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ABSTRACT

Background: Skin injury repair depends on a tightly regulated sequence of inflammation, proliferation, and matrix remodeling,
where mediators such as IL-1 and IL-6 contribute to immune activation and extracellular matrix formation. Variability in cytokine
control influences scar maturation, prompting exploration of treatment strategies capable of shortening the inflammatory phase
and enhancing structural regeneration.

Methods: This study compared four wound-care approaches in rats with surgically induced full- thickness lesions: a polysilicon-silox-
ane formulation (PS), a silicone-based gel (Sil), a betamethasone preparation (BMt), and a heparin-containing agent (Hep). Topical
formulations were applied two to three times daily, while BMt was delivered weekly by subcutaneous injection. Serum IL-1 and IL-6
concentrations were quantified by ELISA, scar evolution was documented using the Vancouver Scar Scale, and tissue organization
was examined through histological staining protocols, including trichrome-based collagen visualization and elastic fiber assessment.

Results: Early cytokine elevation was evident across groups, with IL-1 returning to near-baseline most rapidly in PS- and Sil-
treated animals by day 21, and one week later in BMt-treated rats. Hep and untreated controls maintained higher values for
longer. IL-6 peaked later than IL-1, normalizing by day 28 in the PS, Sil, and BMt groups alone. Microscopy demonstrated faster
vascular normalization and earlier collagen and elastic-fiber restoration with PS, followed by Sil and BMt, while Hep improved
matrix architecture only during later stages.

Conclusions: Overall, PS produced the most favorable and accelerated recovery pattern, Sil and BMt provided moderate benefit,
and Hep displayed slower reparative capacity.

Keywords: collagen, fibroblast, interleukin-1 (IL-1), interleukin-6 (IL-6), skin wound healing

Received: 9 December 2025; Accepted: 16 February 2026; Published: 9 March 2026.

INTRODUCTION

cosmetic impairment, making the biology of wound clo-

sure a topic of considerable clinical relevance [5].
Skin forms the first line of defense between the body and

the external environment, shielding deeper tissues from
physical, chemical, and microbial threats while maintaining
hydration, thermoregulation, and electrolyte stability [1-3].

Cutaneous healing unfolds through sequential yet
overlapping phases. Initially, coagulation prevents further
bleeding and seals the wound surface. This is followed by
inflammatory activation, during which innate immune cells

Disruption of this barrier through trauma, burns, lac-
erations, or surgical injury initiates a cascade of biological
events aimed at restoring tissue continuity [4]. Efficient
repair is essential not only for preventing infection and
fluid loss, but also for limiting long-term functional and

migrate into the damaged area. Subsequent proliferative
activity promotes fibroblast expansion, extracellular ma-
trix accumulation, angiogenesis, and re-epithelialization,
while the final remodeling stage reshapes collagen archi-
tecture and gradually increases tensile strength [6-10].
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Cytokine signaling plays a decisive role in regulating
these events. Interleukin-1 is a key initiator of early in-
flammatory responses, whereas interleukin-6 influences
both acute-phase protein synthesis and later matrix for-
mation. Fibroblasts, collagen fibers, and elastic compo-
nents are central to achieving structurally resilient tis-
sue; however, if cytokine activity or matrix deposition
becomes dysregulated, healing may stall or progress to-
ward hypertrophic or keloidal scarring [11-13].

Supportive clinical management plays a decisive role
in the outcome of tissue repair. Core therapeutic prin-
ciples involve removing nonviable tissue, reducing mi-
crobial burden, preserving adequate hydration at the
wound surface, and selecting dressings that encourage
granulation and re-epithelialization [14-16]. In more
extensive or slow-healing injuries, clinicians may em-
ploy supplementary modalities such as vacuum-assisted
closure systems, hyperbaric oxygen exposure, or engi-
neered biological scaffolds designed to promote vascu-
larization and matrix replacemen [17-23].

Given the impact of inflammation on the quality and
speed of tissue restoration, this work compares poly-
silicon-siloxane, silicone-based, betamethasone, and
heparin-containing treatments to determine how each
influences cytokine trends and tissue organization in ex-
perimental full-thickness wounds.

METHODS

Approval for animal use was granted by the Thilisi State
Medical University Animal Welfare and Ethics Commit-
tee (Protocol No. N59.30.11.22; issued 10 June 2024).
Adult male laboratory rats, with an age range of 6-8
weeks (weighing 200-250 g), were used for the study.
Animals were obtained from the Aleksandre Natishvili
Institute of Morphology, Thilisi, Georgia.

All experimental rats were under one-week stabili-
zation (acclimatization) period to ensure physiological
baseline stability before procedures began. They were
maintained in a temperature-controlled environment at
23+2°C, 12-hour light/12-hour dark cycle and had unre-
stricted access to standard laboratory chow and water.

To induce full-thickness wounds, rats were anesthetized
with Nembutal (50 mg/kg). The fur over the dorsal region
was clipped, the skin surface disinfected with 70% ethanol,
and circular excisional lesions were created aseptically. A
continuous suture line, approx. 5 cm in length and spaced
at 1 cm intervals, was then applied along the wound area.

Post-Wound Induction animals were housed individu-
ally in standard polycarbonate cages to prevent wound
interference by cage mates and ensure aseptic recovery,
minimize social stress that could confound healing data,
while maintaining the same environmental temperature
and light cycle used during the stabilization period.
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Wound treatment

Sixty rats were randomly allocated into six experimental
groups. Each group consisted of 10 animals, as follows:
Group 1- healthy, uninjured baseline control; Group 2 -
wounded but untreated controls; Group 3 - PS-treated
animals; Group 4 - Sil-treated animals; Group 5- BMt-
treated animals; Group 6- Hep-treated animals.

Topical formulations were administered directly to the
wound bed two to three times daily for four weeks. The
PS preparation contained polysilicon-siloxane with vita-
min C ester; the Sil gel consisted of silicone combined
with hypochlorous acid and sodium hypochlorite; and
the Hep agent contained onion extract, heparin, and al-
lantoin. Betamethasone (BMt) was delivered separately
via weekly subcutaneous injection into the lesion area at
a dose of 0.2 mL.

