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Abstract: Nanofiber-based materials, due to their unique properties, are of remarkable interest across
multiple fields of applications, including cosmetics. Collagen, a primary structural protein in human
skin, is well-regarded for its critical role in maintaining skin health, elasticity, and enhancing skin
regeneration. This study reports the characterization, safety, and efficacy evaluation of DermaLayr™,
a novel collagen-based nanofiber platform, for skincare application. The collagen nanofibers were
developed using a sonic electrospinning technique, and scanning electron microscopy (SEM) analyses
indicated that the nanofibers were uniform with average fiber diameters ranging from 250 to 300 nm.
The skin permeation studies on EpiDerm™ indicated that applying the test products resulted in
around 5–25% higher collagen permeation into the epidermis, and 16–20% higher collagen permeation
into the dermis when compared to the non-treated sample. Additionally, the safety of the developed
nanofibers was assessed in vitro and in vivo and both the studies indicated their non-toxic and non-
irritant properties. Moreover, clinical trials on human subjects further substantiated the clinical efficacy of
DermaLayr™ by demonstrating significant improvement in several skin parameters such as hydration,
elasticity, and overall skin health. In summary, the findings of this study emphasize the huge potential of
DermaLayr™ nanofiber products for their safe application in cosmetics and skin therapeutics.

Keywords: nanofiber; electrospinning; cosmetic; collagen; skin delivery; DermaLayr™; skincare

1. Introduction

When it comes to cosmetics and skin therapeutics, nanotechnology is widely re-
searched as it is acknowledged as one of the revolutionary technologies across all the
industries [1,2]. Innovations in cosmetic science brought about by the integration of
nanotechnology have significantly raised the global consumer demand of cosmetics [3].
Through the application of nanotechnology, materials can be manipulated at the nano
level, offering new opportunities for the cosmetics sector. Cosmetics and dermatological
products based on nanomaterials are employed in cosmetics, skin disorders, and diagnostic
applications.

Nanofibers (NFs) are a fascinating class of nanomaterial that have gained attention
recently due to their extensive range of biomedical uses. In general, a fiber with a diameter
of less than 1000 nm is referred to as NF [4]. A much higher specific surface area can result
when the diameter of fibers decreases from micrometers (e.g., 10–100 µm) to sub microme-
ters or nanometers (e.g., 10–100 nm). Because of this inherent property, NFs are attractive
for a wide range of applications where a high specific surface area is required [5]. NFs can
be synthesized from natural polymers as well as synthetic polymers, or their combination,
and they can be produced by several processing techniques, such as spraying, template
synthesis, phase separation, self-assembly, electrospinning, and so on [6]. Electrospinning
is the most popular method for preparing NFs for cosmetic applications [7]. Electrospun
NFs have a wide range of uses in skincare, including the development of facial masks and
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cosmetic patches [8,9]. The ease with which active ingredients can be incorporated into
electrospun fibers makes this method appealing for cosmetic applications.

NanoLayr Limited, based in Auckland, New Zealand, is large-scale manufacturer
of advanced NF textiles with ISO9001 and cosmetic GMP certification [10]. NanoLayr
specializes in producing NF-based products using its in-house developed needleless sonic
electrospinning technology, which is used to convert the active-loaded polymeric solutions
into NFs. It involves the deposition of NFs on a non-woven substrate layer and sand-
wiched between a protective layer. The developed NF products have bespoke applications
in cosmetics, filtration, composite reinforcement, sound attenuation, and various other
markets [10]. One such NF-based product developed by NanoLayr is a dermal delivery
platform known as DermaLayr™. The DermaLayr™ Marine+ products are made from type
I marine collagen, and they have the capability to encapsulate actives for their enhanced
delivery into the dermal layers of the skin.

