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Abstract

A problem facing modern medicine is wound infection caused by microorganisms that are resistant to drugs (MDR).
To counter such a danger, new antibacterial agents like nanoparticles (NPs) are needed. The goal of this research
is to identify a different treatment drug to fight the isolates of MDR Enterococcus hirae.

A total of 157 clinical specimens were obtained from various wounds and hospitals located in Erbil, Iraq, between
July and October of 2022. 61 (38.21%) Gram positive bacteria (GPB) were found; based on 16S rRNA (PCR),
sequencing, and the GenBank database, one (1.6%) of these was newly reported in Iraq. According to the findings
of a sensitivity test conducted on 20 antimicrobials, E. hirae was resistant to 13 different antibiotics. Using an albino
wistar rat model, zinc nanoparticles (ZnNPs) and silver nanoparticles (AgNPs) derived from Sesamum indicum
seeds were biosynthesized and evaluated against isolated in vitro antibacterial and in vivo wound healing. In the
current study, ZnNPs and AgNPs inhibition zones have 11 mm of antibacterial activity against E. hirae for each.
With the standard therapies, the recovery period with ZnNPs and AgNPs creams was noticeably faster than that of
usual therapy. Wounds infected with E. hirae that were treated with Zn NP, AgNPs, vaseline, fusidin, and mebo
healed in 18, 16, 20, 24, and 21 days, respectively and the non-treated group healed in 39 days. The control (non-
treated group) had slower healing times of wounds. The recent work is a significant step towards creating innovative

nanoparticles that provide better alternative uses for antibacterial medications and wound treatments.
Keywords: Antimicrobial activity, Enterococcus hirae, Sesamum indicum seeds, AgNPs, ZnNPs, Wound healing.

1. Introduction

The issue of antimicrobial resistance is widespread. Antibiotic-
resistant bacteria are thought to be the cause of an additional
23,000 fatalities annually in the United States and 25,000 deaths
in the European Union. By 2050, this figure is predicted to
increase to as many as 10 million deaths. Open wounds are the
primary entry point for viruses into the body (1, 2). Numerous
factors, such as cuts, burns, surgical operations, gunshot
wounds, and underlying illnesses including diabetes and
bedsores, can result in wounds and skin injuries. Hospital-
acquired infections (HAIs) are serious concerns that require
attention as public health hazards. Both society and healthcare
organizations face serious challenges as a result of these
illnesses. Antibiotic-resistant bacteria may spread fast, thus
having germs in a wound can have devastating consequences
and create significant medical and financial difficulties (3, 4). It
is necessary to develop a new class of antimicrobials that are
easy to use, safe, and usually effective. Additionally, an efficient
strategy to prevent antibiotic resistance is to use a
multidisciplinary treatment approach (5).

Nanotechnology has led to the development of particles ranging
in size from 1 to 100 nanometers. This has led to innovative
medical approaches for wound healing and the potential for new
therapeutic strategies to combat diseases. The most researched,
commonly utilized, and commercialized nanoparticles for

numerous biomedical applications are ZnNPs, with a special
emphasis on their usefulness in wound care (5, 6).

ZnO-NPs have also been shown to be safe for consumption by
the US FDA, and their remarkable wound-healing, catalytic,
bio-imaging, antibacterial, and anti-inflammatory properties
make them highly suggestive for use in biomedical therapies.
Due to its therapeutic synergy, ZnO-NPs are being explored as
a potential drug delivery system for traditional medications (7).
Moreover, NPs have a critical role in skin function by
encouraging the creation of collagen, which speeds up the
healing process of wounds. Furthermore, zinc is important for
the skin epithelialization process of medications (8).

From decades, silver and zinc salts have been used to prevent
the growth of different microbes from human. They have been
widely studied for their antimicrobial efficacy against a range of
bacterial strains. For instance, AgNPs have gained as
antimicrobial coating for devices and ZnNPs have shown
promising antimicrobial effects and has gained a focus in
research and industries. ZnNPs and AgNPshave been
extensively studied for their activity against pathogenic bacteria
like S. aureus (9-12).

