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Abstract

Skin barrier function relies on the integrity of the stratum corneum lipid
matrix, composed of ceramides, cholesterol, and free fatty acids (FFA).
Disruption of this system, due to aging or environmental stressors,
leads to increased trans epidermal water loss (TEWL), reduced skin
moisture, and impaired skin barrier function. Despite its widespread
use, synthetic ceramide NP does not fully replicate the diversity of
native epidermal lipids.

This study aimed to evaluate the efficacy of Oceamides® (hereafter
OCM or the active ingredient), an ingredient based on a marine-
derived natural biomimetic lipid complex obtained from the microalga
Nannochloropsis gaditana, containing human-like ceramides (NP, NS,
NG), FFA and cholesterol, combined with phosphatidylcholine (PC)
and cyclodextrin (CD). Its efficacy was assessed through one in vitro
study using a reconstructed human epidermis model and three clinical
studies.

OCM resulted in a significant improvement in skin barrier integrity
(+37% at 48 h), enhanced protection (+12% at 6 h), and promoted
regeneration (+18% at 6 h) in the in vitro study. In clinical studies,
OCM (0.5%) reduced TEWL after 3 days of topical application (-15%
forehead, —9% chin, —24% cheeks), increased skin moisture more
rapidly than synthetic ceramide NP (+13% vs. +9% at 2 h), and
improved skin firmness (+14% vs. +9.2%), with comparable reductions
in skin fatigue (-22%).

These findings suggest that OCM is an effective natural and biomimetic
alternative to synthetic ceramide NP, providing faster and muilti-
parametric effects of skin barrier function through a multi-component
lipid approach composition.
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Introduction

Marine microalgae have emerged as a sustainable source of
bioactive lipids for cosmeceutical applications, representing an
alternative to synthetic ingredients. Lipid extracts from marine species
such as Nannochloropsis species are of interest due to their high
content of glycolipids, phospholipids, sphingolipids and ceramides
[1-3]. Marine-derived lipids can interact with the intercellular
matrix of the stratum corneum, contributing to the maintenance and
restoration of epidermal barrier function; however, their biomimetic
relevance depends on their compositional similarity to native
epidermal lipids [3]. Recent lipidomic studies have demonstrated
that the application of Nannochloropsis extracts and other microalgae
extracts not only supplies the skin with essential ceramides but
also actively modulates the intracellular sphingomyelin-ceramide
(SM-CER) pathway, leading to an increased endogenous synthesis
of ceramides in human keratinocytes [3,4]. Furthermore, these
marine extracts contain antioxidants and exhibit anti-inflammatory
properties, protecting the skin against environmental stressors such
as UV radiation by preventing lipid peroxidation and mitigating
pro-inflammatory signaling [4-6]. The importance of such advanced,
naturally sourced marine lipid complexes is further supported by
examining the fundamental biology and structural characteristics of
the skin barrier that they are designed to restore.

The epidermis is divided into four sublayers, which, from deepest
to most superficial, are: stratum basale, stratum spinosum, stratum
granulosum, and stratum corneum [7].

The stratum corneum is the outermost layer of the epidermis and is
therefore the most exposed to external agents. Two major lipid classes
can be found in this layer: i) sebaceous lipids, found in approximately
25%, and mainly produced from skin microbiota metabolism [8],
and ii) stratum corneum structural lipids which are essential for the
skin barrier function and reduce TEWL. The predominant lipids are
ceramides (50%), cholesterol (10%), and FFA (25%) [7], [Figure 1].
Ceramides found in the stratum corneum, in order of abundance are
AH (22%), NS (21%), AS (18%), NP (13%), and AP (4%) [9].

The stratum corneum functions as the main barrier against external
environmental factors. Its ability to retain moisture (measured as
TEWL) and keep out irritants depends largely on an extracellular
lipid matrix. This matrix consists of a densely packed lipid ‘mortar ‘of
ceramides, cholesterol, and FFA [10,11].

Ceramides are key contributors to this process. They constitute
most of these lipids and contribute to the formation of lamellar
bilayers that keep the skin barrier cohesive. When ceramide levels
drop or their composition shifts, the barrier dysfunction occurs. This
is associated with characteristic features of atopic dermatitis and other
inflammatory conditions [12,13]. Aging further alters this process;
with aging, the human skin ceramide profile changes in both quality
and quantity, resulting in the chronic dryness (xerosis) and sensitivity
associated with aged skin [14].

