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Abstract

Background: Collagen plays a central role in maintaining skin structure, elasticity, and hydration. Age-related decline in collagen synthesis
contributes to visible signs of skin aging, including wrinkles, dryness, uneven pigmentation, and loss of radiance. Oral hydrolyzed collagen
supplements have emerged as a promising nutritional strategy to support skin health. However, the biological activity and efficacy of collagen
peptides may vary depending on their source and manufacturing process.

Aim: This pilot study aimed to evaluate the efficacy and safety of a fish-derived collagen peptide supplement (Naticol® x3Peptide), containing at
least 25% di- and tripeptides, on several clinical signs of skin aging in women aged 55-70 years.

Methods: A single-arm, open-label pilot trial was conducted in 44 women aged between 55 and 70 years. Participants received a daily oral dose
of 2.5g of Naticol® x3Peptide for 8 weeks. Clinical evaluations were performed at baseline, after 3 weeks, and after 8 weeks of supplementation.
The assessed parameters included crow’s feet wrinkle severity, skin hydration, facial dark spots, skin color, and complexion radiance. Safety and
tolerability were also monitored throughout the study.

Results: Daily supplementation with Naticol® x3Peptide resulted in significant improvements in several markers of skin aging compared with
baseline measurements. Participants showed a reduction in crow’s feet wrinkle severity and a significant increase in skin hydration after 8 weeks
of supplementation. In addition, facial complexion radiance improved, while facial dark spots became lighter and less visible over time. The
supplement was well tolerated, with no major safety concerns reported during the study period.

Conclusion: The results of this open-label pilot study support the efficacy and safety of oral supplementation with fish-derived hydrolyzed
collagen peptides with enhanced di- and tripeptide content. Daily intake of 2.5g of Naticol® x3Peptide significantly improved wrinkle appearance,
skin hydration, complexion radiance, and pigmentation parameters in women with aging skin.

Keywords: Collagen peptides; Dietary supplement; Skin rejuvenation; Radiance; Hydration; Wrinkles; Lightening

Abbreviations: AEs: Adverse Events; AGEs: Advanced Glycated End Products; b*: Yellow-Blue Color Component of the Skin Tone; BMI: Body
Mass Index; C.L.B.T: Color-Luminosity-Brightness-Transparency; ECM: Extracellular Matrix; EEMCO: European Group on Efficacy Measurement
of Cosmetics; Gly: Glycine; HACCP: Hazard Analysis Critical Control Point; Hyp: Hydroxyproline; IL: Interleukine; ITA®: Individual Typology Angle;
L*: Luminance; MMP: Matrix Metalloproteinase; MW: Molecular Weight; NMFs: Natural Moisturizing Factors; PRIMOS: Phase-Shift Rapid In Vivo
Measurement of Skin; Pro: Proline; TGF-f: Transforming Growth Factor; TNF-a: Tumor Necrosis Factor; UV: Ultraviolet

Introduction

sensory perception [1-3]. Amongst the various components of the
dermis, fibroblasts play a major role in skin biology. They secrete
a gel-like fundamental substance and fibers such as elastin and
collagen that ensure mechanical protection. The dermal fibers
confer suppleness, elasticity, and tensile strength to the skin, while

The dermis is the thickest inner layer of skin and is the place
where several major functions of the skin take place. Blood
vessels which are absent from the most superficial cutaneous
layer ensure nutrition. By detecting pressure, temperature, and
pain and transmitting signals to the brain, nerve endings ensure
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the principal macromolecules of the fundamental substance,
such as proteoglycans and glycosaminoglycans, exert a hydrating
and lubricating effect. As the skin ages, the most significant
changes occur in the dermis, for example, a reduction in blood
microcirculation and a degradation of collagen and elastin fibers
leading to a decrease in skin radiance, firmness and elasticity as
well as the development of wrinkles. With aging, the number and
size of fibroblasts decrease resulting in a diminution of collagen
biosynthesis. In parallel, metalloprotease enzyme activity
increases, leading to the degradation of collagen fibers. As a result
of the harmful effects of this dual process, collagen fibers decrease
in number and become more fragmented and fragile [3,4].

Collagens constitute a large family of proteins. In the human
body and in the dermis in particular, type I collagen is the most
common protein, providing structural support to the extracellular
matrix of connective tissues [5-7]. As previously mentioned,
ageing has many physiological and functional consequences which
originate at the molecular level.