The use of plants in traditional medicine continues to be
important around the world. According to the World Health
Organization (WHO), a large population (80%) employs herbal
remedies based on medicinal and aromatic plants to provide
primary health care (13).
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Sesamum indicum seeds has been reported by a variety of in
vitro and in vivo studies as well as clinical trials have shown the
therapeutic potential, which is known to contain a variety of
bioactive compounds, including phenolic compounds, amino
acids, fatty acids, and lignans, They have also been shown to
possess a wide range of biological activities such as antioxidant,
anticancer, antimicrobial, anti-inflammatory, blood lipid
regulation, cholesterol reduction, liver and kidney protection,
cardioprotective activity and other effects, that are beneficial to
human health. It is widely grown and has a mellow flavor and
high nutritional value, making it very common in the diet (13,
14). Using metal nanoparticles and their oxides is a potential
strategy to break the resistance of bacteria to antibiotics.

In order to evaluate the antibacterial effectiveness of
synthesized S. indicum seeds nanoparticles (ZnNPs and AgNPs)
against the multidrug-resistant newly identified GPB, E. hirae,
in vitro and in vivo as well as wound healing were the main
objectives of this work.

2. Materials and Methods

2.1. Isolation and Identification of GPB

Between July and October 2022, 157 clinical samples, including
those from gunshot wounds, burns, surgeries, diabetic ulcers,
and bedsores, were collected from multiple hospitals in the
Erbil, Iraq area. Every specimen was immediately put into blood
agar that was selective for GPB, and then incubated for 24 hours
at 37 °C. GPB were identified using colonial morphology,
Gram stain, and molecular identification by the PCR (16S
rRNA) gene. The  primers used were 27F
(AGAGTTTGATCCTGGCTCAG) and 1492R
(TACGGYTACCTTGTTACGACTT), followed by sequence
(15, 16). A web-based interface was employed to make the
submission procedure easier (https://submit.ncbi.nlm.nih.gov).
Every sequence has been submitted to GenBank, and all isolated
bacteria are now assigned accession numbers.

2.2. Antimicrobial sensitivity test

The sensitivity of the isolated bacteria to 20 antimicrobials was
evaluated using an antimicrobial sensitivity assay Amikacin
(AK), Ampicillin(AMP), Amoxicillin-Clavulanic acid (AMC),
Chloramphenicol (C), Ciprofloxacin (CIP), Cefotaxime (CTX),
Doxycycline (DOX), Imipenem (IPM), Gentamicin (CN),
Nalidixic acid (NA), Levofloxacin (LEV), Meropenem(MEM.),
Nitrofurantoin ~ (F), Norfloxacin (17), Rifampin (R),
Streptomycin (S), Tobramycin(TOB.), Tetracycline (TE),
Trimethoprim (TMP) and Vancomycin (VA) by using disc
diffusion method (Kirby Bauer) as explained by Clinical and
Laboratory Standards Institute (CLSI) (18).

2.3. Bio biosynthesis of ZnNPs and AgNPs using S.
indicum seeds

2.3.1. Collection of S. indicum seeds

We obtained fresh S. indicum seeds from local markets in
Shaqlawa, Erbil, and confirmed that they fit the category
specified by Salahaddin University's College of Education in
Erbil, Iraq.

2.3.2. Preparation of S. indicum seeds extract

After being cleaned with distilled water, sesame seeds were
dried and ground. After mixing 20 g of seed powder with 100
ml of distilled water, the mixture was heated up for 45 minutes
at 75 °C. After being filtered twice using Whatman's filter paper,
the extract from sesame seeds was kept at 4°C in preparation for

more research. The filtrate served as a reducing agent during the
production of nanoparticles (19).

