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Effects of Herbal Medicine Complex on Skin Inflammation
and Atopic Dermatitis

Ji-Hee Choi, In-Hwan Joo, Jong-Min Park, Dong-Hee Kim*

Department of Pathology, College of Korean Medicine, Dacjeon University

The purpose of this study is to examine the effect of herbal medicine complex (HMC) containing Camellia sinensis
L., Duchoesna chrysantha, Houttuynia cordata Thunberg, Poncirus trifoliata Rafinesque on skin inflammation and
atopic dermatitis. First, we examined the anti-inflammatory effect of HMC in TNF-a induced human keratinocytes
(HaCaT cell). Real-time PCR and western blotting were performed to evaluate the expression of inflammatory cytokines
(e.g., iINOS, COX-2, IL-6, IL-8) mRNA and protein. Four-weeks old male NC/Nga mice were treated with 1%
2,4-dinitrochlorobenzene (DNCB) solution and used as an atopic dermatitis mice model. And, HMC (200 mg/kg or 400
mg/kg) was administered directly into the stomach of mice for 4 weeks, and blood or serum analysis, tissue staining
were performed after oral gavage. As a result HMC inhibited the mRNA expression of iNOS, COX-2, IL-6, and IL-8,

which had been increased by TNF-a in HaCaT cells.

In addition, the protein expression was also significantly

suppressed in the same way as the mRNA expression results. The in vivo experiment results showed that, HMC
administration reduced thickening of the epidermis and infiltration of eosinophil into the skin stratum basale
compared to DNCB treatment. In addition, HMC administration significantly reduced the inflammatory cytokines (IL-4,
IL-5, IL-6, and IL-13) production and immunocyte (white blood cell, lymphocyte, neutrophil, and eosinophil) count
compared to DNCB treatment. Moreover, the serum IgE and histamine level was decreased by HMC administration.
These results suggest that HMC can be used as effective herbal medicine extract for skin inflammation and atopic
dermatitis. And this study may contribute to the development of the herbal medicine-based drug for the treatment of

skin inflammation and atopic dermatitis.
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53 #F9 HMC(80 g)oll 1 LY FHFSE Hu
s FEotYon, o;AE AMgst FEFE ool
outsl F&5EL rotary vacuum evaporatorE ARR5lo] ZHYgs
Z3tAL freeze dryer§ AMgSto| HAAXE AJPsiich. 524Ux
%8 ¢, HMCx 21.37 g(5E : 26.71%)9 T2 S
-20°Col]l BE@stHA AY gd Agsty ZR LSJAA AL

stoit.

100°CoflA 3

Table 1. The prescription of HMC

Herbal name Scientific name Origin Weight(g)
23 Camellia sinensis L. Korea 4
i1 Duchoesna chrysantha Korea 4
BEE Houttuynia cordata Thunberg Korea 4
RE Poncirus trifoliata Rafinesque Korea 4

Total amount 16

3. AEAE 2A

HMCE: 20 mg/ml =52 Z520] £3A]17]2 0.45 mm

membrane filter2 oju}slo] BAL Ag2 ARSI BA A
o] =At2 water(A)Q} acetonitrile(B)2 gradient elution system2
A EAA 0~208(95% A, 5% B), 20~302(75% A, 25% B), 30~40
B(70% A, 30% B), 40~50E(100% B)z= AAstUct 42 1
ml/min, column &%+ 30°CE §A|5t9 1, UV wavelength=
254 nm2 d7sto] HMC U A BGEE5S #AsIgTh. 4 A
251 hesperidin, lupeol, gallic acid, chlorogenic acid, caffeic
acid, epigallocatechin-3-gallates:= Sigma-Aldrich (USA)ofA]
FUstgoen, high performance liquid
(SHIMADZU, Japan)E Ar8-3te] #A519ict.

chromatography

4. A= g

AFE 98] ZHAEAAEO HaCaT celle 32 AZZx 23}
(Korean Cell Line Bank; KCLB)OJA] 3¢ 3} 3 10%9] fetal
bovine serum(FBS; Welgene, Korea)?l' Z71¥l dulbecco’s
modified eagle’s medium(DMEM; Welgene, Korea)djXx|& A}&
stgon, YR 2xi 37C, CO, 55t 5%2 FAIEHE NMzuYg
701K wherstaict.
5. Ax JEg 54

