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Abstract :

Journal of the Korean Applied Science and Technology

Reynoutria japonica is a perennate plant belonging to Polygonaceae and grows wild in

East Asia containing Korea. Roots of Reynoutria japonica (R. japonica), part of roots of Reynoutria

Japonica, has been used for anti-inflammation and antispasmodics and contains emodin as active

compound. Epidermis of skin is crucial roles to defense our body against stimulants, harmful substance

and prevent water loss. In this study, we examined the effect of R. japonica and emodin, its active

compound, on skin—barrier and moisturizing on HaCaT cells. First, antioxidant effect of R. japonica
was prominent by scavenging ABTS' radicals. Next, we conducted real time PCR and expression of
filaggrin mRNA which is crucial role in differentiation of keratinocyte increased by R. japonica and

emodin dose—dependently. In addition, R. japonica and emodin significantly elevated the expression of
HAS-2 mRNA which play a role in hyaluronic acid synthesis on HaCaT cells. Taken together, R.
Japonica containing emodin, as active compound has potential as a cosmetic material for enhancing

the function of skin—barrier and moisturizing in epidermis.
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1. M8

o] nRols #u(epidermis)7t ©o]F1 <l
o7 ZH(skin barrier)o] £A5lo] <& 23

omyy WAHeR AAE olshn A 4
Z0e gAsks o] drk1-4]
Hu jpEe] ZUGAALR olReld ¢l

o, 71 o9l 7|AZ(stratum basale)9] &
ZIMZE A ZHEAFYMZEZE st {55
(stratum  spinusum)oll 412} 4, T+
granulosum)ol| A1 o] 27| e yS Foff AHEE
27t HFHeR S AT FHE B9
AN EZR2 Bt gt ZFdS(stratum
corneum)<  FAACH2,5,6]. oI 73t
(keratinization)¥A4 o] HASH= Zot ZHAG A A
ol B3E ZX5h= transglutaminase 13 3,
involucrin, loricrin, profilaggrin 52| TE{&o]
FdHH6]. 53] profilaggrine THE-ofjxtg 1t
ekt 5o filaggrin® 2 Hof=o] AelHS
Ageli wne] pHE ez §A5H 2
AP M2 MEZHE o]F2 U+ keratin T
e SN TR HEE DA fAA
HcH2,6,7]. o|% amino peptidase,
carboxypeptidase 59 THEEF| G40 o) X
FTHog opmitor  FjEo] HAHFZIAL
(natural moisturizing factor)& FAJote] TF
W FEs fAIsteY e 95 2,50
o £& A FAole FAEFAAL o]
T hyaluronic acid®= EEQIAZ A FQ35H

HZ(stratum

Reynoutria japonica, emodin, anti—oxidant, skin—barrier, moisturizing

gs 73(_]"3]' Hyaluronic acid® IEA S{tE=R

>

o] B8 HESH 4 9l o] glon 2+
d*“\ﬂiﬂ Ad-grobA| E (fibroblast) 2] hyaluronic

acid synthase (HAS)l <o 3HAFHTH 4]
Hyaluronic acide mF W &8 S-S A5t
of IR s fAsk=d o2l
o olzRt =9 Aoy EwY
mn Az7h fuED wn gl
[1,8].

L3l Ao Be A E4EREH k& A
Efa, 54 52 of ZHE &
QIgH fﬂaggrm-ﬁ- hyaluronic acid®] &4
A2 TheRRt mE Agke] Qlo]
[9-12]. E5] k3o ot nf &

22 (transepidermal  water  loss,

olr
3
(7
ot

TEWL)E Z7HAA oi AxZ, 7Hee 9 4%
= 7 *ﬁe* 4 ¢lom[13-15], olEN|uFE T2}
ANAE filaggrin 7]'saAd =AH7t Lxﬂ-a]—%
Aoz HIEH16].

o|¢} Zo] uF ﬂtﬂﬂ 7150 FaAdol gt
FHio] oo mah AA AAe &8st ok
aH st 715l digt A7 ol o]FoiA
I QITH1,17-20].