2.3.3. Biosynthesis of ZnNPs and AgNPs

For zinc nanoparticles (ZnNPs) and silver nanoparticles
(AgNPs) production, 100 ml of Sesame seed extract were added
dropwise to 400 ml of 1 mM ZnO and 1 mM AgNO3 solutions
under stirring separately. The resulting solutions were stirred for
2 hrs. at 1000 rpm and at 50°C. The pH of solutions is controlled
between 8-10 by adding Sodium hydroxide (NaoH). The
solution was incubated for 72 hrs. at 37°C. For the preparation
of the powder of NPs, the solution was boiled on an electrical
heater to evaporate the solvents, and the remaining powder was
put in the oven for 2 hrs. at 200°C for full sterilization and drying
(19-21).

2.4. Characterization of ZnNPs and AgNPs

ZnNPs and AgNPs were screened in a scanning electron
microscope (SEM) utilizing energy dispersive X-ray
spectroscopy  (EDX), Fourier Transmission Infrared
Spectroscopy (FTIR), X-ray diffraction (XRD) measurements,
and a double-beam UV-visible spectrophotometer to ascertain
their chemical composition (22, 23).

2.5. Antibacterial activity of ZnNPs and AgNPs

ZnNPs and AgNPs were reported to have antibacterial action
against MDR E. hirae in vitro using the well diffusion technique.
Known concentration (0.1%) of 10 mg/ml (10,000 pl/ml)
nanoparticles generated by dissolving 0.05 g of each nanoparticle
in 5 ml ethanol and sonicating the solution for 1 hrs. at 50°C. The
cultures were grown in BHI broth overnight at 37°C and then sub-
cultured on MacConkey agar and incubated at 37°C for 24 hrs. A
single colony from each plate was diluted in a sterile normal saline
until the spectrophotometer read 0.08-0.13 turbidity at 630 nm to
prepare a bacterial suspension at a final density of 0.5 McFarland
standard 1.5x10® CFU/ml. The suspension was spread on Mueller-
Hinton agar and permitted to dry. Plates with wells of 7 mm
diameter were filled with 150 pl of various NPs extract. The plates
were incubated at 37°C for 24 hrs. After incubation, the zones of
inhibition around the wells were measured (24, 25).

2.6. In vivo activity of Zn and AgNPs

2.6.1. Animal care and burn generation

For the experimental model, 200 + 10 gm Wistar rats were used,
which were female albinos. Two rats were housed in a 40 by 25
by 20 centimetre cage. The conventional care conditions,
comprising a 12-hour photoperiod of light and dark, a
temperature control set at 24 + 2 °C, and continual access to
food and drink, were consistently maintained. The experimental
procedure was approved by the ethics committee and adhered to
the ethical criteria for animal experimentation set out in
Directive 2010/63/EU (26, 27). Before the experiment began,
the rats were given a seven-day lab adaptation period. Initially,
an intramuscular injection of 2% xylazine and 10% ketamine
(10+90 mg/kg body weight) was administered to induce
anesthesia in 12 rats (n = 2). After that, expert clippers were used
to remove the hair. To create burn wounds of a specific
thickness, a solid stainless-steel bar (Figure 1A) was heated for
five seconds on predefined 4 cm2 sections of the animal's dorsal
proximal region (Figure 1B) (28, 29). To demonstrate the
inhibitory effects of the synthesized ZnNPs on antibacterial and
wound healing activities, pure cultures of activated E. hirae
were inoculated into the burned rats. The activated culture
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(Figure 1C) and therapy (Figure 1D) were applied to each burnt
rat's wound, and the cultures were allowed to proliferate for one
entire day (29, 30).

