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Effect of Gupoongjeseuptang on immunological factors in spleen
and draining lymph node(DLN) of atopic dermatitis induced
NC/Nga mouse by dinitrochlorobenzene(DNCB)

Yoon Je—eun, Han Jae Kyung, Kim Yun-hee

Dept. of Pediatrics, College of Oriental Medicine, Daejeon University

Gupoongjeseuptang(GPJST) is a traditional herbal medicine used for the treatment of dermatitis. The aim of
this study was to confirm whether or not GPJST has a preventive effect on development of atopic dermatitis
in dinitrochlorobenzene(DNCB)-applied Nc¢/Nga mouse. This study was undertaken to develop a reliable mouse
model demonstrating similar immunologic phenomena as human atopic dermatitis characterized with
predominance of type-2 immune response. NC/Nga mouse were sensitized with 200 ul of 1%
2,4-dinitrochlorobenzene(DNCB) (acetone : olive oil = 3 : 1 mixture) and challenged twice or three times with
150 w0 of 0.2% DNCB in a week for the following 4 weeks. GPJST was administered orally to Nc/Nga mouse
for 6 weeks, which led to the remarkable suppression on the development of dermatitis, as determined by
various immune factors related to pathogenesis of atopic dermatitis in splenocytes and DLN cells.

In this study, GPJST selectively suppressed T cell (CD4+, CD3+CD69+, CD4+CD25+) activation, which
may be essential for ratio of IL-4 versus INF-y produced in the splenic T cell culture supernatants was
approximately 3-fold higher in the mouse treated with DNCB than their control mouse respectively.
Immunologic studies showed down-regulated that the capacity of spleen T cells to produce IL-4 , but IFN-y
was up-regulated by means of oral intake of these GPJST.

These results strongly suggest that GPJST is a promising candidate for treatment of human atopic

dermatitis.
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CD19+, CD4+, CD8+, CD3+/CD69+,
CD4+/CD25+ 59 348 = AEFE 45

. EE HAAEE anti-CD3/CD28% #h=¢t

in vivo

WloF AF=olo] A IL-49} IFN-yo] s =
A3 Ax}, ook AHE 7)o Bus v
o]},
I 4 9
1. A%
1) Aok 2 717
(1) AleF
B A pER) Ao E

2,4—-dinitrochloroben-zene(DNCB), Diethyl

pyrocarbonate(DEPC),
3-4,5-dimethylthiazol-2,5-carboxymethoxyp
henyl-2,4-sulfophenyl-2H-tetrazolim (MTS),

Dulbecco's  phosphate  buffered  saline
(D-PBS), antibody biotin—conjugated,
antibody avidin—-HRP  conjugeted, TMB,

EtOH, magnesium chloride(MgCl2)5 < Sigma
A} (Washington D.C., USA) A|&<&, Taq
polymerase 2} Deoxynucleotide
triphosphate(dNTP)+= TaKaRa A} (Japan) A
%%, CsAlcyclosporin A)E $9 A (Korea)
A ES, $-Elo} ¥ (fetal bovine serum, FBS)
$ Hyclone A} (Logan, USA) A|%<S, PE
FITC(fluorescein
FITC-anti-CD4,
PE-anti-CDZ25,
PE-anti-CD49b,

(phycoerythrin)—anti-CD3,
isothiocyanate)—anti-CD19,
FITC-anti-CDS,
FITC-anti-CD-69,
anti-CD28, anti-CD3< BD-PharmingenA}t
(California, USA) AF&, Az AxF IL-4,
TNF-a&= R & D system*}  (Minneapolis,
USA) A¥<, RNase inhibitor,
assay kit Promega A} (Madison, USA) A%
<, Lipofectamine TM2000 Reagent=
Invitrogen A} (Carlsbad, USA) A|&<& Ag-3s)
Ko, 71EF A¥k Aok S5 AJFS ARSI
=3

) 7171

2 A ArgE V7E Ed9FEr] (dS,

Korea), microwave oven (LG, Korea), rotary

Luciferase

vaccum evaporator, vaccum pump (Biichi
B-480, Switzerland), freeze dryer (EYELA
FDU-540, Japan), COZ2 incubator (Forma
USA.), clean bench, water

bath, vortex mixer, heating block, ice—maker

scientific Co.,

(Vision scientific Co., Korea), autoclave,

(Sanyo Co., Japan),

(Gilson Co.,

deep-freezer

micro-pipet France), plate

shaker (Lab-Line Co., USA),
spectrophotometer (Shimazue, Co., Japan),
centrifuge (3+Y. Korea), plate shaker
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(Lab-Line, USA), ELISA reader (Molecular
USA), ELISA kit (Biosource,

