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HIS work aims to fabricate two alternative nanoparticle formulas based on natural materials
(Astragalus polysaccharides) as well as metallic materials (gold and silver nanoparticles), which

Introduction

construction of novel
between 1 and 100 nm has been

represent quick, simple, and cost-effective approaches for improving the activity of the particles to
promote wound healing. The Gold —silver and APS Nanocomposite gels were characterized by using
Transmission Electron Microscope (TEM), Zeta potential, dynamic light scattering. The results
revealed spherical to sub-spherical shape of the Gold-Silver nanocomposite gel without any
aggregation and with homogeneous dispersion in the gel matrix was shown in TEM images. , dynamic
light scattering demonstrated that the size were 85 nm and (30-50 nm) for Gold-Silver nanocomposite
gel and Astragalus polysaccharides nano gel respectively. The excellent bioactivity of the Gold-Silver
nanocomposite gel and the Astragalus polysaccharides nano gel was demonstrated by their respective
zeta potential values of -25.2+0.71 mV and +30.4+1.65 mV. The generated nanocomposite gel's
capacity for in vivo wound repair was assessed by histopathological confirmation and macroscopical
images that showed the healing process. In comparison to Gold-Silver nanocomposite gel and the
untreated control group Pharmacological investigations wound size histopathological investigations of
the Astragalus polysaccharides treated group revealed significantly greater re-epithelialization, hair
follicle regeneration and nearly normal a-SMA. The generated Astragalus polysaccharides nano gel
has better wound healing capability when compared to Gold-Silver nanocomposite gel and the
untreated groups, according to our results of the investigated pharmacological parameters by
increasing the wound closure at the 15™ day compared to other groups.

Keywords: Gold - Silver nanocomposite gel, Astragalus polysaccharides Nano Gel, Wound healing,
TEM, Dynamic light scattering, Histopathological, Pharmacological.

of anti-infective therapies. There is also the
possibility that nanomaterials will affect in vivo and

materials  with in vitro biomedical applications [3].

superior physicochemical

considered a potential use of nanotechnology since
1974 [1]. The term "nano" comes from the Latin
word "nanos," and 1 nm is equal to 10° m, as stated
by Youssef et al. [2]. Nanotechnology is another
recent advancement that spans several fields of
study, such as medicine, agriculture, and the testing

Nanoparticles'
properties over bulk materials include increased
reactivity, larger surface area, greater stability,
greater bioactivity and bioavailability, and the ability
to regulate molecule size, drug delivery, and site-
specific targeting [4].
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Additionally, because nanoparticles can more
casily penetrate cells, tissues, and organs than
macroparticles can, they have variable applications in
the field of medicine. The high toxicity and restricted
bioaccessibility of current medications may be
overcome through this. Drugs can be incorporated
into or adhered to the surface of nanoparticles [5].
Nanotechnology's capacity to permeate cells, tissues,
and organs better than full-scale particles might
improve medication bioavailability and toxicity.
Prescriptions can be fused within or on nanoparticles.
Nanomedicine uses nanotechnology-based tools to
solve scientific challenges and manage infections
faster and more effectively [6].

The curiosity of freshly created atoms can lead to
a novel pharmaceutical treatment that treats illnesses,
protects animals from viral or bacterial infections,
and speeds up wound healing. Additionally, these
novel combinations might deliver medications into
cells to treat ailments [7]. The integration of
medications with diagnostics, known as nano-
theragnostic, has been recognized as a treatment
strategy. The primary objective of this approach is to
enhance the efficacy and safety of drugs by closely
monitoring the treatment response. Furthermore, they
offer a valuable opportunity to design and develop
combination agents that facilitate the delivery of
therapeutics and the utilization of previously
employed detection modalities throughout the
treatment regimen [8]. The topic of nano
pharmaceuticals is one of the most promising and
fruitful areas of nanotechnology, and it offers a wide
range of benefits to veterinary medicine [9].