© C. Infected burned wound
with bacteria

D. treatment of burned
wound

A. used bar for burning rats wounds at burning day

Figure 1: Burn generation

2.6.2. Preparation of Creams and wound treatment
ZnNPs and AgNPs creams were made by dissolving 0.05 gm of
ZnNPs in 2 ml of dimethyl sulfoxide (DMSO) in a crucible to
produce a concentration of 1% w/w. After adding 5 gm of pure
vaseline wax, the mixture was heated for an hour at a moderate
500 rpm on a magnetic stirrer hot plate to dissolve the vaseline
and combine it with each NPs separately. To make a
homogeneous cream, the mixture was also chilled to room
temperature while being stirred. Lastly, the mixture was
sterilized for a further 15 minutes at 121°C (15 Ib/in2) in an
autoclave using steam heat. The sterilized cream was then
continuously churned and refrigerated (Figure 2) (8, 29). The
burnt rats were divided into four major groups at random: the
standard group (n = 2) got mebo 0.25% and Fusidin 2%); pure
Vaseline wax served as the positive control; the test group
received ZnNPs cream; and the negative control received no
treatment. The wound was treated by swabbing it with the
ZnNPs cream once per 24 hours after the infection had persisted
for 24 hours (Figure 1D) (29, 31). Daily healing times were
noted until the wound was completely closed.

Figure 2: Prepared nanoparticle creams

2.7. Oral acute toxicity

2.7.1. Single dose toxicity study

Acute oral toxicity testing was performed on female wistar
albino rats weighing 200 + 10 gm to evaluate the toxicity of each
nanoparticle in a living system. The test used an up-and-down
pattern as defined in OECD exam Guidelines 425 (OECD,
2008). The rats had an overnight fast and a week of adaptation
prior to the dosing (32).

2.7.2. Dose preparation and administration

The required amount of the compounds under investigation
(mg/kg) in proportion to body weight was dissolved using
ethanol. Then, as indicated in table (1), corn oil was added as a
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carrier, and the mixture was heated gradually while being
agitated to achieve homogeneity and ethanol evaporation (29).
Each of the four rats was administered an oral dosage of the
limited test dose (2000 mg/kg) based on body weight, either
twice via stomach tube gavage or once over the course of a 24-
hour period. The rats were weighed according to with (OECD
425-27). Each animal was watched every day for the next 14
days following the dose administration, and then on an
intermittent basis for the first 24 hours. Throughout the
investigation, each rat had further observations to compare its
condition to that of the control group. These observations
included modifications to the eyes, skin, and hair in addition to
behavioral changes (33). On day 15, the rats were euthanized,
put to death with a mixture of xylazine 2% and ketamine 10%,
and their external surfaces and abdominal organs were
examined under a microscope (33, 34).

Table 1: Dose preparation and administration

Conc. Ethanol Vehicl No. of No. of | Lethality
mg/kg (mL) e (mL) | dosesin?24 used

hours rat
2000 2 3 1 1 No
3000 2 3 1 1 No
4000 4 5 2 2 No
5000 4 5 2 2 No

3. Results

According to molecular research (PCR) using 16S rRNA,
sequencing, and submission to the NCBI, the separate species
E. hirae was found for the first time in Iraq in this study. The
accession number for this strain is OQ378919.

3.1. Antimicrobial susceptibility

E. hirae was completely resistant to 13 of the 20 antimicrobials
tested, including amikacin, chloramphenicol, ciprofloxacin,
tobramycin, doxycycline, imipenem, levofloxacin, nalidixic
acid, norfloxacin, rifampin, streptomycin, tetracycline and
trimethoprim. However, it was responsive to the remaining
antibiotics.

3.2 Biosynthesis of ZnNPs and AgNPs

The first sign of ZnNPs and AgNPs from S. indicum seeds was
the colour change after 24 hours of mixing 100 ml S. indicum
seeds extract with 400 ml of ImM ZnO and AgNOs solutions,
separately. ZnO and S. indicum seeds changed colour from light
yellow to yellowish brown (tan or caramel colour); AgNO3 and
S. indicum seeds changed colour from light yellow to brown.
Figure (3) shows that the change in colour of the solutions was
seen visually ZnNP and AgNPs production were confirmed.

