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Abstract

We describe a novel, non-invasive peptide-based product intended to counter
several pathophysiological signs of aged skin through the topical application
of signalling molecule mimics. Several aesthetic parameters of skin physiolo-
gy were assessed. The product was tested on 20 healthy Caucasian women (35
- 55 years-old) who applied the product twice-daily to the face for 30 days.
Skin elasticity, firmness, sagging, brightness, and luminosity were assessed.
Additionally, over a period of 3 hours, the hydrating effect of the product vs
placebo vs non-treated skin was assessed. After 30 days, participants showed
significant increases in skin elasticity (11.8% increase, p < 0.01), luminosity
(2.5% increase, p < 0.01), and brightness (110% increase, p < 0.001) with
concomitant significant decreases in skin sagging (6.3% decrease, p < 0.05).
The product gave a rapid and sustained hydrating action that was significant-
ly greater than placebo alone (10.2% increase, p < 0.05). No adverse reactions
were reported. Cosmetic products based on the action of synthetic peptide
mimics of endogenous signalling molecules show promise for combatting the
pathological degradation of skin as seen in the elderly. Strategies to reverse
these symptoms through non-invasive techniques warrant further investiga-
tion. This study provides support for the application of peptides to combat
signs of aging and to improve the general condition of the skin.
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1. Introduction

As the skin ages, various physiological processes contribute to the external signs
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of aging. These processes can be divided into either intrinsic or extrinsic factors.
Intrinsic factors, such as genetic variation [1] [2] and oxidative stress [3] [4],
have been suggested to contribute to approximately 50% of the skin aging
process [1] (although the percentage due to extrinsic factors is much lower in
youth and increases with age and the accumulation of extrinsic effects [2]). Ex-
trinsic factors responsible for skin aging include UVB radiation [5] (pho-
to-aging), pollution [6], and cigarette smoking [7]. Aged skin contains fewer
collagen type-I fibrils and a greater degree of collagen fibril fragmentation [3]
which contributes to reduction in skin mechanical tension (or firmness). Dermal
fibroblasts in aged (>80 year-old) skin secrete higher levels of matrix metallo-
protease 1 (compared to 21 - 30 year-old skin) [3]. Aged skin is also thinner
(both epidermis and dermis), contains fewer blood vessels, lower amounts of
collagen, more fragmented collagen, and is less elastic, less resistant to insult and
injury and takes longer to heal [8]. Aged skin is therefore not only an aesthetic
concern, but also one that has significant implications for public health as great-
er numbers of people survive into old age.

Peptides which mimic the action of endogenous signalling molecules to sti-
mulate innate cellular repair pathways show promise for skin regeneration
though targeted regulation of signalling pathways involving inflammation, oxi-
dation, and enzyme-related degradation of extracellular matrix proteins [9] [10]
[11] [12]. Additionally, by stimulating protein production through endogenous
pathways, the introduction of incorrectly folded or modified proteins can be mi-
nimised, as could be the case with injection of exogenously-produced non-native
proteins [13]. The idea of using peptides in cosmetics is not new [14], and inter-
est in their application is growing as evidenced by the increasing number of ar-
ticles in the literature.

We selected 4 recombinant peptides synthesised to mimic the signalling ac-
tion of molecules with known effects on skin growth, healing, and homeostasis.
SH-Oligopeptide-1, a 53-amino acid recombinant isomer of epidermal growth
factor (EGF), which has long been associated with connect tissue repair [15], has
been shown to enhance the healing of canine oral soft-tissue wound model [16]
and has generated promising results in the treatment of a variety of human skin
lesions [17]. SH-Oligopeptide-2 codes for an isomer of human insulin-like
growth factor (IGF), which has a protective effect against UVB-mediated trans-
formation in keratinocytes [18] [19], as well as positive effects on the healing of
skin ulcers [20] and a long-demonstrated positive effect on elasticity [21] [22].
SH-Polypeptide-1 codes for an isomer of basic fibroblast growth factor (FGF-2).
FGF-2 has been recently shown to stimulate mitogenesis, angiogenesis and adi-
pogenesis when implanted subcutaneously [23] and to increase neovasculariza-
tion and assist in scar tissue remodelling after myocardial infarction [24] as well
as inhibit inflammatory factors and improve skin wound healing [25]. Finally,
SH-Polypeptide-42, synthesised to mimic interleukin 7 (IL-7) which has been
shown to be produced and released by dermal endothelial cells [26] and kerati-
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nocytes [27], and to increase keratinocyte migration rates in chronic wounds
[28]. It also plays a central role in the survival the development of lymphoid cells
through the activation of the phosphatidylinositol 3 kinase (PI3K)/protein ki-
nase B (Akt) signalling pathway [28] [29].

