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ABSTRACT

Natural bioactive compoundssuch as a-tocopherol and 9-octadecenoic acid (OOA), both foundin Stichopus hermanii, have demonstrated potential antioxi-
dant and anti-inflammatory properties. This article reviews systematically and compare the biological activities of a-tocopherol and OOAin managing oxida-
tive and inflammatory processes relevant to the oral cavity. A descriptive-comparative literature review was conducted using PubMed, ScienceDirect, MDPI,
and Google Scholar (2015-2025). Inclusion criteria coveredin vitro, in vivo, clinical, andin silico studies evaluating the antioxidant and anti-inflammatory effects
of a-tocopherol or OOA. a-tocopherol primarily acted by enhancing antioxidant defenses and suppressinginflammatory signaling, while OOA modulated pro-
inflammatory pathways and epigenetic mechanisms. Itis concluded that a-tocopherol and OOA exhibit complementary mechanisms in reducing oxidative
stress and inflammation. Their combined use and marine-derivedoriginfrom S.hermanii offer promising directions forfuture research and therapeutic applica-
tion in oral health.
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ABSTRAK

Senyawa bioaktif alami seperti a-tokoferol dan asam 9-oktadekenoat (OOA), yang keduanya terdapat dalam Stichopus hermanii, telah menunjukkan poten-
si sifat antioksidan dan anti-inflamasi. Artikel ini melakukan tinjauan sistematis dan membandingkan aktivitas biologis a-tokoferol dan OOA dalam mengelola
prosesoksidatifdaninflamasi yang berkaitan dengan ronggamulut. Kajian pustaka deskriptif-komparatif dilakukan dengan menggunakan PubMed, Science-
Direct, MDPI,dan Google Scholar (2015-2025). Kriteria inklusi mencakup studi in vitro, in vivo, klinis, dan in silico yang mengevaluasi efek antioksidan dan
anti-inflamasi dari a-tokoferol atau OOA. o-tokoferol terutamabekerjadengan meningkatkan pertahanan antioksidan dan menekan sinyal inflamasi, sedang-
kan OOA memodulasi jalur proinflamasi dan mekanisme epigenetik. Disimpulkan bahwa o-tokoferol dan OOA menunjukkan mekanisme yang saling me-
lengkapi dalam mengurangi stres oksidatif dan peradangan. Penggunaan gabungan keduanya serta asal-usulnya yang berasal dari laut, S.hermanii mena-

warkan arah yang menjanjikan untuk penelitian dan aplikasi terapeutik di masa depan dalam bidang kesehatan mulut.
Kata kunci: o-tokoferol, asam 9-oktadekenoat, anti-inflamasi, antioksidan, rongga mulut
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INTRODUCTION

Maintaining redox balance is essential for preserving the health
and function of oral mucosal tissues. Under normal conditions, the
body's antioxidant systems can neutralize reactive oxygen species
(ROS), keeping oxidative stress in check.! However, when ROS pro-
ductionsurpassesthe body’s defense capacity, oxidative stress (OS)
occurs and contributes to a variety of oral pathologies.?

Given its constant exposure to external and internal stressors,
the oral cavity serves as the body's first line of defense and is particu-
larly susceptible tooxidative andinflammatory challenges. This expo-
sure may originate from various sources, including bacteria, inhaled
pollutants(e.g., cigarette smoke), by products of metabolism, andlong-
term physical or chemical irritation. Over time, these factors can lead
to excessive ROS buildup in the oral tissues, disrupting cellular ho-
meostasis and triggering tissue damage.?

Suchredox imbalances are closely associated with the develop-
mentofchronicoral conditions, including periodontitis, stomatitis, and
mucositis. ROSare known to directly harm cells and also activate en-
zymesandsignaling pathways thatworseninflammation, such as the
NF-kB pathway. In many cases, reactive nitrogen species (RNS) are
also involved, further exacerbating damage and increasing the likeli-
hood oflong-term complications, including precancerous lesions. This
highlights the importance of managing oxidative stress and inflam-
mation in maintaining oral health.’

