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Abstract: Objective: A temperature-sensitive state-changing hydrogel mask was used in this study.
Once it comes into contact with the skin and reaches the body temperature, it uniformly and quickly
releases the active compounds, which possess moisturizing, anti-oxidant, anti-inflammatory and
regenerative properties. Methods: An open label clinical trial was conducted to evaluate the effects
of the test product on skin hydration, skin tone and skin ageing. Subjects applied the product to one
side of their face and underwent Corneometer® and Chromameter measurements, Visual assessment
of facial skin ageing and facial photography. All assessments and Self-Perception Questionnaires
(SPQ) were performed at baseline, after the first application of the test product and after four
applications. Results: After a single treatment we observed an increase in skin moisturisation,
an improvement of skin tone/luminosity and a reduction in signs of ageing, all statistically significant.
After four applications a further improvement in all measured parameters was recorded. These
results were confirmed by the subjects’ own perceptions, as reported in the SPQ both after one and
four applications. Conclusion: The hydrogel mask tested in this study is very effective in improving
skin hydration, skin radiance and luminosity, in encouraging an even skin tone and in reducing
skin pigmentation.
Keywords: hydrogel mask; skin; hydration; pigmentation; skin ageing; antioxidant; skin barrier

1. Introduction
The skin is the largest organ of the human body, it accounts for about 16% of its total weight [1]
and plays a major role in maintaining homeostasis and environmental protection. It regulates the
body temperature and the body fluid content, and represents the principal barrier to the external
environment, for example, it protects against pathogenic agents and UV radiations [2]. Skin appearance
and texture are highly influenced by the water content of the epidermis and the dermis, defined as
skin hydration. The water in the skin can be present in the form of free or bound water molecules.
In the stratum corneum, free water is able to diffuse from the skin to the outer environment, while
bound water is associated with many other molecules, so-called “Natural Moisturizing Factors” [3].
Decreased hydration of the skin leads to a dry and scaly skin surface and it may cause skin irritation
and inflammation, and different dermatological conditions [4–6]. Reduced moisture will also lead to
loss of skin radiance and skin elasticity. The reduction in elasticity decreases skin’s ability to retain its
shape and this causes the formation of fine lines and wrinkles.
Skin hydration can be affected by endogenous factors, such as genetic components, hormonal
changes and intrinsic ageing [7,8]. Notably, the natural ageing process results in the loss of hyaluronic
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acid (HA), one of the most important components of the extracellular matrix together with collagen
and elastin. HA is a high-molecular-weight glycosaminoglycan (10–104 kDa) composed of repeating
disaccharide units of N-acetylglucosamine and glucuronic acid [9–11]. HA plays a key role in tissue
hydration and moisture retention due to its ability to bind water molecules that can reach up to
1000-fold its molecular weight [12]. In the skin, HA is found in the dermis and in the epidermal
intercellular spaces, and it is synthesized by fibroblasts, keratinocytes and other skin cells [12]. HA has
a very fast turnover rate of 0.5 to a few (2–3) days [13] and its amount decreases with age. HA has
been widely used as an anti-ageing cosmetic ingredient, both topically and orally.
Skin hydration can also be influenced by the diet and lifestyle factors, i.e., poor diet, alcohol,
caffeine and cigarette consumption, each of reducing skin moisturisation [14,15].
Lastly, environmental factors, such as air dryness and air conditioning, wind, cold weather
and ultraviolet (UV) radiations, can also disrupt the water balance in the skin [16–19] and therefore
cause dry skin. For example, exposure to UV radiations can lead to skin photo-damage and, as a
consequence, to skin ageing as well as to skin cancer [20–22]. In particular, UV light is an external
oxidative stressor on the skin and reactive oxygen species (ROS) are generated after UV exposure [23].
These, in turn, activate mitogen-activated-protein kinase, nuclear factor kappa B and activator protein
1 metabolic pathways [24,25]. ROS also induce the secretion of pro-inflammatory cytokines by both
keratinocytes and fibroblasts [26] and of matrix degrading metallo-proteinases, enzymes involved in
most of the phenotypes related to photo-damage [27]. As visible consequences, UV radiations can
cause sunburn, erythema, skin inflammation, pigmentation, dehydration and appearance of wrinkles.
Facial skin is the most UV exposed area and it is susceptible to premature skin ageing. Recent studies
