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SUMMARY

In human, skin is the largest organ of the integumentary system. Skin is outer
covering of the body and plays an important immunity role because of its protective
effect against pathogens. Skin undergoes chronological aging like other organs. In
addition, it undergoes aging as a consequence of environmental damage because it is
direct exposure to the outside environment. The environmental factors, such as
chemicals, air pollution, fine dust particles, and ultraviolet (UV) irradiation, which
bring toxicity or stress to human skin and induce skin aging. In these environmental
factors, UV irradiation from sunlight is the primary environmental factor that causes
human skin aging and results in pigment accumulation and wrinkle formation.

UV can be classified into three subtypes of UVA, UVB, and UVC, based on the
wavelength. UVB has a medium wavelength and is thought to bring more cellular stress
to humans compared to the other two subtypes. UVB is known to be associated with
human health through stimulating reactive oxygen species (ROS) generation. The
excessive ROS induce oxidative stress and apoptosis, as well as damage cellular
components including proteins, lipids, and DNA. In addition, ROS activate cell
signaling pathways including nuclear factor kappa B (NF-kB), activator protein 1
(AP-1), and mitogen-activated protein kinases (MAPKSs). The activated pathways will
stimulate the expression of the relative protein including matrix metalloproteinases
(MMPs) and pro-inflammatory cytokines, which subsequently lead to skin wrinkling
and inflammation. Therefore, a ROS scavenger, NF-kB, AP-1, and MAPKs blocker,
and MMPs inhibitor that can scavenges ROS, blocks NF-kB, AP-1, and MAPKs
pathways, inhibits MMPs without toxicity may potentially against UVB-induced skin

inflammatory and photo-damage.



Natural compounds such as vitamins, polysaccharides, polyphenols, and proteins
isolated from terrestrial or aquatic natural resources, including plants, animals, and
microorganisms, have been used medicinally throughout human history. Compounds
isolated from seaweeds, such as polyphenols, polysaccharides, and pigments, possess
antioxidant, anti-inflammation, anticancer, UV protection, and anti-wrinkle effect. In
particular, polysaccharides isolated from seaweeds have been reported to possess
strong bioactivities.

Sargassum fulvellum, Codium fragile, and Hizikia fusiforme are the most popular
edible seaweeds in Asian countries such as Korea, China, and Japan. S. fulvellum, C.
fragile, and H. fusiforme are abundantly distributed in Jeju Island. It is a rich and
potential natural resource could be used as an ingredient in functional food and
medicine, industries. Many reports support that S. fulvellum, C. fragile, and H.
fusiforme contain various natural bioactive compounds and possess the potential to
develop functional food and medicine. However, the cosmeceutical effects of these
seaweeds had not been investigated so far. Therefore, in the present study, the
cosmeceutical effects of these three edible seaweeds have been investigated.

In the present study, S. fulvellum, C. fragile, and H. fusiforme had extracted by water,
ethanol, and enzymes. The composition of seaweed extracts were analysis. In addition,
the free radical scavenging activities and the commercial tyrosinase, collagenase, and
elastase inhibitory effects of seaweed extracts were determined. The results indicate
that enzyme-assisted extraction could improve the extraction yield comparing to water
and ethanol extraction. And all seaweed extracts possess strong free radical scavenging
activity, especially on alkyl and hydroxyl radicals. Furthermore, the Celluclast-assisted
extract of H. fusiforme contains the highest polysaccharides content and possesses

strong free radical scavenging activity as well as strong tyrosinase, collagenase, and



elastase inhibitory effects. Therefore, H. fusiforme was selected as target seaweed to
separate polysaccharides and evaluate the cosmeceutical effects.

The crude polysaccharides from Celluclast-assisted extract of H. fusiforme (HFCPS)
were prepared by Celluclast-assisted hydrolysis and ethanol precipitation. HFCPS
possesses potent cosmeceutical effects including antioxidant, anti-inflammation,
whitening, UV protection, and anti-wrinkle effect. Furthermore, the Hizikia fucoidan
(HFCPSF4) was separated from HFCPS. HFCPSF4 contains 99.01+£0.61% sulfated
polysaccharides, which comprise fucose (97.20%), rhamnose (2.09%), mannose
(18.32%), and arabinose (0.38%). The cosmeceutical effects of HFCPSF4 were
measured including antioxidant activity, anti-inflammatory activity, whitening effect,
protective effect, and anti-wrinkle effect. The results indicate that HFCPSF4 significant
reduces hydrogen peroxide (H,O;)-induced oxidative stress in monkey kidney
fibroblast cells (Vero cells) and in zebrafish; remarkable attenuates lipopolysaccharide
(LPS)-induced inflammation in RAW 264.7 macrophages and in zebrafish; inhibits
alpha-melanocyte stimulating hormone (a-MSH)-stimulated melanogenesis in B16F10
melanoma cells; against UVB-induced photo-damage in keratinocytes (HaCaT cells)
and in zebrafish; protects UVB-induced skin wrinkling in human dermal fibroblasts
(HDF cells). These results demonstrate that HFCPSF4 possesses potent cosmeceutical
effects, and can be a potential ingredient in the cosmetic industry.

In a conclusion, the present study demonstrates the fucoidan (HFCPSF4) isolated
from crude polysaccharides from Celluclast-assisted extract of Hizikia fusiforme
(HFCPS) possesses strong cosmeceutical effects including antioxidant,
anti-inflammation, whitening, UV protection, and anti-wrinkle activity. It can be used

as an ingredient in pharmaceutical and cosmeceutical industries.
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Part 1.

Extraction and bioactivity scavenging of seaweeds

ABSTRACT
Seaweeds are rich in various natural compounds, which possess a broad bioactivity.
The edible seaweeds were consumed as a material for food processing or medicine
has a long history. Sargassum fulvellum, Codium fragile, Hizikia fusiforme are the
most popular edible seaweeds in Asian countries such as Korea, China, and Japan. S.
Sfulvellum, C. fragile, and H. fusiforme are abundantly distributed in Jeju Island. It is a
rich and potential natural resource could be used as an ingredient in functional food and
medicine industries. Many reports support that S. fulvellum, C. fragile, and H.
fusiforme contain various natural bioactive compounds and possess the potential to
develop functional food and medicine. However, the cosmeceutical effects of these
seaweeds had not been investigated so far. Therefore, in the present study, the
cosmeceutical effects of these three edible seaweeds have been investigated. In this
study, seaweeds had extracted by water, ethanol, and enzymes. The free radical
scavenging activities of seaweed extracts were determined using Electron Spin
Resonance (ESR) spectrometer. The results indicate that enzyme-assisted extraction
could improve the extraction yield comparing to water and ethanol extraction, and all
seaweed extracts possess strong free radical scavenging activity, especially on alkyl
and hydroxyl radicals. In addition, H. fusiforme extracts possess relative stronger free
radical scavenging activity than S. fulvellum and C. fragile extracts. In addition, the
inhibitory effects on commercial tyrosinase, collagenase, and elastase of seaweed
extracts were evaluated. The results demonstrate that S. fulvellum and H. fusiforme

extracts possess stronger tyrosinase inhibitory effect than C. fragile extracts; H.



fusiforme extracts possess stronger collagenase and elastase inhibitory effects than S.
fulvellum and C. fragile extracts. In addition, the Celluclast-assisted extract of H.
fusiforme possesses strong free radical scavenging activity and tyrosinase, collagenase,
and elastase inhibitory effect; it may possess the potential on cosmeceutical effects.
Furthermore, the composition analysis results indicate that the main composition of
Cellucalst-assisted extract of H. fusiforme is polysaccharides. In a conclusion, the
Cellucalst-assisted extract of H. fusiforme is rich in polysaccharides and possesses
strong free radical scavenging activity as well as cosmeceutical effects. It may use as a

potential ingredient in pharmaceutical and cosmeceutical industries.



INTRODUCTION

The ocean is covering approximately 71% of the Earth’s surface. The ocean contains 97%
of Earth’s water and 90% of the Earth’s biosphere. The ocean is abundant with a
complex diversity of marine organisms, which including marine plants such as algae
and sea grasses, marine animals such as fish and shellfish, and marine microorganisms
such as bacteria and fungi. The marine organisms offer a rich source of natural products,
such as phenolic compounds, polysaccharides, proteins, lipids, minerals, and essential
vitamins [1]. These natural compounds possess various bioactivities including
antioxidant,  anti-inflammation,  anti-cancer,  anti-microbial,  anti-diabetes,
anti-irradiation, anti-hypertension, and anti-obesity activity [2-9]. Kang et al. (2016)
had investigated anti-obesity effects of seaweeds of Jeju Island 3T3-L1 preadipocytes
and obese mice [9]. Ko et al. (2012) had isolation and characterization the angiotensin
I-converting enzyme inhibitory peptide from Styela clava [10]. Sun et al. (2009) had
isolated antioxidant polysaccharides from marine fungus Penicillium sp. F23-2 [11].
Algae can be classified into two subtypes. One of the subtype is microalgae, which are
unicellular species and the sizes of microalgae can range from micrometers to hundred
micrometers. Microalgae exist individually, or in groups or chains. Another subtype is
macroalgae, which are macroscopic and multicellular. Marine macroalgae are referring
as seaweed and it includes red, green, and brown seaweed. Seaweeds contain a large
mass of nutrient contents such as carbohydrates, minerals, vitamins, proteins, fatty
acids, and amino acids. It is also rich in natural compounds including polysaccharides,
proteins, polyphenols, sterols, fatty acids, amino acids, alkaloids, and pigments, as well
as possesses wide range a broad spectrum of bioactivity such as anti-microbial,
antioxidant, anti-cancer, anti-coagulation, anti-aging, anti-inflammation,

anti-irradiation, anti-hypertension, anti-obesity, and anti-diabetes properties [12-22].



Heo et al. had isolated a pigment, fucoxanthin from Sargassum siliquastrum and
investigated the protective effect of fucoxanthin against ultraviolet B (UVB)-induced
cell damage [23]. Wijesinghe et al. (2011) had purified a sulfated polysaccharide from
Ecklonia cava and evaluated its anti-coagulative activity [24]. Kang et al. (2012) had
isolated a polyphenol, dieckol from Ecklonia cava and investigated the
hepatoprotective effect of dieckol [25]. Souza et al. (2009) had isolated and identified a
bisindole alkaloid, caulerpin from Genes gaulerpa and evaluated the anti-inflammatory
and antinociceptive effects of caulerpin in mice [22]. In addition, Fernando et al. (2018)
had isolated alginic acid from Sargassum horneri and evaluated its anti-inflammatory
effect [19].

Edible seaweed or sea vegetable is the seaweed can be directly eaten or used as a
material for preparing food. Consumption of seaweeds as a food or medicine material
has a long history, especially in Asian countries [12, 26]. Recent decade reports suggest
that edible seaweeds are benefiting for human’s health because they are rich in nutrients
and various bioactive compounds, which could prevent, improve, or against above
diseases [27-30]. Nowadays, there are many species of edible seaweeds had been
cultured as large-scale such as Saccharina jiaponica, Hizikia fusiforme,
Undaria pinnatifida, and Porphyra yezoensis, as well the edible seaweed had used for
a wide range of food, pharmacy, and cosmetic industries [31-34].

Sargassum fulvellum (S. fulvellum) is an edible brown seaweed, which is popular low
prices food ingredient in the Korean market. S. fulvellum is consumed as food and
food additive, as well as consumed as herbal medicine to treat lump, dropsy, swollen,
and painful scrotum, and urination problems [35]. Codium fragile (C. fragile) is an
edible green seaweed. It is abundant in East Asian countries, especially in China,

Korea, and Japan. In addition, it also distributes in Northern Europe and Oceania. C.



fragile has been used as a food ingredient and traditional medicine for a long history.
In Korea, C. fragile is use as a food ingredient and use as a medicine for the treatment
of dropsy, dysuria, and enterobiasis [36, 37]. Hizikia fusiforme (H. fusiforme) is an
edible brown seaweed and mainly grows in the northwest Pacific. H. fusiforme is one of
the most of popular seaweed consumed as food in Asian countries, especially in Korea,
China, and Japan. In addition, H. fusiforme had used as herb medicine for a long history
[38]. All of these three edible seaweeds that S. fulvellum, C. fragile, and H. fusiforme
are abundant in Jeju Island. There are a rich and potential natural resource could be
used as an ingredient in functional food, medicine, and cosmetic industries. Many
reports support that S. fulvellum, C. fragile, and H. fusiforme contain various natural
bioactive compounds and possess the potential to develop functional food and medicine.
However, the cosmetic effects of these seaweeds had not been investigated so far.
Therefore, in the present study, we investigated cosmetic effects these three edible

seaweeds.



1. Materials and Methods

1.1. Reagents and chemicals

Commercial enzymes for extraction, 1-diphenyl-2-picrylhydrazyl (DPPH),
5,5-dimethyl-1-pyrolin N-oxide (DMPO), 2,2-azobis(2-amidinopropane)
hydrochloride (AAPH), and a-(4-Pyridyl-1-oxcide)-N-ter-butylnitrone (POBN) were
purchased from Sigma (St. Louis, MO, USA). FeSO4¢7H,0, and H,O, were purchased
from Fluka Co. (Buchs, Switzerland). Arbutin, (-)-epigallocatechin gallate (EGCG),
gallic acid, glucose tyrosinase, L-tyrosin, collagenase from clostridium histolyticum,
elastase ~ from porcine pancreas, azo dye-impregnted collagen, and
N-succinyl-Ala-Ala-Ala-p-nitroanilide were purchased from Sigma Co. (St. Louis, MO,
USA). The Pierce™ BCA protein assay kit was purchased from Thermo Scientific
(Thermo Scientific, Rockford, U.S.). All other chemicals and reagents were analytical

grade.

1.2. Collection and process of seaweed samples

S. fulvellum, C. fragile, and H. fusiforme (Table 1 and Fig. 1) were collected in June
2016 from the coastal area of Jeju Island, South Korea. Samples were washed by the tap
water to remove the salt, sand, and epiphytes and freeze-dried by a free dryer. The

lyophilized seaweeds were kept in 4°C until use.



Sargassum fulvellum Codium fragile Hizikia fusiforme

Fig. 1. The photograph of S. fulvellum, C. fragile, and H. fusiforme.



Table 1. Korean name and abbreviation of S. fulvellum, C. fragile, and H. fusiforme

Scientific name Korean name Abbreviation
| Sargassum fulvellum | ZR 2L | SF |
Codium fragile ] 2} CF
HF

bl

Hizikia fusiforme




1.3. Water and ethanol extraction

Each 1 g of lyophilized SF, CF, and HF was extracted by 100 mL distilled water (D.W)
or 70% EtOH in the shaking condition (120 rpm) for 24 hours. The extract mixture was
centrifuged and the supernatant was filtered through a Whatmam No. 1 filter paper.
Then, the EtOH extracts were dried in a vacuum dryer, and the water extracts were
dried in a freeze dryer. Finally, the water extracts and EtOH extracts of SF, CF, and HF

were obtained (Fig. 2). All extracts were kept at -20°C until use.

1.4. Enzyme-assisted extraction

For the enzyme extraction, ten commercial enzymes including 5 glycoenzymes
(Viscozyme, Celluclast, AMG, Termamyl, and Ultraflo) and 5 proteases (Protantex,
Kojizyme, Neutrase, Flavourzyme, and Alcalase) were used to hydrolyze seaweeds at
their optimal conditions (Table 2). In brief, each 1 g lyophilized SF, CF, and HF
powder was mixed with 100 mL distilled water, adjusted pH to the optimal pH, then 5%
enzyme was added to the mixture and hydrolyzed at the optimal temperature under
shaking condition (120 rpm). After hydrolysis, the enzyme was inactive by heating at
100°C for 10 minutes. Then the macerated mixture was centrifuged, filtered, and
adjusted pH to 7 by 1 M HCl or 1 M NaOH. Finally, the extracts were dried in a freeze
dryer, and the enzyme extracts of SF, CF, and HF were obtained (Fig. 3). All extracts

were kept at -20°C until use.
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SF / CF / HF
(lg)

D.W/ 70% EtOH
(100 mL)

Shaking (120 rpm) for 24 h

Centrifuge, filter, and concentrate

D.W / EtOH extract

Fig. 2. The procedure of water and ethanol extraction of seaweeds.

11



Table 2. The optimal reaction condition of enzymes.

Enzyme pH Temperature (°C)
Viscozyme 4.5 50
Celluclast 4.5 50
Glycoenzyme  AMG 4.5 60
Termamyl 6.0 60
Ultraflo 7.0 60
Protamex 6.0 40
Kojizyme 6.0 40
Protease Neutrase 6.0 50
Flavourzyme 7.0 50
Alcalase 8.0 50
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SF / CF / HF
(lg)

D.W (100 mL) Optimal temperature and pH
5% enzyme

Shaking (120 rpm) for 24 h

100 °C, 10 min

Centrifuge, filter, and concentrate

Enzyme extracts

Fig. 3. The procedure of enzyme extraction of seaweeds.
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1.5. Determination of chemical composition of seaweed extracts

1.5.1. Analysis of polysaccharide content of seaweed extracts

The total polysaccharide contents of seaweed extracts were determined based on the
protocol of official methods for analysis of the Association of Official Analytical
Chemists (AOAC) [39]. In brief, seaweed extracts were prepared to 0.1 mg/mL. A
calibration standard composed of increasing concentrations of 0-0.1 mg/mL and
sample solutions were prepared in triplicate in test tubes with a total volume of 1 mL. A
volume of 25 pL of 80% phenol was added into each text tube. Then, a volume of 2.5
ml of sulfuric acid was added in each text tube. The reaction mixture was mixed and
reacted in the dark for 30 min. Finally, a volume of 200 pL reaction mixture from each
text tube was transferred to a 96-well plate, and the absorbance was measured at 480
nm using a microplate reader (BioTek, SYNERGY, HT, USA). The polysaccharide

contents of seaweed extracts were evaluated according to the standard curve.

1.5.2. Analysis of total phenolic content of seaweed extracts

Total phenolic contents of seaweed extracts were determined by a Folin-Ciocalteu
assay based on the method described by Chandler and Dodds with slight modifications
[40]. In brief, each 1 mL of 0.1 mg/mL seaweed extracts or standard phenolic
compound solution was mixed in a test tube containing 1 mL of 95% ethanol. A volume
of 5 mL of D.W and 0.5 mL of 50% Folin—Ciocalteu reagent was introduced to each
test tube sequentially and mixed thoroughly using. The resultant mixture was allowed
to react for 5 min, following which 1 mL of 5% Na,CO; was added to each test tube.
After mixing thoroughly, the test tubes were incubated in the dark for 1 h. Finally, the
absorbance was recorded at 700 nm using a microplate reader (BioTek, SYNERGY,

HT, USA). Gallic acid was used as the reference compound to construct the standard
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curve, and total phenolic contents of the seaweed extracts were calculated as gallic acid

equivalents.

1.5.3. Analysis of protein content of seaweed extracts
The protein contents of seaweed extracts were measured by a Pierce™ BCA protein
assay kit according to the specification. Bovine serum albumin (BSA) was used as the

reference protein to construct the standard curve.

1.6. Evaluation of the free radical scavenging activity of seaweed extracts

The free radical scavenging activities of seaweed extracts were measured using an
Electron Spin Resonance (ESR) spectrometer (JES-FA machine; JOEL, Tokyo, Japan).
DPPH, alkyl, and hydroxyl radical scavenging activities were determined by the

method described by Heo et al. [1].

1.7. Measurement of mushroom tyrosinase inhibitory effects of seaweed extracts

Tyrosinase inhibitory effects were measured by the method described by our previous
study [41, 42]. In brief, a volume of 200 pL assay mixture in 96-well microplate
containing 40 puL of 1.5 mM L-tyrosin, 140 pL of 50 mM phosphate buffer (pH 6.5), 10
uL of aqueous mushroom tyrosinase (1000 units/mL), and 10 pL of sample solution.
The assay mixture was reacted at 37°C for 12 min, and then the plate was kept on ice for
5 min to stop the reaction. The amount of dopachrome in the reaction mixture was

measured at 490 nm using a microplate reader (BioTek, SYNERGY, HT, USA).

1.8. Measurement of collagenase inhibitory effects of seaweed extracts

In order to measure the collagenase inhibitory activity, a weight of 1 mg of azo
dye-impregnated collagen was mixed with 800 pL of 0.1 M Tris-HCI (pH 7.0), 100 pL

of 200 units/mL collagenase (stock solution), and 100 pL sample and incubated at 43°C
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for 1 h under shaking condition. Subsequently, the reaction mixture was centrifuged at
3000 rpm for 10 min and the absorbance of the supernatant was detected at 550 nm in a

microplate reader (BioTek, SYNERGY, HT, USA).

1.9. Measurement of elastase inhibitory effects of seaweed extracts

The elastase inhibitory activity was evaluated base on a method reported by Kraunsoe
et al. (1996) [43]. In brief, the reaction mixture contained 650 pL of 1.015 mM
N-succinyl-Ala-Ala-Ala-p-nitroanilide (dissolved in Tris-HCI, pH 8.0) and 50 pL of
sample. The reaction mixture was vortexed and incubated for 10 min at 25°C, after
incubation, 50 pL of 0.0375 units/mL elastase was added to the reaction mixture and
following vortexing, was incubated for 10 min at 25°C in a water bath. The amount of
released p-nitroaniline was assessed by measuring absorbance at 410 nm using a

microplate reader (BioTek, SYNERGY, HT, USA).
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2. Results and Discussion

2.1. Extraction yield and proximate composition of seaweed extracts

The extraction yields of seaweeds were summarized in Table 3. The extraction yields
of SF were range from 12.67+1.53% to 41.004+1.00%; the yields of CF were range
from 7.67£2.31% to 36.334+4.16%, and the yields of HF were range from 6.67+0.24%
to 44.00+0.71%, respectively. These results indicate that EtOH extraction showed a
relatively low yield compared to water extraction. In addition, the enzyme extraction
can improve the yield compared to water extraction, especially glycoenzyme.

The polysaccharide contents of seaweed extracts were summarized in Table 4. As
Table 4 shows, the polysaccharide contents of SF were range from 5.40+£0.11% to
37.22+2.63%, the water extract possesses the highest polysaccharide content in all of
SF extracts. The polysaccharide contents of CF were range from 10.80+1.70% to
46.50+£2.60%, the AMG extract possesses the highest polysaccharide content in all of
CF extracts. The polysaccharide contents of HF were range from 19.12+3.30% to
48.95+0.71%, the Cellucalst extract possesses the highest polysaccharide content in
all of HF extracts. These results display that HF extracts contain a relatively higher
polysaccharide content compared to SF and CF extracts, and the Celluclast extract of
HF possess the highest polysaccharide in all of the seaweed extracts.

As Table 5 shows, the protein contents of SF were range from 3.66+0.68% to
16.06+0.76%, the Neutrase extract possesses the highest protein content in all of SF
extracts. The protein contents of CF were range from 5.20+0.39% to 22.53+1.31%,
the Neutrase extract possesses the highest protein content in all of CF extracts. The
protein contents of HF were range from 7.91+£0.14% to 10.84+0.15%, the Alcalase
extract showed the highest protein content in all of HF extracts. These results display

that CF extracts contain a relatively higher protein content compared to SF and HF

17



extracts, and the Neutrase extract of CF possesses the highest protein in all of the
seaweed extracts.

The total phenolic contents of seaweed extracts were summarized in Table 6. The
phenolic contents of SF were range from 2.01+0.32% to 12.63+0.23%, the EtOH
extract possesses the highest phenolic content in all of SF extracts. The phenolic
contents of CF were range from 1.88+0.00% to 3.96+1.82%, the Viscozyme extract
possesses the highest phenolic content in all of CF extracts. The phenolic contents of
HF were range from 2.57+0.09% to 4.46+0.14%, the EtOH extract possesses the
highest phenolic content in all of HF extracts. These results display that EtOH
extraction can get a higher phenolic content from seaweed, and SF extracts contain a
relatively higher phenolic content compared to CF and HF extracts. In addition, the

EtOH extract of SF possess the highest phenolic in all of the seaweed extracts.
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Table 3. The yields of water, ethanol, and enzymes extraction of S. fulvellum, C.

fragile, and H. fusiforme.

Yield (%)

Extracts SF CF HF

D.W 21.33+4.51 11.67+1.63 36.67+0.62
EtOH 12.67+1.53 7.67£2.31 6.67+0.24
AMG 29.67+2.08 19.00+2.65 37.50+0.71
Cell 35.00+1.73 26.00+3.46 44.00+0.71
Ter 34.00+4.36 27.78+2.52 38.70+0.85
Ult 33.00+3.46 25.00+0.00 35.33+1.03
Vis 26.00+2.00 24.00+1.00 40.74+2.00
Alca 36.00+4.00 36.33+4.16 39.67+1.06
Koji 37.33+£2.08 30.00+1.73 26.86+1.10
Nue 40.00+0.00 31.334+0.58 36.33+0.46
Pro 41.00+1.00 25.00+1.73 38.50+0.41
Fla 38.67+1.15 25.33+1.15 36.83+0.62

D.W: water extract; EtOH: water extract; AMG: AMG extract; Cell: Celluclast extract;
Ter: Termamyl extracts; Ult: Ultraflo extract; Vis: Viscozyme extract; Alca: Alcalase
extract; Koji: Kojizyme extract; Nue: Neutrase extract; Pro: Protamex extract; Fla:
Flavourzyme extract. The experiments were conducted triplicate, and the data were

expressed as the mean + S.E (n=3).
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Table 4. Polysaccharide contents of seaweed extracts.