Here, we present a clinical assessment of skin physiology parameters, before
and after application of a novel product containing 4 recombinant human pep-
tide isomers at low concentration (<0.0025%) configured to mimic the action of
endogenous signalling molecules implicated in the control of various aspects of

skin biology.

2. Materials and Methods

Twenty healthy female Caucasian participants aged between 35 and 55 years of
age (median age: 54 years old) were enrolled in a 30-day open observational
study during March and April 2019. Participants were enrolled from the study
centre (Abich Clinical and Cosmetic Testing Centre, Milan, Italy) database of
volunteers after meeting all inclusion criteria and none of the exclusion criteria.
Participants were informed of the aims of the study, the procedures and the
possible risks involved in the study, and freely gave their informed consent fol-
lowing the principles outlined in the Declaration of Helsinki.

Inclusion criteria included: female gender, aged 35 - 55 years, with visible
wrinkles around the eyes. Exclusion criteria included: pregnancy, or breastfeed-
ing, the use of medication that could affect the response of the skin, signs of skin
irritation at any of the test sites (periocular area, cheeks and forearm area), par-
ticipation in other simultaneous studies or recent previous studies without a
suitable rest period that might interfere with the test evaluation, judged as not
suitable by a medical doctor. During the study the following withdrawal criteria
were applied: development of illness or accident or condition which could affect
the outcome of the study, intolerance to the tested product, participants that no
longer wished to participate in the study. Twenty participants were screened,
enrolled and all twenty completed the study; there were no screen failures or
withdrawals. For the duration of the study, participants were asked to refrain
from using similar products in the analysed areas.

The tested product was a clear odourless hydrogel (The Actuator, Contrad
Swiss SA, Switzerland), the composite ingredients of which are reported in Ta-
ble 1. All participants were instructed on how to apply the product (approx-
imately 150 - 300 pl per application) to the entire facial area twice a day for the
30-day study period. All participants were assessed for each of the assessed pa-
rameters both before, and after, use of the product. All measurements were per-
formed by trained staff. Data was collected at a certified GLP test facility by
trained personnel, under controlled environmental conditions where tempera-
ture and humidity were monitored and maintained constant at each measure-
ment time point (20°C +/— 2°C, 50% +/— 5% relative humidity). There was no

formal acclimation time. Tests were not blinded.
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Table 1. Components of the tested product (INCI nomenclature).

Product components

Aqua, Glycerin, Propylene glycol, Carbomer, Sodium hyaluronate, Xanthan gum, Panthenol,

PEG-40 hydrogenated castor oil, SH-Oligopeptide-2, SH-Polypeptide-1, SH-Oligopeptide-1,

SH-Polypeptide-42, Phenoxyethanol, Dehydroacetic acid, Benzoic acid, Ethylhexylglycerin,
Disodium EDTA, Sodium hydroxide.

Assessment of the following skin parameters were performed on the cheek
area of both sides of the face before and after 30-days of twice-daily use: elastici-
ty, firmness, sagging. brightness, luminosity. For tests of moisturizing capacity,
the tested product was compared to a placebo HA-based hydrogel which con-
sisted of the same hydrogel base as the tested product, but without the 4 pep-
tides; additional comparisons were made to non-treated (NT) skin. Assessment
of skin hydration was performed over the course of 3 hours on the inner forearm
area; the tested product (approximately 150 pl) was applied to one forearm, the
placebo was applied to the same area on the contralateral forearm. Non-treated
(NT) measurements were made on the inner upper arm area. All participants
received all three treatments (product, placebo, NT).