HaCaT cell2 48 well plateo] 2x10* cells/well2 B Z35}of
HjFstdom, 2447 &, HMCE ohFshsx=(50, 100, 200, 400
pg/mD2 A2istol ChAl 2447 vjokstich. BE wjoo] S2H
3, Z} welld 20 ple] EZ-Cytox(DoGenBio, Korea) &9 Z7}
sto] MzmujgrlolAl 3027t EHZAIZTH W3 §  microplate
reader(Molecular Devices, USA)?] 450 nmoA &£%:=2 &4
stelon, AZAESE daol O3t WEg2 BAsHA

6. 937 wAF 54

HaCaT cell& 6 well plateo]] 2x10° cells/well2 EZ3}o] Hf
Okf)‘}"‘oﬂi, 24A17F &, HMCE 50, 100, 200 pg/mlz2 1A]7HE-QH
AA2)$t &, human TNF-a(Sigma-Aldrich, USA)E 20 ng/ml
2 Aalsto] 24A|17F SOt ujgstRct R E Hjgo] 2= 5 AN
Ha)slo] 92 ANZE total RNA prep kitZ A}235to] RNAS
&5tgon, 555 RNAE reverse transcription premix®t &%t
5t3 PCR cycler2 AH835to] 45°CoA 608, 95°ColA 587t ub

3ol cDNAS 4sitt. F4E cDNAZREH 54 {34
ZA|A &Q15}17] 93] real-time PCRE Z%IS§stgion, cDNACt
EX SAAto] 9= primer, SYBR green premix(BIONEER,
Korea)g &3wolo] 95°ColA 52 &t SHEAIZ|L 95°ColA| 5%,
60°CollA] 30£5 403] yHEsto] 4 fAAE ZEAIHC S8A
AL 279 AR LTS 7IFeE HJURT shglaey,
AHE-El primer59] FH L Table 29 7t

e o|o oo

lm o[t mlo

7. R WY 5%
6 well plated] 2x10° cells/well2 B Z=3}o]

HaCaT cellS
st on, 24417 &, HMCE 50, 100, 200 pg/mlz 1A]7t%

ot Mx2]stal human TNF-aE 20 ng/ml2 X2]5to] 24A17F &
oF vjgstict. B Yol SRE &, YARYste g2 AlEe
protease inhibitor(Sigma-Aldrich, USA) % phosphatase
inhibitor(Sigma-Aldrich, USA)7} Z&tel RIPA bufferE do] ©&
WwAg FESAC. F&% WAL BCA protein assay
kit(Thermo Fisher Scientific, USA)Z ©o|&3}o] AFstF
sample loading buffer®t &3tsto] 95°CollA 587 HISA|H &=
H|atoict. &ulE @A 12% acrylamide geld AR8-sto] Tl
AZ #2stglal o] PVDF membraned] oA THlAlo]
%77l membrane 3% BSA°| T7t 20| 2A17HEQF ¥EEA|
7 blockingg ZI35t¥ o, TBS-T buffer2 HNAstz zt
primary antibody(Cell Signaling Technology, USA)2} 4°Coj|A]
I6AZHE Y WAL WA SEEE
secondary antibody(Jackson ImmunoResearch, USA)Q} A0
AN wESAIZeH, ol oA AI¥styd  ECL
solution(iNtRON Biotechnology, Korea)o.2 EA Tiuizl.g ubxi
AlZitt ¥ S chemidoc fusion FX(VILBER, France)2 &3
iNOS, COX-2, IL-6, IL-8 TulAl dtdake B X351t

membrane&

Table 2. Real-Time PCR Primer Sequences

Primer  Size(bp) F/R Sequences
F AGGTCCAAATCTTGCCTGGG
iNOS 81
R ATCTGGAGGGGTAGGCTTGT
F GTTCCACCCGCAGTACAGAA
COX-2 106
R AGGGCTTCAGCATAAAGCGT
L6 12 F CCTTCGGTCCAGTTGCCTTC
R AGGTGAGTGGCTGTCTGTGT
IL-8 7 F AGAGAGCTCTGTCTGGACCC
R TTCTCAGCCCTCTTCAAAAACT
. F GGATTCCTATGTGGGCGACG
B-actin 141
R GCCACACGCAGCTCATTGTA
8. 4YSE

(Korea)oﬂki 4°‘6 Di, Q%UIZJ%?_P DE AR g Alm
(ENVIGO, UK)et 58 % s3sen, 58 A
conventional system
e £Y5tn LAE BE W AL, @t g

