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Abstract

Gingival wound healing involves tightly regulated inflammatory and regenerative responses.
Marine-derived (6Z)-Octadecenoic acid, isolated from Stichopus hermanii, is a promising candidate for
topical wound therapy due to its dual anti-inflammatory and pro-regenerative properties. This study
combined in silico molecular docking with in vivo evaluation to assess its therapeutic potential.
Docking analysis revealed strong binding affinities between (6Z)-Octadecenoic acid and TNF-«a, NF-
kB, IL-1f, and JAKI. In vivo, gingival wounds were induced in male Wistar rats and treated topically.
Histological assessments on Days 3 and 7 showed significantly increased fibroblast density and
collagen deposition in the treated group. ADME-Tox predictions indicated high absorption and no
hepatotoxicity, supported by stable SGOT and SGPT levels. Statistical analysis confirmed significant
improvements in fibroblast proliferation and collagenization (p < 0.05), with no hepatic enzyme
elevation. These findings suggest that (6Z)-Octadecenoic acid enhances early wound healing by
modulating inflammation and stimulating tissue remodeling, supporting its potential use in
periodontal regenerative applications.

Keywords: (6Z)-Octadecenoic acid; Stichopus hermanii; marine product; wound healing;
anti-inflammatory

1. Introduction

Wound healing is a highly orchestrated biological process that fundamentally responds to tissue
injury. This process universally proceeds through four overlapping but distinct phases: hemostasis,
inflammation, proliferation, and remodeling, each regulated in a temporally coordinated manner to
restore tissue integrity [1,2]. Successful healing depends on the precise timing, sequence, and
intensity of these phases. In oral tissues, particularly the gingiva, disruption of this process —often
due to persistent inflammation —can impede regeneration and prolong wound closure [3,4].

Periodontal wounds, including those in gingival tissues, are typically marked by heightened
inflammatory reactions triggered by microbial pathogens [5]. The host immune system responds by
releasing a broad spectrum of pro-inflammatory mediators, including cytokines [6], chemokines [7],
prostaglandins [8], and matrix-degrading enzymes [9]. While these responses are essential for initial
defense, their dysregulation can delay tissue repair and exacerbate clinical outcomes. Modulating the
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inflammatory cascade has thus emerged as a critical target for promoting more efficient wound
healing, especially in the oral environment [10,11]. However, conventional anti-inflammatory
therapies often present limitations, such as systemic side effects or insufficient efficacy in localized
mucosal applications [12-15]. These challenges underscore the need for safer, more targeted, and
biologically compatible alternatives to address the complex inflammatory milieu of periodontal
tissues [16-18].

Due to the limited effectiveness and potential side effects of conventional anti-inflammatory
treatments for oral mucosal wounds, there is growing interest in alternative therapies that are safer,
more natural, and offer multiple benefits. In this context, the exploration of natural resources,
especially bioactive compounds derived from marine organisms, has garnered growing interest as a
promising alternative strategy. Natural compounds, especially those derived from marine organisms,
are increasingly being explored for their potential in wound care, either as complementary or
standalone treatments [19]. According to the World Health Organization (WHO), more than 170
countries now incorporate traditional medicine into their healthcare systems, and nearly 40% of
modern drugs originate from natural sources [20]. Despite this, marine-based bioresources—
particularly those found in Southeast Asia—are still underused, even though they offer significant
pharmacological potential [21-23].

One promising yet underexplored marine organism is Stichopus hermanii, commonly known as
the golden sea cucumber, which is abundantly found in Indonesia[24]. Traditionally consumed for
its nutritional value, Stichopus hermanii has recently gained scientific interest due to its rich
composition of bioactive compounds with potential therapeutic effects [25,26]. These include
triterpene glycosides [27], carotenoids [28], Omega-3 and -6 fatty acids [29], collagen peptides [30],
chondroitin sulphate [31], and glycosaminoglycans (GAGs) [32]. These compounds have been
associated with various biological functions, including antioxidant, anti-inflammatory, and tissue-
regenerative activities [33,34]. Among these bioactive constituents, one molecule that has garnered
increasing attention for its targeted pharmacological activity, particularly in inflammatory
modulation, is (6Z)-Octadecenoic acid [35,36].

