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Introduction

Skin aging is unavoidable effect for humans and is 
exhibited by such visible markers as wrinkled skin, 
dryness, irregular pigmentation, freckles and leathery 
appearance. Intrinsic aging due to the passage of time 

and extrinsic aging cause the skin aging [1, 2, 3]. In 
the cosmeceutical market, Hyaluronan (or HA) is one 
of the anti-aging compounds has been used to deal with 
premature skin problems due to its potentials that can 
provide massive moisture, skin repairing and decelerated 
wrinkle formation and that keep skin youthful and 

* Corresponding author 
 Phone: +82-41-530-4980   Fax: +82-41-530-3085
 E-mail: seunghong0815@gmail.com

This is an open-access journal distributed under the terms of the Creative 
Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0/)

https://doi.org/10.15433/ksmb.2018.10.2.062                                                     ISSN 2383-5400 (Online)

Hyaluronidase Inhibitory and Antioxidant Activities of 
Enzymatic Hydrolysate from Jeju Island Red Sea Cucumber 
(Stichopus japonicus) for Novel Anti-aging Cosmeceuticals

Yuling Ding1, Chanipa Jiratchayamaethasakul1, Eun-A Kim2, Junseong Kim2, Soo-Jin Heo2, 

Seung-Hong Lee1,*

1Department of Pharmaceutical Engineering, Soonchunhyang University, Asan 31538, Republic of Korea
2Jeju International Marine Science Center for Research & Education, Korea Institute of Ocean Science & Technology (KIOST), JeJu 63349, Republic of Korea
(Received 16 November 2018, Revised 10 December 2018, Accepted 11 December 2018)

Abstract An active ingredient with hyaluronidase (HAse) inhibitory effect is one of the anti-aging 
approaches in cosmeceuticals. Here, red sea cucumbers (RSCs), Stichopus japonicus, from Jeju 
Island were evaluated to examine their HAse inhibitory and antioxidant activity effect. In this 
study, RSCs were extracted by six enzymatic hydrolysis (Alcalase; Al, Trypsin; Try, Neutrase; 
Neu, Pepsin; Pep, Alpha-chymotrypsin; Chy and Protamex; Pro). Alcalase hydrolysate (AlH) 
showed the highest antioxidant capacities for both of oxygen radical absorbance capacity (ORAC) 
and trolox equivalent antioxidant capacity (TEAC) methods, compared to those of other hydro-
lysates, at 66.59±0.78 µM TE/mg and 135.78±3.24 µM TE/mg, respectively. Furthermore, AlH 
performed the highest capacity of HAse inhibitory with IC50 value of 3.21 mg/ml. Thus, RSCs 
hydrolyzed by Al were chosen to determine the cellular antioxidant activity and hyaluronic acid 
(HA) production effect on Human immortalized keratinocyte cell line (HaCaT). The results showed 
that AlH improved the cell viabilities and intracellular reactive oxygen species (ROS) induced 
by 2,2'-Azobis(2-amidinopropane) dihydrochloride (AAPH) were significantly decreased. In addi-
tion, AlH increased HA amount by regulating HYAL2 and HAS2 expressions in the HaCaT cells. 
Taken together, AlH of RSCs collected from Jeju Island showed HAse inhibitory and antioxidant 
activities against skin-aging which shows its potentials can be an optional natural bioactive in-
gredient for novel cosmeceuticals.
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healthy [4]. HA synthesized by epidermal keratinocytes 
and dermal fibroblast is normally found in extracellular 
matrix (ECM) beneath our skin. HAse is one of dermal 
enzymatic which able to degrade HA by hydrolyzing the 
disaccharides at hexosaminidic β (1–4) linkages [5, 6]. 
HAse pervert skin to lack of water-holding capacity and 
promote aging-skin problems. Hence, natural compound 
with anti-HAse potential should be explored for 
anti-aging active ingredients in cosmeceuticals.

