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Abstract: Collagen products are widely marketed for skin improvement. This study
evaluated the efficacy of VERISOL B in relation to key skin aging parameters. In a double-
blind, placebo-controlled trial, 66 women (aged 35-55) were randomized to receive either
2.5 g of bovine-derived bioactive collagen peptides (SCPs) (n = 33) or a placebo (n = 33)
daily for 8 weeks. Their eye wrinkle volume, skin elasticity, and hydration were objectively
measured at baseline (Xj), 4 weeks (Xy), and 8 weeks (Xg). Additionally, the SCPs” impact
on type I collagen, elastin, and proteoglycan biosynthesis was assessed in human dermal
fibroblasts. The SCP supplementation significantly (p < 0.05) reduced their eye wrinkle
volume and improved their skin elasticity and hydration within 4 weeks. After 8 weeks of
treatment, the positive effects were even more pronounced for all of the clinical parameters
measured (p < 0.05). The fibroblast experiments confirmed the SCPs’ stimulatory impact on
dermal metabolism (p < 0.05). In conclusion, oral SCP supplementation effectively reduced
wrinkles and enhanced skin elasticity and hydration, likely by promoting extracellular
matrix biosynthesis.

Keywords: bovine-derived collagen peptides; collagen peptides; anti-aging; wrinkles; skin
hydration; cutometry; corneometry

1. Introduction

The appearance and integrity of the skin deteriorate with age due to the synergistic
effects of chronological aging and photoaging, hormonal deficiency, and environmental
influences [1]. A decrease in various metabolic activities, such as quantitative and qualita-
tive changes in dermal collagen and elastin, leads to changes in skin texture and the typical
signs of aging. The loss of connective tissue during skin aging leads to reduced elasticity, a
loss of skin tone, and the progressive development and deepening of facial wrinkles and
folds [2].

Facial wrinkles, accompanied by an age-related decrease in the skin’s elasticity and
a leathery appearance of the affected skin areas, are the best-known signs of skin aging.
Certain facial areas, such as the corners of the eyes, commonly known as crow’s feet, are
particularly susceptible to wrinkling [3,4].

The function and healthy appearance of the skin depend on an adequate supply of
essential nutrients. The relationship between nutrition and skin has become an issue of
current interest worldwide. Intervention studies suggest dietary supplements can modulate
or delay skin aging and improve the skin’s integrity [5].
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In addition to topical applications, a significant trend in skin care is the consumption of
various supplements, such as vitamins, antioxidants, fatty acids, and hydrolyzed proteins,
to enhance the appearance and texture of the skin [6-16]. As a result, there is increasing
focus on the efficacy of these products, and several clinical studies suggest that dietary
supplements can influence skin health [17-21].

Collagen peptides have been used for some time in dietary supplements to improve
the skin’s properties and appearance. Collagen peptides are partially absorbed intact
from the digestive tract [22,23] and accumulate in skin tissue [24]. In vitro studies have
shown that specific collagen peptides have a stimulatory effect on molecules of the dermal
extracellular matrix (ECM), such as collagen, elastin, and proteoglycans [25-28]. The ECM
is produced by dermal fibroblasts, cells responsible for synthesizing and maintaining the
matrix molecules, thus counteracting age-related degradation processes.

Collagen hydrolysates have antioxidant properties and promote cell regeneration
and synthesis of the extracellular matrix in the dermal connective tissue [6]. Additionally,
orally administered collagen peptides enhance the skin’s elasticity, hydration, and dermal
density [8,29] while also reducing wrinkles and improving the skin’s firmness [30], as
described in systematic reviews of the literature on the effects of collagen supplementation
on skin health [6,30,31]. The benefits of orally administered collagen peptides include
significant improvements in skin elasticity and hydration and wrinkle reduction, as well as
wound healing, ulcer treatment, and skin regeneration. The efficacy of collagen peptides
has been demonstrated in several clinical trials, with the daily dosages ranging from 2.5 g
to 10 g and the treatment periods ranging from 4 to 24 weeks.

Clinical trials on healthy women have shown that daily supplementation of 2.5 g
of specific bioactive collagen peptides (SCPs) over 8 weeks significantly improves skin
elasticity [32]. Another study [25] showed a positive impact on wrinkle reduction after
8 weeks of SCP treatment. In addition, a significant increase in type I collagen and elastin
contents was observed in the skin of the women who had consumed 2.5 g SCPs/day for
8 weeks.

