l ‘ ISSN 2466-2046 (Print)

Check for
updates

ISSN 2466-2054 (Online) Asian J Beauty Cosmetol 2023; 21(4): 653-664 http://dx.doi.org/10.20402/ajbc.2023.0082

RESEARCH ARTICLE Open Access

Antioxidant, Anti-inflammatory, and Anti-wrinkle Effects of
Sargassum homeri Extract in vitro

Dong-Sub Kim*', Geon Kim', Nak-Yun Sung®, In-Jun Han", Minjee Kim®, Chun Sung Kim?, Yunu Jung"’
‘Division of Natural Product Research, Korea Prime Pharmacy Co., LTD, Suwon-si, Gyeonggi-do, Korea
’Department of Oral Biochemistry, College of Dentistry, Chosun University, Gwangju, Korea

“Corresponding author: Yunu Jung, Division
of Natural Product Research, Korea Prime
Pharmacy Co., LTD, 147, Gwanggyo-ro,
Yeongtong-gu, Suwon-si, Gyeonggi-do
16229, Korea

Tel.: +82 31 8025 6920

Fax: +82 31 888 6699

Email: jwy87@naver.com

"These authors contributed equally to this
work.

Received August 17, 2023
Revised November 27, 2023
Accepted December 04, 2023
Published December 30, 2023

Introduction
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Abstract

Purpose: This study mainly aimed to confirm the antioxidant activity, anti-
inflammatory, and collagen production enhancement effects of the Sargassum
horneri (SH) extract. Methods: The measurement of the total flavonoid and total
polyphenol content, 2,2"-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS),
and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activities confirmed
the antioxidant efficacy of the SH extract. The expression level of interleukin 6 (IL-6)
and its upstream mechanism pathway, mitogen-activated protein kinases (MAPK),
were evaluated for anti-inflammatory efficacy in human dermal fibroblast (HDF)
cells. The collagenase and elastase levels were measured in terms of the ability to
inhibit collagen degradation. On the contrary, collagen type 1 (COL1) and matrix
metallopeptidase 1 (MMP1) were conducted to confirm the collagen production
ability. Results: The DPPH and ABTS radical scavenging abilities of the SH extract
were 86.87%+12% and 76.49%+2.94%, respectively, at the highest concentration of
1000 pg/mL, confirming 51.62+1.945 and 79.65+4.732 mg/g of total polyphenol
and total flavonoid, respectively, which are known to have antioxidant effects. The
anti-inflammatory effect of SH in HDF cells was reduced by up to 56.8% compared to
the control group due to a significant decrease in MAPK. The SH extract significantly
reduced collagenase and elastase, thereby inhibiting collagen degradation. On the
contrary, increasing COL1 and decreasing MMP1 in HDF cells confirmed collagen
production. Conclusion: Therefore, SH extract is a potential functional cosmetic
through its antioxidant, anti-inflammatory, and collagen degradation inhibitory
activities.

Keywords: Sargassum horneri, Antioxidant, Anti-inflammation, Anti-wrinkle,
Antiaging
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Antiaging Effect of Sargassum horneri Extract

7 =35 XA TRt 22lo] E3HE0 YA 29la}t A4
sto] o] 3ks ZXSK= A n|3tthJenkins et al., 2002:
Landau, 2007),
Ty 3ho] hEA YR eolos TR wzle 9%t ek
A BZYoun et al., 2012), 952 Q9lo=Z <l &
9 Aksla AEH A(PoljSak & Dahmane, 2012) ¥ ¥% Z7HPillai
et al,, 2005) o] Uk, AW YA 8218 4 7|He2 o
2ERA A oF 22 T EE Wiy} sk, o] 9RO £E,
Az, @84 2ol 71o9gHThornton, 2013). W-9J744 2.1
T+ AAISA A A (reactive oxygen species, ROS)= =3} @A}
of a3t UAo= YA UtkNa ef al., 2018). zrl4 & ]y
A 59 ohedt o 2191y} R Aoz ) AYHE /At
A% receptor tyrosine kinase (RTK) @ receptor protein tyrosine
phosphatase (RPTP) 94| 58& A3jstA "t RTKY 14t}
= mitogen—activated protein kinase (MAPK)2} nuclear factor
Kappa B (NF-kB)9] /4315 =51l o]« Z2hile] A& Al
SH1, MMP §87 HALE Z7hA1A, 33 22 ) Sebiope a
AlZItHKammeyer & Luiten, 2015), wabA, 79| s} F59
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B+ A AcHSong et al,, 2014; Lee et al., 2022). Z
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2019; Dias et al., 2021; Kim et al,, 2015), 887]% 7}4(Han et
al., 2020), BA8HKo et al., 2021), BTt 7§ (Murakami et al.,
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Material & Methods

