, and eight fungal strains. Also, the efficiency of
AuNPs@ PV in removing the organic pollution methyl orange
(MO) was examined. In the past years, studies have been con-
ducted on the biological and catalytic activities of gold
nanoparticles. There are some novelties of this study which
are presented as follows. 1) Synthesis of gold nanoparticles
using an environmentally friendly method and with the help
of P. vera extract. 2) High biological activities (like antibacte-
rial, antifungal, and anticancer). 3) Excellent photocatalytic
pollutant decolorization under sunlight irradiation.

2. Experimental

2.1. Materials and chemicals used

The fresh hull of P. vera was gathered from the Rasht province
of Iran and verified in the Sari Agriculture Sciences and
Natural Resources University Herbarium. Methanol, 3-(4, 5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
chloroauric acid, and methyl orange (MO) were prepared from
Sigma-Aldrich Company. Cisplatin was obtained from a phar-
macy. Mueller Hinton agar was bought from Merck Company
(Germany). BEAS-2B (human lung epithelial) as normal cell,
MCEF-7 (breast cancer), and AGS (human gastric cancer) as
cancer cell lines were obtained from the Pasteur Institute of
Iran. Bacterial strains were obtained from the Microbial col-
lection of Iran, such as Pseudomonas aeruginosa, Staphylococ-
cus aureus, Proteus mirabilis, Acinetobacter baumannii,
Klebsiella pneumonia, Enterococcus faecalis, and Escherichia
coli. The sources of antibiotic-resistant strains were procured
from medical hospitals in Sari, Iran. The antifungal activity
experiments were accomplished utilizing diverse fungal strains.

2.2. Extraction of P. vera

P. vera was extracted according to process described in a pre-
vious research with slight changes. 10 g of plant hull was
washed with distilled water and then ground. Then, 100 mL
of deionized water was added to 10 g of the plant at a temper-
ature of 50 °C for 1 h. In order to separate the impurities, the
waste material was separated using a filter.

2.3. Synthesis of AuNPs@PV

10 mL of extract of P. vera was added to HAuCl4-3H,O solu-
tion (10 mL and 1 mM). The reaction mixture was warmed to
50 ‘C with steady stirring until a change of color (yellow to
purple-red). The reduction reaction was completed after
30 min. This color change indicates the formation of gold
nanoparticles (Au’" —Au®. A centrifuge (Centrifuge
5810R, Eppendorf, Germany) was used (6000 rpm and
20 min) to obtain gold nanoparticles. The obtained precipitate
was washed with methanol and deionized water. Eventually,
the final product was transferred to an oven (60 °C) for anal-
ysis and identification.

2.4. Antibacterial

The antibacterial performance of the AuNPs@PV were
examined against Gram-positive (E. faecalis and S. aureus),
Gram-negative (P. mirabilis, A. baumannii, P. aeruginosa, K.
pneumonia, and E.coli) and seven multidrug-resistant patho-
gens isolated from clinical using the micro broth dilution
assay. In order to obtain the minimum inhibition concentra-
tion (MIC), ATCC strains and resistant pathogens were cul-
tured on MHA (Mueller Hinton Agar) medium for 24 h
(37 °C). To get 10’ CFU/mL of bacteria, the 0.5 McFarland
suspensions was diluted at 1:10 in sterile normal saline. After,
100 puL of the prepared AuNPs@ PV (550 pg/mL) were sup-
plied to each well. Then, 100 pL of strain suspensions were
added to each well.

2.5. Antifungal

In this examination, the MIC value was specified via the broth
micro-dilution assay as defined in ‘““‘method M27-A3 from the
Clinical and Laboratory Standards Institute (CLSI) formerly
NCCLS” (Alle et al., 2020). In this technique, 100 pL of
AuNPs@PV was loaded to the first well. After dilution,
100 pL of cell suspensions were added to each well for two
C. albicans strains (IFRC1874) and (IFRC1873), and 48 h
for T. mentagrophytes, A. fumigatus, T. mentagrophytes, F.
equiseti, A. fumigatus, and F. proliferatum.

