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Cutaneous wound management represents a significant clinical challenge in veterinary medicine, directly
impacting the quality of life and recovery rate in canine patients. Successful dermal restoration requires advanced
therapeutic strategies capable of accelerating tissue regeneration, minimizing scar formation, and restoring the
natural structural integrity of the skin barrier. Consequently, evaluating the efficacy of diverse treatments remains
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College of Veterinary essential for optimizing dermatological protocols. This study aimed to evaluate the histological effects of a topical
Medicine, University of Cicalfate® repair cream on skin wound healing in dogs and to compare its efficacy with Omega-3 supplementation.
Kerbala, Full-thickness cutaneous wounds measuring 3 x 3 cm were experimentally induced in the dorsal back area of twelve
Karbala, 56001, Iraq healthy male dogs under general anesthesia induced by atropine sulfate (0.04 mg/kg, SC), ketamine hydrochloride

(10 mg/kg, IV), and xylazine (2 mg/kg, IM). The animals were randomly divided into three groups: group (A) treated
with Cicalfate’ repair cream topically twice daily, group (B) treated with a single daily oral dose of Omega-3 (300
mg), and group (C) left untreated as a control. At designated time a skin biopsies were collected under general
anesthesia on days 3, 7, and 14 post-wounding, while animals remained alive throughout the experimental period.
Full-thickness skin samples were processed for histological and histometrical examination to assess the thickness of
the epidermal layers (stratum corneum and stratum spinosum), dermal thickness, and dermal papillae development.
Morphometric analysis on day 14 revealed that Cicalfate® treatment promoted balanced epidermal maturation,
achieving a physiological stratum corneum thickness of 19.22+0.18 pm, which prevented the hyperkeratosis
observed in group C (51.03+0.14 pm) and the severe thinning seen in group B (7.35+£0.25 um) (P<0.05).
Furthermore, group A demonstrated the most prominent tissue restructuring, with a significantly greater stratum
spinosum thickness (60.37+2.52 pm) and dermal thickness (191.35+0.49 um) compared to group B (7.34+0.38 um
and 88.32+0.3 pm) and group C (9.26+0.27 pm and (47.18+0.17 um, respectively; P<0.05). In conclusion, the
topical repair cream significantly enhanced the histological features of skin wound healing in dogs compared with
Omega-3 treatment and untreated controls. The findings suggest that the repair cream promotes balanced epidermal
regeneration, effective dermal remodeling, and improved dermo-epidermal integration with enhanced vascular
supply, nutrient delivery, and increased cellularity, making it a promising therapeutic option for enhancing cutaneous
wound healing.
Keywords: Skin wound healing, Histology, Repair cream, Omega-3, dogs.

IopiBHAIBbHA riCTO/I0TIYHA OLIHKA MiCIIEBOI0 BiIHOBJIIOBAJIBLHOI0 KPEeMY Ta CHCTEMHOI'0
3acTocyBaHHA OMera-3 Ha 3arO€HHSI PaH LIKipH y co0ak

