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Investigation of the Effect of Sappan Lignum and Brazilin on Expression of

Tight Junction Related-genes in Human Keratinocyte
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The aim of this research was to determine the diverse effects of Sappan Lignum extract and brazilin on human
keratinocyte HaCaT cells. We confirmed the antioxidant effect of Sappan Lignum extract and brazilin was analyzed by
using an ABTS assay, confirming the efficacy of water extraction method. Also, we examined effect of Sappan Lignum
extract and brazilin on the cell viability, using the MTS assay in HaCaT cells. mRNA expression levels of tight
junction-related genes associated with skin barrier in HaCaT cells were analyzed using quantitative real-time PCR
analysis. Sappan Lignum extract increased the cellular activity of HaCaT cells and the expression of the tight
junction-related genes claudin 3, claudin 6, and ZO-2. Brazilin displayed the same effects as that of the extract on
HaCaT cells activity and tight junction-related genes expression. Furthermore, dispase assay demonstrated altered cell
-cell adhesion strength of Sappan Lignum extract or brazilin treated HaCaT cells. Sappan Lignum extract or brazilin
might be an useful ingredient in skin-mosturizinng and anti-wrinkle cosmetics, given its effects of altering mRNA
expression of tight junction-related genes and enhancing cell-cell adhesion strength of HaCaT cells.
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T
251911, brazilin&
Al
=
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2 APe 934 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), Trypsin-EDTA  (WELGENE, Korea),
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),
RNase
inhibitor (Enzynomics, Korea), 2X Prime Q-mater Mix
(GENET BIO, Korea), RiboEX £0] AFRE|QCt B Ao ALL
® 7]7]+= CO; incubator (Thermo Fisher Scientific, USA),
water bath (HAAKE, Germany), rotary vacuum evaporator
(Branson, USA),
microplate reader (Molecular Devices EMax Plus, USA), The
Qubit 2.0 Fluorometer (Invitrogen, USA), AriaMx (Agilent,
USA) Soltt.

potassium

M-MLV reverse transcriptase (Promega, USA),

(Eyela, Japan), ultrasonic cleaner

2. 99
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dojod, o] HEMS SAZEI|E o|fste X3 Bae A
sttt 247z 522 102 goz ZRHgoy, 282

2) A= ujg

Ao AMEH AZFE= HaCaT (Thermo Fisher Scientific,
USA)o 2 Dulbecco’s modified Eagle mediumo] 10% fetal
bovine serumi} 1% FBAES A7st] BF A= ujgHeA 3
7°C, 5% CO; 7104 wjY¥stULt.
3) F4tet a5 Frt

ABTS (2,2'-azino-bis-3-ethylbenzothiazoline-6-sulphonic
acid) assayg ©|83to] #AI brazilin®] 4t} 8
9t}. Potassium persulfate 2.4 mMit ABTS 7 mM2 1:1 i
Hj2 9hRo] SRR 24 AIZF ¢ A2oA AFH AJEHE g
S AA Zo] ABTS free radical2 9rSo]x9tt. 1 & ABTS
free radical® D.W=Z 3]A35to] 650 m ST %7} 0.7 20| H&

£ ABTS working solutiong FS9th. 96 well plate?] ZF well
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#ARI brazilino] HaCaT N 29 Mz Eg U]X]= IF
S  ofws] oa] MTS (3-(4,5-dimethylthiazol-2-yl)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium,
inner salt) assayS 2385ttt 96-well plato] HaCaT A|x2
5,000 cells/well2 EZ3F 5 24 h ZoF wjYst ¥ ZHzHo] wellg
ANe7l s d2 N2d Hix2 28] & § oA 24 h 5 )
s 9t 1 & MTS A|2F2 A1t microplate reader2
o] &30 490 nmoA FFEE FAstYTh AEE ANsHA] g2
iz Oy A8g A2e A2 FEES WEEE RAISHY A
Al =£4& 5369

AR AV EFYE - AR Y
CESRE T

MEAYZE(%) =

x100(%)

