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Abstract: Fast, simple, and environmentally friendly gold
nanoparticles (Au-NPs) capped and stabilized with black
cumin (Bunium persicum) seed alcohol extract are reported.
The aqueous gold ions (Au>*) were treated with B. persicum
(BP) seed extract, which resulted in a rapid color change to
red, indicating the synthesis of Au-NPs. UV-Vis spectro-
scopy, FTIR, SEM, energy dispersive X-ray (EDX), and
X-ray diffraction (XRD) techniques were used to further
characterize the Au-NPs. Its stability was assessed against
various pH levels and sodium chloride levels (NaCl), dif-
ferent salts of same concentration as well as at a range of
temperature (30-100°C). The UV-Vis spectrum in the Au-
NPs produced a 540 nm plasmon surface resonance, and a

* Corresponding author: Abdur Rauf, Department of Chemistry,
University of Swabi, Swabi, Anbar, KPK, Pakistan,

e-mail: mashaljcs@yahoo.com

Omar Bahattab: Department of Biology, Faculty of Science,
University of Tabuk, Tabuk, Saudi Arabia

Ibrahim Khan, Muhammad Nasimullah Qureshi: Department of
Chemistry, University of Swabi, Swabi, Anbar, KPK, Pakistan

Sami Bawazeer: Pharmacognosy Department, College of Pharmacy,
Umm Al-Qura University, Makkah, Saudi Arabia

Yahya S. Al-Awthan: Department of Biology, Faculty of Science,
University of Tabuk, Tabuk, Saudi Arabia; Department of Biology,
Faculty of Science, Ibb University, Ibb, Yemen

Naveed Muhammad: Department of Pharmacy, Abdul Wali Khan
University, Malakand, KPK, Pakistan

Ajmal Khan: Natural and Medical Sciences Research Center,
University of Nizwa, P.O. Box 33, Birkat Al Mauz 616, Nizwa, Oman
Muhammad Akram: Government Post Graduate College Charsadda,
Charsadda, KPK, Pakistan

Mohammad Nazmul Islam: Department of Pharmacy, International
Islamic University Chittagong, Chittagong, 4318, Bangladesh
Talha Bin Emran: Department of Pharmacy, BGC Trust University
Bangladesh, Chittagong, 4381, Bangladesh

25-50 nm range of particulates was shown in the SEM ana-
lysis. In addition, the FTIR spectra confirmed the inclusion
in the capping and decrease of Au-NPs of amines, amide
groups, and alcohols. The EDX analysis confirmed the pre-
sence of element Au. Furthermore, Au-NPs were tested for
enzyme inhibition and antibacterial and antifungal activ-
ities and showed remarkable response. These findings have
concluded that BP seed extract is an effective bio-reductant
of gold nanoparticle synthesis, which can be further applied
in different biomedical and pharmaceutical industries.

Keywords: Bunium persicum, gold nanoparticles, stability
of Au-NPs, antimicrobial, enzyme inhibitory activity

1 Introduction

Gold and silver nanoparticles in particular attracted sig-
nificant attention in sensing, imaging, and biomedical
devices [1]. Nanoparticles were synthesized using a variety
of physical and chemical methods, all of which produce a
large number of hazardous by-products. Nanotechnology
has a gradually significant role in improving the design
and performance in areas such as biomedical, electro-
nics, equipment, agriculture, food, energy, and cosmetics
and energy. Scientists and researchers in this field were
attracted to the development and utilization of nanotools
in a broad field in order to achieve numerous goals [2]. In
the last few decades, nanotechnology obtained remarkable
importance due to its application in catalytic, optical,
electronic, and medicinal fields [3]. The application of
nanotechnology in medicinal science is of most impor-
tance due to its beneficial impact on human as well as
animal and plant health. Controlled drug delivery [4],
tissue engineering [5], tumor detection and destruction [6],
electroluminescence [7], drug and disease sensors [8,9],

8 Open Access. © 2021 Omar Bahattab et al., published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0

International License.

3


https://doi.org/10.1515/gps-2021-0041
mailto:mashaljcs@yahoo.com

DE GRUYTER

and diagnosis of cancer through MRI [10] are some
examples of nanoparticle application in medical fields.
Catalyst has gained popularity in recent decades, par-
ticularly in academic and commercial synthetic pro-
cesses. Interestingly, the confluence of nanoscience and
chemistry led to nanocatalysts where many organic
chemists were extremely intrigued to the vast surface
areas and wide catalytic capabilities in a variety of
catalytic actions [11,12]. Therefore, nanoparticle addi-
tives are proposed to avoid at least many of the detri-
mental effects of conventional stabilization methods
due to their distinctive features as an emerging alter-
native stabilizer [13]. Currently, different techniques are
applied for the synthesis of nanoparticles, including
microwave-assisted synthesis [14], chemical and photo-
chemical synthesis protocols [15], reduction in solution
[16], and electrochemical synthesis route [17].