Collagen is the major structural protein that makes up a significant portion of the
extracellular matrix of connective tissues, especially in skin, bones, tendons, and joints [11].
Because of its excellent cell accommodation capabilities made possible by its highly bio-
compatible and biodegradable properties, collagen is widely used in bioindustries such
as cosmetics, food, and pharmaceuticals [12]. Additionally, compared to other types of
biomaterials, collagen has relatively low immunogenicity. Collagen can originate from
a variety of sources, including bovine, porcine, and marine sources [13]. There are ap-
proximately 29 different kinds of collagen discovered so far [14]. Type I collagen is the
predominant type of collagen found in skin, and research has shown that marine collagen is
rich in this type of collagen [15,16]. Therefore, marine collagen is the most desired collagen
source in the cosmetic industry. Marine collagen can be obtained from a variety of sources,
including fish and invertebrate marine organisms such as marine sponges and jellyfish [17].
Because of its excellent moisturizing, skin renewing, and film-forming capabilities, collagen
is a key ingredient in cosmetic compositions [18,19]. According to research, collagen also
promotes wound healing and aids in tissue regeneration [11]. However, native collagen
cannot effectively cross the stratum corneum due to its highly hydrophilic nature and large
molecular weight [20]. Commonly, dermal collagen fillers are injected to address cosmetic
concerns such as wrinkles and folds. However, invasive intravascular injections are asso-
ciated with various complications including risks of accidental injuries, hypersensitivity
reactions, tissue necrosis, and infections [21]. To overcome these complications related to
dermal delivery of collagen, NF-based products are an alternative non-invasive approach
for its safe and effective skin delivery [22].

In this study, we have reported the in vitro and clinical evaluation of DermaLayr™
Marine+ NF products. The in vitro skin penetration potential of marine collagen from the
NF products was evaluated using reconstructed human skin cells. The clinical efficacy
was assessed to evaluate the potential of the NF product to treat women with wrinkles
and facial skin sagging. The clinical trial also aimed to study the effectiveness of the NF
product to improve the overall skin health in the study subjects. The safety profile of the
NF products was also investigated both in vitro and in vivo.

2. Materials and Methods
2.1. Study Products

DermaLayr™ Marine+ products are collagen-based NF products developed by NanoLayr
Ltd. (Auckland, New Zealand) using a proprietary needleless electrospinning technique.
The 3 different NF test products used in this study are listed in Table 1. The ingredients
used in this study are named as per the International Nomenclature Cosmetic Ingredient
(INCI) system.
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Table 1. Description of the NF products used in this study.

Sample Code Sample Name
(DermaLayr™ Product Trade Name)

Ingredients as per INCI
Nomenclature

TP 1 DermaLayr™ Marine+ Tighten Collagen, hydrolyzed collagen,
sodium hyaluronate

TP 2 DermaLayr™ Marine+ Brighten 5Vit
C

Collagen, hydrolyzed collagen,
sodium hyaluronate, sodium

ascorbyl phosphate

TP 3 DermaLayr™ Marine+ Protect 2SA Collagen, hydrolyzed collagen,
sodium hyaluronate, salicylic acid

2.2. Characterization of Nanofiber Products

The areal weights of the NFs were determined by weighing a sample 0.01m2 using an
analytical balance (AUY220, Shimadzu, Kyoto, Japan) and calculated using Equation (1):

Grams per square meter (gsm) of sample = sample mass in grams/sample
area in square meters

(1)

The morphology of the NFs was analyzed using a scanning electron microscope (SEM)
(JCM-5000, JEOL Ltd., Tokyo, Japan) and their average diameters and distribution were
determined using MIPAR Image Analysis Software version 4.2.2 (MIPAR Software LLC,
Worthington, OH, USA).

2.3. In Vitro Permeation of Type I Marine Collagen through Human-Derived Epidermal
Keratinocytes (EpiDermTM)

The in vitro permeation of type I marine collagen from three different products (TP
1, TP 2, and TP 3) was analyzed using a reconstructed human epidermal (RHE) model,
EpiDerm™ (EPI-200, MatTek, Ashland, MA, USA and Bratislava, Slovakia). The studies
were conducted by following the standards set out by The Organisation for Economic
Co-operation and Development (OECD) Test Guideline 428 [23,24] at MS Clinical Research
Pvt. Ltd., Bengaluru, India.