[?imlivmn seeds cxlraa[ S. indicum extract + Ag ][ S. indicum extract + Zn ]
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Figure 3: Inspection visually of the colour shift of
nanoparticles

3.3. Characterization of ZnNPs and AgNPs from S. indicum
seeds

3.3.1. UV-Visible Spectroscopy

A UV-Visible spectrophotometer was used to study NP
synthesis. ZnNPs at 345 nm, ZnNPs (Figure 4A) displayed a
noticeable plasmon absorbance band and AgNPs at 421 nm
recording absorbance from 200-800 nm, prominent plasmon
absorbance band was found (Figure 5A).

3.3.2. Fourier Transmission Infrared Spectroscopy

Several absorption bands were visible in the FTIR spectrum for
ZnNPs and AgNPs generation from the extracts of sesame seeds
in this investigation (Figure 4B and 5B). From ZnNPs a total of
1141.86, 1377.17, 1446.61, 1562.34, 1624.06, 1745.58,
2852.72, 2924.09, 3007.02, and 3394.72 cm—1 were the
observed peaks. Bands of 723.31, 781.17, and 966.34 indicated
C=C bending of the alkene, while the absorption band at 619.15
demonstrated the presence of C-Br stretching of the halo
complex. The presence of C-H bending (aldehyde) and C-N
stretching (secondary amine) was also verified by peaks at
1141.86 and 1377.17, respectively. Peak 1446.61 shows that an
alkene has C-H bending. Peak observations of imines with C=N
stretching was made at 1624.06, and peak observations of esters
with C=0 stretching were made at 1745.58. The peak at 1562.34
verified that the nitro compound's N-O functional group was
present. Alkene was seen at the peaks of 2852.72, 2924.09, and
3007.02 with C-H stretching. N-H stretching at peak 3394.72
confirmed the presence of an alpha-amino acid. These
vibrations all demonstrated the involvement of different
biomolecules in the stability and reduction of NPs (19). While,
AgNPs FTIR investigations revealed the spectra of silver
nanoparticles between 400 and 4000 cm-1, with an absorption
band around peak 723.31 indicating the existence of C=C
bending of the alkene compounds. Secondary and tertiary
alcohol with C-O stretching was identified at peaks of 1099.43
and 1163.08, respectively. The peak at 1240.23 confirms the
presence of amines' C-N stretching functional groups. Peaks at
1382.96 and 1465.90 indicated the presence of the C-H bending
functional group of aldehyde and alkene. At 1541.12, a nitro
molecule with N-O stretching was detected. Imine/oxime has
been established by a peak at 1647.21 with C=N stretching.

Peaks at 1745.58 and 3339.76 indicated the presence of C=0
stretching (esters) and N-H stretching (secondary amine). C-H
stretching at peaks 2854.65, 2926.01, and 3007.02 revealed the
presence of an alkene molecule. Also, this outcome agree with
findings were found by Bekmezci, Ozturk (35).

3.3.3. X-ray differentiation (XRD)

The green produced ZnNPs' XRD diffraction spectrum showed
peaks at 20 (31.668 and 34.372) that matched the Zn (100) and
(002) planes of the standard XRD (Figure 4C). According to the
XRD design, ZnNPs are naturally crystalline. Zinc was found in
two planes, one stronger than the other, at position 101 in the
XRD pattern. ZnNPs were found to have an average size 0f 9.07
nm (19). The AgNPs structure revealed by XRD clearly
demonstrated that the AgNPs were generated by the bio
reduction of Ag ions by sesame seeds. The XRD spectrum
revealed three strong peaks (38.227), (44.559) and (64.710)
corresponding to the (011), (020), and (022) planes, respectively
(Figure 5C). X-ray differentiation investigation revealed that the
AgNPs were pure Ag monocrystal structures.

3.3.4. EDX spectroscopy

Furthermore, Zn and Ag presence are confirmed by clearly
defined peaks in the elemental analysis obtained using EDX. In
the EDX spectroscopy of ZnNPs, the maximum intensity zinc
absorption peak at 2 keV was seen (Figure 4D), indicating that
surface plasmon resonance led to the development of metallic
ZnNPs that were crystalline in nature. In addition, The EDX
spectroscopy of AgNPs revealed the maximum intensity
absorption peak of silver at 2 keV (Figure 5D), demonstrating
the development of metallic AgNPs that are crystalline in nature
owing to surface plasmon resonance.