2.6. Anticancer

2.6.1. Cell lines and cell culture

BEAS-2B cells and two AGS-3 and MCF-7 cell lines were
grown in a DMEM media. The cell culture medium was
enriched with penicillin/streptomycin and 10 % FBS and incu-
bated in the presence of CO, (5 %; 37 °C). The concentration
of Pen-Strep (penicillin/streptomycin solution) for cell culture
was 1000 U/mL.

2.6.2. MTT assay for cell viability

The impact of AuNPs@ PV on cell proliferation was assessed
by MTT assay. 6-10 x 10* cells were counted and loaded into
per well and incubated. All experiments were repeated three
times to avoid errors. After 24 h, the cell culture supernatant
was totally picked up and different concentrations of
AuNPs@ PV containing antibiotic and 10 % FCS were added
to the culture media. The culture medium was the control.
After 24 h incubations from the treatment of cell wells with
various concentrations of AuNPs@ PV, cell duplication was
assessed. To characterize cell viability, MTT solution was
added to each well and then incubated (4 h; 37 °C). To dissolve
the purple crystals of formazan 100 pL of DMSO was added to
each well, which shows cell viability. Eventually, the absor-
bance of the formazan was read from the ELISA plate reader
(570 nm). Then the percentage of cell viability was calculated
by comparing the control group.

2.7. Catalytic activity

The MO anionic dye decolorization as an indicator of
AuNPs@ PV photocatalytic activity was analyzed in the



4

M. Shirzadi-Ahodashti et al.

presence of sodium borohydride under UV irradiation
(400 W). The control solution consisted of 50 puL of 5 mM
(MO), 2 mL of deionized water, and 100 pL of 0.1 M NaBHy,.
Next, 50 pL. of AuNPs@ PV were added to the solution. The
absorption spectra of the solution were monitored alternately
by a UV-vis spectrophotometer. The decolorization percent-
age of pollutant was determined using following equation:

Decolorizationrate(%) = (C, — C;/C,) x 100 (1)

Where Cj is the initial concentration and C; is the concen-
tration at time t.

2.8. Statistical analysis

Described analyses were carried out in triplicate. The statistical
analysis was performed using a one-way analysis of variance
(ANOVA) and the Duncan post-hoc test (P-value < 0.05).

2.9. Characterization

The UV-vis spectra of nanoparticles solution were determined
using double beam spectrophotometer (Shimadzu, UV-2550,
Kyoto, Japan). The particle size and shape of sample were
investigated using transmission electron microscopy (TEM;
Zeiss-EM10C-100 KV) and field emission scanning electron
microscopy (FE-SEM; TESCAN BRNO-Mira3 LMU).
Organic functional groups of dried P. vera hull and gold
nanoparticles were measured in Perkin Elmer System 2000
FT-IR instrument. X-ray diffraction (XRD) measurement
was carried out using Philips PW 1800 using a Cu Ka X-ray
source.

3. Results and discussions

3.1. UV-Vis

The use of extract for the preparation of nanoparticles is one
of the most widely used non-toxic, and environmentally
friendly approaches. The functional groups in extracts can
reduce metal ions and stabilize them (El-Seedi et al., 2019).
In this study, employing a similar approach AuNPs@ PV has
been synthesized using the aqueous extract of, P. vera hull.
The surface plasmon resonance (SPR) band of nanoparticles
is one of the most characteristic features of nanomaterials
(El-Borady et al., 2021). The phenomenon of SPR depends
on various parameters such as the dielectric constant of the
reaction mixture, size, morphology, and the aggregation condi-
tions of the nanoparticles (Rahman et al., 2019; Taghavizadeh
Yazdi et al., 2019). The color transformation of the reaction
solution during heating from yellow to purple-red can be
mainly attributed to the excitation of surface plasmon reso-
nance (SPR) and is one of the critical pieces of evidence of
the reduction of Au®* ions to Au®. This reduction was charac-
terized by UV-vis (Shimadzu UV-1800) absorption spec-
troscopy. The most optimal temperature (room temp., 50
and 85 °C) for the synthesis of gold nanoparticles was investi-
gated. As shown in Fig. 1, the presence of SPR bands around
500-800 nm confirmed the synthesis of AuNPs@ PV stabilized
by P. vera extract. According to the results, it is clear that the
most optimal temperature is 50 °C.

