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CSE= =2 EiOZ 2152 EUCt O/ 250 2 E XS Q filaggrin (FGL), aquaporin 3
(AQP3), hyaluronan synthase 2 (HAS2)1t & &4 7|51 At Q= transglutaminase 1 (TGM1)
I}t involucrin (INV)S| R AL =F0|AQ| & RistE Z7st Zat SAEN 2|8 AQP3, HAS2,

hl E

TGM12| LH0| ZIHSIRAQLY, CSE= WPt 9l WS &Y = URACH SAE0| Qfh M= LY
MY Z2E =Ist7| I8 western blot 2412 -”v‘-%"&?‘&tl' Extracellular signal regulated
kinase (ERK), c-Jun N-terminal kinase (JNK) and p38 mitogen activated protein kinase2| 20|
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As aging progresses, reactive oxygen species (ROS) reduces skin moisturization and
collapses skin barrier function. In this study, we evaluated the efficacy of skin moisturizing
and skin barrier function enhancement by extracts from halophytes using HaCaT cells.
Spartina anglica (S. anglica, SAE) and Calystegia soldanella (C. soldanella, CSE), a kind of
halophytes, were collected from Dongmak beach in Incheon, and extracted with 70%
ethanol. At the first, we evaluated the cytotoxicity of extracts in HaCaT cell using WST-8
Kit. As a result, the other experiment was conducted by setting the concentration at which
the cell viability was 90% or more. SAE and CSE showed high radical scavenging activity
through ABTS assay. Expression levels of genes related to skin moisturizing and skin barrier
functions, were analyzed by real-time qPCR. As a result, it showed that the expression of
aquaporin 3, hyaluronan synthase 2, and transglutaminase 1 was increased by SAE treatment
but not changed by CSE. Activation of extracellular signal regulated kinase (ERK), c-Jun
N-terminal kinase (JNK), and p38 mitogen activated protein kinase was induced by SAE.
These results suggest that SAE can be used as functional materials for cosmetics for skin
moisturizing and barrier function enhancement.
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GotX|o| BESH= Eta, & EFIH2Blue Carbon)o| 7|2
gistof CHot o2 FQ3H AR sirhe B2 o7 AntE0|
= ZEED QUCHLee, 2020). SHX|2H 22| Li2te| AL ERIH=
= JH oo] ZHStn AUrtn LAl YazRe £2 Xl
EXo=Z Qo] Aol EXsiX| %7| 20 sixFot AYAZ
50| 9%t 8272 HIO|QUA XtYCE FZEtn QIrt &y
A Z(halophyte)0|2H A, HIGHZL S1F 22 FL{0 &7|7 e
GEX|0| MAStE AlZS YZ=CHShin et al, 2019). A9
TRE ABE XM, 40E HEE, =H|7|LR 50| YL(Shin
et al, 2019), 7|& B3 S0 oot GMME FEEE0 O|F
2|2 "IN SEZS(Kim et al, 2009), EAtSHRavikumar et al,

|
QUCE SR, CHE A2 o Hlof &7 27t Hi, £3, 25
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High H7FOICH m2tM, & AFoM= FdAE SN ULE
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1. M= HjQF

2 Ao ME ZEEYMEQ HaCaT MIEE American Type
Culture Collection (ATCC, USA)OIA] UBH] AMESIRACE HaCaT
MZO| Bi¥2 10% heat-inactivated fetal bovine serum (FBS,
Youngin frontier, Korea)dt 1% penicillin-streptomycin (Gibco, USA)
2 H7Ist DMEM (Dulbecco's modified Eagle's medium, Gibco) Hi
X|E AHESHAULE s ME & 37°C 2=t 5% CO, ZUE Hy
B AL,
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3. ABTS radical 27 &/d =3