Inresponsetothis, one bioactive molecule that has garnered sig-
nificant attention is 9-octadecenoic acid (also known as oleic acid or
OOA), a long-chain monounsaturated fatty acid. Both its native and
oxidized derivatives, suchas 8-oxo-ODA and 9-hydroxyoctadecadie-
noic acid (9-HODE), exhibit notable anti-inflammatory and immuno-
modulatory effects. Unlike classic antioxidants, OOA does notdirectly
scavenge freeradicals butmodulatesintracellular signaling pathways.
Several studies have demonstrated that OOAand its derivatives ac-
tivate peroxisome proliferator-activated receptor gamma (PPAR-y),
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a nuclear receptor that suppresses chronic inflammatory pathways.
Thisactivationleadstoreduced expression of pro-inflammatory cyto-
kinessuchas TNF-aand IL-6, andinhibition of MAPK (JNK and ERK)
and NF-kB signaling cascades.*

Alongside OOA, a-tocopherol, the mostbiologically active form of
vitamin E, has long been recognized for its pharmacological antioxi-
dant properties. This fat-soluble compound helps maintain cellular
membrane integrity by preventing lipid peroxidation under OS condi-
tions. Vitamin E is a fat-soluble essential nutrient with pharmacologi-
cal properties asanantioxidant. ltcomprisestwo main groups of com-
pounds:tocopherols(a, B, Y, d)andtocotrienols(a, B, y, 8), with a-toco-
pherolbeingthe most biologically active form.5 This compound helps
maintain cellular membrane integrity by preventing lipid peroxidation
under OS conditions. Furthermore, a-tocopherol also exhibits anti-in-
flammatoryand vasculareffects, including inhibition of plateletaggrega-
tionandimprovementofmicrocirculationand local blood flow.8 These
combined properties suggestits potential as a promising candidate for
supporting tissue repair, especially in the oral mucosa.’”

InIndonesia, the golden sea cucumber (Stichopus hermanii) has
attracted attentiondue toits therapeutic potential. Traditionally used in
Southeast Asia for its healing properties, this marine organism con-
tainsvarious bioactive compounds,including OOAand a-tocopherol.
Recentfindings by Fatwatietalhave confirmed the presence of these
compounds in S.hermanii extracts using GC-MS. Their docking stu-
diesalso showed that both compounds had strong affinities for PKC-j,
suggestingtheymay be helpful in reducing inflammation at the mole-
cular level 8

Despite the promising data, studies that directly compare OOA
and a-tocopherol, particularly those derived from S.hermanii, remain
limited, especially in the context of oral health. Therefore, this review
aims to explore and compare their antioxidant and anti-inflammatory
potential systematically, with the goal of better understanding theirrole
in protecting and restoring oral mucosal tissue.
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METHODS

This study employed a descriptive comparative literature review
toevaluate and compare the potential of OOA and a-tocopherolas an-
tioxidantand anti-inflammatory agentsrelevantto oralmucosalhealth.
Thereviewincluded originalexperimental research,encompassing in
vitro, in vivo, in silico, and clinical trials that investigated these com-
pounds in the context of oxidative stress and inflammation.

A systematic literature search was conducted using four major
elec-tronic databases: PubMed, ScienceDirect, MDPI, and Google
Scholar. The search strategy combined the following keywords; “9-

7 "

octadecenoic acid’, oleic acid”, “a-tocopherol acetate”, “vitamin E”,
“anti-inflammation”, “antioxidant’, “oral cavity”, “Stichopus hermanii”.
The search covered studies published between January 2015 and
May 2025.

Theinclusion criteriaare original experimental studies (excluding
review articles), research involving 9-octadecenoic acid (OOA) or o-
tocopherol, whether in pure form or derived from S.hermanii, studies
conducted on biological models relevant to inflammation and oxida-
tive stress, particularly thoseinvolvingthe oralmucosa or cell lines as-
sociatedwiththeimmune system, as well as articles reporting biomo-
lecular results including, but not limited to, NO, iINOS, COX-2, IL-6,
TNF-a, GPx, NRF2, or NF-kB.

Exclusion criteria included studies that did not focus on 9-octa-
decenoicacid or a-tocopherol asthe primaryintervention; articles that
didnotreport antioxidantoranti-inflammatory activity or did notinclude
relevant biomarkers; studies using models not relevant to oral admi-
nistration (e.g. liver, skin, kidney, nervoustissue); articles for which the
full text was not available or which were published before 2015; and
duplicates identified during the screening process.

Theselection process followed the PRISMA 2020 guidelines, in-
cluding the identification, screening, eligibility, and inclusion stages. A
PRISMAflow diagramwas used tovisualize the study selection steps
and criteria.