S (Reynoutria japonica)2 wtH &1l 435}
+ thdx=, vt A2E HE FotAlote]
H F2 & AAs sl BelE sgaol
gh21-23]. ST Cd=EE RTlA W
F, 8Ed, ?EE 59 95 thagal IAEA
= ARgEo] gtom oo FIA, I+t T
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B%, A9ZEel #TI 50
24-26] GaAEoRE=
O-glucoside, physcion, resveratrol, fallacinol,
questinol 522 &&A QIcH?21,25,27,28].
42l mE Jse] g fgear
tyrosinase A AL} SK-MEL-24| EZofA]
wWepd AR AskE B¢ o m502), UVA
Qdejo] Apeldlo] AMAA IR AL AN
Fe Aelyl Ag akT UVBY] ot w3
b 9A]  ®%(22,23], 1831 matrix
metalloproteinase (MMPs)9] -Gz} & 7|
£ 5% F5 M B[27]0] o] RAE

BAEQT[21,

emodin, emodin—8-

matA] B ApoMEe AT FEET
AHEOl emodin®] TE AH W HAL
T2 Wrtet 7158 IR d=rEAY
7Vs/3& AAskat &

2.1, Al

Ao  ARgH  ABTS single  solutione
Invitrogen (Waltham, MA, USA)oflA FU5t3
O™ ascorbic acid®} thiazolyl blue tetrazolium
bromide MTT)& Sigma (St. Louis, MO,
USA)IA  Fdstatt.  Dulbecco’s  Modified
Eagle medium (DMEM)3} fetal Bovine Serum
(FBS)E= GeneDEPOT (Barker, TX, USA)el|A],
trypsin—EDTAS} penicillin—streptomycin (Gibco,
Grand Island, NY, USA)olA dste] ARES
Aok, LDH cytotoxicity assay kit= Cayman
chemical (Ann Arbor, MI, USA)olA FYds+4
o TRI-solution2 Bio science technology
(Daegu, Korea)oll4l, PrimeScript™ RT master
mix®t TB Green® Premix Ex TaqTM I+
Takara (Kyoto, Japan)ollAl +stact. w84
2 B4E 99t emodin 2FE2 TCI chemical

(Tokyo, Japan)oll A F-Jakel AF&sch,

==
2 Ao AEE ST FEEL Bt
sPgEetyt mREAATAAAA AlFgol ARE
S tH(voucher specimen 8800663008915). 7H=F
sHAlE, 34 FE8 AXE 70% AgtE2(1:9
v/v) o]-g§5te] ALoA 2447t F3F HAAZe

M 33 " FESAT ol HAY w57
(EYELA, Tokyo, Japan)& o]&dte %3 &
A7 Z(LShinBioBase, Dongducheon, Korea)
T =20 ColA Hysteict

—

SAZ F2E U emodin FF BAS 145
BH  A=ZutE 2T high—-performance  liqui
chromatography, HPLC, Agilent 1200, Agilent
Technologies, Santa Clara, CA, USA)E ©]-&35}
APotglon ST FE2E2 dimethylsulfoxide
(DMSO)E o]gato] 100 ug/ml T 34513
I BEAFTZA FAHE AT emodine 1, 5,
10, 50, 100 wg/m{= AZ3tHoH gF B4 %
AL Kim et al., 2021-& 315k TH29].

2.4, ABTS" radical A7{5 =}

IO 4iet 55S Hrkskr] 9IS ABTS'
radical £74%& &A35¥tt. ABTS radical A
A& #9l ABTS single solution®t 5 mM
potassium persulfate® 2:12 Zgsto] Al2of A
18A1ZF &9t Apgste] HRgAIH O ARE A
415 nmolA &3 Zro] 0.7+£0.057} HE=E =
Faeoll slAste] ARgsteth 3T FEE(0,
50, 100, 250, 500, 1000 ug/m¢) 10 wlol] ABTS
s8N 50 WE HUrel] §RgA ®
microplate reader (INNO, South Korea)& ©|-&
sto] 415 nmold FEEE S4staen tat
2 Aoz  AKklelgdh.  ABTS'  radical
scavenging (%) = {I-(A&9] SHT/HERS]
FEm)} X100