Polysaccharide content (%)

Extracts SF CF HF

D.W 37.2242.63 22.40+4.80 27.18+0.93
EtOH 5.40+0.11 10.80+1.70 19.12+3.30
AMG 27.83+£2.88 46.50+2.60 25.15+0.50
Cell 32.524+4.01 41.50+1.14 48.95+0.71
Ter 33.59+0.75 41.20+4.50 26.93+0.29
Ult 30.57+2.78 39.60+3.70 26.17+0.79
Vis 22.69+1.38 41.90£3.60 26.21+£3.70
Alca 19.94+2.26 22.20+1.30 19.42+3.15
Koji 28.71+2.88 31.60+5.20 21.91+0.65
Nue 18.52+2.51 16.00+4.20 25.61+1.15
Pro 27.9243.51 13.50+4.60 23.28+1.00
Fla 21.45+5.64 22.20+5.30 27.43+1.43

D.W: water extract; EtOH: water extract; AMG: AMG extract; Cell: Celluclast extract;
Ter: Termamyl extracts; Ult: Ultraflo extract; Vis: Viscozyme extract; Alca: Alcalase
extract; Koji: Kojizyme extract; Nue: Neutrase extract; Pro: Protamex extract; Fla:
Flavourzyme extract. The experiments were conducted triplicate, and the data were

expressed as the mean + S.E (n=3).
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Table 5. Protein contents of seaweed extracts.

Protein content (%)

Extracts SF CF HF
D.W 6.32+0.16 7.03+0.13 8.69+0.14
EtOH 3.66+0.68 5.20+0.39 8.56+0.19
AMG 4.40+0.13 7.03+£0.13 9.37+0.17
Cell 5.12+1.03 5.29+0.39 8.93+0.55
Ter 9.56+2.64 8.61+0.00 7.98+0.09
Ult 9.03+0.63 7.03+0.13 9.92+0.26
Vis 6.62+0.00 6.48+0.66 9.88+0.14
Alca 8.31x1.45 9.45+0.39 10.84+0.15
Koji 12.25+0.63 8.61+0.00 10.15+0.00
Nue 16.06+0.76 22.53+1.31 8.98+0.00
Pro 13.74+0.00 18.07+1.57 7.91+0.14
Fla 11.61+0.25 11.39+0.79 8.79+0.28

D.W: water extract; EtOH: water extract; AMG: AMG extract; Cell: Celluclast extract;
Ter: Termamyl extracts; Ult: Ultraflo extract; Vis: Viscozyme extract; Alca: Alcalase
extract; Koji: Kojizyme extract; Nue: Neutrase extract; Pro: Protamex extract; Fla:
Flavourzyme extract. The experiments were conducted triplicate, and the data were

expressed as the mean + S.E (n=3).
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Table 6. Phenolic contents of seaweed extracts.

Phenolic content (%)

Extracts SF CF HF

D.W 2.01+0.32 2.08+0.56 3.97+0.00
EtOH 12.63+0.23 1.88+0.00 4.46+0.14
AMG 3.47+0.56 2.08+0.00 2.57+0.09
Cell 5.30+1.05 2.37+0.14 4.17+0.01
Ter 4.45+0.84 2.08+0.28 2.71+0.05
Ult 6.60+1.65 2.37+0.14 3.83+0.03
Vis 3.47+0.56 3.96+1.82 3.97+0.14
Alca 3.50+0.36 2.47+0.00 4.26+0.28
Koji 5.44+1.67 2.08+0.00 4.22+0.00
Nue 5.63+0.84 3.46+0.00 3.67+0.14
Pro 4.65+1.11 3.16+0.14 3.67+0.00
Fla 2.48+0.28 2.67+0.28 3.82+0.07

D.W: water extract; EtOH: water extract; AMG: AMG extract; Cell: Celluclast extract;
Ter: Termamyl extracts; Ult: Ultraflo extract; Vis: Viscozyme extract; Alca: Alcalase
extract; Koji: Kojizyme extract; Nue: Neutrase extract; Pro: Protamex extract; Fla:
Flavourzyme extract. The experiments were conducted triplicate, and the data were

expressed as the mean + S.E (n=3).
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2.2. Free radical scavenging activities of seaweed extracts

DPPH, alkyl, and hydroxyl radical scavenging activities of seaweed extracts were
determined using ESR spectrum. The results of DPPH radical scavenging activities of
seaweed extracts were summarized in Table 7. The ICso, values of DPPH radical
scavenging activities of SF extracts were range from 1.16+£0.31 mg/mL to 5.07+0.41
mg/mL, and the Protamex extract of SF shows the strongest DPPH radical scavenging
activity in all of the SF extracts. The ICsy values of DPPH radical scavenging activities
of the extracts from CF were range from 1.184+0.37 mg/mL to 5.02+1.20 mg/mL, and
the Termamyl extract of CF shows the strongest DPPH radical scavenging activity in
all of the CF extracts. In addition, the ICsy values of DPPH radical scavenging
activities of the extracts from HF were range from 1.06+0.08 mg/mL to 4.03%0.11
mg/mL, and the Termamyl extract of HF shows the strongest DPPH radical scavenging
activity in all of the HF extracts. These results demonstrate that all of the seaweed
extracts possess strong DPPH radical scavenging activity, and HF extracts show
relative strong DPPH radical scavenging activity that SF and CF extracts. In addition,
the Celluclast extract from HF shows the strongest DPPH radical scavenging activity
in all of the seaweed extracts.

The results of alkyl radical scavenging activities of seaweed extracts were
summarized in Table 8. The ICsy values of alkyl radical scavenging activities of SF
extracts were range from 0.23+0.05 mg/mL to 0.97+0.28 mg/mL, and the Kojizyme
extract of SF shows the strongest alkyl radical scavenging activity in all of the SF
extracts. The ICsg values of alkyl radical scavenging activities of the extracts from CF
were range from 0.31+0.01 mg/mL to 1.09+0.24 mg/mL, and the Neutrase extract of
CF shows the strongest alkyl radical scavenging activity in all of the CF extracts. In

addition, the ICs values of alkyl radical scavenging activities of the extracts from HF
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were range from 0.21+0.01 mg/mL to 1.06+0.03 mg/mL, and the EtOH extract of HF
shows the strongest alkyl radical scavenging activity in all of the HF extracts. These
results indicate that all of the seaweed extracts possess strong alkyl radical scavenging
activity, and HF extracts show relative strong alkyl radical scavenging activity that SF
and CF extracts. In addition, the EtOH extract from HF shows the strongest alkyl
radical scavenging activity in all of the seaweed extracts.

The results of hydroxyl radical scavenging activities of seaweed extracts were
summarized in Table 9. The ICsy values of hydroxyl radical scavenging activities of
SF extracts were range from 0.44+0.09 mg/mL to 1.544+0.15 mg/mL, and the water
extract of SF shows the strongest hydroxyl radical scavenging activity in all of the SF
extracts. The ICs values of hydroxyl radical scavenging activities of the extracts from
CF were range from 0.14+0.06 mg/mL to 1.76+0.42 mg/mL, and the water extract of
CF shows the strongest hydroxyl radical scavenging activity in all of the CF extracts. In
addition, the ICs, values of hydroxyl radical scavenging activities of the extracts from
HF were range from 0.14+0.03 mg/mL to 0.37+0.00 mg/mL, and the Protamex extract
of HF shows the strongest hydroxyl radical scavenging activity in all of the HF extracts.
These results indicate that all of the seaweed extracts possess strong hydroxyl radical
scavenging activity, and HF extracts show relative strong hydroxyl radical scavenging
activity that SF and CF extracts. In addition, the water extract of CF and the Protamex
extract from HF show the strongest hydroxyl radical scavenging activity in all of the
seaweed extracts.

The above results indicate that the extracts from SF, CF, and HF possess strong free
radical scavenging activity, especially in alkyl and hydroxyl radicals. In addition, HF
extracts show relatively stronger free radical scavenging activity comparing to SF and

CF, and the EtOH, Cellucalst, Alcalase, and Protamex extracts from HF possess
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stronger free radical scavenging activities comparing to other HF extracts, and these

extracts show the potential in cosmetic activities.
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Table 7. DPPH radical scavenging activities of seaweed extracts.

DPPH radical scavenging activity (ICsp, mg/mL)

Extracts  SF CF HF
D.W 3.02+0.21 5.02+1.20 2.85+0.03
EtOH 2.19+0.63 3.91+0.60 3.07+0.01
AMG 5.07+£0.41 3.83+0.48 4.03+0.11
Cell 1.88+0.38 2.65+0.35 1.06+0.08
Ter 2.41+0.52 1.18+0.37 3.99+0.10
Ult 3.07+0.56 2.23+0.62 3.24+0.01
Vis 3.10+0.45 3.48+0.17 2.93+0.09
Alca 1.46+£0.51 2.52+0.20 2.44+0.12
Koji 3.55+0.65 4.48+0.35 3.46+0.05
Nue 1.46+0.40 1.75+0.66 2.93+0.11
Pro 1.16+0.31 1.93+0.31 2.93+0.06
Fla 1.88+0.10 2.34+0.43 3.06+0.03

D.W: water extract; EtOH: water extract; AMG: AMG extract; Cell: Celluclast extract;
Ter: Termamyl extracts; Ult: Ultraflo extract; Vis: Viscozyme extract; Alca: Alcalase
extract; Koji: Kojizyme extract; Nue: Neutrase extract; Pro: Protamex extract; Fla:
Flavourzyme extract. The experiments were conducted triplicate, and the data were

expressed as the mean + S.E (n=3).
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Table 8. Alkyl radical scavenging activities of seaweed extracts.

Alkyl radical scavenging activity (ICso, mg/mL)

Extracts SF CF HF
D.W 0.73+0.21 0.82+0.13 0.23+0.03
EtOH 0.93+0.10 0.62+0.14 0.21+0.01
AMG 0.77+0.32 0.74+0.02 0.29+0.01
Cell 0.45+0.11 0.57+0.14 0.34+0.02
Ter 0.61+£0.12 0.67+0.25 0.25+0.01
Ult 0.97+0.28 0.49+0.10 0.33+0.12
Vis 0.45+0.20 1.04+0.28 1.06+0.03
Alca 0.44+0.03 0.57+0.15 0.29+0.11
Koji 0.23+0.05 1.09+£0.24 0.93+0.00
Nue 0.91+0.01 0.31+0.01 0.26+0.03
Pro 0.70+0.18 0.54+0.24 0.23+0.09
Fla 0.32+0.10 0.32+0.11 0.37+0.02

D.W: water extract; EtOH: water extract; AMG: AMG extract; Cell: Celluclast extract;
Ter: Termamyl extracts; Ult: Ultraflo extract; Vis: Viscozyme extract; Alca: Alcalase
extract; Koji: Kojizyme extract; Nue: Neutrase extract; Pro: Protamex extract; Fla:
Flavourzyme extract. The experiments were conducted triplicate, and the data were

expressed as the mean = S.E (n=3).
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Table 9. Hydroxyl radical scavenging activities of seaweed extracts.

Hydroxyl radical scavenging activity (ICso, mg/mL)

Extracts  SF CF HF
D.W 0.44+0.09 0.14+0.06 0.19+0.23
EtOH 1.52+0.35 1.52+0.60 0.22+0.01
AMG 0.66+0.10 1.60+0.37 0.26+0.01
Cell 0.71+0.15 0.46+0.16 0.37+0.00
Ter 1.28+0.11 1.20+0.35 0.29+0.11
Ult 1.33+0.32 1.76+0.42 0.324+0.02
Vis 1.08+0.17 0.44+0.18 0.23+0.03
Alca 0.55+0.08 0.37+0.18 0.20+0.01
Koji 1.54+0.15 0.41+0.17 0.23+0.02
Nue 1.36+0.05 1.66+£0.22 0.16+0.03
Pro 1.50+0.41 1.64+0.21 0.14+0.03
Fla 1.38+0.40 1.56+0.35 0.22+0.02

D.W: water extract; EtOH: water extract; AMG: AMG extract; Cell: Celluclast extract;
Ter: Termamyl extracts; Ult: Ultraflo extract; Vis: Viscozyme extract; Alca: Alcalase
extract; Koji: Kojizyme extract; Nue: Neutrase extract; Pro: Protamex extract; Fla:
Flavourzyme extract. The experiments were conducted triplicate, and the data were

expressed as the mean + S.E (n=3).
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2.3. Tyrosinase inhibitory effects of seaweed extracts

Tyrosinase is an oxidase that plays an important role in the process of melanin
synthesis. It is the rate-limiting enzyme for controlling the production of melanin,
which is the major factor for skin color. Therefore, a tyrosinase inhibitor that can
inactive or inhibit the tyrosinase may stop or reducing melanin production. The
inhibitor may show the potential in whitening effect.

In order to investigate the whitening effect of seaweed extracts, we measured
tyrosinase inhibitory effects of seaweed extracts. As Fig. 4 shows, water, AMG,
Kojizyme, and Protamex extract of SF, the EtOH and Celluclast extract of HF show
strong tyrosinase inhibitory effect. Furthermore, SF and HF extracts possess stronger
tyrosinase inhibitory effect than CF extracts, and the water extract of SF possess the
strongest tyrosinase inhibitory effect in all of the seaweed extracts. These results
indicate that SF and HF extracts possess the potential in skin whitening effect, and
water, AMG, Kojizyme, and Protamex extract of SF, EtOH and Celluclast extract of
HF possess strong tyrosinase inhibitory effect may be developed to a whitening

ingredient use to cosmeceutical industry.
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Fig. 4. Tyrosinase inhibitory effects of SF, CF, and HF extracts. (A) Tyrosinase
inhibitory effects of SF extracts; (B) tyrosinase inhibitory effects of CF extracts; (C)

tyrosinase inhibitory effects of HF extracts. D.W: water extract; EtOH: water extract;

AMG: AMG extract; Cell: Celluclast extract; Ter: Termamyl extracts; Ult: Ultraflo
extract; Vis: Viscozyme extract; Alca: Alcalase extract; Koji: Kojizyme extract; Nue:
Neutrase extract; Pro: Protamex extract; Fla: Flavourzyme extract. Tyrosinase
inhibitory effects were measured by colorimetric assay. The amount of dopachrome
was measured at 490 nm using a microplate reader. The experiments were conducted

triplicate, and the data were expressed as the mean + S.E (n=3).
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2.4. Collagenase inhibitory effects of seaweed extracts

Collagenases are the enzymes, which break the peptide bonds in collagen. Collagen is
the key component of the animal extracellular matrix (ECM), is produced
via cleavage of pro-collagen by collagenase once it has been secreted from the cell.
The degradation of collagen is the major factor that leads to skin wrinkling and
decreased skin thickness. Thus, a chemical or compound, which can inhibit or
inactive collagenase may protect or against skin wrinkling through reducing the
collagen degradation.

In order to investigate the anti-wrinkle effects of seaweed extracts, we measured
collagenase inhibitory effects of seaweed extracts. As Fig. 5 shows, EtOH and
Kojizyme extract of SF, EtOH, Celluclast, and Protamex extract of HF show strong
collagenase inhibitory effects. In addition, HF extracts possess stronger collagenase
inhibitory effect than SF and CF extracts, and the Celluclast extract of HF possess
strongest collagenase inhibitory effect in all of the seaweed extracts. These results
indicate that HF extracts possess the potential in anti-wrinkle effect, and EtOH and
Kojizyme extract of SF, EtOH, Celluclast, and Protamex extract of HF possess strong
collagenase inhibitory effect may be developed to an anti-wrinkle ingredient use to

cosmeceutical industry.
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Fig. 5. Collagenase inhibitory effects of SF, CF, and HF extracts. (A) Collagenase
inhibitory effects of SF extracts; (B) collagenase inhibitory effects of CF extracts; (C)
collagenase inhibitory effects of HF extracts. D.W: water extract; EtOH: water extract;
AMG: AMG extract; Cell: Celluclast extract; Ter: Termamyl extracts; Ult: Ultraflo
extract; Vis: Viscozyme extract; Alca: Alcalase extract; Koji: Kojizyme extract; Nue:
Neutrase extract; Pro: Protamex extract; Fla: Flavourzyme extract. Collagenase
inhibitory effects were measured by colorimetric assay. The experiments were

conducted triplicate, and the data were expressed as the mean = S.E (n=3).
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2.5. Elastase inhibitory effects of seaweed extracts

Elastase is an enzyme related to skin wrinkle formation. Elastase is the enzyme that
breaks down elastin, which is an elastic fiber. In human skin, the degradation of
elastin results in losing skin elasticity. Therefore, an elastase inhibitor, which can
inhibit or inactive elastase may protect or against skin wrinkling through reducing the
elastin degradation.

In this study, we investigate elastase inhibitory effects of seaweed extracts. As Fig. 6
shows, EtOH and Celluclast extract of HF shows strong elastase inhibitory effects. In
addition, HF extracts possess stronger elastase inhibitory effect than SF and CF
extracts, and the Celluclast extract of HF possess the strongest elastase inhibitory
effect in all of the seaweed extracts. These results display that HF extracts possess the
potential in anti-wrinkle effect; and the Celluclast extract of HF possess strong
elastase inhibitory effect may be developed to an anti-wrinkle ingredient use to

cosmeceutical industry.

33



A) 100 +
20 4 SF—200 pg/mL

60 -

40

Elastase inhibitory rate (%)

DW EtOH AMG Cell Ter Ult Vis Alca Koji Nue Pro Fla EGCG
100 -

80 | CF—200 pg/mL

B)

60 -

40 -

Elastase inhibitory rate (%)

DW EtOH AMG Cell Ter Ult Vis  Alca Koji Nue Pro Fla EGCG

© 1007 HF—200 pg/mL
80 4

40 -

Elastase inhibitory rate (%)

DW EtOH AMG Cell Ter Ult Vis Alca Koii Nue Pro Fla EGCG

Fig. 6. Elastase inhibitory effects of SF, CF, and HF extracts. (A) Elastase inhibitory
effects of SF extracts; (B) elastase inhibitory effects of CF extracts; (C) elastase
inhibitory effects of HF extracts. D.W: water extract; EtOH: water extract; AMG:
AMG extract; Cell: Celluclast extract; Ter: Termamyl extracts; Ult: Ultraflo extract;
Vis: Viscozyme extract; Alca: Alcalase extract; Koji: Kojizyme extract; Nue: Neutrase
extract; Pro: Protamex extract; Fla: Flavourzyme extract. Elastase inhibitory effects
were measured by colorimetric assay. The experiments were conducted triplicate, and

the data were expressed as the mean + S.E (n=3).
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CONCLUSION

Marine algae are rich in various natural compounds and possess broad bioactivities.

S. fulvellum, C. fragile, and H. fusiforme are three edible seaweeds, which had
consumed as food and medicine ingredient for a long history. The above data
demonstrate that: 1) enzyme-assisted extraction can improve the extraction yield; 2) all
three algae possess strong free radical scavenging activity; 3) HF extracts possess the
best free radical scavenging activity in all three seaweeds; 4) Celluclast-assisted
extract and EtOH of HF possess the potential to developing the cosmeceutical; 5) the
main composition of the Celluclast-assisted extract of HF is polysaccharides.
According to the above results, HF contains a high amount of polysaccharide and
shows the cosmetic potential. The polysaccharides from Celluclast-assisted extract
need to be separated and the cosmeceutical effects of the polysaccharides need to be

investigated.
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Part II.

Preparation of crude polysaccharides of Hizikia fusiforme (HFCPS) and

evaluation of its bioactivities

ABSTRACT

Polysaccharides were extracted by Celluclast-assisted hydrolysis and ethanol
precipitation from Hizikia fusiforme (HFCPS). HFCPS contains 63.56+0.32% sulfated
polysaccharides, which comprise fucose (53.53%), galactose (23.15%), glucose
(5.95%), and xylose (17.37%). The cosmeceutical effects of HFCPS were measured
including antioxidant activity, anti-inflammatory activity, whitening effect, ultraviolet
(UV) protective effect, and anti-wrinkle effect. The results indicate that HFCPS
significant reduces hydrogen peroxide (H,O;)-induced oxidative stress in monkey
kidney fibroblast cells (Vero cells) and in zebrafish; remarkable attenuates
lipopolysaccharide (LPS)-induced inflammation in RAW 264.7 macrophages; inhibits
alpha-melanocyte stimulating hormone (a-MSH)-stimulated melanogenesis in BI6F10
melanoma cells; against UVB-induced photo-damage in keratinocytes (HaCaT cells)
and in zebrafish; protects UVB-induced skin wrinkling in human dermal fibroblasts
(HDF cells). These results demonstrate that HFCPS possesses potent cosmeceutical

effect, and can be a potential ingredient in the cosmetic industry.
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INTRODUCTION

Oxidative stress occurs when there is an imbalance between the systemic manifestation
of reactive oxygen species (ROS) and the ability of the biological system to detoxify
the reactive intermediates or to repair the damage induced by ROS. An abnormal
cellular redox state can cause toxicity through the production and accumulation of ROS,
including free radicals and peroxides, which damage cellular components including
DNA, proteins, and lipids. ROS are naturally generated during aerobic metabolism, but
environmental stresses, such as chemicals and ultraviolet irradiation, can induce an
imbalance between the antioxidant defense system and the accumulation of ROS,
which include HO< (hydroxyl radical), O, (superoxide anion radical), and H,O,
(hydrogen peroxide) [44].

ROS play an important role in human health, and ROS imbalances are associated with
various diseases. Normally, cells have an endogenous antioxidant system that protects
them against damage induced by ROS through producing antioxidant enzymes such as
catalase (CAT), glutathione peroxidase (GSH-Px), and superoxide dismutase (SOD). In
some cases, the endogenous antioxidants cannot scavenge all the ROS generated by the
intracellular metabolism. Excess ROS accumulated in the cells will damage
bio-macromolecules, and induce diseases such as inflammation, cancer, liver injury,
diabetes, and abnormal aging [45, 46]. The use of supplementary antioxidants, with
strong antioxidant activity and low toxicity, is potentially beneficial for humans.
Compared with synthetic compounds, naturally occurring compounds are safe, and
have few side effects. Increasing attention has therefore been focused on the discovery
of natural antioxidants.

Seaweeds contain various bioactive compounds, especially polysaccharides. Algal

polysaccharides generally comprise carrageenan, fucoidan, and alginate. Normally,
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algal polysaccharides have unique physicochemical properties, and possess potent
antioxidant, anti-inflammatory, anticancer, anti-aging, anti-coagulant, radio-protective,
and immune activating activities [47-49]. Lee et al. have previously studied the
anti-inflammatory effect of fucoidan extracted from Ecklonia cava [50]. Ahn et al. have
previously studied immune system activation and modulation, as well as the anticancer
activity, of a sulfated polysaccharide extracted from Ecklonia cava [51, 52]. Lee et al.
measured the antioxidant activity of polysaccharides extracted from Pyropia yezoensis
[53].

H. fusiforme is an edible brown seaweed that mainly grows in the northwest Pacific,
including Korea, China, and Japan. It contains various bioactive compounds, especially
polysaccharides. Polysaccharides from H. fusiforme possess extensive and potent
anti-coagulant, immune-modulating, and anti-toxicity bioactive effects [54-56]. The
previous results indicate that Cellucalst-assisted extract of H. fusiforme possesses
strong free radical scavenging activity as well as cosmetic effects and the main
composition of the Cellucalst-assisted extract of H. fusiforme is polysaccharides.
Therefore, we separate polysaccharides from the Cellucalst-assisted extract of H.
Sfusiforme and evaluate the cosmetic effects including antioxidant, anti-inflammatory,

anti-melanogenesis, UV protection, and anti-wrinkle effects.
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Section 1: Celluclast-assisted extraction of Hizikia fusiforme and separation of

polysaccharides from Celluclast-assisted extract of Hizikia fusiforme

Abstract

The above results indicate that Celluclast-assisted extract of H. fusiforme is rich in
polysaccharide and possess strong free radical scavenging activity as well as cosmetic
effects. In order to investigate the cosmetic effects of polysaccharides (HFCPS) from
Celluclast-assisted extract (HFC) of H. fusiforme, we prepare HFCPS by ethanol
precipitation and analysis its proximate composition. The results demonstrate that
HFCPS contains 63.56+0.32% sulfated polysaccharides and constitutes by glucose
(5.95%), xylose (17.37%), galactose (23.15%), and fucose (53.53%). HFCPS contains

high amount of sulfated polysaccharides, which may possess a broad bioactivity.
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1. Materials and Methods

1.1. Reagents and chemicals

H. fusiforme was collected in June 2016 from the coastal area of Jeju Island, South
Korea. The Celluclast was purchased from Sigma (Sigma, St. Louis, MO, USA,
>700 units/g). Trifluoroacetic acid, arabinose, fucose, galactose, glucose, rhamonose,
and xylose were purchased from Sigma (Sigma, St. Louis, MO, USA). All other

chemicals and reagents were analytical grade.

