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ARTICLE INFO ABSTRACT

The process of wound healing is complex and can be impaired by infection and
Article History: inflammation. Chitosan (CS), selenium nanoparticles (SeNPs), and platelet-rich
Received 27 January 2025 plasma (PRP) have individually shown promise in promoting wound healing due
Accepted 25 March 2025 to their regenerative and antioxidant properties. However, their combined use in a
Published 01 April 2025 transdermal patch for synergistic effects remains underexplored. This study aimed to

develop and evaluate a novel chitosan-based transdermal patch incorporating SeNPs
Keywords: and PRP to explore their collective effectiveness in facilitating wound healing in a rat
Chitosan model. Seventy-five male Wistar rats with 1.5 x 1.5 cm® wounds were divided into

five groups: control, free patch, CS/SeNPs, CS/PRP, and CS/SeNPs/PRP. Patches were
prepared by dissolving chitosan in acetic acid, adding propylene glycol, SeNPs, and
PRP, and then freeze-drying. Wound healing was assessed on days 3, 7, and 21 using
Transdermal drug delivery histopathology, cytokine expression, and fluorescent immunohistochemistry for
Wound healing vascular growth factors. The CS/SeNPs/PRP patch significantly outperformed other
treatment groups in terms of wound closure rate (p < 0.05). Histological analysis
revealed enhanced re-epithelialization, collagen deposition, and angiogenesis. The
observed reduction in inflammatory cytokine levels, specifically TNF-a and IL-6,
suggests an anti-inflammatory effect contributing to the overall improvement in wound
healing outcomes. This novel transdermal patch combining the beneficial properties
of CS, SeNPs, and PRP offers a promising therapeutic approach for promoting wound
healing through accelerated tissue regeneration and modulation of inflammation.
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INTRODUCTION

The skin, a complex and multifunctional
organ, acts as our body’s outermost protective
layer, constantly interacting with the external
environment. It has a vital function in detecting
stimuli, maintaining body temperature and
shielding us from harm [1, 2]. Due to its exposure
to the outdoor environment, the skin is highly
susceptible to injury, making effective wound
healing essential for restoring its anatomical
integrity and functional status [2, 3].

Wounds are physical injuries that disrupt the
skin’s integrity and can be classified as chronic
or acute [4]. Burns, surgical incisions and other
traumatic injuries are acute wounds that recover
quickly. A normal acute wound looks like a clean,
non-infected surgery incisional wound that is
closed with surgical sutures. Proper wound healing
serves as essential for the recovery of interrupted
anatomical integrity and functional status of
the skin [3]. Proliferation, an inflammatory
response and remodeling are the three parts
of the complicated healing process framework
that overlap frequently [5, 6]. The inflammatory
phase includes cellular processes like the entry
of leukocytes, which play distinct roles in killing
microbes and making cytokines. This starts the
cell proliferation response for wound repair and
vascular reactions including blood clotting and
stopping bleeding. During the proliferation phase,
granulation tissue forms and the wound’s surface
becomes covered with cells. The subsequent
remodeling phase focuses on restoring the skin’s
structural and functional integrity [7].

Several options are available for managing
wound healing, including foam dressings,
gauze, transparent film, hydrocolloid and
hydrogel dressing, and transdermal patches [8].
Transdermal drug delivery systems (TDDS) are
devices that administer drugs through the skin
in a controlled and sustained manner, ensuring a
consistent therapeutic effect [9].

Biopolymers that are derived from natural
sources like plants, animals, or microbes, have
found extensive applications in biomedicine due
to their diverse properties and potential uses.
Among these, chitosan, a biocompatible and
biodegradable polymer derived from chitin (the
main component of crustacean exoskeletons), has
emerged as a valuable resource. Its safety, non-
antigenicity, and biocompatibility make it suitable
for various medical uses. The biodegradability of
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chitosan allows it to naturally break down within
the body, while its hemostatic properties aid in
blood clotting. Chitosan also boasts antimicrobial
properties and accelerates healing by stimulating
cell growth, blood vessel formation, and collagen
production [10, 11]. Chitosan’s adaptability makes
it a strong contender for wound care applications.
Other biomaterials like alginate and collagen have
also shown potential in wound healing applications
[12-15].