Post-translational ~modifications of mainly
glycosylation and glycation, occur after collagen synthesis. Due
to collagen’s long half-life of about 15 years, these modifications
gradually accumulate over time [8]. Advanced Glycation End
products (AGEs) also contribute significantly to skin aging by
cross-linking collagen fibers, which alters their mechanical
properties and affects the function of the extracellular matrix

(ECM) [9].

collagen,

Given the importance and crucial role of collagen fibers in
maintaining healthy and functional skin, and the established
detrimental effect of their gradual decline with age, supplying the
human body with collagen peptides able to promote endogenous
collagen synthesis appears to be a logical approach. Globally,
over the past few years, skin-beneficial functional foods have
gained significant attention. More specifically, collagen-containing
oral supplements are now among the most popular products to
address signs of ageing. The advantages of taking oral hydrolyzed
collagen supplements for skin hydration and elasticity are now
very well established [10,11]. The anti-wrinkles effect of these
supplements has also been demonstrated in several studies
[12]. Recent human studies have also suggested that the oral
administration of collagen peptides could improve the radiance of
the complexion and the overall beauty/healthy appearance of the
facial skin [13-15].

While several in vitro and in silico studies suggest that collagen
peptide hydrolysates may influence cutaneous pigmentation via
tyrosinase inhibition [16-18], clinical evidence demonstrating a
direct pigmentation-lightening effect of oral collagen in humans
is scarce. On this basis and given the importance of pigmented
disorders with aging [19], we also wanted to examine the potential
effects of our fish collagen peptide supplement on facial dark
spots.

Importantly, the amino acid composition of collagen, and
more specifically the peptide sequences that constitute it, along
with their associated biological activities, are strongly influenced
by both the species of origin and the industrial extraction method
[20]. This makes it necessary to evaluate each new oral collagen
formulation individually.

Our study aimed to assess the potential of a new specific
fish collagen peptide supplement (Naticol® x3Peptide) with
a minimum 25% di and tripeptide content to improve several
parameters related to skin aging.

Materials and Methods
Ethics and trial design

The protocol, CRFS, and informed consent documents of
this single-arm, open-label study, were reviewed and approved
by the Human Research Ethics Committee of Thammasat
University (Faculty of Medicine, Bangkok, Thailand). A certificate
of approval 241/2023 was granted to the study (project MTU-
EC-IM-5-192/66). Because Thailand currently has no legal or
regulatory requirement for clinical trial registration in a public
registry, the study was not registered in the Thai Clinical Trials
Registry. The ethical principles of the Declaration of Helsinki,
Good Clinical Practices and regulations from the Personal Data
Protection Act B.E. 2562 (2019) of Thailand were respected.
Prior to any study-related procedures, potential subjects received
oral and written explanations about the aims, possible cosmetic
benefits, constraints and potential risks, and details of the study;
those who gave their signed informed consent, and authorizations
to use their pictures for publication, were then included in this
study. The study duration was 8 weeks and comprised 3 visits
(baseline before the first intake of the investigational product,
T+3 weeks and T+8 weeks). An overview of the study protocol is
presented in Figure 1.

Study population and inclusion and exclusion criteria

Forty-five (45) healthy Asian females, aged between 55 and
70 years old, were enrolled on the basis of the following inclusion
criteria: having skin phototype III or IV according to Fitzpatrick’s
scale, having any skin nature, having crow’s feet wrinkles of grade
23 (according to the scale of the “Skin Aging Atlas - Vol 2. Asian
type” [21], having a dull complexion according to the C.L.B.T.
scale [19], having one or several dark spots on the cheeks with
a diameter =2.5mm, not having ingested oral supplements for at
least 1 month. Excluded were those subjects who had a diagnosed
or highly probable allergy to fish; had taken food supplements
in the 3 months prior to the beginning of the trial; had an
unstable dietary pattern; reported excessive alcohol, caffeine-
based product, or tobacco consumption; had medical conditions
or received anti-aging, anti-wrinkle, or pigmentary disorder
therapies that could confound the evaluations (such as medicinal,
aesthetic, or cosmetic treatments); or had a Body Mass Index
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(BMI) of =27.5kg.m™ Detailed inclusion/exclusion criteria are
provided in Supplementary Table S2. Participants were instructed
to not modify their nutrition and cosmetic habits, to avoid starting
any whitening/anti-wrinkle/anti-aging treatments, and to avoid

taking any food supplements other than the product under
investigation during the study period. The full list of proscriptions
can also be found in Supplementary Table S2.