3.3.5. Scanning electron microscopy (SEM)

ZnNPs and AgNPs was examined using SEM. ZnNPs produced
by treating zinc oxide solution with S. indicum seed extract.
SEM showed that NPs had a spherical shape with an average
size of 70 nm. The ratio of zinc sulphate to seed extract and the
extract concentration determine the size and shape of the
nanoparticles (NPs) (Figures 4E). AgNPs regularly formed,
spherical shape was confirmed the existence of AgNPs by SEM
images (Figures 5E).
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Figure 5: Characterization of AgNPs

34. In vitro antimicrobial activity of ZnNPs and AgNPs
ZnNPs and AgNPs with a 0.1% concentration were tested for
their antibacterial action against E. hirae, and the results showed
a 11 mm inhibitory zone for each nanoparticle. As demonstrated
by these results have antibacterial properties as in table (2).

Table 2: Inhibition diameters of ZnNPs and AgNPs against

isolated under the study

3.5. In vivo antimicrobial and healing activity of ZnNPs
and AgNPs

Until the wound was fully closed, daily records of the healing
process were kept. As shown in as in table (3) and figure (6),
wounds treated with nanoparticle creams of ZnNPs and AgNPs
markedly demonstrated faster healing times compared to
standard therapies.

Table 3: Healing time of treated rat wounds under the stud

Nanoparticles Zone of inhibition (mm) Nanoparticles Healing time (days)
E. hirae E. hirae

ZnNPs 11 ZnNPs 18

AgNPs 11 AgNPs 16
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Figure 6: Wound healing on different days with ZnNPs,
AgNPs, positive control, standard control and negative
control

3.6. In vivo toxicological study (Acute oral toxicity)
Throughout the testing, the rats exhibited no overt poisoning
symptoms, and no deaths were noted. These results suggest that
the investigated nanoparticles could not be dangerous. At the
conclusion of the research, the rats were administered anesthetic
before being put to death. Macroscopical testing was performed
on the abdominal organs to evaluate any potential changes
associated with toxicological outcomes. Notably, no appreciable
differences were observed between the test and control groups,
indicating that the administration of ZnNPs and AgNPs does not
appear to cause any toxicological problems. This
comprehensive evaluation supports the safety profile of ZnNPs
and AgNPs and raises the possibility that they will be employed
in additional biological applications.

4. Discussion

Treating injuries and infections caused by MDR bacteria is an
extremely difficult task. Because of this, concentrating efforts to
address this problem is essential to delivering improved health
care. This study aimed to investigate MDR in wound isolates
obtained from patients who visited several hospitals in Erbil
city-Iraq. Out of 157 wound specimens collected during this
study, and, depending on molecular study (PCR) using 16S
rRNA gene sequence analysis, 60 (38.21%) GPB identified in
different wounds. (Khan et al., 2008, Kaftandzieva et al., 2012,
Wan et al., 2021) findings aligned with ours concerning the
percentage of GPB, as 36.25%, 42.11% and 30% respectively of
all isolates were GPB present in wound infections.

The identification of a new kind of GPB (E. hirae) in Iraq in
burn wounds. E. hirae understanding the features of these
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bacteria in the conditions of burn wounds is critical for
developing successful treatment techniques and improving
overall understanding of wound infections. E. hirae is a species
of Enterococcus and small gram-positive cocci, catalase-
negative, non-spore-forming bacteria, gray and non-hemolytic.
Since then, it has been often found in different animals, but
extremely rare cases were described in humans, also cause
endocarditis and sepsis in humans (36).