Because of their great propensity to become
infected by microorganisms, wounds are notoriously
difficult for medical professionals to treat. In
addition, there should be a focus on achieving rapid
and adequate wound healing with a minimum of
unattractive  scarring.  Nanotechnology is a
burgeoning and more important field that has a vast
number of applications in the field of biomedicine.
These applications offer cutting-edge care for a
variety of wounds [10].

The stems or dried roots of Astragalus
membranaceus are traditional Chinese medicine used
to make Astragalus polysaccharide (APS), a form of
water-soluble heteropolysaccharide with medicinal
properties [11]. APS has been widely used because
of its low toxicity, adverse effects, lack of residue,
and intolerance [12].

According to Yang et al.'s research, APS showed
promise in treating diabetic skin lesions [13].
Therefore, current research suggests that APS may
be crucial in controlling wound healing.

According to Sajjad and Nasseri [14], the
synthesis of silver nanoparticles was accomplished
by a variety of techniques, including precipitation,
Sono chemical, and solvothermal processes. It has

been reported that silver nanoparticles were effective
on some bacteria like E. coli, S. aureus, Klebsiella,
and Pseudomonas by attacking their respiratory
chain and cell division, which resulted in cell death.
Some nanoparticles, such as silver nanoparticles, at
low concentrations, were nontoxic to humans.

Through the process of carboxymethylation
modification, Pyun et al, [10] were able to
manufacture a partly carboxymethylated cotton
gauze (PCG) containing Ag-NPs. The cell survival
and cell attachment studies demonstrated that the
nanocomposite was not cytotoxic and promoted
wound healing in an animal model. This was
demonstrated by the fact that the nanocomposite was
successful.

It was reported by Masood et al.,, [15] that the
manufacture of Ag-NP-impregnated hydrogels of
chitosan—polyethylene glycol (PEG) enhanced the
wound healing process in diabetic wound-caused
rabbits. When compared to neat hydrogels, their
findings  indicated  that  Ag-NP-impregnated
hydrogels had a greater degree of porosity, a larger
rate of swelling degree, and a transition of water
vapor.

The aim of our study was to prepare and
characterize APS Nano gel and Gold-silver
Nanocomposite gel are prepared and characterized
for wound healing function.

Material and Methods

The materials

No purification is required for any of the
chemicals, since they are lab-grade. Sigma Chemical
Co. manufactures silver nitrate (AgNOs;), gold
chloride, trisodium citrate (TSC), and carbopol 940.
In order to extract the APS (dried root of superior
quality), the root of Astragalus membranaceus was
used (Qi Jing Ltd, Beijing, China).

Methods
Synthesis of silver nanoparticles

The manufacture of silver nanoparticles
involved the utilization of silver nitrate and
trisodium citrate as precursor materials. The silver
colloid was generated through the utilization of the
co-precipitation  process. In a  standard
experimental procedure, a volume of 50 mL of a
0.001 M AgNO; solution was subjected to heating
until it reached its boiling point. Subsequently, a 5
mL portion of a 1% trisodium citrate solution was
incrementally introduced into the mixture by a
dropwise method. Throughout the experiment, the
solutions were forcefully mixed and subjected to
heat until a noticeable color change, specifically a
pale yellow, was observed. Subsequently, the
substance was extracted from the heating
apparatus and agitated until it reached ambient
temperature. It was then carefully transferred into

Egypt. J. Vet. Sci. Vol. 55, No. 3 (2024)



THE ROLE OF GOLD - SILVER NANOCOMPOSITE GEL VERSUS ... 805

opaque containers to prevent any potential
influence from light exposure [14].