P
Intake of Naticol® x3Peptide (2.5 g/day during 8 weeks)
""""""""""""""" T
S
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inclusion and
exclusion criteria PRIMOS 3D C.L.B.T. C.LB.T.
Collection of the ANTERA 3D PRIMOS 3D PRIMOS 3D
informed consents
Corneometry ANTERA 3D ANTERA 3D
Stop use of any c c
orneomet
oral supplements \ / orneometry y
Figure 1: An overview of the study protocol.
N Y,
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Tyrosine M 0.4%
Methionine* Wl 0.8%
Histidine* M 1.3%
Hydroxylysine* Ml 1.5%
Isoleucine* mEEE 1.5%
Valine* mmmmml 2.0%
Phenylalanine* I 2.3%
Leucine* N 2.6%
Threonine* ——— 2.7%
Serine NN 3.5%
Lysine* N 3.5%
Aspartic acid IS 5.1%
Alanine I 8.3%
Arginine IS 9%
Hydroxyproline I 10.5%
Glutamic acid NN 11.6%
Proline I 12.6%
Glycine I 20.9%
Figure 2: Typical amino acid profile of the Naticol®-x3Peptide formulation, shown as % of total amino acids. Essential amino acids are
marked with an asterisk.
J

Because this pilot study was exploratory, no formal sample
size calculation was performed. The study’s primary goal was
to gather preliminary data on the effect of the test product on
complexion radiance prior to planning a larger trial. Nevertheless,

previous studies using collagen-based oral supplements and
similar assessment methods (such as corneometry and wrinkles
evaluation) have achieved meaningful results with populations
of 20 to 40 subjects [22,23]. Therefore, we decided to include 45
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subjects. Considering 10% potential dropout cases or exclusions
due to protocol violations, the objective was to complete the study
with at least 40 subjects.

Trial intervention

The investigational product (Naticol® x3Peptide) was a
nutritional supplement containing 100% fish collagen peptides
with a mean Mw of 1200 Da, comprising >25% di- tripeptide. The
typical amino acid composition of the formulation is presented
in Figure 2. It was presented in 250 grams sachets with a spoon
allowing a dose of 2.5g. The product had to be taken orally, once
daily at 2.5g per serving, 20 minutes before a meal in the morning,
for a total duration of 8 weeks. All dietary supplements were
manufactured by Weishardt International (Graulhet, France).
Control and quality assurance measures were performed in
accordance with the requirements of Good Manufacturing
Practices, based on, among other thing, batch traceability and
HACCP (Hazard Analysis Critical Control Point) analysis. During
the trial period, the subjects were instructed to maintain their
regular diet. To ensure the subjects’ proper compliance (i.e., that
the appropriate amounts of test product were being used), the
test products were weighed at TO, T+3 weeks and T+8 weeks. A
declaration form was also distributed to each subject together
with the sachets during the initial visit, checked after 3 weeks,
and collected back at the final visit to monitor the regularity of
consumption of the investigational product.

Evaluation methods for treatment efficacy

All measurements and evaluations were performed after a
20-minute acclimatization period of rest in controlled rooms (20-
24°C, 40-60% RH). For any given subject, measurements were
always performed at the same time for all appointments to avoid
bias due to natural circadian variations. Each evaluation method
was consistently handled by the same technician(s) at all kinetic
stages to prevent operator-dependent biases.

For each subject, wrinkles of one crow’s feet area (left or right
randomly selected) were investigated by using the PRIMOS system
(Canfield Scientific Europe, Utrecht, Netherlands), a gold standard
skin surface relief analysis technique. Phase-shift Rapid In vivo
Measurement of Skin (PRIMOS) is an optical three-dimensional
imaging technique allowing a non-invasive profilometric analysis
of the skin surface. It is based on the principle of projection of a
pattern of parallel light lines onto the skin, with this pattern being
shifted in phase over time. A digital camera captures multiple
successive images of the studied skin surface. Deformations of the
pattern in the sequence of images caused by the cutaneous relief
allow us to reconstruct a three-dimensional map of the surface
of the skin, i.e. of wrinkles in our study [24,25]. By matching
the same skin areas at the three evaluation times, PRIMOS 5.7
software allowed for the determination of the average wrinkles
depth and length, the mean and maximum depth of the biggest
wrinkle (um), the wrinkles count, and their average area (mm?)
and volume (mm?3).

The facial skin complexion was evaluated based on a visual
assessment of six descriptors by three trained judges, according
to a set of specific scales of the C.L.B.T. method developed by
Musnier et al. [15], and slightly adapted to take into consideration
the specificities of Asian skin [19]. The C.L.B.T. acronym stands for
the six descriptors to be evaluated: the colors (olive, yellow and
pink hues), luminosity, brightness and transparency of the skin.

The evaluation was conducted in a laboratory equipped with
a dedicated scoring table to ensure consistent lighting conditions
and maintain fixed judge-subject relative positioning. Subjects
were seated between two symmetrically positioned “daylight”
lamps and wore black caps and gowns to cover their clothing
and avoid the potential influence of extrinsic colors (Figure
3). Evaluations were carried out by 3 trained judges who were
neither allowed to communicate with one another nor allowed to
check the results from the previous evaluation time; their scores
were then averaged to increase the reliability of the assessment.
The color evaluation was based on structured visual scales
presenting percentages of saturation of olive, yellow and pink
hues (0-100%). The luminosity, brightness and transparency
descriptors evaluations were carried out using analogical scales
ranging from 0 to 10 (e.g,, 0 for no luminosity at all and 10 for
maximal luminosity). The scores were captured by the evaluator
using in-house software to move a cursor along the different
scales. The interpretation of C.L.B.T. results is based on significant
variations in the descriptors taken separately. A positive change in
skin radiance is characterized by increases in the pink saturation
percentage and the luminosity, brightness and transparency
scores, along with decreases in the yellow and olive saturations
percentages. If the majority (or all) of the descriptors change
in the anticipated way as outlined above, the effectiveness of
the test product in enhancing skin complexion radiance can be
verified. Methodological details can also be found in a paper from
Dumoulin et al. [26].