In the past decade, the numbers of publication of new 
bioactive substances derived from marine resources has 
continuously increased all over the world. Marine 
organisms with the rich source of biological and 
chemical diversity displayed great medical benefits. 
Various compounds of marine organisms demonstrated 
a highly potential of biological activities and inhibitors 
of physiological processes. In addition, marine organisms 
have been discovered to be productive sources which 
provide great cosmetic activities derived from nature [7, 
8]. This is due to the natural active compounds that are 
safer for humans which are receiving more attention in 
the research and development of industries than the 
synthetic compounds [9]. Therefore, marine organisms 
are popular components used for cosmeceuticals in terms 
of their productive ingredients because of their safe and 
effective substances.

Sea cucumbers (Stiphopus japonicus), soft-bodied 
worm-like echinoderms, are well-known as high commercial 
costly sea food around East Asian countries especially 
China, Japan and Korea. In addition, sea cucumbers have 
been used for their benefits in terms of traditional medical 
treatments for many centuries [10]. S. jaonicus were 
classified into three groups by their colors which are green, 
black and red [11]. RSCs are normally found in unique 
habitat such as gravel beds off shore and observed 
in different genetic and pigment compositions 
compared with other color types (blue, green) 
[12,13]. As a result of their uniqueness, RSCs 
exhibited various activities and potentials both in 
pharmaceutical and biomedical utilizations such 
as anti-cancer, anti-oxidation, anti-inflammation, 
anti-melanogenesis and anti-bacteria effects [14]. Although 

such results indicate the potential of the RSCs as natural 
cosmeceutical candidates, RSCs collected from Jeju Island 
have not been extensively studied in terms of HAse 
inhibitory and antioxidant activities. Therefore, in this study, 
RSCs collected from Jeju Island, South Korea were 
extracted by using various enzymatic hydrolysis protein and 
investigated for their HAse inhibitory and antioxidant 
activities aimed to be an alternative for a natural active 
ingredient of anti-aging substance in cosmeceuticals.

Materials and Methods

Materials
The Jeju RSC flesh tissue dried by far infrared 

radiation dryer was kindly provided by the Jeju 
International Marine Science Research & Education 
Center of Korea Institute of Ocean Science & 
Technology (KIOST). Al, Neu, Pro were purchased 
from Novo Co. (Novozyme Nordisk, Bagsvaerd, 
Denmark) and Try, Pep, Chy were purchased from 
Sigma Chemical Co. (St. Louis, MO, USA). Antibodies 
to HAS2 and HYAL2 were purchased from Invitrogen 
Life Technologies (Carlsbad, CA, USA). All other 
chemicals and reagents used were of analytical grade.

Preparation of enzymatic hydrolysate from RSC
Enzymatic hydrolysis of the RSC was performed 

using various enzymes at their optimal conditions 
described in a previously reported method [15]. The 
grounded dried RSC powder (1 g) was first homogenized 
with 100 ml of distilled water, and 10 μl of the enzymes 
was then added. Enzymatic hydrolysis was conducted for 
24 h, after the hydrolysate was boiled for 10 min at 
100°C to inactivate the enzyme. The hydrolysate was 
clarified by centrifugation at 3000×g for 20 min to 
remove any unhydrolyzed residue. The supernatants of 
the RSC enzymatic hydrolysates were filtered, adjusted 
to pH 7.0, and stored for subsequent use in experiments.

Total antioxidant capacity measurement methods
The methods used to assess Total antioxidant capacity 

(TAC) were trolox equivalent antioxidant capacity 
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(TEAC) and oxygen radical absorbance capacity (ORAC).

TEAC assay 
TEAC method was described by Re et al. [16]. The 

ability of a sample to inhibit the ABTS+radical was 
compared with an antioxidant standard (Trolox). The 
ABTS·+ was generated by ABTS solution with 
potassiumpersulfate (K2S2O8).  For this reason, 7.4 mM 
ABTS solution and 2.6 mM potassium persulfate 
solution was mixed in equal quantities and kept for 
12~16 h in dark at room temperature. This stock 
solution was stable for 2~3 days when stored in the 
dark. The working solution was prepared by diluting 
the stock solution in methanol until its absorbance was 
1.1±0.02 units at 734 nm measured by the 
spectrophotometer. 150 μl of ABTS working solution 
and 50 μl of each of hydrolysates were added in a 96 
well microplate for 2 h in a dark condition and then 
the absorbance was measured at 734 nm. The 
concentration of ABTS content in the sample was 
reported as μM Trolox equivalent (TE)/mg sample.