Repairing this barrier typically involves topical ceramide-based
formulations. Most formulations rely on synthetic versions, like
Ceramide NP. However, these lab-grown versions struggle to match
the sheer complexity of human skin, which is characterized by a

SciTechnol

.\J international Publisher of Science,  +
Technology and Medicine  ;

All articles published in Journal of Traumatic Stress Disorders & Treatment are the property of SciTechnol, and is protected by
copyright laws. Copyright © 2026, SciTechnol, All Rights Reserved.



Volume 11 ¢ Issue 1 + 1000263

Citation: De la Roche J.P, Aguila-Carricondo P (2026) Biomimetic Marine-Derived Human-like Ceramides as a Natural Alternative to Synthetic Ceramides for

Skin Barrier Restoration. Clin Dermatol Res J 11(1):263

R 4

v

-]

Ceramides 50% Cholesterol 10%

Glucosyl-ceramide Fatty acid 25%

Epidermail lipids organization

299

L ALL SAL BBl LAl L aeble dal ae dale d oo ead 44 ae

Sphingolipids

Phospholipids

Figure 1: Layers of the epidermis and its lipidic composition. Adapted from [7].
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diverse range of ceramide subclasses with varying chain lengths [15].

Natural biomimetic ceramides aim to close this gap by mimicking
the structural diversity of native lipids. This structural diversity is
functionally relevant. Emerging data suggests that these complex,
biomimetic systems are an alternative to synthetic single molecules
for restoring barrier function and deep hydration [16].

A healthy skin barrier depends not only on ceramides. It
requires a specific balance of ceramides, cholesterol, and FFA
acting synergistically. They form the highly ordered structures that
support skin barrier resilience [17]. Disruption of this lipid balance
compromises barrier integrity.

Current dermatological approaches increasingly focus on these
multi-component formulations. Research shows that the application
of a complete lipid mix (matching the skin’s natural chemistry),
accelerates barrier recovery and prolongs hydration [17,18].

This study evaluates an active ingredient (OCM) based on
a marine-derived biomimetic lipid complex from de microalga
Nannochloropsis gaditana. The active ingredient contains three
human-like ceramides (NP, NS, NG) with lipids like FFA and
cholesterol combined with PC and CD.

This study aims to evaluate whether this multi-component
complex can serve as a natural alternative to synthetic ceramide NP
to improve skin barrier function and associated clinical parameters,
based on both in vitro and clinical data.

Methods and Materials
Lipid identification

The lipid profile of the active ingredient was characterized by
High Performance Thin Layer Chromatography (HPTLC) at the
Instituto de Acuicultura de Torre de la Sal (IATS-CSIC, Spain), as
described [19].

High Performance Liquid Chromatography/ Mass Spectroscopy
(HPLC/MS) was carried out by Ramon y Cajal University Hospital
(Spain) to identify structurally analogous lipids to those found in
human skin.

In vitro studies

The active ingredient OCM was formulated by combining the
microalgae lipid extract with PC and CD. A 3D reconstructed human
epidermis (RHE) model (MatTek, Epiderm™, USA) was employed.
The in vitro test was performed by GAIKER Technology Centre,
Basque Research and Technology Alliance (BRTA, Spain), to evaluate
the effects of topical application of OCM (0.5% w/w in cream) on
parameters associated with skin barrier function, including barrier
integrity, protection, and regeneration. Placebo and PC-based creams
were used as controls.

The aim of this study was to evaluate the effects of the test
formulations on skin barrier function in the damaged RHE. The
repairing efficacy was assessed using three endpoints: transepithelial
electrical resistance (TEER), resazurin reduction assay (RES), and
lactate dehydrogenase (LDH) release.

TEER is widely used as an indicator of barrier integrity [20]. RES
is commonly used as an indicator of metabolic activity and tissue
regeneration [21], whereas LDH release reflects membrane damage
and is used as an indicator of barrier disruption [22].