USA) kit, flow cytometer (Becton Dickinson,
USA) & A3

Devices Co.,

o] ¥ Nc¢/Nga mouser Charles River
A} (Yokohama, Japan)oll A 5@ttt S22
AGFA7A nPYALE (FRAA FH7E, AFEA
2 Co)dt =& 3 washal &= 22+2T,
&% 55+15%, 12 A3} (light-dark cycle)2] 2+
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Scheme 1. The
Gupoongjeseup-tang(GPJST)
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RN Taraxaci Herba 30
o Sophorae Radix 15
Hopg T Kochiae Fructus 15
O Phellodendri Cortex 10
B Saposhnikoviae Radix 10
B ERAE Lonicerae Flos 10
EOn Pogostemonis Herba 10
SR | Pinelliae Tuber 10
FENIL Coicis Semen 10
"o Hoelen 10
[ Cicadidae Periostracum 6
RG] Menthae Herba 3
Total 139
amount
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Nc¢/Nga mouse®| 5 5915 745
3k, FE-o] wlA A7 AFEHES
24X7F W3 5 1% DNCBE&® (aceton :
olive oil =3 : 1) 200 & T FHol =238
Himmunization). 4 ¢ %, 1 FL 27 3HA
0.2% DNCB&9 150 wE & 9o =233l
H(induction). 45 A2t th& o] F-9lof IH
fol Fwd frdEHe FE Asol AsiHd
DNCB A 2l& Tt

2) fEAe L AW}

DNCBE X5 £753}17] Zdd GPJISTE
7.1 mg/25 g mouse/day? X = 6 T3+ A+
Fo] &1, CsA (10 mg/ke)E 5 3 3] 54+
A} 0}93‘4. Xé’bLEL% FHY, 2T SHTE
0.2 m A AT Fo 39l 7 A2 4 v
A w7 skl
3) W& (spleen), WX H(draining lymph

node, DLN)9| ZA|x 574

FEAEY T8 ¥, HAAFEES ethyl ether®
mH A7) % spleen, DLNS #7 o}oq spleene
FAZS AL, spleen, DLN¢| & WHAAEFE

=439t

4) Spleen, DLNO|A &34 FAE 24

Ad 8 & NC/Nga mouse®lA] spleen,
DLNS 717} %383 100 meshZ A2 E 2
sto] D-PBS® 5 #&1F dAl# (1,700 rpm)at
o] 23] Mg $, cell strainer (FALCON)oﬂ

FAA AEolole] EafHA] & oY &
& AASAY olE AIEES ACK 9 (8 3
g NHACL, 1 g KHCO3, in 1 L of

demineralized water + 0.1 mM EDTA)S A&
al

ol 5 & et Agste] A4ETS £
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Al D-PBSZ 23] A& £ 0.04% trypan
blue® GAg & AEFE SAHIIGT. SA
spleen, DLN Z&AEE 5X105 A|E2 ZA 3
= 4ToAA HS FEAM
(immunofluorescence staining)& Al 8}SIt.
7} 7} PE-anti-CD3, FITC-anti-CD19,
FITC-anti-CD4, FITC-anti-CD8,
PE-anti-CD-25, FITC-anti-CD69E Y1 30
w1 daollA whEAIZ T whg $ 3 3] ol
PBSE A3 & flow cytometerd Cell Quest
x2a3¢e o]&ste] CD3+, CD19+, CD4+,
CD8+, CD3+CD69+, CD4+CD25+ MHEF=
WIS (%)= AT F F AXFE A &3] 7
2o A o] A H*ES(absolute number)& At

b,

e BN

(<0

5) Thl
Analysis

Ay 5 ¥ (1X105/welD+=
anti-CD28 (1 pg/m0)¥} anti-CD3 (1 ug/ml)=
96-well coating®l plate°l Al 48 A7t &9t &
Al skl 1g]a IL-4, IFN-yi= ELISA
kitE 7FXal 543t 2 welldl NC/Nga
mouse®| HIZFAE Wi FFo 100 pH 5
sk, 1 AR Beh ALe WA & 23
washing 9EgN0 7 AH3 the antibody
biotin—conjugated