For the evaluation of skin elasticity, firmness, and sagging a multi-probe
adapter (Courage-Khazaka GmbH, Cologne, Germany), equipped with a Cuto-
meter (Courage-Khazaka) was used as described elsewhere [30]. Skin firmness
(RO) represents the resistance of the skin to being deformed under negative
pressure (450 mbar) and is calculated as the distance that the skin travels up the
internal tube of the cutometer (range: 1 - 10 mm). A lower value indicates great-
er firmness. Elasticity (R2) quantifies the extent to which the skin returns to its
original state after deformation. On a scale from 0 to 1, the closer the value is to
1, the more elastic is the skin. The sagging (R9) indicates the ability of the skin to
return to its original state after multiple cycles of suction and release, the lower
the R9 value, the less saggy is the skin. The evaluation of skin firmness, elasticity
and sagging was carried on the cheek area of all participants on both sides of the
face prior to (T0), and after 30 days (T30d), of twice-daily use of the product.
The measuring probe (2 mm diameter) of the Cutometer was positioned per-
pendicularly to the tested skin area. Suction and release times were both set at 2
seconds, as per the manufacturer’s recommendations. Measurements were per-
formed in triplicate.

The evaluation of skin luminosity (L*) was carried out on the cheek area of all
participants of both sides of the face at baseline (T0) and after 30 days (T30d) of
twice-daily application of the product using a Chromameter CR-200 (Minolta,
Tokyo, Japan). The three coordinates of the CIE 1976 (L*, a*, b*) colour space
(also called CIELAB colour space) characterise the sample in terms of its posi-
tion on three colour scales. L* = 0 yields black and L* = 100 indicates diffuse
white; negative a* values indicate green while positive a* values indicate magen-

ta; and negative b* values indicate blue while positive b* values indicate yellow.
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The objective evaluation of the brightness of the face was carried out by spe-
cialised staff who analysed and scored digital images of both sides of all 20 par-
ticipants’ faces from T0 and T30d using a 4-point scale (Table 2).

Assessment of skin hydration was performed by using a previously described
technique [31]. Briefly, the change in skin electrical capacitance at a depth of
approximately 15 um as assessed with a Corneometer CM285 (Courage-Khazaka
GmbH) on the forearms of participants. Duplicate measurements were taken
prior (T0) to one application of either the product, a placebo hydrogel, or no
treatment (N'T), then after 30 minutes, 60 minutes, and 180 minutes. The place-
bo was the hydrogel formulation (Table 1) but without peptides. Each mea-
surement was carried out twice per tested area, per participant.

At the end of the study, participants answered a questionnaire regarding the
product’s pleasantness, texture, and efficacy, as well as their general opinion of
the product. Data regarding the tolerability (presence of irritation, itching,
burning, redness) of the product was also collected in the questionnaire.

The primary objectives of this study were to assess the tolerability and feasi-
bility of use of a cosmetic product for twice-daily use in 20 women over 30 days.
The secondary objectives were to assess the moisturizing, brightening, elasticiz-
ing, densifying, and anti-sagging efficacy of the same cosmetic product.

Statistical analyses were carried out using the statistical environment, R [32]. Tests
for normality (Shapiro) dictated use of parametric (paired t-test)/non-parametric
tests (Wilcoxon). The effect of the different treatments on hydration data was
tested by pairwise t-tests at each time point with Bonferroni correction for mul-
tiple comparisons, an analysis of variance (ANOVA, Tukey multiple compari-
sons of means, 95% family-wise confidence level) was also performed. The thre-
shold for statistical significance was set at 5% (P < 0.05). Changes seen over the
course of 30 days were calculated as percentage change ((new value — old val-
ue)/(old value)) x 100 for each individual; the mean of the percentage change
was used. Contemporaneous differences between different treatments were cal-
culated as percentage difference ((new value — old value)/(mean of new and old

values)) x 100; the mean of the percentage difference was used.

3. Results

All 20 participants completed the 30-day study, no adverse reactions or tolerability

Table 2. Skin brightness scale.

