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Abstract: Nanotechnology has revolutionized the drug
delivery approaches to improve the existing issues of con-
ventional drug delivery systems, especially, the green synth-
esis of nanoparticles is becoming more suitable for different
activities. In this study, phyto-fabricated gold nanoparticles
(GNPs) were synthesized using Zanthoxylum armatum
aqueous extract. GNPs were characterized by different tech-
niques using UV-Vis absorption spectroscopy, X-Ray diffrac-
tion (XRD), Fourier transformation infrared spectroscopy
(FTIR), Dynamic light scattering (DLS), and scanning elec-
tron microscopy (SEM). UV-Vis spectroscopy showed peak
at 550 nm. XRD confirmed the crystalline nature of nanopar-
ticles. FTIR showed presence of different functional groups
such as C-0, N-H, C=0, C-H, and O-H. SEM and DLS have
shown particle size of 30 nm. The antibacterial activity of

* Corresponding author: Sumaira Sharif, Institute of Molecular
Biology and Biotechnology (IMBB), The University of Lahore, 1 KM of
Defense Road, Postal code: 58810, Lahore, Pakistan,

e-mail: sumaira.sharif@imbb.uol.edu.pk

* Corresponding author: Madeeha Shahzad Lodhi, Institute of
Molecular Biology and Biotechnology (IMBB), The University of Lahore,
1 KM of Defense Road, Postal code: 58810, Lahore, Pakistan,

e-mail: madeeha.shahzad@imbb.uol.edu.pk

* Corresponding author: Iffat Nayila, Institute of Molecular Biology
and Biotechnology (IMBB), The University of Lahore, 1 KM of Defense
Road, Postal code: 58810, Lahore, Pakistan; Department of Pharmacy,
The University of Lahore, Sargodha Campus, Sargodha, Pakistan,
e-mail: iffat.nayila5@gmail.com

Asma Irshad: School of Biochemistry and Biotechnology, University of
the Punjab, Lahore, Pakistan

Mazhar Abbas: Department of Basic Sciences (Section Biochemistry),
University of Veterinary and Animals Sciences (Jhang Campus), Jhang,
35200, Pakistan

Amal Alotaibi: Department of Basic Science, College of Medicine,
Princess Nourah bint Abdulrahman University, P.O. Box 84428, Riyadh,
11671, Saudi Arabia

Saima Hameed: Institute for Advanced Study, Shenzhen University,
Shenzhen, 518060, P.R. China

Zanthoxylum armatum
Aqueous Extract

Nanoparticles characterization

Phyto-fabricated Nano particles Ointment administration

Antibacterial activity

Phyto-fabricated gold nanoparticles ‘

Efficacy of phyto-fabricated GNPs

Wound closure efficacy of prepared ointments

Graphical abstract

plant extract and green synthesized GNP were tested against
Staphylococcus aureus, Bacillus cereus, Escherichia coli, and
Klebsiella pneumonia which revealed remarkable inhibition
of these microorganisms. Burn wound was created on 16 rats
and randomized into four groups. Group I was untreated.
Group II rats were treated by applying topical ointment
cream. Group III rats were treated by applying Zanthoxylum
armatum cream, and group IV rats were treated by applying
GNPs-based cream. Treatment was carried out for 14 days.
Wounds treated with GNPs-based cream decreased consis-
tently and almost completely. It can be concluded that GNPs-
based cream can be used as an ointment to treat wounds
especially burn wounds.

Keywords: Zanthoxylum armatum, wound healing, gold-
nanoparticles, green synthesis, antibacterial activity

1 Introduction

Disinfecting skin from external organisms is one of the
most important qualities of a perfect wound dressing
because skin shields the body from exogenous chemicals
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and organisms. Therefore, poor wound management con-
tinues to be one of the clinical issues in healthcare that can
result in serious infections and higher rates of morbidity
and mortality [1]. Wound treatment facilities are concen-
trating on the creation of distinctive and cutting-edge
methods with significant clinical benefits [2].