Most of these clinical trials have been conducted using porcine- or fish-derived specific
bioactive collagen peptides [25,32,33], but there is also an increasing number of studies on
the effects of bovine-derived collagen products on various skin parameters [34,35]. Based
on the existing studies on specific products made from porcine-based collagen peptides
(VERISOL P) [25,32], the aim of the current study was to investigate the efficacy of a
specific bovine-derived bioactive collagen peptide product (VERISOL B) in relation to
various clinically relevant skin parameters. Moreover, to gain a better understanding of
the potential mechanisms of action, the biosynthesis of dermal matrix molecules in human
dermal fibroblast cultures was investigated following the supplementation of this specific
bovine-derived product.

2. Materials and Methods
2.1. The Test Product

The test product used in this study (SCPs) was a specific bioactive collagen peptide
composition derived from the special enzymatic hydrolysis of bovine type I collagen. The
peptide composition was produced and provided by GELITA AG (Eberbach, Germany)
and is commercially available under the brand name VERISOL® B. It has a mean molecular
weight of approximately 2.0 kDa. It is free of allergens. The recommended dosage ranges
from 2.5 g to 5 g per day, with no concerns of overdose. This product is classified as a nutri-
tional supplement and was classified by the United States Food and Drug Administration
(FDA) as generally recognized as safe (GRAS) [36].
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2.2. In Vitro Tests

We have used the fibroblast cells NHDF (PromoCell, Heidelberg, Germany). The
cells were cultured in an optimized medium (HAM's F12) supplemented with 10% FBS,
20 U/mL penicillin-streptomycin, 50 pg/mL partricin, 0.05 mg/mL ascorbic acid, and
1 mM glutamine. The primary dermal fibroblasts were then seeded into 12-well culture
plates following the proteolytic detachment of the adherent cells using Accutase solution
and incubated at 37 °C with 5% CO;. The culture medium was refreshed every 48 h,
and the cells were maintained until they reached 80% confluence. Subsequently, the
regular medium was replaced with medium containing the test product at a concentration
of 0.5 mg/mL. Control experiments were conducted by culturing the cells in the initial
medium without any additional treatment. To assess the mRNA expression profiles, the
fibroblasts were stimulated for 24 h. The biosynthesis of the extracellular matrix molecules
was evaluated after a 2-week treatment. The results are expressed relative to those for the
untreated control.

2.3. Gene Expression Studies

Gene expression studies were conducted by treating fibroblast monolayer cultures
with the test product for 24 h and comparing them to untreated controls. RNA was ex-
tracted using the phenol-chloroform method (PeqGoldTriFast, VWR, Erlangen, Germany).
The matrix molecule RNA expression was measured semi-quantitatively using RT-PCR
(DyNAmo Flash SYBR Green, Thermo Scientific, Waltham, MA, USA) after determining
the RNA concentration photometrically.

Each reaction used 10-40 ng of transcribed cDNA (optimized in preliminary exper-
iments), 12.5 uL of distilled water, 5.0 uL. of DyNAmo Flash Master Mix, and 1.25 pL of
the primers described in Table 1. The reaction profile included 7 at 95 °C, followed by
3545 cycles of denaturation (10" at 95 °C), annealing (15" at temperatures in Table 1),
and elongation (20" at 72 °C), with a final step at 60 °C for 60”. The RNA expression was
determined relative to GAPDH.

Table 1. Primer sequences used for RT-PCR analysis.

Gene Forward Sequences (5'-3') Reverse Sequences (3'-5') Annealing (°C) Accession
GAPDH GCTCTCTGCTCCTCCTGTTC ACTCCGACCTTCACCTTCC 63.0 NG_007073.2
Collagen type I AATGGTGCTCCTGGTATTGC  ACCAGGTTCACCGCTGTTAC 59.0 NM_000088
Decorin TGATTTGGGTCTGGACAAAG TGCCCAGTTCTATGACAATC 60.0 AF_491944.2
Biglycan CCTCCAGGTGGTCTATCTGC  CATCAGGATGTGTGGCTGTG 58.0 AH_002674.2

Elastin AAGGTGGCTGCCAAAGC ACTCCTCCAAGTGGGAACTG 60.0 NM_00501

The primer annealing temperatures were optimized between 50 and 70 °C using
gradient PCR. The products were separated on 2% agarose gel (3 g of agarose in 150 mL of
buffer of 0.05 M EDTA, 40 mM Tris, and 57.1 mL of acetic acid), stained with 10 nL of GelRed
(41003, BIOTREND Chemikalien GmbH, Cologne, Germany), and analyzed using an Alpha
Innotech Fluorchem Imager (Bio-Rad Laboratories GmbH, Munich, Germany). Products
were specified using a 50 bp DNA fluoro-ladder (8263.1, Carl Roth GmbH, Karlsruhe,
Germany).

2.4. Measurement of the ECM Macromolecules

Commercially available assay kits were used to quantitatively analyze the extracellular
matrix molecules investigated. These methods were used for all of the cell culture studies,
including the batch-to-batch analysis.