Petroselinic acid, or (6Z)-octadecenoic acid, has garnered attention for its diverse
pharmacological properties, particularly in the nutraceutical and pharmaceutical sectors [35,37].
Several investigations have shown that this fatty acid has a wide range of biological potentials,
including antidiabetic, antibacterial, and antifungal activities. This monounsaturated fatty acid has
demonstrated strong anti-inflammatory properties by inhibiting the synthesis of arachidonic acid
metabolites [38], reducing the expression of intracellular adhesion molecules [39], and suppressing
key inflammatory pathways such as NF-kB and MAPKs [40]. However, despite these promising
attributes, its mechanistic role in modulating gingival inflammation and wound healing remains
poorly defined, particularly in the context of local application to oral soft tissues.

No prior study has systematically evaluated its molecular interaction with key inflammatory
mediators in oral tissue. In light of the limitations associated with conventional anti-inflammatory
therapies and the growing demand for biocompatible, nature-derived alternatives in oral
regenerative medicine, the therapeutic investigation of (6Z)-Octadecenoic acid isolated from
Stichopus hermanii represents a timely and pertinent research direction. This study seeks to bridge the
existing knowledge gap by employing a comprehensive in silico and in vivo framework to evaluate
the compound’s efficacy and safety in modulating inflammatory responses and enhancing gingival
tissue repair.

2. Results

2.1. In Silico Binding Profile of (6Z)-Octadecenoic Acid Against Key Inflammatory Targets

A molecular docking study assessed the binding characteristics of (6Z)-Octadecenoic acid with
four primary inflammatory target proteins TNF-a, NF-«xB, JAK1, and IL-1f3. The 3D structures of
these targets were retrieved from the RCSB Protein Data Bank with respective PDB IDs and
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resolutions as summarized in Table 1. These proteins were selected based on their key roles in
inflammatory signaling pathways relevant to gingival wound healing.

Table 1. 3D structure and resolution of selected inflammatory protein targets used for molecular docking

simulations.
Receptor PDB ID Resolution 3D Structure
TNE-a 6RMJ 2.65 A
NF-xB 1NFI 2.7 A
JAK-1 6N79 227 A
IL-1B 7TWQ 2A

Docking simulations revealed favorable binding affinity values ranging from -4.4 to -5.4
kcal/mol (Table. 2). Among the targets, JAK1 demonstrated the strongest interaction (-5.4 kcal/mol),
followed by TNF-a (-5.3 kcal/mol), NF-kB (-5.0 kcal/mol), and IL-1f3 (4.4 kcal/mol), as summarized
in Table 2. Hydrophobic contacts and hydrogen bonds were observed at key residues within each
protein’s binding pocket.

Table 2. Interaction of Protein and (6Z)-Octadecenoic acid.

Binding Interacting Residu in the Binding Pocket
Compound  Protein (Izifailrllrilz)’l) Hydrophobic interactions = Hydrogen Bond
TYR119, TYR151, TYR
TNF-a -5.3 % LEUS&'-; ’ > TYR151, GLY121
acid JAK-1 -5.4 VALS889, LEU1010, LEU881 GLU925, GLY1023
VAL132, LEU134,
IL-18 -4.4 LYS77, PRO131, PHE133 LEU 80

For TNEF-a, key hydrophobic interactions were noted at TYR119, TYR151, TYR59, and LEU57,
with hydrogen bonds formed at TYR151 and GLY121. In the NF-kB complex, hydrophobic residues
included VAL97, PHE318, PHE?77, and PHE103, while TYR71 and PHE?77 contributed to hydrogen
bonding. In JAK1, hydrophobic interactions involved VAL889, LEU1010, and LEU881, with GLU925
and GLY1023 forming hydrogen bonds. IL-13 showed hydrophobic contacts with LYS77, PRO131,
and PHE133, and hydrogen bonding with VAL132, LEU134, and LEUS0.
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Figure 1. 3D and 2D molecular docking conformations of (6Z)-Octadecenoic acid with four key inflammatory
target proteins: TNF-a, NF-«B, JAK1, and IL-1P. The left panel shows the 3D structure of (6Z)-Octadecenoic acid;
the middle panel displays the ligand—protein binding interactions in 3D conformations; and the right panel
illustrates 2D interaction diagrams showing van der Waals forces (green), conventional hydrogen bonds (blue),

alkyl interactions (pink), and m-alkyl interactions (purple).

