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Objective: Wound healing is a vital physiological process that maintains the skin’s barrier function and
prevents infection. The emergence of nanotechnology, particularly metallic nanoparticles, has
introduced new strategies to enhance and accelerate wound repair. Among these, zinc oxide
nanoparticles coated with acetylsalicylate have attracted attention due to their combined antibacterial
and regenerative properties, positioning them as a promising therapeutic option in wound management.
This study aimed to evaluate the effects of acetylsalicylate-coated zinc oxide nanoparticles on wound
healing in male rats, with an emphasis on histopathological outcomes.

Methods: Wound repair involves a complex interplay of cellular and biochemical events leading to the
restoration of tissue integrity. Forty-eight healthy male Wistar rats of uniform weight were randomly
assigned to four groups (n=12 each) after standardized wound induction: Group I (control, no treatment),
Group II (treated with standard phenytoin ointment), Group III (treated with base ointment), and Group
IV (treated with acetylsalicylate-coated zinc oxide nanoparticles). Treatments were applied once daily
for seven consecutive days. Histopathological assessments were conducted on days 7, 14, and 21 post-
wounding.

Results: Group IV demonstrated significantly improved histopathological indices and accelerated
wound healing compared with the other groups (P < 0.05). The findings indicate that acetylsalicylate-
coated zinc oxide nanoparticles possess potent anti-inflammatory, antibacterial, and tissue-regenerative
effects that substantially enhance wound repair in this animal model. Notably, epidermal and dermal
regeneration across different healing phases was markedly improved, underscoring the efficacy of this
nanocomposite.

Conclusion: Acetylsalicylate-coated zinc oxide nanoparticles may serve as a novel and effective
therapeutic modality for wound management, particularly in infected wounds. Nevertheless, additional
preclinical studies and clinical trials are required to confirm these effects and support their translation to
human clinical applications.
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Introduction
The wound healing process is a complex and vital

biological mechanism that plays a decisive role in
maintaining homeostasis and the protective function
of the skin [1]. As the largest organ of the body, the
skin serves as the first line of defense against physical,
chemical, and biological environmental factors, and
disruption of its integrity can lead to localized and
systemic infections as well as various functional
impairments [2]. A wound, defined as a breach in the
continuity and function of the skin and underlying
tissues caused by various injuries, can result in serious
complications such as chronic infections, scar tissue
expansion, and even systemic dysfunction if not
properly healed [3,4].

Wound healing involves a well-orchestrated series of
phases starting from hemostasis and inflammation,
progressing through cellular proliferation and
migration, and culminating in extracellular matrix
remodeling and tissue maturation [5,6]. Any
disturbance in these phases may delay healing and
cause chronic wounds, a phenomenon particularly
prevalent among certain populations such as diabetic
patients, the elderly, and immunocompromised
individuals [7,8].

Nanotechnology, as a fundamental advancement in
regenerative medicine, has enabled the development
of nanoparticles with unique physicochemical
properties [9,10]. Zinc oxide nanoparticles (ZnO NPs)
have been extensively studied for their antibacterial,
anti-inflammatory properties and their ability to
stimulate growth factor production [9,10]. These
nanoparticles promote a favorable microenvironment
for wound healing by inducing beneficial cellular
responses and controlling infections [11,12].
Meanwhile, acetylsalicylate—a chemical derivative of
salicylic acid—possesses well-documented anti-
inflammatory, analgesic, and antithrombotic effects
and is widely used in treating inflammatory and
painful conditions [13,14]. Coating ZnO nanoparticles
with acetylsalicylate not only enhances their stability
but also potentiates synergistic anti-inflammatory and
regenerative effects, representing an innovative non-
invasive strategy for wound treatment [15,16].
However, limited research has addressed the
molecular mechanisms and combined effects of these
two agents [17,18].

A cetylsalicylate on the Wound Healing...