EpiDerm™ is a highly differentiated multi-layered human epidermis model formed
using normal human-derived epidermal keratinocytes. It consists of organized basal,
spinous, and granular layers, as well as a multi-layered stratum corneum containing
intercellular lamellar lipid layers arranged in patterns analogous to those found in vivo [25].
The EpiDerm™ tissues (surface 0.6 cm2) are cultured on specially prepared cell culture
inserts that enables the tissue to act as a semipermeable membrane. To prepare the tissues,
the EpiDerm™ tissue kit was conditioned in the EPI-100-LLMM-X culture media according
to manufacturer guidelines. The schematic representation of EpiDerm™ is provided in
Figure S1.

The test products, available in the form of sheets, were cut using a sterile biopsy punch
of 8mm diameter at 4 g per cm2 and placed over the respective tissues in 6-well plates using
dry sterile forceps and were allowed to incubate for 24 h. The degree of permeation of the
actives into the epidermis and dermal layers of the skin was determined by analyzing the
concentrations of actives in EpiDerm™ tissue lysate and the receiver solution, respectively,
in comparison to the donor solution. Assessment was performed in triplicate for both the
donor and receiver solutions, and their optical densities were determined according to the
standard type I marine collagen ELISA kit protocol [26].

2.4. Clinical Evaluation of DermaLayr™ Marine+ Tighten

In this article, we report the clinical evaluation of DermaLayr™ Marine+ Tighten (TP
1). The clinical evaluation was performed at P&K Skin Research Center, Seoul, South Korea.
All the recruited subjects were informed about the study and were required to sign a written
consent form before participating in the study. The trials were conducted in accordance



Cosmetics 2024, 11, 18 4 of 16

with the ethical principles founded in the Declaration of Helsinki. The study design has
been presented in Table 2.

Table 2. Study design for the clinical evaluation of DermaLayr™ Marine+ Tighten.

Study 1
Evaluation of Effect on

Different Skin Parameters

Study 2
Evaluation of Effect on
Improving Skin Barrier

Damage

Study 3
Evaluation of Skin Absorbance

No. of study subjects 23 20 20

Demographics Females, 35–59 years Females, 20–55 years Females, 30–55 years

Inclusion criteria
A person who voluntarily completed and signed the consent form

A healthy person without any acute or chronic physical disease, including infectious skin disease
Those who are able to track the observations during the study period

Exclusion criteria

Pregnant or lactating women, and women who may be pregnant
Those that do not wish to participate or does not complete the consent form

A person with a psychiatric illness
Those who have received immunosuppressants within 3 months of participating in the test

Those who have received systemic steroids or phototherapy within 1 month of participating in the trial
In case there is a lesion in the test site and measurement is difficult

A person with atopic dermatitis
A person with a history of a severe reaction or allergy to cosmetics, pharmaceuticals, or routine light

exposure
Those who have received skin scaling within 3 months of participating in the test

Study 1 was designed to evaluate the effect of DermaLayr™ Marine+ Tighten on
various skin parameters. The devices used during this study are listed in Table 3. Study
2 was designed to evaluate the effectiveness of the test product to treat SLS-induced skin
erythema. In total, 35 µL of 2% SLS was occluded on the test site of the subjects using the IQ
Ultimate chamber and left on the test site for 24 h. The treated and the non-treated (control)
sites were partitioned on the left forearm of the subject. The subjects were instructed to
apply the test product on the left forearm, twice a day for 2 weeks. Skin redness and
transepidermal water loss (TEWL) were measured before and after using the test product,
as described in Table 3.