2.2. Histological Features of Fibroblast Proliferation in Gingival Wound Healing

Histological examination of gingival tissues was performed on Days 3 and 7 using Hematoxylin
and Eosin (H&E) staining to assess fibroblast proliferation following topical application of Na-CMC
(negative control), aspirin (positive control), and Stichopus hermanii extract. Representative
micrographs for each group at both time points are presented in Figure 2.

On Day 3, fibroblast distribution in the Na-CMC group (Figure 2a) appeared sparse, with loosely
arranged connective tissue architecture. The aspirin-treated group (Figure 2b) displayed increased
cellular density relative to the negative control. The Stichopus hermanii extract group (Figure 2c)
showed a denser accumulation of fibroblast cells within the granulation tissue. By Day 7, fibroblast
presence increased in all groups. The Na-CMC group (Figure 2d) showed a slight increase in cellular
presence, while the aspirin group (Figure 2e) demonstrated linear alignment of fibroblasts within
organized connective tissue. The Stichopus hermanii group (Figure 2f) exhibited tightly packed
fibroblasts and dense connective matrix throughout the wound site.
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Figure 2. Histological micrographs of gingival wound tissue stained with Hematoxylin and Eosin (H&E) on Day
3 (a—c) and Day 7 (d—f). (a, d) represent the negative control (Na-CMC), (b, e) represent the positive control
(aspirin), and (c, f) represent the Stichopus hermanii extract group. Black arrows indicate fibroblast presence and

tissue organization. Images captured at 200x magnification.

2.3. Collagen Fiber Visualization Using Masson’s Trichrome Staining

In control and treatment groups, Masson's Trichrome staining was performed to observe
collagen fiber distribution during gingival wound healing on Days 3 and 7. Collagen fibers are
visualized in blue, whereas cytoplasmic and muscle tissues appear red (Figure 3).
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Figure 3. Histological micrographs of gingival wound tissue stained with Hematoxylin and Eosin (H&E) on Day
3 (a—c) and Day 7 (d—f). (a, d) represent the negative control (Na-CMC), (b, e) represent the positive control
(aspirin), and (c, f) represent the Stichopus hermanii extract group. Black arrows indicate fibroblast presence and

tissue organization. Images captured at 200x magnification.

On Day 3, the Na-CMC group (Figure 3a) exhibited limited blue staining, indicating low
collagen presence and a loosely arranged extracellular matrix. The aspirin group (Figure 3b) showed
more localized blue areas, and early fiber organization was visible in the granulation tissue. Blue
staining was observed along the wound margin in the Stichopus hermanii extract group (Figure 3c),
with a denser distribution than the other groups. By Day 7, collagen deposition increased in all
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groups. The Na-CMC group (Figure 3d) presented with wider, yet disorganized collagen fibers. The
aspirin group (Figure 3e) demonstrated thicker blue-stained regions with moderate alignment. The
Stichopus hermanii group (Figure 3f) showed pronounced collagen accumulation, with dense,
organized blue-stained fibers throughout the connective tissue layer.

2.4. Quantitative Evaluation of Fibroblast Density and Collagen Fiber Thickness

Quantitative assessments of fibroblast cell counts and collagen fiber thickness were performed
on Days 3 and 7 across all experimental groups, including Na-CMC (control), aspirin, and Stichopus
hermanii extract treatments. The compiled data are presented in Table 3.

Table 3. Analysis of fibroblast cells and the level of collagenization on day 3 and 7.