The study of nanotechnology has gained interest in a
number of disciplines, including medicine, food, agriculture,
cosmetics, paints, lubricants, fuel additives, and others.
Metal nanoparticles production can be accomplished using
a wide variety of chemical and physical methods. Because
the chemical methods used to create nanoparticles include
harmful and aggressive compounds that serve as capping
and reducing agents, they are not thought to be suitable for
use in medical applications [3,4]. However, efficient nano-
materials for cutting-edge medical applications have been
created through green nanoparticle production using plant
extract. Due to their structural characteristics, size, shape,
and antioxidant qualities, metal-based nanomaterials are
currently attracting increased attention from scientists for
nanomedicine applications such as diagnosis and imaging,
drug administration, photodynamic treatment, and tissue
engineering.

Due to their special characteristics, nanoparticles can be
used to treat wound infections. In order to find a more effec-
tive medicinal approach, experts have looked into safer green
alternatives like plants. Plant-based nanoparticle synthesis is
quick, easy, and cost-effective. Additionally, different sizes
and forms of these nanoparticles can be created synthetically.
Due to their chemical characteristics, optical stability, and
simplicity of surface modification, gold nanoparticles (GNPs)
have been researched for various medicinal applications
such as for use in treating wound healing. Before using
GNPs for wound healing, they must have their surfaces mod-
ified with other biomolecules [5].

In concordance with collagen, GNPs exhibit dose-depen-
dent skin wound healing abilities. Numerous studies show
that using hydrocolloid membranes coated with GNPs greatly
slows the rate of wound healing [4]. The anti-oxidative and
anti-microbial properties of GNPs were revealed by various
investigations into their characteristics, demonstrating a par-
ticularly effective aspect in regenerating damaged collagen
fibers and enhancing wound healing. GNPs speed up wound
healing by boosting anti-inflammatory and anti-angiogenic
action [6,7].

Due to its vast application in focused drug administra-
tion, imaging, diagnostics, and therapies, as well as their
small size, huge surface area, stability, non-cytotoxicity,
and adaptable optical, physiological, and chemical proper-
ties, GNPs have transformed the world of medicine [8].
GNPs’ production mechanism, which uses plant extract,
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has a potent antibacterial impact on the particles and facil-
itates simple salt reduction. This one-step process is appro-
priate for large-scale manufacturing since it is affordable,
rapid, environmentally friendly, and secure for clinical
trials [9].

The aim of this study is to prepare green GNPs using
Zanthoxylum armatum (Z. armatum) leaf extract. The effi-
cacy of green GNP-based ointment formulation was checked
against burn wound healing in the rat model. The antimi-
crobial activity of Zanthoxylum armatum leaf extract was
also compared with green GNPs.

2 Materials and methods

2.1 Collection and preparation of plant
extract

Fresh Z. armatum was collected from Mirpur, Azad Jammu
and Kashmir, identified by Dr. Zaheeruddin Khan from Govt.
College University Lahore. It was placed in GC Herbarium
center with herbarium no. GC. Herb. Bot-3840. It was washed
with distilled water. 20 g leaves were ground in 100 mL of
distilled water and filtered through Whatman No. 1 filter
paper. The extract was collected and used for the synthesis
of GNPs.

2.2 Green synthesis of GNPs using
Z. armatum leaf extract

Fresh plant extract (5 mL) was mixed with 1mM HAuCl,
(95mL) on the hot plate at 60°C with a magnetic stirrer.
After 10-15 min, the solution’s color changed from yellow
to red wine, indicating the formation of GNPs. The solution
was stirred for about 20-30 min to complete the reduction
process. The solution was centrifuged at 12,000 rpm, and
the obtained nanoparticles were washed with deionized
water, dried in the oven, and stored for further use.

2.3 Characterization of phyto-
fabricated GNPs

Green synthesized GNPs were fully characterized using sev-
eral techniques, including UV-Vis spectroscopy, Fourier trans-
form infrared (FTIR) spectroscopy (FTIR), Scanning electron
microscopy (SEM), X-ray diffraction (XRD), and Dynamic light
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scattering (DLS) analysis. The reduction of pure Au®>* to Au’
nanoparticles was analyzed by measurement of the UV-Vis
spectrum. FTIR confirmed the functional bio-molecules asso-
ciated with GNPs. The surface morphology of the prepared
sample was evaluated by using SEM. The mean particle size
(Z-average-nm) and Polydispersity Index of the prepared nano-
particles were measured by the DLS technique employing
Malvern Zeta sizer (Nano ZS). Nanoparticles’ crystalline nature
was studied using XRD analysis by using Debye-Scherrer equa-
tion D = KA/SCos@ [7].