1.2. Preparation of polysaccharides from H. fusiforme

The lyophilized H. fusiforme powder was hydrolyzed by Celluclast (Sigma, St. Louis,
MO, USA, >700 units/g) in the shaking incubator at the optimal condition (pH 4.5,
50°C) for 24 hours and the polysaccharides were obtained by ethanol precipitation. In
briefly, a weight of 50 g lyophilized seaweed powder was mixed with 5 L distilled
water, and adjusted pH by 1 M HCI, then, 2.5 mL of Celluclast was added to make 5%
enzyme ratio to the seaweed. Finally, the enzyme-assisted extract was performed under
shaking condition. After hydrolysis, the enzyme was inactive by heating at 100°C for
10 minutes. The macerated mixture was centrifuged, filtered, and adjusted pH to 7 by 1
M NaOH, then got the Celluclast-assisted extract of H. fusiforme and named as HFC.
HFC mixed with two times volume of 95% ethanol and keep at 4°C for 24 hours, the
precipitates were collected and named as HFCPS. HFCPS was thought as the crude

polysaccharides of H. fusiforme.

1.3. Chemical analysis of HFC and HFCPS

The total carbohydrate content of HFC and HFCPS were determined based on the
protocol of official methods for analysis of the Association of Official Analytical

Chemists (AOAC) [57]. Glucose was used as a standard to evaluate the total
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carbohydrate content of HFC and HFCPS. To determine the sulfate content, HFC and
HFCPS were hydrolyzed by 4 M trifluoroacetic acid at 100°C for 5 hours. The sulfate
content was measured by the method described by Wang et al. [33].

In order to analyze the neutral sugas components of HCF and HFCPS, HCF and
HFCPS were hydrolyzed by 4 M of trifluoroacetic acid in sealed glass vials for 4 h at
100°C. Then, the neutral sugar components and contents of samples were determined
by HPLC. Arabinose, fucose, galactose, glucose, rhamonose, and xylose had used as

the standard, the procedure described by Kang et al. [58].
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2. Results and Discussion

2.1. Yield, total carbohydrate, phenolic, and sulfate content of HFC and HFCPS

H. fusiforme was hydrolyzed by Celluclast and then precipitated using ethanol (Fig. 7),
and the component contents of HFC and HFCPS were analyzed. The yields of HFC
and HFCPS were 44.00=1.10% and 29.35+1.41%, and the phenolic content of HFC
and HFCPS were 1.78+0.05% and 1.56+£0.08%, respectively (Table 10). The
carbohydrate content of HFC and HFCPS were 48.05+1.10% and 55.05+0.09%, and
the sulfate content of HFC and HFCPS were 4.97+0.04% and 7.78+0.23%,
respectively. Altogether, HFC and HFCPS contain 53.02+1.14% and 63.56+0.32%

sulfated polysaccharides, respectively.

2.2. Natural sugar composition of HFC and HFCPS

The monosaccharide content of HFC and HFCPS were determined using HPLC. Six
monosaccharides had used as standards: fucose, rhamnose, arabinose, galactose,
glucose, and xylose. The polysaccharides of HFC and HFCPS comprise four
monosaccharides: fucose, galactose, glucose, and xylose (Table 11). The proportions of
these monosaccharides in HFC were 24.04%, 14.24%, 56.75%, and 4.97%, and in
HFCPS were 53.53%, 23.15%, 5.95%, and 17.37%, respectively. The major
monosaccharide in HFC is glucose, while the major monosaccharide in HFCPS is

fucose.
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Hizikia fusiforme
(50g)

Celluclast (1:100:5, v/v)

Celluclast extract (HFC)
(~22.8016 g)

2 times volume of EtOH

Organic fraction Crude polysaccharides (HFCPS)
(7.4084 g) (14.6733 g)

Fig. 7. The procedure of large-scale extraction and separation polysaccharides from

Hizikia fusiforme.
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Table 10. The yields, total carbohydrate contents, total phenolic contents, and sulfate

contents of HFC and HFCPS obtained from H. fusiforme.

Sample HFC HFCPS
Yield (%) 44.00+1.10 29.35+1.41
Phenolic content (%) 1.78+0.05 1.56+0.08
Carbohydrate content (%) 48.05+1.10 55.05+0.09
Sulfate content (%) 4.97+0.04 7.78+0.23
Sulfated polysaccharide 53.02+1.14 63.56+0.32

HFC: Celluclast-assisted extract of H. fusiforme; HFCPS: polysaccharides from
Celluclast-assisted extract of H. fusiforme. The experiments were conducted triplicate,

and the data were expressed as the mean + S.E (n=3).
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Table 11. The proportion of monosaccharide of HFC and HFCPS obtained from H.

fusiforme.
Proportion of monosaccharide (%) HFC HFCPS
Fucose 24.04 53.53
Galactose 14.24 23.15
Glucose 56.75 5.95
Xylose 4.97 17.37

HFC: Celluclast-assisted extract of H. fusiforme; HFCPS: polysaccharides from
Celluclast-assisted extract of H. fusiforme. The experiments were conducted triplicate,

and the data were expressed as the mean = S.E (n=3).
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3. Conclusion
A large-scale Celluclast-assisted extraction of H. fusiforme was performed and the
crude polysaccharide from the Cellucalst-assisted extract of H. fusiforme (HFCPS) was
obtained. HFCPS contains 63.56+0.32% sulfated polysaccharide and constitutes by
glucose (5.95%), xylose (17.37%), galactose (23.15%), and fucose (53.53%). The

bioactivities of HFCPS need to be examined.
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Section 2: Antioxidant activity of polysaccharides from Celluclast-assisted

extract of Hizikia fusiforme in vitro in Vero cells and in vivo in zebrafish

Abstract

The polysaccharides of Hizikia fusiforme (HFCPS) were obtained by
Celluclast-assisted hydrolysis and ethanol precipitation, and the in vitro antioxidant
effects of HFCPS were evaluated by investigation of free radical scavenging activities
and protective effects against hydrogen peroxide (H,O;)-induced oxidative stress in
Vero cells. HFCPS scavenged DPPH, alkyl, and hydroxyl radicals at the ICs, values of
0.81£0.02 mg/mL, 0.25+0.02 mg/mL, and 0.21£+0.03 mg/mL, respectively. HFCPS
significant reduced cytotoxicity induced by H,O; on Vero cells. Furthermore, HFCPS
reduced cellular ROS level and apoptosis body formation induced by H,O,. In addition,
HFCPS has shown strongly protective effects against H,O,-stimulated oxidative stress
in vivo zebrafish that demonstrated by improving survival rate, decreasing heart beating
rate, and reducing ROS generation and cell death. These results suggest that HFCPS

may be useful as a beneficial antioxidant ingredient in medical and cosmetic industries.
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1. Materials and methods

1.1. Reagents and Chemicals

3-(4,5-dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium bromide (MTT), dimethyl
sulfoxide (DMSO), 1-diphenyl-2-picrylhydrazyl (DPPH), 5,5-dimethyl-1-pyrolin
N-oxide (DMPO), 2,2-azobis (2-amidinopropane) hydrochloride (AAPH),
a-(4-Pyridyl-1-oxcide)-N-ter-butylnitrone ~ (POBN),  acridine  orange, and
2,7-dichlorofluorescein diacetate (DCFH-DA) were purchased from Sigma (St. Louis,
MO, USA). FeSO4+7H,0, and H,0, were purchased from Fluka Co. (Buchs,
Switzerland). The monkey kidney fibroblast (Vero) cell line was purchased from the
Korea Cell Line Bank (KCLB, Seoul, Korea). Roswell Park Memorial Institute-1640
(RPMI-1640) medium, fetal bovine serum (FBS), penicillin-streptomycin, and
trypsin-EDTA were purchased from Gibco-BRL (Grand Island, NY, USA). All other

chemicals and reagents were analytical grade.

1.2. Evaluation of free radical scavenging activities of HFC and HFCPS
The free radical scavenging activities of HFC and HFCPS were determined using an
electron spin resonance (ESR) spectrometer (JES-FA machine; JOEL, Tokyo, Japan)

according to the methods described by Wang et al. [59].

1.3. Cell culture

Vero cells were maintained in RPMI-1640 medium containing 10% heat-inactivated
FBS, penicillin (100 unit/mL), and streptomycin (100 pg/mL) at 37°C in an incubator
under the humidified atmosphere containing 5% CO,. Vero cells were sub-cultured for

3 days and seeded at a concentration of 1x10° cells/mL in 96-well plates.
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1.4. Determination of the cytotoxicity of HFCPS on Vero cells

To evaluate the cytotoxicity of HFCPS, Vero cells were seeded and incubated for 24 h.
Cells were treated with 10 pL of samples to final concentrations of 25, 50, and 100
pg/mL, and incubated for 24 h at 37°C. Cell viability was estimated using an MTT

assay as described by Fernando et al. [5].

1.5. Determination of the protective effect of HFCPS against H,O,-induced

intracellular ROS generation in Vero cells

Vero cells were seeded as described above, and cultured for 24 h. Different
concentrations of HFCPS were added to cells prior to incubation for 1 h. After
incubation, HO, (1 mM) was added to the cells, followed by incubation for 1 h.
Finally, DCFH-DA (500 pg/mL) was introduced to the cells, and the fluorescence
emission of DCF-DA was detected using a fluorescence a microplate reader

(Olympus, Japan).

1.6. Measurement of the protective effect of HFCPS against H,O;-induced
cytotoxicity in Vero cells

Vero cells were seeded in a 96-well plate as described above. After 24 h incubation,
cells were treated with different concentrations of HFCPS and incubated for 1 h. After
incubation, H,O, (I mM) was added to the cells prior to incubation for 24 h. Cell

viability was measured by MTT assay, according to Fernando et al. [5].

1.7. Nuclear staining with Hoechst 33342

To assess the protective effects of HFCPS against H,O»-induced cell apoptosis, the
nuclear morphology of cells was analyzed by Hoechst 33342 staining. Nuclear

staining was performed base on the method described by Wijesinghe et al. [60]. The
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degree of nuclear condensation of cells was examined under a fluorescence

microscope equipped with a Cool SNAP-Pro color digital camera (Olympus, Japan).

1.8. Maintenance of zebrafish

Adult zebrafish were purchased from a commercial market (Seoul Aquarium, Korea).
Each 10 fish were kept in a 3 L acrylic tank at 28.5°C, under a 14/10 h light/dark
cycle. The fish were fed with Tetramin flake feed supplemented with live brine
shrimp (Artemia salina) three times per day, 6 days a week. Embryos were collected
after natural spawning that was induced by light, and embryo collection was

completed within 30 min.

1.9. Application of HFCPS and H,O; to zebrafish embryos

Approximately 3~4 hours post-fertilization (hpf), the embryos were transferred to
individual wells in a 12-well plate (15 embryos per group) and maintained in embryo
medium containing HFCPS (25, 50, and 100 pg/mL). After 1 hour incubation, 5 mM
H,0, was added to the medium, and the embryos were incubated until 24 hpf. The
survival rate was measured at 3 days post-fertilization (dpf) after treatment with H,O,

by counting live embryos, and the surviving fish were then used for further analysis.

1.10. Determination of heart-beating rate, ROS generation, and cell death in

zebrafish

The zebrafish heart-beating rate was measured according to Kim et al. [61]. The
zebrafish heart-beating rate in both the atrium and ventricle was recorded for 1 min at
2 dpf under a microscope. The intracellular ROS and cell death levels were measured
in live embryos using DCFH-DA and acridine orange staining, respectively, followed
the procedure described by Kim et al. [46]. The zebrafish were observed and

photographed under a fluorescence microscope equipped with a Cool SNAP-Pro color
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digital camera (Olympus, Japan). The fluorescence intensity of individual zebrafish

larva was quantified using the image J program.

1.11. Statistical analysis

All experiments were conducted in triplicate. The data are expressed as the mean +
standard error (S.E), and one-way ANOVA was used to compare the mean values of
each treatment in SPSS 12.0. Significant differences between the means were
identified by the Turkey test. Significance was established if *p < 0.05, ** p < 0.01 as

compared to the H,O,-treated group, and *p < 0.01 as compared to control group.
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2. Results and Discussion

2.1. Free radical scavenging activities of HFC and HFCPS

The DPPH, alkyl, and hydroxyl radical scavenging activities of HFC and HFCPS were
determined. Both samples show strong radical scavenging activity (Table 12) and
HFCPS showing stronger radical scavenging activities than HFC, and both samples
showing the strongest activity against the hydroxyl radical. Therefore, H,O, was
selected as a stimulator to induce oxidative stress in vitro in Vero cells and in vivo in

zebrafish for evaluation of the protective effects of HFCPS against oxidative stress.

2.2. Cytotoxicity of HFCPS on Vero cells

The cytotoxicity of HFCPS on Vero cells was determined. As Fig. 8 shows, HFCPS has
not shown toxicity on Vero cells at the concentration from 25 pg/mL to 100 pg/mL, but
shown toxicity on Vero cells at 200 pg/mL. Thus, the highest concentration of HFCPS

has performed as100 pg/mL in the further studies.
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Table 12. Free radical scavenging activities of HFC and HFCPS obtained from H.

fusiforme.

Sample Free radical scavenging activity ( ICsop, mg/mL)
DPPH Alkyl Hydroxyl

HFC 0.91+0.02 0.43+0.02 0.37+0.00

HFCPS 0.81+0.02 0.25+0.02 0.21+0.03

HFC: Celluclast-assisted extract of H. fusiforme; HFCPS: polysaccharides of H.
Sfusiforme; DPPH: DPPH radical scavenging activity; Alkyl: alkyl scavenging activity;
Hydroxyl: hydroxyl scavenging activity. The experiments were conducted triplicate in

this study. The data were expressed as the mean =+ standard error (S.E).
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Fig. 8. Cytotoxicity of HFCPS on Vero cells. Cell viability was measured by MTT
assay. The experiments were conducted in triplicate, and the data are expressed as the

mean + standard error (S.E). ** p < 0.01 as compared to the control group.
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2.3. Protective effect of HFCPS against H,O;-induced oxidative stress in Vero

cells

As Fig. 9 shows, the intracellular ROS level increased significantly, and cell viability
decreased, following treatment with H,O,. However, the intracellular ROS levels
decreased, and cell viability increased, following treatment at all measured

concentrations of HFCPS. Both effects occurred in a dose-dependent manner.

2.4. Protective effect of HFCPS against H,O,-induced apoptosis

In order to measure the apoptotic body formation stimulated by H,O,, Vero cells were
stained with Hoechst 33342 and visualized by a fluorescent microscopy. There were
significant apoptotic bodies formed in the cells treated with H,O, (Fig. 10). The amount
of apoptotic bodies formed in cells pretreated with different concentrations of HFCPS

significantly decreased in a dose-dependent manner.
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Fig. 9. The intracellular ROS scavenging effect of HFCPS during H,O,-induced
oxidative stress in Vero cells (A) and the protective effects of HFCPS against
H;0;-induced cell death in Vero cells (B). The experiments were conducted in
triplicate, and the data are expressed as the mean =+ standard error (S.E). *p < 0.05, **
p < 0.01 as compared to the H,O»-treated group and “p < 0.01 as compared to the

control group.
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Fig. 10. The protective effect of HFCPS against H,O,-induced apoptosis in Vero cells.
(A) Nuclear morphology of non H,O,-treated cells. (B) Nuclear morphology of
H,0,-treated cells. (C) Nuclear morphology of cells treated with 25 pg/mL of HFCPS
and H,O,. (D) Nuclear morphology of cells treated with 50 ng/mL of HFCPS and H,0,.
(E) Nuclear morphology of cells treated with 100 pg/mL of HFCPS and H,0,. (F)
Reactive apoptotic body formation. The apoptotic body formation was observed under
a fluorescence microscope after Hoechst 33342 staining. Apoptosis levels were
measured using Image J software. ** p < 0.01 as compared to the H,O,-treated group

and "p < 0.01 as compared to the control group.
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2.5. HFCPS improve survival rate and reduce heart-beating rate in H,O,-induced

zebrafish

The survival rates and heart-beating rates of zebrafish were determined. The survival
rate and heart-beating rate of zebrafish that did not receive H,O, treatment were
considered to be 100% (Fig. 11). The survival rate of zebrafish treated with H,O,
significantly decreased to 66.67% (Fig. 11A). However, the survival rates of zebrafish
pretreated with HFCPS at 50 and 100 pg/mL prior to H,O, treatment significantly
increased. The heart rate of the zebrafish treated with H,O, was 113.52% (Fig. 11B) of
that of the control, but significantly decreased with high concentrations of HFCPS

treatment.

2.6. Protective effect of HFCPS against H,0O;-induced ROS generation and cell

death in zebrafish

The antioxidant effect of HFCPS on ROS generation in H,O,-treated zebrafish
embryos was measured by detection of DCF-DA. The ROS level in zebrafish that did
not receive H,O, treatment was considered to be 100%, and the ROS level in H,0,
treated zebrafish was 129.22%. However, pretreatment with HFCPS resulted in
decreased ROS levels in a dose-dependent manner (Fig. 12). In addition, the protective
effect of HFCPS against H,O,-induced cell death in zebrafish was evaluated by
measuring the acridine orange fluorescence intensity. HFCPS treatment at 50 and 100

pg/mL significantly reduced the H,O,-induced cell death in zebrafish (Fig. 13).

59



(A) 120 -

E 3 * %k
100 -
i\i 80 A
) Hit
£ 60
E
= 40
-
b=
“ 20 A
O T T T T
Control 0 25 50 100
H,0, (5§ mM) + HFCPS (ug/mL)
(B)
120 ~ H# "
* %k
g 100 -
£ 30 A
L‘
léﬁ
£ 60 -
3
2 40 -
=
(-]
=° 20 -
O T T T T
Control 0 25 50 100

H,0, (5 mM) + HFCPS (ug/mL)

Fig. 11. The survival rate and heart-beating rate of zebrafish after pretreatment with
HFCPS and/or treatment with H,O,. (A) Survival rate; (B) heart-beating rate. The
experiments were conducted in triplicate, and the data are expressed as the mean +
standard error (S.E). *p < 0.05, ** p < 0.01 as compared to the H,O,-treated group

and "p < 0.01 as compared to the control group.
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Fig. 12. The protective effect of HFCPS during H,O;-induced ROS production in
zebrafish embryos. (A) Zebrafish embryo under fluorescence microscope; (B) the
levels of ROS generation. ROS levels were measured using Image J software. The
experiments were conducted in triplicate, and the data are expressed as the mean +
standard error (S.E). *p < 0.05, ** p < 0.01 as compared to the H,O,-treated group

and "p < 0.01 as compared to the control group.
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Fig. 13. The protective effect of HFCPS during H,O,-induced cell death in zebrafish
embryos. (A) Zebrafish embryo under fluorescence microscope; (B) the measured
levels of cell death. Cell death levels were measured using Image J software. The
experiments were conducted in triplicate, and the data are expressed as the mean +
standard error (S.E). *p < 0.05, ** p < 0.01 as compared to the H,O,-treated group

and "p < 0.01 as compared to the control group.
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3. Conclusion

The antioxidant effects of HFCPS have been investigated. HFCPS possesses strong in
vitro and in vivo antioxidant activities demonstrate in scavenging free radicals,
reducing intracellular ROS and improving cell viability in H>O,-stimulated Vero cells
as well as in improving the survival rate, decreasing heart-beating rate, and reducing
ROS generation and cell death in H,O,-stimulated zebrafish. These results suggest that

HFCPS may be considered for use in the medical and cosmetic industries.
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Section 3: Anti-inflammatory effect of polysaccharides from Celluclast-assisted

extract of Hizikia fusiforme

Abstract

In the present study, the anti-inflammatory effect of polysaccharides from
Celluclast-assisted extract of Hizikia fusiforme (HFCPS) was investigated in
lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophages. The results indicate
that HFCPS significantly inhibits nitric oxide (NO) generation stimulated by LPS in
RAW 264.7 cells. In addition, HFCPS dose-dependently improves the cell viability in
LPS-stimulated RAW 264.7 cells. Moreover, HFCPS significantly decreases the
expression of tumor necrosis factor alpha (TNF-a), prostaglandin E, (PGE,),
interleukin-1 beta (IL-1B), and interleukin-6 (IL-6). Furthermore, HFCPS suppresses
the expression of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2
(COX-2). These results demonstrate that HFCPS possesses strong in vitro
anti-inflammatory activity and could potentially use as an ingredient to developing

anti-inflammatory agent or cosmetic.
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1. Materials and methods

1.1. Reagents and Chemicals

Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum (FBS),
penicillin—streptomycin, and trypsin-EDTA were purchased from Gibco-BRL (Grand
Island, NY, USA). The LPS and DMSO were purchased from Sigma (St. Louis, MO,
USA). The ELISA kits used for the analysis of TNF-a, PGE,, IL-1B, and IL-6
production levels were purchased from R&D Systems Inc. (Minneapolis, MN, USA).
Protein assay kit (BCA kit) was purchased from Bio-Rad (Richmond, CA, USA).
COX-2, iNOS, B-actin, anti-rabbit antibody, and anti-mouse antibody were purchased
from Thermo Scientific (Waltham, MA, USA). All other chemicals used in this study

were of analytical grade.

1.2. Cell culture

RAW 264.7 macrophages were purchased from ATCC (TIB-71™). RAW 264.7 cells
were grown in DMEM supplemented with 10% FBS, penicillin (100 unit/mL), and
streptomycin (100 pg/mL). Cells were maintained at 37°C in an incubator containing

5% COa.

1.3. Measurement of NO production and cell viability

The experiments were performed following the methods described by Heo et al. [62].
RAW 264.7 cells were seeded in a 24-well plate for 24 h. HFCPS was added into each
well, achieving final concentrations of 25, 50, and 100 pg/mL. After 1 h, LPS (1 pg/mL)
was introduced into all wells, except control. After 24 h, 100 pL of the culture medium
from each well was transferred to a 96-well plate and mixed with 100 pL Griess reagent
(1% sulfanilamide and 0.1% naphthylethylenediamine dihydrochloride in 2.5%

phosphoric acid). The absorbance was read on a microplate reader after 10 minutes, at a
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wavelength of 540 nm. In addition, 100 pL of MTT solution (2 mg/mL) was added to
the remaining cells in the 24-well plate, and incubated for 3 h. The resulting formazan
crystals of MTT were then dissolved in DMSO and absorbance was determined using a

microplate reader at a wavelength of 540 nm [58].

1.4. Measurement of PGE; and pro-inflammatory cytokines (TNF-a, IL-1p, and

IL-6) production

RAW 264.7 cells were pre-treated with HFCPS and eventually exposed to LPS for 24 h.
Then, the culture media was collected and used for measuring the respective cytokines
and PGE, expression levels. These experiments were performed using commercial

enzyme immunoassay kits following the manufacturer’s instructions.

1.5. Western blot analysis

RAW 264.7 cells were seeded (1x10° cells/mL) in 6-well plates. After 24 h, cells were
treated with HFCPS and exposed to LPS (1 pg/mL) 1 h later. Following a second
incubation period of 24 h, the cells were washed twice with PBS buffer, harvested and
lysed using lysis buffer (1% Nonidet P-40, 50 mM Tris—HCI (pH 7.5), 150 mM NaCl,
ImM EGTA, 2mM EDTA, 1mM dithiothreitol, 1 mM NaVO; 1mM
phenylmethylsulfonyl fluoride, 1 5 pg/mL aprotinin, 0 mM NaF, and 25 pg/mL
leupeptin). The resulting lysates were centrifuged at 4°C (10000 g, 15 min) to remove
cell debris, and the protein concentration of each lysate was determined using a BCA™
kit. Each 50 pg of protein were separated on a 12% SDS—polyacrylamide gel, and the
protein bands were transferred onto a polyvinylidene fluoride membrane. The
membranes were blocked with blocking buffer (5% blotting-grade blocker), and the
membrane was then incubated with specific primary antibodies overnight at 4°C. After

incubation, the membranes were washed with TBS-T buffer (3 mM KCI, 25 mM Tric,
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150 mM NacCl, and 0.2% Tween 20) and incubated with secondary antibodies at room
temperature for 3 h. Finally, the signals were developed by an ECL western blotting

detection kit, and exposed on X-ray films.

1.6. Statistical analysis

All experiments were conducted in triplicate. The data are expressed as the mean +
standard error (S.E), and one-way ANOVA was used to compare the mean values of
each treatment in SPSS 12.0. Significant differences between the means were
identified by the Turkey test. Significance was established if *p < 0.05, ** p <0.01 as

compared to the LPS-treated group, and *p < 0.01 as compared to control group.
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2. Results and Discussion

2.1. The effect of HFCPS on LPS-induced NO generation and cytotoxicity in

RAW 264.7 macrophages

LPS is a component of the cell wall in gram-negative bacteria, which stimulates
inflammatory responses in macrophages. Therefore, LPS-stimulated RAW 264.7 cells
are an excellent choice for investigating the anti-inflammatory activity of HFCPS. The
effect of HFCPS on NO generation and cytotoxicity were measured in LPS-induced
RAW 264.7 macrophages. As Fig. 14 shows, HFCPS significant inhibits NO
generation in LPS-induced RAW 264.7 cells (Fig. 14A). In addition, HFCPS remarket

improves cell viability. Both effects were dose-dependent.

