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For the first time in this study, gold nanoparticles (AuNPs) were biosynthesized by the eco-friendly and
cost-effective procedure using Presley leaf (Petroselinum crispum) extract then used as antioxidant,
anticancer, antibacterial and photocatalytic agents. Different four-volume of the extract 2.5 mL, 5 mL,
10 mL, and 20 ML named AuNPs(A), AuNPs(B), AuNPs(C) and AuNPs(D) were used to module the size
and shape of AuNPs. The prepared NPs were characterized by various techniques including UV-Vis
absorption spectroscopy, Transmission Electron Microscopy (TEM), dynamic light scattering (EDX), and

Ié?;;v‘r)lradrf;particles X-ray diffractometric (XRD). TEM imaging confirmed the formation of spherical, semi-rod aggregates,
Parsley and flower-shaped NPs. The reduction and stabilization effect of the plant extract to fabricate AuNPs were
Antibacterial explained by FTIR analysis. The four AuNPs provided high antioxidant ability, while AuNPs(D) was the
Anticancer best one. The NPs showed an emerging antimicrobial activity against two gram-negative microbes and

not effective against the gram-positive microbes. The photocatalytic capacity for degradation of methy-

lene blue dye was achieved after only one minute (the four samples have an equal effect). The AuNPs(D)

provide the best anticancer activity on the human cancerous colorectal cell line using MTT assay rather

than the other three AuNPs. The results spotlight for using Presley as a common cheap plant for

bio-fabricating AuNPs who possess huge multifunctional applications.

© 2020 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder
Technology Japan. All rights reserved.

Photo-catalytic

1. Introduction cation of the NPs. Thus, green chemistry approaches have already

been developed for the production of many NPs [10,11], due to

In recent years, AuNPs were among the most used nanostruc-
tures in several medical applications for diagnostic [1,2] and ther-
apeutic [3,4]. They also showed high potential as antibacterial
agents, those synthesized either chemically [5] or from plant
extracts [6]. Various synthetic routes such as chemical reduction
[2], photochemical reduction [7], electrochemical reduction [8],
and heat evaporation [9] have been employed for the preparation
of NPs. All these techniques produce metal NPs, but they are harm-
ful to human beings and have several disadvantages, such as high
process cost, high pressure, and a negative environmental impact
due to the usage of many toxic organic substances. For this reason,
there was a need to develop an eco-friendly process for the fabri-
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their simplicity, convenience, and eco-friendliness. The biogenic
and green synthesis of AuNPs using plants [12-15], microorgan-
isms [16], fungi [15] as well as algae [14] has been reported. The
AuNPs-mediated plant extract was provided for its huge biological
applications including antiparasitic [17], antioxidant [18], antibac-
terial [19], and anticancer [12] activities.

Parsley (Petroselinum crispum) is widely used as a garnish and
green vegetable, a food flavor and employed for many medicinal
purposes in various countries especially leaves that were utilized
as an antitussive, gastrointestinal disorder, dermatitis, exanthema,
macula, alphosis, hemorrhoid, kidney stone, otitis and diuretic
[20,21].

In previous studies, Parsley was manipulated for the prepara-
tion of silver [22], ZnO [23], and Selenium [24] NPs. Parsley was
found to be a rich source of iron and other minerals, vitamins (ri-
boflavin, beta-carotene, thiamin, and vitamins E and C), volatile
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oils, and fatty acids. Subsequently, those bioactive compounds may
serve as both reducing and stabilizing agents [25,26]. This was also
confirmed by Chaves et al. [27] and Farzaei et al. [21], who detected
that the aqueous extract of Parsley leaves contains the apigenin
(4',5,7,-trihydroxyflavone), cosmosiin (apigenin-7-0-glucoside),
oxypeucedanin hydrate (coumarin 2”,3”-dihydroxyfuranocou
marin), and apiinapigenin-7-0-apiosyl-(1 —) 2)-O-glucoside)
principally.