To assess hydration of the outer layers of the skin, a
Corneometer® MPA 580 (Courage+Khazaka electronic, Koln,
Germany) was used according to EEMCO guidelines [27].
Measurements of the skin’s electrical capacitance (in arbitrary
units, a.u.) were performed in triplicate on the left or right cheek
(randomly selected), then averaged. To ensure consistency, the
locations of the measurement sites were marked at the baseline
visit.

Other measurements involved the use of the Antera 3D®
camera (Miravex Limited, Dublin, Ireland). In this method, the
skin is illuminated with multi-directional light emitting diodes of
different wavelengths spanning over the entire visible spectrum;
then, the camera collects the reflected light, and the reflection
angle is used to extract high-resolution topographic features of the
skin. From the reconstructed skin surface image, color analysis is
also possible [28,29]. In our study, we therefore used the Antera
3D® device to track the changes in the color of facial dark spots
over time. Images of the cheeks with dark spots were acquired
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for each subject at all stages of kinetics using an Antera 3D®
camera. To ensure reproducible positioning of the camera at each
visit, individual transparent mappings of the skin surface were
performed. To assess color changes in the dark spots throughout
the study, the CIE-L*a*b* values were determined by using the

device’s software. Additionally, the individual typological angle
was calculated using the formula ITA°=Arctg [(L*-50) /b*].(180/m).
L* and ITA® are the most effective indicators of a whitening or
lightening effect [30], where higher L* and ITA® values indicate
lighter skin.

(N

Figure 3: The setting of the laboratory room for C.L.B.T. evaluation of the participants’ facial complexion radiance.

After 3 and 8 weeks, the subjects were required to fill out
questionnaires to evaluate their overall opinion and their attitude
regarding the effectiveness of the product being tested. The
questionnaires were filled out at the testing facilities, in front
of a mirror with standardized lighting, without any extrinsic
influences. In particular, self-assessment questionnaires were
filled out by the subjects before any measurements were carried
out to avoid influencing the subjects’ judgment about the test
product. For each item, the possible answers were “Completely
agree”, “Somewhat agree”, “Somewhat disagree” and “Completely
disagree”.

Safety assessment

Subjects were asked to call the Investigator to report any
possible symptoms of discomfort, related or not to the tested
product, immediately. A follow-up form was given to all subjects
at the beginning of the study. This form allowed the participants
to record adverse events (AEs) on a daily basis and document the
nature, intensity and duration of the symptom(s). Interviews of
the subjects were also conducted at T+3 weeks and T+8 weeks
to find out if they had experienced any adverse events during the
course of the study.

Statistical analysis

All statistical analyses were performed using SigmaStat
3.5 (Systat software Inc, Delaware, USA) and Past 1.37
(Palaeontological Association) softwares. Quantitative variables
are described as mean values with their respective standard
deviations. Qualitative variables are reported as numbers and
percentages. The normality of distributions was verified using
the Shapiro-Wilk test, with the threshold set at 1%. Depending on
the normality of the data, the two-tailed paired Student’s t-test or
non-parametric Wilcoxon test was used for comparisons versus
baseline. The threshold of significance was set to p<0.05.

Withregard to the self-assessment questionnaires, the analysis
involved calculating the frequencies of the different possible
answers (given as percentages) to each qualitative question. To
evaluate the efficacy and the appreciation of the product for each
item, two percentages, Z1 and Z2, were calculated as follows:
Z1 = favorable opinion (Ex: “Completely agree” + “Somewhat
agree”) and Z2 = unfavorable opinion (Ex: “Completely disagree”
+ “Somewhat disagree”). The statistical difference in frequencies
(%) between favorable and unfavorable opinions was evaluated
using the Chi? test at 5%.
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Results
Participant characteristics

A total of 106 potential participants were screened; of these,
45 subjects were enrolled in the study. A total of 44 subjects

completed the 8-week- trial (Figure 4). Therefore, the objective to
retain at least 40 assessable subjects at the end of the study period
was achieved. The demographics and main characteristics of the
study panel are presented in the Table 1.