suggest that sunscreen application provides only limited protection against the long-term effects of UV
exposure [28]. Other strategies should be considered to attenuate ROS signalling and inflammation
pathways. For example, topical application of cosmetic products containing botanical extract with
anti-oxidant and anti-inflammatory as well as hydrating properties have proved to be effective against
photo-damage and photo-ageing [29–33].
We have conducted a clinical trial in order to evaluate the effects of a hydrogel mask on skin
properties such as skin hydration, skin tone (erythema/pigmentation) and skin ageing. The test
product has been specifically formulated with a water soluble bio-matrix, glycerine, hyaluronic acid,
pearl extract and a blend of botanical extracts, known to contribute to skin hydration and to counteract
the signs of ageing, and to possess anti-oxidant and anti-inflammatory properties. These ingredients
can act as moisturising and protective agents to help prevent the clinical signs of photo-ageing and
improve skin quality.
Hydrogels are three-dimensional polymer networks known to have effective moisturising
properties [34–36] due to their high water content. Their hydrophilic base creates a matrix to the
skin, which allows high efficacy in delivering active ingredients into the skin [36–38]. Thermosensitive
hydrogels are especially utilized for localized, controlled and continuous delivery of active compounds,
based on a shift in their conformation, solubility and hydrophilic/hydrophobic balance due to thermal
stimuli [36]. Their formulation and properties can be adjusted to match the bioactive ingredient’s
release kinetics; therefore, these are of great interest in skin care and skin therapy as transdermal
delivery systems [36,37,39]. In this study, we have used a temperature-sensitive state-changing
hydrogel, which, once it comes into contact with the skin and reaches the body temperature, uniformly
and quickly releases the active compounds into the skin. Moreover, HA (included in the hydrogel
mask formulation) has recently been introduced as a vehicle for topical application of drugs to the skin.
It has been demonstrated in fact that HA is absorbed from the surface of the skin and passes rapidly
through the epidermis. This may allow HA-associated drugs to be carried within the skin in relatively
high concentration, at least as far as the deeper layers of the dermis [40].
In this clinical trial, we show that the hydrophilic hydrogel base together with the penetrating
abilities of hyaluronan create a mask which is able to deliver the active ingredients into the skin,
leading to an improvement in skin hydration, skin tone and skin appearance.
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2. Materials and Methods
2.1. Test Product
The Test product considered in this study is the GOLD COLLAGEN® HYDROGEL MASK
(GCHM), which is manufactured by GENIC Co., Ltd. (Seong-nam, Korea) for MINERVA Research
Labs Ltd. (London, UK). GCHM is a temperature-sensitive state-changing soluble hydrogel mask
system (Patent No. 0506543, European Patent No 1653921, US 8,663,664B2). The GCHM is formulated
as shown in Table 1. The test product was applied onto the face following the manufacturer’s
instructions, for a maximum of 30 min before being removed.
Table 1. GOLD COLLAGEN® HYDROGEL MASK list of ingredients.
Ingredients
Water
Glycerin
1,2-Hexanediol
Ceratonia Siliqua Gum
Chondrus Crispus (Carrageenan) Extract
Lactobacillus Ferment
Scutellaria Baicalensis Root Extract
Camellia Sinensis Leaf Extract
Artemisia Princeps Leaf Extract
Houttuynia Cordata Extract
Citrus Junos Fruit Extract
Ricinus Communis (Castor) Seed Oil
Caprylyl Glycol
Butylene Glycol
Phenoxyethanol
Pearl Extract
Sodium Hyaluronate
Dipotassium Glycyrrhizate
PEG-60 Hydrogenated Castor Oil
Disodium EDTA
Arginine
Fragrance

2.2. Ethics
The study conformed to the requirements of the 1964 Declaration of Helsinki and its subsequent
amendments [41]. The study was carried out within the spirit of the ICH Guidelines on Good Clinical
Practice, 1996 [42] and other recognised guidelines. Subjects were informed of the nature, purpose and
known risk of the study both orally and in writing and gave their written informed consent before
participating in the study.
3. Study Design
The first part of the study was a pilot in-house open label clinical trial. Subjects who met the
eligibility criteria, enlisted below, were recruited. The subjects were assessed for their skin appearance
and were asked to complete a Self-Perception Questionnaire (SPQ) at the beginning of the trial (T0) and
after the 30 min test product application (T1). The effects of the treatment on skin hydration and skin
tone (erythema) were measured using digital photography system, DermaView-PRO (OptoBioMed™,
Wonju-Si, Korea), at baseline (T0) and after the 30 min treatment (T1).
3.1. Inclusion Criteria
Female subjects between 20 and 65 years old.

