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Investigation of the effect of water extract from Cudrania tricuspidata fruit on
tight junction in human keratinocyte
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ABSTRACT

Objectives : Cudrania tricuspidata (C. tricuspidata) is well-known traditional herbal remedy and its root, leaf and
fruit were used for treatment of inflammation, tumor and painkilling, However, effect of C tricuspidata fruit on
tight junction is still unknown, The aim of this research was to determine the effect of C tricuspidata fruit extract
on human keratinocyte HaCaT cells,

Methods : The antioxidant effects of water extract of C. tricuspidata (WECT) and ethanol extract of C. tricuspidata
(EECT) were analyzed by using an ABTS assay. To confirm the cytotoxicity of WECT and EECT, MTS assay was
performed, The mRNA expression levels of tight junction related genes were analyzed using quantitative RT—PCR
analysis, Furthermore, dispase assay was used to investigate the alteration of cell-cell adhesion strength of EECT
treated HaCaT cells,

Results : WECT and EECT showed strong antioxidant activity, No obvious cytotoxicity was observed in both WECT
and EECT until 2.0 mg/m¢ concentration, The mRNA expression level of Claudin 6 were significantly increased by
EECT treatment, whereas the WECT did not affect the expression of Claudin 6, Furthermore, EECT treatment
enhances cell—cell adhesion strength,

Conclusions : In this study, we investigated the physiological activities of the extracts of Cudrania tricuspidata fruit
extracts on human keratinocytes by two different extraction methods, EECT might have an anti—aging activity on
the skin by reducing oxidative stress. Moreover, it may be a useful ingredient in atopic dermatitis and skin—
moisturizing, given its effects of altering Claudin 6 gene expression and enhancing cell-cell adhesion strength,
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1.4 &

Al 7 A o]F & Fxole 715 dX(gap junction),
2 AF(anchoring junction) 5 thFst TH7F 9o, o
% AZLUARAH (tight junction, TJ)Z A 7holl A3 Al
Z 7 24 ugE 24t o5 9l E3H4 (multiprotein
complexes)& AFTH TIL 7RI} oRguioza AR
£ 97y 293, Iy (502 7E KT 5= =T 5
o, AgzFoA Hfd, ¢& FY olsH AE Y AT
Ade Ak 7159 71271 9o,

Nxzdzayd EFAE FA4ste ol de dxzes
AZerol] A3} transmembrane domaing Z§EH=
Occludin®} Claudin family 9o|= ZO-1, ZO—-2 5 409
7hA gz pAEe] oY o2 B A9 mEL
OFiHd (pH 5.5)°] KA =H, HpolzjAut o] o3t &
B WAk fEE FAshs 4 A2 EE B3 24
3t} o] % Claudin family:= AlZuto] 2A 5t AL A}o]
£ A3 Q43 MzLFAFE A5t AZ 7+ A2 F
=9 24 wdlto] Ay gt

Claudin family% 3l4<?] Claudin 1 @A o] drd S
AAXZ F7F S g FAE BolH A 19HE AP
A7 ATAE £ Claudin family7t 7HA THo] m]x]
2842 ¢ 4 A, T olg2 AZUFAY Ty
(tight junction protein)& X O =2 olEu 9 gL}, &
B ko] tigh A7t Eds| J = gl

o PRl =] e I8y &l o3 H2Hg
&) o]zt F2Hg-E adsty] Ygt HAEE) gk g

[

o 19

(S

higREro] w2 RXBUR Cudrania tricuspidata
Bureau (BWF1} Moraceae)= ARFEH#O| MiKolgts o
E02 AL FAENSH, MBHRE-S iHEsim, PAEIL,
HREsE S EaYIRE, ATANEKS] B% o] JTha staTt’,

TR duje] AR FEFF 76.51%, 2EHA
2.17%, 22X 1.09%, 23 3.54%= F4= AL,
pHE 6.05+0.02, F4+2 0.31+0.04%, 7184 13E
2o 17.73+0,06°Brix 2 Yelgth M=E Lgho] 19,48+
0.05, agko] 23.31+£0.04, bFo] 10.41+0.03L.2 g2 A
< et §714RE citric acid, malic acid, succinic
acid, acetic acid’7} &% %2 citric acid’} 7F =& 3t
FE YU, FAR FREY e Fo FUES
Na, Mg, K, Ca 522 Uelgton F2Fo Fopu|iit
< alanine] YR,

