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Abstract
Objective: To assess the in vitro efficacy on antioxidant potential, protection against 
global oxidative stress, and effect on collagen neosynthesis of minimalist formula 
(Peptide- C ampoules product) containing 10% natural vitamin C, rice and lupin bio- 
peptides, hyaluronic acid, and Vichy volcanic mineralizing water (active mix).
Methods: In- tube quantitative tests (“in- tube screening”) assessed global antioxidant 
properties, anti- lipid peroxidation, anti- protein glycosylation, and metalloproteinase in-
hibition (anti- collagenase, anti- elastase, and anti- hyaluronidase activity) properties of the 
formula. Protection against oxidative stress was evaluated on human keratinocyte mon-
olayer cultures, and collagen neosynthesis was quantified on fibroblast monolayer cul-
tures treated with supernatants from product- treated reconstructed human epidermis.
Results: Product (5% concentration) showed high antioxidant ability (blocking 99.0% 
oxidation), protection against oxidative stress damage (51.8% lipid peroxidation and 
37.8% protein glycosylation decreases), and inhibition of hyaluronidase (21.9%), elastase 
(47.1%), and collagenase (61.8%). The protective effect was validated on human ke-
ratinocyte monolayer cultures in the presence of active mix (0.025%). Oxidative stress 
(ROS) was reduced by 99.0%, while global oxidative stress (RMS) induced by pollution, 
UVA radiation, and a combination of both factors was reduced by 48.94%, 8.7%, and 
96.28%, respectively. The product increased collagen neosynthesis (11.21%) by cellular 
dialogue in fibroblasts incubated with product/mix- treated- RHE supernatants.
Conclusion: The combination of ingredients in the product showed high global antiox-
idant capacity, as well as a protective effect against oxidative stress induced by UVA, 
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1  |  INTRODUC TION

Since Christopher Wild coined the term exposome in 2005, propos-
ing a more holistic approach to the factors that affect an individual, 
there has been a gradual integration of the concept into the field of 
cosmetics. In recent years, the term “skin aging exposome” has been 
used to define external and internal factors and their interactions, 
which affect a human individual from conception to death, as well 
as the body's response to these factors, which lead to clinical and 
biological signs of skin aging.1

Exposome factors such as external factors (ultraviolet [UV], vis-
ible light and Infrared [IR] solar radiation, environmental pollution, 
tobacco smoke, and temperature) and internal factors (food, alcohol 
consumption, stress, and lack of sleep) may induce oxidative stress 
through the generation of free radicals, including reactive oxygen 
species (ROS), reactive nitrogen species (RNS), and reactive carbonyl 
species (RCS).2,3 Although ROS, RNS, and RCS are all different mo-
lecular entities, they are interrelated highly reactive molecules that 
generate other molecules, and thus, the damage produced is expo-
nentially increased.4

Oxidative stress is responsible for damage to cell membranes 
such as lipid peroxidation (especially in mitochondria), changes in 
the structure and function of proteins (protein glycosylation and/
or activation of enzymes that degrade the proteins of the extracel-
lular matrix [ECM]), alterations in DNA, and/or modifications in gene 
expression.5

The initial cause of structural alterations in skin is oxidative 
stress from an increase in ROS. Polyunsaturated lipids of membranes 
and lipoproteins are the main targets of ROS. ROS- mediated lipid 
peroxidation generates RCS, which amplifies the damage caused by 
ROS altering other structures. Protection against lipid peroxidation 
prevents indiscriminate ROS toxicity.6 In this way, oxidative stress 
causes the alteration of the protein structure and its function, for 
example, in protein glycosylation with the formation of advanced 
glycosylation end products (AGEs).5

High levels of ROS also activate matrix metalloproteinases 
(MMPs), which degrade the molecules that constitute the ECM in 
the dermis, such as collagen, hyaluronic acid, and elastin. The in-
creased degradation and reduced de novo synthesis of these pro-
teins, together with a decreased rate of skin cell renewal, are the 
main processes involved in the loss of elasticity and the appearance 
of wrinkles.5

Finally, in an attempt to mitigate oxidative stress, inflammation 
and melanin synthesis are induced in the skin, which results in the 
appearance of dark spots and hyperpigmentation.

The use of cosmetics may help to protect the skin against ex-
posome factors and maintain adequate physiological conditions to 
prevent cell damage. Therefore, research is essential for the devel-
opment of effective products proven to protect against oxidation, 
maintain the natural balance and the functions of the skin, and ulti-
mately improve skin aging signs.