X. H. Anpxamnicci

JlikyBaHHSI paH WIKIpU € CepHO3HMM KIIHIYHMM BUKJIMKOM Y BETEPUHAPHIH MEIMIMHI, 110 Oe3rnocepeHbo
BIUIMBA€ HA SKICTb JKUTTS Ta MIBUJAKICTH OIYKaHHS cOOaK. YCIIlIHE BiJHOBJIEHHS JEPMH BHMArae IepeiaoBHX
TepaneBTUYHUX CTpaTerii. BiamosinHo, oliHKa eEeKTHBHOCTI PI3HUX METO/IB JIIKYBaHHS 3aJMLIAETHCS BAKIUBOIO
JUISL ONTUMI3aLi JepMaTOJIOTIYHUX TPOTOKOJIB. J[aHe MOCHiIKEHHs Majlo Ha METi OLIHMTH TiCTOJIOTIUHI eeKTH
MICIIEBOTO 3aCTOCYBaHHs BiIHOBIIOBaNbHOTo Kpemy Cicalfate” Ha 3aroeHHs paH IIKipu y co0aK Ta MOPIBHATH HOTO
e(peKTUBHICTh i3 mepopanbHUM BBeleHHAM Owera-3. IloBHOmapoBi MIKipHi paHu po3mipoM 3 x 3 cm Oynu
€KCIePUMEHTAJIBHO 3MOJIENIbOBaHI B AUISHII CIIUHU JBAaHAILATH 3JOPOBHX KOOEINIB MiJ 3araJibHOI0 aHEeCTe3i€lo.
TBapunu OyiM BUNAJAKOBMM YMHOM PO3/AUICHI Ha TpH TpynHu: rpyna (A), Ae ABidi Ha IEHb MiCLEBO 3aCTOCOBYBAIIU
BigHoBmoBanbpHUi KpeMm Cicalfate*; rpynma (B), me mepopaibHO BBOAMIM OAHOPA30OBY LIOEHHY n03y Owmera-3
(300 mr); Ta rpyna (C), sika 3anuianacs 0e3 JIiKyBaHHS K KOHTPOJIb. Y BU3HA4YCHI TepMiHU Ha 3-if, 7-i Ta 14-it qui
MICIISt MOZGTIOBAHHS PaHU IiJ] 3araJlbHOI0 aHECTEe3i€r0 3/iCHIOBaNyM 3a0ip OionTartiB MIKipH, MPU LOMY TBapHHU
3aJIMIIANUCS KUBUMHU TPOTITOM YChOTO €KCIIEPUMEHTAIBHOTO repiofy. [IoBHOMIAPOBI 3pa3Ky MIKIpH MiAgaBantu
TiCTOJIOTIYHOMY Ta TiCTOMETPUYHOMY JOCTI/DKCHHIO JUIS OLIHKH TOBIIMHM IIapiB emiJepMicy (poroBoro rta
[IAITyBaTOr0), TOBIIMHY JEPMH Ta PO3BUTKY NEepPMalbHHX COCOUKiB. MopdomeTpuuHmii aHami3 Ha 14-i neHb
oKa3as, 1o 3actocyBanHs Cicalfate” 3a0e3meuye 36anaHcoBane 103piBaHHS eMiAEPMICY, JOCATal0uH (izionoriynoi
TOBIHHH POroBoro mapy 19,22+0,18 MxM, mo 3anobirano po3BUTKY TrillepkepaTosy, XapakTepHoro 1t rpymu C
(51,03+0,14 MxM), Ta BUpaXXEHOTO CTOHIIEHHS, CIIOCTEpexKyBaHOTO B rpymi B (7,35+0,25+Mkm) (P<0,05). Kpim
TOro, y Tpymi A BigMiueHO HAHOINbII BUpaxkeHy IepeOyZoBy TKaHMH i3 BIPOTiAHO OiNBINOI TOBIIMHOIO
mmmmysaroro mapy (60,37+2,52 mxM) Ta ToBmmHOIO aepmu (191,35+0,49 MxM) mopiBHsHO 3 Tpymolo B
(7,34+0,38 mxm Ta 88,324+0,38 mxm) i rpynoro C (9,26+0,27 mxm Ta 47,18+0,17 Mmxm BianosigHo; P<0,05).
B pe3ynbrari, MiceBHIl BiTHOBIIOBaIbHHN KpeM 3HAUHO MOKPAIIUB TiCTOJOTIUHI ITOKA3HUKH 3arOCHHS MIKIPHUX
paH y cobak MopiBHAHO 3 rpynoo Omera-3 Ta KOHTPOJBHUMH IpynaMu 6e3 nikyBaHHs. OTpHMaHi pe3ysibTaTH
CBiUaTh Ipo Te, IO BiJHOBIIOBAILHHN KpeM cCIpusie 30alaHCOBaHIill pereHepauii emifiepMicy, e(peKTHBHOMY
MOJIEJIIOBAaHHIO JIePMH Ta HMOKPALIEHHIO JepMO-elifiepMaibHoi iHTerpamnii 3 KpaluM CyJHHHUAM 3a0e3MeUeHHsIM,
8 JOCTaBKOIO MOXXUBHHUX PEUOBHH, IO POOHUTH HOTO IEPCIEKTHBHHM TEPAIleBTUYHUAM 3aCO00M JUIS IOKPAIICHHS
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Introduction

The skin is the largest organ in the body, providing the
first line of physical, chemical, and immunological
defense against external insults. It is composed of three
main layers-the epidermis, dermis, and hypodermis-with
each layer serving unique roles in protection,
thermoregulation, sensation, and metabolic functions [1].