Animal models play a pivotal role in the preclinical
evaluation of novel therapies. Male rats, due to their
immunological and physiological similarities to
humans, constitute a reliable and widely used model
for wound healing studies [19]. Detailed
histopathological analysis of acetylsalicylate-coated
ZnO nanoparticles in this model can provide valuable
insights for clinical translation [20].

Given the limitations of conventional wound
treatments, such as autologous skin grafting—often
associated with pain, scarring, and donor site
restrictions [3] the development of non-invasive, cost-
effective, and highly efficient alternatives is of
paramount importance [21]. Ideal dressings should
maintain moisture, protect the wound, reduce
inflammation, control edema, and stimulate tissue
regeneration [22].

For instance, a study synthesized gold nanoparticles
coated with salicylate and assisted by willow tree
extract, demonstrating effective antifungal activity as
well as notable analgesic and muscle relaxant
properties [23]. In 2017, ZnO nanoparticles with a
minimum inhibitory concentration (MIC) of 125
pg/mL effectively inhibited Staphylococcus aureus
growth. Topical treatment of infected wounds in rats
significantly reduced both surface and deep bacterial
loads and accelerated wound closure (p<0.05),
underscoring ZnO nanoparticles’ potent antimicrobial
efficacy in wound management [24]. Siddiqi et al.
(2018) reported that ZnO nanoparticles, due to their
absorption of UVA and UVB light and distinctive
morphology, effectively combat bacteria and fungi by
penetrating cell walls, disrupting membranes, and
inducing apoptosis, as confirmed by transmission
electron microscopy [25]. Another study revealed that
ZnO nanoparticles reduced wound and scar size in
female Syrian hamsters with burns, while increasing
epidermal thickness, vascularization, and hair follicle
density relative to controls, highlighting their
beneficial effects on skin repair and follicular growth
[26].

Coating ZnO nanoparticles with acetylsalicylate
enhances structural stability and reduces particle
aggregation, significantly improving their anti-
inflammatory and antibacterial properties. This
innovative composite leverages the synergistic effects
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of two active agents, offering an effective and non-
invasive therapeutic approach to accelerate wound
healing. To our knowledge, this study is the first to
utilize acetylsalicylate-coated ZnO nanoparticles as a
combined nanoformulation with both regenerative and
antibacterial ~potentials, capable of markedly
enhancing local therapeutic efficacy and accelerating
cutaneous wound repair.

Despite extensive evidence supporting the beneficial
effects of ZnO nanoparticles in wound healing,
comprehensive and systematic investigations into their
combined use with anti-inflammatory compounds like
acetylsalicylate, along with detailed histopathological
analyses in animal models, remain scarce. This
scientific gap underscores the need for targeted
research. Accordingly, the present study aims to
evaluate the therapeutic effects, tissue regeneration,
and  histological  alterations  induced by
acetylsalicylate-coated ZnO nanoparticles in a male
rat skin wound model. The outcomes of this research
may open new avenues for the development of
advanced wound therapies and facilitate their clinical
translation.

Materials and Methods
Study Design

This experimental study (laboratory trial) was
conducted to evaluate the effects of acetylsalicylate-
coated zinc oxide nanoparticles on the wound healing
process in male rats.

Study Population and Sample Size
A total of 48 adult male Wistar rats weighing
approximately 190 = 10 grams were used in this study.
The animals were procured from the Faculty of
Medicine at Lorestan University of Medical Sciences
and housed under controlled conditions with natural
light cycles and constant room temperature. They
underwent a two-week acclimatization period to
minimize environmental stress effects on study
outcomes. Rats were fed pellet chow and had ad
libitum access to food and water.

Surgical Materials and Equipment
The following materials and instruments were utilized:
Xylazine (Xylazine Alfasan, Netherlands), Ketamine
(Bremer Pharma, Germany), scissors, scalpel, bistoury
blade, disposable gloves, insulin syringes, electric
shaver with blade number 4, sterile gauze, and biopsy
punch.