FABYE grje] A=y 478 2H HollA monoamine
AT A BT, F4AE &g D opFArd 2AF, AFE |
N HEag Aol tigt dA &}, WY 57 538 BistE
q_9713)‘

TREL FEFAE ot FrhESe] &3t kst 4
BE®=d, 71, 28)3} aspartic acid, H|EFT Cofl 23t
AT & &8, AASES d¥sty 43 715 MAdste &%

o] g oy olYo= Flut Ao A FolE AHEE
T pRBURe) 9, g, e, Ade AEA, 23
A, FAAE BHo2 st Argstged'”, HA@Fo of
EUNE AR 9T BHoRE ASEHALY, EF A8
£7] 28 A3 FolA o2y o] AdAHAT= A+
7t 2AE BvF Aok, old A B HAe R A F}
ol ol 8T 7He S AlABIE R FR|F9 Fitst 3, v
g = SPE, ARALEL R ARESH] SR A4t XE s
I ok SHAIT FRE L] gt FEE F AL g9 F
E5°| gy Fa% AZULAH AL mRNA &
Aol mX = FFY 2o WE AE 7+ B2 =9 #sto] tf
g A= & A A Frt

oA 2 AFs FEHH wet £AE duizh Al
Nzdzdy duldof nX= dFS str] Y FAEF
dujj o] 4 & E(Water Extract Cudrania tricuspidata,
WECT)¥} ot FZ&E(Ethanol Extract Cudrania
tricuspidata, EECT)9] 343l a%5& &elstx, <7t &3
Z+2 A M| (human keratinocyte cells line)?l HaCaT
Aol Ajste] Alzdzdy §--2H1 Claudin 62 mRNA
9go] 7 9 A 7F B2 ke g 9-E #913te] {23t A
5 A7l o]ol Bus}= Hiolth,

R ER
1. A=

1) 2Ry

Aol AHE RAE s FHEE T4 el &
Aok A& 20179 8ol ARt e, 7199 Aot &
2ol 4L 7Pddista o)} gt 22w oA g5t
AL, YL ultrasonic cleanerE o]-8ste] E4ES AA
skl Aol ATt

2) N & 717

H A3E 93fA Dulbecco's modified Eagle medium
(WELGENE, Korea), fetal bovine serum (WELGENE,
Korea), 100 U/mL penicillin, 100 pg/mL streptomycin
(WELGENE, Korea), filter paper (Advantec No.2, Japan),
DPBS (Corning, USA), Tripsin—EDTA (WELGENE,
Korea), potassium persulfate (Sigma, USA), ABTS
(Sigma, USA), MTS solution (Promega, USA), eCube
Tissue RNA Mini Kit (PhileKorea, Korea), 5X M—MLV
RT reaction buffer (Promega, USA), M—MLV reverse
transcriptase (Promega, USA), RNase inhibitor
(Enzynomics, Korea), 2X Prime Q—-mater Mix (GENET
BIO, Korea), RiboEX, 2X Taq PCR Master Mix
(Bioneer, korea) 5°] AHEEH I & Aol AHEH 7]7]=
COy incubator (Thermo, USA), water bath (HAAKE,
Germany), rotary vacuum evaporator (Eyela, Japan),
ultrasonic cleaner (Branson, USA), microplate reader
(Molecular Devices EMax Plus, USA), The Qubit 2.0
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Fluorometer (Invitrogen, USA), AriaMx (Agilent, USA),
AriaMx (Agilent,USA), SimpliAmp ™ Thermal Cycler
(Thermo Fisher Scientific, USA) So|t}.

2, ¥

1) BX|& o FE2 M=
FAE du] 50 g& o EZES AAYS T FEARI=Z
z3te BEsstqct, AR g4 Az 7 g
4 30 meo 60CAA 30 & 7+ A& FHoll

sto] EECTE A&ttt 5212 #2382 424 185 g,
13.95 g2 2 SAHI L, &2 742 27%, 27.9%A .

