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Abstract: The degradation and reduction in number of extracellular matrix (ECM) proteins are
representative biological changes associated with decreased elasticity resulting in various skin
problems. Elastin is an ECM protein that plays an important role in maintaining the skin’s structure.
It is highly elastic and helps the tissue regain its shape after stretching or contracting. We aimed
to evaluate the efficacy of the product containing amino acids, copper, and hyaluronic acid on the
improvement of skin aging. A small open single-center study involved four treatments performed
on five subjects at 1-week intervals with Elastic Lab®. As a result, eye wrinkles, skin moisture,
inner elasticity, thickness, and density were improved 1 week after the last treatment in all subjects
compared to the baseline. Among all evaluation items, skin elasticity, thickness, and density showed
significant increases. Therefore, by using a composition containing amino acids, minerals, and
hyaluronic acid, the biosynthesis of elastin and collagen in the skin increases, restoring skin elasticity
and improving various skin problems.

Keywords: elastin; collagen; hyaluronic acid; skin elasticity; skin density; skin moisture; wrinkle;
skin thickness; skin aging; ECM

1. Introduction

Skin aging is a complex biological phenomenon that is affected by a combination of
intrinsic (chronological, hormonal, and genetic) and extrinsic factors. The extrinsic factors
include sun exposure, pollution, dietary habits, and chemicals [1,2]. As skin ages, protein
degrading factors such as metalloproteinases (MMPs) increase, resulting in an abnormal
balance in the extracellular matrix (ECM), a noncellular component that provides essential
physical scaffolding and initiates crucial biochemical activities in tissues [2].

Moreover, the increased MMP, plasminogen activator inhibitor, and reactive oxygen
species levels destroy the integrity of elastin networks and modify collagen fiber networks
with aging [2]. Such changes in ECM proteins lead to skin aging phenotypes, including deep
wrinkles, laxity, dullness, and sagging [1]. Therefore, stimulating ECM protein synthesis is
an essential approach to preventing skin aging.

The dermis is mainly composed of fibroblasts that produce the primary structural
constituents of the skin, including various types of collagen, elastin, and fibronectin [2].
Optimal quantities and delicate interactions of these components are necessary to maintain
normal physiological properties of the skin [3]. Collagen is the most abundant fibrous
protein within the interstitial ECM and constitutes up to 30% of the total protein mass
of a multicellular animal. It provides tensile strength, regulates cell adhesion, supports
chemotaxis and migration, and directs tissue development [2]. There are almost 30 types of
collagen that exist, although not all are isolated to ECM. Collagen is arranged into fibrils to
provide the required structural integrity to the tissues. Specifically, this fibril formation is
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defined by collagen types I, II, III, V, and XI. Collagen type I is the dominant form found
extensively in almost all tissues, particularly in tendons and the skin. Other forms of
collagen occur in defined areas. Collagen type II is found in cartilage and the cornea,
whereas collagen type III is primarily found within the walls of blood vessels. Collagen is
not only produced by fibroblasts, but also by endothelial and epithelial cells [4].

Elastin is another major ECM fiber that plays an important role in maintaining cuta-
neous homeostasis [5]. It is highly elastic and provides tissues with the ability to recover
from continuous stretching [4]. Elastic fibers are composed of a microfibrillar scaffold
(composed of various types of glycoproteins) and a core (composed of cross-linked elastin).
Elastin is secreted from cells in the form of a water-soluble precursor called tropoelastin
and is converted into insoluble elastin through cross-linking [6]. Unlike collagen, elastin
synthesis mainly occurs during early and late neonatal periods. Moreover, the synthesis
rate of functional levels of tropoelastin or elastin decreases with age [7]. Although elastin
synthesis rarely occurs in adult fibroblasts, damaged elastin fibers are not always properly
repaired. The elastic fibers that have undergone this process cannot function normally
and tissues that should be elastic become hard, resulting in heart, blood vessel, lung, and
skin diseases [8]. Moreover, when elastin is implanted it calcifies, causing arteriosclerosis,
heart valve disease, and bioartificial heart valve calcification. However, the mechanisms of
elastin calcification are still unknown [9]. Thus, the proper stimulation of elastin synthesis
became an innovative target to maintain skin homeostasis and reduce skin aging.