Synthesis of gold nanoparticles

However, gold nanometal was synthesized by the
co-precipitation method. In a typical synthesis, gold
chloride (source material) and trisodium citrate
(precipitating agent) were used to synthesize gold
nanometal according to the Turkevich method [16].
With some modification from the authors, gold
nanometal was prepared by dissolving 0.002 mM of
gold chloride in 70 mL of (de-ionized distilled water)
then 0.2 M of trisodium citrate was added dropwise.
The mixture was subjected to ultra-sonication using a
prop sonicator (Hielscher UP400S, 400 W, 24 kHz,
an amplitude of 60% and a cycle of 0.5) for 15
minutes at a temperature of 90 °C. The colloidal pink
color of gold nanometal was obtained.

Synthesis of Gold-Silver Nanocomposite Gel:

The synthesis of a gold-silver nano-gel. In the
standard protocol, a solution containing 0.75 g of
Carbopol 940 was prepared by dissolving it in 350
ml of doubly deionized water. This solution was then
combined with 100 milliliters of silver nanoparticles
at a concentration of 50 ppm, along with 50 ppm of
gold. The mixture was subjected to sonication using
a Hielscher Company model up 400s sonication
device, with an amplitude of 71 and a cycle of 91%.
Subsequently, 75 ml of trimethylamine was added
dropwise to the mixture while continuous sonication
was maintained, resulting in the formation of a pale-
yellow gel.

Synthesis of Astragalus membraneceus

polysaccharides Nano gel

Astragalus membraneceus polysaccharides were
previously prepared and characterized by one of our
authors according to the method described by
Ramadan ef al, [17]. The usual approach for
synthesizing APS nano-gel involves the preparation
of a solution of 0.75 g of Carbopol 940 dissolved in
350 ml of doubly deionized water. Subsequently, the
aforementioned solution was amalgamated with 100
milliliters of APS, possessing a concentration of 50
parts per million (ppm). The mixture underwent
sonication using a Hielscher Company type-up 400s
sonication equipment, with an amplitude of 71 and a
cycle of 91%. Following that, a volume of 75 ml of
trimethylamine was gradually added to the mixture
under constant sonication, leading to the gel
formation.

Characterization

The purpose of this study is to evaluate the
wound-healing capabilities of Gold - Silver
nanocomposite gel and APS Nano Gel. The
specimens have been indexed, identified, and
microscopically characterized. By using the TEM
(Transmission Electron Microscopy) model of Jeol,

JEM-2100 high-resolution, Japan, it was possible to
determine the surface topography and shape of APS
Nano Gel and Gold - Silver Nanocomposite gel. DLS
(dynamic light scattering) (Malvern, UK) facilitates
the identification of dispersion in solution by zeta
potential and sizing.

Animals (care, housing, preparation, and design)

This study enrolled on forty adult female albino
rats, their weight and age were (150 - 200). A mesh
wire cover was placed over the cages to protect them
from the elements. For the duration of the
experiment, the rats were fed a rat chow diet and
given Add libitum tab Water.. A proper temperature,
light, and humidity environment was provided for
them. Egyptian organization of biological products
and vaccines (Cairo, Egypt), the animal house of
Cairo University-Egypt Department of
Pharmacology, provided the rats.

Animals (care, housing, preparation, and design)

This study enrolled on forty adult female albino
rats, their weight and age were (150 - 200). A mesh
wire cover was placed over the cages to protect them
from the elements. For the duration of the
experiment, the rats were fed a rat chow diet and
given Add libitum tab Water.. A proper temperature,
light, and humidity environment was provided for
them. Egyptian organization of biological products
and vaccines (Cairo, Egypt), the animal house of
Cairo University-Egypt Department of
Pharmacology, provided the rats.

Ethical Approval

The study was approved by the Institutional
Animal Care and Use Committee (IACUC) with
approval No. Vet CU 03162023734.

Experimental design

After seven-day acclimatization period, rats were
randomly divided into four groups 10 rats each:

1. Control group in which rats received only food
and water.

II. Wounded untreated group.

III. APS Nano: wounded group that was treated
with APS nano gel daily applied to the wound area.

IV. Gold-silver Nanocomposite: wounded group
that was treated with gold-silver Nanocomposite gel
daily applied to the wound area.