Hence, the present study was to utilize, for the first time a cheap
procedure for the production of AuNPs using Parsley leaf extract
without using other adding chemicals. The formation of NPs was
evident from several spectral and microscopic tools. Furthermore,
the efficiency of AuNPs for the reduction of the organic dye pollu-
tant methylene blue (MB), was examined. Simultaneously, the
antioxidant, antibacterial, and anticancer activity (against colon
cells) of the synthesized AuNPs was also investigated.

2. Materials and method
2.1. Materials

The Parsley (Petroselinum crispum) leaves (Fig. 1a) were freshly
collected from El Fayoum, Egypt. Gold (IIl) chloride tri-hydrate
(HAuCl4-3H,0) and 2,2-Diphenyl-1-picrylhydrazyl (DPPH) were
obtained from Sigma-Aldrich. Methylene blue dyes (MB) and
sodium borohydride (NaBH,) were purchased from Loba Chemie,
India. Deionized ultra-pure water (18 MQ.cm) was used for prepar-
ing all respective solutions.

2.2. Preparation of aqueous Parsley extract

Parsley leaves were washed several times with de-ionized
water to remove any dust, dried in the shade at room temperature
to avoid denaturing any active principles. 20 gm of the dried leaves
was stirred with 200 mL de-ionized water for 20 min at 90 °C. Next,
the final solution was cooled and filtered through a Whatman No. 1
filter paper. A transparent, yellow color broth solution was
obtained and kept at 4 °C for further use.

2.3. Biosynthesis of AuNPs by Parsley extract

The synthesis of AuNPs mediated by Parsley extract was based
on the reduction of Au®* to Au®. Four different AuNPs samples were
synthesized by using various amounts of the plant extract, 2.5 mL,
5 mlL, 10 mL, and 20 mL, and the samples are denoted as AuNPs(A),
AuNPs(B), AuNPs(C), and AuNPs(D), respectively with keeping the
molarity of HAuCl4-H,0 solutions at one mM in all solutions. In a
typical experiment, an aqueous solution of 1 mM of HAuCl,-3H,0
was placed in a clean Erlenmeyer flask, heated until boiling. At
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ebullition, the plant extract’s desired volume was added and was
left under vigorous stirring for two minutes. The colloidal solu-
tion’s color changed upon the addition of the plant extract imme-
diately (from yellow to blue, purple, green, and dark green for
extract volumes 2.5 mL, 5 mL, 10 mL, and 20 mL, respectively),
Fig. 1b, the color change confirms the formation of AuNPs (esti-
mated concentration for each sample was 200 pg/L). The Parsley
extract used in this method has a dual action: a reducing agent
(that reduces Au" ions to Au®) and a capping agent. The resulting
colloidal solutions of bio-mediated AuNPs were then stored at
25 °C for further characterization and applications.

2.4. Characterization

The morphology of the synthesized NPs (including nanoscale,
shape, and uniformity) was investigated by TEM microscope, (JEOL,
model JEM-2010) with an accelerating voltage of 200 kV, equipped
with Gatan Digital Camera (Model Erlangshen ES500), and their
size distributions and Zeta-Potential were evaluated by DLS spec-
troscopy (Malvern Zetasizer Nano ZS90 analyzer at 25 °C). The
optical absorbance of the as-prepared NPs solutions was measured
by UV-Vis Spectrophotometer (Shimadzu UV-2450 spectropho-
tometer, one cm wide quartz cells). The structural information
and types of functional groups from the extract that may be
involved in the synthesis and stabilization of AuNPs were obtained
by FTIR spectrophotometer (JASCO spectrometer) over the 4000 to
400 cm ! range. The NPs samples were blended with potassium
bromide (KBr) in a 1:100 ratio, compressed to a 2 mm disks using
a designed screw knot. The elemental composition of powdered
samples was determined by Energy-dispersive X-ray spectroscopy
(EDX) using a JEOL model JSM-IT100 scanning electron microscope
(SEM). The data on antioxidant properties were recorded on a Flu-
orescence Microplate Reader & Autosampler FP-8000 Series
(JASCO).

