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Abstract

Objectives : Haedoksamul-tang (HSTE), a water extract from a mixture of Phellodendri Cortex, Coptids,
Scutellariae Radix, Gardeniae Fructus, Angelica acutiloba Radix, Cnidii Rhizoma, Paeoniae Radix, Rehmanniae
Radix, has been traditionally used for allergic skin diseases such as atopic dermatitis and contact dermatitis in
oriental countries. However, little is known about the effects of aqueous extract of HSTE on trimellitic anhydride
(TMA)-induced contact hypersensitivity (CHS) in a mouse model.

Methods : In this study, we investigate the pharmacological effects of HSTE on TMA-induced CHS in Balb/c
mice. Contact hypersensitivity was induced in mice by topically sensitizing and challenging with TMA in flank skin
and ears during oral administration (for 17 days) and topical treatment (30 min before challenge) with HSTE, We
examined the effects of HSTE on IgE and IgG; levels, inflammatory parameters in ear tissues, CD4"/CD8" ratio,
cytokine and chemokine production in sera, tissues, and immune cells from TMA-sensitized mice,

Results : Oral and topical administration with HSTE reduced, in a dose dependent manner, thickness and
leukocyte infiltration of ear tissues and IgE levels in serum from mice sensitized with TMA. In addition, auricula
lymph node cells isolated from TMA-sensitized mice significantly elevated the expression ratio of CD4'/CDS" as
well as increased the production of Il-4, IL-5, IL-13 and [EN-7 by ex wivo stimulation with antibodies against CD3
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and CD28, and these inflammatory indexes, except for IFN-7, were significantly suppressed by orally and topically
administration of HSTE. Furthermore, stimulation of auricula lymph node cells from TMA-sensitized mice with
antibodies against CD3 and CD28 increased the production of MCP-1/CCL2 and MIP-1«/CCL3, and these effects
were inhibited in a dose-dependent manner in cells from mice treated with HSTE.

Conclusions : These results suggest that HSTE can be used for treating contact hypersensitivity by inhibiting
leukocyte infiltration as well as production of serum IgE and chemokine/Th2 cytokine in an animal model.

Key words : Haedoksamul-tang (HSTE); trimellitic anhydride (TMA); contact hypersensitivity (CHS); allergic skin

diseases; atopic dermatitis; contact dermatitis
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Table 1. Oriental Crude Drug Composition of Haedbksamui~ang Extract (HSTE)

Drug name Crude drug name Scientific name Dose ()
W Phellodendri Cortex Phellodendron amurense 4
el Coptidis Coptis japonica 4
fig- Scutellariae Radix Scutellaria baicalensis 4
PEF Gardeniae Fructus Gardenia jasminoides 4
i Angelica acutiloba Radix Angelica acutiloba 4
IS Cnidii Rhizoma Cnidium officinale 4
LT Paeoniae Radix Paeonia japonica 4
Atz Rehmanniae Radix Rehmannia glutinosa 4
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1. Schematic  diagram  of  experimental  protocol,
Mice were sensitized on saved flank skin with
and without 50 0 of 10% TMA on day 1-3,
8-10 and 15-17. On day 29, 30 and 31, mice
were challenged with or without 25 1 of 10%
TMA on the dorsum of both ears. Control group
received only fitered water for 31 days,
Experimental groups received the different dose
of HSTE (50400 mg/kg body weight) one times
per day for 17 days, and applied topical
treatment 20 p of 3% HSTE on the dorsum of
both ears,
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Fig. 2. Hffect of HSTE on ear thickness in TMA-treated
mice. Mice were oraly administrated with or
without different doses (50400 mg/ke/day) of
HSTE for 17 days. During the challenge period,
mice were externally applied with 20 # of 3%
HSTE in 30 min before TMA treatment, Ear
thickness was measured using a dial caliper
every day. Data are shown as meanSD, (n=5).
*=(0.05 and **=p{0.01 versus a group of mice
treated with TMA alore.
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Fig. 3. Effects of HSTE on changes in morphological and
skin thickness in TMA-treated mice. Mice were
orally administrated with or without different doses
(50400 mg/ke/day) of HSTE for 17 days. During
the challenge period, mice were externally
applied with 20 4 of 3% HSTE in 30 min before
TMA treatment. Skin tissues were obtained from
experimental and control mice on 32 days.
Tissue sections (5 un thick) were stained with
hematoxylin & eosin and the photographed by
microscopy (x200).