Newly formed collagen was determined after three weeks of stimulation. Synthesized
collagen was isolated using the Sircol assay (tebu-bio, Offenbach, Germany) according
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to the manufacturer’s instructions. For this purpose, the culture medium was discarded,
and the adherent cell layers were digested in 0.1 mg of pepsin solution in 0.5 M acetic
acid overnight at 4 °C. The cell suspensions were neutralized by adding 100 uL of acidic
neutral reagent, and the synthesized collagen was then separated by adding 200 uL of
the isolation and concentration kit solution and vigorously shaking it overnight at 4 °C.
After centrifugation (12,000 rpm, 10’) and disposal of the supernatant, the isolated collagen
was resuspended in 1 mL of Sircol dye reagent. Following 30 min of shaking and further
centrifugation, the collagen pellet was overlaid with 750 uL of cold acid wash reagent. After
centrifugation, the supernatant was discarded, and the enriched collagen was dissolved in
250 pL of alkaline solution. From these sample solutions, 200 uL was taken for photometric
quantification of the synthesized collagen. The absorbance was measured at 492 nm. The
amount was determined from the measured standard collagen solutions.

For the detection of proteoglycans, the Blyscan glycosaminoglycan assay (tebu-bio,
Offenbach, Germany) was used. The biosynthesis of the proteoglycans was determined
after two weeks of stimulation. Following the manufacturer’s instructions, the cell layers
were coated with 1 mL of papain extraction solution after discarding the cell culture
medium and incubated for 3 h at 65 °C, with vigorous shaking. The cell suspensions
were centrifuged (10,000 g, 10’), and the supernatants were collected. After adding 1 mL
of Blyscan dye solution and shaking it (30’), the supernatants were again centrifuged
(12,000 rpm, 10’) and discarded. The isolated proteoglycan pellets were resuspended in
500 pL of dissociation solution. A total of 200 uL per sample was subjected to photometric
determination at 656 nm and compared to the untreated control experiments.

Elastin synthesis was determined using the Fastin-Elastin assay kit (tebu-bio, Offen-
bach, Germany). The fibroblasts were stimulated with the test product for 2 weeks or
left untreated in the control experiment. After discarding the culture medium, the cell
monolayers were dissolved in 250 puL of trypsin. The trypsin solution was removed after
centrifugation (3000 rpm, 10’). The cell pellets were dissolved in 100 pL of oxalic acid
solution (1 M) and boiled for 1 h in a water bath. After cooling, 300 uL of the elastin
precipitation solution was added to precipitate the dissolved elastin within 15 min. After
centrifugation (10", the supernatant was discarded, and the elastin pellet was dissolved in
1 mL of dye solution through shaking for 90 min. Following centrifugation and disposal of
the supernatant, the elastin pellet was resuspended in 260 uL of dye dissociation solution.
A total of 200 pL of the resolvent was used for the photometric elastin measurements at a
wavelength of 492 nm.

2.5. The Study Design of the Clinical Trial

The trial was a monocentric, double-blind, randomized, placebo-controlled trial (RCT)
studying the effects of specific bioactive collagen peptides (SCPs) on various skin parame-
ters and was conducted in accordance with the guidelines for Good Clinical Practice (GCP)
and in accordance with the Declaration of Helsinki at the SGS SIT GmbH in Hamburg,
Germany. This study’s primary objective was defined as a change in eye wrinkle volume
after 8 weeks of treatment. In addition, the effects on the skin’s elasticity and hydration (as
secondary objectives) were examined after 4 and 8 weeks.

The examination was approved by the Institutional Review Board of the Ethics Com-
mittee of the Hamburg Medical Association (PV5894) and registered in the German Clinical
Trials Register (DRKS00036187). All subjects received detailed information listing all
relevant individual parameters of the study. After receiving written information, each
participant had the opportunity to ask further questions and subsequently signed a consent
form. Participants who met the eligibility criteria were randomized (at a 1:1 ratio) into the
SCP or placebo group using a web-based random number generator [37].



Cosmetics 2025, 12,79

50f17

2.6. The Inclusion and Exclusion Criteria

The inclusion criteria were (1) healthy women aged 35 to 55 (2) of phototypes I to
IV (on the Fitzpatrick scale) (3) in a state of good physical and mental health and social
well-being (4) who provided personal informed consent to participate in the study, (5) were
personally present at the institute on the specified days, and (6) were willing and able to
comply with the study rules and the fixed schedule.