1. A 2=
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BAo|mAE 2E2EF ¢7] fIste] HE FAo| = Y=
A A7kt 2% 90ColA 4 h 5 FESU FE0]
¢ 2252 W (bag filter)E B85t offsigltt o $ A4
whaks%7](CEP-20S: Okawara, Japan)g o|-83to] 13E A
20% brix7} E=F 5= EFAR(HKC-100-DJ; Gea Niro,
Denmark) 3t & AJo| AR FEE2 ARSI

Tl BAS f15te] & AHo AMS-E p—p38, p38, p—ERK, %
ERK 3% Cell Signaling Technology (CST, USA)ellAl 13k
1, p—JNK, JNK &A= Santa Cruz Biotechnology Inc, (USA)®]
A FYste] Ag-sHT

243 4
1) & Stz &
& 294

= 3HRS Folin—Ciocalteu's phenol A2k o] 83t 1t
Ao 2 ZAskgltt, Ao mARE 225 1 mg/mLE A&k
1 % 200 uLE #3t F 100 uL 50% Folin—Ciocalteu's phenol A]
kS H7lsk, ol&S A=A 30 min ¥-3-A1Z] & Microplate
Reader (Epoch; Bio—Rad, USA)& ©]-€35}4] 750 nm oA &
B=E S5t ST g2 gallic acid EE2YFTAS 0|85t
o 1 g9 EE Foll T4 gallic acid?] Y22 AX|aHHLE,

2) & BetEL0|= B

T EetEolE Pk B =AWt $2E(1 mg/mL) 100 uL
o] 1 mL diethylene glycol& A7}5taL, THA] 1 N sodium hydroxide
(NaOH; Sigma—Aldrich, USA) 100 uL *]2]}o] 37°C water bath
o] 1 h ¥3-A171 & Microplate Reader2 ¢85} 420 nmollA &
FEE 2450, ®#EF4AE naringin %8 0-300 pg/mLo]
HEE sto] 2MdstaL o] 25 E F STk ol E S ok

3) DPPH 2tC|Zt A7

Yo A =250 At aIE Brlshr| Yste] DPPHY
A iz aAS RIS Hgh&ol g-3gt 200 uM DPPH
900 uLol )M ARE 50 uL H7Hstd 37Ol 30 min FoF ¥
SAI71 3, Microplate ReaderE ©]-&3}9] 517 nmojA SJ=5 =
A8k}, Ascorbic acidE FAUNZR Ao Z AMESIHon BRPo]r
AR F2E AT} FA Y SHE FAEE Uit

0z

4) ABTS 2iClzd A7 24

ABTS®} potassium persulfateS E5HH ABTS hr]Zho] AJA
wed), BolmAt 2259 gt EAT §hste] gol2o]
Ao 2N ERo HEMo| SME o]9] TFEE SAsto] §
A3} 58S £ 4 vt AIE S92 SRl 7 mM ABTSS
2.45 mM potassium persulfateS A7}5to] A2of|A 16 h vjs}t
of ABTS ¢F o2& AAAIZ1 £ 720 nmellA F3=9] 3] 0.7 ©]
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817} B =5 3)Aste] A2k}, T th ABTS -84 100 uLefl Al
2 £ 100 uL& 73t 3 30 min 3¢, Microplate ReaderE ©]
&3] 720 nmolA FB=E SAHAY. SAAHEL(2.45 mM
potassium persulfate buffer)?] SZ =2} H|Wdle] SHEE ZHAA|
7l AEE vE HERASIT

5) Human dermal fibroblast cell H{QF 2! 2F= x{2|

Human dermal fibroblast (HDF)= @A 523 (Korean Cell
Line Bank, KCLB, Korea)ol|A] £<F dro} 10% fetal bovine serum
(FBS; Gibco—BRL, USA)3} 1% Penicillin—Streptomycin solution
(P/S)& #7¥8t Dulbecco's Modified Eagle's Medium (DMEM;
Gibco—BRL, USA) %ol 37°C, 5% CO, 2704 wiatact. Al
I ujeRilRl= AlEZ7F 80% o Akt Al el A 2-3Umirt wekstg]
ot

