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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 gPCR. 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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ME Mz 3 U

dARHX| Yol 223t= B F EFFHE(Blue Carbon)0| 7= 1. M= H{QF
Hotol CHetoz Zash Agg Stk W2 A7 Zus0| A
= ZHELD UCHLee, 2020). SHAIT, 22| Li2te| 42 772 2 o Me 24 EHEMEY HaCaT MZE American Type
= 78 ol =3t AL Y YIA=E &2 XFH Culture Collection (ATCC, USA)OIM T I3t0F At SHRICE. HaCaT
EXOR Q50 AHo| EXYStA| %7 WE0| sHEFt HMAME MZO| HI¥2 10% heat-inactivated fetal bovine serum (FBS,
0| 5Q% S87H2 HO|QOA X2 FEa QI Fd Youngin frontier, Korea)1t 1% penicillin-streptomycin (Gibco, USA)
Al E(halophyte)O|2t ¥, HIGHIL S3F 22 F2/0| 7|7} Y& 2 H7t3t DMEM (Dulbeccos modified Eagle's medium, Gibco) Hi
HEX 0 MASHs A28 LZ=CHShin et al, 2019). FYEAE2 XIE AHBSIQACE siE MEE 37°C 229 5% CO, TS Z Hi
SFe ALE, XA, Aolx, AEY, &H7|LHE 50| AL (Shin B
et al, 2019), 7|& 2S00 25t FHAE FEES2 0|7 o
Z|2d HIHM S (Kim et al, 2009), E4tsl(Ravikumar et al, 2. A& M=

2011) J2|2 O/¥(Kim et al, 2017) S 2ot=0| AUCtD Le{X

QUCL BEX|QH CHE AlE J0f His A7 27t M, 59, 5 AMAME WBE(S anglicant AHZE(C soldanella2 AH 2
X O Y 7| 4o 2ot deizd "ot thst At O] Al Z3tE S5 S #0A 2018 068 XHTSHRICE xHTTH HM
Hioh &7O|C} math, 2 AFoMe FYEAME SoM ATE ME2 A& HAHE Qs 2 302 Ol =22 MAED 2 3
(Spartina anglica, S. anglica)dt 40| & (Calystegia soldanella, C. F4E2 HF0] 24A17H SO 45°C EB0| QEOA HZAIZ =
soldanellayg 7850l TR 2& I YH7|s 430 0/X= & TSI ACE TR EH= 70% OlEHS(EIOH)O 48A12F &=201A &K
Ol CHH IS +=WSHRALE O] & ATE(S anglicag2 H=, H ZFES TSI, filter paper (Whatman No. 2, UGZ {1t %
ol AlZ0| {8, OLZE|7t CHFO| RLX|Ql QZ 2N 2 ol = A4 s=OHALE MEE WBE(S anglica extract, SAE)2F
Hojl MASHCHD 22N /L2 M(Yoon and Yoon, 2016), ¥ 22 WM ZE(C soldanella extract, CSE) FEE2 SZZ3I0] dimethyl
LIzt M= MEfA m2tFZoz X|FEof Ao MAsty 7|& sulfoxide (DMSO, Duksan science, Korea)Ol =0 A& Ar23}
HEAEES oL, HYEES2 MAME TtAZICtn & ALk

2N QUCh M E(C soldanella2 YALX|7} $+=0|D HIGHI} 2

N 2| Ao X2te P23 o2 40[E0|2 E7(|7t & ¢ 3. ABTS radical 27 &4 £dH

£ 7|74 O SNE 21 2Et7te SE0| AL20(Treeinfo), &

o oY 59 Btk e ALE LM UCHKIm et al, 2004; 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
Son et al, 2018). & HTFE S50 ALED 20| WEA LEF radical 27 & EYE Re 52 YHS HASH ZHSIACH
oz 2T FYME 2t TtsdS YTCHE AHOl (Re et al, 1999). Radical 2 PNz & ZH&3I0] HR20|M 1642t
HE U SASHQ ME|A DiD2HE SA0 sfds £ A B3 AI74 9 mM potassium persulfate (Sigma Aldrich, USA)0I| €
doz J|tygEict SAIZ! 14 mM ABTS 42 HZSHRACE ABTS 842 190 plet