2.2. HFCPS decreased PGE,; and pro-inflammatory cytokines release in

LPS-induced RAW 264.7 macrophages

Macrophages play an important role in inflammatory responses via producing various
inflammatory mediators such as NO, TNF-a, IL-1p, IL-6, and PGE,. The abnormal
production of these inflammatory mediators is pivotal to the progression of
inflammatory responses [63-65]. Therefore, we measured these inflammatory
mediators’ levels in the present study. The results were shown as Fig. 15. As the results
show, LPS significant increase the production of TNF-a, IL-1B, IL-6, and PGE,
compared with the control. However, the TNF-a, IL-1pB, IL-6, and PGE; levels in
HFCPS treated RAW 264.7 cells were significantly decreasing, which was

dose-dependent with increasing sample concentrations.
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Fig. 14. The effect of HFCPS on LPS-induced NO generation and cytotoxicity in RAW
264.7 macrophages. (A) NO production in LPS-induced RAW 264.7 macrophages and
(B) Cell viability in LPS-induced RAW 264.7 macrophages. The experiments were
conducted in triplicate, and the data are expressed as the mean + standard error (S.E).
*p < 0.05, ** p < 0.01 as compared to the LPS-treated group and *p <0.01 as

compared to the control group.
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Fig. 15. The effect of HFCPS on the production of PGE,, TNF-a, IL-1p, and IL-6 in
LPS-stimulated RAW 264.7 macrophages. (A) The production of PGE,; (B) the
production of TNF-a; (C) the production of IL-1B; (D) the production of IL-6. The
levels of PGE,, TNF-a, IL-1p, and IL-6 expression were examined using ELISA Kkit.
The experiments were conducted in triplicate, and the data are expressed as the mean
+ standard error (S.E). *p < 0.05, ** p < 0.01 as compared to the LPS-treated group

and "p < 0.01 as compared to the control group.
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2.3. HFCPS inhibited the expression of iNOS and COX-2 in LPS-induced RAW

264.7 macrophages

The expression levels of iNOS and COX-2 are shown in Fig. 16. According to the
results, the expression levels of iNOS and COX-2 were significantly increasing in the
cells treated with LPS only. However, HFCPS effectively suppressed iNOS and COX-2

expression in a dose-dependent manner.
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Fig. 16. The effect of HFCPS on the expression of iNOS and COX-2 in RAW 264.7
macrophages stimulated with LPS. (A) The inhibitory effect of HFCPS on iNOS and
COX-2 expression; (B) the relative amount of iNOS and COX-2 levels. The relative
amounts of iNOS and COX-2 levels were compared with B-actin. The experiments
were conducted in triplicate, and the data are expressed as the mean + standard error
(S.E). *p < 0.05, ** p < 0.01 as compared to the LPS-treated group and *p <0.01 as

compared to the control group.
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3. Conclusion

In this study, we investigated the anti-inflammatory activity of HFCPS. The results
indicate that HFCPS significantly inhibits NO generation and improves cell viability in
LPS-stimulated RAW 264.7 cells. In addition, HFCPS significantly decreases the
expression of TNF-a, PGE,, IL-1pB, and IL-6, as well as suppresses the expression of
iNOS and COX-2. In a conclusion, HFCPS possess strong in vitro anti-inflammatory
activity and be used for developing novel anti-inflammatory drugs or ingredients in

cosmetic products.
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Section 4: Whitening effect of polysaccharides from Celluclast-assisted extract of

Hizikia fusiforme

Abstract

In the present study, the whitening effect of HFCPS was investigated. The whitening
effect was evaluated by measuring its mushroom tyrosinase inhibitory effect and
melanin synthesis inhibitory effect in alpha-melanocyte stimulating hormone
(a-MSH)-stimulated B16F10 melanoma cells. The results show that HFCPS inhibited
tyrosinase in a dose-dependent manner as well as inhibited melanin synthesis and
intracellular tyrosinase activity in a-MSH-stimulated B16F10 cells. Further study
suggests that HFCPS inhibits o-MSH-stimulated melanogenesis through
down-regulation tyrosinase, TRP-1, and TRP-2 levels via inhibiting MITF expression
ina-MSH-stimulated B16F10 cells. These results demonstrate that HFCPS possesses
whitening effect and may be used as a melanogenesis inhibitor to develop a cosmetic in

the cosmetic industry.
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1. Materials and methods

1.1. Reagents and Chemicals

Tyrosinase from mushroom, MTT, DMSO, and alpha-melanocyte stimulating hormone
(a-MSH) were purchased from Sigma Co. (St. Louis, MO, USA). The Dulbecco's
modified Eagle medium (DMEM), fetal bovine serum (FBS), and
penicillin/streptomycin were purchased from Gibco BRL (Life Technologies,
Burlington, ON, Canada). Antibodies against microphthalmia-associated transcription
factor (MITF), tyrosinase, and tyrosinase-related protein-1 and -2 (TRP-1 and 2) were
purchased from Thermo Scientific (Waltham, MA, USA). Anti-mouse and anti-rabbit
IgG antibodies were purchased from Cell Signaling Technology (Beverly, MA, USA).

All other chemicals used in this study were of analytical grade.

1.2. Measurement of the mushroom tyrosinase inhibitory effect of HFCPS

The tyrosinase inhibitory activity of HFCPS was determined using the protocol
described by Kang et al. [42]. In brief, a 200 pL reaction mixture in containing 40 pL of
1.5 mM L-tyrosin, 10 pL of sample solution, 140 pL of 50 mM phosphate buffer (pH
6.5), and 10 pL of aqueous mushroom tyrosinase (1000 units/mL) in a 96-well plate.
The assay mixture was reacted at 37°C for 12 min, and kept on ice for 5 min to stop the
reaction. Finally, the amount of dopachrome in the reaction mixture was measured at

490 nm using a microplate reader (BioTek, SYNERGY, HT, USA).

1.3. Cell culture

B16F10 mouse melanoma cells (ATCC® CRL-6475™) were purchased from ATCC
(American Type Culture Collection, Manassas, VA, USA). The cells were grown in

DMEM supplemented with 10% heat-inactivated FBS, 100 ug/mL of streptomycin,
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and 100 U/mL of penicillin. The cells were sub-cultured every 4 days and seeded at a

concentration of 5 x 10* cells/mL for experiments.

1.4. Cytotoxicity assay

Cytotoxicity of HFCPS on B16F10 cells was performed by MTT assay [66]. Cells were
seeded in a 96-well plated and incubated for 24 h. Cells were treated with different
concentrations of HFCPS and incubated for 72 h. A volume of 50 uL MTT stock
solution (2 mg/mL) was added to each well. After 3 h incubation, the supernatant was
aspirated and 150 pL of DMSO was added to each well. Finally, the resulting formazan
crystals of MTT were dissolved in DMSO and the absorbance was measured at 540 nm

using a microplate reader.

1.5. Determination of cellular melanin content

In order to measure the cellular melanin contents of a-MSH stimulated B16F10 cells.
B16F10 cells were seeded in a 6-well plate and incubated for 24 h. Then, cells were
treated with various concentrations of HFCPS and stimulated with a-MSH (50 nM).
After 72 h incubation, the cells were harvested. The harvested cells were incubated in 1
mL of 1N NaOH containing 10% DMSO at 80°C for 1 h. After incubation, the solution
was centrifuged at 13,000 g for 10 min and the absorbance of the supernatant was

measured at 490 nm using a microplate reader.

1.6. Measurement of intracellular tyrosinase activity

B16F10 cells were treated with HFCPS and stimulated with a-MSH (50 nM). The cells
were harvested after 72 h incubation. Cells were lysed in PBS containing 1% Triton
X-100 and centrifuged at 13,000 g for 10 min. After centrifuge and quantification of

the protein of supernatant, 90 uLL of each supernatant was incubated in duplicate with
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10 uL of 10 mM L-DOPA at 37 °C for 1 h. After incubation, dopachrome was

monitored by measuring the absorbance at 490 nm using an ELISA reader.

1.7. Western blot analysis

The effect of HFCPS on the expression of melanogenesis-related proteins including in
MITF, tyrosinase, TRP-1, and TRP-2 were assessed by Western blot assay performed
according to the procedure as described by Kim [66]. In brief, BI6F10 treated with
HFCPS and stimulated with o-MSH (50 nM). After 72 h incubation, cells were
harvested and lysed. The protein level of each sample was measured by a BCA™ kit.
The proteins (30 pg) were separated on 12% SDS-PAGE and transferred onto
nitrocellulose transfer membranes. The membranes were blocked with blocking buffer
(5% skim milk) and incubated with primary antibodies for 16 h at 4°C. Then, the
membranes were further incubated with secondary antibody at room temperature for 3
h. Finally, the protein bands were visualized using an ECL Western blotting detection

kit and exposed on X-ray films.

1.8. Statistical analysis

All experiments were performed in triplicate. The data were expressed as the
mean * standard error (S.E). The mean values of each experiment were compared using
one-way ANOVA test. Significant differences between the means of parameters were
determined by the Turkey test. The p-value (p < 0.05) was considered to be statistically
significant. A value of 'p<0.05, ~p<0.01, and "p<0.01 were considered as

significantly different.
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2. Results and Discussion

2.1. Tyrosinase inhibitory activity of HFCPS

The tyrosinase inhibitory effect of HFCPS was examined and arbutin was used as a
positive compound. As Fig. 17 shows, the tyrosinase inhibitory rates of HFCPS were
4.36%, 11.97%, and 36.66% at the concentration of 25, 50, and 100 pg/mL. This result

displays that HFCPS inhibits tyrosinase in a dose-dependent manner.

2.2. Cytotoxicity of HFCPS

Cytotoxicity of HFCPS on B16F10 cells was examined by MTT assay, and the results
were summarized in Fig. 18. As the result shows, HFCPS showed significant
cytotoxicity on BI6F10 cells at the 100 pg/mL. Therefore, the concentration of HFCPS

on B16F10 cells for further study was determined not beyond 50 pg/mL.

2.3. Effect of HFCPS on melanin synthesis in a-MSH-stimulated B16F10 cells

The melanin contains of a-MSH-stimulated B16F10 cells were measured and the
melanin content of the cells non-stimulated with a-MSH was referred as 100%. As Fig.
19A indicates, the melanin content of the cells stimulated with a-MSH was over than
200%. However, the melanin contents of cells treated with HFCPS were
dose-dependently decreasing. These results indicate that HFCPS possesses

melanogenesis inhibitory effect in a-MSH-stimulated B16F10 cells.
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2.4. Effect of HFCPS on intracellular tyrosinase activity in a-MSH-stimulated

B16F10 cells

As Fig. 19B indicates, the relative tyrosinase activity of the cells non-stimulated with
a-MSH was referred as 100% and the relative tyrosinase activity of the cells stimulated
with a-MSH was 157.29%. However, the relative tyrosinase activities of cells treated
with HFCPS were 120.18%, 113.69%, and 108.29% at the concentration of 12.5, 25,

and 50 pg/mL.
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Fig. 17. Tyrosinase inhibitory effects of HFCPS. Tyrosinase inhibitory effects were
measured by colorimetric assay. The amount of dopachrome was measured at 490 nm

using a microplate reader. The data were expressed as the mean + S.E (n=3).
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Fig. 18. Cytotoxicity of HFCPS on B16F10 cells. Cell viability was measured by MTT
assay. The data were expressed as the mean = S.E (n=3). **p < 0.01 as compared to

control group.
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Fig. 19. Melanin synthesis and intracellular tyrosinase inhibitory effect of HFCPS in
a-MSH-stimulated B16F10 cells. (A) Melanin synthesis levels in a-MSH-stimulated
B16F10 cells; relative intracellular tyrosinase activity of a-MSH-stimulated B16F10
cells. The data were expressed as the mean = S.E (n=3). **p < 0.01 as compared to

o-MSH-treated group and * p < 0.01 as compared to control group.
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2.5. Effect of HFCPS on tyrosinase, TRP-1, TRP-2, and MITF expression in

a-MSH-stimulated B16F10 cells

In order to elucidate the mechanism of HFCPS against a-MSH-stimulated
melanogenesis in B16F10 cells, the effect of HFCPS on the expression of MITF,
tyrosinase, TRP-1, and TRP-2 were examined by Western blot assay. As Fig. 20 shows,
the expression levels of MITF, tyrosinase, TRP-1, and TRP-2 were improved by
a-MSH stimulation. However, the expression levels of these proteins were reduced in
the cells treated with different concentrations of HFCPS. These results demonstrate that
HFCPS against a-MSH-stimulated melanogenesis by inhibiting the expression of

MITF, tyrosinase, TRP-1, and TRP-2 in B16F10 cells.
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Fig. 20. Effect of HFCPS on MITF, tyrosinase, TRP-1, and TRP-2 expression in
a-MSH-stimulated B16F10 cells. The relative amounts of on MITF, tyrosinase, TRP-1,
and TRP-2 levels were compared with B-actin. The data were expressed as the mean
+S.E (n=3). *p < 0.05 and **p < 0.01 as compared to a-MSH-treated group and **

p <0.01 as compared to control group.
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3. Conclusion

The present study investigated the melanogenesis inhibitory effects of HFCPS in
a-MSH-stimulated B16F 10 melanoma cells. The results indicate that HFCPS possesses
tyrosinase inhibitory effect, as well as melanin synthesis and intracellular tyrosinase
inhibitory effect in a-MSH-stimulated BI16F10 cells. In addition, Western bolt results
suggest that HFCPS inhibit o-MSH-stimulated melanogenesis through
down-regulation tyrosinase, TRP-1, and TRP-2 levels via inhibiting MITF expression
in B16F10 cells. These results demonstrate that HFCPS possesses whitening effect and
may be used as a melanogenesis inhibitor to develop a cosmetic in the cosmetic

industry.
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Section 5: UV protective effect of polysaccharides from Celluclast-assisted extract

of Hizikia fusiforme

Abstract

In the present study, the ultraviolet (UV) protective effect of HFCPS was investigated
in vitro in keratinocytes (HaCaT cells) and in vivo in zebrafish. The intracellular ROS
levels and the viabilities of UVB-irradiated HaCaT cells were measured. The results
indicate that HFCPS significant reduce intracellular ROS level and improve the
viability of UVB-irradiated HaCaT cells. Furthermore, HFCPS remarkable decrease
the apoptosis formation in UVB-irradiated HaCaT cells in a dose-dependent manner. In
addition, the in vivo UV protective of HFCPS was investigated using a zebrafish model.
The results demonstrate that HFCPS significant reduce intracellular ROS level, cell
death, NO production, and lipid peroxidation in UVB-irradiated zebrafish in a
dose-dependent manner. These results suggest that HFCPS possesses potent in vitro
and in vivo UV protective effect and it may be considered for use as an ingredient in the

cosmetic industry.
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1. Materials and methods

1.1. Reagents and Chemicals

The fluorescent probe 2°, 7°-dichlorodihydroflurescin diacetate (DCFH-DA), acridine
orange, diaminofluorophore 4-amino-5-methylamino-2',7'-difluorofluorescein
diacetate (DAF-FM DA), 1,3-Bis (diphenylphosphino) propane (DPPP),
3-(4-5-dimethyl-2yl)-2-5-diphynyltetrasolium bromide (MTT), and dimethyl sulfoxide
(DMSO) were purchased from Sigma Co. (St. Louis, MO, USA). The Dulbecco's
modified Eagle medium (DMEM), fetal bovine serum (FBS), and
penicillin/streptomycin were purchased from Gibco BRL (Life Technologies,
Burlington, ON, Canada). All other chemicals used in this study were of analytical

grade.

1.2. Cell culture and UVB irradiation

Human keratinocytes (HaCaT) cell line was purchased from Korean Cell Line Bank.
The HaCaT cells were maintained in DMEM supplemented with 10% heat-inactivated
FBS, streptomycin (100 pg/mL), and penicillin (100 unit/mL) at 37°C in an incubator
under humidified atmosphere containing 5% CO,. Cells were sub-cultured at 3 days
intervals and seeded at a density of 1.0 x 10 cells / mL. Ultraviolet (UV) B irradiation
was imposed using a UVB meter (UV Lamp, VL-6LLM, Vilber Lourmat, France) with a
fluorescent bulb emitting 280~320 nm wavelengths with a peak at 313 nm. HaCaT cells
were irradiated at a dose of 30 mJ/cm® of UVB in PBS [44, 67]. Cells were

subsequently incubated until analysis.

1.3. Determination of cytotoxicity of HFCPS on HaCaT cells

The cytotoxicity of HFCPS on HaCaT cells was evaluated by MTT assay. HaCaT cells

were seeded in 24-well plate and incubated for 24 h. The cells were treated with 25 pLL
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of HFCPS carried a final concentration of 6.25, 12.5, 25, 50, and 100 pg/mL and the
control groups were treated with the same volume of 1X PBS. After sample treatment,
cells were incubated for 24 h at 37°C. Then, a volume of 100 uL of MTT stock solution
(2 mg/mL) was applied to each well. After 3 h incubation, the supernatant was aspirated.
The formazan crystal in each well was dissolved in DMSO, and the absorbance was

measured by a microplate reader at 540 nm.

1.4. Measurement of intracellular ROS generation in UVB-irradiated HaCaT

cells

HaCaT cells were seeded and incubated for 24 h. Cells were treated with HFCPS for 30
min, then DCFH-DA (500 ng/mL) was added into each well. After 30 min incubation,
cells were exposed to UVB (30 mJ/cm?) and the fluorescent intensities of cells were
determined at an excitation wavelength of 485 nm and an emission wavelength of 535

nm, using a fluorescent microplate reader.

1.5. Determination of cell viability

For measuring the protective effect of HFCPS against UVB-induced cell damage,
HaCaT cells were treated with HFCPS for 2 h. Cells were then exposed to UVB (30
mJ/cm?) and incubated for 24 h. Subsequently, cell viability was assessed by MTT

assay described previously [59, 68].

1.6. Measurement of apoptosis body formation

The apoptosis body formation of UVB-irradiated HaCaT cells was determined by
nuclear staining. HaCaT cells were seeded in a 24-well plate and incubated for 24 h.
After incubation, cells were treated with HFCPS and incubated for 2 h and exposed to
UVB (30 mJ/cm?). Then, cells were incubated with serum-free DMEM medium for 6 h.

After incubation, cells were treated with 25 pL of Hoechst 33342 (stock, 10 mg/mL)
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and incubated for 10 min. The stained cells were observed using a fluorescence

microscope equipped with a Cool SNAP-Pro color digital camera (Olympus, Japan).

1.7. Maintenance of zebrafish

Adult zebrafish were purchased from a commercial market (Seoul Aquarium, Korea).
Each 10 fish were kept in a 3 L acrylic tank at 28.5°C, under a 14/10 h light/dark
cycle. The fish were fed with Tetramin flake feed supplemented with live brine
shrimp (Artemia salina) three times per day, 6 days a week. Embryos were collected
after natural spawning that was induced by light, and embryo collection was

completed within 30 min.

1.8. Application of HFCPS and UVB to zebrafish

At 2 dpf, the zebrafish larvae were transferred to a 24-well plate and treated with
HFCPS as the final concentration of 25, 50 and 100 pg/mL. After 1 h, the zebrafish
larvae were washed with embryo media and exposed to UVB (50 mJ/cm?) individual
[23, 69]. After 6 h incubation, the zebrafish larvae were washed with embryo media
and stained with DCFH-DA (20 pg/mL, 1 h), acridine orange (10 ug/mL, 30 min),
DAF-FM-DA (10 uM, 3 h), and DPPP (3 uM, 1 h) for measuring ROS level, cell
death, NO production, and lipid peroxidation, respectively. After incubation, the
zebrafish larvae were washed two times with embryo media and anesthetized by
phenoxyethanol before visualization. After anesthetized, the zebrafish larvae were
photographed under the microscope Cool SNAP-Procolor digital camera (Olympus,
Japan). And the individual zebrafish larvae fluorescence intensity was quantified

using an image J program.
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1.9. Statistical Analysis

All experiments were conducted in triplicate. The data are expressed as the mean +
standard error (S.E), and one-way ANOVA was used to compare the mean values of
each treatment in SPSS 12.0. Significant differences between the means were
identified by the Turkey test. Significance was established if *p < 0.05, ** p < 0.01 as

compared to the UVB-treated group, and *p < 0.01 as compared to control group.
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2. Results and Discussion

2.1. Cytotoxicity of HFCPS on HaCaT cells

Cytotoxicity of HFCPS on HaCaT cells was measured by MTT assay. As the result
shows (Fig. 21), the viabilities of cells treated with different concentrations of HFCPS
were no significantly decreasing. This result suggests that HFCPS is no toxicity on
HaCaT cells at the concentration range from 6.25 to 100 pg/mL. Thus, 100 pg/mL was

considered as the safety concentration used in the further study.

2.2. Effect of HFCPS on intracellular ROS generation and cell death in

UVB-irradiated HaCaT cells

The HaCaT cell damage level induced by UVB irradiation was detected by measuring
the intracellular ROS generation and cell death. The intracellular ROS level was
determined by DCF-DA assay and the result was summarized in Fig. 22A. As Fig. 22A
shows, the ROS level of UVB-irradiated cells was significantly increased compared
with non-irradiated cells. However, the ROS levels of the cells treated with different
concentration of HFCPS were significantly decreasing in a dose-dependent manner. In
addition, the viability of UVB-irradiated HaCaT cells was measured by MTT assay. As
shown in Fig. 22B, the viability of cells irradiated by UVB was significantly decreased
and dose-dependently increased in HFCPS treated cells. These results indicate that

HFCPS possesses potent protective effect against UVB-induced HaCaT cell damage.
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Fig. 21. Cytotoxicity of HFCPS on HaCaT cells. Cell viability was measured by MTT

assay. The data were expressed as the mean + S.E (n=3).
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Fig. 22. Protective effect of HFCPS against UVB-induced HaCaT cells damage. (A)
Intracellular ROS level of UVB-irradiated HaCaT cells; (B) the viability of
UVB-irradiated HaCaT cells. The experiments were conducted in triplicate, and the
data are expressed as the mean + standard error (S.E). *p < 0.05, ** p < 0.01 as

compared to the UVB-treated group and *p < 0.01 as compared to the control group.
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2.3. Effect of HFCPS on apoptosis formation in UVB-irradiated HaCaT cells

In order to measure the apoptosis body formation, the cells were stained with a cell
permeable DNA dye Hoechst 33342. Then the nuclear morphology of cells was
examined using a fluorescence microscopy. The cell images were shown in Fig. 23.
According to the results, the amount of apoptotic bodies of HFCPS-treated HaCaT cells
were significantly decreased in a dose-dependent manner. It means HFCPS possesses

the effect against UVB-induced HaCaT cell apoptotic.
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Fig. 23. The apoptotic body formation levels in UVB-irradiated HaCaT cells. (A)
Nuclear morphology of non UVB-irradiated HaCaT cells; (B) nuclear morphology of
UVB-irradiated HaCaT cells; (C) nuclear morphology of cells treated with 25 ug/mL
of HFCPS and irradiated with UVB; (D) nuclear morphology of cells treated with 50
ug/mL of HFCPS and irradiated with UVB; (E) nuclear morphology of cells treated
with 100 pg/mL of HFCPS and irradiated with UVB; (F) reactive apoptotic body
formation. The apoptotic body formation was observed under a fluorescence
microscope after Hoechst 33342 staining. Apoptosis levels were measured using Image
J software. * p < 0.05, ** p < 0.01 as compared to the UVB-treated group and

P <0.01 as compared to the control group.
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2.4. Effect of HFCPS on ROS generation, cell death, NO production, and lipid

peroxidation in UVB-irradiated zebrafish

The in vivo UV protective effect of HFCPS was investigated in a zebrafish model. The
ROS generation, cell death, NO production, and lipid peroxidation level were measured
using different fluorescence probes. The results were summarized in Fig. 24, 25, 26,
and 27. As Fig. 24 shows, the ROS level in the zebrafish irradiated with UVB was
significantly increased compared with non-irradiated zebrafish. However, the ROS
levels in the zebrafish treated with different concentrations of HFCPS were
dose-dependently decreased. The results of HFCPS against UVB induced cell death
were summarized in Fig. 25. As the results show, HFCPS remarkably attenuated cell
death level in a dose-dependent manner. As Fig. 26 shows, the NO generation in the
zebrafish irradiated with UVB was significantly increased compared with
non-irradiated zebrafish. However, the NO generation in HFCPS-treated zebrafish
significantly decreased in a dose-dependent manner. Furthermore, HFCPS remarkable
and significant reduces lipid peroxidation in UVB-irradiated zebrafish (Fig. 27). These

results demonstrate that HFCPS possesses strong in vivo UV protective effect.
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Fig. 24. The protective effect of HFCPS against UVB-induced ROS production in
zebrafish. (A) Zebrafish under fluorescence microscope; (B) the levels of ROS
generation. ROS levels were measured using Image J software. The experiments were
conducted in triplicate, and the data are expressed as the mean =+ standard error (S.E).

