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Abstract

Objectives : This study was conducted to investigate the effects of Gwakhyangjeonggi-san(GJS) on atopic
dermatitis(AD) induced by 2,4-dinitrochlorobenzene(DNCB) in mice.

Methods : The mice(Balb/c mice) were divided into three groups; normal Balb/c mice with oil
treatment(Sham group), DNCB-induced AD mice(AD group), and GJS treated AD mice(GJS group). GJS group
were orally administered GJS daily for 2 weeks. We observed changes of clinical skin severity score, the
expression of thymic stromal lymphopoietin(TSLP), interleukin(IL)-4 and tumor necrosis factor(TNF)-e in skin
and mast cell infiltration. Also, serum immunoglobulinE(IgF), IL-4, TNF-e¢ and IL-6 were evaluated.

Results : The clinical skin severity score of GJS group was decreased compared to AD group. In
hematoxylin and eosin staining results, GJS group showed a significant reduction of epithelial skin thickness.
In addition, expression of TSLP and mast cell infiltration in skin were also reduced by GJS treatment
compared to those of AD group. Thus, we evaluated expression of IL-4, Th2-dependent cytokine, and TNF-e,
pro-inflammatory cytokine in skin. GJS significantly reduced both 1L-4 and TNF-e compared to AD mice.
Moreover, levels of IgE, IL-4, TNF-e¢ and IL-6 in plasma also significantly decreased by oral GJS treatment.

Conclusion : The present study suggests that GJS can significantly reduced symptoms of AD, therefore it
can be a promising candidate for anti-atopic dermatitis treatment.
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Table 1. Prescription of Gwakhyangjeonggi—san

il & (Dose)

(Herbal #4854 (Scientific Name)
©®

Name)

Evlc Atracz‘y/odes: maC{ocep]Ja/a 1.00

Koidzumi

P Pinellia ternata Breitenbach 1.00

Iy Poria cocos Wolf 1.00

EEF Magnolia ofﬁc‘u]abs Rehd. et 0.67

Wils.

WliRz Citrus unshiu Markovich 0.67

i Platycodon graucum Nakai 0.50

FiE Angelica dahurica Bentham et 0.50

Hooker
o Perilla frutescens Britton var. 0.33
acuta Kudo

, Agastache rugosa(Fisc.r et

L Mey.) Kuntze 0.33
KHERE Areca catechu L. 0.33

RE Zizyphus jujuba Miller 0.67

B Zingiber officinale Roscoe 0.33

HE Glycyrrhiza uralensis Fischer 0.33

Total amount 7.66

1) olE3 fi9d 7 E 9 AR9 Fo

ofE¥ iYL FEst7] fls 1-Chloro-2,4-
dinitrobenzene(°|s} DNCB, sigma, USA)E =X
St HH 2d IS 9 olive oildt
acetone(sigma, USA)Z 49 1= 42 2390
DNCB7} £¢4 835 Asioit. wA Balb/ c uf
§29] 5 FE o] AERE T mFO nlAVSA
7} AREES 2447 BA6IGI. A 1597 1%
DNCB&%¥(acetone:olive o0il=4:1)Z Hjd S 2
(100uf)ell =xEsfal 257 IFUo] 3WH  0.5%
DNCB&9 200uE & F91(100u)°l =323} A5
< okt e acetonelolive oil(4:1)&
Ze 83T A7|E =R

EFERRY] B52 T foto] HddE 4
‘Fisham), oFEY] ¥HY thXFHAD), 121 FHF

96

ERBHGI9CRE & 37 <o& 77t suijd &
1502 1%#01 AdE Aot GJSTH617mg/
kg, YT TRA Folsd 2 AY 15
4 FRE 273t Wi 0.1n¥ BT Folstaltt.
Shamw ¥ AD2 AFAIFE GJSe} 22 85,

oz FofoRlthFig. 1).

Human 50mg/kg = z x 0.081(mouse A=)

AD: 0.5% DNCB / threz times a week
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Fig. 1. Schematic Representation of the

Experiment
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EbAl ARl 14 YA IL-4, TNF-a, 13 B
-actin(Santacruz USAYE 12 A7t oA AHZsH%
tt. 1 & TBS-Tween 2022 33] A3t ot
1:2,000°02 3]4A71 23 antibody(ENZO, USA)
S 200 1 ARE RESAIZIAL TBS-tween 2028
33] A%t & ECL solution(Bio-Rad)E HHSA|A
9 A& Chemidoc image analyzer(Bio-Rad)
= ARgSte] 34 3 AFSIH:

6) SAEA

A 98 AR

o

one-way ANOVA
(analysis of variance) test & Tukey's post hoc
testE AlF3IH 2T, Fo5E p<0.05 2 HH Hel
A O AL Hd+EZAE YERAQIT

Oweek 1week 2week 3week

Sham

GJs

Fig. 2. Effects of Gwakhyangjeonggi-san(GJS)
on Clinical Aspect in AD Induced Mice
Sham, Normal mice with oil treatment; AD,
DNCB-induced atopic dermatitis model; GJS, Orally
GIS treated DNCB-induced atopic dermatitis model.
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DNCBE HE%Z §gt ofEr 5& ZdojAq
GJS 25 o] & Bt 7l wRAax, B d
%, ARE g =S @HF&@*E Holst
o] Atopic dermatitis index(ADDE &7t}
(Fig. 2). AD¥-2 5t 7F=at ul-ﬂdz 553

gF, ANE, "HAS}F 59 Sl 2500 7Y AsiA
ADI Bt 7 8.0+0.41 o]9loH 359 ADI=
250 Hlsto] oFt Fachks AFE HATH6.6%
0.27, Fig. 3). GJST9] 7% 255E ADZ| H]3]
o5t ofEw FAo] Akl oH(p<0.05, Fig.
3), A7t B 357K ADZl Hlste] ADI H+
A&7t froJeAl 4srtp<0.01, Fig. 3).
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Fig. 3. Change of Atopic Dermatitis Index after

Gwakhyangjeonggi-san(GJS) Treatment
AD-like skin lesions were evaluated by visual
observation. Atopic dermatitis index were defined as
the sum of scores for five symptoms: erythema,
pruritus & dry skin, edema & excoriation, erosion, and
lichenification. Data expressed as mean + SEM. *
p<0.05 vs. Sham; ** p<0.01 vs. Sham; ** p<0.001 vs.
Sham; #, p<0.05 vs. AD; ##, p<0.01 vs. AD. Sham,
Normal mice with oil treatment; AD, DNCB-induced
atopic dermatitis model; GJS, Orally GJS treated
DNCB-induced atopic dermatitis model.

2 T ot AD
on GJSeolAl= 3&_14.4 Z}"QQ}E /Q,E]—X] g_];.g 3%\ o
2 PA=IcKFig. 4A). BE] GJS9 Foi7t AF 9



&HF 9 491 : DNCBE 84 ofey] 3R 58 o] tigh #& I 3ol a3

A B
epithelial thicknesses
E 250- Kk
=
e
w
o E 2001
[+ -
&8
w
@ o 150
c s
-;-‘J' 2 wE m
‘= E 1004 )
5
[ =]
g8
=
5 C 1 7
@ Sham AD GJS
(n=5) (n=5) (n=5)

Fig. 4. Histologic Features of Skin Lesion and Epithelial Thickness
(A) H&E staining and (B) Change of epithelial thickness after GJS treatment. Data expressed as mean + SEM. **
p<0.01 vs. Sham: **, p<0.001 vs. Sham; ### p<0.001 vs. AD. Sham, Normal mice with oil treatment: AD,
DNCB-induced atopic dermatitis model; GJS, Orally GJS treated DNCB-induced atopic dermatitis model. DE, dermis;
EP, epidermis; HF, hair follicle.
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6A). BE0], GJSE Sham 7] H|sloA= SoJ5H
Z7}519. 21K (p<0.05, Fig. 6B), ADZo] H|slodA=
FYoHAl Faskal ATHp<0.001, Fig. 6B).
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5. Mast cell

& 229 mast cell I &]Isr] fIoto]
toludine blue(TB) E4& Al3¥st A}, Sham ol
Hlslo] ofEx] [HiolA gt dF Axo &
et S7RE ERAE 4= tkFig. 74). 9] &
9] WA mast cell $2] E3F ADwA Sham<e]l
Hjato] Z71eFA. 0 (p<0.001, Fig. 7B), GJSwolA
= He=7t FAsH #ASIAHp<0.001, Fig.
7b).

6. I2 ZX9| |L-4, TNF-o Y& 3}

TSLPY] W&o w2 Th1wHe s} [[-4 HIS
Z245199ch. AD7-S Shamo] H[st] §-9J51A 27}
o L4 IS B9 0™ (p<0.05, Fig. 8A), GJSOlA]

A
TSLP

Epidermis

Dermis

Sham| = = . A

Fig. 6. Change
Data expressed as mean + SEM. * p<0.05 vs. Sham; ***, p<0.001 vs. Sham; ###, p<0.001 vs. AD. Sham, Normal
mice with oil treatment AD, DNCB-induced atopic dermatitis model: GJS, Orally GJS treated DNCB-induced atopic
dermatitis model.