Green nanotechnology, a revolutionary branch of
nanoscience, has developed into a significant study sub-
ject in various fields, including biology, water purifica-
tion, and medicine [18,19]. Green chemistry principles
are being used for the synthesis of nanomaterials, which
is a relatively new emergent challenge in terms of sus-
tainability. Metal and metal oxide nanoparticles have
gained considerable interest in recent decades due to
their several favorable features, including catalytic, optical,
magnetic, and electrical properties [20,21]. The green
synthesis of nanoparticles through eco-friendly synthesis
methods is gaining attention among researcher commu-
nity because they do not require high pressure, tempera-
ture, and toxic chemicals. In green nanotechnology,
metal nanoparticles have been synthesized by the use
of microorganism and macroorganism. The microorga-
nisms that are used for the synthesis of metal nanopar-
ticles are bacteria [22] and fungi [23], and plant extracts
[24] are used for the synthesis of green nanoparticles.
These biologic systems have the ability to synthesize
nanoparticles in safe, easy, and economical way. Studies
have found that many microorganisms can produce
inorganic metallic nanoparticles including gold, silver,
alloy, and others through either intracellular or extracel-
lular routes. Fungus Fusarium oxysporum, Verticillium
sp., and actinomycete synthesized gold nanoparticles
extracellularly. Monodisperse gold nanoparticles have
been synthesized by using alkalotolerant Rhodococcus
sp. under extreme biological conditions like alkaline
and slightly elevated temperature conditions. Gold
nanostructures in different shapes (spherical, cubic,
and octahedral) can be synthesized by filamentous
cyanobacteria from Au(r)-thiosulfate and Au(m)—-chloride
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complexes. Bacterium Pseudomonas stutzeri AG259 can
be used to synthesize silver nanoparticles. Magneto-
tactic bacteria can synthesize intracellular magnetic
particles of both iron oxide and iron sulfides. The
palladium nanoparticles could be synthesized by the
sulfate-reducing bacterium, Desulfovibrio desulfuricans,
and mercury nanoparticles can be synthesized by
Enterobacter sp. [25]. A large variety of secondary meta-
bolites such as proteins, amino acids, polysaccharides,
enzymes, vitamins, and organic acid are included in
the extracts for metal NP biosynthesis, which helps to
reduce metal ions and stabilize the NPs. HAuCl, which
dissociates into Au®* ions, whereas AuCl dissociates into
Au", is one of the precursors of Au reduction. As Au* is
far less soluble than Au®*, it was not so widely exam-
ined. However, its solubility can be increased by the
formation of coordination complexes with alkenes, alka-
nethiols, alkylamines, alkylphosphines, and various
anions. Research has demonstrated that, in the early
phases of Au* biofabrication, the Au® concentration
originally increased but then declines when Au® began
to emerge, suggesting that Au’* is first converted to
Au* and subsequently to Au®. It was believed that
the reduction from Au* to Au® is a single-phase pro-
cess, compared to many chemical transformations from
Aw’* to Au® [26]. In the current study, Kala zeera
(Bunium persicum Bioss.), in Figure 1, was used for the
synthesis of Au-NPs. This plant material was selected
based on its indigenous medicinal importance and use
[27]. The high qualities of BP herbal spices are widely
used for culinary, perfume, and carminative industries
[28], while its medicinal value is represented world-

Figure 1: Black cumin (Bunium persicum) seeds.
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wide with various names. B. persicum seeds are used
for stimulants and carminatives and are used by indi-
genous people to treat diarrhea and dyspepsia [29],
while the extracts are hypoglycemic and can be used
for the treatment of diabetes and obesity. The ripe zeera
seeds contain an essential oil content of monoterpene
aldehyde (5-14%). The primary components include
cumin aldehyde, p-mentha-1, 3-dien-7-al, p-mentha-1,
and 4-dien-7-al [30-32]. The use of plant-based nano-
particles for the removal of toxic materials from waste
water has the benefit of being of eco-friendly nature,
easy to be synthesized, and readily accessible substrates.
Wastewater generated from industrial processes contains
various toxic compounds such as dyes, phenolic com-
pounds, antibiotics, pesticides, detergents, and spent pet-
roleum products [33,34]. Current treatment methods like
activated carbon adsorption, microbial degradation, photo
catalytic degradation, electro-Fenton method, electro coa-
gulation, and electrochemical treatment are not efficient for
the complete removal of these toxic substances [35]. This
research was intended to synthesize green Au-NPs for their
antibiotic, antifungal, and catalytic application.

2 Materials and methods

2.1 Materials

Dry seeds of black cumin (B. persicum) were obtained
from local market. The analytical grade was uncovered
for all chemicals and reagents in this study. Hydrogen
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tetrachloroaurate trihydrate (HAuCl,-3H,0), methanol,
and sodium chloride were obtained from Merck, Germany.