Systemic inflammation assessment

Systemic inflammatory markers (IL-1 and IL.-6) were quan-
tified by ELISA using the Kit (REF: E-EL-HO088; Elabsci-
ence®, USA). The results were recorded on a Human HS
ELISA Reader (Germany). The analytical measuring range
for IL-1a was 1.25 to 250.0 pg/mL. Serum IL-6 levels were
determined using the test Kit (Immunofluorescence As-
say) REF: IF1088; Getein Biotech, Inc., China; European
Representative: Lotus NL B.V., Netherlands. The quantifi-
cation was performed using a Getein 1100 Immunofluo-
rescence Quantitative Analyzer. The analytical measuring
range for IL-6 was 1.5 pg/mL to 4000.0 pg/mL.

The blood was collected between 9:00 AM and 11:00
AM from the lateral tail vein of the rats into sterile tubes.
To ensure optimal vasodilation, animals were placed in
a warming chamber at 38°C for 10 minutes prior to the
procedure. Following stabilization in a standard plastic
restrainer, the tail was disinfected with 70% ethanol.
Venipuncture was performed using a 25-gauge needle
inserted into the lateral tail vein at a 20° angle. Blood
samples (approximately 1.0 mL) were collected without
anticoagulant, allowed to clot at room temperature, and
centrifuged at 3,000 rpm for 15 minutes at 4°C to ob-
tain serum for cytokine ELISA analysis. Blood collection
occurred on days 7, 14, 21, and 28 to track changes in
cytokine expression throughout healing.

Scar assessment

Scar morphology was evaluated using the Vancouver Scar
Scale, which assesses four parameters: vascularization (0—
3), pigmentation (0-2), pliability (0-5), and elevation (0-3
mm). Individual parameter values were summed to pro-
duce a total score ranging from 0 (normal skin) to 13 (most
severe scarring). This scale is widely used clinically and in
research to monitor scar development over time [24-26].
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Tissue processing and staining overview

Wound-site samples were collected at designated time
points to examine vascular maturation, extracellular
matrix deposition, fibroblast presence, and elastic fiber
architecture. Multiple histological approaches were uti-
lized, such as Masson’s trichrome, Van Gieson, Weigert’s
elastic stain, and routine hematoxylin—eosin.

Hematoxylin-eosin (H&E) staining

Samples were fixed in 10% neutral buffered formalin for
24-48 hours at room temperature to preserve tissue
architecture. Following fixation, tissues were processed
using standard histological procedures, including graded
alcohol dehydration, xylene clearing, and paraffin em-
bedding. Paraffin blocks were sectioned at a thickness of
4-5 um using a rotary microtome. Sections were mount-
ed onto glass slides and dried prior to staining.

Paraffin sections were deparaffinized in xylene and
rehydrated through a descending series of ethanol con-
centrations to distilled water. Sections were stained with
hematoxylin to visualize cell nuclei, followed by thorough
rinsing under running tap water. Differentiation and bluing
were performed as required to enhance nuclear contrast.
Subsequently, sections were counterstained with eosin
to delineate cytoplasmic components and extracellular
matrix structures. After staining, slides were dehydrated
through ascending ethanol concentrations, cleared in xy-
lene, and mounted with a permanent mounting medium.

Masson’s trichrome for collagen visualization

Paraffin-embedded slides were sequentially deparaffinized
in xylene and rehydrated through descending alcohol con-
centrations. Bouin’s solution was used for mordant fixation
(1 hour at 56°C or overnight at room temperature). After
thorough rinsing, nuclei were stained with Weigert’s he-
matoxylin, followed by cytoplasmic staining using Biebrich
scarlet—acid fuchsin. Differentiation was carried out in
phosphomolybdic—phosphotungstic acid, after which colla-
gen fibers were selectively colored using aniline blue. Final
steps included an acetic acid rinse, dehydration, clearing in
xylene, and coverslip mounting in a permanent medium.

Van Gieson staining for collagen and muscle fibers

Paraffin-embedded tissues were deparaffinized, passed
through a descending alcohol series, and subsequently
placed into Van Gieson solution for five minutes to dif-
ferentiate collagen from muscle fibers. Following stain-
ing, slides were dehydrated in 95—-100% ethanol, cleared
with xylene, and mounted for microscopic evaluation.

Weigert’s resorcin—fuchsin for elastic fibers

Sections were prepared by standard deparaffinization
and hydration, then immersed in Weigert’s resorcin—
fuchsin reagent for 10-30 minutes. After rinsing, selec-

181

tive differentiation was achieved in 70% ethanol contain-
ing ferric chloride until elastic fiber networks became
distinct. Hematoxylin was used as a nuclear counter-
stain. Prepared slides were dehydrated, xylene-cleared,
and mounted in a permanent medium.

Statistical Analysis

All quantitative data were analyzed using two-way re-
peated-measures ANOVA to assess the effects of treat-
ment, time, and their interaction on pro-inflammatory
cytokine levels (IL-1 and IL-6). When significant main or
interaction effects were identified, Tukey’s multiple com-
parisons test was applied as a post-hoc analysis to com-
pare experimental groups at individual time points.

Data are expressed as meantstandard deviation (SD).
Statistical significance was defined as p<0.05. All analy-
ses were conducted using standard statistical software
packages appropriate for biomedical research [27].

RESULTS

The healing response was evaluated through inflamma-
tory cytokines, microscopic tissue characteristics, and
Vancouver Scar Scale (VSS) scores over 7, 14, 21 and
28 days. Treatment outcomes for PS, Sil, BMt and Hep
preparations were compared against untreated controls.

On day 7, serum IL-1 concentrations showed a marked
increase across all groups compared to pre-injury levels
(Day 0). In the untreated control group, IL-1 levels peaked
at 73% above the baseline (Day 0). In contrast, the PS and
Sil groups demonstrated significantly higher peaks (100%
and 106%). The BMt and Sil groups also demonstrated high
levels of IL-1 (85% and 74%) above the baseline (Day 0).