RHE models consist of normal human epidermal keratinocytes
(NHEK) cultured at the air-liquid interface on specialized inserts
in a chemically defined medium, forming a differentiated epidermal
structure comprising basal, spinous, granular, and cornified layers.

Barrier disruption was induced by standardized mechanical
injury, and each formulation was applied topically once daily for 3
consecutive days. Experimental groups included: untreated healthy
control (healthy RHE), damaged RHE, damaged RHE + placebo
cream, damaged RHE + PC cream, and damaged RHE+ OCM
(0.5%). Six replicates per group were used. TEER, LDH, and RES were
measured at 0, 24, 48, and 126 h.

Clinical studies

3 clinical studies were carried out. The first clinical study was
conducted to evaluate the TEWL, comparing placebo with OCM
at 0.5%, both formulated in cream. The study was performed with
19 volunteers. TEWL were measured was made day 0, before the
application of cream and after 3 days. with probe Tewameter® TM
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Sex of Courage+Khazaka (Cologne, Germany) in forehead, chin and
cheek, 4 replicates per area. The second clinical study was conducted
to evaluate hydration effect, comparing synthetic ceramide NP at
0.5% with OCM at 0.5% in cream. The study was conducted with
22 volunteers (women and men) between 24 and 60 years. All the
volunteers applied OCM cream at Don't you classify the data by sex?

Then you can't make arguments based on gender-derived
variables... that could affect the analysis. the left forearm, ceramide
NP at the right forearm, and Placebo cream at the left biceps area
with comparison purposes. Creams were applied twice per day
(morning at night) for 3 days and hydration values were measured by
triplicate in all the areas at 3 times: before the application, at 2 hours
after the first application, and after 3 days of creams application. Skin
hydration was measured using bt-analyze device (Seattle, WA, USA).

Third clinical study was hemifacial, conducted to evaluate skin
firming and skin fatigue. Two treatments were applied to a total
of 20 volunteers: Ceramide NP at 0.5% and OCM at 0.5%, both in
cream. Two biomechanical properties were determined at day 0 and
day 28: skin fatigue and skin firmness using Cutometer MPA Dual
580 (Courage + Khazaka Electronic GmbH). Two-way ANOVA +
Sidak’s were used for multiple comparisons. Study was performed by
Dermaclaim Lab (Spain).

Results
Lipid composition

HPTLC analysis of the active ingredient revealed the presence
of both neutral and polar lipid classes. Neutral lipids included
sterol esters, triglycerides, FFA, sterols and pigments whereas polar
lipids comprised sphingolipids, digalactosyldiacylglycerols (DGDG),
phosphatidylglycerol and PC.

Ceramides (NP, NS, NG), PC, and cholesterol were identified by
HPLC/MS and the chromatograms are shown in [Figure 2].

In vitro studies

Treatment with OCM significantly boosted skin barrier function
in the RHE model. This effect was evidenced by an increase in TEER
of more than 22% after 6 hours of application compared to damaged
epidermis (with or without any treatment applied). In contrast,
treatment with PC alone did not induce a measurable increase in
TEER until 48 hours [Figure 3], indicating that the main effect was due
to the effect of the biomimetic lipidic complex from Nannochloropsis
gaditana.

Treatment with OCM (0.5%) reduced cellular damage, as
indicated by decreased LDH release. LDH levels were reduced by 12%
in 6 hours and by 28% in 24 hours [Figure 4].

OCM also significantly enhanced epidermal regeneration, as
demonstrated by a 35% increase in resazurin reduction (RES) after 24
hours. No significant effect was observed with PC alone at this point
[Figure 5].

Clinical studies

Clinical Study I demonstrated that topical application of OCM
at 0.5% significantly reduced TEWL after 3 days across all evaluated
facial areas. Specifically, TEWL decreased by 15% on the forehead, 9%
on the chin, and 24% on the cheeks [Figure 6], indicating an overall
improvement in skin barrier function.