Selenium is one of the most crucial
micronutrients for both humans and animals and
is an essential trace element. Selenoproteins, a
class of proteins containing the unique amino
acid selenocysteine, have gotten an excessive
amount of attention because of their diverse
and interesting activities in biology. These
proteins have essential functions in a range of
physiological activities, including antioxidant
defense, immune regulation and cellular signaling.
Their anti-inflammatory activities aid in regulating
immunological responses and their antioxidant
abilities protect cells from oxidative damage.
Additionally, selenoproteins have been shown
to exhibit antimutagenic and anticarcinogenic
activities, potentially playing a role in cancer
prevention. Furthermore, these proteins possess
antiviral, antibacterial and antifungal properties,
contributing to the body’s defense against
infections. Selenium nanoparticles (SeNPs) are a
promising alternative to elemental selenium due
to their enhanced stability, biocompatibility and
reduced toxicity [16, 17].

Recent research suggests that SeNPs combat
bacteria and aid tissue repair. PRP, or platelet-
rich plasma, is an extremely concentrated form of
human plasma that contains an excessive amount
of platelets withinitand hasalsogarnered attention
for its role in promoting healing [18, 19]. Baseline
platelet levels in plasma are usually 150,000/pl-
350,000/pl. PRP is containing 1,000,000 platelets/
pl in 5 ml of plasma. This concentration has
been scientifically demonstrated to be effective
in promoting healing in bones and soft tissues.
Platelet-rich plasma (PRP) contains an abundance
of growth factors such as platelet-derived growth
factor (PDGF) which is crucial for cell proliferation,
vascular endothelial growth factor (VEGF) which
is essential for angiogenesis, transforming growth
factor (TGF) which is involved in cell differentiation,
and epidermal growth factor (EGF) which
promotes cell growth and healing [20, 21]. Recent
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research findings show that PRP can speed up
the healing process [22-24]. In addition, chitosan,
being a biopolymer, has proven notable efficacy
in terms of its antimicrobial attributes and wound
healing capabilities [25-27]. SeNPs possess ideal
biomimetic characteristics of immune evasion and
show remarkable antibiotic-free properties, giving
them a promising candidate for clinical application
in wound healing [28].

This study investigates the synergistic effects of
incorporating chitosan, SeNPs and PRP into a TDDS
for enhanced wound healing. The hypothesis is
that this novel combination will accelerate wound
closure, promote tissue regeneration and reduce
inflammation compared to individual components
or conventional treatments. By evaluating the
efficacy of this combined approach in a rat model
of acute wound healing, this study seeks to
contribute to developing innovative and effective
wound care therapies.

MATERIALS AND METHODS
Materials

Selenium dioxide powder, ascorbic acid, acetic
acid, propylene glycol, and low molecular weight
chitosan (50-190 kDa) were sourced from Sigma-
Aldrich. BD Vacutainer ACD-A blood collection
tubes (Vacutainer®, BD Biosciences) were used for
blood collection, and phosphate-buffered saline
tablets (Gibco™, Thermo Fisher Scientific) were
used to prepare buffer solutions. All remaining
chemicals were analytical grade.

Animals

Seventy-five male Wistar rats (180-250 g),
sourced from the Pasteur Institute of Iran, were
individually housed in standard plastic cages.
These cages were maintained in a controlled
environment with a consistent temperature and
a 12-hour light-dark cycle, designed to simulate
natural circadian rhythms. The rats were provided
with unlimited access to both food and water
throughout the duration of the study.

Preparation of SeNPs

Selenium  nanoparticles  (SeNPs)  were
synthesized through a reduction reaction.
Selenium dioxide (55.5 mg) was dissolved in
deionized water (500 ml), and ascorbic acid (387.2
mg) was dissolved in deionized water (50 ml).
The latter solution was then slowly introduced
into the former under vigorous stirring. The
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reduction reaction resulted in the formation of
SeNPs, visually confirmed by a color change in the
solution. After one hour of continuous stirring,
SeNPs were collected by ultracentrifugation and
washed multiple times with ethanol to remove
impurities [29].

Nanoparticle characterization
Size, zeta potential and polydispersity index

The synthesized SeNPs were characterized
by dynamic light scattering (DLS) for figuring
out particle size, polydispersity index (PDI) and
zeta potential. This analysis was performed
using a Zetasizer Nano ZS instrument (Malvern
Instruments, UK), which employs a 50 mW HeNe
laser beam operating at a wavelength of 633 nm
[30].