Day 3 Day 7
Group n  Fibroblasts Collagenizatio Fibroblasts Collagenization
(Mean + SD) n (Mean + SD)
Na-CMC 2 119 £5.38 112.00 pm 166 £13.8 175.75 pm
Aspirin 2 177%14.62 238.50 pm 350 +£24.54 452.75 um
Stichopus hermanii 2 213 +£13.2 177.25 pm 251 %+21.7 717.25 ym
P value 0.001* 0.002* 0.001% 0.000*

*One-way ANOVA test (p<0.05)

On Day 3, fibroblast counts were recorded at 119 + 5.38 in the Na-CMC group, 177 + 14.62 in the
aspirin group, and 213 + 13.2 in the Stichopus hermanii group. Collagen thickness measurements
showed values of 112.00 um in the Na-CMC group, 238.50 um in the aspirin group, and 177.25 pm
in the Stichopus hermanii group. On Day 7, fibroblast counts increased across all groups, reaching 166
+13.8 in the Na-CMC group, 350 + 24.54 in the aspirin group, and 251 + 21.7 in the Stichopus hermanii
group. Collagenization values were measured at 175.75 um, 452.75 um, and 717.25 um in the Na-
CMC, aspirin, and Stichopus hermanii groups, respectively.

One-way ANOVA analysis indicated statistically significant differences in both fibroblast counts
and collagenization across treatment groups on both Day 3 and Day 7, with p-values ranging from
0.000 to 0.002 (p < 0.05), as detailed in Table 3.

2.5. ADME-Tox Profiling of (6Z)-Octadecenoic Acid

The pharmacokinetic and toxicity properties of (6Z)-Octadecenoic acid were evaluated through
in silico prediction (Table 4). The compound demonstrated Caco-2 permeability of 1.563 nm-s and
human intestinal absorption of 91.82%. The volume of distribution at steady state (VDss) was
calculated at —0.558 log L/kg. The compound was not predicted to be a CYP2D6 inhibitor. Total
systemic clearance was recorded at 1.884. Toxicity analysis showed negative predictions for AMES
mutagenicity and hepatotoxicity. The oral acute toxicity (LD50) was predicted at 1.417 mol/kg, and
the oral chronic toxicity (LOAEL) was 3.259 log mg/kg bw/day. These values are summarized in Table
4.

Table 4. ADME-Tox Prediction of Stichopus hermanii bioactive compound.

ADME-Tox
Compound :
Properties Value
Caco-2 permeability (nm.sec™) 1.563
Human Intestinal Absorpstion (%) 91.82
(62)-Octadecenoic VDss (log L/kg) - 0.558

acid CYP2D6 Inhibitor No
Total Clearance 1.884

AMES Toxicity No

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Hepatotoxicity No
Oral Rate Acute Toxicity (LD50) (mol/kg) 1.417
Oral Rate Chronic Toxicity (LOAEL) (log mg/kg_bw/day)  3.259

Additional drug-likeness assessment using Lipinski’s Rule of Five indicated a molecular weight
of 282.5 Da, two hydrogen bond acceptors (HBA), one hydrogen bond donor (HBD), a partition
coefficient (log P) of 6.11, and a molar refractivity (Rm) of 87.08. One rule violation was noted.
Detailed chemical properties are presented in Table 5.

Table 5. Physicochemical properties and Lipinski’s Rule of Five evaluation og (6Z)-Octadecenoic acid.

Lipinski’s Rule of Fi
Compound Molecular SMILES ipins 1 s Rule of Five
Formula Properties Value
WM 282.5
HBA 2
(6Z)-Octadecenoic CCCCCCcececeee/ec=c\ce HBD 1
. CisH3:02
acid CCC(=0)O Log P 6.11
R 87.08
Violation 1

*Violation of criteia, maximum violation of criteria is two.

MW: Weight of mass (<500 Da); HBA: Hydrogen Bond Acceptors (<10); HBD : Hydrogen
Bond Donor (<5); LogP: partition coefficient (5); Rm: Refractivity of Molar (40- 130
cm?/mol).