Elastin is also known to possess wound-healing properties. These properties are most
effective during the last-gestational stages of fetal development. However, in newborns,
elastin expression significantly decreases, making scarless wound repair impossible. In
various animal models, elastin has successfully been used on adult wounds to enhance
wound healing [10,11]. Elastin-based scaffolds can reduce wound contraction by regulating
fibroblast differentiation and improving dermal regeneration and skin elasticity [12]. It was
also confirmed that the application of elastin peptides was therapeutically effective in ani-
mal models. A mixture of elastin and laminin peptides augmented the re-epithelialization
of an injured rabbit ear and a proteolytic digest of elastin increased the synthesis of elastic
fibers in mouse dermal fibroblasts [13,14]. Further investigation of the effects of elastin
on wound healing in adults and fetuses as well as the signaling mechanisms of elastin in
the wound healing process will open up new approaches to treatments that will enable
complete wound healing.

Collagen and elastin have unusual amino acid compositions compared to other pro-
teins. The triple-helical structure of collagen arises from an unusual abundance of three
amino acids: glycine, proline, and hydroxyproline [15]. Elastin also has a similar amino
acid composition to that of collagen in terms of glycine and proline residues, but with about
75% hydrophobic residues (Gly, Val, Ala) [12]. Therefore, many studies have focused on
attempts to increase ECM protein levels with various components of amino acids.

Previous studies have attempted to induce ECM components such as elastin and
collagen. To confirm these effects, elastin and collagen were extracted from animals and
hydrolyzed, and cell tests or oral administration studies were conducted [16–18]. In
addition, the elastin and collagen-inducing effects of polyphenols were also studied [19].

Hyaluronic acid is well known for its ability to replenish moisture in the skin. It has
water-holding ability, resulting in smooth, moisturized skin. The hydration of the skin
can slow down the formation of wrinkles and improve skin texture. The nutricosmetic
effects of hyaluronic acid promote cell regeneration and even stimulate the production of
collagen. Hyaluronic acid is already used in a number of products, including dermal fillers
and cosmetics [20].

Lysyl oxidase (LOX) is a cuproenzyme that is necessary for the stabilization of ECM,
especially the enzymatic cross-linking of collagen and elastin. Therefore, activation of LOX
is required to increase the stable synthesis of elastin and collagen. Copper increases the
activity of LOX, which will positively affect the synthesis of elastin and collagen [21].
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We are interested in the investigation of the elastin–collagen-inducing effects through
the biofeedback mechanism of the combination of mineral and amino acids constituting
elastin and collagen. Moreover, we are looking for additional combinations that induce
elastin and collagen with amino acids. In previous studies, researchers confirmed the
elastin–collagen-inducing effects of a mixture of amino acids and hyaluronic acid [22].

Recently, we conducted an in vitro study to confirm whether the mixture of amino
acids, copper, and hyaluronic acid that we developed stimulates the expression of ECM
proteins in dermal fibroblasts. The composition increased the gene and protein expression
levels of collagen and elastin by over two- and three-fold, respectively. The test results
indicated that this unique composition successively promotes ECM protein synthesis in
dermal fibroblasts [23]. However, further studies are still needed to confirm the effect of
improving elastin synthesis on skin aging. In this study, a clinical trial was conducted
to confirm whether this particular composition has anti-aging effects including wrinkle
reduction, skin moisture, elasticity, thickness, and density improvement.

2. Materials and Methods
2.1. Study Product

Elastic Lab® is a product containing a mixture of amino acids such as glycine,
L-proline, L-alanine, L-valine, L-leucine, L-lysine HCL, copper, and hyaluronic acid for the
improvement of skin aging.

Materials

A list of the materials employed for each evaluation item in the study is described
in Table 1.

Table 1. Materials employed in the study.

Evaluation Items Materials

Wrinkles Around the Eyes Antera 3D CS
Skin Moisture Moisture meter D Compact

Skin Inner Elasticity Dermal Torque Meter
Skin Thickness and Density Ultrascan UC22

2.2. Study Design

A small open single-center study was conducted from October 21st to December 17th,
2020, at the Global Medical Research Center. A total of five subjects were treated with
Elastic Lab® to evaluate its efficacy on skin anti-aging by observing changes in eye wrinkles,
skin moisture, inner elasticity, thickness, and density. The subjects received treatment on
the face four times at one-week intervals. Moreover, measurement and questionnaire
evaluations were conducted before the treatment and one week after the last treatment.
Dermatologists proceeded with the safety evaluation. The inclusion and exclusion criteria
are presented in Table 2.

Table 2. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

• Healthy male and female adults between 25 and 60 years
of age.

• Subjects who can read, understand, and sign the informed
consent form.

• Subjects willing and able to comply with all
study requirements.

• No open wounds, blisters, or skin diseases at the test site.
• Not in the process of being a volunteer for another research.