5) RNA & 9 quantitative real-time PCR

6-well culture disho] HaCaT A|ZE 1x10° cells/well2 &
F3t 24 h U HigstET. I & A7 welld] #RAT
braziling 1 pg/ml2 &2]sto] T}A] 48 h EQF HjgsIUC}. A8
7t 2715 "ix]|2 AAS & PBSZ AR §] RiboEx 1 mlZ Al
X2 lysis ¢F Oh2, hybrld—R RNA purification kit (Geneall,
Korea)S ©o]£35t9] RNAS #5519t 5% RNAE Qubit 2.0
fluorometer2 A3F 51911, o|F A F55t0] St total RNAZ
cDNAE 3Hd3517] 95to] total RNA 2 pg, ANTP mix (10 mM)
2 uL, random hexamer (100 pmol/pL) 2 g Y2 3%
DEPC-treated water2 & ¥iu] 20 pL7} &2 3}2ct. 65°Co
A 5 minZt $EAZ § X dgo] WA ohe, A7 5X
M-MLV RT reaction buffer 8 uL, M-MLV reverse
transcriptase 2 pL, RNase inhibitor 2 ulL, DEPC-treated
water 8 pL.g F7MAo g Arlel FA 2 H A4 10 min
& 2o 50°ColA 1 h ¢ YESAIA cDNAE FAstdo. &
% Aol olF7) T3 DNAZ 1/52 3|HA7A Argateict
#AZ brazilin Ao 9J3] tight junction TH GA X9
mRNA 2 =2F2 vl ws] ¥7] 9519 quantitative real-time PCR
(qRT-PCR)S AlA|5}9ct. 2X Prime Q-master mix 10 pL, 10
pmol/pL9 forward primer®t reverse primerS Ztzb 1.5 pL,
nuclease free water 2 pL, §Alst & 1/52 3]AA]Zl ¢DNA 5
nLE 9& 9 95°CoA] denaturation 20 s, 58°CoA annealing
20 s, 72°CollA] elongation 20 s& 40 cycle MA|sl= =71 5}o
A AriaMx & ©] 83t qRT-PCRZ $385titt. HA+d}
9] internal standard2 pB-actin® A5, Aldo] ApLSH
primer?] ¥7] A9 Table 13} Zt}.
6) Dispase 7|8t 3l2] &4

12-well culture disho] 2x10° cells/well & 2735}1 24 h

EoF ujYet & Zb7ho] wello] #RAMY braziling 1 pg/mlZ 2]
sttt 24 h & X271 A71" wjx]S 2.4 U/ml9] dispase II7}
=23g wjx|2 2§sty, 37°ColH 30 min ¢ wjYste] v A

P Z 952 d9r}. ol3 dispase 17} 23HE wjx| 2 AAs}
ZN2YA A & 3

=8 12-well culture
dishol £2A99 372 Fol FBE @n o2

gxg 7tu2ts

7t7to] wello] A &
s = o r_ﬂ_?s_-“._L ojju] ﬁ*l—} braziling 2]
gHo &5 WEg2 mA|ste] Al WH 25 Qs

o gHe Arg

Table 1. Primers used for quantitative analysis of gene expression

Product Annealing

Gene Primer sequence (5' to 3') size (bp) temp. (°C)
Claudin 1 F GCA GAT CCA GTG CAA AGT CT 136 58
R CAT ACA CTT CAT GCC AAC GG
Claudin 3 F GCA TGG ACT GTG AAA CCT CA 145 58
R AAT ATC AAG TGC CCC TTC CA
Claudin 4 F CGC ATC AGG ACT GGC TIT AT 131 58
R AGT TGA GGA CCT GGA AGG CT
Claudin 6 F GGC CCT CTG AGT ACC CTA CC 136 58
R GCA GGA GGC AGA AAC AAA AG
Claudin 7 F ATG TAC AAG GGG CTG TGG AT 132 58
R CAC CAG GGA GAC CAC CATTA
Claudin 8 F GGC TGT TTC TTG GTG GIG TT 137 58
R CAC GCA ATT CAT CCA CAG TC
Occludin  F TTT GTG GGA CAA GGA ACA CA 137 58
R ATG CCA TGG GAC TGT CAA CT
JAM-A  F TGC CTC TTC ATA TTG GCG AT 144 58
R TGT CAC GGA CTT GAA GGT GA
Z0-1 F AGA GCA CAG CAA TGG AGG AA 133 58
R GAC GTT TCC CCA CTC TGA AA
Z0-2 F AGC AGG AGC AGA AGC AGA AG 148 58
R CAT ATC AGC TCT TCC ATG CC
Tricellulin ~ F GGC AGC TCG GAG ACA TAG AG 147 58
R TTT GCT GTT CTC AGT TCC TTG A
B-actin  F TCA CCC ACA CTG TGC CCA TCT ACG A 295 58
R CAG CGG AAC CGC TCA TTG CCA ATG G