2) MIZ HH

Aol AHER AT A7 f3 Z4EF A AX (human
keratinocyte cell line)¢l HaCaT2o 2, e tjetw AYrg-gst
HojlA EoF who} AME3IYITE HaCaT A|lEE Dulbecco’s
modified Eagle medium (DMEM, Welgene, Korea)®]
10% fetal bovine serum (FBS, Welgene, Korea)d} 1% &
AA (100 U/ml penicillin, 100 pg/ml streptomycin,
Welgene, Korea)E H7l5l9] E& AlX wjFH2 37C, 5%
COp 27N A vl ekstsict,

3) eitst &5 Hot

WECT¢} EECTS] 4tshs-2 ABTS (2,2'-azino—bis—
3—ethylbenzothiazoline—6—sulphonic acid) assayS ©|-&
3ko] 2434 th Potassium persulfate (sigma, USA) 2.4
mM3I} ABTS (sigam, USA) 7 mM< 1:1 FIjH]|& 930
TEEIFI 24 A7 Fe A2 AgE AHR BRSAIA
0] ABTS free radicale THEo|Ftt. 1 & ABTS free
radical& D.W2 3]43}o] 650 nmm SF=7F 0.7 #Zo] H
L Z ABTS working solution2 Y=ttt 96 well plate?
ZF wello]l ABTS working solution 80 w2} sample 20 wf
£ &3k, 4 min ¢ ARFEH AHER T-SAZ
microplate reader2 650 nm® FFE=E At &
3t 852 o A 0|85l A4lettt

2]

ABTS radical scavenging activity (%) =
A A

( _ “7sample -

sampleblank )

X100
Ablank

4) M= M=g Hot

WECT®} EECT®] HaCaT NE HZ ZA4 %o ujx]= 4
¥ dotr 7] 95 MTS (3—(4,5—dimethylthiazol—2—yl)
—5—(3—carboxymethoxyphenyl)—2—(4—sulfophenyl)—2H

—tetrazolium, inner salt) assayS 33Tt 96—well

A 4 Az B vA= 9F 101

plato] HaCaT A|ZE 5,000 cells/well2 £33 F 24 h
=9t vjeket ¥ Z7Ho] wellS A2V B& HE HE
2 ugs) & F oAl 24 h ¢k wiFs) ok T & MTS
Al2F  (Promega, USA)2 A7}t microplate reader
(Molecular Devices EMax Plus, USA)S o]-£3}o] 490 nm
N FF=E SHIY. AEE AYsA F2 dixd o
Hl A2 E A3 Al29 SAEE HESE FASHY A
¢ =4S A

HNEZ BEE () = ANE 7MY 3= / dzxY
B3%) x 100 (%)

5) RNA == 2! quantitative real—time PCR

6—well culture dish®]] HaCaT MZE 1x 10° cells/well
2 BEsh 24 AZF B MIFSHAT. 1 F 22k wello]
WECT®} EECTE 2 mg/ml =714 A 28le] thA] 48 A
7r <t wiekstint, AlE7E F7hE Wi E AAT * PBSE
AlA3t 5 RiboEx (Geneall, Korea) 1 mlZ A|3EE lysis 3t
t}2, hybrid—R RNA purification kit (Geneall, Korea)S
o]-§ste] RNAE FEs4tt. F&3 RNA= Qubit 2.0
fluorometer (Invitrogen, USA)Z AT 3}, oA *
Z3to] FF3 total RNAR cDNAE FA3H7] Y3k total
RNA 2 pg, dNTP mix (10 mM) 2 pL, random hexamer
(100 pmol/uL) 2 uLE @& & DEPC—treated water® &
Fo 20 pL7t H=E st4th 65CoA 5 minZt BHgAIZ
T 3FA g3 A v, 474 5X M-MLV RT
reaction buffer (Promega, USA) 8 puL, M—MLV reverse
transcriptase (Promega, USA) 2 uL, RNase inhibitor
(Enzynomics, Korea) 2 pL, DEPC—treated water 8 uL
£ F7HHer Hrte 4ok 2 H A2olA 10 minZt &
Zof 50TolA 1 h & ¥HEAIA cDNAE &3kt =%
A= o]gA FA% cDNAE 1/52 FYAA AR
T}, WECTS} EECT Aol 23 HaCaT AlEo|A 2] tight
junction TH GFHXS] mRNA 2 FHFS v|ws] B7] ¢35}
o] quantitative real—time PCR (qRT-PCR)& A A3}
t}. 2X Prime Q—master mix (Genet Bio, Korea) 10 uL,
10 pmol/uLe] forward primer®} reverse primerE Z+zb
1.5 uL, nuclease free water 2 pL, TAS & 1/62 34
AlZl ¢cDNA 5 puLE 92 ¥ 95T A denaturation 20 s,
58 CollA] annealing 20 s, 72C°llA] elongation 20 s& 40
cycle AA|3H= A oA AriaMx (Agilent, USA)S ©]&
st qRT-PCRE 435ttt AE T 279 internal
standard2 [—actin® AFESIE L,
agarose gel2 E3t 7|95} melting curve analysisE
E3 specificitygrelstgt, E3 43 cDNAS 2X Taq
PCR Master Mix 10 ul, forward primer®} reverse
primerE Z+z} 1.5 wl, nuclease free water 5 ul, ATt
T 1/52 3471 cDNA 2uE £33 ¥, SimpliAmp ™
Thermal Cyclerg ©]£3}% PCRE& #3354t Z+ product
+ 1.5% agarose gel& ©|-&3to] A7 95 3 Hlwsksd
ou Aol AT primerd] g7] A E2 Table 13} 2},