2.6. Serum Liver Enzyme Levels: SGOT and SGPT.

Serum levels of liver enzymes SGOT and SGPT were measured on Days 0 and 7 to evaluate
systemic effects following topical application of Stichopus hermanii extract at concentrations of 25%,
50%, and 100%, alongside the Na-CMC control group. The results are presented in Figure 4. In Figure
4a, SGOT levels are shown for each group across the two time points. Initial values (Day 0) varied
across groups, with an increase observed in all extract-treated groups by Day 7, while the control
group remained constant. Figure 4b presents SGPT levels. Similar to SGOT, an increase in enzyme
levels was noted in the treatment groups from Day 0 to Day 7, with the control group showing no
change.

SGOT SPGT
w (@ v ()

68.6
140

130
120 5890

it
1 3
100 o} 50 o oy
9 o] # /
s[' M
0 4%
i 3186
[s]

a0 35 36.56

Day 0 Day 7 Day 0 Day 7
—Control ~—25% —50% =—100% —Control ——25% ~—50% ——100%

Figure 4. Serum SGOT levels and (b) serum SGPT levels on Days 0 and 7 in the Na-CMC control group and
treatment groups receiving Stichopus hermanii extract at 25%, 50%, and 100% concentrations.

3. Discussion
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Authors should discuss the results and how they can be interpreted from the perspective of
previous studies and of the working hypotheses. The findings and their implications should be
discussed in the broadest context possible. Future research directions may also be highlighted.

This study investigated the potential of (6Z)-Octadecenoic acid, a major fatty acid component of
Stichopus hermanii, in modulating inflammatory pathways and enhancing gingival wound healing.
A combined in silico and in vivo approach was used to evaluate molecular interactions, tissue
responses, and toxicity, providing a comprehensive preclinical assessment.

The molecular docking results revealed stable binding interactions between (6Z)-Octadecenoic
acid and four key pro-inflammatory mediators: TNF-a [41], NF-«B [42], IL-13 [43], and JAK1 [44].
These proteins orchestrate early inflammatory signaling and tissue degradation in periodontal
wounds [45,46]. The observed binding affinities and interaction patterns—particularly hydrogen
bonding and hydrophobic contacts —indicate structural compatibility between (6Z)-Octadecenoic
acid and key pro-inflammatory targets. Although molecular docking does not equate to confirmed
biological activity, these findings align with existing literature demonstrating the regulatory abilities
of unsaturated fatty acid derivatives [47,48].

For instance, Cui et al. [49] demonstrated that oleic acid nitroalkenes (OA-NQO,) inhibit NF-«xB
by alkylating the p65 subunit—specifically at Cys38 —thereby repressing NF-kB-mediated gene
expression. Likewise, Khoo et al.[50] reported that electrophilic fatty acid nitroalkenes reduce NF-«B
activation while activating the antioxidant regulator Nrf2 in macrophages. Moreover, Wang et al. [51]
found that OA-NO, suppresses both NF-kB and STAT3 phosphorylation in murine models of
psoriasiform dermatitis. These converging findings support the hypothesis that (6Z)-Octadecenoic
acid may exert similar anti-inflammatory mechanisms through direct interaction with inflammatory
mediators, consistent with our docking analysis.

Histological analysis further substantiated the anti-inflammatory and regenerative potential of
(6Z)-Octadecenoic acid. The extract-treated group demonstrated increased fibroblast proliferation
and enhanced collagen deposition on Days 3 and 7, as observed through both H&E and Masson’s
Trichrome staining. These findings are consistent with a previous study that reported that bioactive
marine-derived fatty acids accelerated granulation tissue formation and fibroblast recruitment in
wound models [52,53]. The alignment of histological improvements with molecular docking insights
strengthens the plausibility of the compound's dual role in modulating inflammatory signals and
promoting early tissue remodeling.

Quantitative assessments further supported these histological observations. On Day 7, fibroblast
counts and collagen fiber thickness in the Stichopus hermanii extract group were significantly higher
than those in both the Na-CMC and aspirin-treated groups. These increases suggest a progressive
and sustained effect of the extract on the wound healing microenvironment. Similar trends have been
observed by Valente et al. [54], who found that sea cucumber glycosaminoglycans stimulated
fibroblast proliferation and extracellular matrix synthesis in dermal injury models. Moreover, Sun et
al. [55] demonstrated that marine bioactive lipids enhance collagen deposition via modulation of the
TGF-B/Smad signaling pathway. The congruence between our results and these prior studies
reinforces the biological activity of marine-derived fatty acids in soft tissue regeneration. The
congruence between these previous reports and the current study underscores the regenerative
potential of marine-derived fatty acids in oral tissue repair.