Skin absorbance of the test product was investigated in Study 3. In this study,
ActivLayr® premium intensive collagen ampoule mist was used as a control. Two ar-
eas were partitioned on the forearm of the subject, and 4 µL/cm2 equivalent of the test
product and control product was applied to the designated application areas, respectively.
Skin absorbance was measured before and after 30 min of using the products using a 3D
Raman microscopy system.

Table 3. List of devices used for the clinical evaluation of DermaLayr™ Marine+ Tighten.

Parameter Evaluated Device Used

Study 1
Evaluation of effect on different

skin parameters

Skin brightness VISIA® (Canfield Scientific, Parsippany, NJ,
USA)

Eye and face lifting F-Ray (Beyoung, Seoul, Korea) and Image-Pro®

plus (Media Cybernetics, Rockville, MD, USA)

Deep wrinkles and nasolabial lifting Antera 3D (Miravex Ltd., Dublin, Ireland)

Skin elasticity restoration Antera 3D (Miravex Ltd., Dublin, Ireland)

Skin elasticity Cutometer® MPA 580 (Courage + Khazaka
GmbH, Köln, Germany)

Skin surface moisture Corneometer CM825 (Courage + Khazaka
GmbH, Köln, Germany)
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Table 3. Cont.

Parameter Evaluated Device Used

Study 1
Evaluation of effect on different

skin parameters

Skin deep moisture MoistureMeterD Compact (Delfin Technologies
Ltd., Kuopio, Finland)

Skin density DUBSkin Scanner (Taberna Pro Medicum,
Lüneburg, Germany)

Study 2
Evaluation of effect on improving

skin barrier damage

Skin redness Antera 3D (Miravex Ltd., Dublin, Ireland)

Transepidermal water loss Vapometer (Delfin Technologies Ltd., Kuopio,
Finland)

Study 3
Evaluation of skin absorbance Skin absorbance Nanofinder®30 (Tokyo Instruments, Tokyo,

Japan)

2.5. Safety Assessment of Nanofibers
2.5.1. In Vitro Skin Irritation Assessment

In this study, the in vitro skin irritation potential of the 3 test products (TP 1, TP
2, and TP 3) were evaluated. The test was conducted at MS Clinical Research Pvt Ltd.,
Bengaluru, India, based on OECD Test Guideline 439. RHE model, EpiDerm™ 24 tissue
kit EPI-200-SIT was used for this study. The EpiDerm™ tissues were conditioned in the
EPI-100-NMM culture media according to manufacturer guidelines to prepare the tissues
and the assessment of the DermaLayr™ products was performed over a 24 h period in
triplicates using an (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) MTT
assay [27]. A positive control in the form of 5% sodium dodecyl sulphate (SDS) and a
non-treated well was used as a negative control.

2.5.2. Clinical Safety Evaluation of DermaLayr™ Marine+ Tighten

DermaLayr™ Marine+ Tighten (TP 1) was also assessed for its skin irritation potential
in humans. An open label study of 32 healthy subjects, aged between 20 and 50 years,
without any acute or chronic physical disease, including infectious skin disease was con-
ducted at P&K Skin Research Center. The test product was attached to IQ Ultimate chamber
(Chemotechnique Diagnostics, Vellinge, Sweden), which was then applied to the back of the
test subject for 24 h. Skin reactivity and irritation were evaluated based on the Frosch and
Kligman, CTFA guideline, and Draize method, respectively, at 1 h and 24 h post patch removal.

2.6. Statistical Analysis

Statistical analysis was performed using SPSS 19.0 (IBM, Armonk, NY, USA). Sig-
nificance was confirmed when p < 0.05. Continuous variables were summarized as
mean ± standard deviation, and categorical variables were summarized as frequency and
percentage. For comparison before and after use, a paired t-test was used after the normality
test. The independent t-test and Mann–Whitney U test were used for normality testing.