4 N\
106 subjects screened
61 subjects failing to meet
inclusion/exclusion criteria
45 subjects included at TO
1 withdrawal for personal
reasons
44 subjects at T+3 weeks
44 subjects included at T+8 weeks
Figure 4: Study participant’s flow-chart.
AN J

Table 1: Demographics and main cutaneous and core anthropometric
characteristics of the enrolled study population.

Age (years), mean = s.d., range 62.5 +4.4,55-70

Nature of the skin, n (%)

Combination skin 17 (38.6%)

Normal skin 13 (29.5%)
Dry skin 9 (20.5%)
Oily skin 5 (11.4%)

Fitzpatrick skin phototype, n (%)

23 (52.3%)
21 (47.7%)

Type III

Type IV

Weight (kg), mean # s.d., range 49.4 + 4.8, 38.1-55.0

Body Mass Index (kg.m?), mean * s.d,,

20.8+1.9,16.7-24.4
range

Menopausal status, n (%)

Menopaused 45 (100.0%)

Not menopaused 0 (0.0%)

Subject compliance

With a recommended daily dose of 2.5g, the observed usage
of the test product was below the expected usage. Of note, a few
subjects ingested just slightly more than 50% of the instructed

amount over the study period. Overall, the actual average daily
dose of Naticol® x3Peptide used was approximately 1.8g rather
than the instructed 2.5g. This lower-than-planned intake is a
factor important to consider in relation to the observed effects
described thereafter, and will be discussed at the end of this paper.

Treatment efficacy

Figure 5 summarizes the results of the profilometric
assessment of crow’s feet area wrinkles using the PRIMOS system.
After 3 weeks of oral administration of the Naticol® x3Peptide,
very significant decreases in crow’s feet wrinkles were observed
compared with the baseline for their average area (from 26.98
+ 8.98mm?down to 21.21 + 6.59mm? i.e, -21.4%; p<1.10?) and
average length (86.48 + 28.63um down to 65.73 + 20.84um, i.e.,
-24.0%; p<1.10®). A very important reduction in the number of
wrinkles was also observed after 3 weeks (-41.5%; p<1.10%). The
results after 8 weeks of intake confirmed those observed at T+3
weeks. Compared with the baseline, significant decreases were
observed for the average area (from 26.98 + 8.98mm? down to
21.27 +7.12mm? i.e, -21.2%; p<1.107%) and average length (86.48
+ 28.63um down to 65.45 * 20.64um, i.e., -24.3%; p<1.10?) of
wrinkles in the crow’s feet area. The average number of wrinkles
was reduced by -42.2% compared with that at TO. Interestingly,
the anti-wrinkle effect reached its peak after 3 weeks and was
maintained until the end of the study period while pursuing the
cure.
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Figure 5: The evolution of wrinkles in the crow’s feet area. Left: mean values of the different wrinkle variables (+ s.d.) and statistical
difference versus baseline. Right: corresponding mean percentages of variation versus baseline. Top row: wrinkle area expressed in mmz2;
middle row: wrinkle length expressed in um; bottom row: number of wrinkles. *p<0.05; **p<0.01; ***p<1.10-3 compared with the baseline.
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To visually illustrate the observed anti-wrinkle effect, Figure
6 thereafter shows representative 3D reconstructions of one
“average” subject’s crow’s feet area, taken at baseline and after 8
weeks of the product intake.

After 8 weeks of use, Naticol® x3Peptide was able to
significantly improve the hydration of the outer layers of skin
(Figure 7). Indeed, a significant increase in the mean capacitance,
measured via corneometry, was found: from 56.1 * 13.7a.u. at
baseline up to 62.6 *12.2a.u. after 8 weeks of daily intake (i.e.
+11.6%; p<1.10®). After 3 weeks, a slight increase, not reaching
the level of statistical significance, was observed (+1.7%).

In the visual evaluation of facial skin radiance using the C.L.B.T.
method, highly significant reductions in mean olive and yellow
saturations were observed at both T+3 weeks and T+8 weeks
compared with baseline (Figure 8).

From a value of 35.6 £ 2.5% before use of the tested oral
supplement, the mean olive saturation percentage progressively
decreased to 32.7 + 2.7% (i.e., -8.2%; p<1.103) and 27.3 £ 2.3%
(i-e.,-23.3%; p<1.10?) after 3 and 8 weeks, respectively. Similarly, a

significant decrease in the mean yellow saturation percentage was
achieved at T+3 weeks compared with the baseline (from 36.3
2.6% down to 32.9 + 2.5%, i.e. -9.3%; p<1.1073). The decrease was
even more importantafter 8 weeks (-24.9%; p<1.10-%). Considering
the pink component of the complexion significant increases in
the mean saturation percentage were found after 3 weeks (from
25.5 + 1.9% at TO up to 28.3 + 2.3%, i.e., +11.0%; p<1.10%) and
8 weeks of supplement intake (from 25.5 + 1.9% at TO up to 32.8
+ 2.5, i.e, +29.0%; p<1.10?%) (Figure 8). The significant decreases
in olive and yellow hues, together with the significant increase in
pink color, represent improved skin radiance thus highlighting the
beneficial effect of Naticol® x3Peptide after only 3 weeks [14,15].