2.2 Extraction

Known weight (1,000g) of dry seeds of black cumin
(B. persicum) was soaked in 2L of alcohol/methanol
for 7 days followed by rotary extraction. The methanol
extract was concentrated at 50°C to produce a dark-brown
residue under reduced pressure. Around 1 g of the obtained
extract was diluted with 100 mL of deionized distilled water
and stored in a refrigerator at 5°C for further use.

2.3 Synthesis of gold nanoparticles

Different ratios of 1 mM HAuCl, and black cumin extract
were used to synthesize Au-NPs. In a typical method, a
known amount of black cumin extract was added to 1 mM
warm gold solution (HAuCl,) under vigorous stirring
for 4h. Stirring was stopped when the color shifted
from yellow to red and then dark red as shown in
Figure 2.

2.4 Kinetic study and stability of Au-NPs

In order to find the time-dependent synthesis of Au-NPs,
kinetic study was performed. In such study, samples were

Figure 2: Color change of Au-NPs of Black cumin (Bunium persicum) synthesis with time. (a) Gold solution, (b) initial mixing of gold solution

and extract, (c) after 30 min, (d) after 4 h.
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drawn from reaction mixture after a certain interval of
time and UV data were recorded periodically. The stabi-
lity of Au-NPs was checked through varying the para-
meter conditions like pH, type of salt, concentration,
and temperature. The pH of Au-NP solutions was adjusted
between 2 and 14, due to the drop-wise addition of 1M
HCl or NaOH solution. The effect of sodium chloride
(NaCl) on the stability of Au-NPs was determined by
adding (1mL) 0.1-1.5M NaCl to the biosynthesized
Au-NPs (2mL). Similarly, the effect of other salt with
same concentration (0.1M) was also checked. UV-Vis
spectrum was obtained after each treatment. The tem-
perature effect on the stability of Au-NPs has been
examined each time by heating Au-NPs for 30 min at
30°C, 50°C, and 100°C in the water bath [36].

2.5 Catalytic activity of Au-NPs

Reaction studies were carried out to check the catalytic
action of synthesized Au-NPs. In the presence of NaBH4
and Au-NPs, aqueous methylene blue (MB) is reduced
to Leuco MB (LMB). Au-NPs act as electron relay and
initiate shifting of electron from BH; ion (donor B,H,/BH})
to acceptor (acceptor LMB/MB) and thus causing reduc-
tion of the dye. The maximum absorption in aqueous
media is 664 nm and the shoulder peak 615 nm. The reac-
tion was observed with UV-Vis spectroscopy at room
temperature and ranges from 200 to 700 nm [37].

2.6 Antibacterial activity

The activity of BP and Au-NPs was carried out using the
agar well diffusion method [38]. A medium for the anti-
microbial activity was Mueller—Hinton Agar. After that,
1mL of the broth inoculums of the test bacteria was
applied with the help of sterile micropipette and spread
equally by the sterile rod spreader of glass, and at room
temperature, plates are allowed to dry. Each well plate
was subsequently bored 6 mm in diameter. The samples
with 66 pL of DMSO (3 mg/mL) were added to each well
using sterilized micropipette and permitted for diffusion
for 2 h. Specified quantities of both of the tested samples
were used. Then the plates were incubated at 37°C for
24 h and the zone of inhibition was calculated in diameter
(mm). Amoxicillin and norfloxacin were used as standard
antibiotics.
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2.7 Antifungal activity

A standard procedure was used to evaluate the antifungal
properties of BP and Au-NPs [39]. The fungal inhibition
potential of the extracts and synthesized nanoparticles
had been assessed with the tube dilution test. In order
to prepare a stock solution, each compound was dis-
solved with DMSO at 2pg/mL. The SDA (Sabouraud
dextrose agar, 4 mL) was poured into each tube and auto-
claved for 15min at 120°C, then cooled down to 15°C.
Stock solution (66.6 uL) was added with SDA medium
to provide 2 mg/mL with the final concentration. In addi-
tion, all tubes could solidify at room temperature in a
slanting position. Then, each tube has been incubated
with inoculum from a fungal cultivation lasting for
7 days. After 7 days of incubation, the antifungal activity
was observed for each sample and standard drug. Tripli-
cate antifungal activity was carried out in this study. The
results were then analyzed to calculate the visible fungal
growth and the percentage of activity.

2.8 Urease inhibitory activity

Au-NPs together with an extract of B. persicum have been
screened for urease enzyme inhibition. For measuring
urease-II inhibition, the test solutions were incubated
with urea [40]. In this method, indophenol was used as
a urease enzymatic activator for ammonia production,
whereas thiourea as a standard inhibitor. The urease
(25 uL of 0.25 mg/mL) and samples to be tested were incu-
bated under standard conditions in 96-well plate. The
substrate (urea) was added to the experimental solution
after incubation and then again incubated. The absor-
bance of incubated mixture was measured at 630 nm to
get the reread data. Each well was supplemented with
45 phenol reagents (1% w/v), NaOH (0.005% w/v), 70 puL
alkali reagent (0.5% w/v), sodium nitroprusside, and
0.15% active chloride. The post data were noted after
incubation for 50 min. The inhibition percentage was cal-
culated with the following formula:

% Inhibition = 100—(OD test well/OD control)
x 100.