Cosmetics 2017, 4, 17

•
•
•
•

4 of 18

All ethnic background.
Healthy subjects and those with no current or previous medical history.
Subjects psychologically able to understand the study related information and to give a written
informed consent.
Subjects with healthy BMI (between 19 and 30).

3.2. Exclusion Criteria

•
•
•
•
•

The use of a topical medication containing steroids to treat skin diseases more than once a month.
Hypersensitive skin.
Subjects with severe skin-related pathologies and abnormalities, such as severe acne, erythema,
broken skin, eczema, cancer.
Skin peeling, botox or other wrinkle removal procedure done within a month from the start of the
current trial.
Subject with specific allergies or hypersensitivity to any of the ingredients present in the products
to be tested.

3.3. Restrictions

•
•
•

The subjects could continue to use their usual moisturisers, cosmetics, wash products and toiletries.
Any changes to the brand or use of new products were recorded.
Subjects were advised to report any over-the-counter medication to study investigator.
Subjects were advised to avoid the application of other face mask or the use of collagen-based
supplements during the trial.

The second part of the study was an open label clinical trial carried out by an independent
Contract Research Organization (CRO) in the UK. This was a bilateral (half-face), left vs. right (treated
vs. untreated) clinical study. The test product was applied weekly for 4 weeks. Subjects who met the
eligibility criteria, enlisted below, were recruited. At baseline (T0) subjects underwent Corneometer®
assessments for moisturisation, Chromameter assessments for skin tone/luminosity, expert visual
assessment of facial skin ageing and facial photography. All assessments and photography were
performed again 20 min after removal of the test product (first application, T1) and at the end of the
study (4 applications, T2). Subjects were also asked to complete a SPQ post treatment after the first
application (T1) and at the end of the study (T2).
3.4. Inclusion Criteria

•
•
•

Healthy female volunteers, aged 40 years+, with ageing skin (dehydrated or hyper pigmented skin).
Subject has signed a written Informed Consent; consents to facial photography.
Subject exhibits moderate to advanced photo-ageing according to the Glogau scale.

3.5. Exclusion Criteria

•
•
•
•

•

Subject is pregnant, nursing, or planning to become pregnant.
Heavy alcohol consumption in the opinion of the investigator.
A fever in the last 12 h, prior to start of the study.
Significant past medical history of hepatic, cancerous, multiple sclerosis, high blood pressure,
renal, thrombosis/phlebitis, cardiac, pulmonary, digestive, haematological, neurological,
locomotor or psychiatric disease, which in the opinion of the Investigator would compromise the
safety of the subject.
Insulin-dependent diabetes.
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Concurrent medication likely to affect the response to the test article or confuse the results of the
study including anti-depressants, botox/collagen fillers and collagen-based food supplements in
the last 1 to 3 months.
Participation in an anti-ageing study in the last 28 days.
Pacemaker.
Photo Epilepsy for Light Therapy.
People with chronic skin conditions such as psoriasis, eczema, melasma, etc.

3.6. Prohibitions and Restrictions

•
•
•
•

Subject agrees to attend all visits with a clean face, free of makeup and hair tied back.
Subject agrees to keep to their usual facial skin cleansing and moisturising products, and make up
for the duration of the study.
Subject agrees to only use the test article and no other facial mask products for the duration of
the study.
Avoid Area: metal pins/plates or silicone implants in face, open cuts and abrasions, skin and eye
infections, severe sunburn, conjunctivitis, styes, and in flare eczema/psoriasis on face.