Results achieved for physical descriptors of skin radiance
were also remarkable (Figure 9). From a mean grade of 4.1 + 0.3
at baseline, luminosity significantly increased to 4.4 + 0.3 at T+3
weeks (i.e, +8.3%; p<1.10®), and to 5.4 + 0.4 at T+8 weeks (i.e.,
+31.1%; p<1.10%). For the brightness indicator, the mean grade
increased from 3.8 + 0.3 at TO up to 4.5 + 0.3 at T+3 weeks (i.e.,
+16.1%; p<1.10®), and reached +5.1 + 0.4 (i.e. +33.6%; p<1.10%) at
the end of the follow-up period. Finally, very significant increases
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were observed for skin transparency. From a mean grade of 3.7
+ 0.2 at baseline, the transparency mean grade progressively
increased to 4.3 + 0.3 (i.e,, +16.5%; p<1.107%) at 3 weeks and 5.0
+ 0.3 (i.e, +32.8%; p<1.10?) after 8 weeks of treatment. These
variations can be interpreted as a more intense reflection of

light by the skin, a more even-looking complexion, and a fairer
and younger appearance of the facial skin [14]. Thus, the C.L.B.T.
clinical evaluations showed a general and highly significant
improvement in all descriptors of cutaneous radiance after both 3
and 8 weeks of supplementation.

e B\
Figure 6: Representative images of the periorbital skin surface at baseline (top) and after 8 weeks of treatment (bottom), illustrating the
effect on crow’s feet wrinkles.
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Figure 7: The evolution of skin hydration. Left: mean values of the capacitance (+ s.d.) expressed in arbitrary units and statistical difference
versus baseline. Right: mean percentages of variation in the capacitance versus baseline. *p<0.05; **p<0.01; ***p<1.10-3 compared with
the baseline.
N J

The color measurements of pigmented spots performed via
Antera 3D® image analysis are graphically summarized in Figure
10. Continuous increases in the mean L* and ITA® values were
observed throughout the study. The luminance L* significantly
increased from 58.69 * 3.87 at baseline to 59.16 * 3.71 at T+3
weeks (i.e., + 0.8%; p<1.10?®) and 59.55 * 3.71 at T+12 weeks

008

(i.e. + 1.5%; p<1.10®). Similarly, from 18.03 % 7.42 prior to oral
supplementation, the mean ITA® significantly increased to 19.39 +
7.49 (i.e. + 7.6%; p<1.10?) after 3 weeks and to 20.40 + 7.36 (i.e.,
+13.2%; p<1.10%) after 8 weeks. This indicated that significant
lightening of the facial dark spots occurred gradually after 3 and 8
weeks of oral supplementation with Naticol® x3Peptide.
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The tested oral supplement Naticol® x3Peptide received highly
positive evaluations from the study participants, with all claims
being significantly supported by the results. After 3 weeks of
treatment, the percentages of favorable opinions ranged between
73% and 95%. At the end of the 8-week study, all the tested items
were even more appreciated since the favorable opinions generally
progressed and ranged between 84% and 100% (Figure 11). In
line with the results, the question « Would you say that your skin
is more radiant/brighter» received 100% positive opinions which
is totally in line with the improvement in complexion radiance
demonstrated by the C.L.B.T. clinical evaluations. The detailed
results from the self-assessment questionnaires are provided in
Supplementary Material Table S1.

Safety assessment

No functional or clinical sign imputable to the tested oral
supplement was reported or observed during the 8-week trial
period. Therefore, the tolerance of Naticol® x3Peptide formulation
was considered to be excellent under the conditions of this study.

Discussion

The growing use of dietary supplements to enhance skin
appearance reflects the link between skin and overall health, a

trend amplified by the rapid global aging, with the population
aged 60 and over expected to exceed 2 billion by 2050 [31,32].

To exert a biological effect upon the skin, orally administered
collagen peptides must reach the dermis. This ability of collagen
hydrolysates to reach their target after ingestion was precisely
demonstrated by Watanabe-Kamiyama etal. [33] who investigated
the absorption mechanism of low-molecular-weight collagen
hydrolysates labeled with *C in rats [33].

Collagen-derived products are hydrolyzed into small peptides
in the gastrointestinal tract before being absorbed into the
bloodstream, from which they are transported to the skin. The
literature reports the presence of free amino acids, di- and tri-
peptides released into plasma after collagen ingestion [34].