100

TSLP expression in dermis |m'n2}

£ AD<e] Hlsto] FoJsHA] AsttHp<0.05, Fig.
8A). BE&0] pro-inflammatory cytokine®l TNF-a
o] Id E3t ADv-Z Sham©] Hlsto] F2lsHA S7}
51921 Hp<0.05, Fig. 8B), GJSOllAl= ADll H|st
of FoJsHAl 43 THp0.05, Fig. 8B).
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2 Shamst oiH] IL-4(p<0.001, Fig. 9A), TNF-a
(p<0.001, Fig. 9B), IL-6(p<0.001, Fig. 9C)7} B
Rl 71t eH, GJSe ADE ¥l @
IL-4(p<0.01, Fig. 9A), TNF-a(p<0.05, Fig. 9B),
[L-6(p<0.05, Fig. 9C) A E]F FoJsHA| 745t
Ak

cytokine®l IL-49} proinflammatory
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(n=5) (n=5)

of TSLP expression after Gwakhyangjeonggi-san(GJS) treatment
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Fig. 7. Change of Mast Cell Infiltration after Gwakhyangjeonggi-san(GJS) Treatment.

(A) Toludine blue (TB) staining (B) and count of mast cell in dermis. Data expressed as mean *+ SEM.

= p<0.001

vs. Sham; ###, p<0.001 vs. AD. Sham, Normal mice with oil treatment AD, DNCB-induced atopic dermatitis model;
GJS, Orally GJS treated DNCB-induced atopic dermatitis model.

A

IL-4

TNFa
1.5 1.5
s s
3. * ; .
5 1.04 52T 4. "
e 38
E g
2% £3
=& £ 3
_s gﬂ.ﬁ- v .;é- 0.5+
= .
2 o
= 0.0- o 0.0
Sham AD GJS Sham AD GJS

Fig. 8. Change of Expression of IL-4 and TNF-a after Gwakhyangjeonggi-san(GJS) Treatment

Data expressed as mean + SEM.

* p<0.5 vs. Sham; # p<0.05 vs. AD. Sham, Normal mice with oil treatment AD,

DNCB-induced atopic dermatitis model; GJS, Orally GJS treated DNCB-induced atopic dermatitis model.
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A B Cc
IL-4 TNFa IL-6
1504 150 250+
*%
k&% *hkk 2004
__ 100+ 100 # _
E —— ﬁ\ E o E b #
g \ g —— & 10 1
50 \ 50 \ - w
\ \ 50 \
0 T & 0 T k 0 r &
Sham AD GJsS Sham AD GJs Sham AD GJs
(n=5) (n=5) (n=5) (n=5) (n=8) (n=5) (n=5) (n=5) (n=5)

Fig. 9. Change of Expression of (A) IL-4, (B) TNF-a and (C) IL-6 after Gwakhyangjeonggi-san(GJS)

Treatment

Data expressed as mean + SEM. ** p { 0.001 vs. Sham; #, p { 0.05 vs. AD; ##, p < 0.01 vs. AD; ###, p < 0.001
vs. AD. Sham, Normal mice with oil treatment AD, DNCB-induced atopic dermatitis model; GJS, Orally GJS treated

DNCB-induced atopic dermatitis model.
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A FAE A A}, ofEy] IR oA g ]
T Y FE(conventional medicines)el B3 A
el §EERR 1.43, 95% CI 1.27-1.61)°] H
E%on, 7HE5E Hask= Z(SMD 0.83, 95%
CI 1.43-0.22)2.2 By vt olow'”, iy, Hi
fFEC] ofEr A& Ayl o= SRlE Hf
9}\]:]_18,19).

EHERRS CREHEE)] e es w7t of
I3 Fo] ofE AZ A=:oleE ACE AAE] =
Agog™ A TV EEFERMS LS
(Lipopolysaccharide)2 GZ5F-S &gt RAW
264.7 M|EZFA proinflammatory cytokine$!
TNF-e, IL-6, Prostaglandin E29] FAE A Al
ek AHdE B3g vk 9lom, E3 Han 5779
AollA EHIERHS DNFBE 3t ¢H=7] 1
79 TN ARFS 9 HTAE Ea ]
A tizgo] g Z3FoE Aok AoR B
E|Qit olet Zo] ERERHS TES, TLHET]
#50] Qlo] ofEy] uRYe] At E Aow F
e, 2 Aol ARSRE EEIERE SRFAIA]
et fad de HaER] 2l