- Room temperature
—_— 50°C
85 °C

Absorbance

500 550 600 650 700 750 800
Wavelength (nm)

Fig. 1 The UV-Vis spectrum of gold nanoparticles.

3.2. High-performance liquid chromatography (HPLC)

HPLC was performed using a (C18) column (4.6 x250 mm,
5 pm) (Shim-pack VP-ODS) and a binary solvent system
(CH;CN/H,O and CH;CO,H). The standard solution
(Fig. 2a) contained five phenolic compounds including cate-
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Fig. 2 HPLC chromatogram of (a) standard and (b) methanolic
extract of Pistacia vera hull.
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chin, gallic acid, caffeic acid, coumaric acid, and quercetin,
which were separated in 40 min. The HPLC results (Fig. 2b)
revealed that the main compounds in the Pistacia vera hull
extract were catechin (4.1 mg/mL) and gallic acid (0.045 mg/
mL). Based on HPLC results, the highest organic compound
in Pistacia vera hull extract was catechin. The suggested mech-
anism for the synthesis of AuNPs has presented in Fig. 3. Cat-
echin acts as a bidentate ligand and the protonation state of
the catechol part plays an important role in the chelation of
metal. Due to partial deprotonation in the initial oxidation
stages, phenols are converted into o-quinones. Quinones act
as capping agents that attach to gold nanoparticles via the neg-
ative charge of carbonyl groups. Electrons produced during
the conversion of enol to quinonoid reduce Au™? jons to gold
atoms.

3.3. XRD

The crystalline nature and purity of AuNPs@PV were
assessed by the XRD analysis (XRD; Philips X’pert PRO;
Netherlands). AuNPs@ PV illustrated four Bragg’s diffraction
patterns placed at 20 angles: 38.20°, 44.22°, 64.79°, 77.67°
which are related to (111), (200), (220), and (311). Accord-
ingly, it suitable matches the face cubic structure of AulNPs
(JCPDS card No 04-0784), as depicted in Fig. 4. Previous
studies also report similar XRD patterns for synthesized gold
nanoparticles (Ebrahimzadeh et al., 2020).

34. EDS, TEM and FESEM

illustrated in Fig. 5. The intrinsic properties of nanoparticles
rely on their size, shape and dispersion. It has also been pro-
ven that the high content of phenolic compounds surround-
ing the green synthesized nanoparticles leads to the creation
of larger-sized particles (Rahman et al., 2019). FESEM and
TEM micrographs (Fig. 5 a and b) revealed that the
AuNPs@ PV was mostly spherical-like morphology, homoge-
neous, and regular arrangement with a size ranging from 20
to 35 nm. Energy-dispersive X-ray spectroscopy (EDS) spec-
trometer as an elemental analytical technique was used to
determine the purity and elemental compositions of prod-
ucts. The EDS spectrum of AuNPs@ PV was illustrated in
Fig. 6. Due to surface plasmon resonance, the AuNPs@ PV
revealed a typical optical absorption peak at ~3 KeV and
other impurities are attributed to phytochemicals surround-
ing the surface of AuNPs@ PV which leads to the stabiliza-
tion of biosynthesized nanoparticles. The same result was
acquired by Paul er al. (Paul et al., 2014), and Hamelian
et al. (Hamelian et al., 2018).

3.5. FT-IR spectra

The FT-IR spectra of Pistacia vera hull extract and gold
nanoparticles are shown in Fig. 7. The vibrational modes in
the FTIR spectrum located at 3421, 2918, 1648, 1413, 1394,
and 1065 cm™'. The bands appear at 3421 cm™! is related to
the hydroxyl group of water molecules. The absorption bands
at 1648, 1413, and 1065 cm™! were ascribed to the stretching
vibrations of -C—C-C group, stretching vibrations of

The morphology and structure of AuNPs@ PV were charac- -O_CH‘?’ and bending vibration of -C—0, respectively
. . . (Ebrahimzadeh et al., 2020).
terized by scanning electron microscopy, and the results are
fo) (0]
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Fig. 3 The proposed reduction of gold ions with catechin for preparation of AuNPs@ PV.
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Fig. 4 XRD pattern of biosynthesized gold nanoparticles using Pistacia vera hull.
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3.6. Antibacterial activity