2

1. BAY brazilin®] A3t a5 54

& 9o 48 A9 Hold F4tet &5 brazilin9] &
st 552 71E AFE S da FPEHAAR. Qe #A
o] ¥t & JE50l 25 50 o] aRRoR FEEHU:
R AZ35t7] 95t ABTS assayS E3] # A brazilino] 7}A|
L oMt avg Assgon, P avol U3d
resveratrol2 ©o]8sto] Aol AZAHL sEstPct 1 A
resveratrol?] #4tdl @52 Sk _lé?ﬂ,gi %7tsto] 100 puM
oA 81.23%=2 UEFOon, #AIl brazilindlXNE s& OJEHQI
st @50 Hglon 55 50 pg/miolAl ZZb 93.07%,
84.20%°] At 552 HR|C)

2. BAo| tight junction $HAL Lo O]R]+= FF
2 dRdAME #ACl MBS pAdste Z4E FA4 AEAA

B g 9HgE Aol Qi tight junctiond] UR: FFLS
Yot 7] 9] tEAQ tight junction ¥ SHAAY WFAL
gHolstgitt. qRT-PCRE %3] tight junction -§FA2] mRNA
Uy wsie & lomoﬂ S| ﬁ'ﬁol HaCaT NZ9] Alx BEE

g &3l &elsto], o|% HaCaT Al
2o }IYE & Nl% AR fadt 5=5 2AsAT. &K A
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2o o3 HaCaT M=zo] Az BE&2 AA F7iste] 10
ng/mlolA 141.43%2 7Hg £ AX BELS BN, o A
£ gz Ax FAd gFE FA GoWA A ans
3dg & 3 dE 5= 1 pg/ml =7 5to]lA qRT-PCRE A
qotAct. #AS AsR] ¥ dixe oyl AAL9 tight
jucntion §XAte] mRNA 2JFS wlws] & Ax, A A
2lo] ]3] HaCaT AZ9 claudin 3, claudin 6, Z0-29
mRNA ¢@Fo| Z75tglon £3| claudin 62] mRNA 2rgaf

2 @K Ao o5 4.06812 IA FIFSEALL, BRAK Ao 9
st HaCaT M Z9 claudin 6 mRNA ©HdFL o] 9JEXNO
2 37kte 2e BAsgn.
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Fig. 1. Anti-oxidant activities of the Sappan Lignum and brazilin. ABTS
free-radical scavenging activity of Sappan Lignum and brazilin. n=3
(biological replicates), Average+S.E.M.
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Fig. 2. (A) Cell viability of HaCaT cells after Sappan Lignum
treatment. HaCaT cells were treated with indicated concentrations of
Sappan Lignum for 24 h and cell viability was measured by MTS assay. (B)
Effect of Sappan Lignum on tight junction-related mRNA expression level.
HaCaT cells were treated with 1 ug/ml Sappan Lignum for 48 h (C) Effect
of claudin 6 mRNA expression level by Sappan Lignum treatment in
concentration-dependent manner. HaCaT cells were treated with indicated
concentrations of brazilin for 48 h. mRNA expression level was measured
by gRT-PCR. **P<0.01, ***P<0.005 versus control.
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Fig. 3. (A) Cell viability of HaCaT cells after brazilin treatment. HaCaT
cells were treated with indicated concentrations of brazilin for 24 h and
cell viability was measured by MTS assay. (B) Effect of brazilin on tight
junction-related mRNA expression level. HaCaT cells were treated with 1
ug/ml brazilin for 48 h (C) Effect of claudin 6 mRNA expression level by
brazilin treatment in concentration-dependent manner. HaCaT cells were
treated with indicated concentrations of brazilin for 48 h. mRNA
expression level was measured by gRT-PCR. *P<0.05, **P<0.01, ***P<0.005
versus control.