The exclusion criteria were any deviation from the above inclusion criteria; acute
skin diseases (e.g., atopic eczema, atopic dermatitis, psoriasis); food allergies related to
the supplemented products; gastrointestinal diseases or digestive disorders; the use of
topical medication on the test sites within 6 weeks prior to study entry, systemic medication
containing anti-inflammatory agents or antibiotics within 2 weeks prior to study entry,
systemic medication containing corticosteroids and/or antihistamines within 4 weeks prior
to study entry, or other systemic medication within 4 weeks prior to study entry; systemic
disease in the subject at study entry; pregnancy or lactation; immunological diseases; severe
disease or severe diabetes; alcohol and drug abuse within 6 months prior to study entry;
participation in other studies involving cosmetic products within 2 weeks before study
entry or during the study; participation in a study involving a pharmaceutical preparation
and/or the intake of dietary supplements within 4 weeks before study entry; changes in
lifestyle or dietary habits during this study besides the use of the test products; treatment
with leave-on products or oily or moisturizing skin-cleansing products on the test areas or
changes to the usual skin care routine; intense sun or artificial UV exposure (through the
use of a solarium) of the test areas within 1 week before study entry or during this study;
swimming, sauna use, or intense sports activity within 1 day before the measurements;
smoking; a lack of compliance; and an intellectual or mental inability to follow the study
instructions.

2.7. Subjects

A total of 66 healthy female subjects with an average age of 46.1 & 5.6 years were
included in this study. All of the participants were randomly assigned into either the
treatment group with a daily dose of 2.5 g of the SCPs or the placebo group. In the
placebo group, a daily dose of 2.5 g of maltodextrin (Walter GmbH, Olpe, Germany) was
supplemented. The samples were packed in individual sachets. Each woman who met the
inclusion criteria and was recruited for the trial consumed 2.5 g of a sachet of either the
SCPs or the placebo daily over the study period of 8 weeks.

The preparations were taken orally by the subjects at home according to the investiga-
tor’s instructions. The powders were to be dissolved in water or another cold liquid, with
the exception of milk.

A conditioning period of at least 7 days preceded the start of the oral treatment and
data collection. During this time, the test subjects were instructed to refrain from using
leave-on products on the test areas and not to change their usual skin care routine. In
addition, treatment with dermatological therapeutics on the test areas was prohibited for 6
weeks prior to the start of the trial. During this study, changes in lifestyle or dietary habits,
the use of additional nutritional or vitamin supplements, treatment of the test areas with
cosmetic and dermatological skin care products, and intensive sun or UV light exposure
were also forbidden.

2.8. Product Safety

Collagen peptides are characterized by a very high safety profile. No clinical indi-
cations of allergies have been observed to date. No incompatibilities with other diets or
medications have ever been described in the medical literature. Collagen peptides were
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awarded a GRAS status by the American Food and Drug Administration. “GRAS” is an
official abbreviation for “Generally Recognized As Safe” [36]. In addition, experimental
studies have clearly shown that there is no systemic toxicity [38].

During this study, the tolerability of the SCP treatment was assessed through derma-
tological examinations and interviews with the participants before, during, and after the
study.

2.9. Measurements

The wrinkle area around the left eye (the lateral canthus) was defined as the test site
for the eye wrinkle measurements (with 1 test site per body region). Skin elasticity and
hydration were measured on the inside of the right forearm. The test areas on the forearms
were 5 cmx 5 cm. On each measurement day, the subjects had to expose their uncovered
test sites to the climate of the room (21.5 °C; 50% relative humidity) for at least 30 min. Two
measurement times were set for the primary objective.

The wrinkle measurements were conducted immediately before the start of the product
treatment (Xp) and after 8 weeks (Xg) of daily product intake. In addition, an interim
analysis was performed after 4 weeks (X4). For the secondary objectives, skin elasticity and
hydration were examined at X, X4, and Xg.

The compliance of the study participants (dosage and type of intake) and tolerability
of the products were assessed after 1, 4, and, again, 6 weeks of administration.

The eye wrinkle volume was measured at the outer corner of the eye (lateral can-
thus) using the PRIMOS® Compact optical 3-dimensional in vivo measuring device (GF
Messtechnik GmbH, Teltow, Germany). Three measurements were performed per test
site. The size of the measurement area was 30 mm x 40 mm. Post-baseline measurements
were performed using the overlay function. The original images of the reference files at
baseline and the corresponding measurement files of the post-baseline measurements were
matched using the 3-dimensional matching function for each participant. The height of the
images was calculated using the standard procedure with mathematical filters. The eye
fold volume (in mm?) of a selected fold was calculated from these height images using the
PRIMOS® software. This was carried out for all three images taken per measurement site
and at each time. The mean value of the three individual measurements was subsequently
calculated for each test site and measurement time point.

Skin elasticity was measured using the Cutometer® MPA 580 (Courage & Khazaka,
Cologne, Germany), as described by Segger et al. [39,40]. In brief, the stretching of the skin
was recorded in response to negative pressure generated by using a vacuum (350 mbar)
over the skin test area. The exposure and non-exposure time was 5 s, with one cycle per
measurement. The R5 value (Ur/Ue, instantaneous recovery/elastic deformation) was
recorded to analyze the skin’s elasticity. This parameter has been shown to be particularly
useful in detecting age-related skin changes [41,42]. The measurements were repeated three
times at each test site.