4. Instrumental Assessment
4.1. DermaView-PRO
DermaView-PRO (OptoBioMed™) is a digital skin image analysis system, which uses a high
resolution digital camera (Canon EOS DSLR 400 D/18–55 mm, 10.0 Mega Pixel, Tokyo, Japan). By using
specialized image acquisition, it provides real-time polarization, non-polarization and UV images. Six
images of the face were taken in total (2 front and 4 profiles) using 2 different modes. Cross polarization
images (CPI) was used for the analysis between the dermis and epidermis layers to measure skin tone
(erythema). UV images were taken to analyse the degree of skin moisture.
4.2. Corneometer® Measurements for Skin Hydration
Moisturisation measurements to study the humectant properties of the test product were
performed using the Corneometer® CM825 (Courage and Khazaka, Cologne, Germany). This
instrument relies on the dielectric constant, a physical property of water, which is relatively high and
as such will affect the capacitance of a capacitor. Any change in the dielectric constant due to skin
moisture variations alters the capacitance of the precision capacitor in the instrument. These variations
were detected electronically and were converted into a value by the Corneometer® . A 15 min warm-up
period was allowed before using the Corneometer® . Three measurements were made using the probe
attachment of the Corneometer® at each of the test sites (cheek area), between each assessment the
probe attachment of the Corneometer® was pressed onto a dry tissue. The next assessment was not
performed until a value of 5 or less was displayed by the instrument. Subjects were in a controlled
environment (at a temperature of 22 ◦ C ± 2 ◦ C and at a relative humidity of 45 ± 5%) for at least
30 min prior to any assessments being performed.
4.3. Chromameter CR300 Measurements for Skin Tone/Luminosity
Instrumental measurements of skin tone and colour were performed using the Chromameter
CR300 (Courage and Khazaka, Germany) on the cheek area of the face. The measuring head of the
CR-300 uses diffuse illumination/0◦ viewing geometry. A pulsed xenon arc (PXA) lamp inside a
mixing chamber provides diffuse, uniform lighting over the 8mm-diameter specimen area. Only the
light reflected perpendicular to the specimen surface is collected by the optical fibre cable for colour
analysis. This instrument measures the amount of light reflected from the skin and quantifies this into
a numerical value using the L*a*b* colour scale, where L*(100) equates to total white and L*(0) equates
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to total black. Therefore, the L* value is inversely proportional to the Fitzpatrick visual scale of skin
tone. The instrument was allowed to warm up for 30 min prior to use.
5. Visual Assessment
Subjects were evaluated under standard lighting conditions by an expert according to the Glogau
scale of aged skin, at each assessment point.
5.1. Photography
High resolution digital images for all subjects were captured using a professional Canon EOS
DSLR camera under standard lighting conditions against a blank background by a professional
photographer. Images were taken of each test site (facial: 1 frontal and 2 profile, one of each side of
the face).
5.2. Statistics
GraphPad Prism 5 (GraphPad Software, La Jolla, CA, USA) was used to analyse the
DermaView-PRO data. Distribution of the data was assessed using Kolmogorov-Smirnov test.
The analysis was performed using Wilcoxon matched-pairs signed rank test both for skin tone
(erythema) and hydration results. The statistical analysis for the Corneometer® , Chromameter and
visual assessment data was run on the Microsoft Excel platform using Student’s t-Test and one-way
ANOVA. Data are presented as means ± standard error of the mean (SEM). Differences where P < 0.05
were considered to be statistically significant.
6. Results
6.1. Pilot Study
Study Population
A total of 62 female healthy volunteers, aged between 21 and 65 years old (average age 37.7 years)
were enrolled and completed the study. The subjects were of various ethnic origins, mainly Caucasians
(Table 2), with variable skin characteristics, based on visual assessment of skin hydration, skin
sensitivity, presence of wrinkles and skin pigmentation (Table 3). Most of the subjects presented
a skin type III (Table 4) based on Fitzpatrick scale and showed a mild photo-aged skin (Table 5) based
on Glogau scale. Supplementary Table S1 shows the analysis of the subjects’ lifestyle. None of the
subjects experienced adverse events.
Table 2. Analysis of the ethnicity of the pilot study subjects.
Ethnicity

n◦

%

Caucasian
Asian
Black
Latin-American
Middle-Eastern

44
7
4
4
3

70.9
11.3
6.5
6.5
4.8

Table 3. Analysis of the skin type of the pilot study subjects, based on the subjects’ self-assessment of
skin hydration, skin sensitivity, visible wrinkles and skin pigmentation.
Skin Type

Hydration

%
Oily
Normal
Dry
Mixed

9.7
16.1
21
53.2
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Table 3. Cont.
Skin Type