By day 14, values declined in PS, Sil and BMt groups,
but they were still high above the baseline by 47%, 49%
and 73%, respectively. In contrast, Control and Hep data
were evan slightly increased. Differences in all groups
were statistically significant.

By day 21, IL-1 levels in all groups were above the
baseline values, whereas the Control, Hep and BMt
groups remained 56%, 55% and 40% higher than base-
line, respectively (p<0.05).

By day 28, IL-1 had returned to baseline in PS, Sil and
BMt groups, whereas elevated values persisted under
Control and Hep treatment (IL-1 concentration profiles il-
lustrated in Figure 1).

At day 7, the serum IL-6 levels were significantly increased
over baseline only in the untreated control, PS and Sil groups.
IL-6 levels remained significantly elevated through day 14 in
all groups (by 26%, 42%, 32%, 14% and 13%, respectively).

By day 21, IL-6 had returned to baseline only in the
PS group. By day 28, IL-6 level was above the baseline in
control and Hep groups, and IL-6 concentrations in PS, Sil
and BMt were within the normal range.
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Figure 1. Concentrations of IL-1 in healthy, control, and treated rats across the duration of the study

Table 1. Concentrations of IL-1 (pg/mL) in healthy, control and treated rats

Treatment group Day 7 Day 14 Day 21 Day 28

Healthy (uninjured) 2.30+£0.38 2.30+£0.38 2.30+£0.38 2.3010.38
Control (wounded and untreated) 3.98 +0.34* 4.03+0.41* 3.59+0.37* 3.10+0.28*
PS—based preparation treatment 4.61+0.53* 3.39 +0.45%* 2.32+0.44 2.30+0.38
Sil-based preparation treatment 4,74 +£0.26* 3.43 £ 0.49* 2.43+0.46 2.27+0.43
Betamethasone (BMt) treatment 4.26+0.41* 3.97+0.51* 3.21+0.18* 2.37+0.62
Hep-based preparation treatment 4.00 £ 0.20* 4.15+0.38* 3.57 £0.44* 2.84 +0.36*

To induce full-thickness wounds, the fur over the dorsal region was clipped, the skin surface disinfected with 70% ethanol, and circular excisional lesions were created aseptically. A continuous suture line, approxi-
mately 5 cm in length and spaced at 1 cm intervals, was then applied along the wound area. Each treatment group consiste of 10 rats. *Two-way ANOVA demonstrated significant effects of treatment, time, and
their interaction (p<0.05). Concentrations are expressed in pg/mL (mean + standard deviation). Abbreviations: Hep — heparin, PS — polysilicon-siloxane, Sil - silicone.
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Figure 2. Concentrations of IL-6 in healthy, control, and treated rats across the duration of the study

Table 2. Concentrations of IL-6 (pg/mL) in healthy, control and treated rats

Treatment group Day 7 Day 14 Day 21 Day 28

Healthy (uninjured) 3.10+0.20 3.10£0.20 3.10+£0.20 3.10+£0.20
Control (wounded and untreated) 3.34+0.64* 3.90+0.52* 3.59+0.32* 3.74 +£0.26*
PS—based preparation treatment 3.51+0.50* 4.40 +£0.70* 3.30+0.50 3.12+0.40
Sil-based preparation treatment 3.56 + 0.40* 4.10 + 0.90* 3.43 £ 0.60* 3.05+0.40
Betamethasone (BMt) treatment 3.30+0.40 3.53 +0.60* 3.70+0.80* 3.30+0.50
Hep-based preparation treatment 3.26 £0.40 3.50+0.70* 3.80 £ 0.60* 3.60 +0.70*

To induce full-thickness wounds, the fur over the dorsal region was clipped, the skin surface disinfected with 70% ethanol, and circular excisional lesions were created aseptically. A continuous suture line, approxi-
mately 5 cm in length and spaced at 1 cm intervals, was then applied along the wound area. Each treatment group consiste of 10 rats. *Two-way ANOVA demonstrated significant effects of treatment, time, and
their interaction (p<0.05). Concentrations are expressed in pg/mL (mean + standard deviation). Abbreviations: Hep — heparin, PS — polysilicon-siloxane, Sil — silicone.
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The sustained elevation of IL-6 in the PS and Sil groups
coincided with the period of most active fibroblast pro-
liferation and wound contraction observed in our his-
tological analysis. This sustained IL-6 concentration in
the most therapeutically successful groups (PS and Sil)
suggests a prolonged signaling phase that promoted the
enhanced fibroblast proliferation and re-epithelialization
observed in our histological findings (IL-6 dynamics in all
groups are shown in Figure 2. Concentrations of IL-1 and
IL-6 are summarized in Tables 1 and 2).

In summary, the experiment demonstrated significant
main effects of treatment and time, as well as a significant
treatment x time interaction for both IL-1 and IL-6 levels
(p<0.001 for all comparisons). Early time points (day 7 and
day 14) were characterized by elevated concentrations of
both cytokines in control and Hep-treated groups, reflect-
ing sustained inflammatory activity. In contrast, treatment
with PS and Sil resulted in a progressive and statistically
significant reduction of IL-1 and IL-6 levels over time. By
days 21 and 28, cytokine concentrations in these groups
approached values observed in healthy animals, indicating
effective modulation of the inflammatory response and
a transition toward tissue remodeling and regeneration.
BMt treatment demonstrated an intermediate effect, with
partial attenuation of cytokine levels that did not fully nor-
malize by the end of the observation period.
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Morphological assessment of wound healing images
is presented in Figures 3-8. Histological evaluation re-
vealed clear group-dependent differences in inflamma-
tory response, granulation tissue formation, and extra-
cellular matrix (ECM) organization at day 7 post-injury.
Figure 3 demonstrates varying degrees of granulation
tissue formation, inflammatory cell infiltration, and ex-
tracellular matrix (ECM) organization. The transition
from the inflammatory phase to structural remodeling.