3. Results and Discussion
3.1. Characterization of DermaLayr™ Test Products

The surface morphology of the NF products as analyzed via SEM are presented in
Figure 1a–c. The NFs were dense and well-distributed with average diameters ranging
from 255 to 266 nm. The characteristics exhibited by the NFs are consistent with fibrous
non-woven materials such as fabrics which have a stacked layered morphology and are
randomly oriented.
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Figure 1. In vitro evaluations of DermaLayr™ NF products: SEM characterizations of (a) DermaLayr™
Marine+ Tighten; (b) DermaLayr™ Marine+ Brighten 5Vit C; (c) DermaLayr™ Marine+ Protect 2SA.

3.2. In Vitro Permeation of DermaLayr™ Type I Marine Collagen through Human-Derived
Epidermal Keratinocytes (EpiDermTM)

The concentration of type I marine collagen as measured by ELISA assay for each
of the three test products and non-treated control in both the tissue lysate (dermis) and
receiver solution (epidermis) are presented in Figure 2. All samples, including the non-
treated control showed some level of type I marine collagen; however, all NF test products
demonstrated higher concentrations of type I marine collagen in both the receiver solution
(dermis) and tissue lysate (epidermis).

To determine the degree of permeation, the non-treated control was used as the
baseline against which the NF test product concentrations were compared. The percentage
differences from baseline for each of the test products in both the tissue lysate and receiver
solution are presented in Table 4.
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Table 4. Estimation of type 1 marine collagen in epidermis and dermis.

Sample
Concentration (ng/mL)

Tissue Lysate (Epidermis) Receiver Solution (Dermis)

Non-treated 31.37 ± 0.08 28.14 ± 0.13
TP 1 37.85 ± 0.01 33.63 ± 1.53
TP 2 33.06 ± 0.02 33.82 ± 1.35
TP 3 39.25 ± 0.04 32.86 ± 1.28

Based on the above results, it was determined that all three DermaLayr™ test products
permeated into both the epidermal and dermal layers of the skin. The varying degree of
percentage increase in type I marine collagen across the epidermis and dermis observed af-
ter one application of NF product is attributed to the different formulations of DermaLayr™
products tested. TP 1 showed 20.62% and 19.50% higher concentrations of type I marine
collagen in the tissue lysate (epidermis) and receiver solution (dermis), respectively, com-
pared to the non-treated control. Similarly, TP 3 permeated 25.11% higher concentrations
of collagen into the epidermis and 16.75% higher concentrations into the dermis, compared
to the non-treated sample. Additionally, compared to non-treated sample, TP 2 permeated
only 5.38% and 20.16% higher concentrations of collagen in the epidermis and dermis,
respectively. The significantly (p < 0.05) lower percentage of permeation of type I marine
collagen into the epidermis for TP 2 may be explained by the presence of highly reactive
and oxidizing active Vitamin C, in the form of sodium ascorbyl phosphate in the test
product. Vitamin C may have caused the modification of collagen on application, inhibiting
the ability to detect and quantify type I collagen using ELISA. Vitamin C is immediately
mobilized when the test product is applied onto the skin and begins to permeate into
the epidermis. However, due to its poor permeability through the epidermis [28], it does
not reach the dermis while DermaLayr™ type I collagen continues to permeate through
to the dermis (receiver solution). Hence, the modification of collagen occurs only in the
epidermis resulting in lower levels of type I collagen detected in the epidermis compared
to the dermis. The permeation of type I collagen for all DermaLayr™ products is further
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supported and strengthened by the clinical studies, which are discussed in the later sections
of this article.