In addition, the in silico pharmacokinetic prediction via pkCSM revealed high intestinal
absorption, non-inhibition of CYP2D6, and a negative profile for AMES toxicity and hepatotoxicity.
These characteristics are comparable to a previous study that highlighted favorable ADMET
parameters for structurally related long-chain unsaturated fatty acids [61]. Correspondingly, serum
SGOT and SGPT levels in our in vivo toxicity evaluation remained within physiological ranges across
all treatment groups, further supporting the compound’s systemic safety profile when administered
topically [56]. These findings collectively suggest a favorable risk-benefit profile that may support
further translational development.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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From a translational perspective, the dual anti-inflammatory and pro-regenerative effects of
(6Z)-Octadecenoic acid may offer clinical advantages in managing gingival wounds, post-extraction
sockets, or periodontal surgery sites. Current topical anti-inflammatory agents, such as NSAID-based
gels, may attenuate inflammation but are not designed to support tissue remodeling actively [57]. In
contrast, compounds like (6Z)-Octadecenoic acid demonstrate the potential to target inflammatory
signaling while simultaneously promoting fibroblast activity and matrix restoration. This functional
duality aligns with the clinical need for integrated wound management in the oral environment,
where rapid healing and resolution of inflammation are essential for maintaining periodontal health
and minimizing complications [13].

Recent evidence highlights the therapeutic potential of (6Z)-Octadecenoic acid, a bioactive
compound isolated from Stichopus hermanii, in promoting gingival wound healing. This fatty acid
exhibits targeted anti-inflammatory effects through direct interactions with key pro-inflammatory
mediators such as TNF-a and NF-kB, suggesting a more active mechanism of action compared to
conventional agents. In our study, topical application of (6Z)-Octadecenoic acid led to enhanced
fibroblast proliferation and collagen deposition, outperforming typical outcomes reported for
standard therapies. Moreover, its favorable safety profile—demonstrated by stable serum liver
enzyme levels and predictive in silico ADME-Tox modeling —supports its potential for clinical
application in oral wound management.

In comparison, hyaluronic acid (HA) gel has been widely recognized for its supportive role in
wound healing due to its viscoelasticity, mucoadhesiveness, and ability to retain moisture [58]. HA
promotes fibroblast migration, angiogenesis, and epithelial proliferation, improving healing rates in
periodontal surgeries and oral ulcers [59]. However, its biological activity remains largely passive,
functioning primarily as a hydrating and protective matrix without directly modulating
inflammatory signaling [60].

Similarly, chlorhexidine gel is commonly employed as an oral antiseptic owing to its broad-
spectrum antimicrobial effects and frequent use in post-surgical care [61]. Despite its efficacy in
reducing bacterial colonization, chlorhexidine lacks regenerative potential and may exert cytotoxic
effects on fibroblasts and keratinocytes when used excessively, potentially delaying wound repair
[62,63].

Taken together, the dual anti-inflammatory and regenerative actions of (6Z)-Octadecenoic
acid —along with its non-toxic profile — position this compound as a promising alternative to existing
agents like HA and chlorhexidine, offering a more comprehensive approach to oral wound healing.

Limitation Study

This study, while offering important preliminary insights, is subject to several limitations. The
short-term observation period, limited to seven days, allowed for the assessment of early
inflammatory and proliferative responses but did not capture later stages of healing such as
epithelialization, angiogenesis, or tensile strength restoration. The in silico molecular docking results
revealed promising interactions between (6Z)-Octadecenoic acid and key inflammatory mediators;
however, further validation is required to strengthen the mechanistic interpretation. Additionally,
the use of a single formulation vehicle—Na-CMC gel—may have constrained local bioavailability
and residence time at the wound site, particularly in the absence of advanced drug delivery systems
designed to prolong mucosal retention or control release kinetics.