2.5. The assessment of antioxidant efficiency

The free radical scavenging potential of the plant extract and
prepared NPs were assessed using DPPH, according to Guntur
et al. method [28]. Briefly, one mL of the as-synthesized AuNPs
solution was mixed with 1000 pL of DPPH (0.2 mM). A DPPH solu-
tion without NPs was also examined and utilized as a negative con-
trol. Additionally, the test was also made on two-fold-diluted
solutions of each sample. After that, the DPPH solutions were
blended for 20 min at ambient temperature in a dark condition.
At the end of the incubation period, the radical concentration
was determined by following the reduction in its absorbance
percentage at a specific wavelength of 517 nm. The scavenging

Fig. 1. (a) photo image for collected Parsley leaves; (b) photo image for the leaf extract and synthesized AuNPs.
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efficiency was expressed as the inhibition percent of DPPH radicals,
and it was calculated according to the following equation:

Inhibition percent of DPPH radicals

= (Control absorbance — — sample absorbance)/
(Control absorbance) x 100

(1)

2.6. The antimicrobial assays

The in vitro antibacterial potential of the four bio-inspired sus-
pensions AuNPs and the free plant extract was evaluated against
four human pathogenic bacteria: two gram-positive bacterial
strains (Bacillus subtilis and Enterococci faecalis) and two gram-
negative bacterial strains (Escherichia coli and Enterobacter lud-
wigii) using Agar well-defined procedure. The solidified agar
(Mueller Hinton Agar (MHA) plates were streaked for each bacte-
rial strain’s one-day culture. Subsequently, each plate was swept
by using a sterilized cork borer to form wells (9 mm in diameter).
Following that, 100 puL of an aqueous solution of each NPs sample
was added into the created wells. The NPs solutions were left to
diffuse into the agar for a few minutes, and then the plates were
maintained carefully for 48 h incubation at 37 °C. After incubation,
the zones of inhibition (the clear area around the wells) surround-
ing the discs indicated the antibacterial activity was measured in
mm and tabulated.

2.7. The photocatalytic activity

The photocatalytic activity of AuNPs was assessed by investi-
gating the reduction of MB dye via NaBH,4, whereas the biologically
as-synthesized AuNPs were utilized as a catalyst at 25 °C under
solar light. The procedure started by adding 2.5 mL of
0.08 mM MB dye solutions in a one cm path length quartz cuvette.
Then, 0.5 mL of freshly prepared NaBH, (0.06 M) solution was
added to the dye solution, followed by the addition of 0.5 mL of
colloidal AuNPs. Afterward, the solution was subjected to solar
light under gentle stirring. Another sample was prepared using
the same procedure, but it was free from NPs (this sample was
used as a reference to prove that the reduction was enhanced
due to the presence of NPs). The dye’s reduction reaction was mon-
itored by recording changes in the MB absorption after one minute
using the following equation:

Degradationrate (%) = (Co— C)/Co x 100 (2)

While, Cy = initial concentration of dye, C = the concentration of
dye upon irradiation.

2.8. The anticancer studies

The MTT assay was used to determine the cytotoxic effect of the
Parsley leaf extract and its four bio-synthesized AuNPs at various
concentrations (200, 100, 50, 25, and 12.5 g/mL) on the human col-
orectal cell line.

2.8.1. Cell culture protocol

COLO- 201 colorectal colon, adenocarcinoma carcinoma cell line
was delivered from Vascera cells and cultured using DMEM (Invit-
rogen/Life Technologies) supplemented with 10% FBS (Hyclone),
10 ug/mL of insulin (Gibco), and 1% penicillin-streptomycin
(Gibco). All of the other chemicals and reagents were from Gibco,
Germany. In a 96-well plate, a cell density with approximately
1.2 - 1.8 x 100,000 cells/well was completed by a volume of
200 pL of growth medium and + 200 pL of the tested materials
for 24 h before the MTT assay.
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2.8.2. Cell counting and cell viability ‘Trypan blue’ by hemocytometer

The total number of cells was determined by counting these
cells with a hemocytometer. Briefly, ten of the harvested cells were
added to the hemocytometer, and then the chamber was placed in
an inverted microscope under a 10X objective. After that, the cells
were counted and multiplied by 10* to estimate of the total num-
ber of cells per mL. Then, for every 0.1 mL of cells, 0.1 mL of trypan
blue solution in buffer was added. To evaluate the total number of
dead cells, the sample was loaded on the hemocytometer under
low magnification, and the viable cells were counted using the fol-
lowing equation:

% of viable cell =[1.00 — —

(number of blue cells/Number of total cells)] x 100 (3)

The number of viable cells/mL of the culture was estimated by
using the following formula: Number of viable cells 10*
x1.1 = cells/mL culture

2.8.3. Cell cytotoxicity assay

The MTT assay was carried out using the CellTiter 96 solution
(Promega, Germany). An amount of 20 L of CellTiter® AQueous
one solution reagent was added over each well of the 96-well assay
plate that was previously filled with 100 pL of culture medium.
Afterward, all the plate was incubated for 1-4 h at 37 °C in a
humidified incubator, under a 5% CO, atmosphere. At the end of
the incubation period, the absorbance of the solutions was mea-
sured at a constant wavelength of 570 nm using a 96-well Plate
Reader. Also, the ICsq value (concentration required to reach 50%
inhibition of viability) was determined for each sample.

3. Results and discussion
3.1. Spectral, morphological, and structural characterization

3.1.1. Synthesis of AuNPs and UV-Visible spectroscopy

The green synthesis of AuNPs using environmental and non-
toxic chemicals is the current approach. One of the most frequently
used materials in green synthesis is the plant extract, which con-
tains functional groups that can reduce Au>* to Au®. Since Parsley
extracts contain several reducing groups, this may cause the for-
mation and stabilization of AuNPs dispersions with quite diverse
morphology. Through the current research, we study the influence
of size and shape of NPs by changing the volume of leaf extract,
thus, four plant extract volumes were applied for the reduction
of Au*" into Au®.

The addition of Parsley extracts to HAuCl, aqueous solutions
leads to rapid color changes of the mixtures, from light yellow to
various ranges of colors from light purple to dark green, depending
on the added amount of the plant extract. Obtaining different col-
ors are reflecting the formation of NPs of different sizes and shapes.
One of the most distinguishing features of metal NPs is their opti-
cal property. Furthermore, the formation of metal NPs can be
ascertained by monitoring the appearance of the Surface Plasmon
Resonance (SPR) band in the absorption spectrum of the aliquot
of the metal NPs such as gold and silver NPs [29]. The position
and shape of the SPR band depend on the morphology of the NPs
[30]. Fig. 2 exposes the absorption spectra measured for the pure
Parsley extract and the four colloidal solutions of AuNPs. The
absorption spectrum of pure plant extract exhibited two sharp
bands in the UV-region, centered at 266 nm and 336 nm, two val-
ues that are consistent with the findings of earlier studies [31] for
Parsley. A distinguishable decrease in those two bands was
recorded in the parsley-mediated AuNPs spectra, according to the
amount of the used plant extract. Besides, the absorption spectra
of the AuNPs(A), AuNPs(B), AuNPs(C), and AuNPs(D) showed the
SPR bands at 547 nm, 572 nm, 627 nm, and 585 nm, respectively.
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Fig. 2. UV-Visible absorption spectra for plant extract and the four synthesized colloidal solutions of AuNPs.

The increase in the extract volume resulted in the broadening of
the SPR band, suggesting the formation of a broad distribution of
NPs morphologies that was also detected by TEM analysis. Such
results also coincided with previous results [32], which suggests
the narrower SPR bands refer to the formation of smaller AuNPs
in size, while broader SPR bands indicate a large size of AuNPs
[33]. It was noticed that the AuNPs(C) spectrum looks as if two
bands fused into each other, as previously seen for short rod-
shaped NPs [30]. The frequent appearances of SPR at different
wavelengths for the four NPs samples prove that they were in dif-
ferent sizes and shapes, which will be viewed in the TEM images.