ORAC assay
ORAC is based on the decrease of fluorescein 

fluorescence in presence of the chemical oxidant AAPH. 
The assay was described by Ou et al. with some 
modifications [17]. 221 mM AAPH was dissolved in 
phosphate buffer and kept in an ice bath. Fluorescein (FL) 
stock solution was made in PBS and kept at 4℃ in dark 
condition. The stock solution can be stored for several 
months. A fresh FL working solution was made daily by 
further diluting the stock solution in PBS. 50 μl FL 
working solution and 50 μl of each hydrolysate (blank 
or 20 μM Trolox) was placed in the back 96-well plate 
for 15 min at 37℃. Then 50 μl of AAPH solution was 
added using a multichannel pipette. The plate was 
immediately placed in the reader and measurement were 
taken every 5 min for 60 min at 37℃. Fluorescence 
conditions were as follows: excitation at 485 nm and 
emission at 520 nm. The standard curve was linear 
between 0 and 20 μM Trolox. Results are expressed as 
μM TE/mg sample.

HAse inhibition assay
HAse inhibitory activity was measured as previously 

described with few modifications [18]. Ten μl of HAse 
(Type-1-S from bovine testes, Sigma-Aldrich Co., 
USA) dissolved in 0.1 M acetate buffer (pH 3.5) was 
mixed with 10 μl of each enzymatic hydrolysate, and 
incubated at 37 °C for 20 min. Twenty μl of 12.5 mM 
calcium chloride was added to the reaction mixture, and 
then the mixture was incubated at 37°C for 20 min. 
This Ca2+activated HAse was treated with 50 μl of 
sodiumhyaluronate dissolved in 0.1 M acetate buffer 
(pH3.5), and then incubated at 37 °C for 40 min. Two 
μl of 0.4 N sodiumhydroxide and 20 μl of 0.4 N 
potassiumtetraborate were added to the reaction 
mixture, and then incubated in a boilingwater bath at 
100°C for 3 min. After cooling to room temperature, 
600 μl of DMAB solution (0.4 g of 
p-dimethylaminobenzaldehyde dissolved in 35 ml of 
100% acetic acid and 5 ml of 10 N hydrochloric acid) 
was added to the reaction mixture which was then 
incubated at 37°C for 20 min. Absorbance was 
measured at the wave length of 585 nm.

Cell culture
HaCaT were maintained at 37°C in an incubator, 

under a humidified atmosphere containing 5% CO2. The 
cells were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM) containing 10% heat-inactivated fetal 
bovine serum (FBS) and 1% antibiotics.

Measurement of cytotoxicity
The cytotoxicity of enzymatic hydrolysate against the 

HaCaT was determined by colorimetric assays [19]. 
Cells were seeded into a 96-well plate at a concentration 
of 1×105 cells/ml. After 16 h, the cells were treated 
with various concentrations (25, 50, 100, 200 and 400 
μg/ml) of enzymatic hydrolysate. The cells were 
incubated for an additional 24 h at 37°C. There after, 
3-(4, 5-dimethyl- 2-thiazolyl)- 2,5-diphenyl 
tetrazoliumbromide (MTT) stock solution (50 μl : 2 
mg/ml in PBS) was then added to each well. After 
incubating for 4 h, the plate was centrifuged at 800×g 
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for 10 min and the supernatant was aspirated. The 
formazan crystals in each well were dissolved in 
DMSO. The amount of purple formazan was 
determined by measuring the absorbance at 540 nm.