3.3. Clinical Evaluation of DermaLayr™ Marine+ Tighten

A total of 23 subjects were enrolled for this study and all the subjects completed the
study. The measurements recorded for the tested parameters are presented in Tables 5 and 6.
Skin brightness, as measured using VISIA®, was expressed using the L* value (luminosity).
The higher the L* value, the better the perceived skin brightness [29]. A significant increase
of 0.68% (p < 0.01) and 1.51% in skin brightness (p < 0.01) was observed after 2 weeks
and 4 weeks of using the test product, compared to the condition before use, as shown
in Figure 3a,b. The lifting effect was determined by measuring the angle of the contour
lines in the cheek or the eye regions, respectively. Eye and facial skin lifting were analyzed
as described previously by Saito et al. [30]. Eye lifting measurements were performed
by measuring the angle of the contour line from the captured contour image using the
image analysis program. As the angle between the two lines increases, there is a lifting
effect. Cheek lifting measurements were performed by drawing a straight line through the
circle formed near the cheekbones and measuring the angle formed with the straight line
drawn across the mouth. As the angle between the two straight lines decreases (decreased
sagginess), it can be considered that there is an improvement effect on the facial (cheek)
lifting [31]. Figure 3c shows that compared to baseline (before use of the test product),
there was a significant increase (p < 0.05) in lifting around the eyes immediately after use
of the test product. Also, there was a significant improvement (p < 0.01) in facial lifting
after 2 weeks and 4 weeks of use when compared to the condition before use of the test
product, as shown in Figure 3d. A significant decrease (p < 0.05) in deep eye, forehead, and
nasolabial fold wrinkles were also observed after using the test product (Table 5) [32].
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Figure 3. Clinical efficacy evaluations of DermaLayr™ Marine+ Tighten: (a) Increase in skin bright-
ness; (b) representative images demonstrating an increase in skin brightness in a study subject; (c) %
improvement in eye area lifting and (d) improvement in facial lifting as demonstrated by decreased
sagginess (n = 23; * p < 0.05, ** p < 0.01 indicate significant differences).
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Table 5. Estimation of improvement in skin brightness, eye and facial lifting, and wrinkle reduction
before and after application of the test product.

Skin
Brightness

(L*)

Eye Area
Lifting

(Angle, ◦)

Facial
Lifting

(Angle, ◦)

Deep Eye
Wrinkles
(Rmax)

Deep
Forehead
Wrinkles
(Rmax)

Deep
Nasolabial
Wrinkles
(Rmax)

Before use 68.74 ± 2.69 42.99 ± 6.89 32.93 ± 2.58 0.24 ± 0.07 0.08 ± 0.02 0.15 ± 0.04
Immediately after use N/A 44.39 ± 6.64 31.81 ± 2.55 0.23 ± 0.07 0.07 ± 0.02 0.14 ± 0.04

2 weeks after use 69.21 ± 2.73 N/A 31.89 ± 2.49 0.22 ± 0.07 N/A N/A
4 weeks after use 69.78 ± 2.73 N/A 31.28 ± 2.19 0.22 ± 0.07 N/A N/A

N/A: Data not available, as it was not a specified timepoint in the study design.

Skin elasticity denotes structural integrity and skin aging leads to evident decreases in
skin elasticity restoration ability. The elastic restoring force of skin significantly increased
(p < 0.01) after 2 weeks and 4 weeks of use of the test product when compared to before
use, as demonstrated in Table 6. The data are also graphically represented in Figure 4a,b.

Table 6. Estimation of improvement in skin elasticity restoration, moisture, elasticity, and density
before and after application of test product.

Improvement in
Skin Elasticity

Restoration
(%)

Skin Moisture
(A.U)

Skin Elasticity
(R2)

Skin Density
(%)

Before use 26.87 ± 9.93 59.77 ± 8.87 0.65 ± 0.07 14.94 ± 3.36
2 weeks after use 34.83 ± 8.99 64.44 ± 9.14 0.67 ± 0.07 15.41 ± 3.23
4 weeks after use 43.18 ± 7.68 70.18 ± 9.85 0.70 ± 0.08 15.91 ± 3.42
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Figure 4. Clinical efficacy evaluations of DermaLayr™ Marine+ Tighten: (a) % improvement in skin
elasticity restoration; (b) representative Antera 3D images showing improvement in skin compression
marks, thus demonstrating improvement in skin elasticity (n = 23; ** p < 0.01 indicate significant
differences).