To ensure methodological rigor, included studies were indepen-
dently assessed by two reviewers. Appraisal was based on the clari-
ty of objectives, the appropriateness of models, and the validity of mea-
sured outcomes. Discrepancieswereresolved throughdiscussionand
consensus. Formal scoring tools were not applied.

Data extraction and synthesis

Data from each eligible study was extracted into a structured ta-
ble thatincluded the type of study model, source, concentration of the
compound,andkeyfindings related toantioxidant or anti-inflammato-
ry activity. Aqualitative synthesis was then conducted to assess simi-
larities and differences across the studies, highlight limitations, and
explore potential synergistic mechanisms between 9-octadecenoic
acid and a-tocopherol.

RESULTS
Study selection

A systematic searching of four electronic databases (PubMed,
ScienceDirect, MDPI, and Google Scholar) yielded a total of 85 re-
cords, withanadditional five articles identified through manual search-
ing. Afterremoving 18 duplicate records, 72 articles remained for title
and abstract screening.

Ofthese, 20 full-text articles were retrieved and assessed for eli-
gibility. Followinga detailed review, 11 studies were excluded for rea-
sons including the use of biological models unrelated to oral applica-
tions (e.g., hepaticordermaltissues), the absence of 9-octadecencic
acid or o-Tocopherol as primary interventions, or the lack of relevant
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Fig_ure1 Flowchartshowing the process ofincluding and excluding studies in
different phases.

outcome measuresrelated toantioxidantoranti-inflammatory activity.
In total, nine studies fulfilled the inclusion criteria and were incorpora-
ted into the qualitative synthesis. The study selection process is sum-
marized in the PRISMA 2020 flow diagram (Fig.1).

Study characteristics

Each study was examined based on several key characteristics:
the experimental model used, the form and source of the compound
tested, and the primary outcomes measured. Specifically, outcomes
were categorizedintoreductionsin pro-inflammatory biomarkers (e.g.,
NO, iNOS, COX-2, TNF-q, IL-6) or enhancements in antioxidant-re-
latedmarkers (e.g.,NRF2, GPx, IL-10). To facilitate interpretation, the
findings were synthesized into a comparative summary table, which
forms the basis for the subsequent narrative analysis.

Atotalof nine studies published between 2015 and 2025 met the
eligibility criteriaand were included inthe qualitative synthesis. The in-
cluded studies comprised arange ofexperimental designs, including in
vitromodels (n=6),aninvivoanimalstudy (n=1),arandomizedclinical
trial(n=1),andinsilicomolecular docking analysis (n = 1). The selec-
ted articles evaluated either OOA or a-tocopherol and their effects
on antioxidant and inflammatory pathways. A summary of the study
characteristics and outcomes is presented in Table 1.

9-octadecenoic acid (OOA) or oleic acid

Four studies investigated OOA or oleic acid, primarily in in vitro
models. These compounds demonstrated consistent anti-inflamma-
tory effects through the suppression of pro-inflammatory mediators.

Kang et al, showed that 8-oxo-OOA significantly reduced NO,
TNF-a, and IL-6 production in LPS-stimulated RAW264.7 macro-
phages,*while Miiller et al found similar outcomes using lipid-extrac-
ted OA, with decreased iINOS and COX-2 expression. Both studies
support OOAs efficacy in suppressing key inflammatory markers
involved in oral tissue inflammation.?

Schuldt et al explored a more epigenetic angle, demonstrating
that OAexposure enhanced H3Kacetylationand IL-10 expression in
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Table 1. Summary of experimental studies evaluating the antioxidant and anti-inflammatory effects of 9-Octadecenoic Acid and o-Tocopherol