£ 93 30 #3F BAESh oAl 23] A
% PBS® AlH§ tha  antibody avidin-HRP
conjugeted 100 WS 2]t 1 AJZF Ao A
WA 5 oAl AFHEIT. TMB 713S 100
WA EFeka Ao Al 30 E3F WA g £ 100
b2l stop &ML A3 F ELISA reader 450
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and Th2 cytokine of ELISA

SR

Student's T-test EAH& o] &ale] AAs
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m. 4 4

L B AE FACl A= dF

AATS 010 + 0.01, RS 018 +
0.02, CsA T3¢ 0.14 + 0.02, GPJST T
T2 0.18 + 0.03 (g2 Yeh iz ¥
U2 ztelE Holx] FdthFig. 1).
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Fig. 1. Effect of GPJST extract on spleen
weight in DNCB-induced NC/Nga mouse.

NC/Nga followed by  the
administration of GPJST (7.1 mg/25 g/day)
for 6 weeks. At the end of

the experiment, the spleen weight was

mouse

measured. Each point represents the mean *

SE. of four mouse.

Normal : not treated group
Control : oral administration of normal
saline.

CsA : abdominal injection of cyclosporin A
(10 mg/kg three times a week)

GPJST : oral administration of GPJST (7.1
mg/25 g/day for 6 weeks)
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Spleendl| A A2 10.65 + 1.29, djxa"2
13.08 £ 1.62, CsA Foli 14.03 £ 1.64,
GPJST Fo2 9.6 £ 0.02 (X107)% e,
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T2 150 £ 1.23, CsAE 6.15 £ 0.15
(p<0.001), GPJST HFo+& 7.2 £ 0.30
(x106) (p<0.01)E Yeh, tiztol H)ste] &

94 A #aE YeEpAthFig. 2).
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Fig. 2. Effect of GPJST extract on total
cell number of spleen and DLN in
DNCB-induced NC/Nga mouse.

NC/Nga mouse followed by the
administration of GPJST (7.1 mg/25 g/day)
for 6 weeks. At the end of the experiment,
the mouse spleen (X107) and DLN (Xx106)
were removed and total cell absolute number
were measured by analyzed by flow
cytometer. Each point represents the mean
+ SE. Statistically significant value compared
with control mouse group data by T test
(*p<0.05, #*p<0.01 #*#xp<0.001).

Normal : not treated group

Control oral administration of normal

saline.

CsA : abdominal injection of cyclosporin A
(10 mg/kg three times a week)

GPJST : oral administration of GPJST (7.1
mg/25 g/day for 6 weeks)
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Fig. 3. Effect of GPJST extract on CD3+
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absolute cell number of spleen and DLN in
DNCB-induced NC/Nga mouse.

NC/Nga followed by  the
administration of GPJST (7.1 mg/25 g/day)
for 6 weeks. At the end of the experiment,
the mouse spleen (X105) and DLN (x104)

were removed and CD3+

mouse

absolute cell
number were measured by analyzed by flow
cytometer. Each point represents the mean
+ SE. Statistically significant value compared
with control mouse group data by T test
(#xp<0.01 *#xp<0.001).

Normal : not treated group
Control oral administration of normal
saline.

CsA : abdominal injection of cyclosporin A
(10 mg/kg three times a week)

GPJST : oral administration of GPJST (7.1
mg/25 g/day for 6 weeks)

2) CD19+ Az Fof mA= o

Spleend| A 2] A2 67.5 £ 3.5, 2T
69.5 £+ 3.4, CsA Fo+2 52 6
(p<0.01), GPJST FoidA= 1
(X105) (p<0.0D=E vehu}, thzxstel Hlgte]
o Al #FAsaL, DLNOA 9 A&
10.4 £ 3.1, hE2T2 84.8 + 4.0, CsAFA T
27.6 = 2.0 (p<0.001), GPJST HFo+< 26.
+ 0.8 (X104) (p<0.001)&E YelY, tzto] H
ste] §94 de #FAE YERNATHFig. 4).
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Fig. 4. Effect of GPJST extract on CD19+
absolute cell number of spleen and DLN in
DNCB-induced NC/Nga mouse.

