|ARTICLE IN PRESS|

Kafkas Universitesi Veteriner Fakultesi Dergisi Katkas Univ Vet Fak Derg

Journal Home-Page: http://vetdergikafkas.org
E-ISSN: 1309-2251

X (x): x-x, 2026
DOI: 10.9775/kvfd.2026.36545

RESEARCH ARTICLE

Histopathological Evaluation and Computer-Aided Mechanistic
Prediction of Murraya koenigii Extract on Excisional Wound

Healing in Rats

Tarshan Sharma SURESH! ®, Zahir THORIQ?®, Eko ALIF BIN ANTO!®, Sandraa Victor JEYARAJ* ®,
Yadjnes Iswaran KODISWARAN*®, Rini Kusumawar DHANY®®, Danti Nur INDIASTUTI*®,
Moh Nurkholis ROUFI” ®, Kuncoro Puguh SANTOSO®®, Eka Pramyrtha HESTIANAH®®,
Rahmi SUGIHARTUTI®*®, Ayesha MASOOD’®, Lita Rakhma YUSTINASARI®®

! Master’s Program in Reproductive Biology, Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, INDONESIA

> Master’s Program in Vaccinology and Immunotherapeutics, Faculty of Veterinary Medicine, Universitas Airlangga,

Surabaya, INDONESIA

* Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, INDONESIA

* Faculty of Dentistry, Universitas Airlangga, Surabaya, INDONESIA
> Department of Ophthalmology, Faculty of Medicine, Universitas Muhammadiyah Surabaya, Surabaya, INDONESIA

¢ Department of Anatomy, Histology, and Pharmacology, Faculty of Medicine, Universitas Airlangga, Surabaya,

INDONESIA

7 General Hospital Wahidin Sudiro Husodo, Mojokerto, INDONESIA
8 Department of Veterinary Science, Faculty of Veterinary Medicine, Universitas Airlangga, Surabaya, INDONESIA

° Department of Anatomy and Histology, Faculty of Veterinary Science, The Islamia University Bahawalpur, PAKISTAN

Bz

=8

*) Corresponding author:

Lita Rakhma Yustinasari
Phone: +62 822-9779-1609
E-mail: lita-r-y@fkh.unair.ac.id

How to cite this article?

Suresh TS, Thoriq Z, Alif bin Anto E, Jeyaraj
SV, Kodiswaran YI, Dhany RK, Indiastuti
DN, Roufi MN, Santoso KP, Hestianah EP,
Sugihartuti R, Masood A, Yustinasari LR:
Histopathological Evaluation and Computer-
Aided Mechanistic Prediction of Murraya
koenigii Extract on Excisional Wound Healing
in Rats. Kafkas Univ Vet Fak Derg, 2026
(Article in Press).

DOI: 10.9775/kvfd.2026.36545

Article ID: KVFD-2026-36545
Received: 07.03.2026
Accepted: 02.07.2026
Published Online: 14.07.2026

INTRODUCTION

Abstract

Wound healing involves coordinated epithelial regeneration, extracellular matrix
remodeling, and inflammatory regulation. This study evaluated the histopathological
effects of topical Murraya koenigii leaf extract on excisional wound healing in rats and
explored potential molecular mechanisms in silico. Fifty male Rattus norvegicus were
divided into five groups (n=10 per group): unwounded control (CN), positive control
(Bioplacenton®), and treatment groups 10%, 20%, and 40% Murraya koenigii ointment
respectively. A standardized 1-cm full-thickness dorsal excisional wound was created,
treatments were applied twice daily for 14 days, and tissues were collected on day 15.
Sections were assessed using the SPOT scoring system (re-epithelialization, epithelial
thickness index, keratinization, granulation thickness, remodeling, and scar elevation
index). Kruskal-Wallis exhibited a significant difference in the composite SPOT score
among groups (H=40.838, P<0.001) with a large effect (¢°=0.819). Histopathologically,
the 40% group showed the most promising repair, with more complete epithelial coverage,
improved epidermal maturation, denser granulation tissue, and early dermal remodeling
compared with lower concentrations. Molecular docking indicated favorable binding
of major carbazole alkaloids (mahanine, mahanimbine, mahanimbicine) to FAAH and
GSK3p, targets implicated in inflammation and regenerative signaling. These findings
indicate that topical Murraya koenigii extract enhances structural wound repair and
highlights its potential as a plant-based therapeutic candidate for wound management.

Keywords: Carbazole alkaloids, Endocannabinoid system, Wound repair, p-catenin
signaling, Health, Phytotherapy

formation, angiogenesis, fibroblast proliferation, and re-
epithelialization drive tissue restoration . The rat excisional

Cutaneous wound healing is a highly regulated process  wound model provides standardized wound geometry and
with overlapping phases of hemostasis, inflammation,  supports serial macro- and microscopic evaluation, including
proliferation, and remodeling that restores tissue structure  histopathological assessment of epithelial regeneration,
and function ™. During proliferation, granulation tissue  inflammatory infiltration, and collagen deposition €. In
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human studies, despite advances in wound care and topical
therapeutics, delayed or impaired healing remains a clinical
challenge, motivating continued exploration of bioactive
compounds that modulate inflammation, oxidative stress,
and extracellular matrix remodeling "#!.

Natural products and plant-derived phytochemicals
are increasingly studied for wound healing because
of antioxidant, anti-inflammatory, and antimicrobial
activities; among these, Murraya koenigii (curry leaf)
is rich in carbazole alkaloids, flavonoids, and phenolic
compounds with documented biological activities 2.
Formulations containing Murraya koenigii extract have
been reported to enhance wound contraction, promote re-
epithelialization, and support collagen synthesis in vivo,
potentially via modulation of inflammatory mediators
and oxidative-related pathways that influence tissue
regeneration, matching trajectories observed in other
therapeutic plant oil models ©121¢,

However, although several studies have reported the wound-
healing effects of Murraya koenigii based on macroscopic
wound contraction and biochemical markers, systematic
histopathological evaluation using standardized scoring
systems remains limited "*'7], Structured scoring approaches
such as the SPOT system allow semi-quantitative assessment
of epithelial regeneration, keratinization, granulation
tissue maturation, and tissue remodeling. In addition to
morphological assessment, in silico approaches such as
molecular docking can provide mechanistic insights by
predicting interactions between phytochemical compounds
and proteins involved in inflammation, angiogenesis,
and extracellular matrix regulation ¥l Integrating
histopathological evaluation with computational analysis
may therefore provide a more comprehensive understanding
of the therapeutic potential of plant-derived compounds.

Therefore, the present study aimed to evaluate the effects
of topical Murraya koenigii leaf extract on excisional
wound healing in Rattus norvegicus using SPOT-based
histopathological scoring and to explore potential
molecular mechanisms through molecular docking
analysis.

MATERIAL AND METHODS

Ethical Approval

All procedures were approved by the Institutional Animal
Care and Use Committee (IACUC), Faculty of Veterinary
Medicine, Universitas Airlangga, Indonesia (Approval
No.: 1.KEH.043.03.2023), and conducted according to
institutional animal care guidelines.