Naticol® x3Peptide, the hydrolyzed collagen peptides
evaluated in our study, are sourced from fish skins and thereby
consists primarily of type I collagen. Naticol® x3Peptide, with a
mean molecular weight of 1.2kDa has a rich di-tripeptide content.
As compared with larger collagen peptides, the smaller molecular
size of hydrolyzed collagen peptides allows for better absorption
in the body. Moreover, after ingestion, collagen hydrolysates are
further cleaved during gastrointestinal passage, giving rise to
elevated levels of new di- and tri-peptides and free amino acids
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in the blood circulation [35]. This enhanced bioavailability
ensures that the collagen is more effectively utilized by the body,
leading to improved outcomes in skin health. Mechanistically, di-
and tri-peptides act as bioactive signaling molecules to activate
dermal fibroblasts proliferation, upregulate collagen elastin
and hyaluronic acid synthesis [36]. It has also been shown that

collagen peptides intake can preserve the ECM by reducing matrix
metalloproteinase 2 activity [37-39]. This dual activity, promoting
synthesis and decreasing the biodegradation of collagen fibers,
explains the interest in collagen hydrolysates for anti-aging
applications.
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statistical difference versus baseline. Right: mean percentages of variation in the descriptors versus baseline. *p<0.05; **p<0.01; ***p<1.10-
3 compared with the baseline.
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In line with this, previous in vitro experiments on human
fibroblasts have confirmed that Naticol® x3Peptide significantly
inhibits the expression of pro-inflammatory cytokines such as
IL-12, IL-1B, and TNFa while enhancing the expression of anti-
inflammatory mediators such as IL-10 and TGF-$ (data under
publication).

In terms of safety, overall tolerability of Naticol® x3Peptide
was confirmed by 100% of participants, with no adverse events
reported during the 8-week study. The fish collagen peptides
were derived from gelatin via enzymatic hydrolysis, produced
in compliance with regulatory standards for agri-food products
intended for human consumption. Hydrolyzed collagen, such as
hydrolyzed gelatin, is classified as ‘Generally Recognized As Safe’
(GRAS) by the FDA, and its immunogenicity is considered low,
especially for low-molecular-weight collagen hydrolysates [44].

This pilot trial confirmed the anti-wrinkle effect of collagen-
based oral supplements. Indeed, this study revealed significant
improvement in the appearance of the crow’s feet wrinkle area

after 3 and 8 weeks of oral administration of a 2.5 g daily dose of
Naticol® x3Peptide compared with the baseline.

These findings are consistent with previous studies showing
that collagen supplementation improves facial wrinkles by
stimulating dermal fibroblasts, enhancing Type [ collagen,
elastin, and hyaluronic acid production, and supplying key amino
acids for collagen synthesis. Additionally, its anti-inflammatory
and antioxidant properties help reduce oxidative stress, down-
regulate pro-inflammatory cytokines, and inhibit collagen-
degrading enzymes, collectively supporting extracellular matrix
integrity and reducing wrinkle formation [40-42].

Another key benefit of the treatment was increased skin
hydration after 8 weeks, consistent with previous studies and
recent meta-analyses [10,11]. Collagen peptides enhance skin
moisture by stimulating filaggrin production and increasing
ceramides, lipids, and hyaluronic acid,
transepidermal water loss [10].

thereby reducing

How to cite this article: Mouna R, Pascale Robert-J, Christelle Bruno-B, Kunyanatt C, Fabrice P. Evaluation of the Skin Anti-Aging Benefits of Orally
Administered Low-Molecular-Weight Collagen Peptides. JOJ Case Stud. 2026; 16(2): 555935. DOI: 10.19080/]0]JCS.2026.16.555935


http://dx.doi.org/10.19080/JOJCS.2026.16.555935

Juniper Online Journal of Case Studies

p
64 —— EE RS 2.0%
62 +1.5%
60 o 15%
*, r =
F v
£ = 1.0%
E 56 / H +0.8%
= >
z Z
§ 54 / 2
= / / / * 0.5%
. / 7 é
© o i y
0.0%
0 T+3 weeks T+8 weeks T+3 w.vs TO T+8 w.vs TO
30 16.0%
* % % % 3k %k
14.0% +13.2%
25
12.0%
L : L o 10.0%
= " = 7.6%
c 15 - 8.0% 7
3 S
s 5 6.0%
10 g
/ / / 5 4.0%
5 / / )
2.0%
TO T+3 weeks T+8 weeks T+3 w.vs TO T+8 w.vs TO
Figure 10: The evolution of dark spot color. Left: mean values of the luminance L* and individual typological angle ITA® (+ s.d.) and statistical
difference versus baseline. Right: mean percentages of variation in the same variables versus baseline. *p<0.05; **p<0.01; ***p<1.10-3
compared with the baseline.
G
4