3a FEAPe 9Usle £Q(3UAWS DJUARB2021-008)
wot 5282 &x0] 275t APstAct

9. ofEm WYY 9r U A7 X7

Nc/Nga UF-AQ] 7 StORE H2] 7R 5 B¢ AAE
MB35t on, acetoned}t olive oil2 3:18]&2 E3SH Lojo
DNCBE 1%2 &allAZ] §4-Z 150 py A2 2Qof] F2 244]
F 3EH 23 AdE Exsiith & 33" 0.5%
DNCB(Sigma-Aldrich, USA) €942 150 plE A4 =ZsHHA S
A2 e 255, HHYRFL dexamethasone (Sigma-Aldrich,
USA) 1 mg/kg, AZ#S HMCE 200, 400 mg/kgS mjd oA
10410 200 pl¥ 433t 3 £t

2., ethyl etherg o]-&3sto U
SES UFsy MAFAEoR AFG FAZ EDTA tubeft
micro centrifuge tube o] ¥#stgct EDTA tubed] &71
FAL FA] WANE 5 A2 J3Psie
tubed] 71 FHL2 303 204 23]
15%)sto] @R ESoidn 24 &%

353(-80°C)o] BH5}Yct. ofExn mBEFE st 5 -’-‘-5]3
258 7192 AJ|ste] 10% formalino] Fof 1
2 J53(-80°C)o| HHstict.

U"
é I

O, micro centrifuge
AAIE2](3000 rpm,

11 WoAE B
EDTA tubeo] HAUE0]Yte FMLC hematology system
ADVIA 2120i(Siemens, Germany)S ©0]85to ©3d L (white
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blood cell), FZZ(lymphocyte), 3% (neutrophil), ZAHE

(eosinophil)$& BA 51 c}

12. @9 Y cytokine’JJF 53

96 well plateo]] 2|3t @S 25 nlA 21 assay buffer?}
antibody-immobilized beadS 7zt 25 pl& Z71510] AFoA 24]
A& 9H3AZ) & washing bufferg o]&sfo] 23] NXE H3Y
5}1l detection antibody2 25 pl® do] Ar2oA 1X]7H=9F ¥k
AlZick. 1At &, streptavidin-phycoerythrin® 25 pl® ZF7}sh
1 AeolA 3087 wkSX|Zt). ThA] 28] MASIL sheath fluid
200 pA o] IL-4, IL-5, IL-6, IL-13 MAHFE 5A51¥ o,
Mouse Cytokine/Chemokine Magnetic Bead Kit(Millipore,
USA)9t Luminex™ 200™ Instrument System(Luminex, USA)S
A gsteict.

e

13. @9 Y Immunoglobulin E(IgE) A& &&

o
96 well plate?] Zt wello] Ea]st AL 50 pA Y1 IgE
beadE 25 plW FIsto] o)A 1AZHEQE WAL &

washing bufferS o0|83}t0] 33] AAL %8st anti-mouse
light chain PES 25 pl¥ do] F20)A 1583t 9hgAIZITh. THA|
38] M|A5t1 sheath fluidS 200 pl® go] IgE WAL EAs}
don, Mouse IgE Single Plex Magnetic Bead Kit(Millipore,
USA)9t Luminex™ 200™ Instrument System(Luminex, USA)S

AF8-3toict.

14. &9 Y histamine A4F 54

96 well plate?] 7zt wello] &ajgt AL 50 p®W 21
biotin-labeled antibodyS 50 pl® F71sto] 37°CollA] 4587 4t
A1l & washing bufferg o] -&3to] 33 NAZ 73Pgict. AA
, HRP-streptavidin conjugateS 100 pl® 21 37°ColA] 30&
b vkg A on], ThA] NAStE TMB substrateS 90 pl® dof
37°Col A 1087t "t2A|Zich ¥k2X|7] &, stop solutiond 50 pl
#4931 microplate reader(Molecular Devices, USA)2] 450
nm IFFolA SFEE 54510 histamine JFS AL

o, Histamine ELISA kit(abcam, UK)S A}835}9ct.
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15. A &atolc A& U 24

oy RZAL 10% formalino] 48A|7F=Qr &7t xR A]
1 PBSE AMstglon, nfetd E3-5 AZs5 5 ym FAR
4 uidsto] 2A0] HE &eto|t Fafid] BARAIL. BA
ZA9 m2Hg AANID §, 474
eosin(H&E) €M 9 masson's trichrome ML ZI3Pstg o,
ZzZro] AX A|ek2 abcam(UK)AR] Staining KitE ARE-3}9ict.