Skin moisture level was measured using corneometer, which specifies the hydration
level of the stratum corneum by measuring skin dielectric properties. Greater values
indicate higher amounts of skin hydration [33]. The results, as shown in Table 6 and
Figure 5a, show a statistically significant increase (p < 0.01) of 17.41% in skin moisture
levels after application of the test product for 4 weeks [32,34].
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Skin elasticity is regarded as a sign of both age and general skin health. Therefore, de-
termining the elasticity of skin and quantifying skin elasticity are crucial clinical results [35].
The cutometer assesses skin firmness and elasticity by measuring skin deformation when it
is pulled by controlled vacuum into the circular aperture [35]. A significant improvement
(p < 0.01) with a mean value increase of 7.69% was observed in skin elasticity (Figure 5b)
after 4 weeks of application of the test product. Improved skin elasticity is commonly
associated with increased skin moisture levels, as also demonstrated by our results [36].

Loss of skin density is associated with skin aging, leading to thinner skin and decreased
skin elasticity [37]. In this study, the skin density (SD, %) was determined with a skin
scanner. The dermis is thicker and has a brighter green color when the SD value is higher,
which suggests that the skin has better density. A lower SD score, on the other hand,
denotes poor skin density and as a result, the dermis is thinner. As demonstrated by
Figure 5c, we can conclude that the skin density improved significantly (p < 0.01) with a
mean increase of 6.5% after 4 weeks of product use. The skin scanner images shown in Figure 5d
also show that after application of the test product, the thickness of the dermis increased.
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Figure 5. Clinical efficacy evaluations of DermaLayr™ Marine+ Tighten: (a) increase in skin moisture
level; (b) increase in skin elasticity; (c) increase in skin density and (d) representative DUBSkin
Scanner images showing increase in skin density, as demonstrated by an increase in thickness of the
fluorescent layer (n = 23; ** p < 0.01 indicate significant differences).
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Facial skin redness often decreases self-esteem despite not being a life-threatening
condition [38]. Consequently, it is imperative to address this cosmetic concern. The
effectiveness of the test product to alleviate SLS-induced skin erythema was investigated
on 20 female subjects and the data are presented in Table 7. a* describes a colour ranging
from green (negative value) to red (positive value) [29]. Significant (p < 0.05) signs of
improvement in skin redness (Figure 6a) and reduction in TEWL (Figure 6b) were evident
after 2 weeks of use of the test product, when compared to the condition before using the
product. Representative images from the clinical trial showing reduction in skin redness are
provided in Figure 6c. The amount of water that passively diffuses from the underlying skin
layers to the skin surface is measured by TEWL. It is frequently considered a vital indicator
of skin integrity [39]. It has been reported that TEWL for intact skin ranges between 4 and
9 g/m2/h, and exposure to irritants results in increases of 2–3× baseline values [40,41].
Therefore, it can be concluded that the test product helps in improving the skin barrier and
soothe the skin damaged by external stimuli after 2 weeks of use. In addition, there was
a significant difference (p < 0.05) in TEWL between the treated and the non-treated areas
after 2 weeks. No adverse skin reactions were reported throughout the study period, and
no abnormalities were observed on physical examination by the dermatologist.

Table 7. Measurement of skin redness and TEWL.