The formula of Peptide- C ampoules described here has been 
developed at low pH (pH2.85) and contains pure vitamin C (10%), 
peptides (rice and lupin), hyaluronic acid (HA), and Vichy volcanic 
mineralizing water (VVMW). Vitamin C has well- known anti- aging 
effects on skin and has been shown to prevent epidermal damage 
from pollution and ultraviolet radiation.7,8 Peptides are increasingly 
used as dermoscometic ingredients for anti- aging effects, and rice 
di-  and tripeptides have shown an anti- wrinkle effect.9 HA has been 
reported to have anti- inflammatory properties and antioxidative 
properties.10 Finally, VVMW is a highly mineralized mineral water 
shown to increase catalase activity, which is an important antioxi-
dant enzyme.11 Furthermore, the formula has demonstrated effec-
tiveness and high subject satisfaction for wrinkle reduction and skin 
rejuvenation in three clinical studies.12

To further assess the product, in vitro screening was carried out 
to test anti- oxidation effects and efficacy against oxidation- derived 
processes, including inhibition of ECM metalloproteases.

2  |  MATERIAL S AND METHODS

2.1  |  Test sample

Two versions of the sample were used in this study: final formula 
and mix of actives. The product (final formula) includes vehicles and 
a minimalist formula of only 10 ingredients (mix of actives: 10% natu-
ral vitamin C, rice and lupin bio- peptides, hyaluronic acid, and Vichy 
volcanic mineralizing water), with no preservatives, in amber glass 
ampoules (LiftActiv Specialist Peptide- C ampoules; Vichy, Paris, 
France [Peptide- C ampoules]). The mix of actives only was used in 
cellular cultures in order to avoid cytotoxicity.

2.2  |  In- tube tests

The evaluation of the final formula in blister format was carried out 
using the INVITOOLS commercial kits (Invitrotecnia).

The reagents and samples were prepared using the diluent in-
cluded in the corresponding kit, following the manufacturer's 

pollution, or both combined factors and an ability to stimulate collagen neosynthesis 
in in vitro studies, which support the clinical efficacy of this product.
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instructions. Measurements were taken using a Biotek Synergy HT 
(Winooski, VT) Microplate reader.

2.2.1  |  Anti- general oxidant ability

150 μl of the substrate and 50 μl of the positive control (vitamin E 
analogue at final concentration of 31.25 μg.mL−1) and intermediate 
dilutions of the sample/s were dispensed in triplicate. 50 μl of diluent 
was used as negative control. After incubation for 30 min at 25°C, 
activity was measured by spectrophotometry at 410 nm.

2.2.2  |  Anti- lipid peroxidation ability

25 μl of the substrate, 12.5 μl of the oxidant agent, and 12.5 μl of the 
positive control (vitamin E analogue at final concentration of 250 μg.
mL−1) and intermediate dilutions of the sample/s were dispensed in 
triplicate. For the negative control, 12.5 μl of Diluent was used. After 
incubation for 2 h at 37°C, fluorometer readings were performed 
(EX: 500 nm; EM: 530 nm).

2.2.3  |  Anti- protein glycosylation ability

187.5 μl of the substrate and 62.5 μl of the positive control (amino-
guanidine at a final concentration of 690 μg.mL−1) and intermedi-
ate dilutions of the sample/s were dispensed in triplicate. For the 
negative control, 62.5 μl of diluent was served. It was incubated 
for72 h at 37°C. After adding the developer solution, it was incu-
bated for 15 min at 95°C and read by fluorimetry (EX: 370 nm; EM: 
440 nm).

2.2.4  |  Inhibition of Collagenase

5 μl of enzyme and 5 μl of the positive control 
(Ethylenediaminetetraacetic acid, EDTA at final concentration of 
5 mg.mL−1) and intermediate dilutions of the sample/s were dispensed 
in triplicate. For the negative control, 5 μl of reaction buffer was used. 
It was incubated 15 min at 37°C. Finally, 10 µl of substrate was added 
before incubation for 45 min at 37°C. After adding the development 
solutions, spectrophotometry was performed at 570 nm.

2.2.5  |  Inhibition of Elastase

50 μl of enzyme and 50 μl of the positive control (phenylmethyl-
sulfonyl fluoride, PMSF at final concentration of 130 μg.mL−1) and 
intermediate dilutions of the sample/s were dispensed in triplicate. 
For the negative control, 50 μl of reaction buffer was used. It was in-
cubated 15 min at 25°C. Finally, 50 µl of substrate was added before 

incubation for 45 min at 25°C. Spectrophotometry readings were 
performed at 410 nm.