3.1.1.1. High resolution Transmission electron microscope (HR-TEM).
The morphological features of the fabricated AuNPs, such as shape
and size, were observed by HR-TEM microscopy analysis. Fig. 3 (a),
(b), (c), and (d) show the typical TEM images obtained for the
AuNPs(A), AuNPs(B), AuNPs(C), and AuNPs(D) samples,
respectively. The AuNPs(A) particles were found to be of uniform
spherical shape, with a narrow size distribution centered at
approximately 17 nm. The TEM images of AuNPs(B) show

agglomerates of deformed spherical NPs, size between 20 and
40 nm. AuNPs(C) particles are multi-shaped with a size around
50 nm; also, most of the particles tend to be coupled and look like
rods instead of spheres (similar information was deduced from the
shape of the SPR band of this sample). Finally, AuNPs(D) showed
agglomeration of small particle groups to form larger agglomer-
ated particles with size (80 nm).

As a conclusion form TEM imaging, the most homogenous and
has the best size distribution is AuNPs(A) that was prepared by
the least amount of plant extract. The obtained results is matched
with Lade, B.D., and Shanware [34], who advised using 1, 2, 3, 4,
and 5 mlL, since less volume is required for nanoscale particle syn-
thesis. The diversity in particle shape and size is attributed to the
difference in the amount of the plant extract added during the syn-
thesis, this was confirmed by previously study for AuNPs prepared
by Hibiscus rosa Sinensis [35].

The selected area electron diffraction (SAED) images of
AuNPs(A), AuNPs(B), AuNPs(C), and AuNPs(D) were displayed in
Fig. 3 (e), (f), (g), and (i), respectively, demonstrating their
crystallinity [36].

Fig. 3. (a-d): TEM images at different magnification scales and different spots for AuNPs(A), AuNPs(B), AuNPs(C), and AuNPs(D), respectively. (e-h): their diffraction pattern,

respectively.
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3.1.1.2. Energy dispersive X-ray microanalysis (EDX) analysis. EDX
analysis of free plant and the four synthesized AuNPs represented
in. Fig. 3 (a,b,c,d,e), supplementary information. The free plant EDX
chart recorded several peaks attributed to carbon, oxygen, nitro-
gen, and potassium elements plus other minerals, as reported ear-
lier for Parsley [37]. On the other hand, several identified strong
lines corresponding to the gold element were detected for the
major emission energies in all NPs samples, demonstrating the
presence of AuNPs. Furthermore, weaker contributions due to car-
bon and nitrogen elements were detected, assigned to the residual
plant biomolecules [38] that serve as capping agents for the AuNPs.

3.1.1.3. The fourier transformed infrared spectroscopy (FTIR). FTIR
spectroscopy was used to identify the functional group and biomo-
lecules available in the plant extract that has a role as reducers and
stabilizers. Fig. 4a, the FTIR spectrum of the free extract contains
major peaks located at 3449 cm~! (O—H stretching vibration),
2927 cm™! (C—H stretch), 1646 cm~! (C-O symmetric stretch)
[39],1410 cm™!, and 1085 cm~! (C—N stretch vibration of aliphatic
amines) [40]. The presence of functional groups like C-N, C—O0,
0—H, and N—H suggests the presence of flavonoids apigenin, quer-
cetin, oxypeucedanin hydrate, cosmosiin, and apiin, as reported
previously [21], in the aqueous extract of parsley leaves. It can

3.5
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be speculated that these moieties play the main role in the bio-
reduction of the process for gold ions [41] to form AuNPs. More-
over, in an earlier study, Li et al. [42] reported that the presence
of the hydroxyl and carboxyl ions in biomolecules could develop
protective layers at the surface of the NPs. Accordingly, such pro-
tective layers can help in the formation of stabilized NPs, and the
plant can act as a stabilizing agent.

The FTIR spectra of the four AuNPs samples showed similar
peaks at 3400 cm~' (O—H stretching vibration), 2927 cm™! (C-H
stretch), 1631 cm™! (C=0 stretch), 1410 cm~! (C—C stretch),
1085 cm ™! (C—N stretch vibration of aliphatic amines), and several
other peaks in the 600-400 cm~! range which is characteristic of
metal bonds.