NC/Nga mouse followed by the
administration of GPJST (7.1 mg/25 g/day)
for 6 weeks. At the end of the experiment,
the mouse spleen (X105) and DLN (Xx104)

were removed and CD19+ absolute cell

number were measured by analyzed by flow
cytometer. Each point represents the mean
+ SE. Statistically significant value compared
with control mouse group data by T test
##p<0.01 ##+p<0.001).

Normal : not treated group
Control : oral administration of normal
saline.

CsA : abdominal injection of cyclosporin A
(10 mg/kg three times a week)

GPJST : oral administration of GPJST (7.1
mg/25 g/day for 6 weeks)

3) CD4+ AE ol WA

= 99
Spleend] AAT& 239 + 1.3, xS
22.2 £ 1.5, CsA “lg”oq;LL*‘o: 176 £ 04
(p<0.05), GPJST HFoJat2 21.3 = 1.2 (X105)

2 fasifiog oS %i‘zizﬂﬂ, DLNef| A=
BATE 16.7 £ 5.7, RIS 47.0 + 4.8,
CsA 92 244 + 0.4 (p<0.01), GPJST ¥
T 34.2 £ 1.5 (X104) (p<0.001) & ERY,
dzatol skl o] e #AE YERISITH
(Fig. 5).
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Fig. 5. Effect of GPIST extract on CD4+
absolute cell number of spleen and DLN in
DNCB-induced NC/Nga mouse.

NC/Nga mouse followed by the
administration of GPJST (7.1 mg/25 g/day)
for 6 weeks. At the end of the experiment,
the mouse spleen (X105) and DLN (X104)

were removed and CD4+

absolute cell
number were measured by analyzed by flow
cytometer. Each point represents the mean
+ SE. Statistically significant value compared
with control mouse group data by T test
(*p<0.05, ##p<0.01 **xp<0.001).

Normal : not treated group
Control : oral administration of normal
saline.

CsA : abdominal injection of cyclosporin A
(10 mg/kg three times a week)

GPJST : oral administration of GPJST (7.1
mg/25 g/day for 6 weeks)

4

4) CD8+ A|3E o

A= G

Spleenoﬂ*ifﬂ AREE 7.5 + 3.6, ERTe
+ 0.8, CsA $9F& 6.4 + 0.3 (p<0.01),
GPJST FolTolAE 4.7 £ 0.2 (X105 tix
ol gkl FHAaElont §942 ien,
DLNOAM &= A2 5.1 £ 3.6, &=+ 17.9
+ 2.1, CSA Foaie 85 + 0.6 (p<0.01),

GPJST FoaolAE 100 + 0.2 (x104)
(p<0.001) 2 Ve, thzxtl vlate] foA 9l
= 2425 Yt (Fig. 6).
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Fig. 6. Effect of GPJST extract on CD8+
absolute cell number of spleen and DLN in
DNCB-induced NC/Nga mouse.

NC/Nga followed by  the
administration of GPJST (7.1 mg/25 g/day)
for 6 weeks. At the end of the experiment,
the mouse spleen (X105) and DLN (X104)
were removed and CD8+

mouse

absolute cell
number were measured by analyzed by flow
cytometer. Each point represents the mean

+ SE. Statistically significant value compared
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with control mouse group data by T test
(*p<0.05, **p<0.01 ***p<0.001).

Normal : not treated group
Control oral administration of normal
saline.

CsA : abdominal injection of cyclosporin A
(10 mg/kg three times a week)

GPJST : oral administration of GPJST (7.1
mg/25 g/day for 6 weeks)

5) CD3+CD69+ AE ol n]A]=

Spleent] AT 52 + 0.3, TS 4.5
+ 0.2, CsA $o7S 6.5 + 0.2 (p<0.001),
GPIST ¥o]7e 4.9 + 0.6 (x105)= YeR}
Solsk Malzh ¢19lal, DLNo| A= AAte 4.6
+ 0.1, &S 14.0 £ 0.9, CsA FoJ7- 7.2
+ 1.2, GPIST $9&& 7.1 + 0.7 (X10H)&
B, tizate] wlske] {24 (p<0.01) UA 7
23 tHFig. 7).

B CD3+CD69+

seckok

Absolute No.in spleen (x10°)
o = N W A O O N ®

Normal Control CsA GPIST
DNCB treatment for 4 weeks

B CD3+CD69+

Double absolute No.in DLN (x10)

“"Normal _ Control CsA  GPIST
DNCB treatment for 4 weeks

Fig. 7. Effect of GPJST extract on
CD3+ CD69+ absolute cell number of spleen

and DLN in DNCB-induced NC/Nga mouse.