2.5, M= H{Q¥

Aol AREE ZHEFAMETQ HaCaT Al
(Human keratinocyte)= 73/gthstn njHH ok
AN ZEE AlFdol ARESHITE Al vk
2 10% FBS?t 100 U/ml penicillin-
streptomycins Z3F DMEME o]gste] 37
T, 5% CO, xAste] MaYstglon] F7]40r
HiZ1E wASHHA Mo "Wxrt oF 80% Fr=

o Aields sHAH

2.6. MTT assay
MEZ PE2g&L MTT assays ©|-&5to] =45t
gtl. HaCaT MHZZE 96 well plateo] 1x10*

cells/well2 BF3}1 24A17F =<t HjokGE & ©
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A FEES FEHE0, 50, 100, 250, 500 ug
/m)E A5kl 24A2F F7} wieFstth vk
T 5 mg/me] MTT AlefE BE wello] 10 w4
A7ksto] 37 CollA 347+ Bt ¥REAIZT o]
T, dAuHOS 2 formazan 29 JAHEZ FIgh
T AEAE AASIE 100 W DMSOE H7Is)
o A& &As] 85HA1Z]12L microplate
readerE ©]-85F 540 nmolA FF=F Z74st

%
o,
i
it g

2.7. LDH release assay

AL ot AME EAL LDH release
assayE ol BrIotRon AY P IAte
A Algshe oirdel et 85kt s
L HaCaT AMXZE 96 well plate] 1x10*
cells/well2 BEFS5F31 24A7F SHASIAIZI & &
AT FE2ES FEEE (10, 50, 100, 250, 500
ug/mp) Aot 24A7F B F7b wgFstaTt
olF ATHE I4ote] AHEHT T 50 wWE
Hsto]  HRSM(Lactic acid, NAD', INT,
Diaphorase) 50 wl¥ =35t A-2o|x 2gAt
2 30EZF §9gAFH e AEe S3E=
microplate readerE ©]-835F 490 nmeollA A

ssiet.

2.8. Quantitative real-time PCR
SAL &7 1 48482 emodine] T
et Hgof BWaAH {42 T mx=
¥ G]Isk] sl AARE FHEAAMRS
S35kt W], HaCaT AZE 24 well
plateo] 1x10° cells/well2 B335+ 37 C, 5%
CO, Z7stof| 247t Bt viFet & 34T &
Z2(10, 50 ug/ml) EE= emodin (10, 25 pM)&
v z]o]l B]Asto] Frt2 4AIZF Ft uiesiRint.
RNA F=&£2 ol ASHS AAstr HBSS
(Hank’s Balanced Salt Solution)Z AZE A

o of -x

Table 1. Primer sequence
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3t & TRI-solutiong Ad7}sle] AZHZ &

AlFow F7F= chloroform& Yol 489 Fi}
7140 So2 EeEsty 8 ST 34

, isopropanolZ ¥ RNAE A o]
75% EtOH=Z RNA IHES M-St A%
Z1 & RNase—free waterg ¥°] RNA HZH=
Zoj o2 K total RNAE FE3I¥E &
et RNA+ nanodrop (microdigital, Seongnam,
South Korea)©2 2 #=sl1 RT master mixs
ol g3 AL BEES AlA cDNA=Z e =
TB Green® Premix Ex TaqgTM IE& ©]83
FE5th. PCR 2712 95 TelA  30%
(denaturation), 55 CollA 30% (annealing), 72
CoflA 30% (extension)¥Hg= 403] HIE5}SCt.
FHAL FZo| AFESE primer= Table 19 A2

shsiet.

o flo > ol Job do >

2

29, B4 &4

= AY A= P+ 2F 2 XHmean+SEM)
2 yeriglen, Axte] tigt A= GraphPad
Prism  (Version 3.0)= ©]83le] One-way
analysis of variance (ANOVA)E 53l #o4d2S
&9lgt & Dunnett’s multiple comparison FE+=
student’s t—test AFE FAA-S FdPste] p<0.05 ©]