Assay of intracellular ROS levels
Intracellular ROS levels were measured by the 

dichlorofluorescein assay [20]. 2′,7′-dichlorodihydrofluorescein 
diacetate (DCF-DA) can be deacetylated in cells, where 
it can react quantitatively with intracellular radicals to be 
converted into its fluorescent product, DCF, which was 
retained within the cells. Therefore, DCF-DA was used to 
evaluate the generation of ROS. Cells were seeded in 
96-well plates at a concentration of 1.0 × 105 cells/ml. After 
16 h, the cells were treated with samples and incubated 
at 37 ℃ under a humidified atmosphere. After 30 min, 
AAPH was added at a concentration of 15 mM, and then 
the cells were incubated for an additional 30 min at 37℃. 
Finally, DCF-DA was introduced to the cells, and 2′,7′- 
dichloro dihydrofluorescein fluorescence was detected at 
an excitation wavelength of 485 nm and an emission 
wavelength of 535 nm, using a fluorescence plate reader.

Assay of cell viability
Cell viability was then estimated via an MTT assay 

[19]. The cells were seeded in 96-well plates at a 
concentration of 1.0 × 105cells/ml. After 16 h, the cells 
were treated with samples. After 1 h, 15 mM AAPH 
was added to the cell culture medium and incubated 
for 24 h at 37℃. MTT stock solution was then applied 
to each of the wells. After incubating for 4 h, the plate 
was centrifuged at 800×g for 10 min and the supernatant 
was aspirated. The formazan crystals in each well were 
dissolved in DMSO. The amount of purple formazan 
was determined by measuring the absorbance at 540 nm.

HA measurement
HaCaT cells were grown to high density in 6-well 

plates. Immediately before experiments, cells were 
washed two times with serum-free medium to 
completely remove HA accumulated during cell growth. 
Subsequently, HaCaT cells were cultured with or 

without enzymatic hydrolysate in serum-free medium 
for 24 h. At the indicated time, aliquots of medium 
were removed, centrifuged at 15,000 × g for 5 min, 
and supernatants were analyzed for HA using an 
enzyme-linked immunosorbent assay (ELISA) kit 
(R&D Systems, Inc. MN, USA).

Western blot analysis 
HaCaT cells were treated with the indicated 

concentrations of samples and harvested. The cell 
lysates were prepared with ice-cold lysis buffer (20 mM 
Tris, 5 mM EDTA, 10 mM Na4P2O7, 100 mM NaF, 
2 mM Na3VO4, 1% NP-40, 10 mg/ml aprotinin, 10 
mg/ml leupeptin, and 1 mM PMSF). Cell lysates were 
centrifuged at 12,000×g for 20 min at 4°C and the 
protein concentrations were determined by using the 
BCATM protein assay kit. The lysate containing 40 μg 
of protein was subjected to electrophoresis on a 
sodiumdodecylsulfate (SDS)-polyacrylamide gel, and 
the gel was transferred to a nitrocellulose membrane. 
The membrane was blocked in 5% non fat dry milk 
in TBST (25mM Tris–HCl, 137 mM NaCl, 2.65 mM 
KCl, 0.05% Tween 20, pH 7.4) for 2 h. The primary 
antibodies were use data 1:1000 dilution. The 
membranes were incubated with the primary antibodies 
at 4 °C overnight. There after, the membranes were 
washed with TBST and then incubated with the 
secondary antibodies used at 1:3000 dilution. Signals 
were developed using an ECLwestern blotting detection 
kit and exposed to X-ray films.

Statistical analysis 
The data are presented as means ± standard error 

(SE). Statistical comparisons of the mean values were 
performed by analysis of variance (ANOVA), followed 
by a Duncan’s multiple range test using SPSS software. 
Statistical significance was considered at p < 0.05.

Results

Extraction yield of enzymatic hydrolysates
In this study, RSCs collected from Jeju Island, were 
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investigated and extracted by using enzymatic 
hydrolysis. Six various proteolytic enzymes which are 
commercially used for hydrolysis such as Al, Try, Neu, 
Pep, Chy, and Pro, were chosen and explored for their 
extraction yields. Each of enzymatic hydrolysates gave 
extraction yields over than 75%. Among them, Try 
hydrolysate showed the greatest extraction yield as high 
as 86.65% as shown in Fig. 1A.