2.4 Preparation of ointment base

A mixture of 21% w/w of olive oil, 5% w/w of shea butter,
38% w/w of coconut oil, 15% w/w of beeswax, and 21% w/w
of avocado oil was melted at a temperature of 40°C and
well mixed. At room temperature, the mixture was cooled
down. The topical ointment base was used as a negative
control without adding Z. armatum extract and its synthe-
sized GNP.

2.5 Preparation of ointment by using
Z. armatum extract and its synthesized
nanoparticles

Two types of ointments were prepared by using this oint-
ment base. In the first type of ointment, the plant extract
was added to the ointment base as active material, and in
the second, green synthesized GNPs were added as the
active material. 0.5 g GNPs dried powder was mixed with
40 mL of ointment base cream. The concentration of plant
extract used to synthesize 0.5 g GNP was mixed in an oint-
ment base to synthesize another ointment.

2.6 Animals model

Healthy Sprague Dawley albino rats of about equal age and
weight (160-210 g) were used for the experiment; animals
were housed in polypropylene cages at 25 + 2°C within the
university animal residence and maintained on pallet feed
and water for 2 weeks before the experimentation. Sixteen
healthy rats were randomly assigned to four separate
groups: group I (control), group II (ointment base), group
III (plant extract-based ointment), and group IV (GNPs-
based ointment). Hair on the dorsal surface of rats was
shaved and then removed with cream. Ketamine (50 mg/
kg body weight) was injected into the rats intraperitoneally
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and anesthetized. After that, an iron metal was put into
boiling water at 100°C for 5 min to make it hot. The partial
full-thickness burn (second-degree burn) was induced in
an area of 2 x 2 cm pressing the rod gently on the shaved
region [10,11].

2.7 Animal’s pre toxicity evaluation

HDF cell lines were obtained from Institute of Molecular
Biology and Biotechnology, The University of Lahore. Cell
lines were cultured in DMEM and supplemented with 10%
FBS and 1% penicillin-streptomycin.

The effect of GNPs on cell viability was measured using
the (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) (MTT) assay [12]. Cells were exposed with different
concentrations of bio synthesized GNPs and Z. armatum
plant extract (1, 50, 100, and 200 pg/mL) for 24h. Then,
20 puL/well MTT (5 mg/mL) was added to each well and was
incubated at 37°C for 4 h. Finally, 100 uL of DMSO was added
to the wells. The absorbance at 570 nm was measured with
an ELISA reader [13].

2.8 Experimental design

After the burn wound was implanted in all the rats, the
ointments were applied topically except in the negative
control group. A simple ointment base was applied to
group II, the extract-based ointment was applied to group
III, and GNP-based ointment was applied to group IV. No
treatment was given to the control group. After applying
ointment topically, the sterilize gauze was used to cover
the wound area. The bandages were changed and ointment
was applied daily. The size of the wound was measured
after 2-3 days. Within 14 days, the burn wound was recov-
ered in one group. The size of the wound was measured by
placing butter paper on the wound area and marked with a
marker according to the shape of the wound.

2.9 Antimicrobial efficacy of phyto-
fabricated GNPs against wound-
collected microorganisms

The antimicrobial activity of Phyto-fabricated GNPs and
Z. armatum extract was tested against S. aureus, B. cereus,
E. coli, and K. pneumonia. The disc diffusion method
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evaluated the antimicrobial potential of green synthesized
GNPs and Z. armatum extract. 100 uL. of microorganisms
comprised suspension was swabbed uniformly using sterile
cotton swabs on agar plates. 6 mm diameter discs were
saturated with green synthesized GNPs, Z. armatum plant
extract, and tetracycline as a positive control. These inocu-
lated plates were then incubated at 37°C for 24 h. The inhibi-
tion zones were measured in terms of diameter, i.e., mm.
The procedure was done in triplicates [14].