Morphology and elemental composition

After being placed on a glass surface and
then allowed to air dry for a full day (24 hours),
the SeNPs underwent gold-palladium sputter
coating to enhance their conductivity and visibility
under electron microscopy. Field emission
scanning electron microscopy (FE-SEM, Tescan/
Mira, Czech Republic) was employed to visualize
the morphology of the SeNPs. The elemental
composition of the SeNPs was determined using
energy-dispersive X-ray spectroscopy (EDAX) in
conjunction with field emission scanning electron
microscopy (FE-SEM). This technique allowed
for the verification of the presence of selenium
within the nanoparticles and the generation of
spectroscopic maps illustrating the elemental
distribution of selenium [31].

PRP preparation

Blood (10 ml) was drawn from the heart
of each rat into yellow tubes containing acid
citrate dextrose (ACD) as an anticoagulant. The
blood samples were centrifuged at 400 rpm for
10 minutes at 22 °C. Subsequently, a second
centrifugation step was performed for an
additional 10 minutes at 800 rpm to separate the
platelet-rich plasma (PRP) from the platelet-poor
plasma (PPP). Approximately 1.0 ml of PPP was
collected as the supernatant, while approximately
0.5 ml of PRP was obtained from the bottom of
the tube using a pipette [32].

Preparation of transdermal patch

The fabrication of the chitosan-based
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transdermal patches involved a multi-step process.
The initial step in preparing the transdermal
patch involved, dissolving 100 mg of chitosan
in 10 ml of a 1% acetic acid solution to create a
uniform mixture. This process resulted in the
formation of a homogenous mixture, ensuring
uniform distribution of the chitosan throughout
the solution. The acetic acid served as a solvent,
facilitating the dissolution of chitosan and enabling
its subsequent incorporation into the patch
formulation. As a plasticizer, 0.2 ml of propylene
glycol was subsequently incorporated into the
patches to increase their flexibility and durability.
Subsequently, 0.6 mg of selenium nanoparticles
(SeNPs) and 30 pl of platelet-rich plasma (PRP)
into the mixture. This combined solution was then
carefully poured into 10 molds, each measuring
1x1 cm? were filled with one milliliter of the
prepared solution, which was then freeze-dried
and kept at 4 °C to prepare CS/SeNPs/PRP. On
the other hand, Patches holding only SeNPs (CS/
SeNPs) and PRP (CS/PRP) are synthesized in the
same way [33-35].

Physicochemical evaluation
Appearance characterization

The prepared transdermal patches underwent
visual inspection to evaluate their color, clarity,
flexibility, =~ homogeneity, and smoothness,
ensuring uniformity, pliability, and the absence of
air bubbles [36].

Swelling index study

After setting up the first weight (W ) of the
different patches, samples of the different TDDS
formulas were put on a 2% agar plate and left
to grow at 32 °C to find out their swelling index.
At predetermined intervals, the patches were
removed from the incubator, any extra water on
their surface was removed using filter paper and
the swelled patch was reweighed (W) [36, 37].
The swelling index was subsequently determined
using the equation:

(We=wo)

Wo 100 (1)

Swelling index =

By calculating the swelling index, researchers
can gain insights into the patch’s ability to absorb
wound exudate, a critical factor in maintaining a
moist wound environment and promoting healing.
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Determination of surface pH

To assess the likelihood of mucosal irritation
by the transdermal patches, the surface pH of
TDDS with different formulations is measured.
Skin irritation may result from an alkaline or acidic
pH. Each patch sample received 5 ml of pH 7.4
phosphate buffer. The pH levels were then checked
every 2, 4 and 6 hours by placing an electrode on
the surface of the enlarged patch. It is considered
that ideally, topical formulations should have a pH
between 6 and 8 to avoid skin irritation [36].