It was observed that the peak related to phenolic hydroxyl
groups was shifted to lower wavelength values and was more
intense in the four NPs than in the free plant extract. This may
be ascribed to the binding of AuNPs to the plant’s surface through
OH moieties present in the plant. Furthermore, the C=0 stretch
bands were relatively blue-shifted, indicating a possible linkage
to Au particles via hydrogen bonds of these groups. Subsequently,
it is concluded from the FTIR analysis that gold ions were reduced
via the plant extract and bound to it through OH and/or C=0
groups Fig. 4b.
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Fig. 6. The DPPH radical scavenging activity of synthesized AuNPs(A), AuNPs(B), AuNPs(C), and AuNPs(D).

3.1.2. Zeta-Potential and dynamic light scattering analysis

The zeta potential was performed to measure the colloidal sta-
bility and surface charge of the synthesized AuNPs. The zeta poten-
tials of AuNPs(A), AuNPs(B), AuNPs(C), and AuNPs(D) are —15.4,
—8.75, —19.5 and —6.56 mV, respectively, Fig. 2 supplementary
information. These highly negative zeta potential values describe
the presence of the bioactive compounds with a negative charge
on the NPs surface, providing an efficient stabilization of Bio-
AuNPs [43], which is also matched with the IR findings [44].

The DLS was used to determine the particle size distributions,
this technique is based on the measurement of the time-
dependent fluctuations of the scattering of light by NPs undergoing
the Brownian movement [45]. The DLS AuNPs(A), AuNPs(B), AuNPs

= Bacillus subtlis
u Escherichia coli

(C), and AuNPs(D) are 134, 110, 840 and 712 nm, respectively,
diagrams Fig. 3 supplementary information. The polydispersity
(PDI) was found to be 0.509, 1.0, 0.868, and 0.620 for AuNPs(A),
AuNPs(B), AuNPs(C), and AuNPs(D), respectively. According was
to AuNPs(A) sample displayed the highest polydispersity.

3.2. The AuNPs Photocatalytic potential for reduction of methylene
blue (MB)

The water treatment from contamination with organic dyes is a
formidable challenge nowadays. We selected MB for our study
because MB is one of the most used organic dyes in many
industries, and its residual in wastewater is considered as toxic
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Fig. 7. The zones of inhibition against different bacterial strains of AuNPs(A), AuNPs(B), AuNPs(C), and AuNPs(D).
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Fig. 8. Cell viability (%) of the plant extract and AuNPs(A), AuNPs(B), AuNPs(C), and
AuNPs(D) on human colorectal cancerous cell line.

contamination. The MB was extensively used in the industry as a
redox indicator [46,47] and the traditional tools to withdraw it
from wastewater was to use a reducing agent such as NaBH,4 that
generates hydrogen gas by a hydrolysis reaction in aqueous solu-
tion. The present study examines the catalytic activity of AuNPs
in the presence of NaBH,. It is well known that the absorption
spectrum of MB has a Amax value at 664 nm ascribed to the
n — 1* transition and another shoulder peak at 614 nm [48]. This
peak decreases gradually in the presence of NaBH4 due to the for-
mation of the reduced form called leucomethylene blue (LMB) [49].
Nevertheless, it was found that the reduction rate by NaBH, was
prolonged and it took time. AuNPs have been used as catalyzing
agents in recent studies because they can reduce the redox poten-
tial to more negative values [50,51] to enhance and facilitate the
transfer of electrons (e~) from BHz ions to the MB dye to form
LMB [52]. We investigated the MB reduction in the presence of
NaBH, and green-fabricated AuNPs by monitoring the degradation
of the absorption peak at 664 nm. The resulting absorption spectra
is plotted in Fig. 5. It was observed that upon the addition of any
sample from four prepared AuNPs to the MB and NaBH, solution,
the solution’s blue color disappeared. The intensity of the peak at
664 nm completely disappeared after one minute and only the
SPR band of AuNPs appeared (inset of Fig. 5), confirming that the
AuNPs served as an active catalyst for MB reduction. This matched
with early obtained [53]. Following the control sample (NaBH4
solution without any AuNPs), a 65% reduction was obtained after
ten minutes and it remained unchanged for 20 min. Accordingly,
a clear improvement and enhancement were obtained due to the
addition of the AuNPs (the four samples have equal catalytic effect
towards MB degradation).