The procedure of full-thickness skin wound

A 40 mg/kg intraperitoneal injection of
pentobarbital sodium was used to anesthetize the rats
before and during wound excision [18]. Routine
preparation was done to all experimental animals An
electric clipper was used to shave all animals' dorsal
fur, and 70% alcohol was used to disinfect it. Each
rat was excised with a circular wound of
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approximately 100 mm” on the dorsal side at the
same time taking care not to injure the muscle layer
as described by El Banna et al., [19].

Day zero begins on the day of wounding. On days
0, 3, 9, 12, and 15 after wounding, wound size
closure (mm) was assessed macroscopically on each
of the four groups of animals (I, II, III, IV). Drugs
were applied topically every day till day 15 of the
experiment.

Parameters for evaluation of wound healing in
different groups

In addition to a photomicrograph of collagen
bundles in different groups, a histological evaluation
of wound healing size (mm) along the duration of
treatment (0, 3, 9, and 15), and a histopathological
evaluation of wound healing percentages were all
conducted [20].

Histopathological examination

Skin Specimens were collected on day 15 post-
surgery and conserved in a solution of 10% neutral
buffered formalin. Subsequently, these samples
underwent standard procedures for processing, For
staining and examination, a light microscope was
used. Based on the methodology, histological lesion
scores were determined as described by Hosseini et
al., [21]. Additionally, further tissue slides were
subjected to staining using Masson's trichrome stain
(MTC) to assess the deposition of collagen fibers in
the dermal layer. The quantification and statistical
analysis of collagen fibers were conducted based on
their area %. And on their maturity because the
immature collagen tissue show more cellularity while
mature one have low cellular content.

Immunohistochemical staining of a-SMA

The sections were deparaffinized, rehydrated, and
covered with H,O, for 15 minutes. Antigen retrieval
was performed by immersing them in citrate buffer
solution and microwaved them for 10-20 minutes.
The slides were washed, incubated in normal
blocking goat serum, and covered with 50-80 pl of
primary a-SMA antibody overnight. The slides were
then incubated with a secondary biotinylated anti-
mouse antibody for 30 minutes, washed, and blotted.

Slides were covered with streptavidin and
horseradish peroxidase conjugate, washed with PBS,
and added with DAB. After blotting, counterstained
with Gill hematoxylin, washed, dehydrated, and
mounted. The positive reaction resulted in brown
actin filament coloration. No reaction was detected in
the negative control run [22].

Statistical analysis

Data were analyzed using IBM SPSS statistics 20
software using one-way analysis of variance
(ANOVA) followed by the Duncan multiple
comparisons test for post hoc analysis. A p<0.05 was
considered statistically significant. Non-significant
when the P value was > 0.05. Values were expressed
as mean = SD.

Results and Discussion

Characterization
Transmission Electron Microscope (TEM)

TEM images of the created gold-silver
Nanocomposite gel illustrated that the resulting
particles are spherical to sub-spherical structures in
the form of clusters with a maximum thickness of
about 70-90 nm Fig (1a). Additionally, it was shown
that APS Nano gel particles are spherical and
purified without any agglomeration. Fig. (1).

Zeta size and potential

Gold-silver Nanocomposite gel and APS Nano
gel nanoparticles have spherical morphologies in
TEM images, suggesting a uniform dispersion within
the gel matrix and no aggregation. The size of the
gold-silver Nanogel and APS Nanogel was
determined using the dynamic light scattering (DLS)
technique, resulting in readings of 85 nm and (30-50
nm) respectively. Nevertheless, it is important to
acknowledge that the DLS measurements do not
correspond with the findings obtained using
transmission electron microscopy (TEM) as a result
of the gel material's effective coating. The zeta
potential values of the Gold-Silver Nanocomposite
gel and APS nano-gel were determined to be -
25.240.71 mV and +30.4+1.65 mV, respectively.
The findings of this study demonstrate a notable
degree of bioactivity in both gel formulations.
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(a) TEM images of the created gold-silver
Nanocomposite gel

(b) TEM images of the APS Nano gel

Fig.1. Showing transmission electron microscope of Gold Silver Nanocomposite gel (a) and APS Nano gel

(b).
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Fig. 2. On days 0, 3, 9, and 15, wound size was measured in different study groups.