Z} primer= 1.5%
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Table 1. Primers used for quantitative analysis of gene expression
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. , s Product size Annealing
Gene Primer sequence (5’ to 3’) (bp) temp, (C)
F GCA GAT CCA GTG CAA AGT CT
Claudin 1 136 58
R CAT ACA CTT CAT GCC AAC GG
F CGC ATC AGG ACT GGC TTT AT
Claudin 4 131 58
R AGT TGA GGA CCT GGA AGG CT
F GGC CCT CTG AGT ACC CTA CC
Claudin 6 136 58
R GCA GGA GGC AGA AAC AAA AG
F GGC TGT TTC TTG GTG GTG TT
Claudin 8 137 58
R CAC GCA ATT CAT CCA CAG TC
F TTT GTG GGA CAA GGA ACA CA
Occludin 137 58
R ATG CCA TGG GAC TGT CAA CT
F AGA GCA CAG CAA TGG AGG AA
70—-1 133 58
R GAC GTT TCC CCA CTC TGA AA
F TCA CCC ACA CTG TGC CCA TCT ACG A
B—actin 295 58
R CAG CGG AAC CGC TCA TTG CCA ATG G

6) Dispase 7|dt sH2| 2Ad

12-well culture disholl 5x 10" cells/well 2 38}
24 A7k 2t wiFe & Z+Ze] wellol WECTSE EECTE &
=2 AEsiart. 24 Azt  A=7F Hrkd wjAE 2.4
U/ml9] dispase II(Roche, Switzerland) BjA 2 w35}3L,
37 TollA 20 B2 viFste ] F&F Az GF& A3, o]
% dispase II7} 2 ¥ E AASHL, G2 Ax &5
PBSZ ZAIAHA A3 gt & Pipet aidE ©|83}%] 12—well
culture dishel] £ & 54& Fo %E% °éJ— °]& 9
g s gtE ARSSt AARE G 229 wellof A
a2 g g Al F AIRE AHFIA u%‘_ 2 B L
WECT® EECTE A3t ©Ho] =5 HEEE FASt] 4
A S| =5 Flstt

7) Xtz 2 % S XMz
2o gt AFF9 GolA-L Student's ¢ —testS ©]
§3to] p<0.05 & W H-oJg Aoz worstct,

WECTS®} EECT7} 7HA & 3H41kst 55 113ty 8 &
Akl g%50] =3 resveratrold} $74 ABTS assayE 4
SHEIL olggt HEHAANA FFHRFOEA Hold g4t
3} ma5o] & LA FHRHtEE (resveratrol) & ©]-&31
Aol Agge gract AF Adle FE 9 AR
7F A7HE RS guje] ¥ BAsgen, 48 Eo] U

g QA AAEHE AL st BEHL AR 43k
ot A¥ A3}, resveratrold A4S S50 F=7F F iy
Z7Feel wet Skt 100 pMollA 73.1+1.63%= FHol
W radical £4%& Uehgth, WECT® EECT HA] =7}