St W) BAH o5 trehylct

=

3. 2¢t ¥ n#

w
fol
04
rd

0

L emodin &2 B
Aroz a7 emoding ot
, B4 A 59 'O
Aoz 4#A JrH27,30,31]. Emodin &

2 3|45t HPLC B4 $ y
03 WA, x5 L2 oto] HFRAS

i
By

o
T rl

[> lo

p o
fol

ot
of,
oN

o MN %0 ook
Ob 1"{1" % fol =

4

Gene Primer Sequence (5" to 3)
. Forward T —AAGCTTCATGGTGATGCGAC-3’
Filaggrin Reverse 5 -TCAAGCAGAAGAGGAAGGCA-3’
Forward 5—CAGAATCCAAACAGACAGTTC-3
HAS=2 Reverse S -TAAGGTGTTGTGTGTGACTG-3
mactin Forward 5'~AGAGCTACGAGCTGCCTGAC-3
Reverse 5 -AGCACTGTGTTGGCGTACAG-3
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AsFAckFig.  1A).  Emodin - AFTAL
y=57.09926x-22.19311, AFBALEHE 0.99995
2 43 AAEE H92™ emodin EEENH
9] retention time2 18.064 Ho=2 3HI5IT.
ol 70% oE&z FE SH(100 wg/md)
Y emodin®] retention timed} Yx|stgow g
Fo 5534 ug/mlE 5.534% EFRS sl
tHFig. 1B, 10).

3.2, gtitst &t
ST FE2EO AL g2 ABTS' radical
275 2AFo2N Hrtsteth ABTS' radical

2 2,2'-azino—bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS)7} 23}
A& (potassium  persulfate) @} W55t FAE
= Yol oz, F2 FHSAE oy HdxF
oFo] & FAiet 243 §REotH o] &
7xlo] Mol @ojz|A HrH1,2]. 3L FEE
o % ozmor ABTS' radicals 475190
™ 100, 25, 500 wg/mlellA Z+2} 97.82, 99.41,
98.75% &5 Hgom FAEFEQ ascorbic

A B

225

2004

/ 175
150
1259
4 57.09926x-22.19311 100
= 0.99995
754
1000 / 50
25
0 T T
0 50 100

6000

5000

4000

mAU

3000

Area

2000

acid (100 ug/md)2] 98.63% ‘&S5 GAIGH
o2 UEht st E4do] 4TS glstatt
(Fig. 2). o]9} &2 Z¥+= Kim and Ryu, 2012
o] Axto| WEW, THAL & % E90=
g Zglhyols  §lafo) 209.2+1.2,
83.4+2.0 mg/ge 2 ETmE ol HE =2

== 0] =

)

3.3. 321} emodin2| MEZ =N

ST emodin® AE EHFIIE Ak
MTT assay®t LDH release assayS Z3§5Fict.
HaCaT A|Zo] AT FE5& EE emodine
FEER HAste] 2447 FoF wiSRt & S
HBE =75t LDH release assayE 735t e
M A2 w2 wAsk dob Q= AlEe]
MTT (5 mg/ml) &H& d7Fste] A2 AE&
grtstact. MTT assay= Aoble AlZEe] wE
ZE oo EAst= LB AC s MTT Al

| OH O OH

He S ] OH
o
Emodin

Concentration (ug/mL)

mAU

Emodin

] 1 r ‘ \
b ‘ } } | ) | “y‘yk‘v“‘"”\
N

|
.
ol

Fig. 1. HPLC analysis. (A) Calibration curve of emodin (B) Emodin (C) Reynoutria japonica
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Fig. 2. Antioxidant effect of Reynoutria japonica. ABTS' radical dose—dependently decreased by
Reynoutria japonica. A.A; ascorbic acid

1.2 1.2
10— = e = 10 @/ == .
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g0 80
S8 086 S8 06 .
=0 =0
T S O S
SE o4 - o8 04
= dedede -
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Reynoutria japonica (ug/ml) Emodin (uM)
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se 22
Cg o5 °g
= = 05
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Reynoutria japonica (ug/ml) Emodin (uM)