Study Procedure
Following wound induction, animals were randomly
allocated into four groups of 12 rats each. Treatments
were administered once daily for seven consecutive
days as follows:

Group 1 (Control): Wound induction without any
treatment

Group 2: Treatment with standard phenytoin ointment
Group 3: Treatment with base ointment

Group 4: Treatment with ointment containing
acetylsalicylate-coated zinc oxide nanoparticles

Anesthesia and Wound  Creation
All procedures adhered strictly to ethical principles for
biomedical research. Experimental design, animal
handling, and interventions complied with the Guide
for the Care and Use of Laboratory Animals (NIH) and
the bioethical laws of the Islamic Republic of Iran.
Ethical approval was granted by the Ethics Committee
of Lorestan University of Medical Sciences (approval
code: IR.lums.RES.1403.263).

On the day of surgery, rats were anesthetized via
intraperitoneal injection of ketamine (60 mg/kg)
combined with xylazine (5-10 mg/kg) [27]. The
surgical site was disinfected with povidone-iodine and
70% ethanol. Animals were positioned laterally, and
the dorsal skin between the scapulae was stretched and
stabilized between two fingers to prepare for wound
creation. A 10-mm biopsy punch was applied with
rotational motion to the posterior scapular area, and
underlying tissues including the panniculus carnosus
muscle were excised using scissors and forceps.
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Recovery and Postoperative Care
After surgery, animals were individually housed and
placed under warming lamps until fully recovered
from anesthesia. Daily monitoring of general health
and wound condition was conducted. Treatments were
applied without anesthesia at consistent times
(approximately 10—11 a.m.) for seven days.

Histopathological Sampling
Tissue samples including the wound margin and 1-2
mm of adjacent healthy skin was collected on days 7,
14, and 21 post-surgeries. Samples were immediately
fixed in 10% formalin, sectioned into 5-micron slices
using a microtome, and stained with hematoxylin-
eosin and Masson's trichrome. Slides were examined
under a light microscope (Olympus CX31RBSF)
equipped with a digital camera.

Quantitative Collagen Assessment
Collagen deposition at the wound site was quantified
using Image] software with the Color Deconvolution
plugin specific for Masson's trichrome staining. The
intensity of blue staining, indicative of collagen
content, was assessed on days 7, 14, and 21 for each
group. Collagen levels were categorized as negative (—
), weak (+), mild to moderate (++), moderate (+++), or
high (++++) [28].

Wound Area Measurement (Planimetry)
Digital photographs of wounds alongside a scale ruler
were taken on day 0 and days 3, 6, 9, 12, 15, 18, and
21. Wound areas were measured using Adobe Acrobat
9 Pro Extended software (29). Wound healing
percentage was calculated as:

Wound Healing (%)= (A0—At)/ A0 x 100

where AOQ is the wound area on day 0 and At is the
wound area on the day of measurement.

Synthesis of Zinc Oxide Nanoparticles
Zinc oxide nanoparticles were synthesized via a

A cetylsalicylate on the Wound Healing...

hydrothermal method in the presence of methyl or
acetylsalicylate. Fifty milliliters of =zinc nitrate
hexahydrate solution (4.5 g/L) was stirred
magnetically at 60°C. Subsequently, 50 mL of
hydroalcoholic acetylsalicylate solution (60% ethanol)
at concentrations between 0.5-1.5% was slowly
added. One molar sodium hydroxide solution was then
added dropwise, and the mixture was stirred for 6
hours. The formation of a white suspension indicated
successful nanoparticle synthesis (30).

Preparation of Ointment Containing Acetylsalicylate-
Coated Zinc Oxide Nanoparticles
One gram of synthesized nanoparticles was
thoroughly mixed with 100 grams of 400% ucerin
using a laboratory mixer. The resulting ointment was
stored in appropriate containers under refrigeration
and protected from light until use.