In the control group, wound sites were characterized
by pronounced inflammatory cell infiltration, predomi-
nantly neutrophils and mononuclear cells. Granulation
tissue was poorly organized, with loosely arranged,
weakly stained collagen fibers indicating persistence of
the inflammatory phase, delayed transition toward tis-
sue remodeling, and matrix formation.

Treatment with Hep resulted in a partial attenuation of
inflammation compared with controls. Granulation tissue
appeared more structured, accompanied by moderately
increased collagen deposition; however, collagen fibers re-
mained irregular, and active angiogenesis was still evident,
suggesting incomplete progression to the remodeling phase.

In the Sil group, inflammatory cell infiltration was mark-
edly reduced. Granulation tissue was well developed, with
more regularly aligned collagen fibers and increased pres-
ence of myofibroblasts, indicating enhanced wound con-
traction and advancement toward the reparative phase.

(A) Control group: Intense inflammatory cell infiltration, with abundant neutrophils and mononuclear cells.
Irregularly formed Granulation tissue; collagen fibers disorganized and weakly stained. Numerous immature
blood vessels. (B) Hep group: inflammatory cell infiltrations; more structured Granulation tissue with mod-
erately increased collagen deposition. (C) Sil group: Well developed granulation tissue with more regularly
arranged and parallel collagen fibers. An increased number of myofibroblasts. (D) BMt group: transitional
morphology from the inflammatory to the remodeling phase; minimal Inflammatory components; the ex-
tracellular matrix is relatively organized, collagen structure partially heterogeneous; moderate blood ves-
sel density. (E) PS group: minimal Inflammatory cells; dense and well organized granulation tissue; clearly
aligned and intensely stained collagen fibers. (F) Intact/healthy skin: a normal skin architecture, with a well-
organized epidermis and dermis, regularly arranged collagen and elastic fibers.
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The BMt group exhibited a transitional morphological
pattern between inflammation and remodeling. Inflamma-
tory components were minimal, and ECM organization was
improved relative to the control and Hep groups, although
collagen fiber heterogeneity persisted. Vascular density
was moderate, consistent with regulated angiogenesis.

The PS-treated group demonstrated the most ad-
vanced stage of healing. Histological sections showed
minimal inflammatory infiltration, dense and well-or-
ganized granulation tissue, and clearly aligned, intensely
stained collagen fibers, reflecting active ECM remodeling
and tissue maturation. Re-epithelialization was nearly
complete, closely resembling normal skin architecture.

The intact skin displayed a preserved epidermal and
dermal structure with regularly arranged collagen and
elastic fibers and absence of inflammatory cells.

In summary, the control group displays sparse, thin,
and irregularly distributed collagen fibers, indicating de-
layed matrix formation. Hep treatment results in a mod-
erate increase in collagen deposition with heterogene-
ous organization. The Sil group shows enhanced collagen
density with improved fiber alignment. The BMt group
exhibits intermediate collagen accumulation, reflecting
a transitional remodeling stage. The PS-treated group
demonstrates dense, well-organized collagen bundles
resembling mature dermal architecture.

\
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Day 7 histological sections stained with Masson’s Tri-
chrome illustrating collagen deposition and ECM organiza-
tion across experimental groups, are presented in Figure 4.

In the control group collagen deposition was sparse
and irregular. Collagen fibers appeared thin, loosely ar-
ranged, and unevenly distributed within the granulation
tissue, indicating delayed matrix formation and incom-
plete progression toward the remodeling phase.

The Hep-treated group exhibited a moderate increase
in collagen deposition compared to controls, although
fibers remain discontinuous and irregular. Blue-stained
collagen fibers were more apparent but remained dis-
organized and heterogeneously distributed, suggesting
partial stimulation of ECM synthesis without adequate
structural maturation.

In the Sil group, collagen deposition was markedly
enhanced. Collagen fibers appeared denser and more
uniformly distributed, with a tendency toward parallel
alignment, indicating improved matrix organization and
advancement of the reparative phase.

The BMt group demonstrated intermediate colla-
gen accumulation. Although collagen fibers were more
abundant than in the control and Hep groups, their or-
ganization remained partially heterogeneous, reflecting
a transitional state between granulation tissue forma-
tion and early remodeling.

r,

Figure 4. Collagen deposition during wound healing (Day 7 post-injury, Masson's Trichrome staining, x100 / x200)

(A) Control group (x200): sparse and irregular collagen deposition; thin Collagen fibers, loosely arranged,
and unevenly distributed within the granulation tissue. Collagen fibers are stained blue, while cytoplasm and
muscle fibers appear red/pink. (B) Hep group (x100): collagen deposition; disorganized and heterogeneous-
ly distributed Blue-stained collagen fibers. (C) Sil group (x100): enhanced collagen deposition; dense and
more uniformly distributed Collagen fibers, with a tendency toward parallel alignment. (D) BMt group (x200):
intermediate and partially heterogeneous collagen accumulation. (E) PS group (x200): pronounced and
organized collagen deposition; densely packed and well aligned thick, intensely stained collagen bundles.
(F) Intact/healthy skin (x200): well-organized, dense, and uniform arranged collagen fibers within the dermis,
serving as a reference for optimal collagen architecture and structural integrity.
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The PS-treated group showed the most pronounced
and organized collagen deposition. Thick, intensely
stained collagen bundles were densely packed and well
aligned, closely resembling the architecture of mature
dermal tissue. This pattern indicates accelerated ECM
remodeling and tissue maturation.

In intact skin, the collagen fibers displayed a well-
organized, dense, and uniform arrangement within the
dermis. Enhanced collagen deposition and improved
fiber organization observed in the PS group suggest that
this treatment most effectively promotes extracellular
matrix remodeling during the early stages of wound
healing. The microscopic qualitative similarities between
PS-treated wounds and intact skin further support its
role in accelerating tissue maturation and restoring nor-
mal dermal architecture.