Total antioxidant capacity and HAse inhibitory effect 
of enzymatic hydrolysates

Anti-oxidant capacities of RSCs were measured by 

using colorimetry method such as ORAC and TEAC. 
AlH showed the highest antioxidant capacities for 
ORAC and TEAC methods, compared to those of other 
hydrolysates, at 66.59±0.78 µM TE/mg and 
135.78±3.24 µM TE/mg, respectively (Fig. 1B and C). 
Moreover, Fig. 1D illustrates the HAse inhibitory 
effects of all enzymatic hydrolysates. Among them, 
AlH possessed the highest capacity of HAse inhibitory 
(45.35%), challenged at concentration of 2 mg/ml. 
Since the highest antioxidant activity and HAse 
inhibitory effect, AlH was chosen for the next further 
studies on cell experiments.

Figure 1. Extraction yield (A), total antioxidant capacity (B and C) and HAse inhibitory effect (D) of different 
enzymatic hydrolysates from RSCs. Total antioxidant capacities were measured via ORAC assay (A) and measured via 
TEAC assay (B). DW: water extract, Al: Alcalase hydrolysate, Try: Trypsin hydrolysate, Neu: Neutrase hydrolysate, 
Pep: Pepsin hydrolysate, Chy: α-Chymotrysin hydrolysate, Pro: Protamex hydrolysate. Experiments were performed in 
triplicate and the data are expressed as mean ± SE.

Cytotoxicity of AlH in HaCat cell   
To evaluate whether AlH has toxic effect on the cells, 

HaCaT cells were treated with AlH, and cell viability 

was measured via MTT colorimetric assay. As shown 
in Fig. 2A, AlH was not exerting any cytotoxic effect 
at the various concentrations (25, 50, 100, 200, and 400 
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µg/ml) in HaCaT cells.

Protective effects of AlH against AAPH-induced 
oxidative stress in HaCaT cells

Fig. 2B shows the effect of AlH on cell viability 
in HaCaT cells treated with AAPH and examined by 
MTT assay. When HaCaT cells were treated with 
AAPH, the cell viability significantly decreased 

compared with non-treated cells. However, AlH 
protected against the cellular damage induced AAPH 
in a dose-dependent manner. As shown in Fig. 2C, the 
generation of intracellular ROS in HaCaT cells 
increased significantly after treatment with AAPH 
compared with non-treated cells. However, treatment of 
AlH decreased dose-dependently of the ROS level in 
the cells induced with AAPH.

Figure 2. Effects of AlH on the cell viabilities (A and B) and the intracellular ROS generation (C) in HaCaT cells. 
The cell viability was determined in only AlH-treated HaCaT cells by MTT assay (A). The cell viability was 
determined in both AAPH- and AlH-treated HaCaT cells by MTT assay (B). The intracellular ROS generation was 
determined in both AAPH- and AlH-treated HaCaT cells by DCF-DA assay (C). Experiments were performed in 
triplicate and the data are expressed as mean ± SE. 

HAse inhibitory effect and HA contents of AlH 
AlH inhibited HAse activity in a dose-dependent 

manner as 39.11, 46.77, 52.72, and 57.63% at the 
concentrations of 1, 2, 4, and 8 mg/ml, respectively (Fig. 
3A). IC50 value of AlH against HAse was 3.21 mg/ml. 
HA amount in HaCaT cells after being treated with the 
desired concentrations of AlH (25, 50, 100, 200, and 400 

µg/ml) were determined by using ELISA kit. At the 
concentrations of 25 and 50 µg/ml, non-significant 
difference in the number of HA contents were observed. 
However, the significantly increased in the existence of 
HA by 543, 585, and 586 ng/ml were observed at 100, 
200, and 400 µg/ml concentration of AlH, respectively, 
compared to the control (490 ng/ml) (Fig. 3B).
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Figure 3. Effect of AlH on HAse-inhibition (A) and HA content (B). HA content of HaCaT cells treated with AlH 
was determined via an ELISA kit. Experiments were performed in triplicate and the data are expressed as mean ± SE. 
Significant differences from the control group were identified at *p < 0.05. 