Effect of APS Nano gel and Gold silver nano gel on wound healing. Data are presented as means + SEM.
significance is considered at P <0.05 (n = 10 rats/group). * p < 0.05 compared to the control wounded group and

+ p < 0.05 compared to Gold silver nano gel treated group.

Wound size

All experimental groups did not show a
significant difference in wound healing closure at
day 0. In comparison with the non-treated group (II),
the groups receiving Nanocomposite (group III and
group V) showed higher wound closure (mm?). On

day 15, the wound healing speed of the APS Nano
gel group was significantly faster than that of the
other groups. Compared to other treated groups, non-
treated group II showed slower wound healing at 3,
9, and 15 days after induction (Fig. 2).
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Zero Day

Group I1

Group III

Group IV

Fig. 3. Macrophotography exhibited experimental wounded full thickness of skin at different period of treatment
groups (Group II: Group of wounds without treatment, Group III: A group of wounds treated with APS,
Group IV: wound group treated with gold-silver nanocomposite.

Histopathological examination

In the control group, thin sections of skin stained
in H & E revealed that the epidermis and dermis, the
two layers of skin. The epidermis was stratified
squamous keratinized epithelium. Dermis was
formed by the application of connective tissue in
layers, with no clear demarcation line, in which hair
follicles are located in the deep thick reticular layer
(Figs. 4A, 1B). At the site of the wound, At the day
15 of experiment, epidermal loss was observed on
thin skin sections from group II. The granulation
tissue was composed of collagen fibers full of
mononuclear inflammatory cells and fibroblast. In

addition to the large number of fat cells (Figs. 4C,
ID). Sections of skin from group III revealed a
complete coverage of the epidermis over the wound
site (Figs. 4E, IF). Examination of group IV sections
revealed a thin, newly produced epidermis covering
the location of the wound. Few layers of flattened,
undifferentiated cells made up the newly created
epidermis, which was separated from the underlying
dermis in certain places. The dermis was devoid of
hair follicles and loaded with mononuclear
inflammatory cells. (Figs. 4G, IH). An apparent
increased thickness of the epidermis was noticed in
group III compared to group IV.
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Fig. 4. Photomicrographs of sections in the thin skin of rats from different groups (Day 15) (A, B) control group;(C,
D) group II ; (E, F) group III ; (G, H) group IV. Basal cell layer of the epidermis (B), prickle cell layers (P),
granular cell layers with basophilic granules (G) horny layers (K) of the epidermis, dermis (D),
hypodermis(H), hair follicles (F) wound area(<>); separation between dermis and epidermis (elbow
arrow);.mononuclear inflammatory cells(» )fat cells(blue ») H and E [A, C, E, G X100], [B, D, F, H X 400].

When Masson's trichrome stained the papillary
dermis of the control group, thin interlacing collagen
fibers were visible, whereas the reticular dermis had
coarse, wavy collagen fibers (Figs. 5A, 5B ). In the
slices from group II, mononuclear inflammatory cells
and fine collagen fibers could be seen throughout the
granulation tissue (Figs. 5C, 5D). Collagen fibers
with low cellular were more organized in group III at

the wound site compared to group II, but spaces were
occasionally visible between collagen fibers (Fig.
SE) with the reappearance of hair follicles. Group
IV's underlying dermis displayed aberrant collagen
organization at the wound site. Both papillary and
reticular dermis was formed of fine interlacing
collagen fibers (Fig. S5F).
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Fig. 5. photomicrographs of sections in the thin skin of different groups (Day 15): (A, B) control
group;(C, D) group II ; (E) group III ; (F) group IV. Epidermis (E); papillary dermis (P), reticular

dermis (R),

granulation tissue extravasated blood(bluef).spaces in be

n collagen fibers( ), hair follicle(F).