Histological sections stained with Weigert’s elastic
stain illustrating elastic fiber distribution and organiza-
tion across experimental groups revealed that the con-
trol group shows sparse, fragmented, and poorly or-
ganized elastic fibers, indicating delayed elastic matrix
restoration. Hep treatment results in a slight increase in
elastic fiber presence, although fibers remain discontin-
uous and irregular. The Sil group demonstrates improved
elastic fiber density with partial structural organization.
The BMt group exhibits a transitional pattern, with mod-
erately restored but heterogeneous elastic fibers. The
PS-treated group displays more continuous and organ-
ized elastic fibers, more closely resembling normal der-
mal architecture. Intact skin shows mature elastic fiber
organization (Figure 5).
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Morphological features of the skin during the wound
healing process (day 21 post-injury, Figure 6) show a di-
rect correlation between early fiber restoration and late-
stage tissue maturation. Groups like PS and Sil, which
showed superior elastic fiber organization by day 7, also
exhibited more organized fibroblast and vascular struc-
tures by day 21. In contrast, the Control group showed
persistent delays in both fiber matrix restoration and
cellular organization. Compared to the treated groups,
Group A shows sparse, fragmented, and poorly organ-
ized elastic fibers, which indicates a delayed restoration
of the elastic matrix. The PS and Sil groups show well-
formed, mature microvessels, indicating efficient blood
supply restoration to the healing tissue.

A significant presence of active, spindle-shaped fibro-
blasts is evident, particularly in the PS group, where they
are engaged in the final stages of collagen matrix syn-
thesis. Compared to earlier stages, there is a marked
reduction in inflammatory cell infiltrate (neutrophils and
macrophages) in the therapeutically successful groups,
signifying a healthy transition from the inflammatory
phase to permanent tissue restoration.

The dermal layer shows improved integration with the
surrounding healthy skin, with a more organized cellular dis-
tribution than that observed in the untreated control group.

Histological sections illustrate the resolution of the
acute inflammatory response. The PS group exhibits a
sophisticated dermal morphology with spindle-shaped
activated fibroblasts and mature, patent microvessels. In
contrast, untreated sections maintain residual cellularity
and less structured stromal organization.

.td‘
X )
Figure 5. Elastic ﬁber dynamics during the wound heallng process (Day 7 post injury, Weigert's stain, x100)
(A) Control group: sparse, fragmented, and poorly organized elastic fibers. (B) Hep group: discontinuous
and irregular elastic fiber. (C) Sil group: Dense and structurally organized elastic fibers. (D) BMt group: mod-

erately restored and heterogeneous elastic fibers. (E) PS group: continuous and organized elastic fibers,
approaching normal dermal architecture. (F) Intact/healthy skin: mature elastic fiber organization.
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Figure 7 illustrates the state of collagen fibers during
the wound healing process at day 21 post-injury, utilizing
Van Gieson staining. While the control group represents
the natural healing progression with potentially more
disorganized fibers, the PS and Sil groups show micro-
scopic morphological patterns that reflect a more struc-
tured and mature collagen matrix, moving closer to the
intact architecture.

In the control group, the granulation tissue is irreg-
ularly formed, reflecting a slower maturation process
where fibers appear fragmented or sparse.

The hep group shows a moderately increased deposi-
tion of collagen compared to the control. While the fib-
ers are more structured, some inflammatory cell infiltra-
tion is still present within the matrix.

Sil group is characterized by well-developed granula-
tion tissue where collagen fibers are arranged in a reg-
ular, parallel fashion. This group shows significant pro-
gress in fiber alignment and structural integrity.

BMt group shows a relatively organized extracellular
matrix with minimal remaining inflammatory compo-
nents. The collagen structure is transitioning toward ma-
turity, though it is still partially heterogeneous in density.
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h. S ek i e A

Romanian Journal of Laboratory Medicine 2026;34(2)

PS group exhibits the most advanced healing with dense,
well-organized granulation tissue. The collagen fibers are
clearly aligned and intensely stained, indicating high ma-
turity and approaching the quality of normal dermal archi-
tecture. Intact/ healthy skin shows perfectly organized and
mature collagen networks. The fibers are dense, regular,
and show the natural architecture of uninjured skin.

Figure 8 illustrates the restoration of elastic fibers 28
days post-injury. The control group is characterized by a
significantly delayed healing profile. At day 21, it shows
intense inflammatory infiltration (neutrophils and mono-
nuclear cells), irregularly formed granulation tissue, and
disorganized, weakly stained collagen. By day 28, elastic
fibers remain sparse and fragmented.

The Hep group shows moderate improvement over
the control. While it exhibits more structured granula-
tion tissue and increased collagen deposition by day 21,
persistent inflammatory infiltrations remain. Elastic fiber
restoration by day 28 is still discontinuous and irregular.

The Sil group demonstrates a strong regenerative re-
sponse. By day 21, it features well-developed granulation tis-
sue with collagen fibers arranged in a regular, parallel fashion
and an increased count of myofibroblasts. Elastic fibers show
improved density and partial structural organization.

4 Y . L/
LRV S : .

Figure 6. Morphological features of the skin across experimental groups (Day 21 post-injury, H&E staining, x200)

(A) Control group: Intense inflammatory cell infiltration with neutrophils and mononuclear cells. Irregularly
formed granulation tissue. The collagen fibers are disorganized. Sparse, fragmented, and poorly organized
elastic fibers. residual cellularity and less structured stromal organization. (B) Hep group: persistent inflam-
matory cell infiltrations, the granulation tissue is more structured. collagen deposition is moderately increased.
(C) Sil group: Well developed granulation tissue with more regularly arranged collagen fibers. An increased num-
ber of myofibroblasts. Well-formed, mature microvessels. (D) BMt group: minimal Inflammatory components;
the extracellular matrix is relatively organized, collagen structure partially heterogeneous; moderate blood vessel
density. (E) PS group: minimal Inflammatory cells; dense and well organized granulation tissue; clearly aligned
and intensely stained collagen fibers. Well-formed, mature microvessels. (F) Intact/healthy skin: a normal skin
architecture, with a well-organized epidermis and dermis, regularly arranged collagen and elastic fibers.
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Figure 7. Collagen fibers during wound healing (Day 21 post-injury, Van Gieson staining, x200)

(A) Control group: disorganized and weakly stained collagen fibers. The granulation tissue is irregularly
formed, fibers are fragmented. (B) Hep group: moderately increased deposition of collagen. The fibers are
more structured, some inflammatory cell infiltration still present within the matrix. (C) Sil group: well-devel-
oped granulation tissue where collagen fibers are arranged in a regular, parallel fashion. Significant progress
in fiber alignment and structural integrity. (D) BMt group: relatively organized extracellular matrix with mini-
mal remaining inflammatory components. The collagen structure is transitioning toward maturity, partially
heterogeneous in density. (E) PS group: well-organized granulation tissue. The collagen fibers are clearly
aligned and intensely stained (bright red). (F) Intact/Healthy Skin: organized and mature collagen networks.
The fibers are dense, regular, and show the natural architecture of uninjured skin.