6) MTT assay

B o |mAE F2EE HEZEFE Felsty] 9l HDF A=
£ 96 well plateo] 1x10* cells/well2 253t & 377, 5% CO,
incubatoroll Al 24 h F<¢F HiYsHA HEZE FH3] F2FA7| AL,
PPolmAgt 22E Fof wat PBS &8st 24 h <t A
3t Welld 20 uLe] 3—(4,5—dimethylthiazol— 2—y1)—2,5—
diphenyltetrazolium bromide (MTT: Sigma—Aldrich) (1 mg/
mL)& A7t 4 hgt ¥RAIFHT, MTT Alek H7k=2 A7
formazans =0]7] 98 A dimethyl sulfoxide (DMSO; Sigma—
Aldrich)Z 100 uL# H7}5kaL, 1 h $ Microplate ReaderS ©|-&3}
o] 517 nmo|A EFEE 245192, control (medium only)2)
e 3 71808 NE5A3E vl asisich

7) IL-62H| xS EIt

48 well plateo]] HDF A|ZEZ 5% 10* cells/well2 £535F & HAo|
A 2253 47 de TR A 24 h &, LPS 1 ug/
mLE 24 h 2sto] wjgsto] JedE Eefaisict. w29 g 4
SH9] [1.-6 TS ELISA kit (Thermo Fisher Scientific, USA)&
ARgBt] Zstgom, ofuf Afo| E7IR1S] FE= kitoll ZFE o] §L
= IO 2 RE AEH EETA 02 HE A=t

[ — =L
M3t SEE 2 FE M &5

M oM o | =X =ES9)
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8) Reverse transcription—polymerase chain reaction (RT-PCR)i|
O[5 mRNA gisi 24

HDF A|zof thet Pgo|mapit £5529 mRNA T3S &
31719J3l, HDF AMEE 6 well plateo]] 5% 10* cells/well2 253t
T PAo| A FEEE 47 Ys TEE AHPSI3lL 24 h &
LPS 1 pg/mLE 24 h A2stgit}, o] A5HE AASL trypsin
(Gibco—BRL, USA) €H& o|-g-sto] |25 Ee|siqict, 225 Al
EZ PBSE A|23}3l RNeasy mini kit (QIAGEN, USA)E AR
8lo total RNASSE3191, total RNAOA cDNAE $HAst=
9] MaximeTM RT Pre—Mix (Intron, Korea)e AR&-3}5ich 34
% cDNA9J| primerS 21 real—time polymerase chain reaction
(Real—time PCR) W02 ZZA|AH mRNAE 3H4J51e] 7500 fast
system (Applied Bio—systems, USA)& o]&3] &AstAt}t, &4}
112} 3= mRNAE GAPDHE 215 33} 8193 7500 software
(ver.2.3; Applied Bio—systems)2 AME3Fe] AASIH T, mRNA
primer= Cosmogenetech (Korea)ol|A] o}l F9} Zo] trso] A
SticHTable 1).

o

-

9) Western blot £
HDF A|xZo thgt Fgo| =t 2259 [L-6 ©id ddS
Ast7] Y3l HDF N|ZE 6 well plateo]] 5% 10* cells/well2 &
g & Yol Bt 2EES A7 U= FEE S 24
LPS 1 ug/mLE 24 h A2ttt MAPK 714 #44& 9igt
A EeE 6 well plateo] 5x 10 cells/well2 E5g+ 5 3JAJo)
B FEES A7 S 52 A2SIHL 24 h ¥, LPS 1 ug/
30 min AZstGct, o]F Ty BAE 9] JsHE Al
ASL trypsin (Gibco—BRL) $HE o] g3t A2E £&5t9
o}, 2% N EE PBSZ A|&3%t the, nuclear and cytoplasmic
extraction reagents kit (Thermo Fisher Scientific)S ARE-5}o] A
27 Uo] ehalzS 225193 BCA protein detection kit (Thermo
Fisher Scientific}S ARl A3} 10% Tris—glycine mini gel
(Thermo Fisher Scientific)o]l welld 20 pge] @2 loadingd}od
SDS-PAGEZ £&]3}%t}. ©|E polyvinylidene difluoride (PVDF)
membrane (Invitrogen)& transferdt ¥, membranes 10 mLe)
blocking solution®ll 2 h &<t W3t & o|F A|AsIL 12} JAE