2,2'-azino-bis  (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
radical 27 4 FY2 Re &2 LS WA ZHIIAUCE
(Re et al, 1999). RadicalS Fgot=F Z&3t0| H201M 16A12H
H-S A7 9 mM potassium persulfate (Sigma Aldrich, USA)0f &
BiAIZl 14 mM ABTS 8AUS HZSHRICE ABTS A2 190 piet
200, 1,000, 2,000 12|11 4,000 pg/ml SE2| SAERH CSEE 10 ul
M Soteto] MM 202 B2 HBHEAIZI T microplate reader
£ 0|85}0] 734 nmO| A S =S F7I3I0] ABTS radical 24 &
4 aolsiQict YN CiEZ (Positive control)Z 5 pg/mlQ| &&=
2l L-ascorbic acid (Sigma Aldrich, USA)E AF8SIFILE ABTS radical
a7 24 Tt Ao m2h A LSHRACE A (control)2 THET, A
(sample)2 A|29| X2|Z0|Ct,

A(control)-A(sample)
A(control) 100

ABTS radical scavenging activity (%) =
4. M= =9 87t

SAER} CSEO|| CHEH MZE MZESE WST-8 cell viability assay kit
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Table 1. Sequences of the specific target genes

Gene Forward (5'-3")

Reverse (3'-5")

Hyaluronan shynthase 2 (HAS2)
Filaggrin (FLG)

Aquaporin 3 (AQP3)

Involucrin (INV)
Transglutaminase 1 (TGM1)

Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH)

TCC GAG AAT GGC TGT ACA ATG
AGC AAT CGG TAA ATA GGT CTG G
GGA AGA GAA TGT GAA GCT GGC
AAG GTG CAG TTT TGC CAA GG
CCG ACC ACC ACT ACA GCA AG

CGT CTC CTCTGA CTT CAA CA

AAG AGC TGG ATT ACT GTG GC
CCT CAT TTC GTG TTT GTC TGC
GAA AGG GTG GAT CGT GAA GG
CAA CCCTCT GCA CCCAGT TT
GGG CAG GGA ACC AGC ATCTT

AGC CAA ATT CGT TGT CAT AC

(Precaregene Co, Korea)2 0|&3}0f éxé'a@“:f HaCaT M=ZE
15x10% cells/well?] ZE=Z 96 well platel] 233+ F 24A|7F S0t
5% CO, 37°C Z0|M FEAIZICE Serum-free DMEM medium
= 0|8310| SAERl CSEE 24AZH M2|gh CHZ 100 ple WST-8

AS HIISI0] 24|17 SOt 5% CO, 37°C ZZA0IA B YSISALCY.
21 C}Z microplate readerg 0|83t 450 nmOM SEEE 53
SIQCE MZ g4 BFH2 Az Malza faTel 52 X0
S WEE(%)Z LIEHRLLE

Ebs

5.RNA FZ 9! Real time qPCRPCR

o 250t Y 290 2olsts RS Yo HalE =
QI5t7| 2I810] real time qPCRE +=HSIRULE O|F REXEO LY
&t primer MY HEE Table 10 LIEHLHRACE H =
105 cells/dishe] LE=Z 60 mm platedf| 23 fO:I 24A|2H S0t
CO, 37°C ZZAOIA S O ObEBI2 A7l &, Zbzt
serum free DMEM medium®| 100, 200 ug/ml =&E2
10 pg/ml SE2| CSEE ME|BH0] 24A|Zt HIYSIRICE FEES
Hz|$t HaCaT MZEO|A total RNAE TRIzol (Invitrogen Carlshad,
USA)Z 0|83t RNAZ &2[5t ULt ReverTra Ace® gPCR RT
master mix with gDNA remover (TOYOBO, Japan)2 AE3}0] RNA
£ DNAZ st n, RUA LaS FHEH7| 2/5+0 SYBR®
gPCR Mix (Toyobo, Japan)2 AHSSHRICE BHIEl (DNAS BIO-RAD
CFX Connect™Z 0] 8310 95°CHA 32 SO heating2 3% 1
95°COfAf 10 7t denaturing2, 59°COlIA 10X
72°CO| A 30

& 20e Cq ate 24

S¢t annealing2
9| extension= 39 Cycle BHESIUCE CycleO| 2H&
45t0{ GAPDHE 4T YSIAULE