Statistical Analysis
Quantitative data are presented as mean + standard
deviation; qualitative data are expressed as frequency
and percentage. Data normality was assessed by the
Shapiro-Wilk test. For normally distributed data,
independent and paired t-tests and repeated measures
ANOVA were applied. Non-parametric equivalents
were used when normality assumptions were violated.
Statistical significance was set at p <0.05. All analyses
were performed using SPSS version 22 with two-tailed
tests.

Hydroxyproline Determination
Hydroxyproline, the main amino acid constituent of
collagen, was quantified to estimate collagen content
in healing tissue. Hydroxyproline levels were
measured following the method proposed by Reddy et
al. (1996). On day 21 post-wounding, tissue samples
were collected from the wound center, ensuring equal
weights across groups. One gram of each sample was
dried at 60°C in an oven and hydrolyzed in 6N
hydrochloric acid at 130°C in sealed test tubes. The
hydrolysate was neutralized with pH 7 buffer and
oxidized with Chloramine T for 20 minutes. The
reaction was terminated by adding 4M perchloric acid,
and the resulting chromogen was developed with
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Ehrlich’s reagent at 60°C. Absorbance was measured
at 557 nm using a UV-visible spectrophotometer.

Characterization of  Acetylsalicylate-
Coated Zinc Oxide Nanoparticles
Morphological analysis of the coated nanoparticles
was performed using scanning electron microscopy
(SEM). Images revealed predominantly spherical

SEM MAG: 135 kx Det: InBeam Ll

WD: 5.01 mm BI: 7.00 200 nm
View field: 1.54 ym Date(m/dly): 01/21/24

nanoparticles with some aggregated clumps. Particle
sizes ranged from 10 to 90 nm. Given that
nanoparticles are defined as particles below 100 nm,
and that particles within this size range possess a high
surface-area-to-volume ratio, these properties enhance
tissue  penetration and therapeutic  efficacy.

Additionally, acetylsalicylate coating improves
biocompatibility. The synthesized nanoparticles met
the expected criteria for effective wound healing
applications (Figure 1).

Size (nm)

Figure 1: Morphological Analysis of Salicylate-Coated Zinc Oxide Nanoparticles: Size Distribution, Surface
Properties, and Potential Biomedical Applications

Results

Assessment of Hydroxyproline Content in
Wounds

The hydroxyproline levels are presented in Table 1.
The group treated with ointment containing
acetylsalicylate-coated zinc oxide nanoparticles
showed a significantly higher hydroxyproline content
compared to the other groups.
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Table 1: Hydroxyproline levels in different groups. Values are presented as mean + standard error.

Experimental Description Hydroxyproline
Groups (mg/g)
GI Control 38.49+3.772
GII Wound + Standard Phenytwain Ointment 52.13+4.28
GIlI Wound + Base Ointment 58.63 £4.10°
GIV Wound + Zinc Oxide Nanoparticles Coated with Acetylsalicylate 68.71 £ 3.61°
Histological Evaluation Table 4-2. Statistical analysis revealed a significant

Histological assessments were performed across the
different groups on days 7, 14, and 21, focusing on
parameters such as hemorrhage and collagen
deposition. Regarding epithelialization, results
indicated a moderate level on day 7, which progressed
to severe on day 14, and reached a very severe degree
by day 21.

The density of collagen fibers is summarized in Table
4-2. To qualitatively assess collagen content at the
wound site, ImageJ software was utilized to isolate the
blue-stained collagen areas. Collagen measurements
for days 7, 14, and 21 in each group are presented in

difference in collagen levels between the control and
nanoparticle-treated groups on days 7, 14, and 21 (P <
0.05). These findings correspond to an observed trend
of moderate, severe, and very severe collagen
deposition on days 7, 14, and 21, respectively.

The increased collagen density in the treatment group
receiving the ointment containing acetylsalicylate-
coated zinc oxide nanoparticles was significantly
higher compared to the other groups, confirming the
positive and impactful effect of this treatment on
wound healing.