The assessment of the skin’s surface hydration according to electrical capacitance was
performed using the Corneometer® CM 825 (Courage & Khazaka), which measures the
reactive capacitance of the skin by using the stratum corneum as a dielectric membrane.
The measurements are arbitrarily expressed as hydration indices that rise with increasing
skin hydration. A total of 15 individual measurements were taken for each application site
and the controls.

2.10. The Statistical Analysis

Statistical analyses were performed using SPSS Statistics (IBM SPSS Statistics for
Windows, Version 23.0, Armonk, NY, USA: IBM Corp.). Normality was assessed using
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the one-sample Kolmogorov-Smirnov (KS) test. The hypothesis of a normal distribution
was accepted if the KS test yielded p > 0.05. For the cell culture experiments and for the
batch-to-batch analysis, the descriptive results were expressed relative to those from the
untreated control experiment. For the cell culture experiments, statistical significance was
determined based on the KS test results: if normality was confirmed (p > 0.05), a parametric
one-sample t-test was applied; otherwise, the 1-sample Wilcoxon signed-rank test was used
to detect differences between the SCP treatment and the untreated control. For normally
distributed data (proofed using the KS test), a one-way ANOVA with Tukey’s HSD post
hoc test was used to compare batches; otherwise, the Kruskal-Wallis test was used with
Dunn-Bonferroni correction for pairwise comparisons. In the clinical trial, baseline and
intervention-related group differences were analyzed using either the independent t-test
(for normally distributed data) or the Mann-Whitney U test (for non-normally distributed
data). Differences between the treatment conditions were considered statistically significant
if p < 0.05. The data were presented as described in the legends in the figures and tables.
The effect size was calculated using Cohen’s d for inter-group differences after an 8-week
treatment.

3. Results
3.1. The In Vitro Test

The present in vitro study was designed to investigate the possible impact of bovine-
derived SCPs on the biosynthesis of ECM macromolecules for the first time. For these
cell culture experiments, primary human dermal fibroblasts were used. In a second ex-
perimental approach, different batches of the used product were tested regarding their
efficacy.

3.1.1. The Bioactivity of the SCPs

The biosynthesis of the most important molecules in the dermal extracellular matrix
was statistically significantly increased (p < 0.05) after the SCP treatment compared to that
with the untreated controls (Figure 1).

1.6
*
1.4 ]
n * *
9
3 1.2
9
o
£ 1.0
X =~
s =
w® £ 08
g EE
o
-l-E E e 0.6
Es5%
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@ © '*? 0.4
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i 0.2
£
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Figure 1. The stimulation of collagen type I, elastin, and proteoglycan biosynthesis after the SCP
treatment compared to that in the untreated controls. The data represent the mean + SD for n = 12;
*

p <0.05.
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The amount of collagen type I, elastin, and proteoglycans was statistically significantly
increased (p < 0.05) after the SCP supplementation compared to that in the untreated
controls (Table 2). The stimulatory effect of SCP treatment on the biosynthesis of ECM
molecules was also confirmed at the gene expression level. The mRNA expression levels for
type I collagen, elastin, and the proteoglycans decorin and biglycan were also significantly
increased (p < 0.05) after the SCP supplementation.

Table 2. The stimulatory effect on the mRNA expression of different ECM macromolecules after a
24 h treatment with SCP.

mRNA Expression p-Value
Collagen type I 2.06 +£0.17 <0.05
Elastin 1.17 £0.12 <0.05
Decorin 1.154+0.21 <0.05
Biglycan 1.30+0.13 <0.05

The data represent the mean & SD for n = 12 compared to the untreated controls.

3.1.2. The Batch-to-Batch Analysis of the Test Product

A batch-to-batch analysis of four different SCP batches produced between 2018 and
2024 showed no statistically significant differences between the tested products regarding
their efficacy in stimulating matrix biosynthesis. All of the tested batches had a similar
pronounced stimulatory effect on synthesizing type I collagen, proteoglycans, and elastin
(Table 3).

Table 3. The consistent stimulatory effect of the different bovine-derived SCP batches on the synthesis
of ECM molecules in the human dermal fibroblasts.

Batch No. 1 2 3 4 p-Value

Collagen typel 1.22+0.09 1.19+£0.06 120£015 1.194+0.09 n.s.
Proteoglycans  1.19 £0.09 1.17+0.09 118£0.09 1.2240.06 n.s.
Elastin 126 =014 134+014 134+£030 1.31+£0.37 n.s.