5l A F7Hgoll whet ks asol F7kstth, WECTS
EECT7} 0.5 mg/m¢oll A 2zt 41,55 +2.22%, 34.28+0.82%
o] FAIE AL REoen WECTS EECT7} 1.0 mg/ml¥
o Z}zF 82.74+0.99%, 64.7+0.93%2] A3} G5S Ho

T 225 2% 0% Holu radical 245 E2lstg o,

11 % WECTZ} B ol radical 2452 2goh
100}

9
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Fig. 1. Radical scavenging activity of WECT and EECT measured
by ABTS assay. Resvestrol was a positive control. Averagex
SEM

2. FAL 9o 3289 A 44 2 94
Az e AEEA

ast Bl AW F FEELS HaCal AE A2
A §77ke] mRNA Wael vAE e Selsts] A

2 AT LA TR BEY FAR Qu) F5F
2 Aepe ) Az YEES st olF a4
NAD, NADPE 7|¥Ho.2 3h= A2 U] Ashaac] 342 7|

F02 MEZ YELZ ZA3= MTS assaysS APt
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Aol A& FAE dof FE2EY 27 T8 HIROR
HaCaT A% WECT, EECTS 0.5 mg/m¢5-¥ 2.0 mg/mé7}
A sE2 36 A7t B AEste AoRE AFPxAS AT
Aot Ad 23, izl ARE HEsA] @2 Az A
& v uSRE W, F=7F SRl wet AlEe BEE
o] Au|tA EolAE AL EAT 4 Ut M S 5
=2l 2.0 mg/ml2] WECTS} EECTE A &3 HaCaT A=7}
27} 75.345.59%, 84.1+2.40% TE AYRLEL HoZ9
o 0% g &2 Tl AR NEZEAY ZHsHA LA
B dn 258 27] s=7t BFo R xFEo] Yt A
Y 59 dFoE Ay Y& FFE F7] gzl A
SR gk, ol#3t o] 2 HaCaT AlZ9
e B = AAE 2.0 mg/m7hA] AAsHe] S

SHATE.
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Fig. 2. Cytotoxicity of WECT and EECT on HaCat cells. HaCar
cells were treated with WECT and EECT for 36 h with indicated
concentrations and cell viability was measured by MTS assay.
n=3 (biological replicates). Average+S.EM
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Fig. 3. EECT enhances mRNA expression level of Claudin 6. (A) Regulation of tight junction related genes by
WECT and EECT. HaCarT cells were treated with WECT and EECT for 36 h with indicated concentrations. Relative
mRNA expression level was measured by gRT—PCR. Claudin 6 mRNA expression level was measured by
RT—gPCR (B) and the PCR product was shown by agarose gel electrophoresis (C). Data was normalized by
—actin mRNA expression. n=3 (biological replicates). Average+S.EM. ** 1{0.01 (two—sided t—test, versus

control)
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3. FAE Qv FE2° AT A=LHAH
wAR EAES W

HaCaT A|3Zo] WECT$ EECT 1.0 mg/ml, 2.0 mg/ml %
= 2AcE AT & Azuzdy #H fAXY HdAF
HIE qRT-PCRE 53to] EAstart, o] off, AlZ2Uztd
Aol #H" GARZA Claudin family¢! Claudin 1,4,6,8,
Occludin, ZO—-1& AAst3ct, A% 27, WECTE A%t
HaCaT AlZ+= Claudin familyS B]E3F Azd24d ¢4
Ao drdol F FFS WX A gkt o]of B EECTE A
23t HaCaT MZoA= &3 F-32F 5 Claudin 69 L&F
°] 0.5 mg/ml FEONA 1,414 F7F8bH, 2.0 mg/ml F=ol
Al 6,238 F7tel =7t F7Fetel wet FUheke AE &
st 4= 9tk F BE Aol mRNA & 71 W3} Zo)
A88 %7}2 EECT 1.0 mg/ml ¥ 5 37}38+o] Claudin 6
o] @S vlwE A}, Claudin 62 YEFo] H& 7]&7]
of wet 7S & = AT B PCR ¥ #7965 &
3l band intensity & W]wstq = 22 AIE &AL 4= Q)
o}, o] 53 EECTE A st Zo] AlZgaay
ZAAZ Claudin 69] mRNAZE | J&Fe F= A&
g 4= ATk

o)
O do 32 o

1o

4, FAE duj ek FE5E] 28 HaCaT
ANES] ME 7+ 3& Frx o] & A
EECTE HaCaT Mol Aoz Zrtat Azdztd

A

EECT(mg/ml)
1.0

Cont.