3.3. The antioxidant activity

It was reported that during numerous biological processes, a
reactive oxygen species and other free radicals might be formed
and released, causing pathogenicity [54,55]. The antioxidant activ-
ity is a concept referring to the formation of non-reactive and
stable radicals through the inhibition process of the oxidation of
any molecules. This is achieved by preventing the initiation step
in the oxidative chain reactions. Therefore, much effort was imple-
mented to find an antioxidant agent that obstructs or prevents this
oxidative damage [56]. It was shown recently that AuNPs have sig-
nificant antioxidant potential, especially those prepared via a green
method [38,57,58] and it depends on the properties of various phy-
tochemicals encrusted at the surface of the NPs [59]. Herein, the
antioxidant capability of the biosynthesized AuNPs samples (as
prepared and after dilution) was estimated using DPPH (Fig. 6).
All AuNPs samples were found to possess good quenching for DPPH
radical scavenging activity when used as it is or after dilution.

4397

Advanced Powder Technology 31 (2020) 4390-4400

Furthermore, the maximum percentage achieved was ordered as
AuNPs(D), AuNPs(C), AuNPs(B), and the lowest value was for
AuNPs(A); that is, as the volume of the mediated plant increased,
the antioxidant effect increased. When the NPs were diluted to
one fold, their antioxidant activity was retained. However, after a
two-fold dilution, only samples AuNPs(C) and AuNPs(D) showed
a low percentage of inhibition (the antioxidant activity of AuNPs
was dose-dependent).

The antioxidant activity of synthesized AuNPs may be attribu-
ted to their secondary metabolite, including fiber, Apiin compound,
essential oil, and different phenolic, flavonoid moieties found in
the plant extract. As shown before Fig. 4, those substances may
bind to the AuNPs surface as capping agents and provide an excel-
lent antioxidant activity [60]. Furthermore, Tang et al., [61] dis-
cussed the scavenging potential of Parsley extract and attributed
this activity due to the presence of phenolic compounds in Parsley,
since these compounds can readily donate hydrogen atoms to the
radical. Moreover, Farzaei, et al [21], attributed the antioxidant
activity of the Parsley leaves due to the Apigenin compounds that
are considered as the main component in leaves. The antioxidant
effect of the currently prepared AuNPs from Parsley could be uti-
lized in various applications such as natural health prevention [62].

3.4. Antimicrobial activity

The synergistic in vitro antibacterial activity of the four fabri-
cated bio-mediated samples (AuNPs(A), AuNPs(B), AuNPs(C), and
AuNPs(D)) compared to the free plant extract was put into evi-
dence against four pathogenic microbial strains including two
gram-positive (Bacillus subtilis and Enterococci faecalis) and two
gram-negative bacteria (Escherichia coli and Enterobacter ludwigii).
The antibacterial efficacies were investigated by evaluating the
mean inhibition zone (mm) that was tabulated in Table 1 supple-
mentary information and drawn in Fig. 7. It has been demonstrated
that metal NPs such as silver and AuNPs [63,64] exhibit anti-
candida and microbial potential, especially those synthesized by
using a green process [65] whereas the antimicrobial activity is
dependent on the method of synthesis, shape, size and concentra-
tion of the generated NPs [66]. They can severely inhibit a lot of
pathogenic strains, by interfering constructively with bacteria via
different mechanisms; (1) antibacterial mechanism through direct
contact occurs by adhesion of NPs onto the surface of the cell wall
and penetration to it and (2) ion-mediated killing [67].