2.2.6  |  Inhibition of hyaluronidase

10 μl of enzyme and 10 μl of the positive control 
(Ethylenediaminetetraacetic acid, EDTA at final concentration 
of 1.25 mg.mL−1) and intermediate dilutions of the sample/s were 
dispensed in triplicate and incubated for 15 min at 37°C. For the 
negative control, 10 μl of reaction buffer was used. Finally, 20 µl 
of substrate was added followed by incubation for 45 min at 37°C. 
After adding the development solutions, spectrophotometry read-
ings were performed at 540 nm.

2.3  |  Cellular assays

2.3.1  |  Cultures

To evaluate the protective effect against reactive molecular spe-
cies (RMS), human keratinocytes (spontaneously immortalized 
cell line HaCaT, CLS GmbH) were grown until confluence was 
reached, and 2 × 106 cells/plate were seeded in a 96- well plate 
(Sarstedt).

To perform the collagen quantification, human fibroblasts (de-
rived and adapted by the R&D department of Invitrotecnia) were 
grown until they reached confluence. Afterward, 5·105 cells/plate 
were seeded in a 24- well plate (Sarstedt).

Both types of cell lines were cultured in Dulbecco's Modified 
Eagle Medium (DMEM; Gibco) and supplemented with 10% fetal 
bovine serum (FBS; Sigma- Aldrich) and 1% penicillin- streptomycin 
(Gibco). Once the cultures were established (after 24 h incubation), 
the treatments were applied.

2.3.2  |  Tissues

Reconstructed human epidermis (RHE; SkinEthic, France) was used. 
Tissues were maintained with 1 ml of growth medium (SkinEthics, 
France) overnight, following the manufacturer's instructions. Once 
the model was established, product or mix of actives was applied.

2.4  |  Treatments

2.4.1  |  Oxidative stress conditions

The keratinocyte cultures in a confluent monolayer (100% conflu-
ence) were washed and incubated in absence (standard culture 
conditions - negative control-  and damage control) and presence of 
active Mix for 24 h, in the following cases:
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To evaluate global ROS damage, human keratinocyte cultures 
at confluence were treated with hydrogen peroxide (H2O2, Sigma- 
Aldrich) at a concentration of 0.0017% for 2 h. After the treatment, 
cells were washed twice with PBS1X and the oxidative stress was 
quantified. Finally, plates were washed with PBS1X and cellular via-
bility was evaluated.

To induce oxidative stress by pollution, human keratinocyte cul-
tures at confluence were treated with diesel particles (Urban dust, 
NIST® SRM®; Sigma- Aldrich) at a concentration of 700µM for 24 h. 
Cells were washed twice with PBS1X, and the oxidative stress was 
quantified.

Afterward, plates were washed with PBS1X and cellular viability 
was evaluated.

To induce oxidative stress by UVA radiation, human keratino-
cyte cultures at confluence were irradiated at 3 J.cm−2 in Bio- Link 
Crosslinker BLX- 365 (Vilber Lourmat). One plate not irradiated was 
used as control of production of ROS and cellular viability. Cells were 
washed twice with PBS1X, and the oxidative stress was quantified.

Afterward, plates were washed with PBS1X and cellular viability 
was evaluated.

2.4.2  |  Deep product effect

The RHE tissues were moistened to facilitate the sample application, 
were treated with the product (simulating normal use conditions). 
After 24 h, supernatants of the treated- RHE tissues (SkinEthic) were 
transferred to adapted- human fibroblast cultures and incubated for 
24 h. The process was repeated until the adapted- fibroblast cul-
ture reached confluence. Sodium ascorbate was used as a positive 
control (0.01%, Sigma- Aldrich). Collagen was then quantified by the 
INVITOOLS commercial kit (Invitrotecnia), following the manufac-
turer's instructions.

2.5  |  Quantification methods

2.5.1  |  Oxidative stress

The quantification was performed with 2’,7’ dichlorodihydrofluores-
cein diacetate (H 2 DCF- DA) fluorescent probe (Molecular Probes; 
Invitrogen, Europe).

The H 2 DCF- DA fluorescent probe was added to the whole 
plate. After 30 min, the fluorescent signal was recorded.