Fig. 3. Effect of Reynoutria japonica on cell viability and toxicity in HaCaT cells. Cell viability
was measured by MTT assay and significantly decreased by Reynoutria japonica (A) and
emodin (B) dose—dependently. Cell toxicity was determinded by LDH release assay and
significantly incrased by Reynoutria japonica (C) and emodin (D) dose—dependently.
*p<0.05, ***p<0.001 compared to control.

ofo] 544 =49l formazan ZA o Z+ 1.01, 0.93, 0.82, 0.33, 0.254|2 Ertom
Al Yol HHEe] o5 DMSO 53 10, 25, 50, 100, 250 uM emodino|A] ©ZET
EE SN AEZ HEES Hrlckes Hol =] ZkzF 1.01, 0.90, 0.82, 0.33, 0.258)= }E}t
oH1l. MZ AyEE =4 23 Y27 989 10, woh(Fig. 3A, 3B). HFH LDH release assay+
50, 100, 250, 500 wg/m{ T FE=olA 2 Mz APE Al Alzar E4Fo = Qe A oR =2

fru

dir o

A
fr = @
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2olsie LDH 8 W8E2 olgstel 147

)

= LEH™T

OF SHFORM AL ZHS Wil Wil
oH32]. A9 A, 10, 50, 100, 250, 500 wg/ml
ST FEECIA AR Aol dixd o]

0.96, 1.04, 1.27, 1.36, 1.298]=2 YEertom 10,
25, 50, 100, 250 uM emodin®l olgt AE =4
£ iZ iE] 1.05, 1.08, 1.26, 1.32, 1.51H1=2
e thFig. 3C, 3D). ol¢t 72 AiE Hige
2 A2 22510, 50 ug/m)T} emodin (10,
25 uM)el 24 Frke 9% =8 HAoH
1=

3.4, HaCaTMIZ Lf mF Y =3 QX e

3.4.1. 3FT FEE9] filaggrin mRNA ¥
A= IF
Filaggrin® ZFEdA|27t ZHaA 2= 23fst
‘3‘" 3"}0151'-1_—’ Aetd dds YA O RN
S 9 R g

IS filaggrine FEFHo
f=lo] dARFARZA O JgS S

W i 82 At Eg 2 of gy
d Q%= et ok ool i
mRNA H@e] 2= oc‘ﬁo% Bzl sl e
oF=l HaCaT A=) 10, 50 ug/ml SHZ =&
5 AR B ARG F NA% FE5t] fr
Az Fde Brrsklrh ’g%]
m ST FEE] 95| filaggrin mRNA o3&

mLJ

It

Hom o N

'n"

5 2.0 ™
8 _ . T
g8 15 - T
3 €
o
<8
Z2 10
£2
c®
£8
3 05
s
i

00

CON EGCG 10 50

Reynoutria japonica (ug/ml)

o] EH Z tiH] 4 1.44, 1.69912 X 9
Ao {oJstA F7ketl o £3s] 50 ug/ml
Ae AU ZFQ EGCGe a5 H|s] 1.17
3 Aog UegthFig. 4A). TAZo]
Hojo] ulxl= FF] TS Lim et al,
201001]/\1 drast A Adbe]| w2, halrless
mouse®]l 557t UVBE XA mf A= &

Lot Axp UVB #=of 98l hairless mouse®]

HujZo] H|E 9} ¥=o] HwAEem 1000 ug/

rlr 10

—{o

s
T

L%émm

W SAT 2328 wug P W E
4ol SR8E shacgrRsl B Ao

3% 235 Hwep
Z

T = |=an I 6 T o=
Ao ZIH23]. whebA] 2 A+ A} Lim et al,
2020014 TRt Aas FobeiEW, o

@ el e -
o, My g Ay o

T [ ww.