250

Ovenice W TMAalone [ 50 HSTE
[ 100nsTE B 200HSTE [ 400HSTE

200

150

100+

No. of cellsimm?

50 A

S

=

%

Mastcells

Neutrophils

TR
%@- =

Eosinophils

S

o

Mononuclercells
Fig. 4. Effects of HSTE on leukocyte infiltrations in
TMA-treated  mice.  Mice  were  orally
administrated  with or without different  doses
(50400 ng/kg/day) of HSTE for 17 days. During
the chalenge period, mice were externally
applied with 20 4 of 3% HSTE in 30 min before
TMA treatment, Skin tissues were obtained from
experimental and control mice on 32 days.
Tissue sections (5 un thick) were stained with
Wright Giemsa, congo red or toluidine blue and

gt 9 5 ¢ o] IR 5 Sk vk

then counter stained with hematoxylin & eosin,
Leukocyte infiltrations were determined under a
microscope  (x400). Data are shown as
meantSD, of the numbers of infitrated
leukocytes  (n=5). *=p0.05 and **=p{0.01
versus a group of mice treated with TMA alone
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Fig. 5. Effects of HSTE on serum levels of IgE in

TMA-treated  mice.  Mice  were  orally
administrated  with or without different doses
(50400 ng/kg/day) of HSTE for 17 days. During
the chalenge period, mice were externally
applied with 20 # of 3% HSTE in 30 min before
TMA  treatment. Sera were obtained from
TMA-=sensitized and control mice on 32 days.
Serum levels of IgE were measured using an
anti-mouse IgE ELISA assay kit. Data are shown
as mean£SD. (n=5). *=p(0.05 and **=p{0.01
versus a group of mice treated with TMA alone,
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Fig. 6. Hfects of HSTE on serum levels of 1gG;i in
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30

TMA-treated  mice.  Mice  were  orally
administrated  with or without different  doses
(50400 ng/kg/day) of HSTE for 17 days. During
the chalenge period, mice were externally
applied with 20 # of 3% HSTE in 30 min before
TMA freatment. Sera were obtained from
TMA-sensitized and control mice on 32 days.
Serum levels of 19G; were measured using an
ant-mouse lgG; ELISA assay kit. Data are
shown as mean£SD. (n=5). *=p{0.05 versus
versus a group of mice treated with TMA alone,
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Fig. 7. Effects of HSTE on auricula lymph node weight;
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in TMA-treated mice, Mice were orally
administrated  with or without different  doses
(50400 ng/kg/day) of HSTE for 17 days. During
the challenge period, mice were externally

applied with 20 # of 3% HSTE in 30 min before
TMA treatment. Auricula lymph nodes were
obtained from TMA-sensitized and control mice
on 32 days. Weight of lymph nodes was
measured using a electric microbalance, Data
are shown as mean£SD. (n=5). *=p{0.05 and
**=1(0.01 versus versus a group of mice treated

with TMA alore.
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Fig. 8. Effects of HSTE on CD4"/CD8" ratio of auricula
lymph node cells in TMA-treated mice. Mice
were orally administrated with or without different
doses (50-400 mg/kg/day) of HSTE for 17 days.
During the challenge period, mice were
externally applied with 20 4 of 3% HSTE in 30
min before TMA treatment, Lymphocytes were
isolated  from auricula  lymph nodes of
TMA-sensitized and control mice on 32 days.
CDAT/CD8" ratio was measured by flow
cytometry. Data are shown as mean2SD. (n=5).
*={0.05 and **=p{0.01 versus a group of mice
treated with TMA alone.
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291 Thl AP]E7IRIQ] IFN- v & &73st9lct. 1 4
3 Fig. 9-12¢} o] A} tixte] IL4, IL-5 9
IL-13 12]al IFN-7 & Hlo]2 Eol9ARE TMA
2 3451 anti-mouse CD3%} anti-mouse CD28E
A= Fdulzate] 164 (120.8+20.1 pg/ml), IL-5
(112,5£19.8 pg/ml), IL-13 (95.8+17.9 pg/ml) 1&]
3L IFN-7 (108.35%15.6 pg/mlE A4 thztoll W]
A dAs] F7IEC ey el Fol
9} TMAE F4%" AHE| anti-mouse CD33}
anti-mouse CD28Z A=H A o|M= IFN-v &
AL 14, IL-5 © IL-139] 79 F=ol &3]

gt 9 5 ¢ o] IR 5 Sk vk

o2 AR} 3] 200 ng/kgP 400 mg/kg HSTE
7} Bold 2o A 14, IL-5 2 IL-139] oA &
7+ AP €0.058F p(0.01). TEN-79] 7%
Fig. 129} 2] 50-200 mg/kg HSTE Folollre=
IEN- 7 &] Agso] izt vlsssl A, 400
ng/kg HSTEZ} Fof¥l ox|nt Rsh= 73] gl
ATHP €0.05).