Table 2: Histopathological Assessments

Day Experimental Collagen Re-
Groups Deposition epithelialization

7 14
G I (Control) - ++
G II (Wound + Standard Phenytwain Ointment) + +
G III (Wound + Base Ointment) + +

G IV (Wound + Zinc Oxide Nanoparticles ¥ -

Coated with Acetylsalicylate)
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Classification of Histological Parameters

Based on Severity
The histological parameters were classified according
to the severity of occurrence as follows: absence (-),
weak (+), moderate (++), severe (+++), and very
severe (++++). These evaluations were performed on
days 7, 14, and 21 across the studied groups. Statistical
significance was considered at P < 0.05.

350 -

Wound Area (mm?)
h9 0
o 8 o

3

ed with Acetylsalicylate on the Wound Healing...

Planimetric analysis (measured in square millimeters)
demonstrated significant differences in wound area
changes over the study period between the control
group and various treatment groups (P < 0.05). The
wound closure rate in the group treated with ointment
containing  acetylsalicylate-coated zinc  oxide
nanoparticles was significantly faster compared to
other treatment groups (Figure 2).

—e—Group |
—@—Group Il
—a&—Group Il

—e—Group VvV

6 S 12

15 18 21

Postoperative Days

Figure 2: Wound Surface Area

Macroscopic Findings
No significant differences were observed among the
groups on the first day post-wounding (P > 0.05).
However, from day 5 onward, as shown in Figure 1
and corresponding measurements, a significant
reduction in wound size and progression of healing
was evident in the treatment groups. Over the 14-day
treatment period, wounds treated with the nanoparticle
ointment exhibited a marked decrease in wound area
compared to the control group. This notable
improvement in wound closure and healing is clearly
demonstrated in the macroscopic images of the
wounds (Figure 3).
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Figure 3: Comparison of the Macroscopic Wound Healing Progression Among Different Treatment Groups,
Highlighting the Efficacy of Zinc Oxide Nanoparticles Coated with Acetylsalicylate

Figure 4: Effect of Time on Wound Area Reduction and Planimetric Assessment Across Different Treatment
Groups
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Effect of Time on Wound Healing Across
Different Groups

Analysis of the effect of time on wound healing

Discussion

The present study aimed to investigate the effects of
zinc oxide nanoparticles coated with acetylsalicylate
on the wound healing process in rats. In recent years,
metallic and metal oxide nanoparticles have attracted
considerable attention due to their unique properties
such as lower toxicity, higher bioavailability,
enhanced safety, and superior penetration and
distribution in various biological tissues compared to
their bulk counterparts [32]. Zinc oxide nanoparticles
exhibit notable antibacterial properties and have been
employed in drug formulations [33]. Moreover, these
nanoparticles possess anti-inflammatory effects [34],
and zinc itself promotes epidermal regeneration and
reduces burn-related scarring [35].

Salicylic acid is known as an effective anti-
inflammatory agent. Among its derivatives, methyl
salicylate is one of the most commonly used
pharmaceutical forms, often applied topically as an
ointment to alleviate pain and inflammation [36].
Beyond its pharmaceutical applications, methyl
salicylate in plants functions as a phytohormone
involved in regulating growth, enhancing defense
mechanisms, responding to environmental stresses,
and facilitating fruit ripening [37].

According to established wound healing evaluation
criteria, our findings demonstrated that topical
application of an ointment containing the synthesized
nanoparticles can significantly accelerate tissue repair.
One of the principal indicators in this assessment was
the macroscopic observation of wound size reduction
over time. Consistent with Rajakumari et al., gradual
wound contraction during healing results from two key
processes: wound contraction and connective tissue
deposition. Wound contraction is primarily mediated
by myofibroblast cells, which, through their
contractile properties, approximate the wound edges
and reduce its dimensions [38-41]. Additionally,

A cetylsalicylate on the Wound Healing...

demonstrated that changes in wound area were not
uniform across all groups at different time points (P <
0.05). For example, the differences observed in
planimetric measurements are illustrated below;
similar patterns were noted for the other time points as
well (Figure 3).