3.4.2. Emodin®] filaggrin mRNA o]
" 2= FF
Emodin®| filaggrin mRNA 23] njz]=
FE B7rsl] fl6h, vigE HaCaT Alazef 10,
25 uM emoding 4A17F Bt A & RNAE
FEoto] §4A7 IdS grkskildt A 2,
10, 25 uM emodin®] 9J3] HaCaT AHZE W

c 2.0
k]
1]
]
o=
5§98 15 .
X £ *
o5 T E=
< o e
Z2 10 ==
£9
c®
X
= .
S
[
0.0
CON EGCG 10 25
Emodin (uM)

Fig. 4. Effects of Reynoutria japonica and emodin on filaggrin mRNA expression in HaCaT cells.
Filaggrin mRNA significantly increased by Reynoutria japonica (A) and emodin (B)

dose—dependently for 4 hr incubation.
(-)-Epigallocatechin Gallate.

*p<0.05, ***p<0.001 compared to control. EGCG;
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8 e - uKo} - e

filaggrin mRNA Tdo] ozt tjd] 242+ 1.05,
1.25812 vehger, 25 uM emodinoA= <9F
izl EGCGO a5 fASH vttt
(Fig. 4B). o|2igt Aut= S4o] 9§t filaggrin
A2 I SR dAlste] o] RradE
o] emodingg &elstgct 3t Kim et al,
2021014 B3 emodin®] 5 2 FF
ZhAdell et A5t Axket HlwsklS W, TNF-
a/IFN-» (10 ng/m)2 I35 3
Aol A ZATE filaggrin mRNA HFdo] 20
uM emodin®] 2ol ERZEI {ARGE £Fo=
FEH Ao= Ho33], B dAfA et
emodin®| filaggrin 442 o F7F &5 4
2stgom, olet &g AM= emodind &3E
o7 g AR ofyRt A AdElAE T
£ A9 A3} aso] e F & Utk
filaggrin> THjEs|E A o5 ofn|iitoz
fElo] HARLINAE JASIER emodin]
e filaggrin 82 Hd S7h= HE585E
Z5td Ao=g AtgEh

Am

T

olt

S Lo fz o

Jul

3.5. HaCaT M= L m&§ H&9IXxlo| wa

3.5.1. 3FZ FEFE0] HAS-2 mRNA 2o
= FF
Hyaluronic acid synthase-2 (HAS-2)&= Z+3&
P Lt A-fotMl oA hyaluronic acid 23
of Tojste] mF U HE {Alo] F83 TS

ol
~

A .
2.0 *
s
3 —_
58 7 =
3 <
© 3
e 10
& o
ER
N
17 0.5
<
I
0.0
CON EGCG 10 50

Reynoutria japonica (ug/ml)
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sty mE g S a5 e S7HA
B AZRZ, e, 49 Sl Y 4+ A
[12,13]. Real time PCR& o]&slo] AL F
Eo] HAS-2 mRNA #dof u|x]:= JFS 3
St Adl 10, 50 ug/ml SFE FEE] 9

HAS-2 mRNA Wdo] thzxgto]
1.41, 1.808] Z7}st9lon oAz o R
3t EGCGY &% div] ZHzF 1.04, 10.334)

=
ol
ER)

ol 2=
H AT e S ojo LS v L EL

sto] DF Hgs 7 Aol ¢4 Aew
EPdchFig. S5A). ol9} Be ATe sHT F
2o] m2 Fue goign SAo] W2 U >
AF SUtolE FFE ulH mF AR, olE
m5Y 5o Hi AgeME A asol 5
o Aoz oifHn ol¢t {RlE dAF Az
Lim et al.,, 201004 2L ZA}ste] hairless

mouse®] Fmo| M &S FES F R £
o SAHT Ay, A ASTe] Hls|
1000 wg/ml ST FEES LS oA o
o] oF 1.13d ZHA=QITH23]. o]t
ST o ni S8 T S
ko] HAS-2 312t #d Z7tet dx|s)
gt 2 AT Aile S B st
717 0] hyaluronic acid /g7 TAE ] QU
Al A2t

AH
T

b
re
U
tlo ofr £ my

T

32
)

to ol

3.5.2. Emodin®] HAS-2 mRNA 23| njxj=
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