3.6.1. ATCC strains

This examination included seven ATCC strain bacteria. The
result investigation of the antibacterial activity of AuNPs@ PV
compared to a standard antibiotic (ciprofloxacin) has been
indicated in Table 1. The minimum inhibitory concentration
of AuNPs@PV was observed for E. faecalis which was
0.5 pg/mL with MBC value of 2.14 pg/mL. As shown in
Table 1, the value of MIC for both S. aureus and P. aeruginosa
strains was equal to 4.2 pg/mL with MBC values of 34.37 and
137.5 pg/mL, respectively. The inhibition growth of 4. bau-
mannii and P. mirabilis by AuNPs@ PV was seen in the con-
centration of 8.59 pg/mL as the MIC and 275 and 137.5 png/
mL as MBC. AuNPs@ PV was capable to inhibiting the bacte-

MIRA3 TESCAN

(a) FESEM and (b) TEM image of biosynthesized gold nanoparticles using Pistacia vera hull.

rial growth of E. coli and K. pneumonia strains with MIC val-
ues of 34.37 pg/mL with MBC values of 550 and 275 pg/mL,
respectively. Because Gram-positives do not have an outer
membrane, the penetration of nanoparticles into the bacterial
cell is easier. Hence nanoparticles had a better effect on Gram-
positives, including E. faecalis, and after that, S. aureus. E. coli
and K. pneumonia, which had a higher MIC, are actually enter-
obacteria that are very resistant in terms of antibiotic resis-
tance. Molecularly and genetically, they contain more
resistance mechanisms in themselves. The results of studies
on ATCC bacteria showed that AuNPs@PV has good
potential antibacterial activity against Gram-negative and
Gram-positive bacteria. Nanoparticle toxicity was reported
to be raising the production of reactive oxygen species
(ROS), and releasing metal ions inside the cells. Generally,
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Fig. 6 EDS pattern of AuNPs@PV.

ROS production may affect oxidative stress and results in the
blockage of a metabolic enzyme, and damage to DNA and cel-
lular constituents. Hence, the nanoparticles with release metal
ions, production of ROS, and ultimately inhibition of growth
and cell division can lead to interference in a bacterial defense
system and finally lead to the death of bacterial cells (Rahman
et al., 2019; Manikandan et al., 2021).

3.6.2. Multi-drug resistance strains

The antibacterial performance of AuNPs@ PV was examined
against seven resistant strains of pathogens. The drug resis-
tance of these pathogens was shown in a previous study
(Hashemi et al., 2022). According to the information obtained,
S. aureus isolated from the chip was resistant to all antibiotics
but was sensitive to vancomycin. The prepared AuNPs@ PV
was able to inhibit the growth of S. aureus with MIC value
of 34.3 pg/mL and 137.5 as MBC, respectively (Table 2).
The MIC and MBC value of AuNPs@PV against E. faecalis