** p < (.01 as compared to the UVB-treated group and **p < 0.01 as compared to the

control group.
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Fig. 25. The protective effect of HFCPS against UVB-induced cell death in zebrafish.
(A) Zebrafish under fluorescence microscope; (B) the levels of cell death. Cell death
was measured using Image J software. The experiments were conducted in triplicate,
and the data are expressed as the mean + standard error (S.E). ** p < 0.01 as

compared to the UVB-treated group and *p < 0.01 as compared to the control group.
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Fig. 26. The protective effect of HFCPS against UVB-induced NO production in
zebrafish. (A) Zebrafish under fluorescence microscope; (B) NO production levels. NO
production was measured using Image J software. The experiments were conducted in
triplicate, and the data are expressed as the mean + standard error (S.E). ** p < 0.01

as compared to the UVB-treated group and "p <0.01 as compared to the control

group.

99



A) (B)

250

Control

200 -

#
* %
UVB (50 mJ/cm?)
S 150 -
* %k
o Ex 3
100
UVB (50 mJ/cm?) + HFCPS (25 pg/mL) it
50 -
UVB (50 mJ/cm?) + HFCPS (50 pg/mL)
0
0 25 50 100

Lipid peroxidation (%)

Control

UVB (50 mJ/cm?) + HFCPS (ug/mL)

UVB (50 mJ/cm?) + HFCPS (100 pg/mL)

Fig. 27. The protective effect of HFCPS against UVB-induced lipid peroxidation in
zebrafish. (A) Zebrafish under fluorescence microscope; (B) lipid peroxidation levels.
Lipid peroxidation was measured using Image J software. The experiments were
conducted in triplicate, and the data are expressed as the mean =+ standard error (S.E).

** p < (.01 as compared to the UVB-treated group and **p < 0.01 as compared to the

control group.
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3. Conclusion

In the present study, the UV protective effect of HFCPS was investigated in vifro in
keratinocytes (HaCaT cells) and in vivo in zebrafish. The results indicate that HFCPS
significant reduce intracellular ROS level and improve the viability of UVB-irradiated
HaCaT cells, as well as decrease the apoptosis formation. Furthermore, the in vivo test
results demonstrate that HFCPS significant reduce intracellular ROS level, cell death,
NO production, and lipid peroxidation in UVB-irradiated zebrafish in a dose-dependent
manner. These results suggest HFCPS possesses potent in vitro and in vivo UV
protective effect and it may be considered for use as an ingredient in the cosmetic

industry.
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Section 6: Anti-wrinkle effect of polysaccharides from Celluclast-assisted extract

of Hizikia fusiforme

Abstract

In the present study, we investigated the protective effect of HFCPS against ultraviolet
(UV) B-induced skin wrinkling in vitro in human dermal fibroblasts (HDF cells). The
results indicated that HFCPS significantly decreased intracellular reactive oxygen
species (ROS) level and increased the viability of UVB-irradiated HDF cells in a
dose-dependent manner. In addition, HFCPS significantly inhibited intracellular
collagenase and elastase activities, remarkably improved collagen synthesis, and
reduced matrix metalloproteinases (MMPs) expression by regulating nuclear factor
kappa B (NF-«xB), activator protein 1 (AP-1), and mitogen-activated protein kinases
(MAPKSs) signaling pathways in UVB-irradiated HDF cells. These results suggest that
HFCPS possesses strong UV protective effect, and can be a potential anti-wrinkle

ingredient in the cosmetic industry.
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1. Materials and methods

1.1. Reagents and Chemicals

The 3-(4-5-dimethyl-2yl)-2-5-diphynyltetrasolium bromide (MTT), fluorescent probe
2’, 7’-dichlorodihydroflurescin diacetate (DCFH-DA), dimethyl sulfoxide (DMSO),
collagenase from clostridium histolyticum, elastase from porcine pancreas, azo
dye-impregnted collagen, and N-succinyl-Ala-Ala-Ala-p-nitroanilide were purchased
from Sigma Co. (St. Louis, MO, USA). The Dulbecco's modified Eagle medium
(DMEM), Ham’s Nutrient Mixtures medium (F-12), 1X phosphate buffered saline
(PBS), penicillin/streptomycin, and fetal bovine serum (FBS) were purchased from
Gibco BRL (Life Technologies, Burlington, ON, Canada). Antibodies against GAPDH,
C23, p-c-Jun, ERK and phospho-ERK, JNK and phospho-JNK, p38 and phospho-p38,
and NF-«xB p65 and NF-kB p50 were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Anti-rabbit IgG antibody was purchased from Cell Signaling
Technology (Beverly, MA, USA). PIP ELISA kit was purchased from TaKaRa Bio Inc.
(Japan) and Human MMP-1, 2, 8, 9, and 13 ELISA kits were purchased from Sigma Co.

(St. Louis, MO, USA). All other chemicals used in this study were of analytical grade.

1.2. Measurement of collagenase inhibitory effect of HFCPS

In order to measure the collagenase inhibitory activity, a weight of 1 mg of azo
dye-impregnated collagen was mixed with 800 puL of 0.1 M Tris-HCI (pH 7.0), 100 pL
of 200 units/mL collagenase (stock solution), and 100 uL of HFCPS solution; the
reaction mixture was incubated at 43°C for 1 h under shaking condition. Subsequently,
the reaction mixture was centrifuged at 3000 rpm for 10 min and the absorbance of the
supernatant was detected at 550 nm in a microplate reader (BioTek, SYNERGY, HT,

USA).
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1.3. Measurement of elastase inhibitory effect of HFCPS

The elastase inhibitory activity was evaluated base on a method reported by Kraunsoe
et al. (1996) [43]. In brief, the reaction mixture contains 650 pL of 1.015 mM
N-succinyl-Ala-Ala-Ala-p-nitroanilide (dissolved in Tris-HCI, pH 8.0) and 50 pL of
sample. The reaction mixture was incubated for 10 min at 25°C, and then 50 pL of
elastase (0.0375 units/mL) was added to the reaction mixture and following vortexing,
was incubated for 10 min at 25°C in a water bath. The amount of released p-nitroaniline
was assessed by measuring absorbance at 410 nm using a microplate reader (BioTek,

SYNERGY, HT, USA).

1.4. Cell culture and UVB-irradiation

Human dermal fibroblasts (HDF cells, ATCC® PCS201012™) were purchased from
ATCC (American Type Culture Collection, Manassas, VA, USA). HDF cells were
cultured in DMEM and F-12 mixed with a ratio of three to one supplemented with 10%
heat-inactivated FBS, 100 unit/mL of penicillin, and 100 ug/mL of streptomycin. Cells
were sub-cultured every 5 days. Cells were incubated at 37°C under a humidified
atmosphere containing 5% CO; in an incubator (Sanyo MCO-18AIC CO; Incubator,
Moriguchi, Japan). UVB irradiation was carried out using a UVB meter (UV Lamp,
VL-6LM, Vilber Lourmat, France), equipped with a fluorescent bulb emitting 280~320
nm wavelength with a peak at 313 nm. HDF cells were irradiated in 1X PBS. Cell
medium was subsequently replaced with serum-free medium and incubated until

analysis.

1.5. Determination of cytotoxicity of HFCPS and UVB irradiation on HDF cells

HDF cells were seeded (5.0 x 10* cells/well in 24-well plate) and incubated for 24 h.

After incubation, cells were treated with different concentrations of HFCPS (25, 50,
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and 100 pg/mL) or irradiated with the different dose of UVB (10, 30, 50, 80, and 100
mJ/cm?). After sample treatment or UVB irradiation, cells were further incubated for

48 h. After incubation, the cell viabilities were measured by MTT assay [70, 71].

1.6. Determination of the effect of HFCPS against UVB-induced HDF cell

damage

The protective effect of HFCPS against UVB-induced HDF cell damage was
determined by measuring intracellular ROS level and viability of UVB-irradiated HDF
cells. For intracellular ROS analysis, HDF cells were seeded (5.0 x 10" cells/well in
24-well plate) and incubated for 24 h, then, cells were treated with HFCPS and
incubated for 30 min. Subsequently, cells were treated with DCFH-DA (stock, 500
pg/mL) and incubated for 30 min. After incubation, cells were exposed to UVB (50
mJ/cm?) and the fluorescence intensity of cells was determined according to the method
described previously [72-74]. For measuring the viabilities of UVB-irradiated HDF
cells, HDF cells were treated with HFCPS and incubated for 2 h at 37°C. Cells were
then exposed to 50 mJ/cm?” of UVB and incubated for 48 h. Cell viability was assessed

by MTT assay.

1.7. Determination of relative intracellular elastase and collagenase activities on
UVB-irradiated HDF cells

HDEF cells were seeded in 100 mm culture dishes at a density of 2.0 x 10° cells per dish
and incubated for 24 h. Cells were treated with HFCPS and incubated for 2 h.
Following incubation, cells were irradiated with UVB. After 48 h incubation, cells were
harvested and lysed with 0.1 M Tris-HCI (pH 7.6) buffer containing 1 mM PMSF and
0.1% Triton-X 100, followed by sonication for 5 min on ice. The lysates were

centrifuged (4000 rpm, 20 min) at 4°C. Supernatants were quantified the protein levels
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and used as the fibroblastic enzyme solutions. The relative elastase and collagenase

activities were measured by the method described by Suganuma et al. [75].

1.8. Determination of collagen synthesis level and MMPs expression levels on

UVB-irradiated HDF cells

HDF cells were incubated with HFCPS for 2 h, and exposed to UVB (50 mlJ/cm?). After
48 h incubation, the culture media were collected and used for assessment of matrix
metalloproteinases (MMPs) expression levels and PIP level that reflect the level of
collagen synthesis. The amounts of PIP and MMPs were measured by commercial

ELISA kits based on the manufacturer’s instructions.

1.9. Western blot analysis

The effect of HFCPS on the expressions of nuclear factor kappa B (NF-kB), activator
protein 1 (AP-1), and mitogen-activated protein kinases (MAPKs) was assessed by
Western blot analysis performed as described previously [43, 47]. In brief, cells were
pretreated with HFCPS and irradiated with UVB. After 1 h (for MAPKs assay) or 6 h
(for NF-xkB and p-c-Jun assay) incubation, cells were harvested. Proteins were
extracted with the PROPREP protein extraction kit (iNtRON Biotechnology, Sungnam,
Korea). The protein level of each sample was measured by a BCA™ Kkit. Total proteins
(50 pg) were separated on 10% SDS-polyacrylamide gels and transferred to pure
nitrocellulose membranes. Membranes were blocked with 5% skim milk for 3 h at
room temperature and incubated with primary antibodies overnight at 4°C. After
washing with TBS-T buffer, membranes were incubated with secondary antibodies for
3 h at room temperature. Finally, the protein bands were visualized using an ECL

western blotting detection kit and exposed on X-ray films.
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1.10. Statistical Analysis

The experiments were performed in triplicate. The data are expressed as the mean +
standard error (S.E), and one-way ANOVA was used to compare the mean values of
each treatment in SPSS 12.0. Significant differences between the means were
identified by the Turkey test. A value of *p<0.05, **p<0.01, and *p<0.01 were

considered as significantly different.
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2. Results and Discussion

2.1. HFCPS inhibits collagenase from Clostridium Histolyticum and elastase from

porcine pancreas

In this study, the inhibitory effects of HFCPS against commercial collagenase and
elastase were measured. As shown in Fig. 28, HFCPS inhibits collagenase and elastase
in a dose-dependent manner. The collagenase inhibitory rates of HFCPS were 13.46,
22.58, and 49.77% at the concentrations of 50, 100, and 200 pg/mL, respectively (Fig.
28A), and the elastase inhibitory rates of HFCPS were 18.78, 38.14, and 56.53% at the
concentrations of 50, 100, and 200 pg/mL, respectively (Fig. 28B). These results
indicate that HFCPS may possess the activity against skin aging through inhibition of

collagenase and elastase.
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Fig. 28. HFCPS inhibits commercial collagenase and elastase. (A) Collagenase
inhibitory activity of HFCPS; (B) elastase inhibitory activity of HFCPS. The
experiments were conducted triplicate, and the data were expressed as the mean =+

standard error (S.E).
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2.2. HFCPS promotes HDF cell proliferation and UVB irradiation damages HDF

cells

As the first step to evaluate protective effect and mechanisms of HFCPS against
UVB-induced skin photoaging in HDF cells, we employed various levels of UVB
irradiation to induce cell damage in HDF cells, and determined the protective effect of
HFCPS at different concentrations on HDF cells. As Fig. 29 shows, UVB irradiation
significantly decreased the viability of HDF cells in a dose-dependent manner (Fig.
29A). Furthermore, the optimal UVB dose applied to HDF cells based on the 50%
growth inhibitory dose was determined to be 50 ml/cm®. We then assessed the
cytotoxicity of HFCPS on HDF cells. The cytotoxicity results (Fig. 29B) suggest that
HFCPS is non-toxic on HDF cells and promotes HDF cells proliferation in a
dose-dependent manner. From these results, 50 mJ/cm” was determined as the optimal
UVB dose applied to HDF cells and 100 pg/mL was selected as the maximum

concentration of HFCPS for further study.
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Fig. 29. HFCPS promotes HDF cell proliferation and UVB irradiation damages HDF
cells. (A) Cytotoxicity of UVB irradiation on HDF cells; (B) proliferation effect of
HFCPS on HDF cells. Cell viability was measured by MTT assay. The experiments
were conducted triplicate, and the data were expressed as the mean =+ standard error

(S.E), *p <0.05, ** p <0.01 as compared to control group.
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2.3. HFCPS improves cell viability and reduces intracellular ROS in

UVB-irradiated HDF cells

In the present study, HDF cells were treated with HFCPS and irradiated with UVB at a
dose of 50 mJ/cm®. Cell viability was subsequently measured by MTT assay and
intracellular ROS level was analyzed by DCF-DA assay. As Fig. 30 shows, cell
viability was decreased while intracellular ROS level was increased after UVB
irradiation. Therefore, treatment with increasing concentrations of HFCPS (25, 50, and
100 pg/mL) improved cell viability by 11.78, 14.97, and 19.21% (Fig. 30A) and
reduced intracellular ROS by 21.95, 36.44, and 48.14% (Fig. 30B). These results
indicate that HFCPS possesses a potent protective effect against UVB-induced cell

damage via ROS clearance in HDF cells.

2.4. HFCPS inhibits intracellular collagenase and elastase activities in

UVB-irradiated HDF cells

As Fig. 31 shows, the relative collagenase and elastase activities of UVB-irradiated
HDF cells were significantly increased compared with non-irradiated cells. However,
the relative activities of both enzymes were decreased in the cells treated with HFCPS
in a dose-dependent manner. These results suggest that HFCPS may act as an inhibitor
of fibroblast collagenase and elastase and may prevent wrinkle formation induced by

UVB irradiation.
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Fig. 30. Protective effects of HFCPS against UVB-induced HDF cell damage. (A)
Intracellular ROS scavenging effect of HFCPS in UVB-induced HDF cells; (B)
protective effect of HFCPS against UVB-induced HDF cell death. Cell viability was
measured by MTT assay and intracellular ROS level was measured by DCF-DA assay.
The experiments were conducted triplicate, and the data were expressed as the mean +
standard error (S.E). *p < 0.05, ** p < 0.01 as compared to UVB-treated group and

"5 <0.01 as compared to control group.
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Fig. 31. HFCPS inhibits cellular collagenase and elastase activities in UVB-irradiated
HDF Cells. (A) Relative collagenase activity; (B) relative elastase activity. The
experiments were conducted triplicate, and the data were expressed as the mean =+
standard error (S.E). *p < 0.05, ** p < 0.01 as compared to UVB-treated group and

"p < 0.01 as compared to control group.

114



2.5. HFCPS protects collagen synthesis and reduces MMPs expression levels in

UVB-irradiated HDF cells

As Fig. 32 shows, UVB irradiation significantly decreased collagen synthesis in HDF
cells and HFCPS dose-dependently protects collagen synthesis (Fig. 32A).
Furthermore, MMPs expression levels were significant increase in UVB-irradiated
HDF cells but decreased in HFCPS treated cells (Fig. 32B-F). These results indicate

that HFCPS effective protects collagen synthesis and reduces the expression of MMPs.

2.6. HFCPS inhibits NF-kB activation, reduces AP-1 phosphorylation, and

suppress MAPKSs activation in UVB-induced HDF cells

In order to investigate the mechanism of HFCPS against UVB-induced skin wrinkling
in HDF cells, we measured the activated AP-1 and MAPKs levels by Western blot
analysis. The results indicate that UVB irradiation significant phosphorylates AP-1 and
HFCPS remarkable reduce the phosphorylated AP-1 (p-c-Jun) levels (Fig. 33). In
addition, UVB irradiation significant increases nuclear levels of NF-xB (p65 and p50);
however, HFCPS treatment remarkable reduces nuclear NF-kB levels in
UVB-irradiated HDF cells (Fig. 33). Furthermore, HFCPS treatment effective
suppresses UVB-induced p38, JNK, and ERK phosphorylation in UVB-irradiated HDF
cells (Fig. 34). All effects are dose-dependently. These results demonstrate that HFCPS
blocks NF-kB activation, and reduces AP-1 phosphorylation through suppression of

MAPKSs activation in UVB-induced HDF cells.
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Fig. 32. HFCPS improves collagen synthesis and reduces MMPs expression in

UVB-irradiated HDF cells. (A) Collagen synthesis level in UVB-irradiated HDF cells;

(B) MMP-1 expression level in UVB-irradiated HDF cells; (C) MMP-2 expression

level in UVB-irradiated HDF cells; (D) MMP-8 expression level in UVB-irradiated

HDF cells; (E) MMP-9 expression level in UVB-irradiated HDF cells; (F) MMP-13

expression level in UVB-irradiated HDF cells. Collagen synthesis level was reflected

by the amounts of PIP, and the amounts of PIP and MMPs were measured by the

commercially ELISA kits, based on the manufacturer’s instructions. The experiments

were conducted triplicate, and the data were expressed as the mean =+ standard error

(S.E). *p < 0.05, ** p < 0.01 as compared to UVB-treated group and "p <0.01 as

compared to control group.
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Fig. 33. HFCPS blocks UVB-induced NF-kB activation and reduces AP-1
phosphorylation in UVB-induced HDF cells. There relative NF-xB and phosphorylated
AP-1 levels were compared with C23. The experiments were conducted triplicate, and
the data were expressed as the mean + standard error (S.E). ** p < 0.01 as compared

to UVB-treated group and *p < 0.01 as compared to control group.

117



UVB (50 mJ/cm?) = + + + +
HFCPS (ug/mL)

p-ERK

GAPDH

1.6
1.4
1.2

0.8

Folds

0.6
0.4
0.2

Fig. 34. HFCPS suppresses MAPKs activation in UVB-induced HDF cells. The
relative amounts of activated MAPKs levels were compared with GAPDH. The
experiments were conducted triplicate, and the data were expressed as the mean +
standard error (S.E). ** p < 0.01 as compared to UVB-treated group and “p < 0.01 as

compared to control group.
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3. Conclusion

In the present study, the protective effect of HFCPS against UVB-induced skin damage
in vitro in HDF cells was investigated. The results indicates that HFCPS significantly
protected collagen synthesis and reduced MMPs expression in UVB-irradiated HDF
cells by regulating NF-kB, AP-1, and MAPKSs signaling pathways. These results
suggest that HFCPS possesses strong UV protective effect and has the potential to be

used as an ingredient in the pharmaceutical and cosmetic industries.
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CONCLUSION

The above results suggest that the sulfated polysaccharides from Celluclast-assisted
extract from Hizikia fusiforme (HFCPS) possesses strong cosmeceutical effects
including antioxidant, anti-inflammation, whitening, UV protection, and anti-wrinkle
activity, and can use as a potential ingredient in the cosmetic industry. The individual
sulfated polysaccharides of HFCPS need to separate and the mechanisms of its

cosmeceutical effects need to be further investigated.
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Part III.

Isolation of fucoidan from crude polysaccharides of Hizikia fusiforme and

evaluation of its bioactivities

ABSTRACT

Fucoidan (HFCPSF4) was separated from polysaccharides from Celluclast-assisted
extract from Hizikia fusiforme (HFCPS). HFCPSF4 contains 99.01+0.61% sulfated
polysaccharides, which comprise fucose (97.20%), rhamnose (2.09%), mannose
(18.32%), and arabinose (0.38%). The cosmeceutical effects of HFCPSF4 were
measured including antioxidant activity, anti-inflammatory activity, whitening effect,
UV protective effect, and anti-wrinkle effect. The results indicate that HFCPSF4
significant reduces hydrogen peroxide (H,O,)-induced oxidative stress in monkey
kidney fibroblast cells (Vero cells) and in zebrafish; remarkable attenuates
lipopolysaccharide (LPS)-induced inflammation in RAW 264.7 macrophages; inhibits
alpha-melanocyte stimulating hormone (a-MSH)-stimulated melanogenesis in B16F10
melanoma cells; against UVB-induced photo-damage in keratinocytes (HaCaT cells)
and in zebrafish; protects UVB-induced skin wrinkling in human dermal fibroblasts
(HDF cells). These results demonstrate that HFCPSF4 possesses potent cosmeceutical

effects and can be a potential ingredient in the cosmetic industry.
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INTRODUCTION

In human, skin is the largest organ of the integumentary system. It undergoes
chronological aging like other organs. Skin is in direct exposure to the outside
environment, therefore it undergoes aging as a consequence of environmental damage
[76]. Ultraviolet (UV) irradiation from sunlight is the primary environmental factor that
induces human skin aging, and results in pigment accumulation and wrinkle formation.
Human skin is frequently affected by oxidative stress caused by continuous exposure to
UV irradiation from sunlight. Skin exposed to UV and environmental oxidizing
pollutants is associated with diverse abnormal reactions including inflammatory
responses, epidermal hyperplasia, breakdown of collagen, and melanin accumulation
[77, 78].

UV can be classified into three subtypes including UVA, UVB, and UVC, based on the
wavelength. UVB has a medium wavelength and is thought to bring more cellular stress
to humans compared to the other two subtypes [79-81]. UVB is known to be associated
with human health through stimulating reactive oxygen species (ROS) generation [82,
83]. This excessive ROS subsequently activate cell signaling pathways including
nuclear factor kappa B (NF-kB), activator protein 1 (AP-1), and mitogen-activated
protein kinases (MAPKSs), which stimulate pro-inflammatory cytokines and matrix
metalloproteinases (MMPs) expression [84]. MMPs are a class of structurally similar
enzymes, and play a major role in physiological and pathological tissue remodeling.
The imbalance of MMPs expression could lead to cartilage, cardiac, and cancer-related
diseases [85]. MMPs degrade the collagenous extracellular matrix (ECM) in
connective tissues, which is the main factor of wrinkling. Therefore, an ideal MMPs

inhibitor or an agent that reduces the expression of MMPs may be effective against
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wrinkle formation, and could be thought as a promising candidate to be used as an

ingredient in the cosmetic industry.

The above research displayed that the sulfated polysaccharides from Celluclast-assisted
extract of Hizikia fusiforme (HFCPS) possesses strong antioxidant, anti-inflammation,
whitening, UV protection, and anti-wrinkle activity. However, the sulfated
polysaccharide of HFCPS had not been purified and the mechanisms of its
cosmeceutical effects had not been investigated so far. Therefore, in this study, we

separated pure fucoidan and evaluated its cosmeceutical effects.
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Section 1: Isolation fucoidan from crude polysaccharides from

Celluclast-assisted extract of Hizikia fusiforme

Abstract

The above results indicate that HFCPS (the sulfated polysaccharides from
Celluclast-assisted extract of H. fusiforme) possesses strong cosmetic effects. In order
to investigating the cosmetic effects of pure fucoidan, HFCPS were separated by
DEAE-cellulose column. After separation, four fractions (HFCPSF1, HFCPSF2,
HFCPSF3, and HFCPSF4,) were obtained. HFCPSF4 contains 99.014+0.61% sulfated
polysaccharides, which comprise fucose (97.20%), rhamnose (2.09%), mannose
(18.32%), and arabinose (0.38%); it was thought as the pure fucoidan. In addition, the
cosmeceutical effects of all 4 fractions were evaluated. HFCPSF4 possesses the
strongest free radical scavenging activity, tyrosinase inhibitory activity, elastase
inhibitory activity, and collagenase inhibitory activity comparing to other fractions.
These results demonstrate that the fucoidan from HFCPS possesses strong

cosmeceutical effect, and can be a potential ingredient in the cosmetic industry.
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1. Materials and Methods

1.1. Reagents and chemicals

HFCPS were prepared in the previous study. Trifluoroacetic acid, arabinose, fucose,
galactose, glucose, rhamonose, and xylose were purchased from Sigma (Sigma, St.
Louis, MO, USA). 1-diphenyl-2-picrylhydrazyl (DPPH), 5,5-dimethyl-1-pyrolin
N-oxide (DMPO), 2,2-azobis(2-amidinopropane) hydrochloride (AAPH), and
a-(4-Pyridyl-1-oxcide)-N-ter-butylnitrone (POBN) were purchased from Sigma (St.
Louis, MO, USA). Arbutin, (-)-epigallocatechin gallate (EGCG), gallic acid, glucose
tyrosinase, L-tyrosin, collagenase from clostridium histolyticum, elastase from porcine
pancreas, azo dye-impregnted collagen, and N-succinyl-Ala-Ala-Ala-p-nitroanilide
were purchased from Sigma Co. (St. Louis, MO, USA). FeSO4¢7H,0 and H,O, were
purchased from Fluka Co. (Buchs, Switzerland). All other chemicals and reagents

were analytical grade.