The different batches were produced between 2018 and 2024 by GELITA. The data represent the mean + SD for
n = 12; n.s. = not statistically significant.

3.2. The Clinical Trial

The CONSORT (Consolidated Standards of Reporting Trials) flow diagram for this
controlled trial showed that 66 Caucasian women between the ages of 35 and 55 were
included (Figure 2). The women, with an average age of 46.1 &+ 5.6 years (46.7 £ 6.0
for the SCP group; 44.9 & 5.6 for the placebo), had phototypes I-IV (on the Fitzpatrick
scale) and were in generally good condition in terms of their physical and mental health.
The participants were randomly assigned into the placebo or SCP group. All measured
parameters were compared between the groups to assess the homogeneity of the data at
baseline between the SCP and placebo groups. The data showed no statistically significant
differences between the two study groups for any of the primary and secondary outcomes
at baseline.

The data were evaluated based on the “Per-Protocol” (PP) population. All of the
study participants who fulfilled the inclusion criteria and had given informed consent were
included after randomization. As all of the recruited women had fulfilled the requirements
according to the study protocol and no drop-outs occurred, the PP population was identical
to the “intention-to-treat” (ITT) population. The assessment of the tolerability of the product
revealed no adverse effects during the evaluation after 1, 4, and 6 weeks. All of the study
participants were compliant with the study protocol. There were no discontinuations of
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the RCT related to product uptake or the study process in general. No inconveniences or
adverse reactions were reported.

Enrollment ]

Assessed for eligibility (n =75)

Excluded (n=9)

Not meeting inclusion criteria (n = 4)

Declined to participate (n = 35)

Randomized (n = 66)

l

[

Allocated to intervention (VERISOL B) (n =33)

Received allocated intervention (n = 33)

Allocation ]

|

L

Allocated to intervention (Placebo) (n = 33)

Received allocated intervention (n = 33)

Lost to follow-up (n =0)

[ Follow-Up }

4

‘ Lost to follow-up (r=0)

Analysed (n = 33)

No further exclusion from analysis

[

Analysis J

Analysed (n =33)

No further exclusion from analysis

Figure 2. Flow chart of subject recruitment, randomization, and follow-up. VERISOL B (SCPs).

3.2.1. Eye Wrinkle Volume

At baseline, the two treatment groups had no statistically significant difference in
their eye wrinkle volume (Table 3). After 4 weeks of the treatment with the SCPs, eye
wrinkle volume decreased by approximately 9% (p < 0.05; Cohen’s > 0.8) compared to
that in the placebo group (Figure 3, Table 4). At the end of this study, after 8 weeks, eye
wrinkle volume was statistically significantly reduced, by 25%, in the participants who had
received SCPs compared to that in the placebo group (p < 0.05; Table 4). The analysis of
the individual cases revealed a maximum reduction in the eye wrinkle volume of more

than 51%.

Table 4. Statistically significant improvement in various skin parameters in healthy women after SCP

supplementation for 8 weeks.

_ _ p-Value * _ p-Value *
Group n Xo + SD X4 + SD (After Xs + SD (After
4 Weeks) 8 Weeks)
Eye wrinkle SCPs 33 1.52+0.24 1.41+0.31 <0.05 1.26 + 0.11 <0.05
volume (mm?) Placebo 33 149 + 035 1.55+0.27 ' 1.58 + 0.17 '
Skin elasticity SCPs 33 0.534+0.08 0.57 +0.05 <0.05 0.61 + 0.08 <0.05
(Ur/Ue) Placebo 33 054 +0.10 0.54 +0.02 ’ 0.56 + 0.06 ’
Skin hydration SCPs 33 38 +3.9 46 +2.9 <0.05 49 +42 <0.05
(AU) Placebo 33 37+44 39+47 ' 39+53 '

The data represent the mean =+ SD for 33 study participants. * Statistical significance of group comparison.
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P R S

0.8
0.6

Eye wrinkle volume [mmm3]
[RY

0.4
0.2

Baseline 4 weeks 8 weeks

B SCP OPlacebo

Figure 3. Statistically significant reductions in eye wrinkle volume after 4 and 8 weeks of treatment
with SCPs compared to that in untreated controls. Data represent mean + SD; * p < 0.05.

During the course of this study, there was also a statistically significant (p < 0.05)
decrease in the eye wrinkle volume in the SCP group after 4 and 8 weeks.