3. Brazilino] tight junction SAX} o] U]x]= J3k

U A AFoNA BARY Helo] o] HaCaT MZ9 claudin
3, caludin 6, ZO-29] mRNA o] =7}st AL &Halstoic}.
HaCaT A|Z9] tight junction XA 2d wsto] o]z #KAQ
FI7F WK —’;‘—%%"ﬂ 23" st g8 23 5 daxd A=
749 braziling} d¢o] Y AJAX &AsH7] $all brazilind
o|gsto] Z2 APZ 23P5t¢ct. Brazilin Ao 2] HaCaT
Azl Nz FEZo] Z7Iote A& MTS assays 5ol &5t
oy, 1 pg/mloA 177.39%2 7P} &2 Nx BELo| Yy
ot MTS assay A%E oz NI FAo JF2 74 ¥od
A brazilin® &3 STt & & A= 1 pg/ml 5= £ 5t
A braziling A2stA] ge ET oyl AFFO mRNA SFF
S vt i, HaCaT AlZ9 claudin 3, claudin 6, Z0-29]
mRNA Zrd o] brazilino]] Q3] z+zr 1.984fj, 3.008], 1.734] =
7tste # AR A2l ©E claudin 3, claudin 6, ZO0-29]
mRNA 2@ Wstel JARE Zatg g9k 3 brazilind] oJ&t
HaCaT A|Z9] claduin 6 mRNA %3 #st= x]a3]s]
9] s=o EAA F7 FFe FAstA.
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Fig. 4. Dispase-based dissociation assay in HaCaT cells treated with
Sappan Lignum or brazilin. HaCaT cells were treated with 1 pg/ml
Sappan Lignum and brazilin, and after 24 h the dispase assay performed.
(A) Culture wells photographed after performance of the dispase-based
dissociation assay. (B) The resulting fragments were counted. *P<0.05,
**P<0.01 versus control.

4. #AK3t brazilino] HaCaT AN|Z9] N Z-AMZ HAF Z+wo] O]x]
£ 9y

of A AYLE Boll BAI brazilin® A 2]o] 25 HaCaT Al
9] tight junction §A At & claudin 3, claudin 6, ZO-2 84
A9 mRNA @@o] A& RAZ Rlstirt. F7PH02, A
1} brazilino] NZ-M® T2} 7&£°ﬂ A+ FE 2AH] 9
5] dispase 7]4t 7] APS 438519t HaCaT AM|Z o] dispase
£ Aot b Fa Az &d5E 41, =2AA 33 S 7ot
g2 o9 ~5 FFF Za NS AochA] g2 iRz H
3 #AM braziling 2|3t A8 AE WHo] ZHzZt 32.10%,
43.67% =2 XAt

Il A}
ke A 2702 7 WISRY, WoE AT WIEEY
E& et ugHe SAM-gZMY G2 AT 24~
sl WA 2o AE ok £3 tz Ex Az geA
dn ge ggsht Az AU e pasxy] Ao, yaue
voldlg £sl 2 4 Ao

#HARe =9 AEL brazilin, chalcones, rhamnetin, ombuin,

quercetin, sappanchalcone, homoisoflavonoids, sappanin,
caesalpins ] and P, dibenz[b,d]oxocins(protosappanins A, B
and C, protosappanin E-1 and E-2) So] 8t9go] 9om®
AR dJEAQ XEEAHQ brazilin® At §%0] HIUEW
9\’11—4}32,33.