1.2. Separation of fucoidan from HFCPS

HFCPS was applied to a DEAE-cellulose column (17 cm % 2.5 cm) equilibrated in
50 mM sodium acetate (pH 5.0) and washed with the same buffer. Elution was carried
out at a flow rate of 15 mL/h with a linear gradient of 0—2 M NaCl containing 50 mM
sodium acetate (pH 5.0). Fractions of 10 mL were collected and measured for
polysaccharide content by phenol-H,SO4 assay. The fractions were pooled, dialyzed

and freeze-dried.

1.3. Chemical analysis of fractions separated from HFCPS

The total carbohydrate contents of fractions separated from HFCPS were determined
based on the protocol of official methods for analysis of the Association of Official

Analytical Chemists (AOAC) [57]. Glucose was used as a standard to evaluate the total
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carbohydrate content of fractions separated from HFCPS. To determine the total sulfate
content, fractions separated from HFCPS were hydrolyzed by 4 M trifluoroacetic acid
at 100°C for 5 hours. The sulfate content was measured by the method described by
Wang et al. [33].

In order to analyze the neutral sugars components of fractions separated from HFCPS,
fractions separated from HFCPS were hydrolyzed by 4 M of trifluoroacetic acid in
sealed glass vials for 4 h at 100°C. Then, the neutral sugar components and contents of
samples were determined by HPLC and arabinose, fucose, galactose, glucose,
rhamonose, and xylose had used as the standard, the procedure described by Kang et al.

[58].

1.4. Evaluation of the free radical scavenging activity of seaweed extracts

The free radical scavenging activities of the fractions separated from HFCPS were
measured using an Electron Spin Resonance (ESR) spectrometer (JES-FA machine;
JOEL, Tokyo, Japan). DPPH, alkyl, and hydroxyl radical scavenging activities were

determined by the method described by Heo et al. [1, 86].

1.5. Measurement of mushroom tyrosinase inhibitory effects of seaweed extracts

In brief, a volume of 200 pL assay mixture in 96-well microplate containing 40 puL of
1.5 mM L-tyrosin, 140 puL of 50 mM phosphate buffer (pH 6.5), 10 uL of aqueous
mushroom tyrosinase (1000 units/mL), and 10 pL of sample solution. The assay
mixture was reacted at 37°C for 12 min, and then the plate was kept on ice for 5 min to
stop the reaction. The amount of dopachrome in the reaction mixture was measured at

490 nm using microplate reader (BioTek, SYNERGY, HT, USA).
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1.6. Measurement of collagenase inhibitory effects of seaweed extracts

In order to measure the collagenase inhibitory activity, a weight of 1 mg of azo
dye-impregnated collagen was mixed with 800 uL of 0.1 M Tris-HCI (pH 7.0), 100 pL
of 200 units/mL collagenase (stock solution), and 100 pL sample and incubated at 43°C
for 1 h under shaking condition. Subsequently, the reaction mixture was centrifuged at
3000 rpm for 10 min and the absorbance of the supernatant was detected at 550 nm in a

microplate reader (BioTek, SYNERGY, HT, USA).

1.7. Measurement of elastase inhibitory effects of seaweed extracts

The elastase inhibitory activity was evaluated base on a method reported by Kraunsoe
et al. (1996) [43]. In brief, the reaction mixture contained 650 pL of 1.015 mM
N-succinyl-Ala-Ala-Ala-p-nitroanilide (dissolved in Tris-HCI, pH 8.0) and 50 pL of
sample. The reaction mixture were vortexed and incubated for 10 min at 25°C, after
which 50 pL of 0.0375 units/mL elastase was added to the reaction mixture and
following vortexing, was incubated for 10 min at 25°C in a water bath. The amount of
released p-nitroaniline was assessed by measuring absorbance at 410 nm using a

microplate reader (BioTek, SYNERGY, HT, USA).

1.8. Characterization of the purified fucoidan from HFCPS by Fourier transform
infrared (FT-IR) spectroscopy

The IR spectrum of the purified fucoidan (target fraction) from HFCPS was recorded
using a FT-IR spectrometer (Nicolet™ 6700 FT-IR spectrometer; Madison, WL, USA).
The polysaccharides were homogenized with KBr powder and then pressed into pellets

for FT-IR measurement in the frequency range of 500-4000 cm .
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2. Results and Discussion

2.1. Total carbohydrate, phenolic, and sulfate content of fractions separated from

HFCPS

The component contents of fractions from HFCPS (Fig. 35) were investigated. The
phenolic content of fractions from HFCPS is range from 0.00+0.12% to and
0.28+0.08%, respectively (Table 13). The carbohydrate content of fractions from
HFCPS is range from 50.38+1.25% and 71.79+0.56%, and the sulfate content of
fractions from HFCPS is range from 0.00+£0.04% and 27.224+0.05%, respectively.
Altogether, HFCPSF4 contains 99.01+0.61% sulfate polysaccharide and thought as

purified fucoidan.

2.2. Natural sugar composition of fractions separated from HFCPS

The monosaccharide content of fractions from HFCPS was determined, using six
monosaccharides as standards: fucose, rhamnose, arabinose, galactose, glucose, and
xylose. The results (Table 13) indicate that HFCPSF4 comprised by fucose (97.20%),

rhamnose (2.09%), Mannose (18.32%), and arabinose (0.38%).
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Fig. 35. DEAE-cellulose chromatogram of the polysaccharides separated from

HFCPS.
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Table 13. Total carbohydrate contents, phenolic contents, sulfate contents, and natural

sugar components of polysaccharides separated from HFCPS.

Sample HFCPS F1 F2 F3 F4

Phenolic content (%) 1.56+0.08 0.28+0.08 0.00+0.19 0.00+0.19 0.00+0.12
Carbohydrate content (%)  55.05+0.09 57.06+2.77 52.33+1.46 50.38+1.2571.79+0.56
Sulfate content (%) 7.78+0.23  0.00+0.04 0.00+0.07 11.86+0.5227.22+0.05

Sulfate polysaccharide

content (%) 62.83+0.32 62.24+1.7799.01+0.61

Sugar components (%)

Fucose 53.53 51.790356 34.36 54.32 79.20
Rhamnose - 0.7596208 5.55 1.02 2.09
Galactose 23.15 8.5673269 23.21 26.24 -
Glucose 5.95 - 34.18 4.15 -
Mannose - 38.737638 - 14.27 18.32
Xylose 17.37

Arabinose - 0.145058 2.70 - 0.38

HFCPS: polysaccharides of Celluclast-assisted extract of H. fusiforme; HFCPSF1:
fraction 1 from HFCPS; HFCPSF2: fraction 3 from HFCPS; HFCPSF3: fraction 3 from
HFCPS; HFCPSF4: fraction 4 from HFCPS. The experiments were conducted

triplicate in this study. The data were expressed as the mean + standard error (S.E).
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2.3. Free radical scavenging activities of fractions separated from HFCPS

The results of free radical scavenging activities of fractions from HFCPS summarized
in Table 14. The ICs, values of DPPH radical scavenging activities of fractions from
HFCPS were range from 0.55+0.06 mg/mL to 1.06+0.08 mg/mL, and HFCPSF4
shows the strongest DPPH radical scavenging activity in all of the fractions. The ICs
values of alkyl radical scavenging activities of the fractions from HFCPS were range
from 0.12+0.02 mg/mL to 0.83+0.03 mg/mL, and the HFCPSF4 shows the strongest
alkyl radical scavenging activity in all of the fractions. In addition, the ICsy values of
hydroxyl radical scavenging activities of the fractions from HFCPS were range from
0.09+£0.00 mg/mL to 0.52+0.03 mg/mL, and HFCPSF4 shows the strongest hydroxyl
radical scavenging activity in all of the fractions. These results indicate that all of the
fractions from HFCPS possess strong free radical scavenging activity, and HFCPSF4

shows relative strong hydroxyl radical scavenging activity than other fractions.
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Table 14. Free radical scavenging activities of polysaccharides of HFCPS.

Sample ICso (mg/mL)

DPPH Alkyl Hydroxyl
HFCPS 0.81£0.02 0.25+0.01 0.21£0.03
HFCPSF1 0.93+0.04 0.66+0.08 0.48+0.06
HFCPSF2 1.06+0.08 0.83+0.03 0.52+0.03
HFCPSF3 0.65+0.12 0.21+0.06 0.18+0.05
HFCPSF4 0.55+0.06 0.12+0.02 0.09+0.00

HFCPS: polysaccharides of H. fusiforme; HFCPSFI1: fraction 1 from HFCPS;
HFCPSF2: fraction 3 from HFCPS; HFCPSF3: fraction 3 from HFCPS; HFCPSF4:
fraction 4 from HFCPS; DPPH: DPPH radical scavenging activity; Alkyl: alkyl
scavenging activity; Hydroxyl: hydroxyl scavenging activity. The experiments were
conducted triplicate in this study. The data were expressed as the mean + standard

error (S.E).
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2.4. Tyrosinase inhibitory effects of fractions from HFCPS

Tyrosinase is the rate-limiting enzyme for controlling the production of melanin, which
is the major factor for skin color. Therefore, a tyrosinase inhibitor that can inactive or
inhibit the tyrosinase may stopping or reducing melanin production. The inhibitor may
show the potential in whitening effect. In order to investigate the whitening effect of the
fractions from HFCPS, we measured tyrosinase inhibitory effects of fractions from
HFCPS. As Fig. 36 shows, all fractions have shown tyrosinase inhibitory effect.
Furthermore, HFCPSF4 possesses stronger tyrosinase inhibitory effect than other
fractions. These results indicate that the fractions from HFCPS possess the potential in
skin whitening effect, and HFCPSF4 possesses strong tyrosinase inhibitory effect may

be developing to a whitening ingredient use to cosmeceutical industry.

2.5. Collagenase inhibitory effects of fractions from HFCPS

In order to investigate the anti-wrinkle effects of the fractions from HFCPS, we
measured collagenase inhibitory effects of the fractions from HFCPS. As Fig. 37 shows,
the fractions of HFCPS show strong collagenase inhibitory effects. In addition,
HFCPSF3 and HFCPSF4 possess stronger collagenase inhibitory effect than other
fractions, and HFCPSF4 possesses the strongest collagenase inhibitory effect in all of
fractions. These results indicate that the fractions from HFCPS possess the potential in
anti-wrinkle effect, and HFCPSF4 possess strong collagenase inhibitory effect may be

developing to an anti-wrinkle ingredient use to cosmeceutical industry.

2.6. Elastase inhibitory effects of fractions from HFCPS
In this study, we investigate elastase inhibitory effects of the fractions from HFCPS. As
Fig. 38 shows, the fractions from HFCPS show strong elastase inhibitory effects. In

addition, HFCPSF4 possesses the strongest elastase inhibitory effect in all of fractions.
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These results display that the fractions from HFCPS possess the potential in
anti-wrinkle effect and the HFCPSF4 possess strong elastase inhibitory effect may

develop to an anti-wrinkle ingredient use to cosmeceutical industry.

2.7. FT-IR analysis of purified fucoidan

The FT-IR spectra of purified fucoidan (HFCPSF4) and commercial fucoidan are
shown in Fig. 39 with its major absorbance peaks. Base on the previous studies, the
peaks between 1120 and 1270 cm—1 indicate the sulfate groups (S=O stretching)
branching off from fucoidan backbone; the absorption at 845 cm—1 indicate a sulfate
group at axial C-4; the shoulder absorption at 820 cm—1 indicate a sulfate group at C-2
[87]. These data demonstrate the presences of fucoidan.

According to the polysaccharide content, sulfate content, FT-IR spectrum, and
mono-sugar components of HFCPSF4, HFCPSF4 showed the similarities to the
well-known commercial fucoidan from brown algal. Therefore, HFCPSF4 was thought

as Hizikia fucoidan for further study.
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Fig. 36. Tyrosinase inhibitory effects of fractions from HFCPS. The amount of
dopachrome was measured at 490 nm using a microplate reader. The experiments were

conducted triplicate, and the data were expressed as the mean + S.E (n=3).
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Fig. 37. Collagenase inhibitory effects of the fractions form HFCPS. Collagenase

inhibitory effects were measured by colorimetric assay. The experiments were

conducted triplicate, and the data were expressed as the mean + S.E (n=3).
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Fig. 38. Elastase inhibitory effects of the fractions form HFCPS. Elastase inhibitory
effects were measured by colorimetric assay. The experiments were conducted

triplicate, and the data were expressed as the mean + S.E (n=3).
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Fig. 39. Spectroscopic analysis of the purified fucoidan from HFCPS.
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3. Conclusion

Four polysaccharides (HFCPSF1, HFCPSF2, HFCPSF3, and HFCPSF4) from crude
polysaccharides from Celluclast-assisted extract of H. fusiforme were separated by
DEAE-cellulose column and the cosmetic effects of the polysaccharides had been
investigated. HFCPSF4 contains 99.01+0.61% sulfated polysaccharides, which
comprise fucose (97.20%), rhamnose (2.09%), mannose (18.32%), and arabinose
(0.38%). HFCPSF4 was thought as Hizikia fucoidan from Celluclast-assisted extract of
H. fusiforme. HFCPSF4 possess strongest free radical scavenging activity, tyrosinase
inhibitory activity, elastase inhibitory activity, and collagenase inhibitory activity
comparing to other fractions. These results demonstrate that the Hizikia fucoidan
(HFCPSF4) from HFCPS possesses strong cosmeceutical effects, and can be a

potential ingredient in the cosmetic industry.
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Section 2: Antioxidant activity of Hizikia fucoidan in vitro in Vero cells and in

vivo in zebrafish

Abstract

Protective effect of Hizikia fucoidan (HFCPSF4) isolated from HFCPS against
hydrogen peroxide (H,0,)-induced oxidative stress in vitro in Vero cells and in vivo in
zebrafish had been investigated. HFCPSF4 significantly reduced cytotoxicity induced
by H,0O, on Vero cells. In addition, HFCPSF4 reduced cellular ROS level and apoptosis
body formation induced by H,0O,. The Western blot results demonstrate that HFCPSF4
against oxidative stress by improving the expression of endogenous antioxidant
enzymes including catalase and superoxidase dismutase (SOD) via regulating
Nrf2/HO-1 pathways. In addition, HFCPSF4 has shown strongly protective effects
against H,O,-stimulated oxidative stress in vivo zebrafish that demonstrated by
improving survival rate, decreasing heart beating rate, and reducing ROS generation
and cell death. These results suggest that HFCPSF4 may use as a beneficial antioxidant

ingredient in medical and cosmetic industries.
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1. Materials and methods

1.1. Reagents and Chemicals

MTT, DMSO, acridine orange, and DCFH-DA were purchased from Sigma (St. Louis,
MO, USA). H,0; were purchased from Fluka Co. (Buchs, Switzerland). Vero cells
were purchased from the Korea Cell Line Bank (KCLB, Seoul, Korea). RPMI-1640
medium, FBS, penicillin-streptomycin, and trypsin-EDTA were purchased from
Gibco-BRL (Grand Island, NY, USA). Catalase, superoxidase dismutase-1 (SOD-1),
B-actin, nuclear factor (erythroid-derived 2)-like 2 (Nrf2), and heme oxygenase (HO-1)
antibodies, anti-mouse and anti-rabbit IgG antibodies were purchased from Cell
Signaling Technology (Beverly, MA, USA). All other chemicals and reagents were

analytical grade.

1.2. Cell culture

Vero cells were maintained in RPMI-1640 medium containing 10% heat-inactivated
FBS, penicillin (100 unit/mL) and streptomycin (100 pg/mL) at 37°C in an incubator
under humidified atmosphere containing 5% CO,. Vero cells were sub-cultured every 3

days, and seeded at a concentration of 1x10° cells/mL in 96-well plates.

1.3. Determination of the protective effect of HFCPSF4 against H,O;-induced

intracellular ROS generation in Vero cells

Vero cells were seeded and cultured for 24 h. Different concentrations of HFCPSF4
were added to cells prior to incubation for 1 h. After incubation, H,O, (1 mM) was
added to the cells and cells were incubated for 1 h. Finally, DCFH-DA (500 pg/mL)
was introduced to the cells, and the fluorescence emission of DCF-DA was detected

using a fluorescence microplate reader (Olympus, Japan).
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1.4. Measurement of the protective effect of HFCPSF4 against H,O;-induced

cytotoxicity in Vero cells

Vero cells were treated with different concentrations of HFCPSF4 and incubated for 1
h. After incubation, H,O, (1 mM) was added to the cells prior to incubation for 24 h.

Cell viability was measured by MTT assay, according to Fernando et al. [5].

1.5. Nuclear staining with Hoechst 33342

To assess the apoptosis body’s formation in H,O;-induced Vero cells, the nuclear
morphology of cells was analyzed by Hoechst 33342 staining. Nuclear staining was
performed base on the method described by Wijesinghe et al. [60]. The degree of
nuclear condensation of cells was examined under a fluorescence microscope

equipped with a Cool SNAP-Pro color digital camera (Olympus, Japan).

1.6. Western blot analysis

The effect of HFCPSF4 on the expressions of catalase, SOD, Nrf2, HO-1 was assessed
by Western blot analysis performed as described previously. In brief, cells were treated
with HFCPSF4 and stimulated with H,O,. After 24 h incubation, cells were harvested.
Proteins were extracted with the PROPREP protein extraction kit (iNtRON
Biotechnology, Sungnam, Korea). The protein level of each sample was measured by a
BCA™ kit. Total proteins (50 pg) were separated on 12% SDS-polyacrylamide gels
and transferred to pure nitrocellulose membranes. Membranes were blocked with 5%
skim milk for 3 h at room temperature and incubated with primary antibodies overnight
at 4°C. After washing with TBS-T buffer, membranes were incubated with secondary
antibodies for 3 h at room temperature. Finally, the protein bands were visualized using

an ECL western blotting detection kit and exposed on X-ray films.
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1.7. Application of HFCPSF4 and H,0O, to zebrafish embryos

Approximately 3~4 hours post-fertilization (hpf), the embryos were transferred to
individual wells in a 12-well plate (15 embryos per group) and maintained in embryo
medium containing HFCPSF4 (12.5, 25, and 50 pg/mL). After 1 hour incubation, 5
mM H,0, was added to the medium, and the embryos were incubated until 24 hpf. The
survival rate was measured at 3 days post-fertilization (dpf) after treatment with H,O,

by counting live embryos, and the surviving fish were then used for further analysis.

1.8. Determination of heart-beating rate, ROS generation, cell death, and lipid

peroxidation in zebrafish

The zebrafish heart-beating rate was measured according to Kim et al. [61]. The
zebrafish heart-beating rate in both the atrium and ventricle was recorded for 1 min at
2 dpf under a microscope. Intracellular ROS level, cell death, and lipid peroxidation
were measured in live zebrafish using DCFH-DA, acridine orange, and DPPP staining,
respectively, followed the previous procedure [46, 88, 89]. The zebrafish were
observed and photographed under a fluorescence microscope equipped with a Cool
SNAP-Pro color digital camera (Olympus, Japan). The fluorescence intensity of

individual zebrafish larva was quantified using the image J program.

1.9. Statistical analysis

All experiments were conducted in triplicate. The data are expressed as the mean +
standard error (S.E), and one-way ANOVA was used to compare the mean values of
each treatment in SPSS 12.0. Significant differences between the means were
identified by the Turkey test. Significance was established if *p < 0.05, ** p <0.01 as

compared to the H,O»-treated group, and *p < 0.01 as compared to control group.
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2. Results and Discussion

2.1. Protective effect of HFCPSF4 against H,O;-induced oxidative stress in Vero

cells

As Fig. 40 shows, the intracellular ROS level significantly increased and cell viability
decreased following treatment with H,O,. However, the intracellular ROS levels
decreased and cell viability increased following treatment at all measured

concentrations of HFCPSF4. Both effects occurred in a dose-dependent manner.

2.2. Protective effect of HFCPSF4 against H,O;-induced apoptosis

In order to measure the apoptotic body formation stimulated by H,O,, Vero cells were
stained with Hoechst 33342 and visualized by fluorescent microscopy. There were
significantly apoptotic bodies formed in the cells treated with H,O, (Fig. 41). The
amount of apoptotic bodies formed in cells pretreated with different concentrations of

HFCPSF4 significantly decreased in a dose-dependent manner.
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Fig. 40. The intracellular ROS scavenging effect of HFCPSF4 during H,0,-induced
oxidative stress in Vero cells (A) and the protective effect of HFCPSF4 against
H,0,-induced cell death in Vero cells (B). The experiments were conducted in
triplicate, and the data are expressed as the mean + standard error (S.E). *p < 0.05, **
p < 0.01 as compared to the H,O,-treated group and “p <0.01 as compared to the

control group.
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Fig. 41. The protective effect of HFCPSF4 against H,O»-induced apoptosis in Vero
cells. (A) Nuclear morphology of non H,O,-treated cells. (B) Nuclear morphology of
H,0O;-treated cells. (C) Nuclear morphology of cells treated with 12.5 ug/mL of
HFCPSF4 and H,0,. (D) Nuclear morphology of cells treated with 25 pg/mL of
HFCPSF4 and H,0,. (E) Nuclear morphology of cells treated with 50 pg/mL of
HFCPSF4 and H,0,. (F) Reactive apoptotic body formation. The apoptotic body
formation was observed under a fluorescence microscope after Hoechst 33342 staining.
Apoptosis levels were measured using Image J software. ** p < 0.01 as compared to

the H,0,-treated group and *p < 0.01 as compared to the control group.
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2.3. HFCPSF4 improves the expression of catalase and SOD-1 via regulating

Nrf2/HO-1 pathway in H,O;-induced Vero cells

Normally, Nrf2 located in the cytosol and bound to a control protein that Kelch-like
ECH-associated protein 1 (Keapl). In the oxidative stress condition, Nrf2 is parted
from Keapl, initiates translocation to the nucleus, and active the antioxidant genes to
expression antioxidant enzymes such as catalase and SOD-1 [90, 91]. As Fig. 42
shows, H,O, significant reduce catalase and SOD-1 levels. However, HFCPSF4
remarkably increase the catalase and SOD-1 levels in H,O,-stimulated Vero cells.
Further results indicate that HFCPSF4 stimulated total Nrf2 and HO-1 levels in
H,0,-stimulated Vero cells (Fig. 43). These results demonstrate that HFCPSF4
possesses the effect against oxidative stress induced by H,O, through production of
antioxidant enzymes including catalase and SOD-1 via regulating the Nrf2/HO-1

pathway (Fig. 44).
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Fig. 42. HFCPSF4 increases the expression of catalase and SOD-1 in H,O,-stimulated
Vero cells. The relative amounts of catalase and SOD-1 levels were compared with
B-actin. The experiments were conducted in triplicate, and the data are expressed as
the mean + standard error (S.E). *p < 0.05, ** p < 0.01 as compared to the

H,0;-treated group and "p < 0.01 as compared to the control group.
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Fig. 43. HFCPSF4 regulates Nrf/HO-1 pathway in H,O,-stimulated Vero cells. The

relative amounts of Nrf and HO-1 levels were compared with B-actin. The experiments
were conducted in triplicate, and the data are expressed as the mean + standard error
(S.E). *p < 0.05, ** p < 0.01 as compared to the H,O»-treated group and “*p < 0.01 as

compared to the control group.
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Fig. 44. A schematic model of antioxidant activity of HFCPSF4 in Vero cells.
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2.4. HFCPSF4 improves survival rate and reduces heart-beating rate in

H,0,-induced zebrafish

The survival rates and heart-beating rates of H,O,-treated zebrafish were measured.
The survival rate and heart-beating rate of zebrafish that did not treat with H,O, were
considered to be 100% (Fig. 45). The survival rate of zebrafish treated with H,O, was
significantly decreased (Fig. 45A). However, the survival rates of HFCPSF4-treated
zebrafish were significantly increased. The heart-beating rate of the zebrafish treated
with H,O, was 121.81% (Fig. 45B), but significantly decreased with HFCPSF4

treatment.