2.5.2  |  Cell viability

The MTT assay was performed with 0.5 mg.mL−1 3- (4,5- dimethylt
hiazol- 2- yl)- 2,5- diphenyltetrazolium bromide in culture medium. 
The optical density was measured at 570 nm in Microplate reader 
SPECTROstar Omega (BMG LabTech GmbH).

2.5.3  |  Total amount of collagen

Total collagen was quantified using the INVITOOLS commercial 
kits (Invitrotecnia, Spain), following the manufacturer's instruc-
tions. After fixation of the cells, 500 μL of the staining solution were 
added. After 1 h, 100 μl of the extraction solution was added, and 
then, spectrophotometry was performed at 540 nm.

2.6  |  Statistical analysis

The paired Student t test was used to compare the means of two 
groups, which were usually the negative or positive control (depend-
ing on the group considered as the reference) and the sample tested 
(product or active mix- treatments).

To test antioxidant capacity and efficacy on derived effects, 
the results obtained for the sample (5% concentration) for each 
test (general anti- oxidation, lipid anti- peroxidation, protein gly-
cosylation and inhibition of hyaluronidase, and elastase and col-
lagenase activities) were compared with the activity of negative 
control.

To test protective effect against damage by global oxidative 
stress, results obtained from cellular viability and level of ROS were 
compared with the positive control, for each condition (treatments 
with H2O2, pollution, and UVA radiation) in the cultures treated with 
or without 0.025% of mix.

In addition, ANOVA tests were performed where necessary to 
compare different quantitative variables in more than two groups 
(positive control, final formula, and actives mix) with one outcome 
variable to evaluate the statistically significant difference between 
the samples and positive control.

In all the statistical tests, a p value of p < 0.05 was taken as 
significant.

3  |  RESULTS

3.1  |  Very high direct antioxidant capacity and 
efficacy on derived effects: lipid peroxidation, 
protein glycosylation, inhibition of hyaluronidase, and 
elastase and collagenase activities

The product was evaluated at concentrations of 1, 5, 10, 20, and 
25% for all in- tube tests. Global oxidation and derived processes 
were tested (lipid peroxidation and protein glycosylation) as well as 
MMP inhibition capacity, assessed by the inhibition of hyaluroni-
dase, elastase, and collagenase activity.

An effect was observed at 5% concentration of the product in all 
the assays (Figure 1). Effectiveness in blocking oxidation, reduction 
in lipid peroxidation, and reduction in protein glycosylation were 
99.0% (p < 0.001 compared to the negative control), 51.8% (p < 0.01 
compared to the negative control), and 37.7% (p < 0.05 compared to 
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the negative control), respectively; inhibition of hyaluronidase ac-
tivity, elastase activity, and collagenase was 21.9%, 47.1% (p < 0.01 
compared to the negative control), and 61.8% (p < 0.01 compared to 
the negative control), respectively.

3.2  |  Protective effect against damage by global 
oxidative stress from reactive molecular species

For human cell in vitro assays, the mix of actives of the product was 
used to avoid cytotoxic effects from non- active ingredients of the 
product. Working concentrations were determined by cytotoxic-
ity curves. Values of cellular viability around 85% were acceptable 
(non- cytotoxic).

3.2.1  |  Protective effect of the mix of actives 
against ROS- induced damage

The exposure of the keratinocyte culture to hydrogen peroxide 
(Figure 2), under controlled conditions (0.0017%, 2 h), induced a 
decrease in cellular viability of 30.2% and a statistically significant 
increase in free radical levels (228.2%), compared with standard cul-
ture conditions (100%).

In presence of the mix of actives (0.025%), the cellular viabil-
ity increased by 5.9%, statistically significant (p < 0.05), and the 

levels of free radicals decreased to 98.98%, statistically significant 
(p < 0.001). These results are indicative of the strong antioxidant po-
tential of the product against global oxidative stress and its derived 
effects increasing the cellular viability.

3.2.2  |  Protective effect of the actives mix against 
pollution- induced damage

The exposure of the keratinocyte culture to diesel particles 
(Figure 3), under controlled conditions (700 μM, for 24 h), caused an 
increase in free radical levels (188.1%) and a decrease in cell viabil-
ity (75.2%), statistically significant compared with standard culture 
conditions (100%).