Effect of AlH on HAS2 and HYAL2 expression in 
HaCaT cells

The effects of AlH on HAS2 and HYAL2 expression 
in HaCaT cells were investigated by western blot assay. 
Fig. 4 represents the levels of HAS2 and HYAL2 
expressions compared between AlH-treated sample with 

selected concentrations and control. At 100, 200 and 
400 µg/ml of AlH, the intensity band level of HYAL2 
were significantly decreased whereas the significantly 
increased level of HAS2 expressions were observed, 
compared with the control.

Figure 4. Effect of AIH on the expression of HYAL2 and HAS2 in HaCaT cells (A) and the densitometry analysis 
(B). Experiments were performed in triplicate and the data are expressed as mean ± SE. Significant differences from 
the control group were identified at *p < 0.05.
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Discussion

Recently decade, skin-aging problem is becoming 
more widely concerned throughout the world. 
According to that, active ingredients with HAse 
inhibitory effect from nature are required due to their 
preferable safeness and stability for humans [4]. Sea 
cucumbers are a well-known marine organism in 
countries like Japan, China and Korea. It has been used 
as a traditional remedy with various biological activities 
such as anti-cancer, anti-inflammation, anti-oxidation 
and anti-melanogenesis [11]. However, to date there has 
been a lack of information regarding the cosmeceutical 
activities of RSCs for their potential use as materials 
in cosmetics and cosmeceuticals. Hence, in this study, 
RSCs collected from Jeju Island were hydrolyzed by 
protease hydrolysis and challenged their 
HAse-inhibitory ability against premature-skin 
problems.

During the last decade, enzymatic-assistant 
extraction has been successfully applied for the 
extraction of numerous biologically active natural 
products from a wide variety of organisms. This method 
does not use any toxic chemicals. In addition, this 
technique results in higher yields of bioactive 
compounds that also show enhanced biological activity 
compared with ingredients extracted by water or 
organic solvents [21 -23]. Therefore, in the present 
study, the RSCs was enzymatically hydrolyzed using 
the various commercial protease such as Al, Try, Neu, 
pep, Chy and Pro to make it acceptable as a 
cosmeceutical. According to Fig. 1A, all of the 
extraction yields, extracted by enzymatic hydrolysis 
(Al, Try, Neu, Pep, Chy and Pro), were shown at over 
than 75%, which was higher than the extraction yield 
achieved with the water extract. Since sea cucumber 
consists of 70% collagen protein of their total body 
wall, which is rich protein resources, the enzymatic 
hydrolysis can promote the extraction yields of RSCs 
[24]. Taken together, this data indicated that enzymatic 
extraction techniques for obtaining the bioactive 
components of RSCs may be more advantageous than 

water extraction.
ORAC and TEAC are common methods used for 

measurement the total antioxidant capacity. ORAC 
assay is a method based on hydrogen atom transfer 
which measures the anti-oxidant capacity caused by 
peroxyl radicals (ROO-), but, TEAC assay or called 
ABTS assay is based on electron transfer [25]. In this 
study, we evaluated potential antioxidant effects of 
enzymatic hydrolysates of RSCs by measuring ORAC 
and TEAC. The results demonstrated that all enzymatic 
hydrolysates of RSCs showed good antioxidant 
activities. Among the tested enzymatic hydrolysates, 
AlH exhibited the highest antioxidant effectives for 
both assays with a 2-fold greater capacity (135.78±3.24 
µM TE/mg) was obtained by TEAC, compared with 
the value detected by ORAC (66.59±0.78 µM TE/mg). 
Moreover, the highest HAse-inhibitory effect (45.35%) 
at 2 mg/ml of AlH were observed (Fig. 1). Since the 
greatest antioxidant activities and HAse inhibitory 
effect, AlH was selected to the further investigate 
protective effect against oxidative stress in HaCaT cell 
line, among six enzymatic hydrolysates. 