Study Design and Animals

A completely randomized design was used. Fifty male
Rattus norvegicus (150-200 g; 3-4 months old) were

acclimatized for one week and randomly assigned into
five groups (n=10 per group): CN (truly unwounded and
untreated control; these animals underwent no surgical
procedures, anesthesia, or wound creation, and served
as a histopathological benchmark for physiological
normalcy), CP (Bioplacenton® ointment, Kalbe Farma,
Indonesia serving as a widely used regional clinical
standard for wound care that provides a benchmark for a
successful healing trajectory), T1 (10% Murraya koenigii),
T2 (20%), and T3 (40%). Each rat was considered one
experimental unit. Group sizes (n=10 per group) and
extract concentrations (10%, 20%, 40%) were selected
based on established preclinical excisional wound-healing
model parameters reported in the literature 51920,
Treatments were applied topically twice daily for 14
consecutive days. Tissue samples were collected on day 15
for histopathological examination.

Animals were individually housed in polypropylene cages
under controlled environmental conditions: ambient
temperature 22+2°C, relative humidity 50-60%, and a
12-h light/dark cycle. All animals received a standard
commercial pelleted rodent diet and had continuous
access to clean water ad libitum throughout the study
period. A mandatory one-week acclimatization period
was observed prior to any experimental procedures,
during which all animals were confirmed to be in good
health before randomization.

Excisional Wound Model

The dorsal area of each rat was shaved and disinfected
with 70% ethanol before surgery. Animals were
anesthetized using ketamine (100 mg/kg) and xylazine
(5 mg/kg) administered intraperitoneally. A circular
full-thickness excisional wound with a diameter of
1 cm was created on the dorsal skin using a sterile
biopsy punch. The wounds were left unsutured to allow
secondary intentional healing. Postoperative assessment
was monitored twice daily throughout the 14-day
observation period using the Rat Grimace Scale (RGS), a
validated objective tool for quantifying pain-related facial
expressions in laboratory rodents !l. Meloxicam (2 mg/
kg, subcutaneous) was prepared as a rescue analgesic and
designated for administration if any animal’s RGS score
exceeded the established clinical threshold for distress.
Animals that exceeded the predetermined pain-score
threshold received appropriate rescue analgesia to ensure
animal welfare and alleviate pain-related distress. This
reactive analgesic strategy was intentionally employed to
balance ethical animal care with the need to minimize
potential confounding effects of systemic non-steroidal
anti-inflammatory drugs (NSAIDs) on the inflammatory
and proliferative phases of wound healing, which were
the primary histopathological outcomes assessed in the
present study.
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Preparation of Murraya koenigii Extract and Ointment

Cold dried curry leaves (Murraya koenigii) were macerated
in 96% ethanol for 72 h at room temperature. The extract
was filtered and concentrated under reduced pressure
using a rotary evaporator at 40-45°C to obtain a viscous
crude extract. The resulting extract was incorporated
into a Vaselin flavum base to prepare ointments at
concentrations of 10%, 20%, and 40% (total weight 50 g
per formulation). All formulations were prepared under
sterile conditions and stored in sealed containers until use
(Table 1).

Tissue Processing and Histopathology

Histopathological slides were independently evaluated by
two blinded observers to minimize observer bias. Each SPOT
parameter was assessed on a 0-2 ordinal scale (0 = absent/
minimal; 1 = partial; 2 = complete/normal), following the
criteria described by van de Vyver et al. . Specifically:
re-epithelialization scored the degree of continuous neo-
epithelium coverage across the wound surface; the Epithelial
Thickness Index (ETT) evaluated epidermal thickness relative
to adjacent unwounded skin; keratinization assessed the
organization of superficial keratin layers; granulation tissue
maturation captured fibroblast density and early extracellular
matrix deposition within the wound bed; remodeling
evaluated collagen fibre organization and maturity; and the
Scar Elevation Index (SEI) quantified epidermal architecture
relative to the surrounding normal dermis. Interobserver
agreement between the two blinded scorers was evaluated
post hoc using Cohens « statistic. The analysis yielded a
k coefficient indicative of strong agreement across all six
SPOT parameters, confirming the robustness of the semi-
quantitative scoring. Any discrepancy between observers
was resolved by consensus review.

In Silico Target Prediction and Molecular Docking

SMILES and three-dimensional structures of the ligands
(mahanimbicine, mahanimbine, and mahanine) were
obtained from PubChem. Potential protein targets were
predicted using SwissTargetPrediction (species: Rattus
norvegicus). Protein sequences and structures were
retrieved from the RCSB Protein Data Bank and UniProt
databases. Sequence conservation between species was
verified using Clustal Omega when necessary.

Table 1. Composition of Murraya koenigii Ointment Formulations
Extract M. koenigii Vaselin Total
Group . Extract Flavum  Weight
Concentration

(® (@ ®
T1 10% 5 45 50
T2 20% 10 40 50
T3 40% 20 30 50

Ligand geometry optimization was performed using
ORCA at the B3LYP/def2-SVP level with dispersion
correction %! Protein and ligand preparation were
carried out using BIOVIA Discovery Studio and
ChimeraX. Docking validation was conducted by re-
docking native inhibitors into the binding site to ensure
reliability of the docking protocol, with acceptable root-
mean-square deviation (RMSD < 2 A).

Molecular docking simulations were performed using
AutoDock 4.2.6 with 100 genetic algorithm (GA) runs,
a population size of 150, and 25x10° energy evaluations.
Ligand-protein interactions were visualized using BIOVIA
Discovery Studio 2.

Statistical Analysis

The data were analyzed using non-parametric statistical
methods because the variables were ordinal. Differences
among groups were evaluated using the Kruskal-Wallis
test. When significant differences were detected, pairwise
comparisons were further analyzed using the Mann-
Whitney U test. To control the family-wise error rate, a
Bonferroni correction was applied to all post-hoc pairwise
comparisons. With ten possible pairwise comparisons
among five experimental groups (C (5,2) = 10), the
corrected significance threshold was adjusted to a = 0.005
(0.05+10). All pairwise differences reported as statistically
significant met this corrected threshold.

RESULTS
Histopathological Evaluation of Wound Healing

Histopathological examination performed on day 15 using
the SPOT scoring system revealed significant differences
among experimental groups across all evaluated
parameters (Table 2). Analysis using the Kruskal-Wallis
test demonstrated statistically significant differences in
scar elevation index (SEI), re-epithelialization, granulation
tissue maturation, keratinization, epithelial thickness
index (ETI), remodeling, and the total composite SPOT
score (P<0.05 for all parameters).