Skin Brightness Score
Not bright 0
Not very bright 1
Bright 2
Very bright 3
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issues were reported. Over the course of 30 days, there were significant changes
in most of the assessed parameters. Skin elasticity was increased 11.8% after 30
days relative to initial values (P = 0.00006, Wilcoxon test, n = 20) (Figure 1).
Skin firmness was increased 1.4% over time with use of the tested product (P =
0.47, paired t-test, n = 20) (Figure 1). Contrary to firmness and elasticity, the
sagging (Figure 1) was significantly reduced 6.3% (P = 0.026, paired t-test, n =
20) over the test period.
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Figure 1. Measurements of skin physiology were assessed prior to, and after, 30 days of twice-daily application of the tested prod-

uct to the entire facial area. Elasticity, firmness, and sagging of the facial skin was assessed using a Cutometer on both left and

right sides of the face. Skin brightness was assessed from photographs of the facial area. A Chromameter was used to assess the
luminosity value of the facial skin. In all cases, the mean of repeated measurements on the left and right sides of the face are

shown.
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The visual aspect of the skin was assessed by luminosity and brightness. Skin
brightness significantly increased (P = 0.00024, Wilcoxon test, n = 20) with a
mean increase in brightness score from 0.9 to 1.9 (range = 0 - 3) over the course
of the study (Figure 1). Increased values were reported for 80% (16/20) partici-
pants while 4 participants showed no change in skin brightness. Increases in skin
brightness were accompanied by an average increase in luminosity of 2.5% (P =
0.0048, Wilcoxon test, n = 20) over the treatment period from a baseline mean
L* value of 61.07 to 62.52 (Figure 1).

Assessment of skin hydration revealed a significant effect of different treat-
ments on hydration (ANOVA, Tukey multiple comparisons of means, 95% fam-
ily-wise confidence level, Table 3 and Figure 2).
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Figure 2. Skin hydration was assessed with a Corneometer after 1 application to the fo-
rearm area of either: Product: the tested cosmetic product; Placebo: carrier hydrogel
(without peptides); NT: non-treated. Measurements were taken prior to application and
were repeated for all groups on all participants at the indicated timepoints.
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Initial values for hydration were not significantly different between any of the
three treatment groups (Figure 2). Hydration values for product-treated skin
was 13.8% higher than that of NT skin at the first time point (30 minutes) (P =
0.031, pairwise t-test, n = 20). After 60 minutes, product-treated skin values were
17.5% higher than NT skin (P = 0.004, pairwise t-test, n = 20) and 9.7% higher
than placebo-treated skin (P = 0.013, pairwise t-test, n = 20). The hydrating ef-
fect was maintained until the 180-minute timepoint where product-treated skin
hydration values were 17.5% higher than those for NT skin (P = 0.003, pairwise
t-test, n = 20) and 10.2% higher than placebo-treated skin (P = 0.016, pairwise
t-test, n = 20). At none of the observed points was there a significant difference
between the placebo and NT skin hydration values.

Responses to the participant questionnaire were positive overall, with 90%
rating the texture as either good or excellent, 80% rating the scent as either suffi-
cient or good, 90% rating the comfort of the product as good or excellent. Eighty
percent judged the product overall to be good or excellent and 95% of partici-
pants indicated that they would recommend the product to others. The res-

ponses are shown in Table 4 and reflect the opinions of all participants.

Table 3. ANOVA of hydration values.

ANOVA values
Treatment
Difference Lower Upper P.adj.
Placebo - Product —2.23725 —3.525952 —0.9485475 0001757
NT- Product —4.19575 —5.484452 —2.9070475 0.0000000
NT - Placebno -1.95850 —3.247202 —0.6697975 0.0012057

An analysis of variance (ANOVA, Tukey multiple comparisons of means, 95% family-wise confidence lev-
el) was also performed on treatment, using the model: Hydration ~ Individual + Timepoint + Treatment +
Timepoint: Treatment. The threshold for statistical significance was set at 5% (P < 0.05). P.adj: adjusted
p-value.

Table 4. Questionnaire responses of the study participants.