1)

2.9 Xanthine oxidase (XO) activity

The BP and Au-NPs were tested for XO inhibitory activity
using our previously published experimental procedure [41].
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The antagonistic effect of both of the samples was
quantified spectrophotometrically. The solution of allo-
purinol was prepared through mixing of 5.0 mg allo-
purinol in 5mL of 0.15M phosphate buffer with a pH
of 7.5. The solution of XO was prepared by diluting
30 uL of a 5.0 U/0.2mL X0, making 3.0 mL as the final
volume. The xanthine solution was prepared by addi-
tion of five drops of 1.0 M NaOH to 22.7 mg xanthine
and dissolution occurred with deionized water, making
the final volume as 250 mL. The BP and Au-NPs were
dissolved in DMSO up to 1mg/mL final concentration.
The total volume of assay mixture was 3.4 mL, con-
sisting of BP (0.3mg) and Au-NPs (0.25mM), 0.15M
buffer, and 100 pL of 0.03 U/mL XO solutions. The mix-
ture was incubated at normal temperature for 10 min.
Finally, the reaction began by adding 1 mL of a 0.6 mM
xanthine solution and mixing well. The absorption read-
ings were measured at 295 nm to demonstrate a reaction
(uric acid formation). The positive control (allopurinol)
was used up to 0.2pM in the assay mixture. The percent
inhibition was calculated for each tested sample.

2.10 Carbonic anhydrase activity

Both of the samples were tested for CA-II antagonistic
effect. To find the interaction of our samples with reac-
tion mixture, the following reagents were used. The
complete mixing volume was 200 pL in a well contained
140 pL (20 mM HEPES, Bioworld — cat# 40820000-1), Tris
(Invitrogen — cat# 15504-020) buffer (pH 7.4), 20 uL of
the enzyme (from bovine; Sigma-Aldrich, C2624, PCode:
1001584424), and 20 pL (0.5 mg/mL in dimethyl sulf-
oxide) of both samples, which were mixed and incubated
at 25°C for 15 min. Besides, a pre-read datum was taken
after inoculation at 400 nm and then 20 pL substrate,
4-nitrophenyl acetate, colorless was formed. Then it
transformed into 4-nitrophenol and carbon dioxide
during hydrolysis. During this experiment, 4-nitrophenol,
a yellow-colored compound, was formed. The reaction
took place at 25-28°C, while acetazolamide was applied
as a standard for this experiment and triplicate analysis
was measured [42].

2.11 Statistical analysis

The data were expressed as mean + standard error of the
mean (SEM). ANOVA was followed by Dennett’s test using
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GraphPad Prism 8.0 (GraphPad Software Inc., San Diego
CA, USA).

3 Results
3.1 Selection of Au-NPs and extract ratio

Results of Figure 3 showed the UV-Vis spectrum of dif-
ferent ratios of gold and extract solution. The graph almost
showed similar peaks in the range of 540-550 nm. By
varying the ratio of gold and extract, the peak intensity
changed. The sharpness of the peaks shows the uniformity
of Au-NPs. Based on peak sharpness and intensity, the
best ratio of 25:1 was selected due to its more uniform
peak at 540 nm.

3.2 Kinetic study of Au-NPs

Figures 4 and 5 show kinetic study of Au-NPs. The
number and uniformity of nanoparticles increased with
passage of time. The regression analysis showed
R? = 0.9895, while the rate of reaction was 5.9807 x 10>,

3.3 Stability toward pH

In order to understand the effect of pH on the stability of
Au-NPs, the pH of Au-NP solution was adjusted between

35 Optimization of AuNPs of Black cumin
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Figure 3: Comparison of UV-Vis spectra for different ratios of gold
and extract solution.
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Figure 4: Comparison of UV-Vis data for kinetic study on Au-NPs of
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Figure 5: Comparison of kinetic study of synthesis of Au-NPs.

1 and 14; the solution was kept for 24 h at room tempera-
ture and the effect was obtained by recording UV-Vis
spectra. The results showed that the Au-NPs were more
stable between 3 and 12 pH range, while lower stability
was observed toward more acidic and basic, i.e., 1-2 and
13-14. Such conclusions were drawn from the absorbance
value found at different pH, as shown in Figure 6. The
reason of instability of Au-NPs at lower and higher pH
may be due to the removal of stabilizer (plant extract)
from the gold surface to destabilize the nanoparticles.
Moreover, very low pH caused the reoxidation of neutral
Au-NPs. Furthermore, the change in pH also altered the
color of the Au-NPs which is due to the removal of stabi-
lizer, as displayed in Figure 7. However, improved stabi-
lity of alkaline pH (8-10) was observed. Moderate
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pH effect on AuNPs of Black cumin
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Figure 6: Comparison of UV data of Au-NPs at different pH.