Zl.2. optical microscope(Olympus, Japan)ZS ©o]&
al

17

ol
-

n o

e

hematoxylin and

16. BAAg]

A A= meantstandard error of meano 2 LERJQL
on, SPSS Statistics Version 21.0(IBM, U.S.A.)S o]&3slg o
W, WA T 1§ 79 EAA Hlit independent sample
t-testg Argoto] $3PstHN o IF Y FAX HE:
analysis of variance(ANOVA)Z Atgsto] 2335ttt o] &
Tukey’s HSD testS £3] 9o4%& 0.052 dAQsto] 9042 7
Hatgon], p<0.05 p<0.0l ¥ p<0.0019] 37}x] Sojszoz
o] m7)519i0

2

L REHE BA

HMCo] ZgtE|o] & A BEJEZ HA35H Z3l, hesperidin
94.821 mg/L, lupeol 11.254 mg/L, gallic acid 3.543 mg/L,
chlorogenic acid 6.028 mg/L, caffeic acid 0.537mg/L,
epigallocatechin-3-gallate 20.045 mg/Lo] x§tx]o] 9128 &

Q15194 tHTable 3)(Fig. 1).

Table 3. Compound Contents of HMC

Compound name Retention time(min) Contents(mg/L)

Hesperidin 2.794 94.821
Lupeol 5916 11.254

Gallic acid 7.792 3.543
Chlorogenic acid 17.479 6.028
Caffeic acid 19.255 0.537
Epigallocatechin-3-gallate 23.648 20.045
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Fig. 1. HPLC chromatogram of HMC main compounds. The main
compound of HMC was applied to HPLC under UV wavelength conditions
of 254 nm to confirm the contents.

2. AZNES

HaCaT MZo] HMCS 24Xt Xa] & Mz JE8S 574
A, HMCE 200 pg/ml ol5te] SEolA 100% ol AZWEE
o Uetton, 400 pg/ml SEoIA 89% olste] MEBEZo] Ut
ERdthFig. 2). WebAl o3 A@e S4o] UehAl g 200 p

g/ml oJst9] sr 2 ZI3P5}qirt.
100
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Concentration (ug/ml)
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Fig. 2. Cell viability of HMC in HaCaT cells. HaCaT cells were treated by
50, 100, 200, and 400 pg/ml of HMC for 24 h. Treated cells were reacted
by EZ-Cytox for 30 min and then absorbance were measured at 450 nm
using micro plate reader. Cell viability were calculated as percentage
relative to the control. The result were presented by the meantstandard
error of mean from three independent experiments.
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3. N= | SAA g

TNF-a& ¥% §h3o] fed mi ZA Ao W] 5
7tst= INOS, COX-2, IL-6, IL-8 S&X} waafo] HMC7l U]A|
L JFE 5% Aut, HMCE 50 pg/ml o]49] =xoA fix
o] Hlsfl 5= oEXFo|L FolA = ZATF YERETHFig. 3).
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SR
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Fig. 3. Effects of HMC on mRNA expression level in HaCaT cells.
HaCaT cells were treated by 50, 100, and 200 pg/ml of HMC with 20
ng/ml of TNF-a for 24 h. The mRNA expression level were measured
using a real-time PCR(QPCR). The result were presented by the
meantstandard  error of mean from  three  independent
experiments(Significance of results, +++ : p <0.001 compared to normal,
** - p<001, ***; p<0.001 compared to control).
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7}s= iNOS, COX-2, IL-6, IL-8 GHRAl whdeko] HMCI} O]%]
L g2 £33 Zuh, HMCE: 50 pg/ml o]A9] =Eo4 Oix
2o Hlg] s& 9EFon oA Ae A7t UERYTHFig. 4).
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Fig. 4. Effects of HMC on protein expression level in HaCaT cells.
HaCaT cells were treated by 50, 100, and 200 pg/ml of HMC with 20
ng/ml of TNF-a for 24 h. The protein expression level were measured
using a western blot assay. The result were presented by the
meantstandard  error  of mean  from  three  independent
experiments(Significance of results, +++ : p<0.001 compared to normal,
*** . p<0.001 compared to control). (A); protein expression level (B);
graph image

5. @9 | cytokine A

DNCBZ ofen mugo] fed F& 289 RN F7}
sl A% cytokineQl IL-4, IL-5, IL-6, IL-13 X34 o] HMC
7t OAle 92 54 2, HMCE R 25 AdFNA
U EZ vjal 5= oEAolL {4 Ax Fa7t e
(Fig. 5).