The epidermis, in turn, is histologically divided into
five structural strata (from deep to superficial: stratum
basale, stratum spinosum, stratum granulosum, stratum
lucidum, and stratum corneum). In contrast, the dermis is
of mesodermal origin and composed largely of connective
tissue matrix and cellular elements [2].

A skin wound is defined as damage to the structural
integrity of the tissue following a rupture caused by
physical, chemical, thermal, or biological agents. These
injuries disrupt the protective skin barrier, triggering a
complex sequence of biological events aimed at restoring
tissue homeostasis [3].

Such disruptions in tissue continuity can involve one
or multiple layers of the skin. Wounds are typically
categorized by their etiology, depth, and duration. For
instance, acute wounds-such as simple surgical incisions
and traumatic injuries-undergo a normal, orderly, and
timely reparative process. Conversely, chronic wounds,
including diabetic ulcers and pressure sores, fail to
progress through the typical stages of healing, usually due
to persistent inflammation or underlying systemic
diseases [4].

Thus, cutaneous wound healing is a highly regulated
biological process that aims to restore tissue architecture
and function [2]. During this process, multiple cell types,
extracellular matrix components, cytokines, and growth
factors interact with each other in a highly orchestrated
manner [3].

Depending on the severity, acute wounds can vary
from minor superficial scratches to extensive tissue
injuries. However, they are all characterized by a
predictable physiological healing pathway, which
normally results in complete tissue restoration within
approximately three weeks [5—7].

Dogs are among the most commonly used
experimental models in biomedical and veterinary
sciences. They are utilized either to address specific
canine diseases or to serve as a translational model to
enhance human health research, with their close
physiological and clinical similarities to
humans providing strong justification for this model
choice [8, 9].

To optimize wound care, a variety of treatment
strategies have been suggested, including hyperbaric
oxygen therapy, modern wound dressings, and advanced
antimicrobial agents [10].

Omega-3 fatty acids are essential polyunsaturated
fatty acids required for normal physiological functions,
naturally found in marine products-particularly fish
and fish oil-as well as certain plant seed oils. While widely
used for their dietary benefits and anti-inflammatory
properties, such as reducing the severity of rheumatoid
arthritis [11], marine Omega-3 fatty acids (EPA/DHA)
can also modulate the early inflammatory phase of

cutaneous wound healing. For instance, a randomized,
double-blind study using standardized suction-blister
wounds demonstrated that a 4-week omega-3 dietary
supplementation reduced the plasma AA : EPA ratio and
elevated local IL-1pB levels in blister fluid at 24 hours,
showing a trend toward a slower time to complete wound
closure compared to a placebo [12].

In the search for innovative products capable of
modulating the immune response, postbiotics have
emerged as promising candidates. These soluble bioactive
compounds, which are secreted by probiotics, represent a
relatively underexplored category of therapeutic agents in
the context of tissue repair [13, 14].

Previous research has demonstrated that postbiotics
exhibit a broad spectrum of biological activities, including
anti-inflammatory, antimicrobial, immunomodulatory,
and antioxidant effects. Nevertheless, many aspects of the
mechanisms underlying these activities, as well as their
full biological potential, remain insufficiently understood
or largely unexplored [15].

There is considerable growing interest in the
application of postbiotics in wound care, as this novel
and safer delivery of microbe-derived bioactivity does
not require adding live organisms to already-
compromised tissue. In short, the International Scientific
Association for Probiotics and Prebiotics (ISAPP)
consensus describes a postbiotic as a preparation of
inanimate microorganisms and/or their components that
confers a health benefit on the host when administered in
adequate amounts. This inactivation may be associated
with  beneficial metabolites; however, purified
metabolites per se are not considered postbiotics [12].
Such a framework facilitates topical postbiotic
development where safety and stability are paramount,
especially in infected or chronic wounds where the
systemic entry of live microbes into the bloodstream is a
real clinical concern [16].