%

Sensitivity

Sensitive
Resistant
Normal

33.8
6.5
59.7

Wrinkles

Tight
Normal
Wrinkled

61.3
35.5
3.2

Pigmentation

Normal
Pigmented
Non-pigmented

53.2
22.6
24.2

Table 4. Analysis of the skin type of the pilot study subjects, based on Fitzpatrick scale.
Skin Colour/ Fitzpatrick Scale

%

I
II
III
IV
V
VI

1.6
22.6
43.5
25.8
1.6
4.9

Table 5. Analysis of the photo-ageing of the pilot study subjects, based on Glogau scale.
Photo-ageing

%

Mild
Moderate
Obvious

89
8
3

6.2. Hydration
UV digital skin colour images were acquired from 62 subjects before (T0) and after (T1) the
test product application. Qualitative and quantitative analyses of skin hydration were performed
using DermaVision software. A highly statistically significant increase in skin hydration (+3.6, ~4%,
P
< 0.0001)
1).18
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Figure 1. Skin hydration at baseline (T0) and after one application of the test product (T1) in the pilot
study subjects.
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6.3. Skin Tone (Erythema)
Cross-polarized digital skin colour images were acquired from 62 subjects before (T0) and after
(T1) the test product application. Both qualitative and quantitative analyses of skin erythema/skin
tone were performed using DermaVision software. A statistically significant improvement in skin

Figure 1. Skin hydration at baseline (T0) and after one application of the test product (T1) in the pilot
study subjects. Data acquired using DermaView-PRO, a digital skin analysis photography system. ***
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6.5. Clinical Trial
6.5.1. Study Population
For this part of the study 31 subjects were recruited and 30 completed the study. One subject
withdrew for reasons not related to the use of the test product. The age range for the subjects was
between 40 and 76 years old (average age 54.4 years). None of the subjects experienced adverse
effects.
6.5.2. Corneometer®