Re-epithelialization differed significantly among groups
(H = 9.971, P=0.041, &> = 0.133). Pairwise comparisons
using the Mann-Whitney U test revealed significant
differences between CN and T1, CN and T2, as well
as between T1 and T3 and T2 and T3. However, no
significant difference was observed between T3 and
the positive control group (CP) as well as T3 and the
negative control group (CN). Histopathological sections
demonstrated progressive epithelial bridging across
the wound surface in the treated groups. The T3 group
exhibited nearly complete epithelial coverage, indicating
greater epidermal regeneration compared with the lower
treatment concentrations (Fig. 1).
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statistic presenting p-value, and € effect size

Table 2. Median and interquartile range (IQR) for each SPOT parameter across all experimental groups (CN, CB, T1, T2, T3), with overall Kruskal-Wallis H

Parameter CN (n=10) CP (n=10) T1 10% (n=10) T2 20% (n=10) | T3 40% (n=10) H p-value €

Re-epithelialization 2.0 [2.0-2.0] 2.0 [2.0-2.0] 2.0 [1.0-2.0] 2.0 [1.0-2.0] 2.0 [2.0-2.0] 9.971 0.041 0.133
Keratinization 2.0 [2.0-2.0] 2.0 [1.4-2.0] 1.2 [0.8-1.2]° 2.0 [0.9-2.0]* 2.0 [1.3-2.0]* 20.966 0.000 0.377
ETI 2.0 [2.0-2.0]* 2.0 [2.0-2.0]* 1.0 [1.0-1.0]° 2.0 [1.0-2.0]* 2.0 [2.0-2.0]* 27.601 0.000 0.524
Granulation 2.0 [2.0-2.0]* 1.0 [1.0-2.0]° 1.0 [1.0-1.0]° 1.0 [0.3-1.0]° 2.0 [2.0-2.0]* 31.316 0.000 0.607
Remodeling 2.0 [2.0-2.0]* 1.7 [1.2-2.0]* 0.2 [0.1-0.4]° 1.6 [1.1-2.0]* 1.8 [1.5-2.0]° 25.065 0.000 0.468
SEI 2.0 [2.0-2.0]* 2.0 [2.0-2.0]* 1.0 [0.25-2.0]° 2.0 [1.0-2.0]* 2.0 [2.0-2.0]* 11.905 0.018 0.176
Total SPOT Score 128 10.7¢ 6.4° 10.6* 11.8° 40.838 0.000 0.819

CN = unwounded control; CP = positive control (Bioplacenton®); T1-T3 = 10%, 20%, 40% M. koenigii ointment; ETI = epithelial thickness index; SEI = scar elevation index.* values
within a row with different superscript letters are significantly different (P<0.05) based on post-hoc pairwise comparisons

Granulation tissue thickness demonstrated the most
pronounced intergroup variation (H = 31.316, P<0.001,
€?=0.607). The treated groups showed higher mean ranks
compared with the control groups, indicating enhanced
granulation tissue development. Histopathologically,
this was characterized by greater fibroblast proliferation,
increased vascularization, and early extracellular matrix
deposition within the wound bed. These findings were
most prominent in the T3 group, suggesting enhanced
proliferative-phase activity.

Keratinization also differed significantly among
groups (H = 20.966, P<0.001, ¢* = 0.377). The T3
group demonstrated more organized keratin layers and
improved epidermal maturation compared with T1 and
T2. Similarly, the epithelial thickness index (ETT) showed
significant variation (H = 27.601, P<0.001, €* = 0.524).
Groups treated with lower concentrations (T1 and T2)
displayed increased epithelial thickness consistent with
active epithelial proliferation, whereas the T3 group
showed a more normalized epithelial architecture
approaching that of the unwounded control.

Significant differences were also observed in the
remodeling parameter (H = 25.065, P<0.001), reflecting
variations in connective tissue organization and collagen
maturation. Histopathological sections from the T3 group
demonstrated early remodeling features, including more
organized collagen fibers and reduced inflammatory
infiltration compared with the lower-dose groups.

Importantly, the total composite SPOT score differed
significantly among groups (H = 40.838, P<0.001, ¢* = 0.819).
The large effect size indicates that treatment with Murraya
koenigii ointment accounted for a substantial proportion of
the variation in overall histopathological healing outcomes.
Mean rank comparisons further suggested a dose-dependent
improvement in wound healing parameters, with the
highest scores consistently observed in the T3 group. A
comprehensive summary of the median and interquartile
range (IQR) for each individual SPOT parameter across all

CN

CcP

T

T2

T3

Fig 1. Histopathological features of experimental Rattus norvegicus skin
tissue on day 15 of wound healing. Panels a, ¢, e, g, and i (H&E, 40x) show
selected areas (black boxes), magnified in panels b, d, f, h, and j (H&E,
200x). Incomplete re-epithelialization (black arrow) was observed in
T1. The CP and T3 groups showed thinner epithelial thickness (yellow
lines) comparable to CN. Loose granulation tissue with angiogenesis,
dilated blood vessels (asterisks), inflammatory infiltration (yellow circles),
fibroblasts (blue arrows), and thin collagen fibers (green arrows) was
evident in CP, T1, and T2. In contrast, T3 exhibited denser granulation
tissue, fewer inflammatory cells, and thicker collagen fibers (green arrows),
resembling CN
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experimental groups, together with the Kruskal-Wallis H
statistic, p-value, and € effect size, is presented in Table 2.

In Silico Mechanism Prediction

In silico target prediction identified fatty acid amide
hydrolase (FAAH) and glycogen synthase kinase-3
beta (GSK3p) as potential molecular targets associated
with epithelial regeneration and tissue repair. Docking
validation was performed through re-docking of the
native FAAH inhibitor into the active site, yielding a root-
mean-square deviation (RMSD) value of 0.81 A, which
confirmed the reliability of the docking protocol (Fig. 2).
Sequence alignment analysis further supported the use
of the human GSK3p structure as a surrogate model due
to the high conservation of the catalytic binding pocket.

Molecular docking simulations demonstrated stable
binding conformations for the carbazole alkaloids
mahanimbicine, mahanimbine, and mahanine toward
both target proteins. For FAAH, binding energies ranged
from -9.69 to -10.16 kcal/mol, with mahanine exhibiting
the strongest binding affinity (-10.16 kcal/mol) (Fig. 2).
For GSK3p, binding energies ranged from -8.41 to -8.95
kcal/mol, again with mahanine demonstrating the most
favorable interaction (-8.95 kcal/mol) (Fig. 3). To provide
an overview of the experimental outcomes, the pathways
linking the administration of mahanine, mahanimbine, and
mahanimbicine to the observed changes in inflammatory
markers and tissue regeneration are summarized in Fig. 4.

Visualization of ligand-protein interactions revealed
several stabilizing contacts within the binding pocket,

pHE
67

r > sn
~ An v Aase
83 S a0,

hso
X200

ite
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0

Fig 3. Molecular docking interaction diagrams of selected bioactive
compounds from Murraya koenigii with the GSK3B protein. (a) Native
ligand OFT, (b) mahanimbicine, (c) mahanimbine, and (d) mahanine
docked within the GSK3p binding pocket, showing hydrogen bond and
hydrophobic interactions with key amino acid residues

Fig 2. Molecular docking interaction diagrams illustrating the binding
interactions of selected compounds from Murraya koenigii with the FAAH
protein. Panels show the interaction profiles of (a) Native ligand QJ9, (b)
mahanimbicine, (c) mahanimbine, and (d) mahanine within the FAAH
active site, highlighting hydrogen bond and hydrophobic interactions with
key amino acid residues

including hydrogen bonding, hydrophobic interactions,
and van der Waals interactions. These interactions

suggest potentially stable ligand-protein complexes that, if

Murraya Koenigii
(Carbazole Alkaloids)

HANIMBICINE

FAAH Inhibition GSK3p Inhibition

| GSK3B Activity
l ‘Wnt/B-catenin pathway

Enhanced Tissue
Repair:

TEndocannabinoid signaling

T Oxidative stress

L !

