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Investigation of the effect of Lithospermi Radix on tight—junction related genes
in HaCaT cells
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ABSTRACT

Objectives : The aim of this research was to determine the diverse effects of Lithospermi Radix Water Extract (LR)
on human keratinocyte HaCaT cells, and to examine whether those effects could be applied to the human skin,
Methods : We examined effect of LR on the cell viability of using the MTS assay in human keratinocyte HaCaT cells,
The antioxidation effect of LR was analyzed relative to the well-known antioxidant resveratrol, using an ABTS assay.
Quantitative RT—PCR analysis revealed that, in HaCaT cells, LR influenced the mRNA expression of tight—junction
genes associated with skin moisturization, Furthermore, a wound—healing assay demonstrated altered cell migration
in LR—treated HaCaT cells.

Result : The cytotoxicity was confirmed to be higher in LR at a concentration of 800 ug/ml using the MTS assay in
HaCaT cells, In comparison to 100 UM resveratrol, 1,600 ug/ml LR showed either a similar or superior antioxidation
effect, LR treatment in HaCaT cells reduced the mRNA expression levels of claudin 3, claudin 4, claudin 6, claudin 8,
and ZO—2 to less than 0,80—fold, whereas JAM—A and Tricellulin mRNA expression level increased more than 1,33—
fold, In addition, HaCaT cells migration was decreased to 83.9% by LR treatment,

Conclusions : LR of antioxidation activity will have an anti—aging effect on the skin by reducing oxidative stress. Further
studies are required to address the implications for human skin, given LR’s effects of altering mRNA expression of
tight junction—related gene and decreasing cell migration of HaCaT cells,
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sro] L ggtern?, guorayt Faokndol &
= Z]A3} (Boraginaceae)ol &3t= XX Lithospermum
erythrorhizon Siebold et Zuccarini, #iE%¥ Arnebia
euchroma  Johnst, &2 WNFYRE Arnebia guttata
Bunge 9] B2 FHof Qit},

tgdJEOZ naphthoquinones Al A 9]
acetylshikonin®} 1 [[|j%&#E, lithospermic acid, FESHIY
A9l lithospermoside, allantoin”, lithospermidin A, B,
c2 gsty 9om?  oluto] caffeic acid®} stearyl
alcohol, 1—epicosanol, 1—docosanol, 1—tetracosanol &
JaE2 sHES et Ut”

sreso] okajztg-e Y, erelA) % FAIDS”?, 3,
At 5 oe] drEe] RuEr,

29 7423 B2AH (Tight—junction) F 7 o]/
Az 7+ 725 dAsta, Azerde S8 edads 2
A3l= o= gz ESHA] (multiprotein complexes)®E
occludin, claudin 9] @R 1610 gajm mEo An
FWe gol NREE] FAE FaF AL Fh Y

547} 17F §9) 270 B4 AIEQ HaCaT AlZ] 02
Aol A= P HEA] skt ol AR= KEE &
$5E310] AL A 2R At 5% U HaCaT A|Zof 7R
=41 2R vA = FFE 2AH T A0S @
$710] o]of H 115} Hfo|t},

l

LA =E

1) 24Xy

Ago)| AMEE #5%E% (Lithospermum erythrorhizon Siebold
et Zuccarini)&= ¥t A& FE3|E FAIAZRE 2016W
9o ¢ (NO; 2016-0904)3te] 7] Qo] A} ZA O &
4 7Hddiga grejatdist B w oA Hgetaar, o
ANe 239 N27)E ol 83dto] BLES AlASIE A AME

shset.

2) Cell line
Ao A" NExze= A7 3 2P A AEQ HaCaT
MEZ nosta A stiof A B ol Ao ARgs}

At

3) Al & 717

H AHE Y34 Dulbecco's modified Eagle medium
(WELGENE, Korea), fetal bovine serum (WELGENE,
Korea), 100 U/mL penicillin, 100 ug/m¢ 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) 5°] AF&E ittt &
Aol A= 7]7]+= CO: 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 Fluorometer (Invitrogen, USA), AriaMx (Agilent,
USA) Solth,