Agren and colleagues reported that zinc oxide
nanoparticles  effectively  promote  epidermal
regeneration and reduce the size of cutaneous scars,
with nanoparticle-treated groups exhibiting smaller
scars than controls [42]. Our results align with these
findings, as a significant reduction in wound size was
observed in the nanoparticle-treated group, potentially
due to enhanced fibroblast migration and activity,
increased collagen synthesis, and consequently
improved tissue tensile strength. The active
involvement of myofibroblasts likely played a critical
role in wound contraction and reduction of damaged
tissue area, corroborating previous studies.

Collagen, a major extracellular matrix component,
plays a vital structural and supportive role in tissue
remodeling. It primarily comprises the amino acid
hydroxyproline, which serves as a reliable
biochemical marker for quantifying collagen content
in tissues [42]. In the current study, animals treated
with the zinc oxide nanoparticles coated with
acetylsalicylate ointment showed a significant
reduction in wound area, indicative of increased
collagen deposition and accelerated tissue repair [43].
Hydroxyproline stabilizes the triple helical structure of
collagen by forming hydrogen bonds between
polypeptide chains, thus maintaining collagen’s
strength and structural integrity. Consequently,
hydroxyproline content is considered an accurate
indicator of collagen synthesis [43]. Our results
revealed that hydroxyproline levels (expressed as mg
per gram of skin) were significantly higher in the
treated group than in others, highlighting the positive
effect of zinc oxide nanoparticles coated with
acetylsalicylate on stimulating collagen synthesis,
improving fibril arrangement, and ultimately
enhancing the tensile strength of the wound site.

Planimetric evaluation further confirmed that the
ointment containing zinc oxide nanoparticles coated
with acetylsalicylate significantly accelerated wound
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contraction and reduced the damaged area compared
to other treatment groups. This drug formulation
played a pivotal role in hastening wound closure.
Histopathological findings clearly demonstrated that
the treated group scored higher in wound healing
parameters than the other experimental groups.
Noteworthy tissue changes included a shortened
inflammatory phase, increased granulation tissue
formation, and accelerated wound contraction. These
changes indicate faster epithelial regeneration and
increased proliferation and activity of fibroblasts.
Previous evidence supports that controlling
inflammatory processes and using antioxidant
compounds can markedly expedite wound healing
[44]. Conversely, the presence of detrimental factors
such as infection, free radicals, and oxidants
exacerbates tissue damage and delays skin wound
recovery [45].

Phenolic and flavonoid compounds, as key plant
secondary metabolites, exhibit diverse biological
activities, including antioxidant, anti-inflammatory,
and antibacterial effects. These properties are essential
in promoting wound healing [46]. Studies have
demonstrated that phenolic compounds effectively
treat skin lesions, slow skin aging, aid in burn healing,
and significantly reduce wound healing time [47].
Furthermore, flavonoids facilitate wound contraction,
stimulate epithelial cell regeneration, and promote
collagen synthesis [48].

Given the well-documented anti-inflammatory and
antioxidant properties of zinc oxide nanoparticles and
salicylate derivatives—particularly acetylsalicylate—
it is plausible that the ointment containing zinc oxide
nanoparticles coated with acetylsalicylate exerts its
positive influence on wound healing through these
mechanisms [49].

The antibacterial activity of zinc oxide nanoparticles
primarily arises from their unique physicochemical
features and high surface area to volume ratio. Direct
contact between these nanoparticles and bacterial cell
membranes disrupts cell wall integrity, triggers the
release of Zn?" ions, and generates reactive oxygen
species (ROS), culminating in bacterial death [50].