As an initial study, we acknowledge these limitations as important considerations for future
research. The continuity of investigation and the consistency of the findings in this study serve as a
foundation for the further development and refinement of subsequent research.

4. Materials and Methods

4.1. In-Silico Studies

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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We utilized the Protein Data Bank (https://www.rcsb.org) to investigate target inflammatory
proteins.

4.1.1. Quantitative Structure-Activity Relationship Analysis

The anti-inflammatory potential of (6Z)-Octadecenoic acid derived from Stichopus hermanii was
evaluated using PyRx version 0.8. A redocking procedure was performed using the natural ligands
of the respective target proteins to validate the docking protocol. The reliability of the docking results
was determined based on the root mean square deviation (RMSD), with values < 2 A considered
acceptable for predictive accuracy. The results confirmed the validity of the docking methodology
and parameters, allowing for their application in docking the test compound. Molecular interactions
between the active compound and target protein residues were further visualized using Biovia
Discovery Studio Visualizer version 21.1.0.20298.

4.1.2. Pharmacokinetics and Toxicity Prediction

The pharmacokinetic and toxicity profiles of (6Z)-Octadecenoic acid were predicted using the
PkCSM online platform (http://biosig.unimelb.edu.au/pkcsm/), which enables in silico assessment of
ADMET properties (Absorption, Distribution, Metabolism, Excretion, and Toxicity) of chemical
compounds. Evaluation of drug-likeness was performed based on Lipinski’s Rule of Five
(http://www.scfbio-iitd.res.in/software/drugdesign/lipinski;jsp), a widely used criterion to
differentiate between drug-like and non-drug-like molecules. This rule serves as a benchmark in
early-phase drug discovery, indicating the compound’s likelihood of success based on compliance
with established physicochemical parameters.

4.2. Preparation of Stichopus hermanii Extract

We employed a laboratory-based experimental design using a post-test control group approach.
Fibroblast analysis was conducted to evaluate cellular proliferation, while collagenase evaluation was
performed to measure collagen fiber thickness within the gingival tissue. In addition, molecular
docking simulations were carried out to identify interactions between active compounds and target
inflammatory proteins

Fresh Stichopus hermanii specimens were thoroughly washed, trimmed to remove extraneous
tissues, and cut into small sections. The cleaned samples were then oven-dried for 24 hours.
Subsequently, 500 mL of methanol was used to macerate the dried material in a closed vessel for 48
hours. The maceration mixture was filtered using Whatman filter paper to separate the filtrate from
the solid residue. The methanolic extract was concentrated using a rotary evaporator to isolate the
bioactive constituents. The resulting concentrate was centrifuged at 6,000 rpm for 10 minutes at 40°C
to maintain compound stability. Finally, the extract was formulated into a gel by dissolving it in
sodium carboxymethyl cellulose (Na-CMC) for topical administration in the animal model.

4.2.1. Preparation Controlled Variables

The aspirin solution was prepared by dissolving 18 mg of aspirin in 1 mL of 0.5% sodium
carboxymethyl cellulose (Na-CMC). Separately, 50 g of Na-CMC was dissolved in sterile distilled
water to a final volume of 100 mL. Na-CMC was used as the negative control for the fibroblast
proliferation and collagenization assays, while the aspirin solution served as the positive control. In
the toxicity evaluation, only Na-CMC was used as the negative control group [64].

4.3. Preparation of Animal Studies (Rattus Norvegicus)

This study allocated twelve male Wistar rats into three experimental groups, each comprising
four animals. The groups received topical applications of Stichopus hermanii extract at
concentrations of 25%, 50%, and 100%, respectively, followed prior study [65], along with a Na-CMC
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control group. All rats were maintained under standard conditions with unrestricted access to food
and water and observed for seven days.