Comparative Clinical Study II showed that OCM (0.5%)
enhanced skin hydration more rapidly than synthetic ceramide NP.
A 13% increase in moisture was observed after 2 hours with OCM,
compared to a 9% increase with synthetic ceramide NP [Figure 7],
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Figure 2: Chromatogram images of Human-like ceramides, Cholesterol and PC in Nannochloropsis gaditana
extract obtained by High Performance Liquid Chromatography/ Mass Spectroscopy (HPLC/MS).
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Figure 3: Transepithelial Electrical Resistance (TEER) values in percentage. Individual experiments: 2. Replicates = 6. * Significant differences
with damaged epidermis (p<0.05).
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Figure 4: Lactate Dehydrogenase (LDH) values in percentage. Individual experiments: 2. Replicates = 6.. * Significant differences with damaged
epidermis (p<0.05).
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Figure 5: Reduced Resazurin (RES). Individual experiments: 2. Replicates = 6. * Significant differences with damaged epidermis (p<0.05).

Volume 11 ¢ Issue 1 « 1000263 e Page 4 of 7 e



Citation: De la Roche J.P, Aguila-Carricondo P (2026) Biomimetic Marine-Derived Human-like Ceramides as a Natural Alternative to Synthetic Ceramides for

Skin Barrier Restoration. Clin Dermatol Res J 11(1):263

| Chin |

30,00 | Cheek | @
s B [  Forehead | -9%
~— \
g 20,00 . .E 5 %
& T~ B Placebo
E 15.00
>
- |
= 10.00
Ll
=

.00

DO D3 DO D3 DO D3

Figure 6: Clinical Study I. Effect of OCM 0.5% and Placebo creams on TEWL variation. Volunteers = 19 (9 active; 10 placebo). Wilcoxon test (p<.05).
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Figure 7: Clinical study II. Effect of OCM at 0.5% in cream versus synthetic ceramide NP in moisture increase; 2 h & 3 days. Volunteers = 22. Wilcoxon

suggesting a faster onset of moisturizing efficacy

Comparative Clinical Study III revealed that OCM (0.5%) led
to a greater improvement in skin firmness (+14%) compared to
synthetic ceramide NP (+9.2%). In terms of skin fatigue reduction,
both treatments showed comparable effects, with reductions of 22%
and 21% for OCM and synthetic ceramide NP, respectively, with no
statistically significant differences between them [Figure 8, shows the
visual comparative antiaging effect of OCM and synthetic Ceramide
NP.

Discussion and Analysis

HPTLC of OCM revealed the presence of neutral lipids, including
FFA, sterol esters, triglycerides, pigments and sterols. Polar lipids and
included sphingolipids, PG, DGDG, and PC. Human-like ceramides
(NP, NS, NG), cholesterol, and PC were identified by HPLC/MS,
consistent with the presence of natural biomimetic epidermal lipid
components. Lipidomic analyses of Nannochloropsis oceanica ethanol

extracts [5] have shown a relative enrichment of polar lipids, including
phospholipids and glycolipids such as PC, phosphatidylglycerol
(PG), phosphatidylethanolamine (PE), and galactolipids (MGDG
and DGDG), while neutral lipids (mainly triacylglycerols) were less
represented in the extract. These extracts contained high levels of
polyunsaturated fatty acids, particularly eicosapentaenoic acid (EPA),
indicating preservation of bioactive lipid fractions.

These differences highlight the impact of extraction methodology
and species selection on lipid composition and functional profile.
The presence of sphingolipids and human-like ceramides in N.
gaditana (OCM) supports its potential application in dermocosmetic
formulations targeting skin barrier function. Overall, these
findings suggest that combining the intrinsic lipid diversity of
Nannochloropsis species with optimized extraction strategies may
enable the development of ingredients with the potential to mimic
the lipid architecture of the stratum corneum.
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forehead lines after 28 days. Volunteer n° 8.

Figure 8: Clinical study Ill. Volunteers = 20. Effect of OCM at 0.5% in cream (left side) and synthetic ceramide NP (right side) in the attenuation of
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In vitro studies

The present study shows that OCM induces a rapid and
functionally relevant restoration of epidermal barrier integrity, as
evidenced by the early increase in TEER (>22% at 6 h), whereas PC
alone showed a delayed and limited effect. This temporal advantage
is consistent with previous in vitro studies reporting that marine-
derived extracts improve epithelial cohesion and reduce permeability
under stress conditions [23]. However, while such studies mainly
describe barrier preservation, the current findings indicate an active
and accelerated skin barrier reconstruction, suggesting that OCM
contributes to lipid matrix reorganization through its biomimetic
composition.