Effect of pH on AuNPs

Figure 7: Comparison of stability of Au-NPs at different pH.

stability of the Au-NPs was obtained at other pH values,
i.e., 3-4, where red shifting and peak expansion show
from the nanoparticles [17].

3.4 Stability toward salt

The effect of salt NaCl on Au-NPs of B. persicum was
determined by varying the salt concentration (0.1-1.5 M)
on synthesized Au-NPs. After 24 h of intermixing salt with
Au-NPs, aggregation of Au-NPs started which was fixed
from a decline in absorption of the UV-Vis spectra. In
addition, an increasing amount of the salt concentration
shows a gradual color change of the Au-NPs. The addi-
tion of NaCl (strong electrolyte) protects against the nega-
tive charges of colloidal gold nanoparticles and causes to
clump into greater aggregates. This can be concluded
from the results that high salt concentration could desta-
bilize the nanoparticles by removing the stabilizer, as
exhibited in Figures 8 and 9.
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Salt effect on AuNPs of Black cumin
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Figure 8: Effect of salt NaCl on Au-NPs of Bunium persicum
after 24 h.

Figure 9: Effect of salt (NaCl) on Au-NPs of Bunium persicum.

3.5 Stability effect on different salts

The effects of different salts (NaCl, CaCl,, CuCl,, NiCl,,
Hg-,Cl,, PbCl,, ZnCl,, and CoCl,) on Au-NPs of B. persicum
were determined by keeping the salt concentration con-
stant (0.1M). After 24h of mixing salt solution with
Au-NPs, it was observed that the salts cause the destabi-
lization of nanoparticles by shielding the negative charges
of the colloidal gold nanoparticles and causes to clump
together to form larger aggregates which are obvious
from decrease in the absorbance and broadness of peak
of solution, as displayed in Figure 10.

3.6 Stability effect on heat

The stability of Au-NPs was explored with the heating of
the solution of nanoparticles during 30 min at a range
of 30-100°C. The Au-NPs showed remarkable thermal
instability at high temperatures in Figure 11. The change
in UV-Vis intensities could have been clearly demonstrated
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Figure 11: Comparison effect of heat on Au-NPs.

in that the Au-NPs become destabilized at high tempera-
ture, i.e., 100°C.

3.7 Catalytic activity of Au-NPs

The absorbance at maximum wavelength (664 nm) with
time was followed spectrophotochemically. The intense
blue color of the methylene blue solution faded and
became colorless during degradation process (Scheme 1).
Addition of biosynthesized Au-NPs improved the reduction
process (dye degradation up to 95% within 14 min), as
exhibited in Figures 12 and 13.

3.8 Characterization of Au-NPs

The synthesis of Au-NPs was tracked by the UV-Vis spec-
trum solution with a wavelength between 200 and
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Methylene blue
(Bule color)

Scheme 1: Catalytic degradation of methylene blue.

Catalytic degradation of
Methylene Blue

absorbance
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Figure 12: Comparison of UV data of catalytic degradation of
methylene blue.

900nm in 10 mm optical path-length quartz cuvettes
with a UV-Vis spectrophotometer (Shimadzu UV-1800
Japan). The size of Au-NPs was characterized by AFM and
SEM techniques. Energy dispersive X-ray (EDX) (INCA-200,
England) study was carried out for elemental analysis,
thermogravimetric analysis (TGA) for thermal stability,
and X-ray diffraction (XRD) for crystallinity of Au-NPs.
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Leucomethylene blue
(Colorless)

The nanoparticle solution has been centrifuged for
Fourier transform infrared spectroscopy (FTIR) measure-
ments at 10,000 rpm for 15 min to discard the free pro-
teins or other elements remaining in the product solution.
The samples were vacuum-dried and finally broken using
the mortar with the split KBr, which led to the formation
of the KBr pellets for measuring in the FTIR (Prestige 21
Shimadzu) instrument sample holder. The crude extract
FTIR spectra showed broader bands at 3,365/cm, which
are a characteristic zone of O-H stretch, H-bonded of
alcohols and phenols or amine group, compared to that
from Au-NPs of B. persicum extract which shift to 3,280.
A long narrow band was seen at the wave number of
2,930/cm and indicated the presence of C-H stretch of
alkane groups. Weak bands were noted at 1,460/cm
and represented the N-O symmetric stretch nitro groups.
Very weak bands were formed at 1,243 and 1,026/cm,
corresponding to C—N stretch aromatic amines and ali-
phatic amines, respectively. The peak at 3,280/cm corre-
sponded to O—H group of carboxyl, while that at 1,630/cm
corresponded to N-H stretch of primary amines in AuNP
spectrum. Similarly, the striking vibration of aliphatic
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Figure 13: Comparison of kinetic study of catalytic degradation of methylene blue by Au-NPs.
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Figure 14: Comparison of FTIR spectra of Bunium persicum (black
cumin seed) seed alcohol extract and Au-NPs.

amines, alcohols, or phenols at 1,026/cm corresponds, and
the strip at 1,646/cm indicates the presence of the func-
tional carbonyl group of the amide protein linkage, as
shown in Figure 14.