In-vitro Bio-adhesive evaluation

There exist several in vitro methodologies for
evaluating adhesion strength, which commonly
rely on the measurement of the required force
for detaching the patch from a level surface. The
bio-adhesive strength of transdermal patches was
assessed using a modified two-arm balance [36].
One arm of the balance was employed to suspend
a beaker designed to collect water, while the other
arm was used to suspend a glass surface that stuck
to patches. To find the minimum adhesion force
achievable between the patch and the mucus, a
2x2 cm? piece of rat skin was affixed to the base
glass surface. Afterward, the designated patch was
meticulously placed onto a small glass plate and
kept near the corresponding cellulose membrane,
which had been previously hydrated with distilled
water. The water was then gradually added to
the collecting vessel at a rate of 3 ml per minute.
As soon as, the removing of the patch from the
surface of the cellulose membrane, the water
addition was halted and adhesion strength was
found. The average result of this experiment was
calculated after three replications [38].

In-vitro release of SeNPs

Release tests in vitro were conducted to assess
the release pattern of SeNPs from the transdermal
patch. Franz diffusion cells, a standard tool for
evaluating drug release, were employed for this
purpose. A 20 ml volume of phosphate buffer at pH
7.4 was added to each cell’s receiver chamber to
simulate physiological conditions. To simulate the
skin barrier, a cellulose acetate membrane with
a pore size of 0.45 um was inserted between the
donor (patch) and receiver chambers. The receiver
chamber was kept at a consistent temperature
of 37 °C using a heated magnetic stirrer and the
solution was continuously agitated to achieve even
dispersion of the released SeNPs. The samples
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were gathered from the recipient compartment at
regulartimesof 1, 2, 3,4, 5, 6 and 8 hours. In order
to maintain sink conditions, an equivalent volume
of fresh phosphate buffer was introduced after
each sampling. The SeNPs content in the collected
samples was then quantified by employing UV-Vis
spectrophotometry at a specific wavelength of

265 nm, which is where the SeNPs exhibit their
greatest absorbance [39, 40].

In vivo wound healing study

For each surgical procedure, anesthesia was
initiated through intraperitoneal administration
of a combined ketamine (70 mg/kg) and xylazine
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Fig. 1. SeNPs are described by: A) the size particle distribution, B) zeta potential of selenium nanoparticles (SeNPs) using Dynamic
Light Scattering (DLS), C) FE-SEM image showing the morphology of SeNPs, D) SEM image of CS/SeNPs/PRP highlighting nanoparticle
distribution and E) EDAX spectra confirming the presence of selenium in the nanoparticles.
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(10 mg/kg) solution. After surgical preparation of
the animal’s dorsal skin, a square area measuring
1.5x1.5 cm? was excised using sterile scissors.
Transdermal patches were promptly applied to
the wounds, and the rats were placed in cages
with limited numbers for individual monitoring
and care, including wound assessment, dressing
changes, and provision of food and water [40].

The rats were split into five groups at random
(n=15 per group):

° Control group: No treatment

° Free patch group: Chitosan patch only

° CS/SeNPs group: Chitosan patch with
selenium nanoparticles

° CS/PRP group: Chitosan patch with
platelet-rich plasma

° CS/SeNPs/PRP group: Chitosan patch
with both selenium nanoparticles and platelet-rich
plasma

Gross observation of wound closure

To assess the progression healing of wounds,
the size of each wound was measured on days
3, 7 and 21 after the surgical procedure. A digital
caliper was used to obtain precise measurements
of the wound dimensions and the wound area was
subsequently calculated in square millimeters.
This allowed for a quantitative assessment of
wound closure over time in the different treatment
groups [41, 42].

Histopathological examination

For histological analysis, skin samples from
the wound site were carefully collected on days
3, 7 and 21 after the animal’s demise, these
samples included the dermis, epidermis and
subcutaneous tissue. Following collection, skin
samples from the wound site were fixed in a 4%
formaldehyde solution and maintained at 4 °C
to preserve tissue structure. Subsequently, the
samples were dehydrated by using a series of

ethanol solutions with increasing concentrations.
Next, the dehydrated samples were embedded
in paraffin wax, a process that provides structural
support for sectioning. Thin sections were cut
from the paraffin blocks and stained using
standard histological techniques. The technique
of hematoxylin and eosin (H&E) staining was
utilized to examine the structure of the tissue as a
whole, whereas Masson’s trichrome staining was
performed to specifically enhance the visibility
of collagen fibers. The stained sections were
subsequently analyzed using a light microscope
(Axio Scope A1l FL; Carl Zeiss, Wetzlar, Germany) in
order to evaluate the histological characteristics of
the wound healing process [43, 44].