LR det2 QEZLE S0/2 Tt 4o HYs o 200, 1,000, 2,000 1211 4,000 pg/ml &E=2| SAERF CSEE 10 pl
OfF1 =2|MQ QQLZRH MHE B35, H2&H, H|Et H =etoto] FHOM 208 ¢ BSAIZI 2 microplate reader
Qo] gid 8 X=2 ARt AL S 5t UAon, RARLE £ 0|83l 734 nmO|M SZEE Z7Y5H0] ABTS radical 24 &
9% At A= 2 80%2 22 +8H0 =d 1 & M2 =l RICt LM = F(Positive control) 2 5 ug/mle &
S AxY EHACZHE OtMSIA X|FHF = ZO|ChYoum, 9l L-ascorbic acid (Sigma Aldrich, USA)E At&3tRICt ABTS radical
2013). MEkM, 2 Aol SH2 Mol 7HE ATLAM UHE 27 242 OE Ao mat ALSHRACE A (control)2 EHET, A
Ho5tn = IR BE50 #Y 71500 ofet S4AE0| 0Kl (sample)2 A|22| X2|ZO0|Ct,
detof oot 7tsdE YEst 272 HHO|ROfA AXHel 1
HII7}K|2 A=S X S| QI ABTS radical scavenging activity (%) = % 100

4. M= =54 87t

SAER} CSEO|| CHEH MZ MZEES WST-8 cell viability assay kit

http://jmls.or.kr



60 SHALE B 0

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 CTC TGA 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 CCC TCT GCA CCC AGT TT
GGG CAG GGA ACC AGC ATC TT

AGC CAA ATT CGT TGT CAT AC

(Precaregene Co, Korea)& O|835t0] Z73SI AL} HaCaT MIZ
15x10° cells/well2] 2= 2 96 well plated| 2F3H = 2447t SOt
5% COy, 37°C ZUNAM BEEA|ZACE Serum-free DMEM medium
2 0| 8310f SAEQ} CSEE 24A[ZF X 2|2t CFZ 100 ple WST-8
A|FS HIISHA 2412 SO 5% CO,, 37°C ZZ0|M HiLSILCY,
1 C}E microplate readerE O| 830 450 nmOjA| S&EZE £H
SIUCH MZ Y ZHEE AME ME[Zd 229 33k A0
B2 (%)2 LIEFMCE

=
= -

5.RNA =& YU Real time qPCRPCR

g 2&u dY 430 2oshs RER
Q1817 2I5t0] real time gPCRS $HS}RUL
YEE Table 10] LIEFLARL Ef HaCaT M|
10° cells/dish®] 2=Z 60 mm plate0f 2F3}0] 24A|Zt
CO, 37°C ZUUM 22 3L QHHIE AT 2, 4% =
serum free DMEM medium| 100, 200 pg/ml &Z2| SAEQ} 5,
10 pg/ml SE2| CSEE ME[BH0] 24A|2F B YSIAULE FEE2
M2|8t HaCaT MZO| Al total RNAE TRIzol (Invitrogen Carlsbad,
USA)2 O|&83t0f RNASE =2|SHRALE ReverTra Ace® gPCR RT
master mix with gDNA remover (TOYOBO, Japan)2 AF&3}0f RNA

£ DNAZ ZdstUL, RUX &3S 5F317| 25t SYBR®
gPCR Mix (Toyobo, Japan)2 AMESHRICEH B4 El (DNAS BIO-RAD
CFX Connect™2 0[&3}0§ 95°CO| A 32 &S¢t heating2 3% 1L
95°COAl 10 2t denaturing=, 59°COlA 10 &2t annealing=
72°COl M 30Z=9| extension2 39 Cycle BHESHULE CycleO| 2t
B 20l= Cq at2 24510] GAPDHE HOf FESHAL)

ot primer A€

6. Western blot analysis

HYE MZZOA FESH CHAE S bicinchoninic acid (BCA)

o
protein assay (Bio-Rad Laboratories)2 AH&d}0] H&stict &<

ot 215 uhel Z ME2 sodium dodecyl sulfate polyacrylamide
Ao 2Ly 22| 2, A Z polyvinylidene fluoride (PVDF)
0.1% tween-202 &
T8 Tris-buffered saline0i| 2~5% bovine serum albumin (Sigma-
Aldrich) = 5% ZXIFE 1A1Zt S S 2ZSHALL 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} SH|QF M 4°CO|A Bl SOt
SAIZALE 0.1% Tween-202 &3 Tris-buffered saline2 2 33| A
Mot 2, 2% 2H|et 27 3A1ZH S RS AIZATE Chemidoc XRS
(Bio-Rad Laboratories)E AtE5t0] B HE #EE ZAESID AL

T Qs

membrane (Bio-Rad Laboratories) 2 2 27|11
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SAEQ} CSEC| Eitst S8 = E7t5t7| I3l ABTS radical 27
2MH2 ZHGACNFig 1). ¥ HEZ2 =2 Ttz ﬂJ—fE 7t
Zl L-Ascorbic acid@t H| St =0, L-Ascorbic aC|d°| 2,5 ug/
mio SEOA & 94%2| A7 EHE LIEHHAUCE S | 420
£ 10~200 pg/ml £ X3, 5 EI-’EE'EE radical
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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.