ROS is electron transport chain which is by product 
of aerobic organisms respiratory such as superoxide 
anion (O2

−•), hydrogenperoxide (H2O2), hydroxylradical 
(OH•), and singlet oxygen(1O2). Elevated level of ROS 
induces oxidative stress which can leading to damaging 
lipids, protein, and DNA as well as cell death [26-29]. 
Skin-aging events such as melanocytic overproduction, 
breakdown of ECM, weakening of elastin and collagen, 
and mitochondria defection are subsequently taken 
placed due to the free radical generation [30]. 
Ching-You et al [31] investigated the relationship 
between number of peroxyl radical in the fibroblasts 
at different ages and the activities of free radical 
scavenging enzymes. The results showed the exceed 
ROS, occurred in cellular, play a major role in mtDNA 
deletion during the human aging process. Moreover, the 
shortening of telomeric DNA process per unit of 
division can be accelerated which refers to a shorter 
life span resulting from mtDNA deletions and mutations 
[26]. Hence, ROS is one of major harmful which 
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accelerate skin aging, skin disorders and skin diseases, 
since skin layers contain abundant level of lipids, 
protein, and DNA and all of which are susceptible to 
oxidative stress [30,32]. In this study, free radicals were 
generated by introducing the AAPH to HaCaT cell. 
AAPH, 2,2’-Azobis (2-amidinopropane) di- 
hydrochloride, is commonly known as a peroxyl radical 
generators which the intracellular ROS are subsequently 
formed leading to DNA-damaged cell and cell death 
[33-34]. Therefore, in this study, ROS was generated 
by introducing the AAPH to HaCaT cell. For the 
In-vitro cell experiment, MTT assay were performed 
to measure cytotoxicity of AlH. The results indicated 
that the viability of HaCaT cells were not affected by 
AlH in range of 25-400 µg/ml (Fig. 2A).  As expected, 
AlH not only prevented the cell deaths, but also 
suppressed number of intracellular ROS generations on 
HaCaT cells, suggesting that AlH protect HaCaTs from 
AAPH-induced oxidative stress (Fig. 2). Previously, 
Zhou et al. reported that enzymatic hydrolysates 
obtained by using five proteases from sea cucumber 
(Stichopus japonicus) showed strong anti-oxidative 
activity [11,35]. In the present study, we also found 
that to AlH acts as antioxidant to protect cell from ROS 
damage and cell death. The findings suggest that AlH 
might decelerate skin-aging and protect skin appearance 
as well. 

In mammals, there are three membrane-bound 
Hyaluronic acid synthases (HASs) classified as HAS-1, 
HAS-2, and HAS-3 [36]. HAS-2 is a newly identified 
vertebrate gene family identified that associates the 
transcriptional activation of HA synthesis. HA is a 
glycosaminoglycan polymer can be found in ECM 
under the skin which plays important roles in our body 
such as controlling moisture of the physiologic 
conditions, sustaining and supporting the ECM space, 
containing tissue hydration, tissue generation, and 
associates cell proliferation [11, 37-38]. On the other 
hands, the degradation of HA took place in the presence 
of hyaluronidases (HYAL-1 and HYAL-2) [39]. Zhang 
et al. demonstrated the proliferation effect of sulfated 
polysaccharide (HS) derived from body wall of sea 

cucumber (S. japonicus). The results showed the HS 
fibroblast growth factor-2 (FGF-2) synergistically 
promoted neural stem/progenitor cells proliferation 
without apoptosis [11, 40]. However, the 
HAse-inhibitory effects of RSC have not been yet 
examined, thus, the HAse inhibitory capacity of AlH 
were determined. In our study, AlH provided HAse 
inhibitory activity with the IC50 of 3.21 mg/ml and 
significantly boosted the HA contents at concentrations 
of 100, 200 and 400 µg/ml on HaCaT cell (Fig. 3). 
As a result, the increased level of HAS-2 expressions 
and the reduction of HYAL2 marker (Fig. 4) suggested 
that AlH promoted HA contents in HaCaT cell by 
supporting HA synthesis and inhibiting HA enzyme 
production in HaCaT cell. These data demonstrated that 
AlH can build up HA which has a major role that plays 
in skin moisturizing and anti-wrinkle formation 
providing a healthy and young skin.

Conclusion

In summary, our study demonstrated that enzymatic 
hydrolysate derived from RSCs (Stiphopus japonicus) 
enhanced anti-oxidant activity and HAse inhibitory 
effect which its potential can be an alternatively 
anti-aging cosmeceuticals ingredient. 
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