As presented in Fig. 7, the plant extract alone was inert and had
no activity to prevent the growth of the different examined bacte-
rial strains. However, AuNPs were active only against tested gram-
negative bacteria. AuNPs(A) has prevented the growth of only one
of the tested bacteria (Escherichia coli) (a significant zone of inhibi-
tion close to 6.4 mm was measured). AuNPs(B) and AuNPs(C) were
found active against Escherichia coli and Enterobacter ludwigii (inhi-
bition zones of 4 mm, 2 mm and 3.2 mm, 5 mm, respectively). Fur-
thermore, AuNPs(D) were found active against Enterobacter
ludwigii (a 6.4 mm zone was measured), which was higher than
the activity of AuNPs(B) and AuNPs(C). None of the fabricated
AuNPs showed any inhibition activity against tested gram-
positive bacteria strains. This was attributed to the fact that the
gram-negative bacteria possess a thinner cell wall in comparison
to the gram-positive bacteria as rigid peptidoglycan layers on its
surface that preventing the entering of the NPs, so the AuNPs have
a durable electrostatic attractiveness towards the negatively
charged bi-layer, thereby facilitating the diffusion of AuNPs and
cell lysis [68]. Similar results were observed on AuNPs prepared
using Solanum nigurum leaves [67]. In the present study, the
antibacterial inhibition mechanism by biosynthesized AuNPs may
start by binding the polyphenols present in the extract with the
protein that exists in the microbes. It changes the membrane
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potential then reduces the synthase activity of adenosine triphos-
phate. Hence, the metabolism process gets reduced. Secondly, the
biological mechanism is collapsed by declining the subunit of the
ribosome for tRNA binding. The capping agent’s binding feature
supports the insertion of metal NPs to the inner core of the cells
of microbes. At the same moment, they proved to be less toxic to
mammal cells, which makes the green synthesis a remarkable
one [69].

3.5. Cytotoxicity assessment

Previous reports suggested that AuNPs fabricated by green pro-
cesses maintain the significant capacity to suppress the growth of
the cancerous cells and were potent to work as bio-medical anti-
cancerous agents [12,70]. This is why we investigated the in vitro
cytotoxicity of the four green synthesized AuNPs samples and com-
pared them to the activity of the pure plant extract through MTT
assay on human colorectal cell line (CO-II). In a typical experiment,
the CO-II cells were continuously exposed to different concentra-
tions of samples (200, 100, 50, 25 and 12.5 g/mL) for 44 h. The per-
centage of the viable cells was found to decrease in proportion to
the volume of the sample used. The cytotoxicity results obtained
by measuring the OPD were tabulated in Table 2 supplementary
information. The percentage of cell viability of the different samples
was plotted in Fig. 8. The 50% minimum inhibitory concentration
(ICs0) was determined as 89.1, 56.83, 71.51, 71.16, and 84.39 for
the pure plant extract and AuNPs(A), AuNPs(B), AuNPs(C), and
AuNPs(D), respectively. The highest cytotoxicity was provided by
AuNPs(A) may be due to its tiny size. Typically, smaller NPs have
high anticancer effect due to the larger surface area of smaller
NPs.These results evidenced a remarkable and strong therapeutic
anticancer potential of the synthesized NPs. In 2018, Khalil et al.
[71] attributed the cytotoxicity effect of the green synthesized
AuNPs to the generation of free radicals (ROS). A similar activity
was achieved when treating HEK293 cell lines using AuNPs [12].

4. Conclusion

In summary, AuNPs were successfully biosynthesized by an
inexpensive, fast, and safe approach, using Parsley leaves, without
the use of any toxic chemicals. Four different AuNPs samples were
prepared using different volumes of the plant extract. EDX achieved
the formation and presence of AuNPs. Besides that, TEM imaging
revealed that these AuNPs have spherical, semi-rod, or flower
shapes, depending on the amount of the extract used while AuNPs
(A) has the most homogeny in size and shape and highest polydis-
persity as detected from DLS. Moreover, FTIR analysis suggested
that the surface of AuNPs is covered by biomolecules found in the
plant extract such as protein and polyphenols. These species con-
tribute to the stabilization of the NPs as confirmed from the negative
charges detected from zeta potential. These AuNPs have demon-
strated an excellent catalytic activity for the degradation of MB.
Additionally, AuNPs(D) displayed the most potent antioxidant
potential. Also, an antibacterial inhibition was evident against two
gram-negative pathogenic. Furthermore, AuNPs(A) has proven the
best anticancer efficiency towards human colon cancer cells
(HCT116). The overall results demonstrate the potential of such
multifunctional NPs to be used in a wide spectrum of biomedical
applications.
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