was 68.7 ug/mL. P. aeruginosa and A. baumannii were immune
to all the antibiotics documented in Table 2. Carbapenems are
the last line of therapy, and MIC for colistin sulfate is reported
to be 8 pg/mL and 256 pg/mL for P. aeruginosa and A. bau-
mannii. In comparison, AuNPs@ PV was able to inhibit their
growth at 137.5 pg/mL as MIC, and 550 pg/mL as MBC for
both strains. Separated E. coli, K. pneumonia, and P. mirabilis
from urine were resistant to carbapenems and colistin. The
minimum inhibitory and lethality concentrations of
AuNPs@ PV against E. coli and P. mirabilis were 68.7 ng/
mL and 550 pg/mL for both strains. Both the MIC and
MBC values of AuNPs@PV against K. pneumonia were
137.5 pg/mL. Gold nanoparticles are ideal drug carriers that
can modulate the antibacterial effects of medicines and recre-
ate an essential role in effective antibacterial approaches versus
some resistant pathogens. It has been found that the antibac-
terial properties of gold nanoparticles functionalized with phy-
tochemicals have a significant potential to overcome
antibacterial resistance. Hence, various researchers aim to
develop effective, environmentally friendly, and affordable
gold nanoparticles to treat bacterial infections. Rajathi and
his coworkers prepared gold nanoparticles utilizing Stoechos-
permum marginatum and evaluated their antibacterial activity
against Pseudomonas aeruginosa, Salmonella Typhimurium,
Klebsiella oxytoca, Proteus vulgaris, and Klebsiella pneumonia.
Their finding demonstrated that synthesized gold nanoparti-
cles have the highest activity on Klebsiella pneumonia among
reported bacteria (Arockiya Aarthi Rajathi et al., 2012). Bala-
subramanian et al., fabricated biogenic gold nanoparticles
from the extract of Jasminum auriculatum and were observed
that these nanoparticles have good antibacterial activity versus
human pathogenic bacteria such as E. coli, Klebsiella pneumo-
nia, Streptococcus pyogenes, and S. aureus (Balasubramanian
et al., 2020). Gold nanoparticles have been synthesized from
starch as a reducing agent and H->O, as a reduction enhancer
by Emam et al. Their antibacterial activity was examined
against Gram-positive bacteria (B. subtilis and S. aureus) and
Gram-negative (P. aeruginosa and E. coli). These nanoparticles

Transmittance (%)

—— P, vera extract

—— AuNPs@PV

4000 3000

2000 1000

Wavenumber (1/cm)

Fig. 7 FTIR spectrum of pure Pistacia vera hull and AuNPs@ PV.
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Table 1 Antibacterial activities of the synthesized gold

nanoparticles against Gram-positive and Gram-negative

bacteria.

Strains AuNPs@PV Extract Ciprofloxacin
MIC MBC MIC MIC
(ug/ml)  (ug/ml)  (pg/ml)  (ug/ml)

S. aureus 4.2 34.37 > 4000 0.21

ATCC 2921

E. faecalis 0.5 2.14 > 4000 0.21

ATCC 29212

P. aeruginosa 4.29 137.5 > 4000 0.3

ATCC 27853

A. baumannii 8.59 275 > 4000 0.25

ATCC 19606

E. coli 34.37 550 > 4000 0.1

ATCC 25922

K. pneumonia 34.37 275 > 4000 0.1

ATCC 700603

P. mirabilis 8.59 137.5 > 4000 0.1

ATCC 25933

Table 2 Antibacterial potential of the synthesized gold
nanoparticles against multidrug-resistant isolates.

Strains AuNPs@PV Extract
MIC (pg/ml)  MBC (ug/ml)  MIC (ug/ml)
S. aureus 34.3 137.5 > 4000
E. faecalis 68.7 68.7 > 4000
P. aeruginosa 137.5 550 > 4000
A. baumannii 137.5 550 > 4000
E. coli 68.7 550 > 4000
K. pneumonia 137.5 137.5 > 4000
P. mirabilis 68.7 550 > 4000

illustrated an excellent antibacterial effect on the strain of S.
aureus at MIC value of about 960 pg/mL (Emam et al., 2017).

3.7. Antifungal activity

In this study, the antifungal performance of AuNPs@ PV was
evaluated by the standard microdilution procedure. The initial
concentration of AuNPs@ PV was 550 pg/mL. The results of
the antifungal examination were illustrated in Table 3 and
compared with itraconazole as a standard antibiotic. As shown
in Table 3, all fungal strains except Candida albicans
(IFRC1873) and Candida albicans (IFRC1874) were resistant
to AuNPs@PV. The minimum inhibitory concentration of
AuNPs@ PV against Candida albicans (IFRC1873) and Can-
dida albicans (IFRC1874) was 550 and 137 pg/mL, respec-
tively. In a number of studies, the activity of gold
nanoparticles as an antifungal has been investigated. In the
studies of Mondal et al., the spherical gold nanoparticles syn-
thesized from several parts of the flower, bark, and leaf of
Moringa oleifera displayed antifungal activity against the
Aspergillus sp strain at the MIC value of 200 mg/L (Mondal
et al., 2022). Lotfali & his coworkers studied the antifungal
activity of gold nanoparticles against Candida glabrata fungal
strains in the human vaginal tract. Their studies showed that

Table 3 The MIC value obtained from synthesized gold
nanoparticles against different fungi isolated.