(A) Control group: sparse, fragmented, and poorly organized elastic fibers. (B) Hep group: slight increase in
the presence of elastic fibers. Fibers remain largely discontinuous and irregular. (C) Sil group: This modality
demonstrates improved elastic fiber density. The fibers exhibit a partial structural organization, showing sig-
nificant progress over the control. (D) BMt group: transitional pattern of healing. The elastic fibers are moder-
ately restored but remain heterogeneous in their distribution. (E) PS group: the most advanced recovery, with
more continuous and organized elastic fibers. The tissue architecture approaching normal dermal architecture.
(F) Intact/healthy skin: mature elastic fiber organization typical of healthy tissue.
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The BMt group displays a transitional morphology. By
day 21, it moves from the inflammatory to the remodeling
phase with minimal inflammatory components and mod-
erate blood vessel density. Elastic fiber is heterogeneous.

The PS group consistently shows the most advanced
healing results. At day 21, it exhibits dense, well-organ-
ized granulation tissue with clearly aligned and intensely
stained collagen fibers. By Day 28, its elastic fiber archi-
tecture is continuous and organized, closely approach-
ing the architecture of normal dermal tissue. Intact Skin
shows the well-organized epidermis, dermis, and regu-
larly arranged fibers.

Collectively, early vascular proliferation was common
across all groups. Vessel density resolved rapidly in PS-
treated wounds (day 14), followed by Sil (day 21), where-
as BMt, Hep and controls retained pronounced vascu-
larity through day 28. Myofibroblast and inflammatory
cell infiltration peaked at day 7 in all groups. PS showed
the fastest normalization (day 21), while Sil and controls
maintained moderate infiltration throughout healing. Col-
lagen and Elastic Fiber Formation: Initial collagen scarcity
gradually improved. PS initiated fiber deposition by day
14 and maintained organized bundles thereafter. Sil and
BMt achieved normal collagen density by day 21, while
Hep only reached comparable levels on day 28. Elastic
fibers reappeared progressively, with complete restora-
tion by day 21 in PS-treated animals and by day 28 in Sil.

These findings indicate that PS treatment most ef-
fectively accelerates the resolution of inflammation and
promotes ECM organization, thereby facilitating the tran-
sition from the inflammatory to the remodeling phase
of wound healing. The reduced inflammatory cell pres-
ence and enhanced collagen alignment observed in the
PS group are consistent with improved tissue maturation
and may underlie the superior functional and structural
recovery compared with other treatment modalities.
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Scar characteristics at different time points (7th, 14th,
21st, and 28th days) for each treatment group according
to the Vancouver Scar Scale are shown in Table 3. VSS
demonstrated improvement in scar pliability and height
for the PS and Sil groups starting from day 14. While
the BMt group showed reduced vascularity, it did not
achieve the same level of overall structural maturation
as the silicone-based treatments.

DISCUSSION

The Cutaneous repair progresses through a coordinated
series of events beginning with coagulation, followed by
inflammation, tissue formation, and ultimately structur-
al remodeling [28,29]. In the present work, the healing
response to four therapeutic agents—PS, Sil, BMt, and
Hep—was examined by tracking cytokine behavior (IL-1,
IL-6), microvascular changes, fibroblast distribution, col-
lagen maturation, elastic fiber reorganization, and exter-
nal scar quality.

Among the molecular mediators studied, IL-1 and IL-6
are especially central to early wound physiology. IL-1
generally peaks shortly after injury, driving leukocyte re-
cruitment and amplifying inflammatory signaling before
gradually diminishing as tissue stabilizes [30-31]. IL-6
expression also rises during the acute phase but often
extends into proliferation, where it contributes to fibro-
blast activation, extracellular matrix synthesis, and over-
all tissue reconstruction [32-33]. When persistently el-
evated, however, these mediators can hinder resolution,
prolong inflammation, and predispose tissue to delayed
remodeling or hypertrophic scarring.

All treatment arms demonstrated an expected rise
in IL-1 by the first week post-injury, reflecting the ini-
tiation of the inflammatory cascade. A faster return to
baseline was observed in PS- and Sil-treated rats by day
21, whereas BMt required an additional week to reach

Table 3. Scar aspect during skin healing in healthy, control, and treated rats (The Vancouver Scar Scale)

Scar appearances Vascularity Pigmentation Pliability Height

(range 0-3) (range 0-2) (range 0-5) (range 0-3)

Normal (Op)

Ngirr:rlla(l1(;?)p) Normal (Op) izIF:jFrrlweg((lZ?) < glzr;tr(nof)l)p)

The Vancouver Scar Scale Hypopigmentation (1p) .
Red (2p) Hyperpigmentation (2p) Firm (3p) 2-5mm (2p)
Purple (3p) Ropes (4p) >5 mm (3p)
Contracture (5p)

Day post-injury 7th  14th  21st 28th 7th 14th 21st 28th 7th 14th 21st 28th 7th 14th  21st  28th
1 Healthy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 Control 2 3 2 2 1 1 1 2 3 3 4 3 2 2 2 1
3PS 2 1 0 0 0 1 1 0 2 2 1 0 1 1 1 0
4 Sil 2 2 1 1 0 2 1 1 3 2 2 1 2 1 1 1
5 BMt 2 2 2 1 1 2 1 1 3 3 2 1 2 1 1 1
6 Hep 2 3 2 2 1 2 2 1 3 3 3 2 2 2 1 1

Each study group consisted of 10 rats. Data are presented as the mean Vancouver Scar Scale (VSS)

Iy

core of the study group. Abbreviations: BMt — betamethasone, Hep — heparin, PS — polysilicon-siloxane, Sil = silicone.
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comparable values. In contrast, IL-1 clearance was mark-
edly slower in the Hep group, implying persistent inflam-
matory signaling. These patterns suggest that PS, Sil and
to a lesser extent BMt accelerate suppression of acute
inflammation more effectively than Hep-based therapy.