6. Western blot analysis

HHQFEl MZO|A FES CHEA =2 = bicinchoninic acid (BCA)

protein assay (Bio-Rad Laboratories)2 At&3}0] Haksiict 5

Sh (15 phel 2t MES sodium dodecyl sulfate polyacrylamide
Ao 2L 22| F, HMEE polyvinylidene fluoride (PVDF)
=7|1 01% tween-202 &
T8t Tris-buffered saline0| 2~5% bovine serum albumin (Sigma-
Aldrich) £& 5% B/ 2 1A|1ZH &2t 22ZSHRILE PVDF mem-
braned|| c-Jun N-terminal kinase (JNK1/2), phospho-JNK1/2, p38
MAPK, phospho-p38 MAPK, extracellular signal-controlled kinase
(ERK1/2), phospho-ERK1/2, a-tubulin (Cell Signaling Technology
Inc, Beverly, MA , USA) 1A+ EH|QF S| 4°COlA SHREF S0F Bt
SAIZICE 0.1% Tween-202 &3t Tris-buffered salineS 2 32| A
Mot 2, 2k eH|et &7H 3AI17H St BESAIZICE Chemidoc XRS
(Bio-Rad Laboratories)ES AESI0] BN ZAE WEE HESID AL
e st

M

membrane (Bio-Rad Laboratories)2 = 22

7. 84 Mg

2 %2 graphpad prism 5 (Graph Pad, USA) Z2 1S AL
Sto] A4 MalE SiQich 2 Hhe AETol FHH d59o At
£ B+ BEEHAKmean £ SD)Z H7|E ot fte T
7t B3 X0|E one-way ANOVA (analysis of variance)2 20l st
Z 18 7t BAN 99/4E Tukey's multiple comparison testS
0|835t0] HAISHULH

1. ABTS Radical &7 & =%

SAEQt CSEQ| ifel SHE B7H5L7| fIsH ABTS radical 271
2ds EYOIALFig. 1). ¥ 22 &2 SME 20tE 7t
El L-Ascorbic acid®t H| w8t FE=L, L-Ascorbic acid2| A2, 5 ug/
mi2| SEO|A Of 94%0| A7 BdE LIEHHAUCE SAEQ| 20|
& 10~200 pg/ml =& NESIR=M, & S[EHLE radical

F|I'
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Fig. 1. ABTS radical scavenging activity of halophyte extracts. Free radical scavenging activities of S. anglica (SAE) (A) and C soldanella
(CSE) (B) determined by ABTS assay. L-ascorbic acid was used as a positive control. Data are expressed as percentage of control. The
results were expressed as mean + S.D. (n=3). ***p<0.001, **p<0.01 compared with control.
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Fig. 2. Cell viability in various treatment concentration of D-panthenol and halophyte extracts (SAE and CSE) on HaCaT cells. Cell were
treated with various concentration of D-panthenol (A), S. angilca (SAE) (B) and C soldanella (CSE) (C) for 24 h. Cell viability was measured
by WST-8 cell viability assay. Results are the means + S.D. of three independent experiments. *p<0.05, ***p<0.001 indicate a significant

difference compared to the control.

20| 2 ZHOZ &I 200 pg/miolA 2 88.7%2
g 50 pg/miel SEOMEH

L
—_
BYoOE & :EF 25 5k9[ 9|

SAE, CSE FE=1t L¥ BE as d222 ¥#% b-
panthenolO| Q1Zto| ML Fafot HaCaT M= WE=0i O|X|
= TS ZAFSISUCE Serum free DMEM mediumOil 0.5~4%2)
SE9| D-panthenolS 24A|12t HiYSH £ Mz WESS =QISIA
CHFig. 2 (A). 2% SZOIAM 729%2] HEE2, 3% sZ0AN=
41.0%2| MEEE, 12|10 4% sE0ME 223%2 HEES
0, sk QEXNCE M= HES9| ATt LEHE AE 2
UALE m2tM, 2 HHM= MZE EES