Fungi isolated tasted AuNPs@PV Extract Itraconazole
MIC MIC MIC
(ng/ml) (ng/ml)  (ng/ml)

Aspergillus fumigatus R >2500 >16

(IFRC 1649)

Aspergillus fumigatus R >2500 >16

(IFRC 1505)

Trichophyton R >2500 >16

mentagrophytes

(FRI_22130)

Trichophyton R >2500 >16

mentagrophytes

(FR5_22130)

Fusarium proliferatum R >2500 >16

(IFRC 1871)

Fusarium equiseti R >2500 >16

(IFRC 1872)

Candida albicans 550 >2500 >16

(IFRC1873)

Candida albicans 137 >2500 >16

(IFRC1874)

all these strains were resistant to amphotericin B, but they were
sensitive to gold nanoparticles in the concentration range of
0.125 to 0.5 pg/mL (Lotfali et al., 2021). The result of Rautray
and Rajananthini research in 2019 showed that the gold
nanoparticles prepared by the mixture of extracts separated
from Pteris quadriureta and Adiantum capillus veneris have
good potential antibacterial against fungi like Scedosporium
apiospermum; Aspergillus niger, Aspergillus flavus, Trichophy-
tonrubrum, and Aspergillus fumigates. The MIC value of the
gold nanoparticles on these strains was 50 mg/mL (Rautray
and Rajananthini, 2020).

3.8. Anticancer activity

Cancer is a defect in the mechanisms of regulation of normal
growth that led to uncontrolled cell growth, resistance to cell
death, proliferation, ability to invade other tissues, and ulti-
mately cell death (Khatami et al., 2018; Valsalam et al.,
2019). In this study, the anti-cancer effect of AuNPs@ PV
was examined by MTT assay in the presence of cisplatin as
the positive control. The concentration of cisplatin was
50 mg/mL. The ICs, of cisplatin against normal cell Beas-2B
MCF-7, and AGS-3 was about 1.6, 4.95, and 6.3 pg/mL,
respectively. The concentration of AuNPs@ PV which reduces
50 % cell viability of AGS-3 and MCF-7 (ICsg), was observed
at 58.31 and 148.1 pg/mL (Fig. 8). As can be seen in Fig. 8, cell
death increases with increasing concentration of AuNPs@ PV,
and inhibition of 50 % cell viability needs a lower dose of
nanoparticles. The therapeutic roles of NPs are due to their
small size and unique coating, which can hold hydrophobic
anticancer drugs in the exact location of the body. For this rea-
son, they can reduce changes in the immune system. Despite
gold nanoparticles’ potential advantages for the treatment of
many cancers, the application of Au-NPs is limited due to their
incapacity to precisely target infected cells or cancerous cells



Optimization and evaluation of anticancer, antifungal, catalytic, and antibacterial activities 9

with a cytotoxic effect on both infected and healthy cells. The
I1Csq value of AuNPs@ PV against normal cell was 455 ug/mL.
Our previous research showed that a concentration of gold
nanoparticles that led to the death of cancer cells did not have
an inhibitory effect on the growth of normal cells. So, it can be
concluded that nanoparticles acted selectively (Shirzadi-
Ahodashti et al., 2020). Recently, Abd El-Moaty and his
coworkers prepared gold nanoparticles using aerial parts of
Pituranthos tortuous extract and evaluated their cytotoxic
activity on human colon carcinoma (HCT-116) and Hepato-
cellular carcinoma (HepG-2) cell lines using the MTT assay.
Their research showed that the growth of the HepG-2 and
HCT-116 was inhibited by 5 to 15 nm spherical gold nanopar-
ticles with an ICsy of 6.27 and 23.60 mg/mL, respectively
(Al-Radadi, 2021). In another study by Mmola ez al., biosyn-
thesized spherical gold nanoparticles by Algae Sargassum
incisifolium extract showed negligible toxicity against cancer-
ous (HT-29 and MCF-7) and non-cancerous (MCF-12a) cell
lines (Mmola et al., 2016). The anticancer activity of prepared
spherical gold nanoparticles using Backhousia citriodora as a
reducing agent against MCF-7 and HepG2 cancer cell line
were studied by Khandanlou et al. The ICsy values against
HepG2 and MCF-7 were reported as 108.21 and 116.65 ng/
mL, respectively (Khandanlou et al., 2018).