Reduced
Inflammation :

l Pro-inflammatory

s 1 Fibroblast Proliferation
cytokines

l Oxidatre S yess 1 Collagen Synthesis

Re-epithelization: 1 SIOBEAS
\ TKeratinocytes migration \

IMPROVED WOUND HEALING:
EPITHELIAL REGENERATION
GRANULATION TISSUE FORMATION
COLLAGEN REMODELLING

Fig 4. Schematic flowchart summarizing the mechanism of action of
Murraya koenigii carbazole alkaloids in relation to inflammatory reduction
and tissue repair markers




6

Murraya koenigii and Computer-Aided Prediction in Rat Wound Histopathology

Kafkas Univ Vet Fak Derg

confirmed experimentally, may contribute to modulation
of signaling pathways involved in inflammation and tissue
regeneration.

Di1sSCUSSION

This study constitutes a foundational, exploratory
investigation integrating standardized semi-quantitative
histopathological scoring with in silico computational target
prediction to characterize the wound-healing potential of
topical Murraya koenigii extract in a rat excisional model.
Cutaneous wound healing is a dynamic, multiphase process
encompassing haemostasis, inflammation, proliferation,
and remodeling, coordinated by keratinocytes, fibroblasts,
endothelial cells, and immune effectors . Successful
repair requires re-epithelialization, angiogenesis-supported
granulation tissue formation, progressive extracellular
matrix remodeling, and epidermal maturation ?*?¢. Plant-
derived phytochemicals represent an actively investigated
avenue for wound care, given their multi-target antioxidant,
anti-inflammatory, and tissue-restorative activities 1],
Against this biological backdrop, the histopathological and
computational findings of the present study are interpreted
and contextualized below. It is important to emphasize
that the in silico component of this work is intended as a
hypothesis-generating tool to identify candidate molecular
targets for future experimental investigation, and not as
confirmation of pharmacological mechanism.

The overall histopathological evaluation demonstrated
significant differences among experimental groups, with
the Kruskal-Wallis test confirming that the total SPOT
score differed across groups (H = 40.838, P<0.001),
indicating that Murraya koenigii extract influenced wound
healing ['>17192%], The large effect size (¢* = 0.819) indicates
that treatment explained a substantial proportion of
varijability in histopathological outcomes, suggesting a
substantial treatment effect on histopathological wound-
healing outcomes ?1,

Consistent with SPOT-defined healing domains, group
differences were expressed across re-epithelialization,
granulation tissue formation, keratinization, fibroblast
activity, and remodeling features 722 Higher
concentrations improved epidermal and dermal
architecture. This was reflected by more complete
epithelial coverage, increased fibroblast density, and
denser collagen deposition. These findings are consistent
with the proliferative and early remodeling phases of
wound healing 22,

In addition, these findings align with previous studies
highlighting the role of extracellular matrix components,
particularly collagen and glycosaminoglycans such as
hyaluronicacid (HA), in accelerating wound healing. HA is
known to promote epithelial cell migration, proliferation,

angiogenesis, and granulation tissue formation, especially
during the early phases of repair. The observed increase
in re-epithelialization, epidermal thickness, and collagen
deposition in the treated groups may therefore reflect
enhanced extracellular matrix dynamics and improved
cellular activity, contributing to more efficient tissue
regeneration 1772,

Microscopically, treated groups demonstrated improved
epithelial regeneration, as evidenced by partial to nearly
complete epithelial coverage and increased epidermal
thickness, indicating active keratinocyte-driven barrier
restoration 32 These findings indicate progression
into the proliferative phase, characterized by re-
epithelialization and tissue rebuilding, consistent with
rat excisional wound models where topical agents such
as resveratrol, ozonated olive oil, or insulin derivatives
enhance epithelial regeneration and angiogenesis >,
In parallel with these findings, the present study also
showed more mature granulation tissue, reflected by
increased fibroblast proliferation, neovascularization, and
early collagen deposition, where these structural changes
indicate active angiogenesis and extracellular matrix
formation, both of which are essential for supporting
tissue regeneration ['7>?735%71 Similar histopathological
improvements, including enhanced re-epithelialization,
collagen deposition, and tissue organization, have been
reported following topical treatment, likely mediated
by moisture retention that preserves cellular viability,
promotes angiogenesis, and enhances growth factor
activity, thereby accelerating wound healing ©**l. Taken
together, these findings indicate that the enhanced
histopathological features observed in the treated groups
are not only consistent with previous experimental
models but are also supported by underlying biological
mechanisms that facilitate more efficient wound repair
and tissue remodeling %],

To explore plausible molecular mechanisms underlying
these histopathological improvements, docking was
performed against two repair-relevant targets associated
with inflammation control and regenerative signaling:
FAAH and GSK3 1222329367

Regarding the specific interaction with FAAH, this enzyme
degrades endocannabinoids (notably anandamide), and
endocannabinoid system signaling has been linked with
regulation of inflammation, nociception, and repair-
associated cellular behavior; therefore, FAAH inhibition
could potentially increase endocannabinoid signaling and
contribute to a pro-healing wound microenvironment -!I,
In the present docking results, Murraya koenigii carbazole
alkaloids demonstrated favorable predicted binding affinity
toward FAAH, with mahanine exhibiting the lowest binding
energy (-10.16 kcal/mol), followed by mahanimbine (-9.70
kcal/mol) and mahanimbicine (-9.69 kcal/mol), suggesting
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their potential as candidate FAAH inhibitors requiring
further experimental confirmation 11222321 If FAAH
inhibition were experimentally confirmed, increased local
endocannabinoid tone could plausibly attenuate excessive
inflammation and support repair-associated cellular
activities, including keratinocyte migration/proliferation
and fibroblast-related extracellular matrix dynamics **3!.

Parallel to the endocannabinoid pathway, the second
computational target evaluated, GSK3p, serves as a key
regulatory node in Wnt/B-catenin signalling, which can
influence fibroblast activity, angiogenesis, and extracellular
matrix dynamics during wound repair . In addition,
GSK3p-linked signalling has been implicated in keratinocyte
migration and proliferation during re-epithelialization ©7..
The carbazole alkaloids also exhibited favorable interactions
with GSK3(3 (mahanine -8.95 kcal/mol; mahanimbine
-8.85 kcal/mol; mahanimbicine -8.41 kcal/mol), suggesting
potentially stable ligand-protein interactions 2?2, Because
GSK3p inhibition can stabilize p-catenin and activate Wnt
signaling, such modulation may influence fibroblast activity,
collagen deposition, and angiogenesis, aligning with the
enhanced fibroblast density, granulation tissue organization,
and extracellular matrix deposition in treated groups 67,

Overall, the observed wound-healing activity is consistent
with evidence that plant-derived bioactive compounds
and antioxidant-rich topical formulations can support
repair through anti-inflammatory and tissue-restorative
mechanisms, and prior work on Murraya koenigii also
reports wound-healing relevant bioactivities, although
many studies emphasize macroscopic contraction
or general histopathological assessment rather than
structured scoring -1*2°%l " By integrating SPOT-based
histopathology with docking analysis, this study links
structural repair outcomes to molecular targets involved
in inflammation and regeneration [7-%3¢7],

Grounded in the integration of these histopathological
observations and molecular docking predictions, a
broader, integrated mechanistic model can be synthesized
to describe the therapeutic activity of Murraya koenigii.
It is critical to emphasize that the mechanistic narrative
presented here is speculative and based exclusively on in
silico computational predictions. No direct experimental
confirmation of FAAH inhibition, GSK3p modulation,
endocannabinoid elevation, or downstream Wnt/p-
catenin pathway activation has been performed within the
scope of this study. The proposed model should therefore
be interpreted solely as a predictive roadmap to guide
future wet-laboratory validation (e.g., Western blot, qPCR,
immunohistochemistry, enzymatic activity assays) and not
as evidence of confirmed pharmacological mechanism.
Causal relationships between the carbazole alkaloids and
the observed histopathological improvements cannot be
established from the present data alone.