1:1,0002.2 5% skim milko]| 3]4j8}te] 4CoA overnight BHS-AIH

Z oA AN e

e

Table 1. Sequences of synthesized oligonucleotides targeting /IL-6 and MMP1 promoter

Gene Primer
Forward
-6
Revers
Forward
MMP1
Revers

Sequence
TAACAGTTCCTGCATGGGCGGC
AGGACAGGCACAAACACGCACC
TCTGACGTTGATCCCAGAGCAG

CAGGGTGACACCGACTGCAC

IL-6, interleukin 6; MMP1, matrix metalloproteinase 1.
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t}, o] TBSTO.& 1084 43] A&HstaL, 22} A5 5% skim milk
of 1:3,0002.2 3)43}e] 2 h S ¥H3-A)7]32, TBSTZ 10 minZt
43] A Fst5 e
LAS—4000 (GE healthcare life sciences, USA)S o]-&3}e] BicE
4815t

™, West Femto maximum sensitivity substrate®}

10) ImmunofluorescentEA]

HDF Alazo] gt Fgo| 2wt =559 F vild o
<2 24317] Y3l, HDFAIEZE 4 well plate] 5x 10° cell/well= Hj
gotgon BPoluARt F22EE 24 h AT, 4F5AE AA
3t 5 10% Z2YH L Z 10 min 2ASIFL}, o|F 5% FBS7} g
H PBSE A &3 F, 5% BSA Blockingd}ith. Collagen 1 (COLL:
Santa Cruz, USA) FAE 1:200 vl &E 3]4J5te] AHlste] 4T
oA overnight ¥H-&-AIATE ©]F TBSTOZ 5 min¥ 3¥ A|&st
i, 22 PAE 11100022 34ste] 1 h % §ES-A17]aL, TBST
2 5 min7t 33] A Fsttt, DAPT GAL 17 §do] Z3HE
VECTASHIELD® Antifade Mounting Medium with DAPI (Vector
Laboratories) & AM-3FFTE &3Zo]u]x]&= EVOS M7000 (Thermo
Fisher Scientific)& o|-&3}o] £43}t}

11) Collagenase x| &M =X

By o] = AL —’F%E——] FE/MA 2RE Brtstr] S8
Collagenase 84 9Als< &913) L% 3 F2E
< 43t 1, 25, 50, 100, 250, 500 ¥ 1000 pg/mL E=
Z 9= & 0.1 M tris—HCI buffer (pH 7.5, Sigma—Aldrich)
o] 4 mM calcium chloride (Sigma—Aldrich)& H7}sl2

4—phenylazobenzyloxycarbonyl—Pro—Leu—Gly—Pro—DArg (0.3
mg/mL) (Sigma—Aldrich)E <21 9 0.5 mLell A% 0.2 mLE ¥4l

DPPH radical
Scavenging activity (%)

SH (ug/mL) 0 50 100 250 500 750 1000 0
Ascorbic acid

t} o] & 200 U/mL Collagenase type I (Sigma—Aldrich) 0,3 mLZ
A7kste] A0 20 minZt ¥REA|ATLH YRS AN O 59 citric
acid 0.5 mLZ ¥ ethyl acetate 1 mLE F7}5l%] Microplate
ReaderE: ©]-8319] 320 nmollA] FFEE S45I5i olnf, =2
3} 8|15} collagenase AeE-S WEE%)ZE 3Tt

12) Elastase 9A| &M =X
‘@*30151}“]' 259 FE/N BE B7Isl] Y8l elastase
& Ik, FANETEE adenosine AMSHE 2™
0.1 M Tris—HCI buffer (pH 8,0)l| 25, 50, 100, 250, 500 % 1000
Hg/mL FEE 3% *MiOlEZ}HP 28 220 pLell 2 mg/mL
N—succinyl—Ala—Ala—Ala—p—nitroanilide 20 uLZ A7}slo] 25°C
Z2700A 20 min ¥REAIT] T, €& QoA WS FEA &
Microplate ReaderE 0834 405 nmolA =S SAsIHTh

3. SAIXz|

2 a7 dig d@dn= SAEA SAS 8.28 ©]&3to
Bonferroni post tests®] thEEH$AA 1} Student's ¢ testZ p<0.05
FEolA F9489E ASsIh Ze AP 33 o} jHEs] 5
Uy 7:'-4§ ARGt o A Al di2go] o WEs
2 B+ REHAE Y

Results and Discussion

1, WMo|=xgte| stitst St &l
1) ABTS, DPPH radical A& Z7

Wohs 8o, ek AEYA

)]

—_

L

A B AT E4E

ABTS radical
Scavenging activity (%)
> o 6B
c o °
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Figurel. DPPH and ABTS radical scavenging activity of Sargassum horneri (SH) extracts.