Statistical analysis

There were two parts to the statistical study of
the experimental data. For non-parametric data,
the Kruskal-Wallis’s test. For parametricdata, aone-
way analysis of variance (ANOVA) was conducted,
followed by Bonferroni post hoc tests. Results are
presented as mean * standard deviation (SD), with
p < 0.05 considered statistically significant [45, 46].

RESULTS AND DISCUSSION
Zeta potential and particle size analysis of SeNPs
The SeNPs were characterized using DLS to
figure out particle size distribution and zeta
potential. The size distribution histogram had
a shape that was very close to Gaussian, which
means that the sizes were spread out fairly evenly.
The polydispersity index (PDI) of 0.1731 indicated
a narrow size distribution of the SeNPs. The zeta
potential of the SeNPs was also found to be
-10.07 mV (Fig. 1B). This negative zeta potential
means that the SeNPs have a modest amount of
electrostatic repulsion, which helps them stay in
suspension and stops them from sticking together.
These results are consistent with previous
research on the synthesis and characterization of

Table 1. Surface pH of different patch formulations at regular time intervals, indicating their compatibility with skin contact and po-
tential for irritation, shows the surface pH values of various transdermal patches measured at 2, 4 and 6-hour intervals. Data indicate

the formulations’ compatibility with skin contact, avoiding irritation.

Time (hour)
Patch formulation 2 4 6
CS/SeNPs 6.44 +0.44 6.59 +0.24 6.52 £0.31
CS/PRP 6.63 +0.21 6.71+£0.18 6.97 £0.75
CS/SeNPs/PRP 6.42 +0.37 6.77 £0.09 6.54 £ 0.26

All data are the mean £ SD of three independent experiments.
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SeNPs, demonstrating the successful fabrication
of stable and uniform nanoparticles suitable for
incorporation into the transdermal patch.

Assessment of SeNPs morphological features via
FE-SEM

To examine the morphology of the synthesized
SeNPs, a measurement employing FESEM was
carried out. The resulting FESEM image displayed
a predominantly spherical shape of the SeNPs,
which were seen to have a diameter of about 50
nm (Fig. 1C).

Evaluation of elemental composition of SeNPs by
EDAX method

The EDAX technique is used to analyze
component elements of samples. The fundamental
principle underlying this method involves the
excitation of the sample using X-ray radiation.
The efficacy of this technique is attributed to
the unique atomic structure of each element,
resulting in the manifestation of a specific set of
peaks on the electromagnetic emission spectra.
In the context of SeNPs, EDAX analysis has shown
the presence of selenium elements in the sample
composition (Fig. 1E).

Physicochemical properties of prepared patches
Appearance characteristics

After the completion of the manufacturing
process, a comprehensive visual inspection was
carried out on the chitosan transdermal patch
that had both PRP and SeNPs. Furthermore, the
resulting patch showed a consistent, supple and
smooth surface, devoid of any air bubbles. The
color of the final product was seen to be red.
Additionally, a scanning electron microscopy
(SEM) image was obtained, which proved
the homogeneity of nanoparticle distribution
throughout the patch (Fig. 1D).

Surface pH
The potential for the transdermal patches
to cause mucosal irritation was assessed by

measuring their surface pH. Each patch sample
was immersed in 5 ml of phosphate buffer solution,
and precisely adjusted to a pH of 7.4, to accurately
mimic the physiological pH conditions of the skin.
The pH of the patch surface was then measured
at regular intervals of 2, 4 and 6 hours using a pH
meter (Table 1). The electrode of the pH meter
was carefully placed on the surface of the swollen
patch to obtain accurate readings. The findings of
this analysis revealed that the pH values of the
patches were within the range considered to be
compatible with natural tissue. This suggests that
the patches are unlikely to cause skin irritation
upon application, as extreme pH values (either
acidic or alkaline) can disrupt the skin’s natural
barrier and lead to irritation.

Swelling index

The swelling index investigations were
conducted on the transdermal patch and the
findings are presented in Table 2. The swelling
studies proved a rise in the swelling index of the
transdermal patch as time increased. According to
the results obtained, the swelling index of chitosan
hydrogels shows a notable range of 700% to 900%,
thereby showing their remarkable capacity for
water absorption.