Cicalfate® repair cream features a distinct
composition of four dermal restorative and protective
active ingredients designed to restore the skin barrier.
Within this formulation, zinc sulfate and copper sulfate
exert a potent physical antibacterial effect, while zinc
oxide acts as a protective agent by forming a reliable film
barrier directly on the skin surface.

Additionally, Avéne Thermal Spring Water is
incorporated for its well-documented soothing, anti-
irritant, and anti-inflammatory  properties.  The
formulation also utilizes Aquaphilus dolomiae, a unique
bacterium naturally present in Avéne Thermal Spring
Water. Through a specialized biotechnological extraction
process, this microorganism yields a bioactive postbiotic
compound known as C+ Restore™. Collectively, these
synergistic components enhance epidermal repair and
promote accelerated skin recovery, with reported healing
occurring up to four times faster [17, 18].

The aim of the study

The present study aimed to evaluate the histological
effects of a topical Cicalfate” repair cream on cutaneous
wound healing in dogs and to compare its therapeutic
efficacy with systemic Omega-3 supplementation.
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Materials and methods

Animals and Experimental Design

A total of twelve adult male dogs, weighing 18-25 kg,
were utilized in this study. The animals were randomly
allocated into three groups (n=4) dogs per group). All dogs
were housed individually under standard laboratory
conditions at the animal facility of the College of
Veterinary Medicine, University of Kerbala. The animals
had ad libitum access to water and a standard diet under
uniform environmental and management conditions
throughout the experimental period. To ensure optimal
health, all dogs underwent a complete clinical examination
every two days. Prior to surgery, the animals were fasted
for 6-12 hours, with water withheld for 5 hours.

Anesthesia and Surgical Procedure

The animals were placed in a ventral recumbent
position to aseptically expose the interscapular region of the
dorsal back surface. Premedication was achieved with
atropine sulfate (0.04 mg/kg, SC), followed by the
induction of general anesthesia using a combination of
ketamine hydrochloride (10 mg/kg, IV) and xylazine
(2 mg/kg, IM). A full-thickness cutaneous wound
measuring 3x3 cm was surgically induced in the mid-dorsal
thoracic region of each animal. To prevent self-trauma and
interference with the wound site, an Elizabethan collar was
fitted immediately after the procedure.

Experimental Groups and Treatment Protocol

The experimental animals were assigned to three
distinct groups:

- Group A: received topical application of Cicalfate®
repair cream twice daily for 14 days.

- Group B: received a single daily oral dose of 300 mg
Omega-3 for 14 days [20].

- Group C: remained untreated, serving as a negative
control group.

The commercial Cicalfate® repair cream utilized in
this study is composed of the following active ingredients:
1 % C+ Restore™ postbiotic, 0.2 % copper sulfate, 0.1 %
zinc sulfate, 4 % zinc oxide, and 45 % Avéne Thermal
Spring Water. This postbiotic formulation is characterized
by its therapeutic, antibacterial, soothing, and anti-
inflammatory properties.

Tissue Sampling and Histological Processing

Histological assessment was conducted on days 3, 7, and
14 post-wounding for all groups [19]. At designated time
points, animals were euthanized under general anesthesia,
and full-thickness skin specimens 3x3 cm encompassing the
wound site were obtained immediately after death. The tissue
samples were fixed by immersion in a 10 % formalin
solution, subjected to routine tissue processing, and stained
with hematoxylin and eosin (H&E) [21].

Results and discussion

The present study demonstrated distinct and
statistically significant histological dynamics across the
experimental groups during the 14-day cutaneous wound
healing period.

Stratum Corneum Thickness

In Group A (Cicalfate’), the thickness of the
stratum corneum showed a gradual and significant
time-dependent increase from day 3 to day 14 (P<0.05),
measuring  8.25+0.33 pm, 10.18+0.26 pm,  and
19.22+0.18 pm, respectively (Table 1; Figs. 1, 2, and 3).

Table 1
Stratum corneum thickness across experimental groups
(pm, Mean+SD)

Groups Day 3 Day 7 Day 14
Cicalfate” (Group A)  8.25+0.33*  10.18+0.26"  19.22+0.18°
Omega-3 (Group B) 10.11£0.15*  12.17£0.15*  7.35+0.25¢
Control (Group C) 25.25+0.49"  43.85+0.76°  51.03+0.14°

Note: Means within the same row with different superscript letters (*><)
are statistically significantly different according to ANOVA (P<0.05).