numerous mononuclear inflammatory cell; (»), fine collagen fibers (1)in the

(Masson’s trichrome stain [A, C X100] [B, D, E, F X400].

Immunohistochemical staining for o-SMA
revealed a strong positive cytoplasmic immune
reaction in the wall of blood vessels of the dermis.
The blood vessels appeared with a thin wall and
patent lumen in the control group (Fig. 6A). A strong
positive reaction was found in both dermal blood
vessels, as well as many connective tissue cells in

group II, most likely dermal myofibroblasts which
appeared branched and parallel to the skin surface
(Figs. 6B, 6C), group III showed positive reaction in
dermal blood vessels that was comparable to control
(Fig. 6D). In group IV positive reaction of a-SMA
appeared both in the wall of dermal blood vessels as
well as the dermal myofibroblasts. (Fig. 6E).
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Fig. 6. Photomicrographs of sections in rat’s skin from different groups (Day 15): (A) control group;(B, C) group
1I;(D) group III;(E) group IV. Positive reaction for a- SMA in the wall of dermal blood vessels (1); positive
reaction for a-SMA connective tissue cells in the dermis (») ( Streptavidin-biotin peroxidase for a-SMA x

400).
TABLE 1.Morphometric and Statistical results

Groups Control Group IT Group III Group IV
Epidermal thickness | 48.14 +3.01 0.00 (m) (o) (*) 46.36 +4.01 40.15 +1.87 (m)
Collagen area % 31.76 £3.92 10.23+2.19 (m)(®) (*) 26.88 £1.34 21.18 £3.15 (m)

a- SMA density 7021 +1.2 84.43 +1.63 (m) (o) (*) 67.53 £3.13 64.53 £2.73

Table (1) Showing the mean + SD of Epidermal thickness, the area percentage of collagen in the dermis, and a-SMA in the

different groups and their relation.

(m) significance of difference by LSD from group I (P < 0.05)
() significance of difference by LSD from group III(P < 0.05)
(*) significance of difference by LSD from group IV(P < 0.05)

The complex process of wound healing requires
the interaction of several cells and mediators over a
very long period [23].

In this study, we synthesized two natural and
metallic nanoparticle formulas utilizing fast, cheap,
and easy approaches to aid wound healing. Gold-
silver nanoparticle gel was the first recipe. The
second similar product was an Astragalus
polysaccharide nanogel. The nanocomposite gel was
studied by TEM, Zeta potential, and DLS. The
nanocomposite gel's in vivo wound-repairing ability
was tested. Histopathological confirmation and
macroscopical photographs of wound healing were

used to evaluate healing. TEM pictures demonstrate
the spherical Gold-Silver nanocomposite gel without
aggregation and homogenous gel matrix dispersion.
The Gold-Silver nanocomposite gel and APS nano
gel's zeta potential values of -25.2+0.71 mV and
+30.4£1.65 mV showed their high bioactivity.
Histological research showed that APS-treated skin
had higher re-epithelialization and skin structure
regeneration than Gold-Silver Nano gel and the
untreated groups. A normal a-SMA confirmed this.
According to our parameter data, APS nano gel may
cure wounds better than Gold-Silver nanocomposite
gel and the untreated groups.
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In untreated rats after 15 days of wound induction
(Groups 1I), epidermal loss was observed. Fibrous
content and many inflammatory cells make up the
granulation tissue. The granulation tissue also
showed the appearance of fat cells.