Author (Year) Design Derivative Type Intervention Comparison Outcome Measures Conclusion
Kangetal.  Invitro 8-0x0-9- Treat with OOAfor  LPS-treated I NO, TNF-q, IL-6 pro-  An Effective anti-inflammatory
(2018)4 (RAW264.7 octadecenoic  inflammation inhibition macrophages duction —anti-inflamma-  agent through inhibition of
macrophages)  acid (OOA) (control) tory effect LPS-induced mediators
Miilleretal.  Invitro oleic acid (OA) Treat with OA (lipid ~ LPS-stimulated | iINOS, COX-2 expres-  Reduces inflammation and
(2021)° (RAW264.7 extract) for inflamma- RAW264.7 cells  sion — anti-inflammatory  cytokine production in
macrophages) tion reduction (control) effect RAW264.7 cells
Schuldtetal. Invitro (HPdLFs  Oleic acid (OA) Exposure to OAfor  BSA control 1 H3K acetylation — 1 IL- OAregulates the inflammatory
(2022)10 under mechanical modulation of H3K 10 expression — Anti-  response through epigenetic
stress) acetylation in inflammatory modification in fibroblasts
fibroblasts
Ma et al. Invitro (tongue  Oleic acid (OA) Treat with OA to High glucose TSCC | Proliferation, invasion,  OA inhibits the progression of
(2025)" squamous cell car inhibit TSCC cell cells (control) migration — Anti-cancer  TSCC under high glucose
cinoma (TSCC) proliferation, invasion, effect conditions by regulating
cells under high and migration S100A9
glucose)
Hatipoglu et Invivo (rats with  a-Tocopherol  Topical application of Control group L INOS expression —  Effective in reducing gingival
al. (2016)"2  periodontitis and a-Tocopherol (untreated) Anti-inflammatory effect  inflammation and oxidative
diabetes) stress
Zulkaplietal. Invitro (ORL-48 a-Tocopherol  Induction of apoptosis Control group Induced apoptosis — Induces apoptosis in oral
(2017)1e cell line) acetate and inhibition of (untreated) Reduced oral cancer cell  cancer cells, promising
proliferation proliferation antitumor agent
Fernandes et In vitro (parotid ~ a-Tocopherol  Increased NRF2&  Control group 1 NRF2 & GPx expression Supports antioxidant and anti-
al. (2020  gland cell culture) GPx expression, (untreated) — | NF-kB expression  inflammatory effects in
reduced NF-kB — antioxidant & anti- diabetic conditions
inflammatory effects
Baldinetal. Randomized Tocopherol Topical application of Chlorhexidine | Pain (VAS) — Wound  Comparable efficacy to
(2025)15 clinical trial (oral ~ acetate tocopherol acetate vs. digluconate 0.2% healing (height & width  chlorhexidine with no side
biopsy patients) chlorhexidine reduction) effects
Fatwati etal. Insilicoand GC- a-Tocopherol  Docking of Stichopus No control group 1 Binding affinity to PKC-B o-tocopherol acetate & OA
(2025) MS analysis acetate & Oleic  hermanii compounds (computational ~ — Inhibition of from S.hermanii show strong
acid to PKC- docking) inflammatory signaling  potential as PKC- inhibitors,
suggesting their use as
marine-derived anti-
inflammatory agents.

periodontal fibroblasts under mechanical stress, indicating potential
for anti-inflammatory modulation via epigenetic pathways.'0

Ma et al, evaluated OA in an oral squamous carcinoma model
underhyperglycemic conditions. Theirfindings highlighted OA's capa-
city to inhibit proliferation, invasion, and migration of cancer cells via
S100A9regulation,suggesting additional protective roles in metabo-
lic-compromised oral environments. !

Lastly, Fatwatietalreported high binding affinity of oleic acid from
S.hermanii to PKC-$, indicating potential synergy with a-tocopherol
acetate at the molecular level for inflammatory pathway inhibition.8

a-tocopherol and its derivatives

Five studies focused on a-Tocopherol or its acetate derivative.
These studies used both oral tissue-relevant models and systemic
inflammatory models to evaluate anti-inflammatory and antioxidant
effects.

Hatipogdluetal, conductedanin vivo study using rats with induced
periodontitis and diabetes, reporting a reduction in INOS expression
following topical a-tocopherol application, suggestingits protective ef-
fecton gingival inflammation.'2Similarly, Ferandesetal, throughan in
vitro study on diabetic parotid gland cells, showed increased expres-
sion of NRF2 and GPx, coupled with decreased NF-kB activity, indi-
cating a robust antioxidant response.'4

In a clinical context, Baldin et al, compared topical o-tocopherol
acetate with chlorhexidine in patients undergoing oral biopsies. The
study foundthattocopherol acetate promoted wound healing with com-
parable efficacy to chlorhexidine and no reported adverse effects.'s

Zulkapli et al utilized an oral cancer cell line (ORL-48) to demon-
strate that a-tocopherol acetate induced apoptosis and inhibited pro-
liferation, suggesting additional potential asan antitumor agent within
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oral epithelial contexts.'