The SEM images show B. persicum Au-NPs in size
from 25 to 50 nm. Nanoparticles of different sizes are
nearly spherical in form. However, small numbers of ani-
sotropic nanostructures, such as nanorods, nanotrian-
gles, and several polygonal nanoprisms, have also been
noted. Moreover, the presence of Au in the samples was
shown by the EDX study. In Au-NPs, strong signals from
Au atom were observed at around 2keV, while in 9.7,
10.2, and 11.7 keV weak signals were observed. The pre-
sence of strong C and O signals was also due to the pre-
sence of biomolecules involved in the Au-NP cap and
exposed in Figures 15 and 16.

The XRD is a common and precise technique used to
identify molecular structures and the level of crystallinity
of synthesized NPs. By using XRD patterns, they confirmed
the size of those green Au-NPs as shown in Figure 17. In
this experiment, the XRD peaks at 20° = 29.9(466),
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Figure 15: SEM images of Bunium persicum of Au-NPs.

Figure 16: EDX spectra of Au-NPs of Bunium persicum.

33.15(699), 36.15(3,207), 39.35(2,765), and 49.4(890)
indicate the formation of BP-based solid Au-NPs. These
peaks also show the same agreement of Au-NPs peaks
as reported in the literature for Au-NPs. These broa-
dened diffraction peak values of Au-NPs indicate that
the green synthesized Au-NPs have smaller size. Some
other unknown crystalline peaks at 20°, 58.75°, and
62.25° were appeared in the XRD patterns; the peaks
which show that some crystallized biomolecules are pre-
sent in solid Au-NPs which are made by B. persicum
plant extract. The Au-NP average size was calculated
by using Scherer’s equation that is 25-50 nm.

B. persicum of Au-NPs (7.5mg) was heated in alu-
mina crucibles for thermal stability and TGA profiles
were recorded at the scan speed of 100°C/min in the
nitrogen atmosphere from 0°C to 600°C. Different weight
losses for Au-NPs were observed within the same tem-
perature range. The loss of entrapped water molecules
from the polymer matrix in the range 100-150°C was
observed as first decrease in sample weight. The resulting
weight loss could be due to the thermal disintegration of
the polymer and the polymer that stabilizes NPs from
200°C to 300°C, while the residual polymer may be con-
verted to carbon residues as the third weight loss.

The size and morphology of Au-NPs were found by
atomic force microscopy. The AFM images showed that
the particles have average size of 25-50 nm, as shown in
Figures 18 and 19.

3.9 Antimicrobial activity
3.9.1 Antibacterial effect

B. persicum extract and Au-NPs were tested and showed
no antibacterial activity against Acinetobacter baumannii,
Providencia stuartii, and Streptococcus aureus. However,
B. persicum showed moderate zone of inhibition (20 mm)
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Figure 17: XRD image of Au-NPs of Bunium persicum.
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Figure 18: TGA spectrum of Bunium persicum Au-NPs.

compared with standard against E. coli. Analyses were
performed in triplicate and are shown in Table 1 and
Figure 20.

3.9.2 Antifungal effect

The Au-NPs were also screened against the three fungal
strains. Antifungal activity with BP extract is shown in
Table 2 and observed moderate antifungal activity com-
pared with control.

3.10 Enzyme inhibition activity
3.10.1 Effect on urease

The extract of BP and Au-NPs were tested against urease
as presented in Table 3. The inhibitory potential of
Au-NPs was better than that of BP with percent inhibition
of 93.11 and 45.98, respectively.

3.10.2 Effect on XO

The extract of BP and Au-NPs demonstrated significant
XO inhibition effect as shown in Table 4. The percent
effect of BP and Au-NPs was 80.76 and 94.28, respec-
tively. The inhibitory potential of Au-NPs was near to
allopurinol 97.66%.

3.10.3 Effect on carbonic anhydrase

The comparative study of BP extract and Au-NP result
showed a promising inhibition. The inhibitory potential
of Au-NPs was 86.87% as compared to the BP 62.98%, as
presented in Table 5.
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Figure 19: AFM images of Au-NPs of Bunium persicum.

Table 1: Antibacterial effect of BP and Au-NPs (zone of inhibition)
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Bacterial strain

Zone of inhibition (mm)

BP Au-NPs Amoxicillin Norfloxacin
Acinetobacter baumannii NA NA 25.34 + 0.76 38.44 + 0.88
Providencia stuartii NA NA 16.22 + 0.65 27.87 £ 0.76
Streptococcus aureus NA NA 20.09 + 0.88 37.59 £ 0.34
Escherichia coli 20 NA 30.87 + 0.32 19.65 + 0.23

Values are expressed as mean + SEM of three different experiments.