IL-4 production (pg/ml)

Vehicle 0 50 100 200 400
Conceniration of HSTE (mg/kg)

TMA treatment

Fig. 9. Effects of HSTE on IL-4 production in
TMA-treated  mice.  Mice  were  oraly
administrated  with or without different doses
(50400 ng/kg/day) of HSTE for 17 days. During
the challenge period, mice were externally
applied with 20 4 of 3% HSTE in 30 min before
TMA treatment, Lymphocytes  (1.0X10°/mi)
isolated  from auricula lymph nodes  of
experimental  animals  were  stimulated  with
anti-mouse antibodies for CD3 (1 ug/ml) and
CD28 (1 wg/mi) for 48 h, IL—4 production was
measured in the cultured media using a mouse
IL—4 ELISA kit. Data are shown as mean=SD,
(n=5). *=p{0.05 and **=p{0.01 versus a group
of mice treated with TMA alone,
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IL-5 production {pg/mD}

Fig

IL-13 production (pg/ml)

Fig
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Vehicle 0 50 100 200 400
Concentration of HSTE (mg/kg)

TMA treatment

. 10, Hfects of HSTE on IL=5 production in
TMA-treated  mice.  Mice were  orally
administrated  with or without different doses
(50-400 mg/ke/day) of HSTE for 17 days.
During the chalenge period, mice were
externally applied with 20 4 of 3% HSTE in 30
min before  TMA treatment,  Lymphocytes
(1.0x10°/ml) isolated from auricula lymph
nodes of experimental animals were stimulated
with anti-mouse antibodies for CD3 (1 ug/mi)
and CD28 (1 ug/mi) for 48 h. IL=5 production
was measured in the cultured medium using a
mouse L5 ELISA kit Deta are shown as
mean+SD. (n=5). *=p{0.05 and **=p{0.01
versus a group of mice treated with TMA alone,
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150

Vehicle 0 50 100 200 400
Concentration of HSTE (mg/kg)

TMA treatment

. 11. Hfects of HSTE on IL-13 production in
TMA-treated  mice.  Mice  were  orally

IFN-y production {pg/ml)

Fig.

175

administrated with or without different doses
(50-400 mg/ke/day) of HSTE for 17 days.
During the challenge period, mice were
externally applied with 20 4 of 3% HSTE in 30
mn before TMA treatment, Lymphocytes
(1.0x10°%/nl) isolated from auricula lymph
nodes of experimental animals were stimulated
with anti-mouse antibodies for CD3 (1 ug/nl)
and CD28 (1 ug/nl) for 48 h. IL=13 production
was measured in the cultured medium using a
mouse IL—13 ELISA kit, Data are shown as
mean+SD. (n=5). *=p(0.05 and **=p{0.01
versus a group of mice treated with TMA alone.
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Vehicle 0 50 100 200 400
Concentration of HSTE (mg/kg)

TMA treatment

. Hffects of HSTE on IFN-7 production in

TMA-treated  mice,  Mice were  orally
administrated  with or without different doses
(50-400 mgy/ke/day) of HSTE for 17 days.
During the challenge period, mice were
externally applied with 20 4 of 3% HSTE in 30
mn before TMA treatment, Lymphocytes
(1.0X10°%/nl) isolated from auricula lymph
nodes of experimental animals were stimulated
with anti-mouse antibodies for CD3 (1 ug/mi)
and CD28 (1 ug/m) for 48 h IFN-y
production was measured in the cultured
medium using a mouse IFN-7 ELISA kit, Data
are shown as meantSD. (n=5). *{0.05
versus a group of mice treated with TMA alone,