Our results showed that PS and Sil treatments lim-
ited the IL-1 peak to approximately 74—75% of the un-
treated control maximum. This early attenuation of the
pro-inflammatory response is critical; as noted by Mirza
et al. [30], excessive or prolonged IL-1 beta activity can
stall wounds in the inflammatory phase and lead to hy-
pertrophic scarring. By blunting this initial cytokine spike,
the polysilicon-siloxane and silicone treatments likely pre-
vented secondary tissue damage, thereby facilitating a
more rapid transition to the proliferative phase of healing.

IL-6 behavior followed a slightly delayed trajectory.
Peak expression occurred around day 14 for all treat-
ments, but reductions to baseline were evident by day
28 only in PS, Sil and BMt-treated wounds. Persistent
elevation in both control and Hep groups indicates pro-
longed inflammatory activation and potentially slower
progression into the proliferative and remodeling phas-
es. The inability of Hep to reduce IL-6 within the same
timeframe highlights its limited immunomodulatory im-
pact during early healing.

Collectively, the cytokine profiles imply that PS, Sil and
BMt promote a more timely resolution of inflammation,
whereas Hep demonstrates a weaker regulatory influ-
ence on early immune responses.

A notable observation in this study was that IL-6 lev-
els in the PS and Sil groups remained higher than those
in untreated controls during the first 14 days of heal-
ing. Although this may initially appear paradoxical given
the superior clinical outcomes of these groups, it aligns
with the known dual role of IL-6 in tissue repair. Unlike
the purely pro-inflammatory peak of IL-1, sustained IL-6
signaling is a prerequisite for the initiation of the pro-
liferative phase. As demonstrated by Lin et al. [33], the
absence of IL-6 leads to impaired leukocyte infiltration
and a marked reduction in granulation tissue forma-
tion. In our study, the prolonged elevation of IL-6 in the
most therapeutically beneficial groups (PS and Sil) likely
served as a physiological bridge, stimulating the robust
fibroblast activity and organized collagen deposition ob-
served histologically. This suggests that these treatments
do not simply suppress inflammation, but rather modu-
late the cytokine environment to favor active structural
remodeling over a prolonged period.

The biological significance of this sustained IL-6 signal-
ing is clearly reflected in the histological outcomes. The
high levels of IL-6 served as a physiological driver for neo-
vascularization, as evidenced by the prominent blood ves-
sel density observed in H&E staining (Figures 3 and 6). This
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enhanced vascular supply provided the metabolic founda-
tion for robust fibroblast activation. Consequently, as early
as Day 7, Masson’s Trichrome staining (Figure 4) revealed
an accelerated deposition of the collagen scaffold.

By the final stages of the study (Days 21-28), the im-
pact of early cytokine optimization became structurally
manifest. The Van Gieson staining (Figure 7) demonstrat-
ed that the PS and Sil groups achieved a mature dermal
architecture characterized by dense, parallel collagen
bundles, unlike the disorganized fibers seen in untreated
controls. Furthermore, the Weigert’s stain (Figures 5 and
8) confirmed a superior restoration of the elastic fiber
network, which is critical for the tensile strength and
functional flexibility of the resulting tissue.

Ultimately, our data suggest that the superior clini-
cal performance of PS and Sil treatments is not due to
simple immune suppression, but rather a sophisticated
modulation of the IL-1/ IL-6 axis. By attenuating the deg-
radative effects of IL-1 and optimizing the regenerative
signaling of IL-6, these treatments orchestrate a transi-
tion from disorganized granulation tissue to a structur-
ally and functionally sound skin matrix.

Neovascular development also plays a pivotal role
in repair, as microvessels supply oxygen and metabolic
substrates essential for regeneration [34-35]. Therefore,
earlier normalization of vascularity can be interpreted as
a marker of efficient inflammatory control and success-
ful transition toward matrix rebuilding [36].

Sustained vascular density through day 28 in untreat-
ed animals indicates a prolonged inflammatory milieu,
which may interrupt the progression toward healthy
matrix formation and re-epithelialization. Conversely,
vascular normalization occurred markedly earlier in the
PS-treated group (day 14) and subsequently with Sil (day
21), signifying a more efficient inflammatory shutdown.
Elevated vessel counts in BMt- and Hep-treated wounds
throughout the study imply slower transition from in-
flammation to repair.

The accelerated recovery observed with PS treat-
ment is likely attributable to its regulatory influence on
cytokine release and matrix remodeling. Sil appears to
exert both anti-microbial and anti-inflammatory activ-
ity, which may explain the improved vascular regression
seen in this group.

Myofibroblasts and inflammatory cell infiltration are
expected components of early contraction and wound
stabilization [37,38]. Their persistence, however, is as-
sociated with fibrosis and excessive scar tissue. On day
7, PS and control wounds demonstrated high cellularity,
but only PS-treated tissue reached baseline cellular lev-
els by day 21. Sil-treated animals retained moderate but
controlled cellular activity, indicating a steady healing re-
sponse without excessive fibrosis.
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BMt- and Hep-treated wounds exhibited extended
inflammatory cell presence and sustained myofibroblast
activity, conditions that can hamper timely re-epitheliali-
zation and predispose to more rigid scarring.

Collagen deposition is fundamental to wound strength
[30], though overproduction increases the risk of hyper-
trophic or keloidal tissue formation.