2.10 Statistical analysis

The data were analyzed using one way ANOVA with SPSS/
14 computer software (SPSS Inc., Chicago, IL). Results were
presented as mean value + SD.

3 Results and discussion

3.1 UV-Vis spectra

Figure 1a shows the UV-visible spectrum of GNPs synthe-
sized using Z. armatum extract. The spectrum of the GNPs
shows the blue shift that comprehends the conversion of
Au" to Au’. The maximum absorbance peak is observed at
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the wavelength of about 543 nm with absorption spectra
between 510 and 550 nm, which can be regarded because of
the d-d transition of Au* ions. UV results show that these
ions disappeared after the synthesis of GNPs. The disap-
pearance of ions indicated that the cation of Au” had been
reduced completely.

3.2 FTIR

FTIR spectrum shows a broader peak at 3,440 cm™ of the
0-H bond, indicating aromatic, phenol, and alcoholic com-
pounds (Figure 1b). Peaks at 1,650 and 1,658 cm ! attributed
to the presence of amide groups. Some smaller peaks at
1,071, 1,370, and 1,412 cm™* confirm the presence of C-O
bonds, N-H bonds, and stretching of C-H, respectively. A
vast difference has been seen between two peaks present
at 1,650 and 3,440 cm™ that attributed to the contributory
part of O-H and C=0 groups to reduce the gold(um) ions to
gold atoms. Therefore, alcoholic, phenolic, and carboxylic
compounds reduced and stabilized GNPs.

3.3 SEM

Figure 1c shows that the average particle size of green
synthesized GNPs is almost 30 nm. These GNPs are irregu-
larly spherical, with an average particle size of about
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Figure 1: (a) UV-VIS spectrum of green-synthesized GNPs, (b) FTIR spectrum of green-synthesized GNPs, (c) particle size of green-synthesized GNPs,
(d) XRD pattern of green-synthesized GNPs, and (e) SEM images of green-synthesized GNPs.



DE GRUYTER

30 nm. The figure also shows some larger GNPs because of
the aggregation of small GNPs.

3.4 XRD

The XRD pattern of GNPs synthesized with Z. armatum
with a concentration of 20% showed Bragg reflection,
representing GNP structure. From Figure 1d, the intensity
of the peak of (111) present at a diffraction of 38° was much
stronger as compared to peaks of (200) and (220) present at
a diffraction of 44.2° and 65.5°, respectively. The average
mean size of GNPs was considered by implementing the
Debye-Scherrer equation by examining the width of (111)
Bragg reflection. In the presence of optimum leaf extract,
the average diameter from SEM and XRD patterns was
3-30 nm, respectively. The Debye-Scherrer equation is best
applicable for monodispersed nanoparticles on a wide range.

3.5 DLS

The polydispersity value of green synthesized GNPs can be
seen as 0.437, indicating the perfect distribution of nano-
particles. The non-uniform distribution of nanoparticles
may be due to that the nanoparticles synthesized by the
green approach give unequal sizes because of the multiple
compositions of plants. Based on DLS analysis, the main
peak of the GNP curve represents the average size of GNPs,
about 30 nm (Figure 1e).

3.6 Efficacy of phyto-fabricated GNPs
against wound-collected
microorganisms

The antibacterial properties of green synthesized GNPs were
examined through MIC and MBC. Table 1 demonstrates the

Table 1: Antibacterial activity of green synthesized GNPs, tetracycline,
and Z armatum extract

Bacteria Green Tetracycline Z. armatum
synthesized plant extract
GNPs

S. aureus 2518+ 0.4 31.60 + 0.2 15.10 £ 0.2

B. cereus 2421+ 0.4 27.53 £ 0.2 20.21 £ 0.3

E. coli 1423+ 0.3 18.90 + 0.3 10.9 £ 0.1

K. pneumonia  13.56 £ 0.2 16.44 + 0.3 11.44 0.3
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results of the antibacterial activity of green synthesized
GNPs, tetracycline, and Z. armatum extract measured using
the disc diffusion method. Calculated inhibition zones for
microorganisms of S. aureus, B. cereus, E. coli, and K. pneu-
monia were 2518 + 0.4,24.21 + 0.4,14.23 + 0.3, and 13.56 + 0.2,
respectively.