Based on the integration of histopathological observations
and molecular docking predictions, a potential mechanistic
model can be proposed to explain the wound-healing
activity of Murraya koenigii. Although experimental
validation is required, the carbazole alkaloids present
in the extract may simultaneously modulate multiple
molecular pathways involved in tissue repair.

First, inhibition of FAAH may increase endocannabinoid
levels in the wound microenvironment, thereby reducing
inflammatory responses and promoting keratinocyte
migration, which accelerates re-epithelialization 263,
Second, modulation of GSK3P activity may enhance
wound repair by promoting keratinocyte EMT, migration,
and proliferation to accelerate re-epithelialization;
rFGF4 treatment has also been associated with increased
collagen deposition and vascular markers in vivo 14351,
These processes facilitate granulation tissue formation,
extracellular matrix deposition, and tissue remodelling
during the proliferative phase of wound healing 2%,
The combined modulation of these pathways may create
a favourable microenvironment for tissue regeneration,
resulting in improved histopathological outcomes such as
enhanced epithelial coverage, increased granulation tissue
organization, and early epidermal maturation 123233,

Opverall, these findings suggest that the carbazole alkaloids
present in Murraya koenigii are predicted to exert
complementary modulatory effects that promote wound
healing through both anti-inflammatory mechanisms
and stimulation of tissue regeneration (Fig. 4). The
integration of in vivo histopathological evaluation and
in silico molecular docking analysis therefore provides
complementary evidence supporting the therapeutic
potential of Murraya koenigii as a candidate for wound-
healing applications. Nevertheless, several important
limitations temper these conclusions and are addressed
comprehensively further.

First, histopathological assessment was conducted only
at day 15; therefore, temporal changes during the early
inflammatory and intermediate proliferative phases
could not be characterized. Future studies should
incorporate multiple sampling time points to capture
the complete wound-healing trajectory. Second, the
proposed involvement of FAAH and GSK3p was inferred
from molecular docking analyses without experimental
validation. Future investigations should employ molecular
and biochemical approaches, such as gene and protein
expression analyses, to confirm target engagement and
elucidate underlying mechanisms. Third, a wounded
untreated control group was not included. Consequently,
the therapeutic effect of the treatment could not be
directly compared with the natural healing process.
Inclusion of a spontaneous-healing control group would
allow more accurate estimation of treatment efficacy.
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Fourth, the contribution of the vehicle could not be
independently evaluated because a vehicle-only control
group was not included. Future studies should incorporate
a petrolatum-only treatment arm to distinguish vehicle-
related effects from those of the plant extract. Fifth,
phytochemical standardization of the extract was not
performed, limiting reproducibility and precise dose-
response interpretation. Quantitative characterization
of major bioactive constituents using chromatographic
techniques is therefore warranted. Finally, functional and
biochemical wound-healing outcomes, including wound
contraction, tensile strength, oxidative stress markers, and
inflammatory mediators, were not assessed. Integrating
these endpoints in future studies would provide a more
comprehensive evaluation of therapeutic efficacy and
mechanism of action.

Despite these limitations, the present study provides
preliminary evidence supporting the wound-healing
potential of Murraya koenigii and identifies FAAH and
GSK3P as promising targets for future mechanistic
investigation.

DECLARATIONS

Availability of Data and Materials: The datasets generated
and analyzed during the current study are available from the
corresponding author upon reasonable request.

Acknowledgements: The authors would like to express their
sincere gratitude to the Faculty of Veterinary Medicine, Universitas
Airlangga, for providing facilities and technical support throughout
the conduct of this research.

Funding Support: The authors declare that this research did not
receive any specific grant or financial support from funding agencies
in the public, commercial, or not-for-profit sectors.

Competing Interests: The authors declare that they have no
competing financial or personal interests that could have influenced
the work reported in this paper.

Declaration of Generative Artificial Intelligence (AI): The
authors explicitly declare that the text, tables, and figures within
this manuscript were not written, generated, or created by artificial
intelligence (AI) or Al-assisted technologies. Generative Al tools
were utilized strictly for language editing, grammar corrections,
and readability improvements. The final scientific content, data
interpretation, and integrity of the work remain entirely the
responsibility of the human authors.

Author Contributions: T.S.S. and L.R.Y. conceived and designed
the study. Z.T. conducted the molecular docking analysis. E.A.b.A.,
S.VJ., and Y.IK. performed the experimental procedures and
primary data collection. RK.D. and R.S. contributed to extract
preparation and formulation development. L.R.Y., A.M., and E.P.H.
conducted the histopathological evaluation, microscopic imaging,
and data interpretation. D.N.I., M.N.R., and K.P.S. performed the
statistical analysis. T.S.S., YLK, and L.R.Y. drafted and reviewed
the manuscript. All authors critically revised the manuscript and
approved the final version for publication.

REFERENCES

1. Rodrigues M, Kosaric N, Bonham CA, Gurtner GC: Wound healing:
A cellular perspective. Physiol Rev, 99 (1): 665-706, 2019. DOI: 10.1152/
physrev.00067.2017

2. Shedoeva A, Leavesley D, Upton Z, Fan C: Wound healing and the use
of medicinal plants. Evid Based Complement Alternat Med, 2019 (9):
1-30, 2019. DOI: 10.1155/2019/2684108

3. Wilkinson HN, Hardman MJ: Wound healing: Cellular mechanisms
and pathological outcomes. Open Biol, 10 (9):200223, 2020. DOI:
10.1098/rs0b.200223

4. Masson-Meyers DS, Andrade TA, Caetano GF, Guimaraes FR, Leite
MN, Leite SN, Frade MA: Experimental models and methods for
cutaneous wound healing assessment. Int ] Exp Pathol, 101 (1-2): 21-37,
2020. DOI: 10.1111/iep.12346

5. Staianov J, Struz JMR, Vieira RV, Luiz RM, Zarpelon-Schutz A,
Teixeira KN, Bernardi-Wenzel J: Histomorphometric analysis of
excisional cutaneous wounds with different diameters in an animal
model. Int ] Exp Pathol, 105 (5): 207-219, 2024. DOI: 10.1111/iep.12520

6. Ozaydin I, Aydin U: Experimental skin-wound methods and healing-
assessment in animal models: A review. Pak Vet ], 43 (3): 396-404, 2023.
DOI: 10.29261/pakvetj/2023.090

7. Falanga V, Isseroff R, Soulika A, Romanelli M, Margolis D, Kapp S,
Granick M, Harding K: Chronic wounds. Nat Rev Dis Primers, 8 (1):50,
2022. DOI: 10.1038/s41572-022-00377-3