Additionally, the angiogenic potential of zinc oxide
nanoparticles has been explored in various studies. For
instance, nanoparticles coated with peptides [51] or

graphene oxides [52] have demonstrated the ability to
promote angiogenesis in animal and in vitro models.
Microwave-synthesized zinc oxide nanoparticles have
also been shown to stimulate endothelial cell
proliferation and migration, both crucial steps in new
blood vessel formation within wound beds [50].
Augustine et al. designed and synthesized
nanoscaffolds containing zinc oxide nanoparticles
with proven angiogenesis-inducing properties,
yielding positive effects on skin wound healing [53].

Zinc oxide nanoparticles exhibit a broad range of
bioactivities due to their distinct physical and chemical
properties. Synthesized in various morphological
forms, they display significant antibacterial effects at
both nano and micro scales. Evidence suggests that
smaller particle sizes correlate with enhanced
antibacterial activity, as nanoparticles interact with
bacterial membranes or penetrate microbial cells,
disrupting vital structures and causing cell death [54,
55].

Beyond antibacterial effects, zinc oxide nanoparticles
also possess anti-inflammatory properties. Studies on
the chorioallantoic membrane demonstrated that zinc
oxide nanoparticles significantly reduced blood vessel
number and size and decreased fetal weight and size.
In a mouse paw edema model, their application
markedly reduced inflammation. Furthermore, gene
expression analysis in MCF-7 cancer cells showed that
these nanoparticles downregulated VEGF and its
receptor expression while upregulating IL-10 and
downregulating IL-1B, implicating roles in anti-
inflammatory and antitumor pathways [56].

Collectively, these findings suggest that zinc oxide
nanoparticles can effectively accelerate the healing of
both infected and non-infected wounds through
antibacterial activity, inflammation modulation, and
scavenging of free radicals and oxidants. These
mechanisms, combined with growth factor stimulation
and inhibition of tissue-damaging agents, contribute to
more efficient tissue regeneration.

Attenuation of inflammation, or modulation of the
inflammatory phase, is a crucial factor in accelerating
wound healing [57]. Our study found a significant
reduction in inflammation severity and accelerated
healing in the group treated with the zinc oxide
nanoparticles coated with acetylsalicylate ointment
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compared to controls. This suggests an earlier onset of
the tissue remodeling phase in this group [58].

Hence, the mechanism underlying the effect of zinc
oxide nanoparticles combined with acetylsalicylate
may involve stimulation of anti-inflammatory
pathways, enhanced cell proliferation, and activation
of myofibroblasts for collagen synthesis. Considering
the vital roles of these factors in extracellular matrix
formation and skin structure restoration, this ointment
appears to play a significant role in promoting wound
healing. Nonetheless, detailed investigations into the
molecular pathways involved are warranted through
more comprehensive cellular and molecular studies.

Limitations

This study was limited by the use of an animal model,
which restricts direct extrapolation to humans.
Moreover, molecular mechanisms underlying
nanoparticle effects were not fully explored, and the
follow-up period was relatively short (21 days).
Systemic safety of nanoparticles and comparisons
with other coatings were not assessed. Therefore,
further extensive studies focusing on mechanisms,
toxicity, and clinical trials are necessary to confirm
these results.

Conclusion

The findings of this study demonstrate that topical
application of an ointment containing zinc oxide
nanoparticles coated with acetylsalicylate
significantly enhances wound healing in male rats.
Notably, epidermal regeneration by day seven and
dermal repair by day fourteen were significantly
improved compared to control groups. These results
indicate that this nanotechnology-based formulation,
leveraging anti-inflammatory, antioxidant, and
collagen-stimulating properties, facilitates multiple
phases of wound healing and accelerates tissue
regeneration. Given the marked efficacy observed,
further research and development of this ointment for
treating acute and chronic skin wounds is
recommended. However, confirmatory studies in other
animal models and eventually human clinical trials are
essential to verify its safety and therapeutic potential.
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