Green synthesized GNPs demonstrate high antibac-
terial activity compared to Z. armatum extract. The inhibi-
tion zones of Z. armatum extract for S. aureus and B. cereus
were 15.10 + 0.2 and 20.21 £ 0.3, respectively. GNPs have
shown prominent inhibition zone against all strains. GNPs
showed higher sensitivity towards gram-positive bacteria
and Z. armatum extract to gram-negative bacteria, calcu-
lated by MIC test Figure 2.

The MIC and MBC values of GNPs against microor-
ganism are displayed in Table 2. The MIC values for E.
coli and K. pneumonia were 70.83 and 68.74 ug/mL, respec-
tively. The MIC values of GNPs for S. aureus and B. cereus
were 34.61 and 37.98 ug/mL, respectively. The phyto-fabri-
cation of GNPs plays a significant role in different features
of GNPs. The results confirmed that the extract of Z.
armatum has antibacterial activity, but green synthesized
GNPs have a more improved antibacterial effect (Figure 3).

3.7 Cytotoxicity evaluation

The cytotoxicity potentials of GNPs and Z. armatum plant
extract were measured in different concentrations (1, 50,
100, and 200 pug/mL) against HDF cell line using MTT assay
for 24 h (Figure 4). Furthermore, the absorbance rate was
measured at 570 nm, which displayed excellent viability on
a normal HDF cell line at concentrations up to 100 pg/mL
for GNPs. Z. armatum plant extract exhibit cell viability of
82.3% with 100 pg/mL while GNPs exhibit more cell viabi-
lity at the same concentration. In addition, it was observed
that GNPs did not cause significant cytotoxicity in the range
of used concentrations for MTT assay (Figure 4). This
demonstrated that GNPs, provide nontoxic activity on cells.

3.8 Wound closure efficacy of prepared
ointments

The outcomes of this study show that the wound healing
efficacy of the GNPs-based ointment group significantly
improved compared to Z. armatum extract-based ointment
and ointment base group (Figure 5). At day 14 post-wounding,
wounds treated with GNP-based ointment decreased
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Figure 2: Antibacterial activity of green synthesized GNPs, Z. armatum, and tetracycline on E. coli, K. pneumonia, S. aureus, and B. cereus calculated using

disc diffusion method.

Table 2: MIC values of GNPs against microorganisms

Bacteria GNPs GNPs Tetracycline Tetracycline
MIC MBC MIC (pg/mL) MBC (pg/mL)
(ng/mL)  (pg/mL)

S. aureus 34.61 66 3.45 5

B. cereus 37.98 66 3.7 5

E. coli 70.83 127 4.51 8

K. pneumonia  68.74 127 4.62 8

consistently and almost healed completely. Figure 5 depicts
the wound contraction rate, demonstrating the beneficial
impact of green synthesized GNPs phyto-fabricated with Z.
armatum. At day 7 post-wounding, partial wound closure
was seen on a wound treated with GNPs-based ointment

(55.5%). At day 12, further advances in wound healing were
seen (80.6%), whereas wounds in the negative control group
were not healed over the same time (extract-based ointment:
75.6%, ointment base: 70.2%, negative control: 69.2%). At day
14, GNPs showed maximum wound healing activity compared
to other groups.

Figure 6 demonstrates the S. aureus bacterial growth
(log CFU/mL) in different groups of rats. The negative con-
trol group shows almost the same number of bacteria on
days 3 and 7. The group treated with GNPs-based ointment
and extract-based ointment showed a significant reduction
(p < 0.05) in the total bacteria count after 12 days. No sig-
nificant differences were observed in the group treated
with an ointment base. The reduction in bacterial count
by the green synthesized GNPs-based ointment-treated
group was more significant (p < 0.001).
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Figure 3: Growth curves of different bacterial strains exposed to green synthesized GNPs and the effective concentration of GNPs: (a) E. coli,
70.83 pg/mL, (b) K. pneumoniae, 68.74 ug/mL, (c) S. aureus, 34.61 pg/mL, and (d) B. cereus, 37.98 pg/mL.