In-vitro bio-adhesive

In the context of topical administration, the
transdermal patch must show prolonged adhesion
to the skin. Such an attribute would ease the
enhancement of drug diffusion kinetics, thereby
affording heightened bioavailability [47]. When
the polymer is applied to the skin, it undergoes
hydration, causing an interaction with the skin’s
mucous layer. Table 3 proves that bio-adhesive
strength (1.68 g), the force of adhesion (0.0168 N)
and detachment stress (168.33 N/m?) of the CS/
SeNPs patch are the lowest. Conversely, the CS/
SeNPs/PRP patch shows the highest bio-adhesive
strength (3.96 g), the force of adhesion (0.0396
N) and detachment stress (396.67 N/m?). Based
on the findings, it is reasonable to investigate the

Table 2. Swelling index of different patch formulations, highlighting their water absorption capabilities. The swelling index is a critical

factor for drug release and wound dressing efficiency.

Patch formulation Wo (mg) W: (mg) Swelling index (%)
CS/SeNPs 0.0076 + 0.001 0.0749 +0.032 885.521 +£12.335
CS/PRP 0.0072 + 0.001 0.0686 + 0.036 825.777 £9.032
CS/SeNPs/PRP 0.0088 + 0.002 0.0739 +0.041 739.234 +£14.941

All values represent the mean ( SD) of three separate experiments.
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potential of SeNPs and PRP as an effective cross-
linking agent that regulates excessive hydration
and enhances mucoadhesive properties.

In-vitro Release of SeNPs

Fig. 2 illustrates the SeNPs release profile from
CS/SeNPs transdermal patch in an in vitro setting.
The evaluation revealed that the release of SeNPs
from the patch followed a controlled pattern.
Specifically, 39% of the nanoparticles were rapidly
released within the first hour, while about 90%
of the nanoparticles were released within 96
hours of the evaluation. These results show that

the release of SeNPs from the CS/SeNPs patch is
gradual and controlled.

In vivo experiment results
Wound size

Throughout the 21-day study period, the group
treated with the CS/SeNPs/PRP patch consistently
exhibited the smallest wound area compared to
all other groups. Accordingly, the combination
treatment resulted in a much faster rate of healing
the wound. The CS/SeNPs/PRP patch significantly
outperformed the control group in healing the
wound, highlighting the therapeutic potential of

SeNPs Release
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Fig. 2. In-vitro release profile of SeNPs from CS/SeNPs transdermal patch over 96 hours. The release pattern indicates a con-
trolled and sustained release.

Table 3. In vitro bio-adhesion strength of different patch formulations, demonstrating their ability to maintain contact with the skin.
This property is vital for effective drug delivery and wound treatment.

Patch formulation Bio-adhesion time(s)

Bio-adhesive strength

Force of adhesion (N) Detachment stress (N/m?)

(8)
CS/SeNPs 33.66 + 2.49 1.68 +0.65 0.0168 + 0.02 168.33 +4.33
CS/PRP 55.3+6.5 2.76 £0.77 0.0276 +0.01 276.67 +6.81
CS/SeNPs/PRP 79.3 £2.62 3.96 +0.84 0.0396 + 0.02 396.67 + 7.58

All values represent the mean (t SD) of three separate experiments.
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this novel patch formulation. While the CS/PRP
and CS/SeNPs groups also demonstrated improved
wound closure in comparison to the control, the
CS/SeNPs/PRP group consistently outperformed
them, suggesting a synergistic effect of the
combined components (Fig. 3).

Histological observation of wound healing process

Investigation of the efficacy of various TDDS
formulations, free patch, CS/SeNPs, CS/PRP and
CS/SeNPs/PRP, in promoting wound healing,
an analysis of histological changes in rat skin
was conducted. The application of H&E staining
revealed a gradual recovery and healing process
of the inflicted injuries in all experimental groups.
Notably, the CS/SeNPs/PRP group showed the most
extensive restoration. On the third postoperative
day, in all of the rats’ wounds, a large amount of
granulation tissue was seen. Nevertheless, the
treated group with CS/SeNPs/PRP patch showed
a greater presence of scar tissue compared
to the other groups. Across all experimental
groups, the regenerated dermis showed no signs
of hair follicle or adnexal structure formation.
Additionally, edema and inflammation were clear
in the lesions of all groups (Fig. 4). On the seventh
day, the process of re-epithelialization in wounds