g

£ 1% &9 D-panthenol2 L& =& I I

2oI517| ol AFSBIULE SAES| ME =4 BIIE HAIS Za},
125~400 pg/mie S=2 M2|E SIRAL 400 pg/midiA 84.3%,
200 pg/ml O8}2] EZ0ME 25 90% O|M9| M MZEES
2 QCHFig. 2 (B)). CSEQ| BLE 1~20 ug/mle] 52 M2[8tF D,
20 pg/mioiAl 60.9%, 15 pg/miofiAl 79.8%, 10 ug/miofA 92.5%
ol MZ MZEEZ EHOM, 10 ug/ml 0312 sZ0A 25 90%
Ol&ol M= ¥EE8S EAULHFig. 2 (Q). WatM SAEE 200 pg/ml
o[8le| ELZ0f|Al, CSEE 10 ug/ml O[8te] &= # = MHsio]

=0| HE 2 {HX} HAS2, FLG,

HaCaT MZO|A T2 25 2H REAS OiXl= IS ¥
7let7) 28, TR 2e 2 Y 7|52 25 222 Y D-
h

panthenold} SAE, CSEE NMz|ot 2% 2IXI2! hyaluronan shyn-
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Fig. 3. Skin moisturization effects of halophyte extracts on mRNA expression level in HaCaT cell. Cells were treated with various con-
centration of the halophyte extracts S. angiica (SAE)(A) and C soldanella (CSE) (B) for 24 h. mRNA levels of FLG, AQP3, and HAS2 genes
were measured using real-time qPCR. GAPDH was used as an internal control. Each bar represents the mean + S.D. (n=3). *p<0.05,

**p<0.01, and ***p<0.001 compared with control.
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Fig. 4. Skin barrier function effects of halophyte extracts on mRNA expression level in HaCaT cell. Cells were treated with various con-
centration of the halophyte extracts S angilca (SAE) (A) and C soldanella (CSE) (B) for 24 h. mRNA level of INV and TGM1 were measured
using real-time gPCR. GAPDH was used as an internal control. Each bar represents the mean + S.D. (n=3). *p<0.05, **p<0.01, and

***p<0.001 compared with control.

thase 2 (HAS2), filaggrin (FLG) 12|11 aquaporin 3 (AQP3) X}

(Fig. 3). 1%2| &=¢! D-panthenol®| ZS FLGO|MBH QolstA &
S10| Z7181YUT, AQP3RF HAS22| i ZiAsts HeS B
Ch SAE= CHEF CHH| HAS27F 100 pg/miQ] SZO0fAl 2 1.85)
J2[3, 200 pg/mlo] SE0A <F 33H{Q] LH0| BItst Ho 2
2Holg|QICt 2|1, AQP32 100 pg/mizt 200 pg/ml &E9)
of ofsff of 1581 FHA} LHHO| BIHE HE ol =7}
Ct E3l FLGR| Z2 SAEMAME 100 pg/ml SZO0Al 2F 1.3HY
FHA LS HACE CSEQ| ZS HAS27} 10 pg/ml SE0AM
128, FLGE 10 pg/ml SZ0|A <F 14H] FHX}L 30| F7F
Ct. SAEE D-panthenoldt CSEO|l HISIY] E& RMXISO| U
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BoK6k7| Qo mf 2E W BY 7159 B 22 ¢yl
panthenold} SAE, CSEE X2[3t1 Hlf TY 7|5 &2t QIxtel
involucrin (INV)Z} transglutaminase 1

Real-time qPCR 7|H2E ZFSIACE SAEQ| EL, INVRF TGM1
A R OlR Y 7|59 B 2EE LB 1%9] 59
D-panthenol2Ct O &2 £=X[2 S0 HZ5AH S7tstRAct
(Fig. 4 (A). 3|, TGM1 {FTXE LH0| =T CHH| 100 ug/ml
SEZO|AM 2F 1.88), 200 pg/ml SEOM= 33 S7Hz|RACH 10|
B3}, CSEQ| ZR20= 10 ug/mi| =AM TGM12| SFEA} &
Of of 1.5HIZ SAEO| H|sH D|H|g =F2 2 F7tL|RUCHFig. 4 (B)).
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Fig. 5. Effect of halophyte extracts on the signaling pathway of
MAPKs in HaCaT cells. Cells were treated varying concentrations
of SAE and D-panthenol with for 24 h. Phosphorylation levels of
extracellular signal-related kinase (ERK), c-Jun N-terminal kinase
(INK), and p38 was shown in graph. The band densities were
expressed as percentage of SAE or D-panthenol treated group
related to control band using Image Lab analyze program. Data
are presented as the means + S.D. of independent experiments
(n=3). *p<0.05, *p<0.01, and ***p<0.001 compared with control.