- Women who are pregnant or lactating.
- Subjects who have serious or chronic illnesses that

may affect this clinical research
- Subjects who have undergone dermatological

procedures for treating wrinkles, and skin resurfacing.
Or skin rejuvenation in the treatment area within 1
year of study participation.
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2.3. Statistical Analysis

The data were analyzed using the Wilcoxon signed-rank test to determine the results
in terms of skin improvements. Statistical significance was determined by the paired t-test
method with p-values less than 0.05 considered a significant difference.

3. Results

This study was conducted to confirm the efficacy of Elastic Lab® in the improvement
of skin wrinkles, moisture, inner elasticity, thickness, and density. The rate of change was
calculated as a percentage by subtracting the pre-treatment value from the post-treatment
value and dividing it by the pre-treatment measurement value.

change rate =
pre-treatment value − post-treatment value

pre-treatment value
·100 (1)

3.1. Wrinkles around the Eyes

The depth (mm) of wrinkles around the eyes was measured using Antera 3D CS before
and after the treatment. This showed that the depth of wrinkles around the eyes of all
subjects decreased (average decreased from 0.067 mm to 0.061 mm, Figure 1) after the
treatments, and the average rate of change was −8.955.
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post-treatment 0.061 ± 0.033 mm.

3.2. Skin Moisture

To compare skin hydration before and after product treatment, skin moisture was
measured (PWC, %) with a Moisturemeter D Compact. The skin moisture content of all
subjects showed improvement (average skin moisture increased from 48.900% to 55.893%,
Figure 2), and the change rate also showed a large change of 14.301%.
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3.3. Skin Inner Elasticity

Using a dermal torque meter, the elasticity in the inner skin was measured (Ur/Ue)
and the rate of change was evaluated. Similar to other results, skin elasticity was also
improved in all subjects (average elasticity in the inner skin increased from 0.350 Ur/Ue to
0.432 Ur/Ue, Figure 3). Skin elasticity showed a 26.429% increase, which was the maximum
improvement among other evaluation items.
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3.4. Skin Thickness

Skin thickness was measured (µm) via imaging with an Ultrascan UC22. Skin thickness
also increased in every subject (average skin thickness increased from 1652.800 µm to
1773.800 µm, Figure 4) and the change rate was 7.321%.
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3.5. Skin Density

Skin density was also photographed and measured (µm) using an Ultrascan UC22.
The principle of the device is as follows. A short electrical pulse is generated from the pulse
generator and converted into an ultrasonic signal through an ultrasonic transducer. Ultra-
sonic signals are transmitted to the skin, creating inhomogeneous (cell-forming, vascular,
etc.) reflections or “echoes” of the tissue. These echoes are received by the same transducer
and converted into electrical signals, which are digitalized, stored, and processed in a
computer to display an ultrasound image.

The skin density of subjects was improved (Figure 5) and the change rate was 12.509%.
As shown in Figure 6 below, the skin density of subjects increased significantly.
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3.6. Safety Evaluation

The adverse reaction evaluation was performed by a dermatologist and test subjects,
and there was no report of any specific adverse reaction during the clinical trial period.

3.7. Statistical Analysis

Table 3 presents the rate of change and the mean pre-treatment and post-treatment
values for each measurement. The table also provides the estimates along with p-values.
These p-values were provided from the results of the Wilcoxon signed-rank test. However,
due to the small number of subjects, the statistical significance is relatively low.

Table 3. Comparison of each evaluation item results pre and post-treatment.

Evaluation Item
Mean

Rate of Change p-Value
Pre-Treatment Post-Treatment

Wrinkles Around the Eyes 0.067 ± 0.038 mm 0.061 ± 0.033 mm −8.955% 0.042
Skin Moisture 48.9 ± 4.126% 55.893 ± 3.371% 14.301% 0.043

Skin Inner Elasticity 0.35 ± 0.029 Ur/Ue 0.432 ± 0.06 Ur/Ue 23.429% 0.042
Skin Thickness 1652.8 ± 302.06 µm 1773.8 ± 293.58 µm 7.321% 0.043
Skin Density 53.88 ± 2.72 µm 60.62 ± 4.201 µm 12.509% 0.042

4. Discussion

Skin aging is characterized by alterations in the extracellular matrix of the dermis
through a combination of intrinsic and extrinsic factors. The most notable change is an im-
balance between ECM synthesis and degradation, which promotes age-associated wrinkle
formation [24]. In particular, collagen and elastin fibers, which are key to skin elasticity, are
decomposed and reduced by proteolytic enzymes such as MMP [2]. In previous studies, a
decrease in the distribution of elastin and collagen in the human dermal layer was observed
through multiphoton microscopy [25,26].