that were treated with CS/SeNPs/PRP commenced
from the edges of the wound. Compared to the
control group, the number of cells in the wound
area dropped down after CS/SeNPs, CS/PRP and
CS/SeNPs/PRP patches were administered, along
with a more organized arrangement of collagen
fibers and improved tissue alignment. The treated
wounds also exhibited increased collagen density
and lacked any signs of infection or edema (Fig. 5).
On day 21, the wounds in the groups treated with
the patch were fully closed, while the woundsin the
control group showed incomplete epithelialization.
In the CS/SeNPs and CS/SeNPs/PRP groups, the
resulting scar tissue was smaller and the collagen
fibers were better organized compared to the
chitosan, CS/PRP and control groups. Furthermore,
the treated groups demonstrated a decline in the
number of mononuclear cells, particularly in the
CS/SeNPs/PRP group and showed less edema and
inflammation compared to the control group.
Epidermal appendages, such as hair follicles,
were absent in all experimental groups (Fig.
6). Additionally, the degree of inflammation
and edema, collagen content, epithelialization,
Neovascularization, hemorrhages and hyperemia
were assessed histologically and categorized into
four grades ranging from O to 3. Fig. 7, 8 and 9

wound size analysis
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Fig. 3. Wound size reduction over time (days 3, 7 and 21) in different treatment groups. The data is displayed as the average
value, with a sample size of 15. When compared to the control group, the difference is statistically significant (p < 0.05).
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illustrate the alterations in the parameters on days annually. The substantial economic burden of
3,7 and 21, respectively. wound care in the United States is substantial,

The wound is one of the most significant health with millions of Medicare beneficiaries and tens
system problems, affecting millions of people of billions of dollars spent annually, highlighting

Fig. 4. Histological sections of rat wounds on day 3 post-treatment. Tissue samples were stained with H&E (a, ¢, e, g, i) and Mas-
son’s trichrome (b, d, f, h, j). Magnification: 400x. Black arrows indicate edema, red arrows indicate increased collagen deposition,
white arrows indicate hemorrhage, white stars indicate edematous cells and black triangles indicate neovascularization.
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the urgent need for innovative solutions [48,
49]. Unmanaged acute wounds can lead to
complications like surgical site breakdown,
pain, prolonged hospitalization, and increased
morbidity, further emphasizing the importance of

advancing wound care therapies [48-51].

This study investigated the combined effects of
chitosan (CS), selenium nanoparticles (SeNPs), and
platelet-rich plasma (PRP) in a transdermal patch
to address this need. Chitosan, a biocompatible

Fig. 5. Histological sections of rat wounds on day 7 post-treatment. Tissue samples were stained with H&E (a, c, e, g, i) and Masson’s
trichrome (b, d, f, h, j). Magnification: 400x. Black arrows indicate edema, red arrows indicate collagen synthesis, orange arrows
indicate hemorrhage and black triangles indicate angiogenesis.
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and biodegradable polymer, has emerged as a
promising biomaterial for wound healing due to
its regenerative properties [49]. Numerous studies
have demonstrated the efficacy of chitosan-based
formulations, PRP, and SeNPs in enhancing wound

healing processes due to their regenerative,
antimicrobial, and antioxidant properties. PRP,
rich in growth factors, and SeNPs, with their
antimicrobial and antioxidant properties, have
also shown potential in wound healing. [52-57].

Fig. 6. Histological sections of rat wounds on day 21 post-treatment. Tissue samples were stained with H&E (a3, c, e, g, i) and Masson’s
trichrome (b, d, f, h, j). Magnification: 400x. Black arrows indicate edema, red arrows indicate collagen fiber maturation, orange
arrows indicate hemorrhage and blue arrows indicate epithelial layer formation.
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This study’s findings demonstrate the successful
synthesis and characterization of SeNPs, revealing
a spherical shape, uniform size distribution
(average size 176.8 nm), and a negative zeta
potential (-10.07 mV), indicative of good stability.
The developed (CS/SeNPs/PRP transdermal
patch exhibited desirable characteristics for
wound healing, including a suitable surface pH
range (6.4 to 7). All formulations exhibited high
moisture uptake, exudate-collecting capacity and
bioadhesiveness, which are ideal characteristics for
promoting wound healing. The transdermal patch
having CS/SeNPs/PRP demonstrated a consistent,
flexible and smooth surface, characterized by a
uniform dispersion of SeNPs.