1 s . }‘
*"%‘ -u'[\ ‘I.\

Fig. 1. Histological cross-section of group (A) at day 3
showed stratum corneum (black arrow), stratum
spinosum (yellow arrow), dermis (blue star),
and dermal papillae (green arrow).

(H&E 100x).

Fig. 2. Histological cross-section of group (A) at day 7
showed stratum corneum (black arrow), stratum
spinosum (yellow arrow), dermis (blue star),
and dermal papillae (green arrow).

(H&E 100x).
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Fig. 5. Microscopic cross-view of group (B) at day 7
showed stratum corneum (black arrow), stratum

spinosum (yellow arrow), and dermis (blue star).
(H&E 100x).

Fig. 3. Histological cross-section of group (A) at day 14
showed stratum corneum (black arrow), stratum

spinosum (yellow arrow), and dermis (blue star).
(H&E 100x).

Conversely, histopathological  assessment  of
Group B (Omega-3) showed a gradual increase in stratum
corneum thickness from day 3 (10.11+0.15 um)
to day 7 (12.17£0.15 um) post-wounding (P<0.05;
Figs. 4 and 5), followed by a significant thinning to
7.35+£0.25 um by day 14 (Fig. 6).

Fig. 6. Microscopic cross-view of group (B) at day 14
showed stratum corneum (black arrow), stratum
spinosum (yellow arrow), and dermis (blue star).

(H&E 100x).

Fig. 4. Microscopic cross-view of group (B) at day 3
showed stratum corneum (black arrow), stratum
spinosum (yellow arrow), and dermis (blue star).

(H&E 100x).

In Group C (Control), the stratum corneum
thickness in untreated wounds increased progressively
after the third day, reaching its maximum value of

51.03+0.14 ym on day 14 (P<0.05). The values Fig. 7. Microscopic cross view of group (C) at day 3
were recorded at 25254049 um on day 3, showed stratum corneum (black arrow), stratum
43.85+0.76 pm on day 7, and 51.03+£0.14 pm on day 14 spinosum (yellow arrow) and dermis (blue star).
(Figs. 7,8, and 9). (H&E 100x).
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Fig. 8. Microscopic cross view of group (C) at day 7
showed stratum corneum (black arrow), stratum
spinosum (yellow arrow) and dermis (blue star).

(H&E 100x).

Fig. 9. Microscopic cross-view of group (C) at day 14
showed stratum corneum (black arrow), stratum
spinosum (yellow arrow), and dermis (blue star).

(H&E 100x).

Stratum Spinosum Thickness

Histologically, Group A exhibited a progressive and
highly significant increase in stratum spinosum thickness
over the course of the study (P<0.05), with measurements
reaching 13.04+0.13 pm on day 3, 21.25+0.36 um on
day 7, and peaking sharply at 60.37+2.52 um on day 14
(Table 2; Figs. 1, 2, and 3).

Table 2
Stratum spinosum thickness across experimental groups
(pm, Mean+SD)

Groups Day 3 Day 7 Day 14
Cicalfate’ (Group A)  13.04£0.13*  21.25£0.36"  60.37+2.52°
Omega-3 (Group B) 9.28+0.3*  20.35+0.43%  7.34+0.38°
Control (Group C) 7.1840.30°  8.16+0.26°  9.26+0.27°

Note: Means within the same row with different superscript letters (*>°)
are statistically significantly different according to ANOVA (P<0.05).

In Group B, the stratum spinosum gradually grew
thicker from day 3 (9.284#0.31 um) to day 7
(20.35%0.43 um) (P<0.05; Figs. 4 and 5), but a significant

decline to 7.34+0.38 um was observed at the end of the
experimental period (Fig. 6).

In Group C, the untreated wounds revealed only a
minimal and stagnant increase in stratum spinosum
thickness between day 3 and day 14 (P<0.05), with
recorded values of 7.18+0.30 pm, 8.16+£0.26 um, and
9.26+0.27 um, respectively (Figs. 7, 8, and 9).