2.9
1) K& d+F2E MZ

Z71°0 12 F57< 2,000 mee} A W2 F g0l F= AH
O 2HE 2 AR FeE 7HESte] FE% tE FEUL filter

paperZ 7 o113t oj 7} o-& rotary vacuum evaporatorS
o]§35le FEHAL Aglom, o] FHAL FAURIE o1&
sto] Axg EEE ARE AMSSIAT. 524z FEE2
YREE 19,4 g, & 38.8%%t

2) MIZ HH

HaCaT AlZ 2] vjoFe & AlE kel 37T, 5% COq
ZAANA 10% fetal bovine serum¥} 1% 100 U/ml
penicillin, 100 ug/ml streptomycin®] Z7}= Dulbecco's
modified Eagle medium< ©|-&3}] st Tt

3) itaks HIt

ABTS  (2,2'—azino—bis—3—ethylbenzothiazoline—6—
sulphonic acid) assayS ©o|-83to] %% 9| A3}t 555 &
A5ttt} potassium persulfate 2.4 mM3I} ABTS 7 mM-E
1:1 Ruju2 ghieo] F3ts3a 24 A7 Bt A2 A}
e AR HESA)A Fo] ABTS free radicalS TS0l
11 % ABTS free radical& 650 nm SF=7} 0.7 £2o| 5
T2 D WE o|-&38) 343} ABTS working solutiong gt
St} 96 well plate?] ZF wello] ABTS working solution
80 wl et sample 20 W& &3dt1, 4 £ XFH = vt
2A171 & microplate reader® 650 nm& EF=E =A3}

Aok, P4 B52 oS A4S o835k AlAlsta Tt
ABTS radical scavenging activity (%)

—[1= ASample_ ASampleHankt % 100

ABlank

4) NZEde Hot

HaCaT A|Eo] #%=E A3t T MTS (3—(4,5—di—
methylthiazol—2—yl)—5—(3—carboxymethoxyphenyl)—2
—(4—sulfophenyl)—2H—tetrazolium) assayS 3|4 A
ZFAEE Q59T 96 well plateo] HaCaT A|ZES
5,000 cells/well® #33}3L 24 A7 F<7t v gstdet, 229



#E deFEac] LI YAE HaCaTd A2 A3 B9 AR Fd o) vjAe= 9% a7 57

wello| %5 sEHE Y7IRE F thA] 24 AR T2t vigst
Fek I & MTS A& 7Kt 492 me FFE=E
microplate reader® &334t AtZ e AZSFHEE 7
3k7) QJakel e Aeldt AT 2P ARE A
alA] ke ool 24k} v e Fo) WEEE BASIIC,

AEBHE () = NBH7FELY] FTF= - NE2AA &
BE / 22 FHE) x 100

5) Quantitative RT—PCR

6 well culture disho] HaCaT AlZEE 1 X 10° cells/well
A Bt 24 A2 wget T 1 3 KBS 200 wg/ml 5
E=2 ANazo AH=star 36 AlZF Bt ittt 2 A&7t
FH7HE wiAE AAT & PBSE A& T eCube Tissue
RNA Mini KitE ©]&3}9 RNAE $Z319th. The Qubit
2.0 Fluorometer& ©]-83 RNAES A3t F total RNA 1 ug

o] DEPC—treated waterE o|&3 & Ru& 8 W= XA
% Random Hexamer (100 pmol/z 1) 1 w¢, dNTP mix
(10 mM) 1 w¢ & Yol 65CNA 5 B3F ¥h-gAHY, 1 &
ZA 929 YZA|Z] o}, DEPC—treated water 4 ul$},
5X M—MLV RT reaction buffer 4 w¢ M—MLV reverse
transcriptase 1 uf, RNase inhibitor 1 W& ZtZ} 71202
A7eEeleh, 10 £7F A-2oA §Eg £ Fofl 1 AIZF 5% 50T
oA cDNAE ¥/d3t3itt. cDNAE D.WE 1/10% 3] A|#H
AF o] AL&3tHTE ©] & AriaMxE ©]-&384] quantitative
RT-PCR (qRT-PCR)S A5k} Wl el g8415e)
mRNA Z&TFLS v wslFth cDNA 5 w9l nuclease free
water 2 wf, 2X Prime Q—mater Mix 10 wf, 10 pmol/ul
forward primer 1.5 u¢, 10 pmol/ul reverse primer 1.5 uf
£ Y 95TAA 20 %, 58TolA 20 %, 72TCAA 20 =&
40 cycle2 qRT-PCRE AA|3}4 T}