In the presence of the mix of actives (0.025%), there was a 
decrease in free radical levels (−48.9%) and an increase in cell 

F I G U R E  1  Results from in- tube assays showing general anti- 
oxidation, lipid anti- peroxidation, and protein anti- glycosylation 
effectiveness of 5% product (A), and inhibition of hyaluronidase, 
elastase, and collagenase activities by 5% final formula (B). 
Negative control adjusted to 0% of inhibition/100% of activity. 
***p < 0.001, **p < 0.01

F I G U R E  2  Results from cellular assays (human keratinocytes) 
treated with active mix (0.025%). Oxidative stress by ROS (H2O2, 
hydrogen peroxide 150µM, 2 h); 0.025%+H2O2, cells treated with 
active mix and H2O2 150 µM, 2 h. Cellular viability and basal levels 
of ROS adjusted at 100% in standard conditions of the culture 
(negative control, non- treated cells). ***p < 0.001, #p < 0.05

F I G U R E  3  Results from cellular assays (human keratinocytes) 
treated with active mix (0.025%). Oxidative stress (RMS) by 
pollution (cells treated with diesel particles 700 µM, 24 h; 
0.025%+pollution, cells treated with formulation and diesel 
particles 700 µM, 24 h). Cellular viability and basal levels of ROS 
adjusted at 100% in standard conditions of the culture (negative 
control, non- treated cells). ***p < 0.001, #p < 0.05
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viability (+4.9%), both statistically significant (p < 0.001 and 
p < 0.05, respectively). These results are indicative of a wide pro-
tective effect against damage caused by the increase in specific 
free radicals of contamination and its derived effects increasing 
the cellular viability.

3.2.3  |  Protective effect of the actives mix against 
UVA- induced damage

The exposure of the keratinocyte culture to UVA radiation 
(Figure 4), under controlled conditions (3 J.cm−2), caused an increase 
in free radical levels (139.8%) and a decrease in cell viability (84.3%), 
statistically significant compared with standard culture conditions 
(100%).

In the presence of the actives of the formula (0.025%), there 
was a decrease in free radical levels (−8.8%) and an increase in cell 
viability (+5.5%), both statistically significant (p < 0.001, p < 0.05, 
respectively). These results are indicative of a clear protective effect 
against damage caused by the increase in free radicals generated by 
radiation.

3.2.4  |  Protective effect of the actives mix against 
damage caused by pollution and UVA combined

In the case of the combination of pollution and UVA radiation 
(Figure 5), exposure to combined factors causes an increase in 
free radical levels (278.7%) and a decrease in cell viability (66.95%) 
greater than the factors separately for both parameters, statisti-
cally significant compared with the culture conditions standard 
(100%).

In the presence of the mix of actives (0.025%), free radical levels 
decreased (−96.3%) and cell viability increased (+9.19%), both statis-
tically significant (p < 0.01 and p < 0.05 respectively). This is indic-
ative of a clear protective effect against damage caused by global 

oxidative stress, induced by the combination of external environ-
mental factors.

3.3  |  Collagen neosynthesis by RHE treated with 
peptide C formulation

To assess the effectiveness of the product to stimulate (new) colla-
gen synthesis, reconstituted human epidermis (RHE, SkinEthic) was 
treated with the final formula and with the active mix (0.01%).

As shown in Figure 6, fibroblasts treated with supernatants from 
epidermis treated with the mix of actives or treated with superna-
tants from epidermis treated with the product increased collagen 
synthesis by 11.9% and 11.2%, respectively, compared with the neg-
ative control (p < 0.01 and p < 0.05, respectively), similar to values 

F I G U R E  4  Results from cellular assays with human 
keratinocytes treated with active mix (0.025%). Reactive molecular 
species oxidative stress by UVA radiation (cells treated with UVA 
radiation, 3 J/cm2); 0.025%+UVA, cells treated with UVA radiation, 
3 J/cm2). Cellular viability and basal levels of ROS adjusted at 100% 
in standard conditions of the culture (negative control, non- treated 
cells). ***p < 0.001, #p < 0.05

F I G U R E  5  Results from cellular assays with human 
keratinocytes treated with active mix (0.025%). Reactive molecular 
species oxidative stress by combined pollution and UVA. Cellular 
viability and basal levels of ROS adjusted at 100% in standard 
conditions of the culture (negative control, non- treated cells). PS, 
pollution, ***p < 0.001, #p < 0.05

F I G U R E  6  Quantification (%) of total collagen on human 
fibroblasts treated with reconstituted human epidermis 
supernatants (RHE; SkinEthic) treated with active mix and final 
formula. PC, sodium ascorbate (0.01%); SD, standard deviation
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of positive control (sodium ascorbate 0.01%) which is known to be a 
powerful antioxidant.