(A) Radical scavenging activities of 1,1-diphenyl-2-picrylhydrazyl (DPPH) and (B) 2,2"-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid
(ABTS) assays were measured to evaluate the anti-oxidant effects of SH at varying concentration of O, 50, 100, 250, 500, and 1000 pg/
mL. Results are expressed as the meanzstandard deviation (SD) (n=3). Student’s t-test with a significant level of *<0.05 compared to

Blank (O pug/mL) group was used for statistical analysis.
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£ st Ao Abst/ehle] Ed g f=3it), o= ¢H(Dreher
et al., 1996), 4@ AsHMimié—Oka et al., 1999), T& =3}
(Poljak & Dahmane, 2012) 59| thgt Aol A F23 A<lo|
Hot, gEbA 2 2 4 olf e gR k3 588 98
ot A o 27 B2 A 858 9 Bt =
22X 8t 2 AT A Aol EA FE2ES] atst
a5S FRIsk] 3l 0 ug/mLHFE 1000 pg/mL7HA] Xzjste] &
Aksh E44E ERIsHSIch(Figure 1A, B). FAAURFELZE ascorbic
acidg A2|3t5itt, DPPH 2tz &7 A|gol|lA Aol magt 5=
£ A¥e 100 pg/mLAE FoHQl 3itst 52 AT 5= 9
g, H1 5= 1000 ug/mLe] 7 86.87+12% = &A
50| =& AL, ol FAHERT ascorbic acide] AlEZE
721 90.22+0.09% 27 2ATH AR AsHITHFigure
1A). ABTS izt 275 A olx] BP0 B 2&5E A= 50
ug/mLAE 10,43+5.95% AL 2745 B} e AE S0t
gon, 3 =2l 1000 ug/mLoAlAE 76,49+2.94% 2]z &
As a7t g ERIsHTHFigure 1B), & At oflA= Aol
B 2229 A 2 A5 FANRET fARE ATE
Hol gt} a7} o 22 Z 02 wE

L Aoz waA 9lon m3 T Abbo| o3t A
E &4 Hs avka Qe st Ay ko] i YH =t e

O

N
i
10
ob
uf
)
H
i
o=
ob
i}
E;?
o
|

ol
0!
&
ey
2
S
)
H
&
9
)

of Yebfiglct, BAYo|=A I FE2EL2 5 gl 51.62+1.945 mg/
g, & ZgRwo|EE 79 65+4,732 mg/g7t TEE o] LS ¢l
STt 2 A AdjolA PAPoluat 2250 & Zavs Y &
Eeti-o]E 3y AT} tEo] DPPH, ABTS &75 &4 475
B3l AL S50l IS AR U

YrYo| At 2EFo| o5t AE EAS B71517] 3, Human
Dermal Fibroblasts (HDF) A3£9] 0-1000 pg/mL FE=712] 223}
o] 24 h HjoFEt T MTT assay A|@HES S8 21S stgr)
1 A3}, PRYo|mApHE 2250 950 ug/mlLEE FoF o8 E4o]

M oM o | =X =ES9)

oY
ool
I}
Ol
b=}
-\)l
il
=
rx
I
or
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’
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100f
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Figure 2. Effect of Sargassum horneri (SH) extracts on the cell
viability in human dermal fibroblasts (HDF).