3.2.2. Skin Elasticity

At the beginning of this study, there was no statistically significant difference in skin
elasticity between the SCP and placebo groups (Table 3). Compared to that in the placebo,
a statistically significant (p < 0.05) improvement in skin elasticity of 6% was observed in the
SCP group after 4 weeks of treatment (Figure 4; Table 4). At the end of this study (Figure 4;
Table 4), their skin elasticity had increased by 9% compared to that in the placebo group
(p < 0.05; Cohen’s d > 0.8).
0.8
0.7 *
0.6

L A B

0.5
0.4

0.3

skin elasticity [Ur/Ue]

0.2

0.1

Baseline 4 weeks 8 weeks

BWSCP OPlacebo

Figure 4. Statistically significant increase in skin elasticity after 4 and 8 weeks of treatment with SCPs
compared to that in untreated controls. Data represent mean & SD; * p < 0.05.
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A statistically significant (p < 0.05) improvement in skin elasticity was observed in the
treatment group after 4 and 8 weeks of SCP supplementation. In contrast, no changes in
elasticity over time were observed in the placebo group.

3.2.3. Skin Hydration

At the beginning of this study, no statistically significant differences were observed
in skin hydration between the SCP and placebo groups (Table 3). After 4 weeks, skin
hydration was statistically significantly (p < 0.05) increased in the SCP group compared
to that in the control group (Figure 5; Table 4). After 8 weeks, at the end of the study
period, skin hydration was significantly (p < 0.05) increased, by 29%, in the treatment
group. Compared to that in the control group, the skin hydration in the treatment group
was increased by 26% (p < 0.05; Cohen’s d > 0.8) at the end of the investigation (Figure 5;
Table 4).

60

50

|_|
I__.
I_.

skin hydration AU
w
o

N
o

10

Baseline 4 weeks 8 weeks

BSCP OPlacebo

Figure 5. Statistically significant increase in skin hydration after 4 and 8 weeks of treatment with
SCPs compared to that in untreated controls. Data represent mean + SD; * p < 0.05.

In contrast to the treatment group, no significant changes in hydration were observed
in the placebo group during the study period.

4. Discussion

Human skin undergoes a continuous aging process. This chronological or intrinsic
aging is characterized by decreased thickness of the skin and a loss of skin elasticity and
hydration [9,43-49]. As the major physiological changes in the skin are known to be located
in the dermis, topical products such as creams and lotions may have a limited efficacy and
duration. Most of these products do not reach the deeper layer of the skin, explaining their
temporary effect on the skin’s appearance.

Over the last decade, orally administered supplements for improving skin health
have become increasingly popular. The consumption of products derived from collagen
in particular has risen significantly. The effects of such collagen hydrolysates or collagen
peptides on skin physiology have been studied by several groups worldwide. Experimental
studies have shown that supplementation with specific collagen peptides stimulates the
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synthesis of the dermal extracellular matrix and provides antioxidant protection [9,50-58].
These studies suggest that the intake of collagen peptides can improve the appearance and
function of the skin.

Numerous controlled clinical studies have now investigated the effects of orally ad-
ministered collagen products on various skin parameters [9,10,21,25,32,59-62]. Mainly,
collagen peptides derived from fish, pigs, or cattle are marketed. However, the mechanism
of action of collagen peptides is not fully understood to date. It is known that, in addition
to the molecular weight distribution of peptides, their specific production process plays
a crucial role. The special enzymatic degradation of collagen results in specific collagen
peptides that can bind to certain cell receptors, ensuring their high bioactivity. The impor-
tance of the production process could help to explain why collagen-derived products differ
significantly in their efficacy. A systematic review of orally supplied collagen showed a
stimulatory effect on the synthesis of matrix molecules [30]. The products studied differ in
the recommended daily dosages, the mean molecular weights of the collagen peptides, and
the source of collagen.

To ensure the efficacy of the bovine SCPs used in this clinical trial, the same peptides
were tested in in vitro studies on primary human dermal fibroblasts. A batch-to-batch
analysis was conducted to assess the reproducibility of the measured effects.

The current cell culture experiments clearly demonstrated a pronounced stimulatory
effect of the SCPs on the expression of dermal extracellular matrix macromolecules. After
supplementation with the SCPs, a significant increase in the biosynthesis of type I collagen,
elastin, and proteoglycans was observed.

The current results are consistent with those of several experimental studies in which
human fibroblasts demonstrated a stimulatory effect following collagen peptide supple-
mentation on the extracellular matrix molecules [27,28,54]. Although these studies utilized
different collagen peptides from various species, their results consistently showed an in-
crease, primarily in collagen production. In the present study, the stimulatory efficacy of
the SCPs was confirmed at both the mRNA and protein levels.

The small differences observed in the efficacy of the different batches confirm the
stable production process and constant quality of the SCP samples.

This study investigated the efficacy of 2.5 g/day of SCPs of bovine origin in terms of
their effect on skin physiology. The results confirmed a statistically significant decrease
in eye wrinkle volume and a significant increase in skin elasticity and hydration after
4 weeks of treatment compared to these values int he placebo. After 8 weeks of SCP
supplementation, the effects on the measured skin parameters were even more pronounced.