IL-4 ®IL-5 "IL-6 ®IL-13
400

Serum cytokine (pg/ml)

Normal Control Dexa HMC-Low HMC-High

Fig. 5. Effects of HMC on cytokine level in DNCB-induced atopic
mice. The result were presented by the meanzstandard error of
mean(Significance of results, +++ : p<0.001 compared to normal, *** ; p
<0.001 compared to control)(n=6).

6. 98 U IgE ¥ histamine A3A3F

o2& 4 2 Aot Zd 502 U 27| FUo| vUNE
2o Q= HAIEEY EQF wAMEY Al H|TNRo] Hijgo
%71+ histamine 3} IgE BFE 54§ Zd, HMCE &
& R AAFA SR Hle] 5= &R0 {oX
+ 447t YEtHFig. 6).

7. WAHE 5

DNCBZ of&m myglo] $E8 52 2do WoHE o]
HMC7} oAl %2 573% Z1, HMCE Fofdt =& AdL
A= i@ (white blood cell, WBC), ¥Z3l(lymphocyte, LYM),
3 &3 (neutrophil, NEU), SAt(eosinophil, EOS) £7} S24T|%
2o vl 5= oEAo|L FoN U+ A7t UENITHFig. 7).
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Fig. 6. Effects of HMC on IgE and histamine level in DNCB-induced
atopic mice. The result were presented by the meantstandard error of
mean(Significance of results, +++ : p<0.001 compared to normal, *** ; p
<0.001 compared to control)(n=6). (A); IgE, (B); histamine

WBC ®LYM NEU ®EOS

Immunocyte (x10° cells/pl)

Normal Control Dexa HMC-Low HMC-High

Fig. 7. Effects of HMC on immunocyte count in DNCB-induced atopic
mice. The result were presented by the meanzstandard error of
mean(Significance of results, +++ : p<0.001 compared to normal, *** ; p
<0.001 compared to control)(n=6).

Fig. 8. Effects of HMC on histological changes in DNCB-induced
atopic mice. (A); hematoxylin and eosin(H&E) stain, (B); masson's
trichrome stain.
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AP A9 Se Ae AR 4 e, Sa B
H %4 AHZOlE A2AE AU AR Al WAlsh:
Fol7] 9ol 2HR0l= AHES FTAL BEHE %6 of
W g APoAE @54 URAU ofen my
H38r2 (herbal medicine complex, HMC)9] 7}54
) HMCY §& 2USE BASL U7 $ 2
HaCaT A=o] 9 dk2s §n3dt Ixﬂi ndat
2,4-dinitrochlorobenzene(DNCB)2 ofEm] mtd 4

58 2WOl HNCS A2l % Foislo] U el QRS S ¥4
sheich.

] m

WX HPLCZ olgsto] HMCO] Z@Elojls §5 2ASL
2N% 2, gL/ FISA O Fesgel o

126) chlorogenic acid®,

Hesperidin®, lupeo gallic acid??,
caffeic acid®), epigallocatechin—3—gallate3°)%0] g0 g
< EQlstg u(Fig. 1) olz|gt oFalzhg-g e} 8 245
utgto 2 HMC7t @54 myigtal ot&x) 1‘]“"‘ Ao &3t
A& Zlojat Atzglct. ®£3§F HaCaT AlZo] HMCE 50, 100, 200,
400 pg/ml =2 FHa|gt A}, 400 pg/ml oA AE JEE
o] Zra7t Uepton, 200 pg/ml o]5te] sEoA= AEo BE
o &2 XA LS FAstAL(Fig. 2) o5 AEoIA 200 p
g/ml oJ5l9] &2 X3Pt

IL-6&= TAIZQ &d& F7HA7|1L IgE AJ4tS F7HA]
271y 452 s, IL-82 sletxge S

ol

a

2 3%38 Bo]So|1 histamine WP Z7IA|7]7] W
o
“

Nonlo

Ma o W
2 e
pe 49 ox

G274 @3 WA Fod WIH Axz Axsn oY
AZ Y32 Sole YA A% 43 weel xue A A
%o AP A(nitric oxide, NOY= WAFolx|gh $&4 Arohd

7
-

8t f A(inducible nitric oxide synthase, iNOS)= |Z%
oA AePdA4o Hedt WES feot A5 vHEZ 7H4E
33 x5t cyclooxygenase(COX)= COX-13} COX-2 %7HA]
g2 £REHY, COX-12 A3 oa) W5stA] g 4
o2 TAYA Y COX-2%& ThYFSH Ap2o] 93] Zidste o,
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