4 Discussion

Medicinal plants have long been used as external and
internal remedies to help heal wounds. They have excel-
lent healing potential as they aid in healing by reducing
pain, inflammation, and scarring. Z. armatum has been
used traditionally, and several studies have shown that it
contains phytochemicals with enriched antioxidant, anti-
fungal, anti-inflammatory, and antibacterial properties.
Considering the beneficial effects of the selected plant, we
objectively evaluated these traditional hypotheses in the
present study. Green synthesis of GNPs provides a simple,
cost-effective, and eco-friendly alternative to conventional
synthesis methods that often involve toxic reducing agents.
Green synthesis involves using natural materials, such as
plant extracts, as both reducing and stabilizing agents.

In this research project, GNPs were synthesized with
Z. armatum plant extract, and synthesized GNPs were charac-
terized using FTIR, XRD, SEM, and UV-VIS spectrophotometry.
The outcomes demonstrated that the GNPs had a size below
30 nm and verified the successful bio-reduction of gold ions.

These results show that during the production of these
GNPs, the Z. armatum leaf extract served as a reducing and
stabilizing agent. As indicated by FTIR, phenolic chemicals
may have been involved, which may have helped to reduce
the gold ions. Different researchers extensively assessed
GNP cytotoxicity, and GNPs are declared human-friendly
metallic nanoparticles. Z. armatum-mediated GNPs were
also non-cytotoxic to normal fibroblast cells, suggesting
their potential as safe agents in therapies. Another study
found that the Z. armatum-mediated GNPs showed strong
antibacterial activity when evaluated. Because of their
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antibacterial, antioxidant, and anti-inflammatory qualities,
GNPs have been extensively researched for their potential in
wound treatment in terms of wound healing [15]. According
to Pivodova et al., there are several possible ways in which
GNPs can facilitate wound healing, including via boosting
angiogenesis and collagen synthesis [6].

The results of this research project demonstrated that
compared to the groups treated with ointment base or
plant extract-based ointment, ointment with green synthe-
sized GNPs significantly enhanced wound healing in a burn
wound model. Burn injuries treated with cream containing
GNPs consistently reduced and nearly disappeared by day
14 post-wounding. At 7 days post-wounding, partial wound
closure was observed in wounds treated with GNPs-based
cream (55.5%). At day 12, more advanced wound healing
was seen (80.6%), in contrast to control groups where
wounds took longer to heal (plant: 75.6%, control treated
with ointment base: 70.2%, untreated negative control: 69.2%).
A cream containing GNPs has also shown significant wound-
healing effectiveness. This is partly because GNPs exhibit anti-
bacterial activity that can prevent wound infections and aid
in producing extracellular matrix and skin regeneration [16].
Overall, the open wound area was significantly higher in the
control groups than in the GNP-based cream-treated rats. The
anti-inflammatory, antioxidant, and antibacterial activities of
Z. armatum may be responsible for this favorable devel-
opment of skin rejuvenation. GNPs with a high antioxi-
dant capacity are biocompatible, highly reactive, and
non-toxic. As a result, it has gained interest as a possible
therapeutic target [17].

Consequently, an ointment containing 30 nm-sized
GNPs produced by Z. armatum could hasten the healing
of burn wounds. These encouraging possibilities may enable
GNPs to be a practical ingredient in ointments for wound
healing. It would take more in vivo and in vitro research,
including clinical trials, to confirm their safety, effective-
ness, and possible adverse effects.

5 Conclusion

In the present research, GNPs were generated by the reac-
tion between gold solution and Zanthoxylum armatum leaf
extract. SEM, UV-Vis, XRD, DLS, and FTIR methods were
used to characterize nanoparticles. Based on FTIR spectra,
plant functional groups’ presence in spectra confirmed
GNP synthesis by reducing and capping nanoparticles by
plant active groups. SEM and DLS analysis confirmed the
size of the synthesized GNPs to be below 30 nm. In the burn
wound healing experiments, the application of GNPs-based
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ointment improved the burn wound healing significantly,
so that they resulted in a decrease in wound area and an
increase in the wound contracture. Based on the results, it
showed that GNPs had a wide variety of therapeutic and
antibacterial properties effective in controlling wound infec-
tion and healing burn wounds.
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