The incision, about 3 mm in length, was made on the front part of the mandible. The study used
12 male Wistar rats as the experimental animal model. The rats were kept in standard polycarbonate
cages (45 cm x 35 cm x 18 cm) with wood shavings as bedding material. The cages were placed in a
temperature-controlled room maintained at 22 + 2°C, with a 12-hour light/dark cycle. Before incision,
all samples were anesthetized using a single intramuscular injection of 0.2 ml of ketamine. The
gingiva of the sample was then smeared with povidone iodine 10%. Using a 5 mm long scalpel
number 11, an incision about 3 mm long was made on the anterior part of the mandible. After the
incision, the area was irrigated with aquades. Each group comprised four rats [66].

4.3.1. Blood Collection for Toxicity Testing

To extract the blood from each white rat, the rat is first placed in a jar containing ether-soaked
cotton until it faints. Blood is then drawn using a capillary tube and transferred into a vacuum. The
blood is then centrifuged, followed by an examination of the initial blood plasma to assess SGOT and
SGPT.

4.3.2. Fibroblast test and collagen test

Twelve male Wistar rats, aged approximately 3 months and weighing around 250 grams, were
randomly assigned to three groups (n =4 per group): the Na-CMC group, the aspirin group, and the
Stichopus hermanii extract group. Each treatment was topically applied to the gingival wounds twice
within 24 hours, with a 6-hour interval between applications [67].

4.3.3. Tissue Collection and Histological Examination

On days three and seven, the animals were euthanized under anesthesia, followed by cervical
dislocation. Gingival tissue samples were harvested from the wound sites and immediately fixed in
10% neutral buffered formalin (NBF). The fixed specimens were processed at the anatomical
pathology laboratory, where they were placed in plastic cassettes and subjected to graded alcohol
dehydration (70%, 80%, 90%, and absolute ethanol), followed by clearing and infiltration using
xylene. Tissues were then embedded in paraffin blocks, stored under refrigeration, and sectioned
using a microtome of 5-6 um thickness. The tissue sections were floated on a 60 °C water bath to
prevent folding, then mounted onto glass slides. Fibroblast evaluation was performed using
Hematoxylin and Eosin (H&E) staining, while collagen fiber analysis was conducted using Masson’s
Trichrome staining. Fibroblast counts were quantified per field of view using an Olympus C-21
microscope equipped with an Optilab Advance digital camera at 200x magnification. Lesion length
was measured, and collagen fiber structure was further analyzed using electron microscopy to assess
the extent of wound healing. To minimize observational bias, all histological examinations were
blinded; the histopathologist was not informed of the group allocation of each specimen.

4.4. Ethical Clearance

All experimental procedures were conducted at the Phytochemistry, Pharmacology,
Pharmacognosy, and Clinical Pharmacy Laboratories of the Faculty of Pharmacy, as well as the
Anatomical Pathology Laboratory at Hasanuddin University General Hospital. Ethical clearance for
this study was obtained from the Ethics Committee of Hasanuddin University under registration
number UH23020115.

4.5. Statistical Analysis

All quantitative data were presented as mean + standard deviation (SD). Statistical analysis was
performed using one-way Analysis of Variance (ANOVA) to evaluate differences among the
treatment groups. A p-value of less than 0.05 (p < 0.05) was considered statistically significant. Data
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analysis was conducted using IBM SPSS Statistics for Windows, Version 25.0 (IBM Corp., Armonk,
NY, USA).

5. Conclusions

This study demonstrates that (6Z)-Octadecenoic acid, a bioactive compound isolated from
Stichopus hermanii, exhibits both anti-inflammatory and regenerative properties relevant to oral
wound healing. Through molecular docking, the compound showed favorable binding affinity
toward key pro-inflammatory mediators, including TNF-a, NF-«B, IL-1f3, and JAK1. Histological and
quantitative assessments further confirmed its ability to promote fibroblast proliferation and collagen
deposition in gingival tissues. Pharmacokinetic and toxicity evaluations revealed acceptable safety
and drug-likeness profiles, with no adverse hepatic effects observed in vivo. Taken together, these
findings suggest that (6Z)-Octadecenoic acid has promising therapeutic potential as a topical agent
for managing gingival wounds. Further long-term and molecular studies are warranted to validate
these preclinical results and to explore clinical applications in oral tissue regeneration.
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