On day 7, collagen fibers were scarce in all groups,
reflecting early-stage matrix formation. By day 14, PS-
treated wounds displayed clear collagen development
that continued steadily through the study, pointing to
accelerated matrix assembly and effective tissue re-
construction. Sil and BMt reached comparable collagen
density roughly one week later, indicating adequate but
slower synthesis. Hep-treated wounds showed substan-
tial fiber accumulation only by day 28.

The early collagen deposition observed with PS treat-
ment suggests efficient progression into the prolifera-
tive phase and may account for improved remodeling
outcomes. Sil also supported matrix formation, though
with more gradual tissue organization. BMt’s delayed
fiber accumulation may be explained by its immunosup-
pressive influence, which tempers cellular activity. While
Hep ultimately produced abundant collagen, this late
surge may be less advantageous for early-phase heal-
ing, though potentially helpful in reducing hypertrophic
growth at later stages.

Elastic fiber behavior followed a similar progression.
Moderate levels were identified initially, with PS-treated
wounds achieving full restoration by day 21. Sil-support-
ed matrix repair required more time, normalizing by day
28. In comparison, BMt and Hep groups displayed slow-
er elastic fiber reorganization, which may contribute to
greater stiffness in mature scar tissue.

The rapid reappearance of elastic fibers in PS-treated
wounds highlights its positive effect on extracellular ma-
trix remodeling and may explain the improved pliability
and overall scar quality observed in this group.

e Scar quality, assessed through the four VSS domains—
vascularity, pigmentation, pliability, and height—differed
substantially between treatment approaches.

e Vascularity: PS-treated animals demonstrated the most
accelerated decline in vessel prominence, reflecting rap-
id suppression of inflammatory activity. Sil and BMt pro-
duced intermediate improvements, while wound sites
in the control and Hep groups retained higher vascular
density for longer periods.

¢ Pigmentation: Color uniformity returned earliest and
most consistently in PS and Sil groups. More variable
pigmentation in the control and Hep groups likely corre-
sponds to the extended inflammatory window observed
in cytokine analysis.
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e Pliability: PS generated the most flexible scar tissue,
whereas Sil and BMt produced more moderate softening.
Reduced pliability in the control and Hep groups indicates
suboptimal remodeling and denser matrix formation.

¢ Height: Scar elevation resolved quickly with PS, becoming
flat by day 14. Siland BMt improved gradually, and the slow-
est reductions occurred in the untreated and Hep groups.

Integrating cytokine trends with histological and VSS out-
comes, PS produced the most favorable global healing pro-
file—rapid inflammatory clearance, timely matrix deposi-
tion, efficient elastic fiber return, and optimal cosmetic and
biomechanical scar features. These qualities support PS as
the most effective intervention for early-stage wound care.

Sil also performed well, particularly in harmonizing
inflammation and collagen synthesis, suggesting suit-
ability for wounds susceptible to infection or requiring
balanced rather than aggressive modulation.

BMt displayed slower early improvements, likely attribut-
able to immunosuppressive action, yet may remain benefi-
cial where excessive inflammation is the primary concern.

Hep, despite delayed but strong collagen buildup, appears
better suited to later-phase scar modulation rather than
acute wound intervention. Its tendency to maintain inflam-
matory signaling longer may hinder early closure but could
restrain excessive scarring once remodeling has begun.

Despite the significant findings regarding cytokine modu-
lation and tissue remodeling, several limitations of this study
must be acknowledged. First, while the rat model used in
this research is a standard for wound healing studies, ro-
dent skin heals primarily through wound contraction rather
than the re-epithelialization characteristic of human skin,
which may limit the direct translatability of these results
to clinical practice. Second, the current study focused spe-
cifically on serum concentrations of IL-1 and IL-6; however,
local cytokine levels within the wound microenvironment
and the expression of other critical growth factors (such as
TGF-beta or VEGF) were not quantified, which could pro-
vide a more comprehensive view of the repair process. Ad-
ditionally, the experimental duration was limited to 28 days;
a longer observation period would be beneficial to assess
the long-term mechanical strength and stability of the re-
sulting scar tissue. Finally, while environmental conditions
were strictly controlled, the potential influence of individual
versus group housing on stress-induced healing variations
warrants further investigation in larger-scale studies.

CONCLUSIONS

The findings of this work highlight the value of choosing
wound-management strategies according to the heal-
ing stage and biological response. Among the evaluated
treatments, PS and Sil produced the most rapid improve-
ment, demonstrated by earlier reductions in IL-1 and
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IL-6 levels and clearer histological evidence of controlled
vascularity, organized collagen deposition, and reduced
inflammatory cell presence. BMt achieved moderate
progress, but at a slower pace, while Hep and untreated
controls showed the most prolonged inflammatory pro-
file and later tissue remodeling.

Overall, the PS treatment delivered the most com-
plete regenerative outcome, combining fast cytokine
normalization with favorable scar physiology. Sil also
proved effective, particularly in maintaining a balanced
inflammatory environment and supporting progressive
tissue restoration. BMt and Hep contributed to healing
but were comparatively slower to induce matrix organi-
zation and scar refinement.

The differences in treatment effects observed in this
study underline the need for individualized selection of
therapeutic approaches—rapid modulation of early in-
flammation appears critical for optimal scar quality, while
agents acting at a later-phase may be beneficial where
fibrosis control or collagen stabilization is required. Tai-
loring intervention to wound biology may therefore yield
superior clinical outcomes.

ABBREVIATIONS

ANOVA — analysis of variance

BMt — betamethasone

BSA — bovine serum albumin

Cl — confidence interval

ECM — extracellular matrix

ELISA — enzyme-linked immunosorbent assay
FFPE — formalin-fixed paraffin-embedded
H&E — hematoxylin and eosin

Hep — heparin-based preparation

HOCI — hypochlorous acid

IL-1 —interleukin-1

IL-6 — interleukin-6

NaOCl| — sodium hypochlorite

PBS — phosphate-buffered saline

PS — polysilicon—siloxane—based preparation
RT —room temperature

Sil —silicone-based preparation

UV — ultraviolet

VSS — Vancouver scar scale

SPSS — statistical package for the social sciences
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