On the other hand, the results of ZnNPs and AgNPs revealed
that they had a potential effect on MDR bacteria and could
inhibit bacterial growth. Various suggested mechanisms show
that nanoparticles can alter bacterial survival rates. When NPs
attach to bacterial cell membranes, they affect essential
activities such as respiration and permeability. As a result, these
nanoparticles enter bacterial cells, causing pits to develop in the
membranes. Furthermore, zinc and silver metal or ions cause the
formation of free radicals and reactive oxygen species (37),
which may damage DNA and denature proteins, eventually
leading to bacterial death (38).

Wound treatment in medical care is difficult because of their
increased susceptibility to bacterial infections. Furthermore,
there is a critical requirement for quick and efficient wound
healing that reduces unwanted scarring. This work shows the
potential of specific ZnNPs and AgNPs in therapeutic creams to
improve wound healing, which is delayed by MDR E. hirae
infection. The findings provide light on the potential of
nanoparticle-based lotions in promoting wound healing in
complicated infections. ZnNPs and AgNPs showed encouraging
outcomes, with shorter healing durations compared to standard
therapies and controls. Similar findings reported by El-Banna,
Youssef (39), the study showed that wound healing was
significantly faster in the groups treated with nanoparticles
compared to other groups, conversely, the control non-treated
group had slower healing times of wounds. AgNPs stand out as
highly efficient in wound healing after 16 days. Their distinctive
properties indicate that they can not only prevent wound
infections effectively but also accelerate the wound healing
process compared to conventional topical treatments (40). In
addition, the alignment between the current findings and the
study conducted by Pino, Bosco (41) provides valuable support
for the observed wound healing properties of the ZnNPs. Pino,
Bosco (41) who focusing on wound healing utilizing an animal
model (albino wistar rats) found that ZnNPs resulted in fast
healing after 17 days. This discovery is similar with the results
of the current investigation, which indicated a healing duration
of ZnNPs 18 days, indicating a consistent and powerful wound
healing effect linked with the use of ZnNPs.

Nanoparticles may have antibacterial and regenerative
capabilities that speed up the healing process and can eliminate
bacteria and promote skin renewal (42).

Furthermore, the skin directly exposed to ZnNPs and AgNPs
exhibited no observable changes or alterations in the appearance
and structural composition. Hence, the tested concentration of
ZnNPs and AgNPs is considered safe for application in topical
medical treatments as an alternative antimicrobial therapy, the
same results revealed by Escércega-Gonzalez, Garza-Cervantes
(37) and Abdelsattar, Kamel (43). Currently, the science of
pharmacology and toxicology need increased non-toxic
therapeutic options that are more effective and have superior
antibacterial activity against infectious illnesses caused by

OBSTETRICS & GYNAECOLOGY FORUM 2024 | ISSUE 3s | 2698



RESEARCH
O&G Forum 2024; 34-3s: 2692-2700

diverse bacterial strains, notably MDR in clinical settings. As a
result, the biosynthesis of ZnNPs and AgNPs, followed by
cream creation, is acknowledged as a highly successful, cost-
efficient, and simple way for developing a topical therapeutic
with increased wound healing capabilities. These findings
provide important insights for the development of innovative
wound healing medications. To elucidate the mechanism of this
influence, more detailed experimental data will be necessary.

5. Conclusion

The current work reports on the production of Zn and Ag
nanoparticles from S. indicum seeds. The study looked at their
in vitro antibacterial capabilities and in vivo excision wound
healing activities in wistar rat models, with a focus on
nanoparticle cream formulations. Zn and Ag nanoparticles were
characterized via vital instrumental analysis. The findings
showed that ZnNPs and AgNPs significantly inhibited the
development of MDR E. hirae. This work demonstrated ZnNPs'
and AgNPs effects as a non-toxic, cost-efficient, and promising
choice for topical treatments in successful wound healing.
Furthermore, ZnNPs and AgNPs revealed the potential to repair
excision wounds in just 18 and 16 days respectively.
Additionally, the current work poses a significant challenge in
the development of innovative ZnNPs and AgNPs for
antibacterial medications and wound creams, resulting in
enhanced alternative uses. It provides to a better knowledge of
the biological effects caused by important ions, opening the path
for a new paradigm in medical research.
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