NC/Nga mouse model followed by the
administration of GPJST (7.1 mg/25 g/day)
for 6 weeks. At the end of the experiment,
the mouse spleen (X105) and DLN (X104)
were removed and CD3+CD69+ absolute
cell number were measured by analyzed by
flow cytometer. Each point represents the
mean * SE. Statistically significant value
compared with control mouse group data by
T test (##p<0.01 **xp<0.001).

Normal : not treated group

Control : oral administration of normal
saline.

CsA : abdominal injection of cyclosporin A
(10 mg/kg three times a week)

GPJST : oral administration of GPJST (7.1
mg/25 g/day for 6 weeks)

6) CD4+CD25+ M X ol nx&= 43

Spleenoll Al AATS 1.6 £ 0.21, hETS
1.3 £ 0.3, CsA FoJ+& 1.7 £ 0.1, GPIST F
oS 1.0 + 0.05 (X105)= e}, T
H1ake] f2)4(p<0.05) A& THAE YERAIL,
DLNo| A& Aate 1.7 + 0.2 (X104), thzxT
& 5.0 + 05 (X104), CsA Fola+2 24 +
0.01 (x104) (p<0.01), GPIST Foltol|X+=
1.9 + 0.3 (x104) (p<0.001)& el hxT
o Mgty FoA de HAE YeEhAA T (Fig.
8).
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Fig. 8. Effect of GPJST extract on
CD4+ CD25+ absolute cell number of spleen
and DLN in DNCB-induced NC/Nga mouse.

NC/Nga mouse followed by the
administration of GPJST (7.1 mg/25 g/day)
for 6 weeks. At the end of the experiment,
the mouse spleen (X105) and DLN (X104)
were removed and CD4+CD25+ absolute
cell number were measured by analyzed by
flow cytometer. Each point represents the
mean * SE. Statistically significant value
compared with control mouse group data by
T test (#p<0.05, **p<0.01 ***p<0.001).

Normal : not treated group

Control : oral administration of normal
saline.

CsA : abdominal injection of cyclosporin A
(10 mg/kg three times a week)

GPJST : oral administration of GPJST (7.1
mg/25 g/day for 6 weeks)

4. BIZA

E 5
ol mA=

e IL-4, IFN-y &7
3k

[e]

1) 1IL-4 A2l A= 4
AATE 351.7 £ 18.1, FTS 10425 +
15.5, CsA Foli& 904.3 + 2.7, GPIST %<
T2 909.3 £ 5.6 (pg/m)ZE, tixatol| HE
914 (p<0.001) AA FA3FTHFig. 9).
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Normal Control CsA GPJST
DNCB treatment for 4 weeks
Fig. 9. Effects of GPJST on IL-4

production in the culture supernatant of
CD3/CDh28-stimulated splenocytes.
Splenocytes were stimulated with anti—-
CD3 and anti-CD28 antibodies for 2 days
and the levels of IL-4 were in the culture
(Sup.)
available

determined using
ELISA kit.
Statistically significant value compared with
control by T test (#**p<0.001).

Normal : not treated group

supernatant

commercially

Control oral administration of normal
saline.

CsA : abdominal injection of cyclosporin A
(10 mg/kg three times a week)

GPJST : oral administration of GPJST (7.1

mg/25 g/day for 6 weeks)

2) IFN-y Al m A& <

Ao 1709 + 23.0, TS 326.1 +
8.9, CsA Foie 2940 + 2.2 (P<0.0D),
GPJST FoJi+e 5965 + 1.7 (pg/mb)
(P<0.001)E tjz=ol vlste] §94 &= 7t
£ YERATHFig. 10).
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Fig. 10. Effects of GPJST on IFN-y

production in the culture supernatant of
CD3/CD28-stimulated splenocytes.
Splenocytes were stimulated with anti-CD3
and anti—CDZ28 antibodies for 2 days and the
levels of IFN-y were in the culture
supernatant determined using commercially
available ELISA kit. Statistically significant
value compared with control by T test

(##p<0.01,**xp<0.001).

Normal : not treated group
Control oral administration of normal
saline.

CsA : abdominal injection of cyclosporin A
(10 mg/kg three times a week)

GPJST : oral administration of GPJST (7.1
mg/25 g/day for 6 weeks)
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picryl chloride® 7-%- =] HkJo] FA]F o] o]
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