In contrast to younger skin, aged skin showed fragmented and degraded collagen
and elastic fibers. An increase in degradation and reduction in the biosynthesis of collagen
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and elastic fibers leads to a deficiency of collagen and elastin [27]. Collagen and elastin are
not only involved in aging with time but also aging due to exposure to UV rays [28]. This
process is called “solar elastosis”, and unlike endogenous aging, it is characterized by the
accumulation of nonfunctional and disorganized elastic fibers throughout the dermis. If
the skin is repeatedly exposed to UV rays, MMP, which is an enzyme that breaks down
elastin and collagen, is activated and causes the degradation of collagen and elastic fibers,
resulting in loss of skin elasticity [29].

This deficiency and degradation of collagen and elastic fibers results in a range of
clinical changes such as wrinkles, loss of elasticity, and sagging of the skin [27,29,30]. The
biomechanical properties of these clinical signs of aging showed common features. A
decrease in collagen fiber density and fragmentation, atrophy of the elastin network, and
reduction of skin thickness were observed [30].

Another study found that skin elasticity shows a rapid decrease from one’s 20s to the
early 40s. Thereafter, wrinkle depth rapidly increases from the early 40s to the 60s [31].
These results indirectly indicate that skin aging starts from the loss of elasticity, meaning
that skin aging care should be started from the care of elasticity. Thus, maintaining an
adequate amount of ECM proteins is the most effective approach to delaying skin aging.

A representative approach for the maintenance of ECM proteins includes supplying
adequate precursors of these proteins and creating proper conditions for cells to produce
more. Supplementation of other components such as copper also showed positive effects on
ECM protein synthesis by activating lysyl oxidase [32]. Recently, we developed a mixture
composed of amino acids, copper, and hyaluronic acid, and demonstrated that it increased
the expression of ECM proteins, collagen, and elastin in human skin fibroblasts by over
two- and three-fold, respectively [23].

In this study, the results confirmed the anti-aging effects of Elastic Lab® products
containing amino acids, copper, and hyaluronic acid. The product was administered to
five subjects at one-week intervals for four sessions, and evaluations were performed a
week later. The results showed improvements in all evaluation criteria for all subjects. On
average, the wrinkle depth around the eyes decreased by 8.955%, skin moisture increased
by 14.301%, skin elasticity increased by 23.429%, skin thickness increased by 7.321%, and
skin density increased by 12.509%. Primarily, it is important to note the changes in skin
elasticity, skin thickness, and skin density, which showed the greatest improvements.

Moreover, we measured skin elasticity using a dermal torque meter (DTM). A DTM
is a device that applies a constant load to the skin by rotating a disk in a ring pattern to
measure the angular rotation. The device records the rotation as an angular deformation
and records the rotational recovery of the skin after the load is released [33]. According to a
previous study, when a DTM, cutometer, and DPM (dermal phase meter) were compared
with each other, the skin depths measured by DTM and cutometer were deeper than that
by the DPM. In addition, the parameters and results for the DTM were found to be the
most sensitive [34].

This result was consistent with the in vitro experiment previously conducted in which
the mixture of amino acids stimulated ECM protein synthesis. We can conclude that
skin elasticity, thickness, and density showed considerable improvements as amino acids
and various components stimulated the skin fibroblasts to produce ECM proteins such
as collagen and elastin. However, due to the small number of subjects, the statistical
significance of this study is relatively low. Therefore, additional large-scale clinical trials
are needed. Furthermore, studies to measure changes in elastin and collagen contents due
to application of the product in tissues of various models using multiphoton microscopy
are also needed.

5. Conclusions

As we age, ECM components degrade and elasticity decreases, resulting in deep
wrinkles, laxity, dullness, and sagging of the skin. Using a composition containing amino
acids, minerals, and hyaluronic acid, it is possible to induce an increase in the amount
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of biosynthesis of elastin and collagen in the fibroblasts of the skin dermis. This in turn
restores skin elasticity and improves various skin problems, such as fine lines, redness,
and skin pores. In addition to the effects of improving skin elasticity, elastin has properties
that improve wound healing and regeneration. However, further studies will be needed to
fully understand the effects and mechanisms of elastin. Additionally, since this study lacks
statistical significance due to the small number of subjects studied, further studies such as
large-scale clinical trials are needed to build up more scientific and statistical evidence.
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