Skin Redness
(a*)

TEWL
(g/m2/h)

Treated Not Treated Treated Not Treated

1 day before use 11.54 ± 1.90 11.33 ± 1.89 6.44 ± 1.60 6.31 ± 1.44
Before use 15.50 ± 2.22 14.20 ± 2.29 20.77 ± 6.60 19.88 ± 6.45

1 day after use 16.28 ± 2.02 15.73 ± 2.26 20.49 ± 7.20 20.92 ± 7.67
2 weeks after use 12.09 ± 1.61 12.37 ± 1.48 7.10 ± 1.55 7.84 ± 1.49

Not only was the test product effective in improving skin properties, but it also
improved skin absorbance, as demonstrated by the clinical assessment of skin absorbance
on 20 female subjects (Table 8). For example, skin absorbance was found to be significantly
increased (p < 0.05) both for the test product group and the control group compared to before
using the product (Figure 6d). Additionally, there was a significant difference (p < 0.05) in
skin absorbance between the test product group and the control group. Compared to before
use, the skin absorbance of the test product increased significantly (p < 0.05) by 449.667%
after 30 min of product use. The control product group showed a significant increase
(p < 0.05) of 198.333% when compared to before and 30 min after use. Representative 3D
plots obtained using Raman microscopy are provided in Figure 6e.

Table 8. Measurement of skin absorbance after application of the test product and control product.

Skin Absorbance (A.U.)

Test Product Control Product

Before use 1.70 ± 1.08 1.90 ± 0.79
30 min after use 7.35 ± 1.59 4.95 ± 1.32
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Figure 6. Clinical efficacy evaluations of DermaLayr™ Marine+ Tighten: (a) % change in skin redness
post-induction for the treated and non-treated areas; (b) % change in TEWL for the treated and
non-treated areas; (c) representative images showing differences in reduction in skin redness for the
treated and non-treated areas; (d) increase in skin absorbance of the test product compared to the
control and (e) representative 3D Raman plots showing the increased skin absorbance of the test
product compared to the control product (n = 20; * p < 0.05, indicate significant differences).
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3.4. In Vitro Skin Irritation Assessment

The RHE model, EpiDerm™ was used to assess the irritation potential of the test
products in vitro. MTT assay was used to determine the viability of human epidermal cells,
after being treated with three different NF products against positive and negative controls.
Figure 7 shows the % viability of the Epiderm tissues, tested using the MTT assay.

The percentage viability of positive and negative control was 4.87% and 100%, re-
spectively. Overall cell viability of >95% is considered to show that there are no toxicity
issues with skin tissue [42]. This test showed that all three NF products are not toxic to the
cells and thus would not cause any toxicity to skin tissues. The studied DermaLayr™ NF
products are, therefore, safe for use on human skin.
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3.5. In Vivo Safety Evaluation

The chemical complexity of NF materials makes it possible for them to contain chemi-
cals that could cause allergies or irritation. The evaluation of skin compatibility gives an
indication of potential irritative and/or allergic processes, which are the primary concerns
when evaluating the safety of new components for personal care products. The test product
was found to be non-irritating when used on the test subjects. No adverse reactions were
also reported during the trial period. Since no subject displayed any erythema, edema, or
papules on their skin when exposed to the test products, the test products were deemed
safe for use in topical applications.

4. Conclusions

In this research, novel NFs loaded with cosmetic ingredients were successfully devel-
oped and then investigated for their safety and efficacy. Skin permeation studies carried
out using EpiDerm™ demonstrated the permeation of type I marine collagen into the
dermis and epidermis layers of the skin, emphasizing the excellent skin absorptivity of the
DermaLayr™ test products. Furthermore, the clinical assessment of the products on human
subjects reinforced their excellent potential in cosmetic applications with a significant
(p < 0.05) improvement in the appearance of fine lines, deep wrinkles, radiance, hydration,
and increased firmness. Both in vitro and in vivo tests have demonstrated that the NF
products are safe, they do not show cytotoxicity, and can be considered non-irritating.
These results prove that DermaLayr™ effectively delivers collagen and actives into the
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skin for achieving enhanced dermatological benefits. This novel approach represents a safe,
convenient, and effective way to address skin related concerns and improve appearance.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cosmetics11010018/s1, Figure S1: Schematic representation of an
EpiDerm™ tissue tested for skin permeation according to OECD 428 standards.
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