7. MCP-1/CCL22} MIP—1a /CCL3 “dAtol|
OXl= fESI5e Sat

Ferelz gmrel Aee HATHoR fus
£ ARI1919] MCP-1/CCL29} MIP-1a/CCL3¢] A
Abol| mIXE Mg @R dolRr] flsiA,
TMAZ Agld vfor2 BE B2E8t auricula
lymph node AF(1,0x10%m)E 96 well ZHo]Ed]
%35}l anti-mouse CD3%} anti-mouse CD28=E A}
ST F 482K Al S weleto] figi:
mpmmol AzlE AMEe] Th2 Alo|E7IRIe] AYite]

)2 % P 4ol 1 25t Fig. 13, 149 2
Z79] MCP-1/CCL2¢} MIP-1a /CCL3&
FZ0|YA N, TMAS FAE1L anti-mouse
CDSQ} anti-mouse CD28% A=%H Atz
MCP-1/CCL2 (80.5+10.2 pg/ml)2} MIP-1 @ /CCL3
(21,443 4 pg/n)e ANzl vlsix dA3] F
ZFEIE}, T g Folok TMAR 344
M| Z9| anti-mouse CD3%} anti-mouse CD28E A=
H A= MCP-1/CCL2¢F MIP-1 @ /CCL3Y]
35wl oA oR AAEHI. 53] 200 ng/kg
I} 400 mgkg Fokt& MCP-1/CCL2¢} MIP-1«
/CCL3] A a37}h BAAEKp €0.059F p0.01).
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MCP-1/CCL2 production {pg/mD

Vehicle 0 50 100 200 400
Concentration of HSTE (mg/kg)

TMA treatment

Fig. 13. Effects of HSTE on MCP-1/CCL2 production in
TMA-treated  mice.  Mice  were  orally
administrated  with or without different doses
(50-400 mg/ke/day) of HSTE for 17 days.

MIP-1¢/CCL4 production (pg/ml)

Fig.

A 95

28

frEEEbue] T 8] TGl WA=
During the challenge period, mice were
externally applied with 20 4 of 3% HSTE in 30
mn before TMA treatment. Lymphocytes
(1.0Xx10%mi) isolated from auricula lymph
nodes of experimental animals were stimulated
with anti-mouse antibodies for CD3 (1 ug/ml)
and CD28 (1 wg/ml) for 48 h, MCP-1/CCL2
production was measured in the cultured
medium using a mouse MCP—1/CCL2 ELISA ki,
Data are shown as mean+SD. (n=5). *=p{0.05
and *=p{0.01 versus a group of mice treated
with TMA alone,

Vehicle 0 50 100 200
Concentration of HSTE (mg/kg)

400

TMA treatment

. Effects of HSTE on MIP-1 « /CCL3 production in

TMA-treated  mice. Mice were  orally
administrated  with or without different doses
(50-400 mg/ke/day) of HSTE for 17 days.
During the challenge period, mice were
externally applied with 20 4 of 3% HSTE in 30
mn before TMA treatment, Lymphocytes
(1.0x10%/ml) isolated from auricula lymph
nodes of experimental animals were stimulated
with anti-mouse antibodies for CD3 (1 ug/ml)
and CD28 (1 ug/ml) for 48 h, MP-1«/CCL3
production was measured in the cultured
medium using a mouse MIP-1a/CCL3 ELISA
kit. Data are shown as meanSD, (n=5).
*p(0.05 and {001 wversus a group of
mice treated with TMA alone,
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8l auricula lymph node H¥ZE anti-mouse CD3%}
anti-CD282  A}=3te] Th2 Alo|EFRIY] &3l
IL4, IL-59} IL-139] ARRKFS 2R 2 A9 443
izt vls| BT #As] F7h =k 2
TMA9] ¢J3l 57} auricula lymph node?] F7,
CD4'/CD8 H]& 2 Th2 Ato]E7I1e] AARS fifs
wigol A2l 3¢ Fol dEdor A o4l
T} QISICHFig. 9-11). ol9} 2 A= fiiuty
Bol A f718ulol =EFo] WhAleh= Th2 4
SHRSS EaH o AAE & 9SS AR 9
=3

3 A7) (chemokine) & A&} thlzg o
B2 3L, 31814 (chemoattractants)S ERHH,
gl de] 291 )5l we} C, CC, CXC % CX3C
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FAFP - CCAGY] MCP-1/CCL28F MIP-1«a
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lymph  node
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