3.9. Catalytic performance

The photocatalytic performance of AuNPs@ PV for the decol-
orization of methyl orange (MO) was scanned under UV irra-
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diation. Owing to the characteristic of localized surface
plasmon resonance (LSPR) of AuNPs, these nanoparticles
can be regarded as a potential photocatalytic agent for the
destruction of industrial wastewater (Baruah et al., 2018). Fac-
tors that have a significant effect on the photocatalytic perfor-
mance of nanoparticles and determine their physical, chemical,
electronic, and optical properties include the surface charge of
nanoparticles, morphology, and particle size (Ebrahimzadeh
et al., 2020; Taghavizadeh Yazdi et al., 2019). The MO has a
characteristic peak in the area at 480 nm; after the addition
of AuNPs@ PV, the orange color of MO disappeared after
20 min and subsequently, the maximum absorption intensity
of MO slowly decreased, as depicted in Fig. 9a. In the absence
of AuNPs@ PV, no amount of MO was decolorized Fig. 9b.
The methyl orange decolorization efficiencies by AuNPs@ PV
were estimated at around 91.5 %. In the studies of Fadaka &
his coworkers, synthesized AuNPs using Pimenta dioica leaves
aqueous extract was able to reduce the intensity of the methy-
lene blue peak in the region of 664 nm within 2 min (Fadaka
et al., 2021). El-Borady et al., synthesized gold nanoparticles
by an eco-friendly method utilizing leaf extract of Phragmites
australis and reported its photocatalytic activity on methylene
blue. Their study showed that after the addition of biosynthe-
sized gold nanoparticles the blue color of methylene blue dis-
appeared after 1 min. The performance of this process can
be attributed to the small size of gold nanoparticles, which
leads to the creation of a large surface that helps the rapid
transfer of electrons between NaBH, and MO and ultimately
leads to the catalytic removal of MO (El-Borady et al.,
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Fig. 8 Cytotoxicity analysis of biosynthesized gold nanoparticles on AGS-3, MCF-7 and BEAS-2B.
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(a) Catalytic activity of gold nanoparticles on methyl orange reduction; (b) in absence of gold nanoparticles.
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2021). The results of the present study showed that the cat-
alytic performance of AuNPs@PV was excellent, which was
agreement with previous studies (Raj et al., 2020; Saravanan
et al., 2017). The proposed mechanism of methylene blue dye
decolorization using gold nanoparticles is described as follows:

AuNPs@QPV + UV AuNPs@QPJ™ + e~ (2)
h* + H,0 — OH (3)
e +0,— 0, 4)
OH + O, + Dye — decolorization (5)

4. Conclusion

This research presents a simple, fast, and single-step procedure
for bioreduction of Au" to Au® to the biosynthesis of AuNPs
using HAuCly-3H,0 and aqueous extract of Pistacia vera hull.
The spherical morphology and the elemental composition of
AuNPs@ PV were determined by TEM, FE-SEM micrograph
and EDS, respectively. The results of antibacterial studies
showed that AuNPs@ PV had a significant effect on ATCC
bacterial and clinical-resistant pathogens strains. Moreover,
AuNPs@ PV displayed remarkable anticancer efficacy against
AGS-3 and MCF-7 with ICs, values of 58.31 pg/mL and
148.1 pg/mL, respectively. The antifungal results showed that
AuNPs@ PV was able to inhibit the growth of Candida albi-
cans (IFRC1873) and Candida albicans (IFRC1874) strains in
quantities at 550 pg/mL and 137 pg/mL, respectively. In addi-
tion, the AuNPs@ PV catalyzed the decolorization of the anio-
nic dye (MO) with a percent of 91.5 % after 20 min under UV
light irradiation. Hence, the present study demonstrated eco-
nomical, effective, and multifunctional gold nanoparticles for
improved catalytic and therapeutic applications.
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