Our findings support a previous study's finding of
Henry and Garner [24], that an injured site would
undergo inflammatory cell infiltration following the
formation of a stable clot in the dermal tissues. They
added that the first inflammatory cells to reach the
wound site to kill germs and start the inflammatory
process are neutrophils. Mercandetti and Cohen [25]
added that, a variety of cells, including inflammatory
cells, fibroblasts, myofibroblasts, and endothelial
cells, can be found in granulation tissue. Collagen,
extracellular matrix, blood vessels, and granulation
tissue also contain extracellular matrix. This position
will change as the body matures and remodels.

Plikus et al. [26] found that Adipocytes may play
a role in tissue repair through transdifferentiation of
myofibroblasts after skin damage. It has been shown
that fibroblast migration and matrix deposition are
impaired when adipocyte precursor cells are
prevented from forming, which can lead to the
development of mature adipocytes. Myofibroblasts
have been shown to transdifferentiate into adipocytes
after skin damage, suggesting that adipocytes may
play a role in tissue repair [26]. As a consequence of
the preventive development of adipocyte precursor
cells, defects in fibroblast migration and matrix
deposition arise.  Adipocyte precursor cells
differentiate into mature adipocytes, which appear to
play a role in repair and regeneration [27].

Immune staining of a- SMA showed a significant
increase in group II. The differentiation of fibroblasts
into myofibroblasts, which are distinguished by
alpha-smooth muscle actin (o -SMA), occurs in
response to TGF- 1 stimulation [28].

Putra et al. [29] added, that granulation tissue
began to grow gradually approximately a week after
wounding and was identified by myofibroblast-
expressed o -SMA. According to Chaudhuri et al.,
[30], additional potential sources of myofibroblasts
under the influence of TGF- B1 include the pericytes
or vascular smooth muscle cells that surround blood
vessels, microvascular endothelial cells, and bone
marrow cells.

In the APS-treated group (Group III),
differentiated keratinocytes formed a new epidermis
covering the site of the wound. Keratinocytes were
present in normal layers. It contained keratohyalin
granules, demonstrating maturation of the stratum
granulosum. Similar results were detected by Yang et
al, [31] who used an APS-loaded scaffold in the
treatment of diabetic wounds, they found Higher
APS loading in a scaffold resulted in earlier and
better skin microcirculation restoration as well as
quicker wound healing. This favorable impact of

APS-loaded scaffold on skin tissue regeneration in
diabetic rats may have resulted not only from
imitating extracellular matrix ultrastructure but also
from restoring the microcirculation of the skin
illustrating our finding of comparable a —SMA
expression of this group to the control group.

Putra et al, [32] demonstrated that a —SMA
expression correlates with wound closure, in which
TGF-B induce the a-SMA expression that align
parallel to mechanical tension in granulation tissues.

Another study suggested that the new
polysaccharide APS2-1, reduced inflammation,
promoted cell division, and increased the release of
repair components, had a high potential for aiding in
wound healing. [33]. APS effects on granulation
tissue  demonstrate  some  spaces  between
mononucleate inflammatory cells, fibroblasts, and
collagen fibers in group III of the present study.
Fibroblasts are deposited into the wound bed during
the initial stages of wound healing and generate
collagen to facilitate migration to the wound site. The
formation of collagen is crucial because it
strengthens the wound. Skin has a large amount of
type-I and type-III collagen. In the proliferation and
maturation phases of the wound healing process,
weaker type-I collagen replaced collagen-III, which
first emerged. The results of the investigation
showed that collagen thickened towards the end of
the healing process [34].

During week 3, the maturational or remodeling
phase begins. It may last up to 12 months. As the
wound contraction peaks around week 3, the extra
collagen dissolves and the wound becomes less
inflamed. Secondary healing is markedly more likely
to produce wound contractions than primary healing.
Incision wounds reach their maximum tensile
strength between 11 and 14 weeks. Thus, collagen
degradation may illustrate spaces that exist between
collagen fibers [35].