This result is indicative of cellular dialogue between keratino-
cytes and fibroblast that stimulate the synthesis of new collagen 
from the cells in the deeper layers of the skin without penetration.

4  |  DISCUSSION

Skin aging results in a thinner and less well- protected skin.13,14 It 
is caused by a combination of genetic factors and exposome fac-
tors (environmental and biological factors) on top of chronological 
aging.15 Due to modern urban life, the population is exposed on a 
daily basis to solar radiation and other external factors including 
air pollution, tobacco smoke, stress, or solar radiation.16 Oxidative 
stress has been described as the most important biological conse-
quence of these exposome factors, resulting in the formation of RMS 
(ROS, RNS, and RCS), which can play a major role in the alteration of 
the homeostasis of the skin and premature aging by degradation of 
components of the ECM and reduction in antioxidant capabilities in 
the skin.13,17

Antioxidants can provide protection against this release of radi-
cals and are becoming more widely used, in the form of vitamins or 
plant extracts, in cosmetic formulations.8,15,17 Vitamin C is the most 
abundant antioxidant, that can interact with harmful free radicals 
and donate its electron. This strong effect is especially relevant in 
photoaged skin, quenching ROS induced by UV- radiation, and in pro-
tection of epidermal morphology, blocking phototoxicity of polycy-
clic aromatic hydrocarbons in pollution combined with sunlight.8,15 In 
addition, recent studies have proven that HA has antioxidant prop-
erties (in vivo and vitro), inhibiting lipid peroxidation and reducing the 
activity of ROS by scavenging ROS free radicals.18

In- tube screening of the product, containing pure vitamin C 
(10% L- ascorbic acid, at pH = 2.8), revealed a strong antioxidant 
potential and a high efficacy against lipid peroxidation and protein 
glycosylation. The protective effect of the formula against RMS- 
induced damage was validated in human keratinocyte cultures. 
The monolayers showed a significant decrease in free radical levels 
and an increase in cell viability when they were incubated with the 
combination of actives at 0.025%, and after, they were exposed to 
global oxidative stress, generated by peroxide, UVA, and pollution 
(diesel particles). High protection against exposure to combined 
factors, that caused a greater increase in free radical levels and a 
decrease in cell viability than the factors separately, was especially 
relevant.

A direct consequence of antioxidant effectiveness of the 
product is the protection of the integrity of proteins in the ECM. 
Metalloproteases are activated by oxidative stress and degrada-
tion of the structural proteins of the ECM of the dermis occurs. 
The main consequences of these processes are the formation of 
wrinkles.5 This study demonstrates, by in- tube screening, that 
the product has the capacity to inhibit collagenase, elastase, and 

hyaluronidase metalloproteinases, showing the ability of the final 
formula to protect the deeper layers of the skin. The other main 
process involved in the formation of wrinkles is the decrease in the 
neosynthesis of matrix proteins. The formula contains bio- peptides, 
polypeptides, or oligopeptides has been used in cosmetic products 
as effective anti- aging ingredients.19,20 They are composed of amino 
acids, and they can imitate peptide sequences or act as messenger 
molecules stimulating the production of collagen, elastin, and lumi-
can rebuilding the dermal matrix, reducing the appearance of wrin-
kles and to increase firmness.21– 24 Collagen (COL) is the major ECM 
molecule in the dermis, along with other components that confer 
properties on the skin.14 The main ones are I, III, VI, and XIV (dermis), 
IV (basal membranes), VII and XVII (epidermis- dermis junctions), XIII 
(epidermis), and XV and XVI (fibroblasts).25

The application of the product or the mix of active ingredients on 
reconstructed human epidermis demonstrated the positive effect 
on collagen neosynthesis, in both cases, which could be the result of 
a keratinocyte- fibroblast dialogue.

5  |  CONCLUSION

The results of these in vitro studies revealed high antioxidant capac-
ity of the product, as well as a protective effect against oxidative 
stress- derived processes, such as lipid peroxidation and protein 
glycosylation. Moreover, broad protective effect against global oxi-
dative stress and RMS from UVA, pollution, and both combined ex-
posome factors was demonstrated.

In addition, the inhibition of collagenase, elastase, and hyaluroni-
dase and ability to stimulate collagen neosynthesis demonstrate the 
potential of the product to protect the ECM and provide anti- aging 
efficacy.
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