2 AN EEERHS S5< W] {5l
Th2o] E3}=|o] HAst Fopo] FJslA -85l=
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22l Balb/c mouse®l| hapten AF=2Z DNCBE
olgsto] IAAS st olEy MEY FAS
FIEIc. MY 134 1% DNCBE 1597 =
Zajo] HRAS ISk, DNCB TX 7UARH
ERERHS MY 18] A5 & 25 & 82t 1
Jefl, Fo]o} ZmofA9] TSLP & H mast cell
e Golokylal, o229 I1-4, TNF-« 2 &
IL-4, 1L-6, TNF-¢ #H3}s 259t

A A, guE VMR 1 A%, RS E 8% 4
75, HAs dEE 25.“7@'3}01 H52 4% AP

4 0101 A.G

N

ojN o
hru

& = WA= A 5 Sl
71, PIRBE, Y24 59 A= keratinocyte
stols TSLPE A7, Add TSLP=
naive THIZE Th2 AJE 23719, mast cell A
Akg F705t0] ofed] mES F B 93} A7|=
ol QoA 83t A8 sl AR A Ut
B2 2 oA mjE 29| H&E ¥M 23}, AD
-2 Shamwto] H[s] AmF2lo] FALHI GJST
oAM= ADol Bl F4stict. HEe] ADTY] I
FZAof|A TSLP &d 9 mast cell F-&°] Z71=
of Qlglem, olE EEIEHHEC] oot HAAIF
£3], TSLP7} f-=6k= mast cell®] 243H= Th2
Hol| F23F cytokine 5= BASH AIA, L7t
FAY AAY, IgE FA7F o= 59 W9 W

S FEAFITY o]of] B A=LoflA] TSLP ¥ mast cell
g 3719 A Slo] 11-49} IgE £AE B4 2

J

)R 23 Qoo B [1-49] $A7} R

Fioll ofoiA AAEUoH, IgE 2] EIF {5t
BAE Bk [L-4= Th2 "Y & cytokine &

keratinocyte] £3lgoA G AR Wi
S A5, fibronectin AFARE ZAAA T EO] A
AXFHES &I Ao dEA Qlom®),

[gF= mast cell?} Z2gsle] gF27] kg2 (st
o] Fo| leukocyteE SHAZ]L, T GF &

27] ¥ A&A)7e 22 F=g® #E ,‘ﬂiﬁi
7] gt

£

o] o] 7]Xof g5}, O}Elq 5H OLEﬂ
= HaAPle ZoE P9
ADOA= shamatol] B8] #FEZZ9] TNF-¢
FAZL F7RIGHI L GJSEollA= Aasklth
TNF-e= 9553 7HAE #EE/] QU= pro-
inflammatory cytokine®&, TNF-¢ = F=
Th2 cytokine¥}9] 3502 Z-&slo] olEn| mH
ﬂ‘ﬂg} A A 71sS 2EsHH, TSLPY| & —1°ﬂE
TIP3V, olof EEFIFFMS T2 229 TNF-
e 28L& 33 IF 229 45 S M=
2o FZHrh
T3k o F & ot ofyzt @A W] TNF-e, IL-6
FA7F EFIERECO] 25t ZAstoirt. ofEs =i
A A E%F pro-inflammatory cytokine?!
TNF-e, IL-6 A7} S7F=0] Qlthe ARdo] 0131
Aol B up AP, A Fofdt EEE
e oA E=rEol €A W TNF-e, IL-6 A&
qus}“q 419 W WR3Z 2ES 70w mofHrh
S, EHERHS Aol 5] ol=x] 3
1‘?-‘501]*1 Th2  cytokineQl  IL-49}  pro-
inflammatory cytokineSl TNF-a, IL-6& Z4A]
71H, % IgE FAE ALARI &l 3F 274
oA IL-4, TNF-2] ¥&& F4A7]aL, TSP 9
HTHAIE &2 AAlsle] ofer] mjie 5=
WA Aoz SRl it

[m 2,%11

WELRHS T ot=r] 852 AT st

DNCBZ 44 of=y wig $2wds tde

= A7 A ot g2 28

L EETERH AT Foie 0% 34 99s aiy
OR oABIgOH, ADI 4]
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FoletA sty

2. EEIERH 47 Folv o724 W, TSLP ¥
A 2 mast cell AL G544 AAAIZ

3. EEERHM 37 Foe @9 W gE £XE &
ot EoE HAAFTH

4. ERERHM 37 Foe oF =
% TNF-¢ T3 FofsHA d4 AR

5. EEIEEM AT Folv 29 W L4, IL-6
TNF-o ¥Fe o 222 44 A

)
=2
>
1o
N
B

AL =
2 ATe IR F8A g
E-Ho-tiat 83 B4 B3 ofer fig $o
A& 71&9 &A F=(KSN1812210) 9 ¥
who} S| 95Ut
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