Another explanation for spaces found in between
collagen fibers was made by Alhajj and Goyal [36]
who referred this to presence of new vessels formed
during angiogenesis which are leaky. This leakiness
explains why granulation tissue is often edematous,
and accounts in part for the edema that may persist in
healing wounds long after the acute inflammatory
response has resolved.

When the Silver-Gold nanocomposite-treated
group (Group IV) was examined, it revealed that the
wound region had just developed a thin epidermis
made of flattened, undifferentiated keratinocytes.
with underlying dermis loaded with mononuclear
cellular infiltration. Xiao et al [37] referred
undifferentiated epithelium to overproduction of
proinflammatory cytokines which is harmful and
may lead to dysregulated epidermal stem cell
activation and differentiation.

Egypt. J. Vet. Sci. Vol. 55, No. 3 (2024)



THE ROLE OF GOLD - SILVER NANOCOMPOSITE GEL VERSUS ... 813

While Nam et al, [35], reported that, the
application of nanocomposites dissolved in silver
molecules,has been shown to improve the healing
process by directly expressing collagen and some
growth factors, which leads to re-epithelialization,
vasculogenesis  (neovascularization), and the
accumulation of collagen fibers. It has further been
demonstrated that silver nanoparticles can increase
the number of keratinocytes and encourage them to
migrate to the wound center, as well as induce
differentiation of fibroblasts into myofibroblasts,
which can facilitate wound healing. You ef al., [38],
According to research, several nanoparticles can help
fibroblasts migrate from the wound edge, which
promotes remodeling by increasing alpha-smooth
muscle actin levels. A further theory was that
nanoparticles accelerate wound healing by inhibiting
bacterial growth and releasing pro-inflammatory
cytokines.

Baygar et al. [39] It has been shown that an
increase in AgNP in the dressing results in a smaller
wound area and increased collagen deposition linked
to macrophage and fibroblast migration. Two
characteristics contribute to gold nanoparticles'
antibacterial spectrum: their ability to discharge
metal ions and their unique nature [40].

Pormohammad and Turner [41] stated that, A
synthetic metal with an effective antimicrobial
spectrum, gold salt (tetrachlorocuprate (III)
trihydrate) is used to produce gold alloy. It is only
the high cost of gold nanoparticles (AuNPs) that
limits their application in wound healing due to their
limited cytotoxicity. Combined with collagen,
AuNPs show skin wound healing properties in a
dose-dependent manner due to their anti-
inflammatory and antioxidant properties.
Additionally, AuNPs promote collagen regeneration
and enhance wound healing through their anti-
oxidative and anti-microbial properties. Due to
inadequate time, the wounds didn't enter the
maturational or remodeling phase, despite the
presence of fine interlacing collagen fibers [42].

Our results were worse than the previous study of
Fawzy et al. [43] when using silver nanoparticles
alone. Abd el Dayem ef al. [44] demonstrated that
Cells can protect themselves from nanoparticles at
low concentrations, and antioxidant activity reduces
oxidative damage and returns the redox equilibrium.
Higher quantities, however, render this mechanism
of action impossible and result in cell toxicity and
inflammation and this illustrates our findings of the
presence of highly cellular dermis in this group.

Talaraska et al., [45] added that reactive oxygen
species generation has also been linked to an increase
in the toxicity of nanoparticles. Ag nanoparticles
enter the cell and break down inside, generating Ag+
ions that damage the mitochondria. Apoptosis
eventually results from ROS, which build up as

byproducts of the electron transport chain and
damage and impair the function of mitochondria,
depolarize the mitochondrial membrane, and damage
mtDNA (mitochondrial DNA).

Conclusions

As compared to untreated rats and silver - Gold
silver-nanocomposite-treated rats, APS-treated rats
demonstrated significantly more re-epithelialization
and dermal structural regeneration.
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