Table 1. Primer sequence

Gene Primer sequence (5’ to 3) Product size (bp) Annealing temp, (C)
F GCA GAT CCA GTG CAA AGT CT
Claudinl 136 58
R CAT ACA CTT CAT GCC AAC GG
F GCA TGG ACT GTG AAA CCT CA
Claudin3 145 58
R AAT ATC AAG TGC CCC TTC CA
F CGC ATC AGG ACT GGC TTT AT
Claudin4 131 58
R AGT TGA GGA CCT GGA AGG CT
F GGC CCT CTG AGT ACC CTA CC
Claudin6 136 58
R GCA GGA GGC AGA AAC AAA AG
F ATG TAC AAG GGG CTG TGG AT
Claudin7 132 58
R CAC CAG GGA GAC CAC CAT TA
F GGC TGT TTC TTG GTG GTG TT
Claudin8 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 TGC CTC TTC ATA TTG GCG AT
JAM-A 144 58
R TGT CAC GGA CTT GAA GGT GA
F AGA GCA CAG CAA TGG AGG AA
Zo—1 133 58
R GAC GTT TCC CCA CTC TGA AA
F AGC AGG AGC AGA AGC AGA AG
Zo—2 148 58
R CAT ATC AGC TCT TCC ATG CC
F GGC AGC TCG GAG ACA TAG AG
Tricellulin 147 58
R TTT GCT GTT CTC AGT TCC TTG A
F TCA CCC ACA CTG TGC CCA TCT ACG A
B—actin 295 58

CAG CGG AAC CGC TCA TTG CCA ATG G
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6) Wound healing assay

HaCaT A ZE 6 well plateo] 6 X 10° cells/well2 £33
3t 5, plate] confluent € wi7}A] vjoFal &%tk HaCaT
MEZo FHY 200p tipE ©]Lsto scratchE WE ohS
PBSE 13] Nl&3t F %%E 100 ug/m¢ 5=t 200 ug/me
FEE At thA] 12 A7 F2F wistnh Ak w2
healing =& @n|H L o] &3t WEsH e, Hol A=
scratch®] S SH3 o3 A28 AR &2 =L
I} 2t Al °] HES WEEE FASHYTH

3. SAAZ

2 7 AT FF2 ZFol= student's t—testE
243t p-valuegte] 0.05 u|wtd w FAHO=E [Tt
Zpo|7k Qe A= B

o z2
1, i3t 5 -f%
ABTS assayS B3l %57} 7IX & Ais a5 3}
Aol & g resveratroh} H| @l Selstac} o Axt
resveratrol 100 uM2] A4St G52 60.6%2 eI oH

2RE 1,600 ug/mle] A4S %52 resveratrol 100 uM
65.3%= ettt
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Fig 1. ABTS radical scavenging activity of Lithospermi Radix and
resveratrol.

2. HaCaT M| Z9| N ZZ8A &= u|X] = 9F

$H7F HaCaT M2 AIZEAYEC WA= FFE MTS
assayS &of &sto] Aol A& & e F& %E% 2
&tz shgdek, 1 Ad 200 ug/meo] KEE 24 A7 AEE
HaCaT Ao A tiz=3 tjn] 97.9%2] Hli%*éi—a— e
ATk, 800 ug/ml FEOIAFE HEZAGo] =t wat
A 200 ug/ml ©|5te] FEE KFEE HaCaT AEo] 225t
ATF+E JHsHTh
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Fig 2. Effect of Lithospermi Radix on cell viability. HaCar cells were
treated with indicated concentrations of Lithospermi Radix for 24 h,
** < 0.01 versus control,

3. WA B FAR LY 23

HaCaT A2z %% E 200 ug/ml =2 36 A7k A5t
93 qRT-PCRE 58] W2H1gel Bolshe chaket 4024
mRNA 2&S sttt I 27 K&EE A3 HaCaT
A3 Al claudin 3, 4, 6, 8, Zo—22 mRNA W& 0] 0.804H

olgl2 7}43} Tt E3] claudin 32 mRNA 2d-2 (. 43H],
claudin 62] mRNA 2&-2 0, 544), claudin 82 0,514) 71X

r.l

%

ZAastger vl JAM-AQ] 2HE-& 1,334, Tricellulin&

1,478 F7Fsih, o] AIE T3 %KE7F HaCaT AMZ9
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Fig 3. Effect of Lithospermi Radix in tight—junction related mRNA
expression level. After 36 h of 200 ug/md Lithospermi Radix treatment
on HaCar cells, mRNA expression level was measured by gRT—
PCR. *p { 0.05. **p { 0.01 versus control.