Skin elasticity is a crucial indicator of skin aging. In a clinical study on post-
menopausal women, the decrease in skin elasticity per year was compared with its devel-
opment in pre-menopausal women [47]. Based on the results, a decrease in skin elasticity
of 0.55% per year after the menopause was calculated. It is known that elasticity, along
with skin hydration [63-65], is mainly influenced by dermal collagen. Marini et al. (2012)
described a correlation between skin elasticity and hydration and type I collagen synthesis
after oral treatment [66].

In the current study, the skin elasticity was already statistically significantly increased
after 4 weeks of treatment compared to that in the placebo (p < 0.05). After 8 weeks of
treatment, the skin’s elasticity was increased by 9% compared to that in the placebo. In one
participant, a maximum increase in skin elasticity of 51% was observed after 8§ weeks of
treatment. These results closely resemble the findings of a study that investigated porcine-
derived SCPs [32]. Here, an average increase in skin elasticity of 7% was observed. Another
clinical study [67] used a combination of collagen peptides with various vitamins. In this
study, skin elasticity was improved by 8% after 12 weeks of supplementation compared to



Cosmetics 2025, 12,79

13 of 17

that in the placebo. Additionally, the authors reported an increase in skin hydration of 28%
in the treatment group and 9% in the placebo group.

In the current clinical trial, a 26% improvement in skin hydration was observed
after 8 weeks of the SCP treatment compared to the controls. After a treatment time of
only 4 weeks, skin hydration was increased by 18%, indicating that SCP intake seems to
have a fast impact on water-binding structures in the dermal tissue. This observed effect
was confirmed in in vitro experiments, where a significant increase in proteoglycans was
determined. As proteoglycans have a very high water-binding capacity, this might explain
the clinically proven results.

Reducing wrinkles, especially in the face, is key to a healthier and younger appearance.
Topically applied creams and lotions are often ineffective, as they do not penetrate the
deeper layers of the skin [68,69]. Usually, such treatments have only a very short-term
effect, if any.

Collagen and elastin are known to be the main components of the dermis responsible
for maintaining the skin’s structure, firmness, and elasticity. All of these factors together
directly impact wrinkle formation. In particular, the conversion of elastic fibers and the
progressive degradation of collagen bundles promote wrinkles.

The current clinical data showed a pronounced reduction in wrinkles in the treatment
group within 4 weeks compared to those in the placebo. After 8 weeks, this effect was even
more pronounced: wrinkles decreased by an average of 25% after SCP intake compared to
those in the untreated controls.

The positive effects on skin moisture and elasticity and the reduction in eye wrinkle
volume observed in this study align with comparable clinical studies where similar skin
parameters were investigated, although not using bovine-derived collagen peptides. For
example, studies performed using a very similar porcine-derived collagen peptide prod-
uct [25,32] demonstrated comparable positive effects on skin health. In these studies, a
daily dose of 2.5 g was also administered. Additionally, a study using fish-derived collagen
peptides also showed positive effects [33]. In this study, the daily oral intake of 5 g of the
product led to a significant reduction in eye wrinkles, as well as improved skin moisture
and elasticity. These data seem to suggest that the clinical effectiveness does not primarily
depend on the animal species from which the collagen peptides are derived.

5. Conclusions

The results of the RCT involving healthy women aged 35 to 55 years indicated that a
4-week treatment with bovine-derived SCP led to a statistically significant reduction in eye
wrinkle volume, along with an increase in skin elasticity and hydration, compared to these
values in the untreated control subjects. After 8 weeks of supplementation, the positive
clinical effects were even more pronounced (Cohen’s d > 0.8). Cell culture experiments
with human dermal fibroblasts demonstrated that SCP supplementation resulted in a sta-
tistically significant increase in collagen, elastin, and proteoglycan biosynthesis compared
to that in the controls. Although further studies are needed, it can be speculated that the
positive clinical effects on wrinkle volume, skin elasticity, and skin hydration following
SCP supplementation observed are due to the stimulatory effect of these bioactive collagen
peptides on the synthesis of type I collagen, elastin, and proteoglycans. The analysis of
different SCP batches confirmed the product’s stimulatory efficacy and demonstrated its
consistent quality. No adverse events were reported in this clinical study, and no side effects
were observed. The product was found to be safe and well tolerated. Further studies should
continue to investigate its mechanism of action and effects on other ECM macromolecules.
Moreover, it would be interesting to investigate whether the sources of collagen peptides
derived from different species have an impact on the efficacy of the product further.
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In summary, orally administered SCP treatment has been shown to significantly
improve the health and appearance of the skin. However, the preclinical and clinical results
presented here are specific to the SCPs used in this study and may not necessarily apply to
other collagen products.
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