100

[o+]
=]
T

e e

[=2]
(=]
T

i
o
T
——i %

Relative number of fragment (%)

T
20 1
Cont. 0.5 1.0 2.0
EECT{mg/ml)

Fig. 4. Tight junction capacity is increased by EECT. (A) Dispase
assay showing that EECT enhances mechanical cell—cell
adhesion. HaCal cells were treated with EECT, followed by
treatment with dispase for 1 h. Number of fragments were
counted, Average*SEM. * p{0.05 ** 0¢0.01 (two—sided
t—test, versus control)

d fAAS Claudin 62] mRNA HdF 27171 A= 7+ &2
2k 7o) ow3t IS F=A Flstr] Aty dispase 7]
gk oafE] AdE AYskAth, WECT: TJ o {379
mRNA T@Fo| FF& FA Fheunz F7HHQl dde
AeYstA| gFtTh. EECTS =82 A2ste] vjggt HaCaT
M Zo] dispases A2|oto] LT FAE 76t dojd &
Ho 5 ZAskch. AF A3 A FAE Iof e
FEEY =7t SR et I 7 Fadhe A¥ES
Bgod, 2.0 mg/moll A GH = ARE AR Y=
2o & ol vlste] 22,9%2 Zastch olF
HaCaT A Zo] EECTE AZA] Al 3t 22 F=7} vje 5
7hhe A& & 5 A

V.2

RRABUR Cudrania tricuspidata Bureau (BUR3}
Moraceae)= 3= ol'dollA Aets HFIIER Ee X
S 2A ZHA S ZEXZE QleH el "ol o BEE 52
o & 2~3cmE A AEC|AL 9¥o] HYOo R oom FHRE
2ol 5mm FE2A FA o],

FAEUR dojjo] AUt ES By 22 76.0~80.1%,
ZA 2 2~3.5%, 2 1.7~2.9%, & 0.8~1.2%,
ESHE 14.5~16.4%°)1%0tE. #8392 glucose, fructose
7h AEEYew H=er d&molA fructose’t glucose
Hrh @ol FFEo] Yt §714k2 oxalic acid, citric
acid, tartaric acid, malic acid, succinic acid7} AZE
© ™ malic acid®} succinic acid7} FA<A|7|o TA Qo] 7}
o] R At F7148EL Ca, Fe, K, Mg, Na,
P So| HEHYL K FFo] 836~1207 mghE 7HF =Sk
o}, vjEb CRERS 127.5~149.2 mg%o|gon £ Ao]4
RS 22.7~38. 710019 eH E8A Aoldart 84
Aoldf Hoh 453 Wittt ¥ EYuEd EgtEolE
TS 18.9~19. 7%} 40,9~48,2%0] ATk

35h7 - Bl A= A4l o3 o3 A Rde
kst A E 7Rl (chemokine) T} AFO| £l (cytokine) E Z
A AR (growth factor)So] &H|E]7] A&, o2|gt 1zt
£l 3] AP A EE FHFEHZE o] F(migration)s}7|
AzZreta, FAle AEe] Z&(proliferation)o] HEgTH?,
Nzd2dA4 (tight junction) AFES ZFooA THEE=
M| Z7Fo]S(intercellular junction) % 3tU2A, 33 I
NZ5 AlZ7tEe] fXste A NEZES HEA7|Z
A £ o]5S 2Ed= AH7|5E vRe ohyst
BB 7)5g ST,

Free radical 59 ¥lo] a4 Al Yol ROS7t F7t
St ALY AEH AR 285t g5 A3S fEskaL Al
Z U S AsiA) 70, ofe gade] BRtAe o]
o} MEYURAY A AN 2 G| Hojd
radical £A5& = 22& AlxZo AT A Alzuz
Aol 38AJA FFE v 5 e, FoA FAs=EE
< HA S EH radicalel] gt NEZLAAY &4Fo] AAEA

L a3 2yt 2uE v Ao gebA B dfehs
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