A

120 -
100 A
80
60
40
20 4

0
D-panthenol -

Cell viability (%)
Cell viability (%)

05% 1% 2% 3% 4%

Con 125

1204

-

o

o
L

o
(=T =]
L L

Cell viability (%)
I
o

204

25 50 100 200 400 Con 1 25 5 10 15 20

SAE (ug/ml) CSE (ug/ml)

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.

LA 200 pg/mioilA 2F 88.7%2
. CSEE 50 ug/ml2| &= 0| ML E
o

02 F 5% 25 5&9 9

T
1z
roe
o
Q.
O
L
[
]
or
fjo 0.
HT 1o
32
ml

SAE, CSE FZ=21 I&/ EF §% H22=2 T D-
panthenolO| QIZto| HLOA RafH HaCaT ME HE=0| O|X|
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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. angilca (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.
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2Holg|QICt 21, AQP32 100 pg/mizt 200 pg/ml 52| SAE
of ofsh oF 15810 REAL WHO| B7HE HS =olg =71 U
Ch S FLGO| HS SAEMME= 100 pg/ml SZ0A 2F 13H{9|
SR Wolg HRACH CSEQ| AR HAS27L 10 ug/ml SE0A 9f
128, FLGE 10 pg/ml SZ0IA & 148] ST} L0 75t
Ct SAEE D-panthenoltt CSEO]| H|St0] E& XSS & &
2 7t = B377le ALE QI

0Q ¥

4. GMAME0| mE HY J|5 Z3t #H {Hx}
INVZ} TGM1 mRNA 2$iof| 0jX|= FE

HaCaT MZOIM T8 HH 7|5 Z20| 237t AR §RE
Forsh| qloh mR 25 % YY 75 25 =EE YT D-
panthenol2t SAE, CSEE M2|3t1 I TH 7|5 &2t Qe
involucrin (INV)Zf transglutaminase 1 (TGM1) T
Real-time gPCR 7|82 2 ZHHSIRILE SAES
RN B O/ Y V|59 25 2EE €T 1%9] s&9
D-panthenol2Ct O &2 X2 sZ0| H5H S7t5t ALt
(Fig. 4 (A). 3], TGM1 |TXH 20| =T CHH| 100 ug/ml
SZOM of 1.88H, 200 pg/ml S=0M= 33H] S7HE[ AT 210]
Br3), CSEQ ZR0E 10 pg/ml2l SZO0AM TeGM12| ST g
O] of 15812 SAEO| H|3 D|H|SH +F22 S| RACh(Fig. 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.
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DXt SHACHProksch et al, 2017; Choi et al, 2019).

Filaggrin (FLG) Dt S0 A keratohyaling ZtEE THEEOI pro-
filaggrin2| HENZ EX St QUCH7L ORXIT 23F IHHOIA filag-
grin2 2 Fof{El 20 A & 2IXKNatural Moisturize factor)2
F0 §20| ECt L™ QUCHCau et al, 2017; Park et al, 2019).
Aquaporin 3 (AQP3)E AR ZHEHGMNENME =2 2
ddsto] 50|82z F SZIME, o 1 ZE £

o
42
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d==
= =l HE
X|el &8t AgZ $HCH(Kikuchi et al, 2003). Hyaluronic acid= I
2ol BE5E RX5H0] TRYE) HM0 222 F= A W AL
O HYElE 25 QXtE(Kawada et al, 2016) 02 hyaluronan
shynthase (HAS)Ol 2I3}0] ‘&1 F2 HAST, HAS2 12|41
HAS32Z ZEX|5t ULt O|F & HAS27t ZEAGMZN 7+
WOl ZXBCtn HnE|0f AUCkPark et al, 2019). £, 7|& A
Tl M HAS2E= mitogen-activated protein kinase (MAPK)2t AKT
signaling pathwayOll o[df &#0| ZHEECH 0*317(1 RUCHLIm et

al, 2015). Involucrin (IN

40 mo mju

2 cornified

a
§

V)2t transglutaminase 1

envelope (CE)Q| ™ THHEO|CE O] THMZE '%%

HE HXHEM MZELO HZOM CHE TX 'F_“ﬂ.”.é_'%l'f cross-

ink€ S TF HY 7|52 d3MAF= AL S BHkSo et al,

2019). W2tM, 2 AF0M = 2% 210 ROS 52| M3tY AE

Eﬂ"i ol ofotEl BEHE Z3HA7|, SA0 O] EY 7|s
HMAZ |2 ATE =QIst7| ISt0 filaggrin (FLG), Aquaporin

(AQP3), hyaluronan shynthase 2 (HAS2), Involucrin (INV)2}
transglutaminase 1 (TGM1)2] mRNA =E0| A2 3 HzlE A

M, 22l EE o4H FHX FLGRE AQP3Q| &3iof Cish ¥
&2 "It 21 D-panthenol2 FLG2| a0 FOIsHA F7H3Y
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