Figure 3. Self-Perception Questionnaire responses of the pilot study subjects after one application of
the test product.
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6.5.3. Chromameter
Chromameter
6.5.3.
As assessed by Chromameter analysis, after a single application (T1) of the hydrogel mask tested
in this study, a statistically significant improvement in skin tone/luminosity (+8.9%, P < 0.05) was
observed in the treated part of the face (left profile) compared to baseline (T0) (Figure 5). After
4 applications, treatment with the test product produced a much greater improvement in skin
tone/luminosity and the difference between the baseline (T0) and the end of the treatment (T2)
was highly statistically significant (+18.39%, P < 0.0001) (Figure 5). To note, statistically significant
differences were observed also between untreated and treated areas both after 1 (T1) and after 4 mask
applications (T2) (P < 0.05 and P < 0.0001 respectively) (Figure 5). No statistically significant differences
in skin tone were observed between baseline (T0), 1 application (T1) and 4 applications (T2) of the test
product in the not treated area (right profile) (Figure 5). Raw data for Chromameter assessment are
reported in Supplementary Table S4.
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6.6.1. Photography
High resolution digital images were captured for all subjects at baseline (T0), after 1 application
(T1) and after 4 applications (T2) of the test product. Images were taken of each test site (facial: 1 frontal
and 2 profile, left profile (treated) and right profile (untreated)). Representative examples of three
subjects are shown in Figure 7.
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The pearl extract has been shown to promote wound healing due to its ability to stimulate fibroblast
mitosis, collagen deposition and the production of tissue inhibitor of metalloproteinase-1 [54,55].
Moreover, pearl extract has anti-inflammatory and anti-apoptotic effects on UVB irradiated human
keratinocyte cells [56], and has also anti-oxidant activity [57].
Camellia sinensis leaf extract is a green tea extract that contains polyphenols, known to be effective
free radical scavengers, and other compounds that could also provide benefits to the skin. Clinical
studies have demonstrated that topical application of green tea extracts significantly reduced face
wrinkles [58], increased skin moisture and reduced skin roughness [59]. Prolonged 60 day topical
treatment with green tea extract significantly improved skin elasticity in human subjects [60]. In an
in vivo study, Camellia sinensis extract showed high potential in wound healing activity. In fact, the
newly formed tissue was shown to contain less inflammatory cells and more collagen fibres, compared
to wounds dressed with vehicle only [61].
Scutellaria baicalensis root extract, also known as baikal skullcap, contains very powerful
flavonoids, including baicalin, baicalein, wogonin, and wogonoside [62–65]. These compounds
have an anti-inflammatory effect, similar to prednisolone [66–68] and can be potential therapeutic
agents against acne-induced skin inflammation [69]. Moreover, wogonin was proved to differentially
regulate the expression of inflammation-associated genes in vivo and it became a useful therapeutic
agent for skin inflammatory diseases due to its modulation of the expression of pro-inflammatory
molecules [70]. The flavonoids contained in S. baicalensis have also strong anti-oxidant properties [71].
An extract from this plant was shown to possess protective activity against oxidation induced by UV
light [72–74] and it could be used as an additive in cosmetic products for UV protection [75]. Moreover,
it was shown that topical baicalin application mitigates DNA photo-damage [76] and baicalein exerts
anti-ageing effects through attenuating oxidative stress [77].
Ricinus communis seed oil, or Castor oil, was shown to have scavenging activity against free radicals.
It has been utilized to treat inflammatory related diseases including wounds, sores and boils [78,79],
and it was proved to have great potential when applied as antibacterial in wound dressings [80].
Houttuynia cordata, which is called “dokudami” in Japanese, is known to be a potent anti-oxidant
herb. Houttuynia cordata extract may be beneficial for treating ROS-related photo-ageing and
barrier-disrupted skin conditions [81].
Citros junos fruit extract, known as yuzu, provides an important dietary source of anti-oxidant
compounds with rich polyphenol and limonoid contents [82], and it has also anti-inflammatory
properties [83,84].
Last, Artemisia princeps leaf extract, known as mugwort, can be used as a therapeutic agent for
inflammatory skin diseases through the inhibition of inflammatory mediator release from macrophages
and inflammatory cytokine production in inflamed tissues [85].
The statistically significant improvement in skin tone/luminosity and the reduction of skin
inflammation (erythema score) and pigmentation may suggest that the hydrogel mask tested in this
study could be used after exposure to UV radiation, to sooth the inflammatory response. Moreover,
it could be proposed as post treatment therapy after aesthetic procedures such as laser or peeling,
to decrease skin inflammation and promote wound healing. However, additional studies on the
anti-inflammatory, anti-oxidant and regenerative properties of the active ingredients should be
performed to demonstrate this further.
Although the results from this trial clearly show an increase in moisturisation and an improvement
in the skin tone, however because of the study design (bilateral design: treated area vs. not treated area)
and the mask delivery platform itself (a film and the gel in it: the gel itself consists of active ingredients
such as glycerine and HA), we cannot conclude which combination of the active ingredients was the
most effective. It will be interesting to investigate further the effects of glycerine and HA vs. botanical
ingredients plus glycerine and HA using other delivery systems, like e.g., water-in-oil emulsions,
which can be combined with botanical extracts creating successful delivery systems, as shown by other
research groups [86,87].
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No skin hypersensitivity cases were reported during the duration of this clinical trial. This is
consistent with the data available in the literature and the in vivo and in vitro studies performed on the
single ingredients (present in the test product), even after continuous application [32,35,56,59,60,88–90].
8. Conclusions
In conclusion, the hydrogel mask tested in this study is a very effective product to improve
skin hydration, skin radiance and luminosity, to encourage an even skin tone, reducing skin
pigmentation, and to promote young looking skin, reducing the signs of ageing. These effects can be
obtained after a single treatment; however, prolonged use of the test product promotes even better
results. Interestingly, all the instrumental results were confirmed by the subjects’ perception in the
Self-Perception Questionnaires. Subjects’ product appreciation was also very high, which reflects in
an excellent compliance during the study and their desire to use the product on a weekly basis in
the future.
Supplementary Materials: The following are available online at www.mdpi.com/2079-9284/4/2/17/s1, Table S1:
Analysis of the lifestyle of the pilot study subjects, Table S2: Self-Perception Questionnaire responses of the pilot
study subjects after one application of the test product, Table S3: Raw data for Corneometer® assessment, Table S4:
Raw data for Chromameter assessment, Table S5: Raw data for Visual assessment, Table S6: Self-Perception
Questionnaire responses of the clinical trial subjects after one application (T1) and 4 applications (T2) of the
test product.
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