4 Discussion

Over three-quarters of the world’s population receives
healthcare from plants and plant extracts. Natural medicinal
herbs are widely utilized across the world to treat chronic
illnesses, ranging from acute to severe. Notwithstanding
advances in technology and modern medicine, a signifi-
cant portion of the global population continues to rely on
herbal medicine [43-45]. That is why the scientific studies
of these therapeutic agents are utmost essential to find out
the primary actions along with side effects. A single plant
extract or fraction accumulating thousands of molecules
having agonistic and antagonistic effects is the major
cause that these traditional medicines have multiple indi-
cations [46].

The pharmacodynamics of these agonistic molecules
is attributed to the enzymes activating or inhibitory effects.
The testing of these plants against various enzymes not
only provides scientific background to the folklore of herbs
but also guides the phytochemical scientist for in vivo stu-
dies. B. persicum is a food material, but is full of different
therapeutic potentials such as epilepsy, antispasmodic,

NA = not active; BP: Bunium persicum; Au-NPs: gold nanoparticles.

anti-inflammatory, antioxidant, etc. [34]. The main indi-
cator that this metal nanoparticle is biosynthesized suc-
cessfully is the change of solution color. Thus, due to the
bioreduction of gold ion, fast changes of gold, from pale
yellow to dark red, were observed. However, the antibac-
terial effect is especially reported against E. coli, indicating
the use of these herbal agents for the treatment of urinary
tract infection. B. persicum reported moderate antibacterial
activity in comparison with amoxicillin and norfloxacin.
Invasive candidiasis is a significant fungal infection in
healthcare reported by several Candida spp.; Candida albi-
cans are the most common species, but they vary consider-
ably in proportion to the geographic location [47]. The
disease ranges from minimal symptomatic candidaemia
to fulminant sepsis with associated mortality of more
than 70%. Candida spp. is a commonly used commensal
organism in the skin and gut microbiota, as well as an
invasive disease caused by disruption of skin and gastro-
intestinal barriers [48]. The antifungal activity of nano-
particles against Aspergillus niger and Candida albicans
also showed positive results. A deeper knowledge of the
specific Candida spp. virulence factors, host immune reaction,
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Figure 20: Antibacterial activity of extract and Au-NPs: (a) Acinetobacter, (b) Providencia, (c) Streptococcus, and (d) Escherichia coli.

Table 2: Antifungal effect of BP and Au-NPs (zone of inhibition)

Table 3: Effect of BP and Au-NPs against urease

Fungal strain Zone of inhibition (mm)

BP Au-NPs Miconazole
Alternaria solani NA NA 100 + 0.00
Aspergillus niger ~ 20.67 + 0.00  20.87 + 0.00 100 + 0.00
Candida albicans 100 + 0.00 100 + 0.00 100 + 0.00

Values are expressed as mean + SEM of three different experi-
ments. NA = not active; BP: Bunium persicum; Au-NPs: gold
nanoparticles.

and genetic sensitivity at the host level has given a sig-
nificant insight into the development of early intervention
strategies [49].

The bactericidal activity of transition metal NPs can
be attributed to many different properties, the most impor-
tant being the ability to generate reactive oxygen species
(ROS) and their affinity to associate closely with R-SH

Samples Concentration % Inhibition 1C5o SEM
(mg/mL) (pg/mL)

BP 0.2 45.98 + 1.56 -

Au-NPs 0.2 93.11+£1.99 29.98 +1.21

Thiourea 0.2 94.95 + 1.87 21.23 £ 0.12

Values are expressed as mean + SEM of three different experi-
ments. BP: Bunium persicum; Au-NPs: gold nanoparticles.

groups as shown in Figure 21. The heavy metal ions can
easily bind to SH groups, such as in cysteine, which can
directly disrupt the function of specific enzymes or break
S-S bridges necessary to maintain the integrity of folded
proteins, causing detrimental effects to the metabolism and
physiology of the cell. The generation of ROS is particularly
destructive to bacterial cells as ROS are species of oxygen
that are highly reactive and are produced during basic



452 —— Omar Bahattab et al.

Table 4: Effect of BP and Au-NPs against xanthine oxidase

Samples Concentration % Inhibition  1C5o SEM
(mg/mL) (ng/mL)

BP 0.2 80.76 + 0.65 96.09 + 1.65

Au-NPs 0.2 94.28 + 0.68 38.92 + 0.94

Allopurinol 0.2 97.66 + 1.54 0.59 + 0.01

Values are expressed as mean + SEM of three different experi-
ments. BP: Bunium persicum; Au-NPs: gold nanoparticles.