SH were administered at the concentration of 50, 75, 100,
250, 500, 750, and 1000 pg/mL. After 24 h, cell proliferation
was determined by MTT assay. Results are expressed as the
mean+SD (n=3). Student’s t-test with a significant level of "<0.05
compared to Blank (0O ug/mL) group was used for statistical
analysis.

ofr

YL SISO, AT FEY ST/ 100 pe/mLeS B3
CHFigure 2), o1, HDF A/Zo] tie Bgolmrpit 358 53 A
e AT EE 100 pg/ml. 02 A1) e,

2) &g

oz

7t

oA A f2 Sk 9 detiEn 22 mi 2 A
9] A A (Granstein et al., 1989), ABIAEH A Z7HKim et al.,
2012), 9§ w=3te] EX1(Fuller, 2019) 59 T 23 F4] ¢
Qo= ua A itk mEhA gf st JAof QoA FEF B
2 7154 AAE 9B Nl ol Fag AR F HE <
A lon, IL-69 2 gEZ AFA cytokine?] WIS F3
&olo] 7153}tk Mitogen—activated protein kinases (MAPK)s=
ERK1/2, JNK, p38 59 duld S x3lsl= AoHd A==, g5,
AFAELG A M2 &4 T 3 T2 AT §h3ste] SAstEn
(Corre et al., 2017). MAPKs®] 38 7% & PR tha] AlZofA]
oS 2= 2 0R 49 A 9o, ERK1/2, JNK, p339] 24
3= ¥54 cytokine ¢l IL—6 ¥ TNF—ad] B £X& =8 5
UehKim et al., 2023). webA FAF 24 Aol 1ol MAPKs
L F8 71M0 R AT Y}, 2 At HDF A|Zoj| 4 B4
o|EARE 2EE A7t FHF A5 I tlEo] MAPKs 71H ¢

Ol
ol
olr
&

Table 2. Total polyphenol and flavonoid contents of Sargassum horneri extracts

Amount (mg/g)

Group
Total polyphenol

Extracts of SH 51.62+1.945

Total flavonoid
79.65%4.732

SH, Sargassum horneri.
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Figure 3. Effect of Sargassum horneri (SH) extracts on anti-inflammation in human dermal fibroblasts (HDF).

SH were administered at the concentration of 10, 50, and 100 pg/mL. (A) Cytokine (interleukin 6 [IL-6]) productions in culture
supernatant were investigated by enzyme-linked immunosorbent assay (ELISA) kits. (B) mRNA levels of /-6 in HDF cell treated with SH. (C,
D) MAPKs protein expressions were analyzed by Western blot analysis. Results are expressed as the mean+SD (n=3). statistical analysis
was performed using Student’s t-test with a significant level of #<0.05 compared to Blank (LPS Non-treated) group and *<0.05 compared

to control (LPS treated) group.

& Feldly] 3lod, Elisa AFW © mRNA LAY
NS ol IL-69] T}, Tud wask AFHS B Qat
3Hel p38, JNK, ERKS Z43t3lth, d35-fas 83 o ot 2
92§51 $J8 HDF AlZe] A58 Fidshe daal 549
LPSE AZatgiom, 1 Axt HDF Al LPS Agle 9oz
IL-6 ‘Q?‘a%ﬂ F7FteS EstichFigure 3A, B). Aol
Ak 2559 AT B5S I] foted, 50l e =Y
Q1 LPS A2 ol FAgo| At 2283 xiﬂls}al 7%4— EMS}%&
u} 1 A, PAYo| et 2EE Hetol|A] [L-62] BAlFS LP
= A7) 2 oie] 22} 28.76%, 52.09%, 56.8% HAEL E}-?lb‘}sﬁ
EHlﬁgure 3A), TgH PAYo|mAE 2EE A2l IL-6 mRNA level
WAYE LPS &= A2 & thu] 22t 52,35%, 53.85%, 62.6% 4
& Felstieh(Figure 3B). HDF AlZofA EF4 cytokine®] T
2 QR IL-69] Wz WA FAF 9 7139 MAPKE LPS
A E ol &4} B Ao R delA lthCen et al., 2021). T
2h, 2 A7 ARe Ao Rt 22 Bo|LPSH el o3 st
H MPAK 7]l J3r& 2] gelstr] i3] MAPKS] g wt
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a5 Slshgch, HDF AlZe] LPS Al p3s,
JNK, ERK®] Q8P 3423} lmstel fo)8o2 37192 3
151tk Figure 3C, 3D). BAYolAN F25 Xl LPS B5 4
@ 23t vlwslel, p38, JNK, ERK®] QAP 9802 743
2 skickFigure 3C, D). £ A7 2 PgolmAt 355
of g% thet 714 B EUE AT M, YAZES B 9
o} o] §ojmlet ot gl Aoz et

3) FE/MM &5 Ht

8o gea FEg 2-sh= WSS B I FH(type I
collagen)} B+ 1T Z2H4 type III collagen)©] 8:2 HI-&Z ZA)3}
o, 559 kdh= Aot o} Zgo7 AL Bl
A Eo] Y=t YukE 0 2 collagen D elastin®] A4 A3t E
+ collagenase, elastase @ MMP 59 &4 59 @4fo| Yepdrt
(Joo et al., 2022).