2.5. Protective effect of HFCPSF4 against H,O,-induced ROS generation, cell

death, and lipid peroxidation in zebrafish

The effect of HFCPSF4 on ROS generation in H,O,-treated zebrafish was measured by
detection of DCF-DA. As Fig. 46 shows, HFCPSF4 significantly decreased ROS levels
in a dose-dependent manner. In addition, HFCPSF4 effective against H,O,-induced cell

death and lipid peroxidation in zebrafish (Fig. 47 and Fig. 48).
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Fig. 45. The survival rate and heart-beating rate of zebrafish after pretreatment with
HFCPSF4 and/or treatment with H,O,. (A) Survival rate; (B) heart-beating rate. The
experiments were conducted in triplicate, and the data are expressed as the mean +
standard error (S.E). *p < 0.05, ** p < 0.01 as compared to the H,O,-treated group

and "p < 0.01 as compared to the control group.
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Fig. 46. The protective effect of HFCPSF4 against H,O,-induced ROS production in
zebrafish embryos. (A) Zebrafish under fluorescence microscope; (B) the levels of
ROS generation. ROS levels were measured using Image J software. The experiments
were conducted in triplicate, and the data are expressed as the mean + standard error
(S.E). *p < 0.05, ** p < 0.01 as compared to the H,O,-treated group and "p < 0.01 as

compared to the control group.
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Fig. 47. The protective effect of HFCPSF4 against H,O;-induced cell death in
zebrafish. (A) Zebrafish under fluorescence microscope; (B) the measured levels of cell
death. Cell death levels were measured using Image J software. The experiments were
conducted in triplicate, and the data are expressed as the mean + standard error (S.E).
*p < 0.05, ** p < 0.01 as compared to the H,O-treated group and *p <0.01 as

compared to the control group.
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Fig. 48. The protective effect of HFCPSF4 against H,0O;-induced lipid peroxidation in
zebrafish. (A) Zebrafish under fluorescence microscope; (B) the measured levels of cell
death. Cell death levels were measured using Image J software. The experiments were
conducted in triplicate, and the data are expressed as the mean =+ standard error (S.E).

*p < 0.05, ** p < 0.01 as compared to the H,O-treated group and “p <0.01 as

compared to the control group.

156



3. Conclusion

In a conclusion, HFCPSF4 possesses strong in vitro and in vivo antioxidant activities
demonstrate in reducing intracellular ROS and improving cell viability in
H,0,-stimulated Vero cells as well as in improving the survival rate, decreasing
heart-beating rate, and reducing ROS generation and cell death in H,O,-stimulated
zebrafish. These results suggest that HFCPSF4 may consider for use in the medical and

cosmetic industries.
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Section 3: Anti-inflammatory effect of Hizikia fucoidan in vitro in RAW 264.7

macrophages and in vivo in zebrafish

Abstract

In the present study, the anti-inflammatory effect of Hizikia fucoidan (HFCPSF4)
isolated from HFCPS was investigated in LPS-stimulated RAW 264.7 macrophages
and zebrafish. The results indicate that HFCPSF4 significant inhibits NO generation
stimulated by LPS in RAW 264.7 cells. In addition, HFCPSF4 dose-dependently
improves the cell viability in LPS-stimulated RAW 264.7 cells. Moreover, HFCPSF4
significant decreases the expression of tumor necrosis factor alpha (TNF-a),
prostaglandin E, (PGE,), interleukin-1 beta (IL-1B), and interleukin-6 (IL-6).
Furthermore, HFCPS suppresses the expression of inducible nitric oxide synthase
(INOS) and cyclooxygenase-2 (COX-2) by regulating the nuclear factor kappa-B
(NF-«xB) pathway. The in vivo test results suggest HFCPSF4 significantly reduced ROS,
cell death, and NO levels in LPS-stimulated zebrafish. These results demonstrate that
HFCPSF4 possesses strong in vitro and in vivo anti-inflammatory activities and could

potentially use as an ingredient to developing anti-inflammatory agent or cosmetic.
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1. Materials and methods

1.1. Reagents and Chemicals

DMEM, FBS, penicillin—streptomycin, and trypsin-EDTA were purchased from
Gibco-BRL (Grand Island, NY, USA). The LPS and DMSO were purchased from
purchased from Sigma (St. Louis, MO, USA). The ELISA kits used for the analysis of
TNF-a, PGE,, IL-1B, and IL-6 levels were purchased from R&D Systems Inc.
(Minneapolis, MN, USA). Protein assay kit (BCA™ kit) was purchased from Bio-Rad
(Richmond, CA, USA). COX-2, iNOS, IkBa, p-IkBa, p50 NF-kB, p65 NF-«B
nucleolin, B-actin, and anti-rabbit antibody antibodies were purchased from Thermo
Scientific (Waltham, MA, USA). All other chemicals used in this study were of

analytical grade.

1.2. Cell culture

RAW 264.7 macrophages were purchased from ATCC (TIB-71™). RAW 264.7 cells
were grown in DMEM supplemented with 10% FBS, penicillin (100 unit/mL) and
streptomycin (100 pg/mL). Cells were maintained at 37°C in an incubator containing

5% CO, and seeded at a concentration of 1x 10° cells/mL for the experiment.

1.3. Measurement of NO production and cell viability

The experiments were performed following the methods described by Heo et al. [62].
RAW 264.7 cells were seeded in 24-well plates for 24 h. HFCPSF4 were added into
each well, achieving final concentrations of 12.5, 25, and 50 pg/mL. After 1 h, LPS (1
pg/mL) was introduced into all wells, except control. After 24 h, the NO production
was measured by Griess assay and cell viability was measured by MTT assay according

to the protocol described in the previous study [50, 58, 92].
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1.4. Measurement of PGE, and pro-inflammatory cytokine (TNF-a, IL-1B, and

IL-6) production

RAW 264.7 cells were pre-treated with HFCPSF4 and eventually exposed to LPS for
24 h. Then, the culture media was collected and used for measuring the respective
cytokine and PGE, expression levels. These experiments were performed using

commercial enzyme immunoassay kits following the manufacturer’s instructions.

1.5. Western blot analysis

RAW 264.7 cells were seeded in 6-well plates. After 24 h, cells were treated with
HFCPSF4 and exposed to LPS (1 ug/mL) 1 h later. Following a second incubation
period of 1 h (for NF-kB analysis) or 24 h (for COX-2 and iNOS analysis), the cells
were harvested and the proteins were extracted with the PROPREP protein extraction
kit (iNtRON Biotechnology, Sungnam, Korea). The protein concentration of each
lysate was determined using a BCA™ kit. Each 50 pg of protein were separated on a 12%
SDS—polyacrylamide gel, and the protein bands were transferred onto a polyvinylidene
fluoride membrane. The membranes were blocked with blocking buffer (5%
blotting-grade blocker), and the membrane was then incubated with specific primary
antibodies overnight, at 4°C. After incubation, the membranes were washed with
TBS-T buffer (3 mM KCI, 25 mM Tric, 150 mM NaCl, and 0.2% Tween 20) and
incubated with secondary antibodies at room temperature for 3 h. Finally, the signals
were developed by an ECL western blotting detection kit, and exposed on X-ray

films.

1.6. Application of HFCPSF4 and LPS to zebrafish embryos

Approximately 3~4 hours post-fertilization (hpf), the embryos were transferred to

individual wells in a 12-well plate (15 embryos per group) and maintained in embryo
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medium containing HFCPSF4 (12.5, 25, and 50 pg/mL). After 1 hour incubation, 10
ug/mL LPS was added to the medium, and the embryos were incubated until 24 hpf.
The survival rate was measured at 3 days post-fertilization (dpf) after treatment with
LPS by counting live embryos, and the surviving fish were then used for further

analysis.

1.7. Determination of heart-beating rate, ROS generation, cell death, and NO

generation in zebrafish

The zebrafish heart-beating rate was measured according to Sanjeewa et al. [87]. The
zebrafish heart-beating rate in both the atrium and ventricle was recorded for 1 min at
2 dpf under a microscope. Intracellular ROS level, cell death, and NO generation were
measured in live embryos using DCFH-DA, acridine orange, and DAF-FM-DA
staining, respectively, followed the previous procedure [21, 93, 94]. The zebrafish
were observed and photographed under a fluorescence microscope equipped with a
Cool SNAP-Pro color digital camera (Olympus, Japan). The fluorescence intensity of

individual zebrafish larva was quantified using the image J program.

1.8. Statistical analysis

All experiments were conducted in triplicate. The data are expressed as the mean +
standard error (S.E), and one-way ANOVA was used to compare the mean values of
each treatment in SPSS 12.0. Significant differences between the means were
identified by the Turkey test. Significance was established if *p < 0.05, ** p <0.01 as

compared to the LPS-treated group, and *p < 0.01 as compared to control group.
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2. Results and Discussion

2.1. The effect of HFCPSF4 on LPS-induced NO generation and cytotoxicity in
RAW 264.7 macrophages

The effect of HFCPSF4 on NO generation and cytotoxicity were measured in
LPS-induced RAW 264.7 macrophages. As Fig. 49 shows, HFCPSF4 significant
inhibits NO generation in LPS-induced RAW 264.7 cells. In addition, HFCPS

remarkable improves cell viability. Both effects were dose-dependent.

2.2. HFCPSF4 decreased PGE,; and pro-inflammatory cytokines release in
LPS-induced RAW 264.7 macrophages

As Fig. 50 shows, LPS significant increase in the production of TNF-a, IL-1B, IL-6,
and PGE, compared with the control. However, the TNF-a, IL-1B, IL-6, and PGE,
levels in HFCPSF4 treated RAW 264.7 cells were significantly decreasing, which was

dose-dependent with increasing sample concentrations.
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Fig. 49. The effect of HFCPSF4 on LPS-induced NO generation and cytotoxicity in

RAW 264.7 macrophages. (A) NO production in LPS-induced RAW 264.7

macrophages and (B) cell viability in LPS-induced RAW 264.7 macrophages. The

experiments were conducted in triplicate, and the data are expressed as the mean =+

standard error (S.E). *p < 0.05, ** p <0.01 as compared to the LPS-treated group and

"5 <0.01 as compared to the control group.
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Fig. 50. The effect of HFCPSF4 on the production of PGE,, TNF-a, IL-1p, and IL-6 in
LPS-stimulated RAW 264.7 macrophages. (A) The production of PGE,; (B) the
production of TNF-a; (C) the production of IL-1B; (D) the production of IL-6. The
levels of PGE,, TNF-a, IL-1B, and IL-6 expression were examined using ELISA kit.
The experiments were conducted in triplicate, and the data are expressed as the mean
+ standard error (S.E). *p < 0.05, ** p < 0.01 as compared to the LPS-treated group

and "p < 0.01 as compared to the control group.
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2.3. HFCPSF4 inhibited the expression of iNOS and COX-2 in LPS-induced
RAW 264.7 macrophages

The expression levels of iNOS and COX-2 are shown in Fig. 51. According to the
results, the expression levels of iNOS and COX-2 were significantly increased in the
cells treated with LPS only. However, HFCPSF4 effectively suppressed iNOS and

COX-2 expression in a dose-dependent manner.

2.4. HFCPSF4 inhibited NF-kB in LPS-induced RAW 264.7 macrophages

The cytosol and nuclear NF-kB levels of LPS-induced RAW 264.7 are shown in Fig. 52.
According to the results, LPS significantly active NF-«B, however, HFCPSF4
effectively suppressed NF-kB activation in a dose-dependent manner. These results
suggest that HFCPSF4 suppresses LPS-induced inflammatory in RAW 264.7 cells by
inhibiting the expression of pro-inflammatory cytokines and inflammatory proteins via

regulating NF-kB pathway.

165



LPS (1 ug/mL)
HFCPSF4 (ug/mL)

iNOS
COX-2

B-actin

Fig. 51. The effect of HFCPSF4 on the expression of iNOS and COX-2 in RAW 264.7
macrophages stimulated with LPS. (A) The inhibitory effect of HFCPSF4 on iNOS and
COX-2 expression; (B) the relative amount of iNOS and COX-2. The relative amounts
of iNOS and COX-2 were compared with B-actin. The experiments were conducted in
triplicate, and the data are expressed as the mean =+ standard error (S.E). *p < 0.05, **

p < 0.01 as compared to the LPS-treated group and "p < 0.01 as compared to the

control group.
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Fig. 52. The effect of HFCPSF4 on NF-«kB activation in RAW 264.7 macrophages

stimulated with LPS. (A) The cytosol IkBa and p-IkBa level; (B) the nuclear p5S0 and

p65 NF-kB level. The relative amounts of IkBa and p-IxkBa levels were compared with

B-actin, and the relative amounts of p50 and p65 NF-kB levels were compared with

nucleolin. The experiments were conducted in triplicate, and the data are expressed as

the mean + standard error (S.E). *p < 0.05, ** p < 0.01 as compared to the

LPS-treated group and "p < 0.01 as compared to the control group.
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Fig. 53. A schematic model of anti-inflammation activity of HFCPSF4 in RAW 264.7
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2.5. HFCPSF4 improved survival rate and reduced heart-beating rate in

LPS-induced zebrafish

The survival rates and heart-beating rates of zebrafish were determined. The survival
rate and heart-beating rate of zebrafish that did not receive LPS treatment were
considered to be 100% (Fig. 54). The survival rate of LPS-treated zebrafish was
significantly decreased (Fig. 54A). However, the survival rates of zebrafish pretreated
with HFCPSF4 prior to LPS treatment significantly increased. The heart-beating rate of
the zebrafish treated with LPS was significantly increased compared to control, but

significantly decreased with HFCPSF4 treatment.

2.6. Protective effect of HFCPSF4 against LPS-induced ROS generation, cell
death, and NO production in zebrafish

The effect of HFCPSF4 on ROS generation, cell death, and NO production in
LPS-treated zebrafish was measured. As Fig. 55 shows, HFCPSF4 significantly
decreased ROS levels in a dose-dependent manner. In addition, HFCPSF4 effectively

against LPS-induced cell death and NO production in zebrafish (Fig. 56 and Fig. 57).
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Fig. 54. The survival rate and heart-beating rate of zebrafish after treatment with
HFCPSF4 and/or treatment with LPS. (A) Survival rate; (B) heart-beating rate. The
experiments were conducted in triplicate, and the data are expressed as the mean +

standard error (S.E). *p < 0.05, ** p <0.01 as compared to the LPS-treated group and

"5 <0.01 as compared to the control group.

170



A) ®)
250 -

44
fiiid

| | **
I *%
0 12.5 25 50

LPS (10 pg/mL) + HFCPSF4 (ng/mL)

200 -

—
(53
1=}

LPS (10 pg/mL)

ROS generation (%)
=
(=]

50 4

Control

Fig. 55. The protective effect of HFCPSF4 against LPS-induced ROS production in
zebrafish. (A) Zebrafish under fluorescence microscope; (B) the measured levels of
ROS. ROS levels were measured using Image J software. The experiments were
conducted in triplicate, and the data are expressed as the mean + standard error (S.E).

*p < 0.05, ** p < 0.01 as compared to the LPS-treated group and *p <0.01 as

compared to the control group.

171



(4) ®)

35 4
»g 3 sk
LPS (10 pg/mL) £
5251
g
% 2 *%
—
£
LPS (10 pg/mL) + HFPS 15
- E N
0.5 A
LPS (10 pg/mL) + HFPSF4 (25 pg/t
0+ T

Control 0 12.5 25 50

LPS (10 pg/mL) + HFCPSF4 (ug/mL)

LPS (10 pg/mL) + HFPSF4 (som\ )

Fig. 56. The protective effect of HFCPSF4 against LPS-induced cell death in zebrafish.

(A) Zebrafish under fluorescence microscope; (B) the measured levels of cell death.
Cell death levels were measured using Image J software. The experiments were
conducted in triplicate, and the data are expressed as the mean + standard error (S.E).
*p < 0.05, ** p < 0.01 as compared to the LPS-treated group and *p <0.01 as

compared to the control group.
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Fig. 57. The effect of HFCPSF4 on LPS-induced NO production in zebrafish. (A)
Zebrafish under fluorescence microscope; (B) the measured levels of cell death. NO
production levels were measured using Image J software. The experiments were
conducted in triplicate, and the data are expressed as the mean + standard error (S.E).
*p < 0.05, ** p < 0.01 as compared to the LPS-treated group and *p <0.01 as

compared to the control group.
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3. Conclusion

In this study, we investigated anti-inflammatory activity of HFCPSF4 in vitro in RAW
264.7 cells and in vivo in zebrafish. The results indicate that HFCPSF4 possesses strong
in vitro and in vivo anti-inflammatory activities and could use for developing novel

anti-inflammatory drugs or ingredients in cosmetic products.
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Section 4: Whitening effect Hizikia fucoidan isolated from HFCPS in vitro in

B16F10 melanoma cells

Abstract

In the present study, the whitening effect of Hizikia fucoidan (HFCPSF4) was
investigated. The whitening effect was evaluated in alpha-melanocyte stimulating
hormone (a-MSH)-stimulated B16F10 melanoma cells. The result shows that
HFCPSF4 inhibited melanin synthesis through down-regulation tyrosinase, TRP-1, and
TRP-2, and MITF expressions by regulating the ERK-MAPK pathway in B16F10 cells.
These results demonstrate that HFCPSF4 possesses whitening effect and may use as a

melanogenesis inhibitor to develop a cosmetic in the cosmetic industry.
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1. Materials and methods

1.1. Reagents and Chemicals

MTT, DMSO, and alpha-melanocyte stimulating hormone (a-MSH) were purchased
from Sigma Co. (St. Louis, MO, USA). The DMEM, FBS, and penicillin/streptomycin
were purchased from Gibco BRL (Life Technologies, Burlington, ON, Canada).
Antibodies against microphthalmia-associated transcription factor (MITF), tyrosinase,
tyrosinase-related protein-1 and -2 (TRP-1 and 2), and ERK-MAPK were purchased
from Thermo Scientific (Waltham, MA, USA). Anti-mouse and anti-rabbit IgG
antibodies were purchased from Cell Signaling Technology (Beverly, MA, USA). All

other chemicals used in this study were of analytical grade.

1.2. Cell culture

B16F10 mouse melanoma cells (ATCC® CRL-6475™) were purchased from ATCC
(American Type Culture Collection, Manassas, VA, USA). The cells were grown in
DMEM supplemented with 10% heat-inactivated FBS, 100 ug/mL of streptomycin,
and 100 U/mL of penicillin. The cells were sub-cultured every 4 days and seeded at a

concentration of 5 x 10* cells/mL for experiments.

1.3. Cytotoxicity assay

Cytotoxicity of HFCPSF4 on B16F10 cells was performed by MTT assay [95]. Cells
were seeded in a 96-well plated and incubated for 24 h. Cells were treated with different
concentrations of HFCPSF4 and incubated for 72 h. A volume of 50 uL. MTT stock
solution (2 mg/mL) was added to each well. After 3 h incubation, the supernatant was
aspirated and 150 pL of DMSO was added to each well. Finally, the resulting formazan
crystals of MTT were dissolved in DMSO and the absorbance was measured at 540 nm

using a microplate reader.
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1.4. Determination of cellular melanin contents

In order to measure the cellular melanin contents of a-MSH stimulated B16F10 cells.
B16F10 cells were seeded in a 6-well plate and incubated for 24 h. Then, cells were
treated with various concentrations of HFCPSF4 and stimulated with a-MSH (50 nM).
After 72 h incubation, the cells were harvested. The harvested cells were incubated in 1
mL of IN NaOH containing 10% DMSO at 80°C for 1 h. After incubation, the solution
was centrifuged at 13,000g for 10 min and the absorbance of the supernatant was

measured at 490 nm using a microplate reader.

1.5. Western blot analysis

The effect of HFCPSF4 on the levels of melanogenesis-related proteins including in
MITF, tyrosinase, TRP-1, TRP-2, ERK, and p-ERK was assessed by Western blot
assay performed according to the procedure as described by Kim et al. [66]. In brief,
B16F10 treated with HFCPSF4 and stimulated with a-MSH (50 nM). After 72 h
incubation, cells were harvested and lysed. The protein level of each sample was
measured by a BCA™ kit. The proteins (30 pug) were separated on 12% SDS-PAGE
and transferred onto nitrocellulose transfer membranes. The membranes were blocked
with blocking buffer (5% skim milk) and incubated with primary antibodies for 16 h at
4°C. Then, the membranes were further incubated with secondary antibody at room
temperature for 3 h. Finally, the protein bands were visualized using an ECL western

blotting detection kit and exposed on X-ray films.

1.6. Statistical analysis

All experiments were performed in triplicate. The data are expressed as the mean +
standard error (S.E), and one-way ANOVA was used to compare the mean values of

each treatment in SPSS 12.0. Significant differences between the means were
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identified by the Turkey test. The p-value (p < 0.05) was considered to be statistically
significant. A value of *p<0.05, **p<0.01, and "p<0.01 were considered as

significantly different.
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2. Results and Discussion

2.1. Cytotoxicity of HFCPSF4

Cytotoxicity of HFCPSF4 on BI6F10 cells was examined by MTT assay, and the
results were summarized in Fig. 58A. As the result shows, HFCPSF4 shows significant
cytotoxicity on B16F10 cells at the 100 pg/mL. Therefore, the concentration of

HFCPSF4 on B16F10 cells for further study was determined not beyond 50 pg/mL.

2.2. Effect of HFCPSF4 on melanin synthesis in a-MSH-stimulated B16F10 cells

The melanin contains of a-MSH-stimulated B16F10 cells were measured. The melanin
content of the cells non-stimulated with a-MSH was referred as 100%. As Fig. 58B
indicates, the melanin content of the cells stimulated with a-MSH was over than 180%.
However, the melanin contents of cells treated with HFCPSF4 were dose-dependently
decreasing. These results indicate that HFCPSF4 possesses melanogenesis inhibitory

effect in a-MSH-stimulated B16F10 cells.
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Fig. 58. Cytotoxicity of HFCPSF4 on B16F10 cells. Cell viability was measured by
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2.3. Effect of HFCPSF4 on tyrosinase, TRP-1, TRP-2, and MITF levels and

ERK-MAPK phosphorylation in a-MSH-stimulated B16F10 cells

As Fig. 60 shows, the expression levels of MITF, tyrosinase, TRP-1, and TRP-2 were
improved by a-MSH stimulation. However, the expression levels of these proteins
were reduced in the cells treated with HFCPSF4. These results demonstrate that
HFCPSF4 against a-MSH-stimulated melanogenesis by inhibiting the expression of
MITF, tyrosinase, TRP-1, and TRP-2 in B16F10 cells. In addition, Fig. 61 shows that
HFCPSF4 significantly phosphorylated ERK-MAPK. The phosphorylated
ERK-MAPK subsequently leads to the degradation of MITF. These results
demonstrate that HFCPSF4 inhibited melanin synthesis through down-regulation
tyrosinase, TRP-1, and TRP-2 levels via inhibiting MITF by regulating the

ERK-MAPK pathway in B16F10 cells.

182



HFCPSF4 (25 pg/mL) - - + -

a-MSH (50 nM) - + * +
Arbutin (100 uM) - - - -
MITF s NN m—
TRP-1 e R “me—— e
TRP-2 : — W -
Tyrosinase ——" T W —

p-actin X X X

12 - OMITF &oTRP-1 @TRP-2 E Tyrosinase
## g

HHE e
e % o

Fig. 60. Effect of HFCPSF4 on MITF, tyrosinase, TRP-1, and TRP-2 expression in
a-MSH-stimulated B16F10 cells. The relative amounts of MITF, tyrosinase, TRP-1,
and TRP-2 levels were compared with -actin. The data were expressed as the mean
+S.E (n=3). *p < 0.05 and **p < 0.01 as compared to a-MSH-treated group and **

p <0.01 as compared to control group.
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Fig. 61. Effect of HFCPSF4 on ERK-MAPK phosphorylation in a-MSH-stimulated

B16F10 cells. The relative amounts of ERK and p-ERK levels were compared with
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184



Cell membrane

Cytoplasm

4| Inhibition

——> Stimulation

Fig. 62. A schematic model of whitening effect of HFCPSF4 in B16F10 cells.
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3. Conclusion
The present study investigated the melanogenesis inhibitory effect of HFCPSF4 in
a-MSH-stimulated B16F10 melanoma cells. The results indicate that HFCPSF4
inhibited melanin synthesis through down-regulation tyrosinase, TRP-1, and TRP-2
levels via inhibiting MITF by regulating the ERK-MAPK pathway in B16F10 cells.
These results demonstrate that HFCPSF4 possesses whitening effect and may use as a

melanogenesis inhibitor to develop a cosmetic in the cosmetic industry.

186



Section 5: UV protective effect of Hizikia fucoidan isolated from HFCPS in vitro

in HaCaT cells and in vivo in zebrafish

Abstract

In the present study, the ultraviolet (UV) protective effect of HFCPSF4 was
investigated in vitro in keratinocytes (HaCaT cells) and in vivo in zebrafish. The
intracellular ROS levels and the viabilities of UVB-irradiated HaCaT cells were
measured. The results indicate that HFCPSF4 significant reduce intracellular ROS
level and improve viability of UVB-irradiated HaCaT cells. Furthermore, HFCPSF4
remarkable decrease the apoptosis by regulating the expression of Bax/Bcl-xL, PARP,
and caspass-3 in UVB-irradiated HaCaT cells in a dose-dependent manner. In addition,
the in vivo UV protective of HFCPSF4 was investigated using a zebrafish model. The
results demonstrate that HFCPSF4 significant reduce intracellular ROS level, cell death,
NO production, and lipid peroxidation in UVB-irradiated zebrafish in a dose-dependent
manner. These results suggest HFCPSF4 possesses potent in vitro and in vivo UV
protective effect and it may be considered for use as an ingredient in the cosmetic

industry.