All formulations proved satisfactory bioadhesive
properties, with  CS/SeNPs/PRP  exhibiting
detachment stress 1.43 and 2.35 times higher than
CS/PRP and CS/SeNPs, respectively. The swelling
ratio of CS/SeNPs, CS/PRP and CS/SeNPs/PRP
were 885.521, 825.777 and 739.234 respectively.

The release of SeNPs from the chitosan matrix
in the CS/SeNPs patch showed a controlled and
sustained release with the non-burst pattern.
EDAX analysis confirmed the presence of selenium
in the SeNPs.

In vivo results demonstrated superior wound
healing with the CS/SeNPs/PRP patch compared
to other groups, evidenced by accelerated wound
closure, which could be attributed to several
mechanisms, enhanced re-epithelialization,
collagen deposition, and angiogenesis. The patch
also effectively reduced inflammatory cytokine
levels (TNF-a, IL-6). The observed synergistic
effects are likely due to the combined antioxidant,
antimicrobial, and regenerative properties of the
components. SeNPs protect cells from free radical
damage, PRP stimulates tissue regeneration, and
chitosan provides a conducive environment for
healing. This canreduce inflammation and promote
tissue regeneration. Additionally, SeNPs have been
shown to have antimicrobial properties, which

Histological analysis of wound tissue day3
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Control
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CS/PRP
CS/SeNPs
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Fig. 7. Comparative histological scoring of wound healing parameters across different treatment groups on day 3, highlight-
ing inflammation, collagen density and neovascularization.
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Histological analysis of wound tissue day7
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Fig. 8. Comparative histological scoring of wound healing parameters across different treatment groups on day 7, empha-
sizing the progress in tissue remodeling and epithelialization.
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Fig. 9. Comparative histological scoring of wound healing parameters on day 21, illustrating final wound closure and tissue
maturation among different treatment groups.
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can help prevent infection and further damage
to the wound site. PRP can stimulate cellular
proliferation, promote angiogenesis, and enhance
collagen synthesis, all of which are essential for
wound healing. Furthermore, chitosan itself has
been shown to have wound healing properties,
such as promoting cell adhesion and migration,
while also contributing to the maintenance of
a moist microenvironment, that is conducive to
healing. The incorporation of SeNPs and PRP into
the chitosan patch may further enhance these
properties, leading to accelerated wound closure
and improved tissue regeneration observed in this
study [58-61]. The CS/SeNPs/PRP patch offers a
promising approach for promoting wound healing,
for acute wounds, leveraging nanomedicine and
regenerative medicine. This novel patch holds
significant potential for benefiting patients with
chronic wounds, which are notoriously challenging
to heal and often carry a heightened risk of
infection.

Additionally, the transdermal delivery system
used in this study offers a convenient and non-
invasive way to deliver therapeutic agents to the
wound site. This could improve patient compliance
and reduce the need for frequent dressing
changes [62-64]. Transdermal drug delivery
systems (TDDS) show promise as a substitute
for oral administration and may potentially
replace hypodermic injections [33, 65]. Further
investigation is warranted to assess the long-
term efficacy and safety of this particular patch,
as well as to optimize its formulation for clinical
applications in humans. Nonetheless, the results
obtained in this study strongly suggest that the CS/
SeNPs/PRP patch holds considerable potential as
a safe and effective therapeutic intervention for
diverse wound types.

CONCLUSION

Based on the information gathered for this
study, it is possible to conclude that the CS/
SeNPs/PRP patch is an appropriate framework
for both the development and regeneration of
skin cells, mostly due to its structure. SeNPs also
play a key role in managing each step of wound
healing. Platelet-rich plasma (PRP), abundant in
growth factors, offers benefits for wound healing
and tissue regeneration by acting as an anti-
inflammatory agent, accelerating wound closure,
and stimulating angiogenesis. Apparently, the
combination of SeNPs and PRP in the chitosan

J Nanostruct 15(2): 771-787, Spring 2025
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scaffold can be a suitable method for treating and
faster recovery of skin wounds as a control-release
system.
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