MMPs= AlZuUje] £ oS 23 9 A4 <o 8o A
A, A9l Mo Tl Fa%t
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Figure 4. Effect of Sargassum horneri (SH) extracts on wrinkle improvement.

SH were administered at the concentration of 10, 50, and 100 pg/mL. (A)

Western blot analysis was used to analyze MMP1 protein

expressions. (B) Immunofluorescence staining was used for collagen Type | expression analysis. (C) Collagenase inhibitory activity.(D)
Elastase inhibitory activity. Results are expressed as the mean+SD (n=3). Student’s t-test with a significant level of *<0.05 compared to

Blank (O pug/mL) group was used for statistical analysis.

(Malemud, 2006).

MMPs % MMP1, MMP2, MMP8, MMP9 ¥ MMP13 42| ¥
A2 ST Sl HelE SRk, S2H AR9 AaE £33

2= Qlth(Pittayapruek et al., 2016), o= ¥H9] ggja} 7} =& 7}

AA R 25 F71 ©E Ad, 97 13} 5] o] 4
o}, webA T8 A% 9 =515 HR|5)7] e MMP T o] i
@ 2do] ¢ a3 AR U A k. & AT Aok B0
HApE F2EE0] FE/A nXe 93 W] s, MMPI
mRNA & 9 collagen type 1 (COL1) THd W8-S =43}ich
AM|EEEA 0] Gle LA MMP—-1 mRNA level FAJo| izt S

EE A7l ) F98 ez ZhastgrhFigure 4A), T3 COLL T
ui g o) drd-2 PAPo|mAPE 2EE Ao s F7H Eelstsl
CHFigure 4B).

Elastase ¥ collagenase JAls2 F& /N4 AEZE AREE
o thoksl QB A= Q9219 2J3) elastase X collagenase?] &4
o] FolAl= ZAeE dFA YHKim et al,, 2020), TF F5Y
Aol elastase ¥ collagenaseX Al sl et FE2& /AT 4 L
2 ERIT 4= U}, BAYo| A FEEQ] eastase H collagenase
Aol dial &elstkr] Y8 PBSTE A28t St =7y} v|wsk

B ek

¢
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of Yol mapt 2EEL 1 ug/mLEE 1000 pg/mL7kA] A5
%t Elastaseol|A] ¥A 2L S Z2E ascorbic acidE AMESFA
on collagenaseo A= phenanthrolines AMESHATH 1 A}
collagenase A Algol|A agxgo]gx]-ul- F2E A= 25 pg/mL
FE fo2<l 94 At gom, Hu F&=2l 1000
ug/mL 19.39+1,75%2] <A EW} U RISt HFigure
4C). Elastase oA AlRolA B =AY 225 A= 1 ug/mL
FYAY A a7} dF FstEen, 1 F=21 1000 pg/
mLoA 42.68+6,22%2] A A7} S-S Bl THFigure
4D), wetA] & A4 23E B3l BAYo|BAWE FE2E0| elastase
collagenase HAIE §3 FE7Ao &7} Qicka wekEt

tIE'——l

Conclusion
T 3ol sk AFAE F el slRFe TSt T+
o o 9 #7135 T8k 9o, 715-S UEhie g
< 7= A Y2 7HsA0] w50l ¥ A2 ok, 1 5