B ATHE 92 55 YUOR AL FA 55 FA
A

3t 52 Ugy= ?ﬁ;k_] (NS LR ] aFoR ZELYEA]

2 g% AE7} seteol AleM Sof BE A A
of Al4Ao0z2 y&%WH tumor necrosis factor (TNF)-a2}t
interleukin (IL)-1, -6, -7, -8, -10, -12, -15, -18 ¥ -201}
Ze olgl 7 $79 954 cytokineSe Bulsto] [y 27
4 A= FA 4=§ ZAaAIL, ANF9 J1EFEE ol
£58 ASATlE Aoz PA

2 a7e At
tight junction §ZAA}e] mRNA ¥d
2 sty

3 ZA g4 MEZY HaCaT AlZoA
24 "X+ BAY I
1, #AO 95] HaCaT AM=Z9 tight junction §&
At % caludin 3, claudin 6, Z0-29] mRNA @@zFo] 5715t 2
g AU Tight junction F78XH] mRNA9] H@ Wslo] o]
Al Bkel 238 ol fofol A83ll 4 L AL Sl
M BRARY OYst 38 42 5 9Y stdEo digt A7t 2
Qi

olo] & AFE FAY tjEFQ A XEA braziling HaCaT
A=o] ®a]stg, Aol 93t claudin 3, claudin 6, Z0-29]
mRNA H3 Watet JARRE Aart APE A}, Tight junction
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A¥ste Ea) AR Aol2 A2 A U WEstel WALH 22
o o5 xstn, A= Y A3 FY L Iy WPoevy B
AseAY TAL Yookt WY P 1SS SR, 3

ani o]aﬁj 75:.}‘- tight Junctlon %@K}Ql G FF
S

‘3—! e o AIAME}

Az B2 Fee A2 AFYAlA 28 489 o
&g sto xA9] Wy Qo Fad AT Fh
junction¥} tjEo] N Ato]9] AFZ AASH= AE H& FHI
A BRI} brazilin®] AF-Z LotE7] 3] dispase 7[§t 2] £
Mg 23oidet. 1 ZAal, dispase A9t AU FZHA g
2’49 HaCaT ME THO 27} A} brazilin A2jo] oJaf 7+
435t0 HaCaT NZo] NZ-NZ 8zt 7er} 7tstel AL stelst
ot B brazilino] oo ZaE ME-Ax 2A PFr nf
g A7 ARARQl QQE5R RE nf9 RAZF {A|S
W E5E £ 9% Ao 7ot

2 £

B AFoA EAI I A EEA brazilind] 93 HaCaT Al
29| tight junction JAA wo] wistel Akt gt U
HaCaT M 29 N =-Alx 22 e 7Fet autg &olsto ot
T2 482 A9

ABTS assayE® S8 #AKY brazilin® = oJEHQ
radical £#%0] &lgof ‘5—1‘— 2& WYyoza d2 EAY
brazilino] &4te} 50 2 UL

#kAo] HaCaT AN Z9] tight junction SRA} wWo] Ojx]=
g sHIst Ay frAe A2l 93 claudin 3, claudin 6,
Z0-2° mRNA 2td3Fo] zHzb 2.35, 4.06, 1.57 v} Z7}5t9 00,
HA9 dgaA X EEAQ brazilin £3F HaCaT A29 claudin
3, claudin 6, Z0-29] mRNA &g Z7H7|H FAL SAH
2348 Ueht

HaCaT Az o] # A3 braziling X 2] g & dispaseE A
gato] Qe u AR AE BES AL, 2 342 ool
gde amo 23 54 2% A2E AYsd ge gazdl
Hlal Bk braziing Ml Ao AME o]

J$-
)

32.10%, 43.67%=2 ZtAsty ME-AN=x B g 713t gu=
sholatgirt.

BARS ChoFst tight junction -SX1AHS] mRNA @ o] I3
gosln. of Ashe AT Fste dEde B AR
brazilino|A] AAE Yt &S tight junction GHA ¥ =A
T
OJAl& brazilin®] &5 Ojgh 8ok 72 A7t Bad Ao
B7tE e vholt},

anel 2
o] =2 ZEUst AN AFY] A|Yol| oo P AFYT
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