HaCaT MZO|M T 25 X &Y 7|5 H2E FTdh= SAE
o ZE J|ME ZAMLY| ol YAH =S E

% p382 EETH MAPKL| ZHdStE ZAFSHRICE HaCaT M= LY
of ERK, JNK % p389| Qlitat= SAEO] o5 &%
2 RO BItEIRSS &OIRCHFig. 5). ZOHCE, SAEE
ERK, NK & p382| QILtetE ot 2oz M, O 25 I
8 7|5 #ztel d&S 0| o= UEHeH, J|E g
& X Y 7|52 75 222 22T D-panthenol 2Lt {2
A Btk A2 LERTE

N Ol

o ooy T

uE
£ 70N 22l QmQl aolof ofs TRl Mutx Asg
A2 RUE ¥ HaATlE SA0 BASHZ I 227t
Mg HEte 2ME L] 9, Be X R B s
Zolo) B3t w53 2 2M2 HaH A7vt OjH 227hE
bto| @A XHglol PMASS o= Bof 1 JhsKe Bt
sict
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ox
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N
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X} SEACHProksch et al, 2017; Choi et al, 2019
Filaggrin (FLG) 2tEB0IM keratohyaling 2t CHHEIO! pro-
filaggrin®| HE 2 ZMSt 0 QACH7L, ORX|2F 23 2P0A filag-
grinC 2 2B 20 M EZ& QIXK(Natural Moisturize factor)2|
FQ JE0| Ect YA 2ACKCau et al, 2017; Park et al, 2019).
Aquaporin 3 (AQP3)= AtEC| ZHEHGMZENNE =2 S2E
dMstol S0|Xcz 5, Z2ME, 20 St €2 HES

=}
=
& SO AL I A
e Qg ok O BS HIE IR 85 8

-

[n
rir

CHeH I O]

0=

=
Hel
=
Hu
A
nn

of mEHE JHM0 =22 F= MH W At
E2%& QIX}Z(Kawada et al, 2016) OS2 hyaluronan
shynthase (HAS)O| 2|5t0] 4| 2 HAST, HAS2 2|1
HAS3C 2 EXfst QUCh O|F & HAS27F 2 M= 0f JHa
oo =xjstctn 2 1E|0] UCkPark et al, 2019). £3 7|1= A
T0lAl HAS2E= mitogen-activated protein kinase (MAPK)Qt AKT
signaling pathwayOll 28§ 30| ZEEICD 224X QUACHLIM et
al, 2015). Involucrin (INV)Z} transglutaminase 1 (TGM1)2 cornified
envelope (CE)Q| M+t CHMAO|C} Of CHHAS2 MZo| 23t T
AE AXIEAM M=ol OHZOM CHE & EHAESI} cross-
inkE S3 TF Y 7|58 dAAFE 9

2019). [2kA, & AF0M= 2 QQITf ROS 52 AetA AE
HAZ QoY ofolE HEHES ZAotA7|L, SA0| Tl T 7|5
2 WHAZI= AME &olst?] 181 filaggrin (FLG), Aquaporin
3 (AQP3), hyaluronan shynthase 2 (HAS2), Involucrin (INV)xt
transglutaminase 1 (TGM1)2] mRNA =FE0f|A{Q| o HoIE Aty

X, R2le B 28 KUK FLGRE AQP32| &oio) oSt
3

S HIKSt A1 D-panthenol2 FLGO| 20| {olstA St
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