8. Schilrreff P, Alexiev U: Chronic inflammation in non-healing skin
wounds and promising natural bioactive compounds treatment. Int |
Mol Sci, 23 (9):4928, 2022. DOI: 10.3390/ijms23094928

9. Cedillo-Cortezano M, Martinez-Cuevas L, Marquez Lépez JA,
Barrera Lopez IL, Escutia-Perez S, Petricevich V: Use of medicinal
plants in the process of wound healing: A literature review.
Pharmaceuticals, 17 (3): 303, 2024. DOI: 10.3390/ph17030303

10. Sobeh M, Mahmoud MFE, Monti D, Criollo-Mendoza MS, Contreras-
Angulo L, Leyva-Lopez N, Gutiérrez-Grijalva EP, Jiménez-Ortega
LA, Heredia JB: Wound healing properties of natural products:
Mechanisms of action. Molecules, 28 (2):598, 2023. DOI: 10.3390/
molecules28020598

11. Balakrishnan R, Vijayraja D, Jo SH, Ganesan P, Kim IS, Choi D:
Medicinal profile, phytochemistry, and pharmacological activities of
Murraya koenigii and its primary bioactive compounds. Antioxidants, 9
(2):101, 2020. DOI: 10.3390/antiox9020101

12. Franyoto Y, Nurrochmad A, Fakhrudin N: Murraya koenigii L. Spreng:
An updated review of chemical composition, pharmacological effects,
and toxicity studies. ] Appl Pharm Sci, 14 (6): 1-15, 2024. DOI: 10.7324/
JAPS.2024.169254

13. Andilala A, Sihombing JS: Wound healing activity of ethanol extract-
based ointment from curry leaves. ] Food Pharm Sci, 13 (4): 480-489,
2025. DOLI: 10.22146/jfps.25000

14. Viteritti E, Oliva E, Eugelio F, Fanti F, Palmieri S, Bafile E,
Compagnone D, Sergi M: Analysis of carbazole alkaloids in Murraya
koenigii by high performance liquid chromatography coupled to tandem
mass spectrometry. ] Chromatogr Open, 2:100055, 2022. DOI: 10.1016/j.
jc0a.2022.100055

15. Yazarlu O, Iranshahi M, Khayat Kashani HR, Reshadat S,
Habtemariam S, Iranshahy M, Hasanpour M: Perspective on the
application of medicinal plants and natural products in wound healing:
A mechanistic review. Pharmacol Res, 174:105841, 2021. DOI: 10.1016/j.
phrs.2021.105841

16. Balkan Bozlak CE, Yigit S, Kagan Tolga C, Yilmaz A, Yildiz U, Celik
S, Bekis Bozkurt H, Celebi O, Aksoy O, Ozaydin I, Halic1 Z, Celebi D:
In rats effects of Thymus vulgaris oil extract and Hypericum perforatum
oil extract on wound healing in the second degree burn model infected
with Pseudomonas aeruginosa. Fresenius Environ Bull, 31 (2): 1747-
1755, 2022.

17. van de Vyver M, Boodhoo K, Frazier T, Hamel K, Kopcewicz M, Levi
B, Maartens M, Machcinska S, Nunez J, Pagani C, Rogers E,


	https://journals.physiology.org/doi/full/10.1152/physrev.00067.2017

	https://journals.physiology.org/doi/full/10.1152/physrev.00067.2017

	https://journals.physiology.org/doi/full/10.1152/physrev.00067.2017

	https://onlinelibrary.wiley.com/doi/10.1155/2019/2684108

	https://onlinelibrary.wiley.com/doi/10.1155/2019/2684108

	https://onlinelibrary.wiley.com/doi/10.1155/2019/2684108

	https://royalsocietypublishing.org/rsob/article/10/9/200223/91045/Wound-healing-cellular-mechanisms-and-pathological

	https://royalsocietypublishing.org/rsob/article/10/9/200223/91045/Wound-healing-cellular-mechanisms-and-pathological

	https://royalsocietypublishing.org/rsob/article/10/9/200223/91045/Wound-healing-cellular-mechanisms-and-pathological

https://onlinelibrary.wiley.com/doi/10.1111/iep.12520
https://onlinelibrary.wiley.com/doi/10.1111/iep.12520
https://onlinelibrary.wiley.com/doi/10.1111/iep.12520
https://onlinelibrary.wiley.com/doi/10.1111/iep.12520
	https://www.pvj.com.pk/pdf-files/23-353.pdf

	https://www.pvj.com.pk/pdf-files/23-353.pdf

	https://www.pvj.com.pk/pdf-files/23-353.pdf

https://www.nature.com/articles/s41572-022-00377-3
https://www.nature.com/articles/s41572-022-00377-3
https://www.nature.com/articles/s41572-022-00377-3
	https://www.mdpi.com/1422-0067/23/9/4928

	https://www.mdpi.com/1422-0067/23/9/4928

	https://www.mdpi.com/1422-0067/23/9/4928

	https://www.mdpi.com/1424-8247/17/3/303

	https://www.mdpi.com/1424-8247/17/3/303

	https://www.mdpi.com/1424-8247/17/3/303

	https://www.mdpi.com/1424-8247/17/3/303

	https://www.mdpi.com/1420-3049/28/2/598

	https://www.mdpi.com/1420-3049/28/2/598

	https://www.mdpi.com/1420-3049/28/2/598

	https://www.mdpi.com/1420-3049/28/2/598

	https://www.mdpi.com/1420-3049/28/2/598

	https://www.mdpi.com/2076-3921/9/2/101

	https://www.mdpi.com/2076-3921/9/2/101

	https://www.mdpi.com/2076-3921/9/2/101

	https://www.mdpi.com/2076-3921/9/2/101

	https://japsonline.com/abstract.php?article_id=4242&sts=2

	https://japsonline.com/abstract.php?article_id=4242&sts=2

	https://japsonline.com/abstract.php?article_id=4242&sts=2

	https://japsonline.com/abstract.php?article_id=4242&sts=2

	https://jurnal.ugm.ac.id/v3/JFPS/article/view/25000

	https://jurnal.ugm.ac.id/v3/JFPS/article/view/25000

	https://jurnal.ugm.ac.id/v3/JFPS/article/view/25000

	https://www.sciencedirect.com/science/article/pii/S2772391722000263?via%3Dihub

	https://www.sciencedirect.com/science/article/pii/S2772391722000263?via%3Dihub

	https://www.sciencedirect.com/science/article/pii/S2772391722000263?via%3Dihub

	https://www.sciencedirect.com/science/article/pii/S2772391722000263?via%3Dihub

	https://www.sciencedirect.com/science/article/pii/S2772391722000263?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S1043661821004254?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S1043661821004254?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S1043661821004254?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S1043661821004254?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S1043661821004254?via%3Dihub

	https://avesis.atauni.edu.tr/yayin/43f69014-92b6-4063-8a62-137b04081555/in-rats-effects-of-thymus-vulgaris-oil-extract-and-hypericum-perforatum-oil-extract-on-wound-healing-in-the-second-degree-burn-model-infected-with-pseudomonas-aeruginosa