4, AZOI T WAL 97
o] A& T3l £FEE AT HaCaT A|=zoflA L2AH
A2 mRNA W@ o] thekstA W3kst AL Flskar
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o] 2|3t ko] Z+go| HaCaT AZo NZo|Zo] nx:= 4
S Feolsf 27] 93t wound healing assayS I35t}
71 A3t 55 200 ug/miE A3 HaCaT A E9] A Eo|F-S
=223 gustgS o) 83.9%2 @At

LR 200 pg/ml
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Fig 4. Reduction by Lithospermi Radix 200 ug/ml of HaCaT cells
migration. (A) Representative images of wound healing assay.
(B) Percentage of migration area of HaCaTl cells treated with
Lithospermi Radix 200 ua/md for 12 h. *p { 0.05, versus control.

v, 2 #

e (Lithospermi Radix)] 7] A1&L @A) =3
Foo| A AHESte 7194l Ee] A4 gt Ao ofd o 3
Sl Gl AAolw KB 7| Y| wE AR} o2 adte
Aolgt Aoz g#A gk

) ARozL naphthoquinones?|
acetylshikonin®} I  [G|jEREQ]
isobutyrylshikonin,

Bzel
propionylshikonin,
B,8—dimethylacrylshikonin,
isovalerylshikonin, pA—hydroxyisovalerylshikonin, a—
methyl—n—butyrylshikoning 3-8-3k3 93, lithospermic
acid, FHEguF Al lithospermoside, allantoin®,
lithospermidin A, B, CE ¥F3t1L glon, ¢7t2ol= A
9] pyrrolizidine alkaloids, hydroxymyoscorpine, B Z
7 AE<l shikonofuran A, B, C, D, E, F& g3k 9,
oldro]| caffeic acid, stearyl alcohol, 1—epicosanol,
1—docosanol, l1—tetracosanol 5 o|AHZ IFELS TS

sha gl

B 420 AP E HaCaT A2 A4 ¥ {3079 ¢ vA= 9F 9+ 59

orelggorE Ju 5, Kim 57 ohey] wxeo] g
7S Busga, Kim 57 Fgex gFukgd o
ANE BRustg o, Lee =2o Galactosaminel & 9%
H 7hEAr H)Re BE S R sty

2 dFAE HHE7E THAE A 29 dHam 4
HaCaT A|Zo|A DAY vXe &S gotir] s)
APE S5k

Abaol o3t At AEFAE AE S-S Yoy
Aol Tl g o] MASS of7|%tt, o= HR Y WIS
FEAZ|IL g 51et dF5E TET 24 g RATS dov|H
A5 w3ks 23 o3 LS AR A
g 4 Qe A4S 552 IR A%E FA 5= o] m¢
Z25}t}, resvetatrol 343} 5ol tigt W2 A 23t
B o] gict ™ |23t o] §2 resveratroldt o] At}
B5E ABTS assayg 53 H|wsto FRlsiqct, 1 Ax
resveratrol 100 uM9] 348t 652 60.6%=2 UeEgoH
#381,.600 ug/me] FAEL 8% resveratrol 100 uM
65.3%= UEHTh, o]l B3l %= resvetatrold}t Zo| H
ot G4t AsE BRI Jlon, £KEE A gFi 3
| A AL E aTtH o FaAA gF A oy
9 o =518 W2 At 9ls Ao ' AZrEr

SRV} HaCaT NE9| NEZZEAH =0l X FFFE MTS
assays B3l EAsto AP 8T = e FEFEE T
At} shleh I A} 200 wug/meo] HKEE 24 AZF AE
HaCaT AMZoA tiz thy] 97,9%2 AZZH=E et
2ct. 800 wg/ml FEOAAFE NEZF/Fo] FRI= ), whetA
200 pg/ml ©]3+2] FEZ &S HaCaT A ZEo Helste] A
T AW