Dermal Thickness and Dermal Papillae

Histological alterations showed a significant
thickening of the dermis in Group A, particularly during
the latter part of the study (P<0.05). The dermal thickness
values  were  measured  at 163.18+0.81 pum,
173.30+£0.49 um, and 191.35+£0.49 um for days 3, 7, and
14, respectively (Table 3; Figs. 1, 2, and 3), representing
the highest overall values among all groups.

Table 3
Dermal thickness across experimental groups (pm,
Mean+SD)

Groups Day 3 Day 7 Lyl
Cicalfate” 163.18£0.81°  173.30£0.49°  191.35£0.49¢
(Group A)

Omega-3 120.24+0.31°  244.27+1.20°  88.32+0.38°
(Group B)
Control 80.60+0.76"  83.14+0.72°  47.180.17°
(Group C)

Note: Means within the same row with different superscript letters (<)
are statistically significantly different according to ANOVA (P<0.05).

In Group B, dermal thickness significantly increased
to 120.24+0.31 um on day 3 and peaked markedly at
244.274+1.20 pm on day 7 (P<0.05; Figs. 4 and 5), but
declined again by day 14 to 88.32+0.38 um (Fig. 6).

Group C exhibited a slight but statistically significant
increase between day 3 (80.60+0.76 um) and day 7
(83.1440.72 um) (P<0.05; Figs. 7 and 8), followed by a
notable decrease to a minimum of 47.18+0.17 pm by day
14 (Fig. 9).

Additionally, the development and frequency of the
Dermal Papillae at the dermo-epidermal junction were
found to be significantly higher in Group A than in the
other experimental groups (Figs. I and 2).

The present study provides a detailed histological
comparison of wound healing in canine skin treated with
a repair cream, Omega-3 supplementation, and untreated
controls. The observed variations among the experimental
groups reflect distinct effects on epidermal regeneration,
dermal remodeling, and dermo-epidermal integration,
which collectively determine the quality and efficiency of
wound healing.

Compared to their respective controls, administration
of the repair cream led to an increase in the thickness of
the stratum corneum in group (A) as early as day 3 post-
wounding, and the increase was also time-dependent over
the course of 14 days (p<0.01). This regulated thickening
seems to reflect a beneficial adaptation in the course of
healing. At the same time, we know that low levels of SC
thickening early on can aid in keratinocyte migration and
lateral  spreading, necessary processes in  re-
epithelialization and wound closure [22]. The clearly
marked stratum corneum thickening at day 14 indicates
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restoration of epidermal barrier function, which is vital to
limit transepidermal water loss, provide a homeostatic
level of skin hydration, and prevent entry of
microorganisms [23].

The favorable effect seen in group (A) could be due to
the moisturizer and repair cream ingredients (Avéne
thermal spring water, zinc oxide, copper sulfate, and zinc
sulfate). Notably, zinc ions are crucial for keratinocyte
proliferation, epithelial differentiation, and the
antimicrobial defense involved in wound healing
activities [24]. In addition, the appearance of postbiotic
entities such as C+ Restore™ may influence local
inflammatory responses and facilitate epidermal repair by
increasing cellular metabolism and accelerating barrier
repair mechanisms [25].

Conversely, group (B), in which the model was treated
with Omega-3, only showed a slight increase in stratum
corneum thickness in the early post-healing phase.
Moreover, a significant decrease in stratum corneum
thickness could be observed at day 14 post-healing. The
anti-inflammatory effects of Omega-3 fatty acids are well
established and they can also modify wound healing
pathways [26], but the thinning of the stratum corneum at
2-week timepoints interpreted within the context of
epidermal barrier function raises questions about the
appropriateness of high Omega-3 fatty acid for certain
wound types. A poorly formed stratum corneum may put
the wound bed at risk for fluid loss and bacterial
colonization, thus impairing the signaling required for
best tissue repair [27].

In addition to that, group (C) appeared to have a
very thickening stratum corneum early and gradually
throughout the experiment period. This hyperkeratosis
is usually related to migration dysfunction of
keratinocytes and delayed re-epithelialization, which
results in prolonged healing time and promotion of scar
formation [28]. This was the first indication that, without
therapeutic intervention, epidermal repair may be random
rather than regenerative.