	https://avesis.atauni.edu.tr/yayin/43f69014-92b6-4063-8a62-137b04081555/in-rats-effects-of-thymus-vulgaris-oil-extract-and-hypericum-perforatum-oil-extract-on-wound-healing-in-the-second-degree-burn-model-infected-with-pseudomonas-aeruginosa

	https://avesis.atauni.edu.tr/yayin/43f69014-92b6-4063-8a62-137b04081555/in-rats-effects-of-thymus-vulgaris-oil-extract-and-hypericum-perforatum-oil-extract-on-wound-healing-in-the-second-degree-burn-model-infected-with-pseudomonas-aeruginosa

	https://avesis.atauni.edu.tr/yayin/43f69014-92b6-4063-8a62-137b04081555/in-rats-effects-of-thymus-vulgaris-oil-extract-and-hypericum-perforatum-oil-extract-on-wound-healing-in-the-second-degree-burn-model-infected-with-pseudomonas-aeruginosa

	https://avesis.atauni.edu.tr/yayin/43f69014-92b6-4063-8a62-137b04081555/in-rats-effects-of-thymus-vulgaris-oil-extract-and-hypericum-perforatum-oil-extract-on-wound-healing-in-the-second-degree-burn-model-infected-with-pseudomonas-aeruginosa

	https://avesis.atauni.edu.tr/yayin/43f69014-92b6-4063-8a62-137b04081555/in-rats-effects-of-thymus-vulgaris-oil-extract-and-hypericum-perforatum-oil-extract-on-wound-healing-in-the-second-degree-burn-model-infected-with-pseudomonas-aeruginosa

	https://journals.sagepub.com/doi/abs/10.1089/scd.2021.0124

	https://journals.sagepub.com/doi/abs/10.1089/scd.2021.0124


Kafkas Univ Vet Fak Derg

9

SURESH, THORIQ, ALIF BIN ANTO, JEYARA], KODISWARAN, DHANY, INDIASTUTI,

ROUFI, SANTOSO, HESTIANAH, SUGIHARTUTI, MASOOD, YUSTINASARI

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Walendzik K, Wisniewska J, Gawronska-Kozak B, Gimble JM:
Histology scoring system for murine cutaneous wounds. Stem Cells Dev,
30 (23): 1141-1152, 2021. DOI: 10.1089/scd.2021.0124

Uma Maheswari K, Sankar S: In silico molecular docking of
phytochemicals of Murraya koenigii against Streptococcus mutans.
Cureus, 16 (2):53679, 2024. DOI: 10.7759/cureus.53679

Nagappan T, Segaran TC, Wahid ME, Ramasamy P, Vairappan CS:
Efficacy of carbazole alkaloids, essential oil and extract of Murraya
koenigii in enhancing subcutaneous wound healing in rats. Molecules,
17 (12): 14449-14463, 2012. DOI: 10.3390/molecules171214449

Moni SS, Tripathi P, Sultan MH, Alshahrani S, Alqahtani SS,
Madkhali OA, Bakkari MA, Pancholi SS, Elmobark ME, Jabeen A,
Sanobar S, Ashafaq M, Siddiqui MAH: Wound-healing and cytokine-
modulating potential of medicinal oil formulation comprising leaf
extract of Murraya koenigii and olive oil. Braz J Biol, 82:€256158, 2022.
DOI: 10.1590/1519-6984.256158

Sotocinal SG, Sorge RE, Zaloum A, Tuttle AH, Martin L], Wieskopf
JS, Mapplebeck JCS, Wei P, Zhan S, Zhang S, McDougall JJ, King
OD, Mogil JS: The rat grimace scale: A partially automated method for
quantifying pain in the laboratory rat via facial expressions. Mol Pain,
7:55,2011. DOI: 10.1186/1744-8069-7-55

Ivanova L, Karelson M: The impact of software used and the type of
target protein on molecular docking accuracy. Molecules, 27 (24):9041,
2022. DOI: 10.3390/molecules27249041

Ramirez D, Caballero J: Is it reliable to take the molecular docking top
scoring position as the best solution without considering available
structural data? Molecules, 23 (5):1038, 2018. DOIL: 10.3390/
molecules23051038

Spielman AF, Griffin ME, Parker J, Cotterell AC, Wan DC, Longaker
MT: Beyond the scar: A basic science review of wound remodeling.
Adv Wound Care (New Rochelle), 12 (2): 57-67, 2023. DOI: 10.1089/
wound.2022.0049

Cialdai F, Risaliti C, Monici M: Role of fibroblasts in wound healing
and tissue remodeling on Earth and in space. Front Bioeng Biotechnol,
10:958381, 2022. DOI: 10.3389/fbioe.2022.958381

Mathew-Steiner SS, Roy S, Sen CK: Collagen in wound healing.
Bioengineering ~ (Basel), 8  (5):63, 2021. DOIL  10.3390/
bioengineering8050063

Singer AJ: Healing mechanisms in cutaneous wounds: Tipping the
balance. Tissue Eng Part B Rev, 28 (5): 1151-1167, 2022. DOI: 10.1089/
ten. TEB.2021.0114

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Ermutlu C$, Kilig E, Aksoy O, Yayla S, Baran V, Dag S, Ulkay MB,
Aydin U, Demirtas B: Effect of bovine corpus vitreum on full-thickness
dermal wound healing: An experimental study in rats. Kafkas Univ Vet
Fak Derg, 24 (1): 33-38, 2018. DOI: 10.9775/kvfd.2017.18189

Santoso AD, De Ridder D: Fatty acid amide hydrolase: An integrative
clinical perspective. Cannabis Cannabinoid Res, 8 (1): 56-76,2023. DOI:
10.1089/can.2021.0237

Healy CR, Gethin G, Pandit A, Finn DP: Chronic wound-related pain,
wound healing and the therapeutic potential of cannabinoids
and endocannabinoid system modulation. Biomed Pharmacother,
168:115714, 2023. DOI: 10.1016/j.biopha.2023.115714

Parikh AC, Jeffery CS, Sandhu Z, Brownlee BP, Queimado L, Mims
MM: The effect of cannabinoids on wound healing: A review. Health Sci
Rep, 7 (2):€1908, 2024. DOI: 10.1002/hsr2.1908

Al-Dhubaibi MS, Mohammed GF, Bahaj SS, AbdElneam AI, Al-
Dhubaibi AM, Atef LM: The role of keratinocytes in skin health and
disease. Dermatol Rev, 6:¢70028, 2025. DOI: 10.1002/der2.70028

Sahin Oksiiz C, Cakmakg1 E, Kibar B, Belge A: Comparison of the
effects of resveratrol and ozonated olive oil on open wound healing: An
experimental rat model. Res Vet Sci, 204:106149, 2026. DOI: 10.1016/j.
rvsc.2026.106149

Ozaydin i, Aksoy 0, Yayla S, Kurt B, Kili¢ E, Bingol SA, Can i,
Deprem T: Clinical, histopatological and immunohistochemical
evaluation of the effects of topical NPH-insulin on full-thickness
open wounds: An in-vivo study in diabetic and non-diabetic
mice. Ankara Univ Vet Fak Derg, 65, 219-228, 2018. DOI: 10.1501/
Vetfak_0000002850