YHAHE AZ-AZ 7+ 2 AAISt= st ths Dl
EFAR 4AZY] DAY R FH o2 RE S FA
sto] die|2jote} vlolH A9 YL T, E3EARl FAE
grolgitt *” E3 claudin 1€ ZHAZ] oh9A0) A ®1)Z0|
A 7 S4o] Feld A+ At glom, I Yoz
DaAGd o7 B0 JA e B2 A+ iyt 2o
o 9ot ” ol AFE F3) %##7t HaCaT AZ9| L&A
Ao Hdof nX = Y-S FRlsto] KEIL 7HR]= R B
A azete] 4AAAE FAsLA st HaCaT
ANxzol| %% E 200 vg/ml F=2 36 AlZF AR qRT-
PCRE &3 YaAH Bost= ot 342 mRNA
ES Sletget, 1 Aat REE X E]F HaCaT AZol|A
claudin 3, 4, 6, 8, Zo—22] mRNA ¥&do] 0. 80H] ©]3l=
Zastgrt, 53] claudin 39 mRNA 4@ 0,434,
claudin 62] mRNA ¥&-& 0,544, claudin 8& 0.51H8) 714
st ¥hH JAM-AS] WA 1,334, Tricellulin
1,478 F7Fetgnt, o] AAE T8 KEFE7F HaCaT AlZ9]
DAy AR ol ohFet Hels 4oyl AL &elst
Aok ®E7F A= gF B Aol gAYy 3= 4%
o] v gakate] oA 9 ujiol Fapgor yeid
7HsAdell digh 7k el At Ja = ofof gk,

Nzole2 o7 7|3 WY, WY N2 2Hg, 9te] Ho],
23 HH AH B & Fa% 4TS it wHY wmE
ANZol5-2 AA Y 8 S AT v ALHQ Al EZo|F2
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oro] wrlg zejgict ) olgat AEolFL HE-AE Ao
ola] -, YAFPL o]t AZo|FS 2HdE T
3 922 2§t fet P

ol AYE Bl £EE AT HaCaT AZA D2
Aol mRNA gglo] thofshA Walet Ae Felatict. oy
oh 4%%o] 2H8-0] HaCaT MZ9] AZolFo nXE IFS
gHelsf 27] 93t wound healing assays AsHEch 2
A} #E 200 ug/mlS A3t HaCaT AL A Zo]EL of
Z73 hulstgS W 83.9%% TAstTh %KEE AT
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e GFE HoE o& AFE ook gk,
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ABTS ]zt 2752 ERIgH 23} resveratrol 100 uM<]
A 552 60.6%2 UERGO M 52 1,600 ug/mi<]
Akl 852 resveratrol 100 uM 65,3%2 LERY ALt

2. %&%7} HaCaT AZo| WA= AZZAHYEES MTS
assayE ©]-83Fo] &gt A} 200 ug/ml e KEE 24
A7t A2 g HaCaT A Zo|A thz27 thH] 97.9%2] Al
ZBY=E Yehf

3. %%7} HaCaT AZ9] A& nx= S &<
82z} 3FglTk, HaCaT Al|22of $2¥E 200 ug/ml =2
36 A7t 2593 qRT-PCRS S8 WA o oo
3t oSt 24X mRNA @S Folstqnt, 1
A} %2 E 23k HaCaT Al ZoA claudin 3, 4, 6,
8, Zo—29 mRNA T&o] 0,808 °|st=2 T4AstyTt
£3] claudin 3¢] mRNA 2&d-2 0,434, claudin 69
mRNA &L 0 544}, claudin 8& 0.518) 7}A] T4
sttt JAM-AS] WAL 1,334, Tricellulin
1,474 Skt

4, %50 Z-go| HaCaT AL 9| A|ZolFof nX= FIF2
grolaf 27] 915}e] wound healing assayS A5},
I AT E 200 wg/miE A2 HaCaT A|329] A3
0|52 tx HHIsHHE W 83.9%2 F25HTH

oje] HAdd= KEIL A AT

filo

Bgak o]

Tio] e AEHAE BHHOR FANA Tl w5
x) G717} Qe Aow AzE ES gt thod U
A $479 mRNA HEo] IFL dore Rom 47t
Hu, oz g A42zEo FAstase ot v 2
& A77 Bas Aoz AZEE vl

W 2

o] =2 Tt A A8 Aol A3 +AEHUE
Utk Sedisty A4 aedde 35 97 % ZAAR
AgE A3 A T Al A A E-Y T
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