In group (A), stratum spinosum clearly increased in
thickness, especially on day 14, which indicates increased
keratinocyte proliferation and upward migration. This
reaction is characteristic of epidermal healing and
effective  re-epithelialization, important processes
required for recover of normal skin structure after skin
injury [3]. This sustained elevation also indicates that the
repair cream drove a leveled augmentative response
without causing deleterious hyperplasia. In group (B),
the stratum spinosum thickness decreased at the end
of the study, while it increased at the middle stage.
This pattern suggests a transient, and not a sustained,
epidermal response to the intervention, which could result
from the anti-proliferative effects ascribed to sustained
Omega-3 activity [29], whereby excess cellular
proliferation is inhibited, but epidermal regeneration is
slowed in isolation. For group (C), we recognized only
slight changes in stratum spinosum thickness,
notwithstanding a statistical significance there. Such
weak epidermal response was associated with delayed
wound healing and indicates insufficient keratinocyte
activation, which in natural circumstances requires
supportive therapeutic agents.

Background Dermal remodeling reflects fibroblast
activity, collagen deposition, and neovascularization, and
is an important determinant of wound healing quality. In
group (A), dermal thickness showed a gradual and marked
increase until day 14. Such a result indicates better
angiogenesis as well as the supply of nutrients to the
neo-formation of epidermis that is essential for
maintaining tissue regeneration [30]. The increase in
dermal thickness is frequently accompanied by well-
organized collagen and a restored functional dermal
architecture. In group (B), dermal thickness increased at
first but thereafter showed a pronounced decrease during
the course of the experiment. These variations potentially
reflect an initial stimulation of dermis repair subsequently
compromised by inadequate maintenance of vascular and
structural support that ultimately impair epidermal
regeneration [31]. In contrast group (C) showed
only modest early increases in dermal thickness followed
by a marked decrease. Such a pattern suggests impaired
fibroblast activity and low vascularization which has
been reported to prolong wound healing and weaken the
tissue [32].

Perhaps the most important observation from
the current work was that dermal papillae height increased
in the group (A). Greater number of dermal papillies
increases dermal — epidermal contact surface, allowing
for a stronger adhesion and resisting mechanical shear
forces [33]. Such a structural adaptation enhances
mechanical stability, and allows the facilitation of oxygen
and nutrient diffusion from dermal microvasculature to
the epidermis, thus allowing continuous maintenance of
epidermal turnover. In contrast, the less developed dermal
papillae seen in (B) and (C) indicate weaker dermo-
epidermal interactions, which may in part explain their
poorer wound healing phenotype.

Histology results highly correlated. At all sections, the
histological features indicate a synergic environment
created by group (A) of the repair cream for optimal
wound healing including balanced rate of epidermal
proliferation with full restoration of barrier, adequate
remodeling of dermis and strong dermal-epidermal
integration. Omega-3 supplementation alone (group B)
had minimal transient effects and absence of treatment
(group C) resulted in delayed but incomplete healing.
These findings highlight the importance of topical
reparative agents in modulating cellular and structural
processes during canine skin wound healing.

Conclusions

The present study demonstrates that the topical
application of Cicalfate™ repair cream creates a highly
synergistic microenvironment that significantly optimizes
cutaneous wound healing in dogs compared to systemic
Omega-3 supplementation and untreated controls.
By day 14 post-wounding, Cicalfate* treatment promotes
a balanced and controlled maturation of the epidermal
barrier, achieving a physiological stratum corneum
thickness of 19.22+0.18 um, which successfully prevents
hyperkeratosis seen in the control group (51.03+£0.14 um)
and severe epidermal thinning observed in the Omega-3
group (7.354£0.25 um). Furthermore, the repair cream
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drives robust tissue restructuring, significantly
maximizing both  stratum  spinosum thickness
(60.37+2.52 um) and dermal thickness (191.35+0.49 pm)
by the end of the experimental period. This is structurally
reinforced by an enhanced development of
dermal papillae, which ensures superior mechanical
stability and dermo-epidermal adhesion. Collectively,
these findings establish the postbiotic-containing
Cicalfate” repair cream as a highly effective and safe
therapeutic agent for accelerating and enhancing
structured cutaneous wound regeneration in veterinary
dermatology.
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