Participant opinions (%)

’ insufficient  poor sufficient good excellent

Texture of product 20 0 0 10 60 30

Scent of product 20 5 15 40 40 0

Comfort of product 20 0 0 10 65 25

General rating of product 20 0 0 20 65 15

Yes No
Would you recomment
the product? 20 9 >
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4. Discussion

The vulnerability of aged skin, in that it is thinner, less elastic, and more prone
to injury represents an unmet clinical need, which will be exacerbated by an ag-
ing population and ever-increasing life expectancy. On the basis of published
data, described in the introduction, which supports the effect of EGF, IGF, FGF,
and IL-7 on different aspects of connective tissue and skin biology [15]-[20],
[23] [24] [25] [29], we hypothesised that the inclusion of these peptide oligomers
would increase the levels of connective tissue and ECM proteins in the skin. We
proposed that this might manifest itself in numerous ways including, but not li-
mited to, increased elasticity, volume, and firmness of the skin.

After 30 days of twice-daily use, we assessed the effect of a novel cosmetic
product on selected parameters of skin physiology and observed the following
significant results:

e 11.8% mean increase in elasticity

® 6.3% mean decrease in sagging

e 2.5% mean increase in luminosity

¢ Increase in mean brightness score from 0.9 to 1.9 (range = 0 - 3)

Additionally, over a shorter timeframe, we observed an increase in skin hy-
dration after application of the tested product with significantly greater hydra-
tion levels than NT or placebo-treated skin.

This combination of peptide isomers is responsible for the significant differ-
ences observed between the tested product and the placebo control in the hydra-
tion assay (Figure 2). This strongly suggests that the peptides within the tested
product are capable of exerting their effects despite the absence of mechanical
disruption of the SC. It is possible that the transdermal penetration of the pep-
tides somehow facilitates increased transdermal co-penetration of hydrogel
components, such as sodium hyaluronate, that increase the moisture content of
the epidermis through the binding of a large number of water molecules, this
might explain the duration of the moisturizing effect seen after application of the
product. It is perhaps noteworthy that placebo application caused a significantly
smaller increase in hydration than observed after application of the product, but
one that lasted a similar duration, suggesting that similar mechanisms dictated
the duration, but not the magnitude of the effect. This would be in line with an
increased transdermal penetration of HA in the product-treated areas with re-
spect to placebo-treated areas.

We propose that the known roles for the 4 peptides within the product [15]
[16] [17] [18] [20] [23]-[28] in the process of wound healing [15] [17] [20] and
soft tissue repair [23] are responsible for increased cell migration [28], increased
cell turnover [16] and an upregulation in collagen [16] and elastin [21] [22]
synthesis within the dermis which could explain the observed increase in skin
elasticity and corresponding reduction in sagging of the skin.

The observed increase in elasticity represents an improvement over other pep-

tide-containing formulations [33], and is similar to results obtained using oral
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supplements containing Lactobacillus [34], or topical formulations containing
growth factors [35] or Pomegranate (Punica granatum) and Croton lechleri ex-
tracts [36], albeit over longer time-frames (12 and 6 weeks, respectively) than the
current study. In terms of the capacity of the tested product to increase the
moisture content of the skin, the effect was clear, but the short time-frame and
the experimental design (analysis of hydration following a single application)
makes comparison with other published studies difficult. However, despite the
shorter duration, the results described herein are comparable with data from
other studies over four [37] or six [36] weeks of use, and are greater than other
reported results in including, oral probiotics used for four weeks [34] and appli-
cation of topical 0.1% and 0.05% retinaldehyde over 3 months [38].

It would be interesting to see the effects of the same tested product on differ-
ent ethnic groups. Testing hydration after longer periods would be useful to
examine the duration of effects following one application. The effects of sus-
tained use would also be of interest. These, and in vitro tests are warranted to
demonstrate the ability of this product to affect collagen and elastin synthesis in
the dermis which would provide a rational explanation for the observed effects

on the skin in this study.

5. Conclusion

The potential of synthetic peptides to recapitulate the biological roles of endo-
genous molecules is a field of study that is gaining momentum. Here, in a 30-day
clinical study of 20 participants, we provide evidence that topically applied pep-
tides can affect rapid change in the physiological characteristics of the skin.
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