Bkl S3he 22 BAolBAE SN WAste] %
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o} FHoREE {YE B BAREE 7t W FAAH] &
2hE]o] o f 9 R4 SREY WA A 9 FA Ast 52
2 3| gefdt 544 HjE flste] A4 f HFYER
o] ik, kA, LuRtelAe BAgo| BARES S8
(Lee et al., 2019), s (Madhavaraj et al,, 2020), 2J2FE Hofof A
Aggste] LE7I7HA] AREN Lk Qo Aol mAkE A
PATE T3l FE, T, WY TR, A Foll Hig 2t Qe
Ao g A o, 71& dFe ] AE, " AlE, dAE
ol =gtElo] Ago] A=Y Q= TAH] et watd 2 At
£ BAYol AWt 55 S8k, ofF] A7t Hof §lA] g 1
Az FaF, SeH I3 anet M £ oA ans
Tl AlEt 71548 SE YR E ALstAt st
L?"ﬂ/ﬂ %*EOIEZ}HP FEEZ o|&e AL gi F4
& I8k} stsict, HAYol =zt
iF & n—4 5“5} s ﬁ°]°P7] Qlsto] o] Aol A At}
AW Y AR R A YAl T EY He 2 & &2
Lo|E9] g S5 oH, ESE A B Y avE &
Q157] $1ste] ABTS & DPPH 2t 2HolZ 2745 a7E 2153l
o} I A7} Pho|mApE 2E2EY & £ v ¢ T o
E+= 242 51,.62+1,945 mg/g, 79.65+4.732 mg/ge] = QL
o) ABTS ¥ DPPH A} gHt]Z &
ol 27} 86.87+12%, 76,49+2.94% Z7t== A& Elskrt.
Yo mARE FEEo| et St malo] tigt o] Aol st
H(Ko et al., 2021), FZ&uho] w=} AL B9 Hwrt 123
o7 Zol7} Y BelE 4= Q9o 1 F WPo|mapE 9prs
0] 7P W& a7} 9132 gl skg, kAT o] d dAtde
£2]9] A+ Ao} vlwste] PAPo|BARE 22E 1 mg/mL 7|E
2L g4 F2EYl= E61a DPPH % ABTS AJgolA 9219
MERT a7} E8-5 RIS o= 9EY vlaxz W, 7t
= A 9 JH A7) mE Zolrt lE AR AE FF dE
o 2 A3 A7)0l whe gAtst a3k vlart 19 3 Flo 2 sty
IR FAF A5 ISt Ao frotilZ(HDF)IA LPS
T8 A% L 2do] BYo| B 2E2ES Hsiglon, ¢
/d cytokine ¢l IL—62] Y@} [L-69] THAS 2= 444 7] il
MPAKE Selstgitt, 1 A3}, ﬂlxgqu}‘ﬂ FEE 5o LPS
7} Bold di2 tiH] IL-69] FdFE A 56.8%71A] fo8e
2 A2 ES MAPK 7149 32 1ARI p38, JNK, ERK
9] A3} EHZ:vL e cheld W] fo8 0 s ZhAsigirt, ¥
& SRlstaat F5& fdske Sk 4 A
! clastased] AA&T FTAY YAYE &
AsIact, 21 A3, collagenase 2 elastase?] 24 €0] Zd 1000
ug/mL = k2t 19,39+ 1,75% B 42,68+ 6,22%2] 742 8
atict. 3 HDFollA BAYolmapmt 255 Azl= S2H 44

o el EEl W EE A
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HR3RE
SRR EARERE RS L. AT

SRE, 2%, WM, B(CE, SHE, BN, BT
'Korea Prime Pharm RIAYIRAZEER, masSEKET, HE
BB AP IR AR ORENSE, YN, SE

B KIAREEEEHIAEE (SH) REMMMEMES. MAERTMERREEEERNER. Hik:
NELSERMAZHMEE. 2,2 ERE-WN-3-ZEXHEWIMH-6-FEE (ABTS) M1,1-"“FE-2-ZHEXM
(DPPH) BHEEBMEMIEL T SHIZREWMIBMEMLIIN. iHEABERERLT LM (HDF) REAMBNZHR 6 (IL-
6) RRE _EHs#H1H mitogen-activated protein kinases (MAPK) BIZREK TR INK. IBIBINFIRRSE B pEAE
HIBE RN ERFEEMBEEEEEKT, Bk, #TIEREEH(COL)MERESBEMREELIMMPL)UIAKRES
HEERETT. 48R SHIEIWTERSKREL000 ug/mLBY, DPPHAIABTSEHE BMREE1557986.87%+12%
M76.49%12.94%, JEKHBHEEFREES, SHIZEWHN 2 LB S EE 9 5/951.62+1.945f179.651+4.732
mg/g. A TIERERMTHEMBNINAIER, S3RAMELL, IL-6MREKFHIELMEET 53X56.8%, Lk
MEIMAPKEARIE L B ERR, SHIREWZERERREBMMMEAE, NMIEIRREQRERE, K, HDF
#ifER COL1 RYISHNAN MMPL RURAMES T RRERM4E, it ALk, SH REMARMEL. mAMIME
RIFREB R, B—MEBENIIREMAL SR,

XA SR, MEAEL, Kk, M, IRE
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