Table 5: Effect of BP and Au-NPs against carbonic anhydrase

Samples Concentration % Inhibition  1C5o SEM
(mg/mL) (pg/mL)

BP 0.2 62.98 +3.02 89.59 + 2.87

Au-NPs 0.2 86.87 +2.98 43.98 +2.00

Acetazolamide 0.2 89.01+1.54 18.90 + 1.45

Values are expressed as mean + SEM of three different experi-
ments. BP: Bunium persicum; Au-NPs: gold nanoparticles.
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Figure 21: Mechanism of antibacterial action of AuNPs.

metabolism. Under high levels of stress, the levels of ROS
can increase significantly, and it is hypothesized that their
generation is one of the focal NP mechanisms of action that
inhibit bacterial growth. ROS are produced when oxygen
transforms into free radicals, superoxide, and peroxides,
rather than water. A stress on the cell, such as UV light,
DNA damage, and NPs, can cause ROS production to
increase to a level that is toxic to the cell and can cause
cell damage or cell death. It is observed that small NPs tend
to be more toxic than large NPs due to larger surface area to
volume ratio as compared to larger NPs. This can greatly
increase the production of ROS which consequently can
damage and inactivate essential biomolecules, including
DNA, proteins, and lipids. Moreover, NPs are hypothesized

DE GRUYTER

to be able to participate in subcellular reactions as their size
is comparable to biological molecules, i.e., large protein
complexes. Another important factor in antibacterial activity
is the charge of the NP. Positively charged NPs, such as
amino-functionalized polystyrene particles, were able to
alter the function of the electron transport chain in bac-
teria. More importantly, a positive charge in the NPs has
been shown to enhance toxicity because the negative
charge of the bacterial cell wall electrostatically attracts
the positively charged NPs, causing them to be more effec-
tive [56].

Urease is functionally related to amidohydrolases
and phosphodiesterase and found in various bacteria,
fungi, and plants [50]. These enzymes are functionally
breaking the urea into ammonia and carbon dioxide.
The ammonia neutralizing the stomach acid provides
healthy medium to H. pylori. This neutralization helps
to the pathogenesis of H. pylori to peptic ulcer [51]. This
H. pylori urease induced hyper-ammonia in stomach. The
resulted induced ammonia got absorbed and caused
hepatic inflammation and hepatic encephalopathy (HE).
In addition to the peptic ulcer, urease also improves the
urinary tract infection and crystallization of kidney stone.
When ammonia is induced from the hydrolysis of urea
due to microbial urease, the pH of urinary tract increases
and this alkalization creates stone crystallization [52].
The significant urease inhibitory action of BP and Au-
NPs strongly supports the use of BP in the management
of gastrointestinal and urinary disorders. The urease
inhibitors are suggested as antiepileptic [53] and the sig-
nificant antagonistic effects of this plant approve the use
of this herb in treatment of epilepsy and convulsion
which are the pharmacological uses of BP [34]. The avail-
ability of ureases improves the liver dysfunction and
therefore the urease inhibitors are the adjuvant thera-
peutic agents for the treatment or management of liver
dysfunction. The BP and Au-NPs due to their strong
urease inhibitors are strongly recommended for the treat-
ment of said dysfunction. The liver dysfunctions are
mainly caused by inflammatory and oxidative agents.
Interestingly, our tested samples are used as anti-inflam-
matory, antioxidant, and liver protective [54]. The cur-
rent urease inhibitory potential is strongly suggesting the
use of BP in the effects.

X0 belongs to the xanthine oxidoreductase enzyme
family, accelerating the generation of ROS and produc-
tion of uric acid. These ROS are responsible for inflam-
mation and lot of other diseases [55], while uric acid
causes gout. These ROS-related disorders might be treated
with XO inhibitors. The XO inhibitors are considered as
antioxidants because they stop the production of ROS.
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The XO inhibitory potential of BP and Au-NPs means that
they might be good anti-inflammatory, antioxidant, and
analgesic. The BP is traditionally used for the disease and the
essential oil of BP has been reported with analgesic and
anti-inflammatory effects. The free radical scavenging
potential of BP and Au-NPs through XO inhibition sup-
ports the use of these samples in various disorders. CA-II
is one of the forms of human alpha carbonic anhydrases
accelerating reversible hydration of carbon dioxide. Acet-
azolamide is one of the inhibitors of CA-II and indi-
cated as antiepileptic and diuretics. The diuretic and
antiepileptic actions of BP are strongly attributed to
the CA-II inhibition. In conclusion, the BP and Au-NPs
are the significant urease, X0, and CA-II inhibitors and
are responsible to act as remedy for GIT disorders,
urinary tract infections, anti-inflammatory, antioxidant,
anticonvulsant, and diuretics due to the antagonistic
effect of these mentioned enzymes. Moreover, the cur-
rent study provides a strong scientific background to
different folklores of BP.

5 Conclusion

In order to remove and stabilize hazardous solvents, the
Au-NPs have been produced utilizing the B. persicum
alcohol seed extract using the green process. Besides,
the nanoparticles were mostly reported in the size of
25-50 nm. FTIR analysis indicated the possible involve-
ment of carbonyl and other groups in the reduction pro-
cess and may be carboxylate ions act as shielding agents,
whereas EDX data showed the presence of neutral gold
Au atoms. More concentrated salt solution, low pH, and
high temperature will destabilize the Au-NPs as revealed
from UV-Vis data. Moreover, the Au-NPs exhibit little
antifungal activity along with significant enzyme inhibi-
tory activity.
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