187



1. Materials and methods

1.1. Reagents and Chemicals

The DCFH-DA, acridine orange, 1,3-Bis (diphenylphosphino) propane (DPPP),
diaminofluorophore =~ 4-amino-5-methylamino-2',7'-difluorofluorescein  diacetate
(DAF-FM DA), MTT, and DMSO were purchased from Sigma Co. (St. Louis, MO,
USA). The DMEM, FBS, and penicillin/streptomycin were purchased from Gibco BRL
(Life Technologies, Burlington, ON, Canada). Bax, Bcl-xL, PARP, cleaved caspass-3,
and B-actin antibodies were purchased from Thermo Scientific (Waltham, MA, USA).
Anti-mouse and anti-rabbit IgG antibodies were purchased from Cell Signaling
Technology (Beverly, MA, USA). All other chemicals used in this study were of

analytical grade.

1.2. Cell culture and UVB irradiation

Human Keratinocytes (HaCaT) cell line was purchased from Korean Cell Line Bank.
The HaCaT cells were maintained in DMEM supplemented with 10% heat-inactivated
FBS, streptomycin (100 pg/mL), and penicillin (100 unit/mL) at 37°C. Cells were
sub-cultured at every 3 days and seeded at a density of 1.0 x 10 cells / mL. Ultraviolet
(UV) B irradiation was imposed using a UVB meter (UV Lamp, VL-6LM, Vilber
Lourmat, France) with a fluorescent bulb emitting 280~320 nm wavelengths with a
peak at 313 nm. HaCaT cells were irradiated at a dose of 30 mJ/cm? of UVB in PBS [44,

67, 96]. Cells were subsequently incubated until analysis.

1.3. Measurement of intracellular ROS generation in UVB-irradiated HaCaT

cells

HaCaT cells were seeded and incubated for 24 h. Cells were treated with HFCPSF4 for

30 min, then DCFH-DA (500 pg/mL) was added into each wells. After 30 min

188



incubation, cells were exposed to UVB (30 mJ/cm?) and the fluorescent intensities of
cells were determined at an excitation wavelength of 485 nm and an emission

wavelength of 535 nm, using a fluorescent microplate reader.

1.4. Determination of cell viability

For measuring the protective effect of HFCPSF4 against UVB-induced cell damage,
HaCaT cells were treated with HFCPSF4 for 2 h. Cells were then exposed to UVB (30
mJ/cm?) and incubated for another 24 h. Subsequently, cell viability was assessed by

MTT assay described previously [59, 68, 97].

1.5. Measurement of apoptosis body formation

The apoptosis body formation of UVB-irradiated HaCaT cells was determined by
nuclear staining. HaCaT cells were seeded and incubated for 24 h. After incubation,
cells were treated with HFCPSF4 and incubated for 2 h. After incubation, cells were
exposed to UVB (30 mJ/cm?) and incubated with serum-free DMEM medium for 6 h.
After incubation, cells were treated with 25 puL of Hoechst 33342 (stock, 10 mg/mL)
and incubated for 10 min. The stained cells were observed using a fluorescence

microscope equipped with a Cool SNAP-Pro color digital camera (Olympus, Japan).

1.6. Western blot analysis

The effect of HFCPSF4 on the expression of apoptosis-related proteins including in
Bax, Bcl-xL, PARP, and cleaved caspass-3 were assessed by Western blot assay
performed according to the procedure as described by Wijesinghe et al. [3, 5, 60]. In
brief, HaCaT cells treated with HFCPSF4 and irradiated with UVB. After 24 h
incubation, cells were harvested and lysed. The protein level of each sample was
measured by a BCA™ kit. The proteins (50 pg) were separated on 12% SDS-PAGE

and transferred onto nitrocellulose transfer membranes. The membranes were blocked
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with blocking buffer (5% skim milk) and incubated with primary antibodies for 16 h at
4°C. Then, the membranes were further incubated with secondary antibody at room
temperature for 3 h. Finally, the protein bands were visualized using an ECL western

blotting detection kit and exposed on X-ray films.

1.7. Application of HFCPSF4 and UVB to zebrafish

At 2 dpf, the zebrafish were transferred to a 24-well plate and treated with HFCPSF4
as the final concentration of 12.5, 25, and 50 pg/mL. After 1 hour, the zebrafish were
washed with embryo media and exposed to UVB (50 mJ/cm?) individual [23, 69].
After 6 h incubation, the zebrafish were washed with embryo media and stained with
DCFH-DA (20 pg/mL, 1 h), acridine orange (10 pg/mL, 30 min), DAF-FM-DA (10
puM, 3 h), and DPPP (3 uM, 1 h) for measuring ROS level, cell death, NO production,
and lipid peroxidation, respectively. After incubation, the zebrafish were washed two
times with embryo media and anesthetized by phenoxyethanol before visualization.
After anesthetized, the zebrafish larvae were photographed under the microscope
Cool SNAP-Procolor digital camera (Olympus, Japan). And the individual zebrafish

larvae fluorescence intensity was quantified using an image J program.

1.8. Statistical Analysis

All experiments were conducted in triplicate. The data are expressed as the mean +
standard error (S.E), and one-way ANOVA was used to compare the mean values of
each treatment in SPSS 12.0. Significant differences between the means were
identified by the Turkey test. Significance was established if *p < 0.05, ** p <0.01 as

compared to the UVB-treated group, and *p < 0.01 as compared to control group.
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2. Results and Discussion

2.1. Effect of HFCPSF4 on intracellular ROS generation and cell death in

UVB-irradiated HaCaT cells

The HaCaT cell damage level induced by UVB irradiation was detected by measuring
the intracellular ROS generation and cell death. As Fig. 63A shows, the ROS level of
UVB-irradiated cells was significantly increased compared with non-irradiated cells.
However, the ROS levels of the cells treated with different concentration of HFCPSF4
were significantly decreasing in a dose-dependent manner. In addition, the viability of
cells irradiated by UVB was significantly decreased, and dose-dependently increased
in HFCPSF4 treated cells (Fig. 63B). These results indicate that HFCPSF4 possesses

potent protective effect against UVB-induced HaCaT cell damage.

2.2. Effect of HFCPSF4 on apoptosis formation in UVB-irradiated HaCaT cells

In order to measure the apoptosis body formation, the cells were stained with a cell
permeable DNA dye Hoechst 33342. Then the nuclear morphology of cells was
examined by a fluorescence microscopy. The cell images were shown in Fig. 64.
According to the results, the amount of apoptotic bodies of HFCPSF4-treated HaCaT
cells were significantly decreased in a dose-dependent manner. It means HFCPSF4

possesses effect against UVB-induced HaCaT cell apoptotic.
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Fig. 63. Protective effect of HFCPSF4 against UVB-induced HaCaT cells damage. (A)
Intracellular ROS level of UVB-irradiated HaCaT cells; (B) the viability of
UVB-irradiated HaCaT cells. The experiments were conducted in triplicate, and the
data are expressed as the mean + standard error (S.E). *p < 0.05, ** p < 0.01 as

compared to the UVB-treated group and “*p < 0.01 as compared to the control group.
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Fig. 64. The apoptotic body formation levels in UVB-irradiated HaCaT cells. (A)
Nuclear morphology of non UVB-irradiated HaCaT cells; (B) nuclear morphology of
UVB-irradiated HaCaT cells; (C) nuclear morphology of cells treated with 12.5 of
ug/mL HFCPSF4 and irradiated with UVB; (D) nuclear morphology of cells treated
with 25 of pg/mL HFCPSF4 and irradiated with UVB; (E) nuclear morphology of cells
treated with 50 of pg/mL HFCPSF4 and irradiated with UVB; (F) reactive apoptotic
body formation. The apoptotic body formation was observed under a fluorescence
microscope after Hoechst 33342 staining. Apoptosis levels were measured using Image
J software. * p < 0.05, ** p < 0.01 as compared to the UVB-treated group and

"p < 0.01 as compared to the control group.
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2.3. Effect of HFCPSF4 on Bax/Bcl-xL, PARP, and cleaved caspass-3 levels in

UVB-irradiated HaCaT cells

The Bax/Bcl-xL, PARP, and cleaved caspass-3 levels of UVB-irradiated HaCaT cells
were measured by Western blot analysis, the results summarized in Fig. 65. As the
results shows, the UVB irradiation increase Bax level and decrease Bcl-xL level,
however, HFCPSF4 significantly increase Bcl-xL level and decrease Bax level in a
dose-dependent manner. In addition, HFCPSF4 reduce UVB-induced caspass-3
activation as well as improve PARP level in UVB-irradiated HaCaT cells. These results
indicated that HFCPSF4 inhibits UVB-induced apoptosis by regulation of Bax,

Bcl-xL, PARP, and cleaved caspass-3 levels.
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Fig. 65. Effect of HFCPSF4 on Bax/Bcl-xL, PARP, and cleaved caspass-3 levels in
UVB-irradiated HaCaT cells. The relative amounts of Bax/Bcl-xL, PARP, and cleaved
caspass-3 levels were compared with B-actin. The data were expressed as the mean
+S.E (n=3). *p < 0.05 and **p < 0.01 as compared to UVB-treated group and **

p <0.01 as compared to control group.
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Fig. 66. A schematic model of UVB protective effect of HFCPSF4 in HaCaT cells.
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2.4. Effect of HFCPSF4 on ROS generation, cell death, NO production, and lipid

peroxidation in UVB-irradiated zebrafish

As Fig. 67 shows, the ROS level in the zebrafish irradiated with UVB was significantly
increased comparing with non-irradiated zebrafish. However, the ROS level in the
zebrafish treated with different concentration of HFCPSF4 was dose-dependently
decreased. As Fig. 68 shows, HFCPSF4 remarkably attenuated cell death level in a
dose-dependent manner. In addition, Fig. 69 shows, the NO generation in the
UVB-irradiated zebrafish was significantly increased comparing with non-irradiated
zebrafish. However, the NO generation in HFCPSF4-treated zebrafish significantly
decreased in a dose-dependent manner. Furthermore, HFCPSF4 remarkable and
significant reduce lipid peroxidation in UVB-irradiated zebrafish (Fig. 70). These

results demonstrate that HFCPSF4 possesses strong in vivo UV protective effect.
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Fig. 67. The protective effect of HFCPSF4 against UVB-induced ROS production in
zebrafish. (A) Zebrafish under fluorescence microscope; (B) the levels of ROS. ROS
levels were measured using Image J software. The experiments were conducted in
triplicate, and the data are expressed as the mean + standard error (S.E). ** p < 0.01

as compared to the UVB-treated group and "p <0.01 as compared to the control

group.
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Fig. 68. The protective effect of HFCPSF4 against UVB-induced cell death in zebrafish.
(A) Zebrafish under fluorescence microscope; (B) the levels of cell death. Cell death
was measured using Image J software. The experiments were conducted in triplicate,
and the data are expressed as the mean + standard error (S.E). ** p < 0.01 as

compared to the UVB-treated group and *p < 0.01 as compared to the control group.
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Fig. 69. The protective effect of HFCPSF4 against UVB-induced NO production in
zebrafish. (A) Zebrafish under fluorescence microscope; (B) NO production levels. NO
production level was measured using Image J software. The experiments were
conducted in triplicate, and the data are expressed as the mean + standard error (S.E).
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Fig. 70. The protective effect of HFCPSF4 against UVB-induced lipid peroxidation in
zebrafish. (A) Zebrafish under fluorescence microscope; (B) lipid peroxidation levels.
Lipid peroxidation was measured using Image J software. The experiments were
conducted in triplicate, and the data are expressed as the mean + standard error (S.E).
** p < 0.01 as compared to the UVB-treated group and *p < 0.01 as compared to the

control group.
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3. Conclusion

In the present study, the UV protective effect of HFCPSF4 was investigated in vitro in
HaCaT cells and in vivo in zebrafish. The results indicate that HFCPSF4 significant
reduce intracellular ROS level, improve cell viability, reduce apoptosis body formation,
and regulate the expression of Bax/Bcl-xL, PARP, and caspass-3 in UVB-irradiated
HaCaT cells. In addition, HFCPSF4 significant reduce intracellular ROS level, cell
death, NO production, and lipid peroxidation in UVB-irradiated zebrafish in a
dose-dependent manner. These results suggest HFCPSF4 possesses potent in vitro and
in vivo UV protective effect and it may be considered for use as an ingredient in the

cosmetic industry.
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Section 6: Anti-wrinkle effect of Hizikia fucoidan isolated from HFCPS in vitro in

human dermal fibroblasts

Abstract

In the present study, we investigated the protective effect of HFCPSF4 against
ultraviolet (UV) B-induced skin wrinkling in vitro in human dermal fibroblasts (HDF
cells). The results indicate that HFCPSF4 significantly decreased intracellular reactive
oxygen species (ROS) level and increased the viability of UVB-irradiated HDF cells in
a dose-dependent manner. In addition, HFCPS significantly inhibited intracellular
collagenase and elastase activities, remarkably improved collagen synthesis, and
reduced matrix metalloproteinases (MMPs) and pro-inflammatory cytokines
expression by regulating nuclear factor kappa B (NF-«kB), activator protein 1 (AP-1),
and mitogen-activated protein kinases (MAPKSs) signaling pathways in UVB-irradiated
HDF cells. These results suggest that HFCPSF4 possesses strong UV protective effect,

and can be a potential anti-wrinkle ingredient in the cosmetic industry.
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1. Materials and methods

1.1. Reagents and Chemicals

The MTT, DCFH-DA, DMSO, azo dye-impregnted collagen, and
N-succinyl-Ala-Ala-Ala-p-nitroanilide were purchased from Sigma Co. (St. Louis, MO,
USA). The DMEM, Ham’s Nutrient Mixtures medium (F-12), 1X PBS,
penicillin/streptomycin, and FBS were purchased from Gibco BRL (Life Technologies,
Burlington, ON, Canada). Antibodies against B-actin, nucleolin, p-c-Jun, ERK and
phospho-ERK, JNK and phospho-JNK, p38 and phospho-p38, and NF-kB p65 and
NF-kB p50 were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Anti-rabbit IgG antibodies was purchased from Cell Signaling Technology (Beverly,
MA, USA). The ELISA kits used for the analysis of TNF-a, PGE,, IL-1p, and IL-6,
and production were purchased from Sigma Co. (St. Louis, MO, USA). PIP ELISA kit
was purchased from TaKaRa Bio Inc. (Japan) and Human MMP-1, 2, 8, 9, and 13
ELISA kits were purchased from GE Healthcare Life Sciences (UK). All other

chemicals used in this study were of analytical grade.

1.2. Cell culture and UVB-irradiation

Human dermal fibroblasts (HDF cells, ATCC® PCS201012™) were purchased from
ATCC (American Type Culture Collection, Manassas, VA, USA). HDF cells were
cultured in DMEM and F-12 mixed with a ratio of three to one supplemented with 10%
heat-inactivated FBS, 100 unit/mL of penicillin and 100 pg/mL of streptomycin. Cells
were sub-cultured every 5 days. Cells were incubated at 37°C under humidified
atmosphere containing 5% CO; in an incubator (Sanyo MCO-18AIC CO; Incubator,
Moriguchi, Japan). UVB irradiation was carried out using a UVB meter (UV Lamp,

VL-6LM, Vilber Lourmat, France), equipped with a fluorescent bulb emitting 280~320
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nm wavelength with a peak at 313 nm. HDF cells were irradiated in 1X PBS. Cell
medium was subsequently replaced with serum-free medium and incubated until

analysis.

1.3. Determination of the effect of HFCPSF4 against UVB-induced HDF cell

damage

The protective effect of HFCPSF4 against UVB-induced HDF cell damage was
determined by measuring intracellular ROS level and viability of UVB-irradiated HDF
cells. For intracellular ROS analysis, HDF cells were seeded and incubated for 24 h,
then, cells were treated with HFCPSF4 and incubated for 30 min. Subsequently, cells
were treated with DCFH-DA (stock, 500 pg/mL) and incubated for 30 min. After
incubation, cells were exposed to UVB (50 mJ/cm?) and the fluorescence intensity of
cells was determined according to the method described previously [72-74]. For
measuring the viabilities of UVB-irradiated HDF cells, HDF cells were treated with
HFCPSF4 and incubated for 2 h at 37°C. Cells were then exposed to 50 mJ/cm”of UVB

and incubated for 48 h. Cell viability was assessed by MTT assay.

1.4. Determination of relative intracellular elastase and collagenase activities on
UVB-irradiated HDF cells

HDEF cells were seeded in 100 mm culture dishes at a density of 2.0 x 10° cells per dish
and incubated for 24 h. Cells were treated with HFCPSF4 and incubated for 2 h.
Following incubation, cells were irradiated with UVB. After 48 h incubation, cells were
harvested and lysed with 0.1 M Tris-HCI (pH 7.6) buffer containing 1| mM PMSF and
0.1% Triton-X 100, followed by sonication for 5 min on ice. The lysates were

centrifuged (4000 rpm, 20 min) at 4°C. Supernatants were quantified for their protein
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content and were used as the fibroblastic enzyme solution. The relative elastase and

collagenase activities were measured by the method described by Suganuma et al. [75].

1.5. Determination of collagen synthesis level, MMPs expression levels,

pro-inflammatory cytokines levels on UVB-irradiated HDF cells

HDF cells were incubated with HFCPSF4 for 2 h, and exposed to UVB (50 mJ/cm?).
After 48 h incubation, the culture media were collected and used for assessment of
matrix metalloproteinases (MMPs) expression levels, pro-inflammatory cytokines
levels, and PIP level that reflect the level of collagen synthesis. The amounts of PIP,
pro-inflammatory cytokines, and MMPs were measured by commercial ELISA Kkits

based on the manufacturer’s instructions.

1.6. Western blot analysis

The effect of HFCPSF4 on the expressions of nuclear factor kappa B (NF-kB),
activator protein 1 (AP-1), and mitogen-activated protein kinases (MAPKs) were
assessed by Western blot analysis performed as described previously [98]. In brief,
cells were treated with HFCPSF4 and irradiated with UVB. Cells were harvested after 1
h (for MAPKSs assay) or 6 h (for NF-kB and AP-1 assay) incubation. Proteins were
extracted with the PROPREP protein extraction kit (iNtRON Biotechnology, Sungnam,
Korea). The protein level of each sample was measured by a BCA™ kit. The proteins
(50 pg) were separated on 12% SDS-polyacrylamide gels and transferred to pure
nitrocellulose membranes. Membranes were blocked with 5% skim milk for 3 h at
room temperature and incubated with primary antibodies overnight at 4°C. After
washing with TBS-T buffer, membranes were incubated with secondary antibodies for
3 h at room temperature. Finally, the protein bands were visualized using an ECL

western blotting detection kit and exposed on X-ray films.
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1.7. Statistical Analysis

The experiments were performed in triplicate. The data are expressed as the mean +
standard error (S.E), and one-way ANOVA was used to compare the mean values of
each treatment in SPSS 12.0. Significant differences between the means were
identified by the Turkey test. A value of *p<0.05, **p<0.01, and "p<0.01 were

considered as significantly different.
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2. Results and Discussion

2.1. HFCPSF4 improves cell viability and reduces intracellular ROS in

UVB-irradiated HDF cells

As Fig. 71 shows, cell viability was decreased while intracellular ROS level was
increased after UVB irradiation. However, the viabilities of cells treated with
HFCPSF4 were improved as well as the intracellular ROS level was reduced in a
dose-dependent manner. These results indicate that HFCPSF4 possesses a potent

protective effect against UVB-induced cell damage via ROS clearance in HDF cells.

2.2. HFCPSF4 inhibits intracellular collagenase and elastase activities in

UVB-irradiated HDF cells

As Fig. 72 shows, the relative collagenase and elastase activities of UVB-irradiated
HDF cells were significantly increased comparing to non-irradiated cells. However,
relative activities of both two enzymes were dose-dependently decreased in
HFCPSF4-treated cells. These results suggest that HFCPSF4 may act as an inhibitor of
fibroblast collagenase and elastase and may prevent wrinkle formation induced by

UVB irradiation.
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Fig. 71. Protective effect of HFCPSF4 against UVB-induced HDF cell damage. (A)
Intracellular ROS scavenging effect of HFCPSF4 in UVB-irradiated HDF cells; (B)
protective effect of HFCPSF4 against UVB-induced HDF cell death. Cell viability was
measured by MTT assay and intracellular ROS level was measured by DCF-DA assay.
The experiments were conducted triplicate, and the data were expressed as the mean +
standard error (S.E). *p < 0.05, ** p <0.01 as compared to UVB-irradiated group and

"p < 0.01 as compared to control group.
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Fig. 72. HFCPSF4 inhibits cellular collagenase and elastase activities in
UVB-irradiated HDF Cells. (A) Relative collagenase activity; (B) relative elastase
activity. The experiments were conducted triplicate, and the data were expressed as the
mean =+ standard error (S.E). *p < 0.05, ** p < 0.01 as compared to UVB-irradiated

group and *p < 0.01 as compared to control group.
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2.3. HFCPSF4 protects collagen synthesis and reduces MMPs and

pro-inflammatory cytokines expression levels in UVB-irradiated HDF cells

As Fig. 73 shows, UVB irradiation significantly decreased collagen synthesis in HDF
cells and HFCPSF4 dose-dependently protects collagen synthesis (Fig. 73A).
Furthermore, MMPs and pro-inflammatory cytokines expression levels were
significant increase in UVB-irradiated HDF cells but decrease in HFCPSF4-treated
cells (Fig. 73B-F and Fig. 74). These results indicate that HFCPSF4 effectively protects
collagen synthesis and reduces the expressions of MMPs and pro-inflammatory

cytokines.

2.4. HFCPSF4 inhibits NF-kB activation, reduces AP-1 phosphorylation, and

suppresses MAPKSs activation in UVB-irradiated HDF cells

The activated NF-xB, AP-1, and MAPKSs levels by Western blot analysis. The results
indicate that UVB irradiation significant phosphorylates AP-1, however, HFCPSF4
remarkable reduces the phosphorylated AP-1 levels (Fig. 75 B). In addition, UVB
irradiation significant increases nuclear levels of NF-kB (p65 and p50); however,
HFCPSF4 treatment remarkably reduces nuclear NF-«B levels in UVB-irradiated HDF
cells (Fig. 75B). Furthermore, HFCPSF4 treatment effective suppresses UVB-induced
p38, INK, and ERK phosphorylation in UVB-irradiated HDF cells (Fig. 76). All effects
are dose-dependently. These results demonstrate that HFCPSF4 blocks NF-xB
activation, and reduces AP-1 phosphorylation through suppression of MAPKSs

activation in UVB-induced HDF cells.
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Fig. 73. HFCPSF4 improves collagen synthesis and reduces MMPs expression in
UVB-irradiated HDF cells. (A) Collagen synthesis level in UVB-irradiated HDF cells;
(B) MMP-1 expression level in UVB-irradiated HDF cells; (C) MMP-2 expression
level in UVB-irradiated HDF cells; (D) MMP-8 expression level in UVB-irradiated
HDF cells; (E) MMP-9 expression level in UVB-irradiated HDF cells; (F) MMP-13
expression level in UVB-irradiated HDF cells. Collagen synthesis level was reflected
by the amounts of PIP, and the amounts of PIP and MMPs were measured by the
commercially ELISA kits, based on the manufacturer’s instructions. The experiments
were conducted triplicate, and the data were expressed as the mean + standard error
(S.E). *p < 0.05, ** p < 0.01 as compared to UVB-irradiated group and *p <0.01 as

compared to control group.
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Fig. 74. The effect of HFCPSF4 on the production of PGE,, TNF-a, IL-1p, and IL-6 in
UVB-irradiated HDF cells. (A) The production of PGE;; (B) the production of TNF-q;
(C) the production of IL-1B; (D) the production of IL-6. The levels of PGE,, TNF-a,
IL-1pB, and IL-6 production were examined using ELISA kit. The experiments were
conducted in triplicate, and the data are expressed as the mean + standard error (S.E).
*p < 0.05, ** p < 0.01 as compared to the UVB-irradiated group and *p < 0.01 as

compared to the control group.
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Fig. 75. HFCPSF4 blocks UVB-induced NF-kB activation and reduces AP-1
phosphorylation in UVB-induced HDF cells. (A) The cytosol IkBa and p-IxBa level,
(B) the nuclear p50, p65 NF-kB, and phosphorylated AP-1 levels. The relative amounts
of IkBa and p-IkBa levels were compared with B-actin, and the relative amounts of p50,
p65 NF-kB, and phosphorylated AP-1 levels were compared with nucleolin. The
experiments were conducted triplicate, and the data were expressed as the mean =+
standard error (S.E). ** p < 0.01 as compared to UVB-irradiated group and “p < 0.01

as compared to control group.
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Fig. 77. A schematic model of anti-wrinkle effect of HFCPSF4 in HDF cells.
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3. Conclusion

In conclusion, in the present study, the effect of Hizikia fucoidan isolated from HFCPS
against UVB-induced skin damage in vifro in HDF cells was investigated. The results
indicate that HFCPSF4 significantly protected collagen synthesis, reduced MMPs and
pro-inflammatory expressions in UVB-irradiated HDF cells by regulating NF-«B,
AP-1, and MAPKSs signaling pathways. These results suggest that HFCPSF4 possesses
strong UV protective effect and has the potential to be used as an ingredient in

pharmaceutical and cosmetic industries.
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CONCLUSION
The above results suggest Hizikia fucoidan possesses strong cosmeceutical effects
including antioxidant, anti-inflammatory, whitening, UV protective, and anti-wrinkle
activity, and can use as a potential ingredient in pharmaceutical and cosmetic

industries.
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