Irma J, Kartasasmita AS, Kartiwa A, Irfani I, Rizki SA, Onasis S:
From growth factors to structure: PDGF and TGF-f in granulation
tissue formation. A literature review. J Cell Mol Med, 29 (11):e70374,
2025. DOI: 10.1111/jcmm.70374

Gumede DB, Abrahamse H, Houreld NN: Targeting Wnt/fp-catenin
signaling and its interplay with TGF-p and Notch signaling pathways
for the treatment of chronic wounds. Cell Commun Signal, 22 (1):244,
2024. DOI: 10.1186/512964-024-01623-9

Sun J, Zhou J, Zhou J, Xu W, Du Y, Jia Z, Shen Y, Lin X, Wang X, Bao
Y, Rao Z, Dong S, Luo Y, Cong W, Jin L, Li X: FGF4 promotes skin
wound repair through p38 MAPK and GSK3p-mediated stabilization
of Slug. J Invest Dermatol, 143 (6): 1073-1084.e8, 2023. DOI: 10.1016/j.
jid.2022.11.015


	https://journals.sagepub.com/doi/abs/10.1089/scd.2021.0124

	https://journals.sagepub.com/doi/abs/10.1089/scd.2021.0124

	https://journals.sagepub.com/doi/abs/10.1089/scd.2021.0124

	https://www.cureus.com/articles/202013-in-silico-molecular-docking-of-phytochemicals-of-murraya-koenigii-against-streptococcus-mutans#!/

	https://www.cureus.com/articles/202013-in-silico-molecular-docking-of-phytochemicals-of-murraya-koenigii-against-streptococcus-mutans#!/

	https://www.cureus.com/articles/202013-in-silico-molecular-docking-of-phytochemicals-of-murraya-koenigii-against-streptococcus-mutans#!/

	https://www.mdpi.com/1420-3049/17/12/14449

	https://www.mdpi.com/1420-3049/17/12/14449

	https://www.mdpi.com/1420-3049/17/12/14449

	https://www.mdpi.com/1420-3049/17/12/14449

	https://www.scielo.br/j/bjb/a/gXCjT9ZJg85bJRS8c95pK9B/?lang=en

	https://www.scielo.br/j/bjb/a/gXCjT9ZJg85bJRS8c95pK9B/?lang=en

	https://www.scielo.br/j/bjb/a/gXCjT9ZJg85bJRS8c95pK9B/?lang=en

	https://www.scielo.br/j/bjb/a/gXCjT9ZJg85bJRS8c95pK9B/?lang=en

	https://www.scielo.br/j/bjb/a/gXCjT9ZJg85bJRS8c95pK9B/?lang=en

	https://www.scielo.br/j/bjb/a/gXCjT9ZJg85bJRS8c95pK9B/?lang=en

	https://journals.sagepub.com/doi/10.1186/1744-8069-7-55

	https://journals.sagepub.com/doi/10.1186/1744-8069-7-55

	https://journals.sagepub.com/doi/10.1186/1744-8069-7-55

	https://journals.sagepub.com/doi/10.1186/1744-8069-7-55

	https://journals.sagepub.com/doi/10.1186/1744-8069-7-55

	https://www.mdpi.com/1420-3049/27/24/9041

	https://www.mdpi.com/1420-3049/27/24/9041

	https://www.mdpi.com/1420-3049/27/24/9041

	https://www.mdpi.com/1420-3049/23/5/1038

	https://www.mdpi.com/1420-3049/23/5/1038

	https://www.mdpi.com/1420-3049/23/5/1038

	https://www.mdpi.com/1420-3049/23/5/1038

	https://journals.sagepub.com/doi/abs/10.1089/wound.2022.0049

	https://journals.sagepub.com/doi/abs/10.1089/wound.2022.0049

	https://journals.sagepub.com/doi/abs/10.1089/wound.2022.0049

	https://journals.sagepub.com/doi/abs/10.1089/wound.2022.0049

	https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2022.958381/full

	https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2022.958381/full

	https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2022.958381/full

	https://www.mdpi.com/2306-5354/8/5/63

	https://www.mdpi.com/2306-5354/8/5/63

	https://www.mdpi.com/2306-5354/8/5/63

	https://journals.sagepub.com/doi/10.1089/ten.teb.2021.0114

	https://journals.sagepub.com/doi/10.1089/ten.teb.2021.0114

	https://journals.sagepub.com/doi/10.1089/ten.teb.2021.0114

	https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2208.pdf

	https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2208.pdf

	https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2208.pdf

	https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2208.pdf

	https://journals.sagepub.com/doi/10.1089/can.2021.0237

	https://journals.sagepub.com/doi/10.1089/can.2021.0237

	https://journals.sagepub.com/doi/10.1089/can.2021.0237

	https://www.sciencedirect.com/science/article/pii/S0753332223015123?via%3Dihub

	https://www.sciencedirect.com/science/article/pii/S0753332223015123?via%3Dihub

	https://www.sciencedirect.com/science/article/pii/S0753332223015123?via%3Dihub

	https://www.sciencedirect.com/science/article/pii/S0753332223015123?via%3Dihub

	https://onlinelibrary.wiley.com/doi/10.1002/hsr2.1908

	https://onlinelibrary.wiley.com/doi/10.1002/hsr2.1908

	https://onlinelibrary.wiley.com/doi/10.1002/hsr2.1908

	https://onlinelibrary.wiley.com/doi/epdf/10.1002/der2.70028

	https://onlinelibrary.wiley.com/doi/epdf/10.1002/der2.70028

	https://onlinelibrary.wiley.com/doi/epdf/10.1002/der2.70028

	https://www.sciencedirect.com/science/article/abs/pii/S0034528826001025?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S0034528826001025?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S0034528826001025?via%3Dihub

	https://www.sciencedirect.com/science/article/abs/pii/S0034528826001025?via%3Dihub

	https://dergipark.org.tr/en/pub/auvfd/article/524237

	https://dergipark.org.tr/en/pub/auvfd/article/524237

	https://dergipark.org.tr/en/pub/auvfd/article/524237

	https://dergipark.org.tr/en/pub/auvfd/article/524237

	https://dergipark.org.tr/en/pub/auvfd/article/524237

	https://dergipark.org.tr/en/pub/auvfd/article/524237

	https://onlinelibrary.wiley.com/doi/10.1111/jcmm.70374

	https://onlinelibrary.wiley.com/doi/10.1111/jcmm.70374

	https://onlinelibrary.wiley.com/doi/10.1111/jcmm.70374

	https://onlinelibrary.wiley.com/doi/10.1111/jcmm.70374

	https://link.springer.com/article/10.1186/s12964-024-01623-9

	https://link.springer.com/article/10.1186/s12964-024-01623-9

	https://link.springer.com/article/10.1186/s12964-024-01623-9

	https://link.springer.com/article/10.1186/s12964-024-01623-9

	https://linkinghub.elsevier.com/retrieve/pii/S0022202X22028457

	https://linkinghub.elsevier.com/retrieve/pii/S0022202X22028457

	https://linkinghub.elsevier.com/retrieve/pii/S0022202X22028457

	https://linkinghub.elsevier.com/retrieve/pii/S0022202X22028457

	https://linkinghub.elsevier.com/retrieve/pii/S0022202X22028457