The reduction in LDH release observed with OCM (-12% at
6 h; —28% at 24 h) further supports its cytoprotective effect. In
comparison, photodamage models have shown that UV exposure
induces a substantial increase in LDH release (up to ~2.4-fold), which
is only partially reversed by treatment [24]. The early and sustained
reduction observed here indicates a more efficient stabilization of
cellular membranes. These findings support the hypothesis that
complex lipid systems outperform isolated compounds due to
synergistic interactions among bioactive components.

In addition, the significant increase in metabolic activity (RES
+35% at 24 h) suggests enhanced epidermal regeneration. This
is consistent with studies reporting modulation of sphingolipid
metabolism, including changes in ceramide and sphingomyelin
levels, which are directly associated with barrier repair and epidermal
homeostasis [1, 2, 25]. The absence of a comparable effect with PC
alone further highlights the importance of multi-component lipid
systems in promoting effective regeneration.

In vivo studies

The results obtained with OCM are consistent with the growing
body of evidence on marine-derived bioactives(particularly
macroalgae), in improving key parameters of skin barrier function
and moisture. The significant reduction in TEWL observed after
short-term application aligns with previous studies showing that
marine lipid extracts can enhance epidermal barrier integrity and
reduce water loss through reinforcement of the intercellular lipid
matrix. These effects have been associated with the presence of
bioactive lipids, including phospholipids, glycolipids, and fatty
acids, which contribute to improved barrier cohesion and reduced

permeability (26). This suggests that OCM may act through similar
endogenous lipid-driven mechanisms, enhancing water retention
and restoring barrier integrity.

The rapid increase in skin moisture observed within 2 hours
further supports this mechanism and is consistent with evidence
showing that marine-derived ingredients can provide both immediate
and sustained moisturization, in some cases greater than established
humectants such as hyaluronic acid [26]. While hydration effects have
often been attributed to polysaccharide-rich fractions, increasing
evidence highlights the contribution of lipid fractions to barrier
reinforcement and moisture retention. In addition, marine bioactives
contain a diverse range of compounds, including lipids, amino acids,
and antioxidant molecules, which support cellular protection and
skin homeostasis. These bioactive components have been shown to
improve skin resilience to environmental stress and contribute to
overall skin condition, including moisture retention [27].

Regarding anti-aging effects, the superior improvement in
skin firmness compared to synthetic ceramide NP is coherent with
literature describing marine-derived compounds as modulators of
dermal structure. Clinical and preclinical studies have shown that
certain algae extracts, and marine carotenoids can stimulate collagen
synthesis, improve elasticity, and reduce matrix degradation through
antioxidant and anti-inflammatory pathways [28]. These mechanisms
may underpin the enhanced biomechanical properties observed with
OCM, suggesting a broader biological activity beyond simple barrier
repair.

Finally, the comparable reduction in skin fatigue between OCM
and synthetic ceramide NP indicates that both actives may converge
on common pathways related to hydration status and oxidative
stress mitigation. Indeed, microalgal compounds are known to
exert antioxidant, anti-inﬂammatory, and cytoprotective effects,
which contribute to improved skin appearance and resilience [28].
Collectively, these findings suggest that OCM is a multifunctional
marine-derived ingredient with clinically relevant benefits in skin
barrier function, hydration, and anti-aging performance.

Conclusion

The present study shows that OCM is an active ingredient based
on marine-derived biomimetic lipid complex capable of boosting
skin barrier function and improving parameters related to skin aging.
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The combination of human-like ceramides, FFA, and cholesterol
endogenous may contribute to a multi-parametric effect of the
stratum corneum lipid matrix compared with single-component
synthetic ceramide NP.

The active ingredient improves skin barrier function increasing
skin integrity, protection and regeneration and offers greater or
comparable effect to pure ceramide NPenhancing hydration,
increasing skin firmness and reducing skin fatigue. These findings
support the use of multi-component lipid bioactives that mimic the
natural composition of the skin, offering a physiologically relevant
approach to skin barrier repair.

Overall, OCM may represent a natural, sustainable and marine-
derived alternative to synthetic ceramide for dermocosmetic
formulations targeting skin barrier dysfunction and age-related skin
changes.
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