T+3 weeks T+8 weeks
Your skin is more
moisturized
100% Your wrinkles and fine

Your skin tone is even .
lines are reduced

Skin is more healthy and
glowing

Your skin complexion is
less dull

Skin spots appear
diminished

Your skin is more
radiant/brighter

Dark pigmented spots on
your face are less visible

Your skin texture is more
homogeneous

Signs of aging are
corrected

Your skin tone loo he overall appearance

fresher of your skin is improved

Your skin is smoother

Figure 11: Percentages of participants reporting satisfaction across each assessed items after 3 weeks (blue) and 8 weeks (red) of
intervention.

m How to cite this article: Mouna R, Pascale Robert-J, Christelle Bruno-B, Kunyanatt C, Fabrice P. Evaluation of the Skin Anti-Aging Benefits of Orally
Administered Low-Molecular-Weight Collagen Peptides. JOJ Case Stud. 2026; 16(2): 555935. DOI: 10.19080/]J0]CS.2026.16.555935


http://dx.doi.org/10.19080/JOJCS.2026.16.555935

Juniper Online Journal of Case Studies

Skin radiance, an uncommon focus in collagen peptide
research and the most original finding of this study, showed
promising results. The C.L.B.T. clinical visual evaluation, carried
out by experienced and carefully trained experts, demonstrated a
general and highly significant improvement in all the descriptors
of skin radiance after 3 and 8 weeks of intervention.

Finally, the tested oral supplement was also found to be able
to significantly lighten the participants’ facial dark spots after 3
and 8 weeks of ingestion, as demonstrated via the colorimetric
analysis of digital photographs of the cheeks taken with an Antera
3D® camera. The mechanism of action of the tested supplement
on pigmented spots has not been established. However, some
oligopeptides are known to exhibit depigmenting activity. Notably,
collagen-derived peptides reported to inhibit melanin biosynthesis
predominantly originate from marine sources, particularly fish
[17,18,43].

Regarding the disparity in kinetics, we observed wrinkle
improvement was maximal at week 3 and subsequently plateaued,
whereas the other parameters under investigation (hydration,
C.L.B.T. descriptors of the complexion radiance, color of dark
spots) continued to improve between weeks 3 and 8. One possible
explanation could be that wrinkle reduction and skin hydration/
optical parameters may involve distinct physiological mechanisms
that progress at different rates. Wrinkle appearance is influenced
by early changes in dermal hydration and biomechanical
properties, which may respond relatively rapidly to collagen
peptide supplementation, resulting in an initial improvement
followed by an apparent plateau. In contrast, parameters such
as skin hydration, luminance, brightness, and color may be more
closely associated with the gradual modulation of skin physiology,
including changes in dermal matrix organization and epidermal
renewal (8 weeks corresponding approximately to two skin
renewal cycles). In our experience, skin color changes usually
require more than 1 month, i.e. more than one full cycle to become
significant. The same rule should also apply to the olive; yellow
and pink descriptors used for the evaluation of the radiance of the
complexion.

The strengths of this pilot study rely on the use of objective
skin measurement techniques for a robust and quantifiable
outcome assessment (wrinkle assessment using the PRIMOS
system, skin hydration measurement via corneometry, and facial
dark spot color analysis with the Antera 3D® camera). In addition,
the use of a dedicated clinical evaluation method for skin radiance
(C.L.B.T.) allowed us to clearly evidence a marked enhancement
of the participants’ skin complexion since all (six) descriptors of
radiance exhibited very significant improvements after 3 and 8
weeks of supplement intake. This supports our initial hypothesis
that the oral administration of collagen peptides could improve
the complexion radiance and overall beauty/healthy appearance
of facial skin, as suggested by a few recent studies [45].

The highly positive results from both instrumental and clinical

measurement methods are mirrored by the high percentages
of favorable opinions expressed by the participants in self-
assessment questionnaires regarding the tested oral treatment
after 3 and 8 weeks of use (Figure 8).

Finally, although participants often consumed less than the
recommended 2.5g/day, beneficial effects of the oral supplement
were still observed suggesting that adherence to the full
recommended dose could potentially yield even greater results.
While the study’s open-label design and reliance on baseline
comparisons represent limitations, these promising results
provide a strong rationale for confirmation in a randomized,
placebo-controlled trial.

Conclusion

Taken together, the experimental results of this 8-week
clinical trial substantiated Naticol® x3Peptide as a safe dietary
supplement capable of attenuating several cutaneous signs of
aging such as wrinkles and pigmentary dark spots, which are
a major concern for mature women, as well as significantly
improving skin hydration. Notably, facial complexion radiance also
showed a highly significant improvement. Considering the overall
results, Naticol® x3Peptide appears to be a potent ingredient for
attenuating the visible signs of skin aging.
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