Finally, Fatwatietalemployed in silico docking to evaluate the in-
teraction of a-tocopherol acetate with PKC-f3. The compound exhibi-
ted strong binding affinity, reinforcing its molecular capability to modu-
dulate inflammation pathways.®

Risk of bias and limitations

Toensure thereliability and validity ofthe included studies, a struc-
turedrisk of biasappraisal was conducted using the SYRCLE tool for
animalandin vitrostudies, andthe Cochrane RoB-2 framework for the
randomized clinical trial. A total of nine studies were assessed, en-
compassing diverse experimentalmodelsincluding invivo, invitro, cli-
nical,and in silico designs. Each study was evaluated across key do-
mains such as sequencegeneration, blinding, outcome assessment,
reporting transparency,and modelrelevance. Overall, the majority of
studies demonstrated a low to moderate risk of bias, with consistent
methodological clarity and appropriate outcome measures. However,
several in vivo and mechanistic studies presented unclear risk in do-
mains related to allocation concealment and blinding of personnel,
whichis commonin laboratory-based settings. The detailed evaluation
issummarizedin Fig.2, providingacomprehensive overview of metho-
dological strengths and potential limitations withineachincluded study.

DISCUSSION

This review brings together evidence supporting the antioxidant
andanti-inflammatory roles of 9-Octadecenoic Acid (OOA) and a-to-
copherol, particularly in the context of oral health. While these two
compounds differ in their molecular pathways, their effects ultimately
converge on a common goal: protecting oral tissues from oxidative
damage and chronic inflammation.
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Figure 2 Risk of bias assessment

The role of 9-octadecenoic acid (OOA)

Among the compounds reviewed, OOA, commonly referred to
asoleicacid, has shownnotable anti-inflammatory properties through
aset of mechanisms distinct from classical antioxidants. Rather than
directly neutralizing reactive oxygen species, OOA acts by modula-
ting key intracellular signaling pathways associated with inflamma-
tion. Itinhibits phosphorylation of MAPK (JNK and ERK) and the acti-
vation of NF-kB, which in turn reduces the pro-inflammatory media-
tors such as TNF-q, IL-6, and COX-2.4916

Beyond signaling inhibition, OOA exhibits additional advantages
in the context of oral delivery. Notably, it has been shown to enhance
mucosal absorption through caveolin-mediated endocytosis, which
mayimprove its bioavailabilityin topical formulations.'*Moreover, one
of the most distinctive features of OOA is its ability to contribute to
immune resolution via epigenetic modulation. Specifically, OOA in-
creases H3K acetylation at the IL-10 promoter, thereby upregulating
anti-inflammatory cytokine expression and promoting tissue healing,
particularlyinmechanically stressed fibroblasts.'0.17.18 These findings
highlight OOA's multifaceted role as both a modulator of inflamma-
tion and a facilitator of tissue regeneration.

The case for a-tocopherol

While OOA demonstrates its benefits through signaling modula-
tion and epigenetics, a-tocopherol contributes to oral health through
its well-established antioxidant and anti-inflammatory actions. Multi-
ple studies have confirmed thata-tocopherol, especially in its acetate
form, is effective in reducinginflammatory markers such as iNOS and
NF-kB, while also enhancing antioxidant defenses through the upre-
gulation of NRF2 and GPx.12.14

Importantly, a-tocopherol has also shown encouraging results in
clinical applications. For example, a randomized trial found that topi-
cal a-tocopherol acetate promoted oral wound healing with compara-
ble efficacy to chlorhexidine yet without adverse effects making it a
safer option for long-term use. s This clinical relevance is echoed by
Seneretal,whoobservedthat vitamin E was the most effective agent
for managing oral mucositis in pediatric ICU patients, outperforming
both honey and chlorhexidine.'* These outcomes reinforce a-tocophe-
rol's reputation as a reliable agent for mucosal protection and reco-
very.Beyond inflammation, a-Tocopherol has also exhibited antitu-
moractivityin oral epithelialmodels by inducing apoptosis, further ex-
tending its potential applications in oral oncology.'?

Complementary mechanisms and synergistic potential
Although they operate through different mechanisms, OOA and
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