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Suppression of DNCB-induced Dermatitis
in NC/Nga Murine Model by Biheoonsupbang

Jung Hwan Kim, Jeong June Choi, Young Sun Koo', Seong Soo Roh?, Dong Hee Kim*

Department of Pathology, 1. Department of Internal Medicine,
2. Laboratory of Herbology, College of Oriental Medicine, Daejeon University

Atopic dermatitis (AD) is a chronic inflammatory skin disease characterized by inflammatory cell infiltration in the
skin. This study was performed to assess the therapeutic effects of BHOSB on the DNCB-induced dermatitis in
NC/Nga mice, characterized by the onset of AD along with an increase the number of inflammatory cells and
dysregulation of inflammatory mediators including cytokines and chemokines. BHOSB administration significantly
reduced clinical dermatitis severity including pruritus, edema, eczematous and erythema. Histological findings indicated
that the thickening of epidermis/dermis and dermal infiltration of inflammatory cells including mast cells were
dramatically reduced. The suppression of dermatitis by BHOSB was accompanied by a decrease in the number of
CD11b*/Gr-1* immune cells in skin but not CD3"/CCR3" cells. However, the number of CD3" cells was increased in
BHOSB administrated NC/Nga mice. Oral administration of BHOSB significantly reduced the level of IL-6, TNF-a and
eotaxin 2 mRNA in skin. These data suggest that BHOSB may be effective therapeutic agents for the treatment of AD.
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2ol MAHA S wekdhe ot M 2L OlET TR
O}E I w| ¢ (atopic dermatitis)& ﬁ:oc}’é-% sHgle Ty HollA W2 BQT Ierg Sitte o] BEUET Ut thREE
AE HRFFOZH, 4012 10~20%7} o] AFLE UF UL ATl £8H= Z4AHE, QT HIRKIZES olET] 3|52H0]
Aom, AAsE AHEHA 2 o] %7}6'}31 UTH? RS EH TR Aeso] Tk gHe oglH B
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A B B3l= olAA| 2924 Thl/Th MZE

2 Thl AZ9 &
A

o] BEFYS Xelsls WAloE UEA) UI2E fESI OlEY]
F2Eg fusk= 208 BTE T Yt B AE EF olEy
TR £Q% 9ee vk Pt FE Th2 MZE0|
ulsigt= AW ETRIS0) Q8) IgES) wWElEo] 7154} ol
* JAAAL : AE3], WA ET 2 9-3 thduishan ol Trist

il : djkim@dju.ackr, - Tel : 042-280-2623

~mat.
2= : 2007/05/25 - AjE : 2007/06/11

19l (leukotrien)i} Z+2 LX)
=t o

a+EE] B ¥2e SZAIY T
3 ARIIIEY BH|E KXl dgg Sy o] Yl Bigt
xﬂig} s ﬂ%% FceRIS HI THo) LG e, oS
o] B3 4870k, FeeRIi= IgE

o BT EE ZH 5171

=
Y= FIEZ B4E Ed I?:OE/‘H 7}
o ) _:__1

- 714 -



MR /70] NC/Nga olESIII R 47 Zd9 7R 7 WASH 3o ujis g

oA AT

AN OIET| TR Q) orF AEE FB12ERIA, AHZ0|E
A, FK506, cyclosporin £0] &ollA] F& ARBE L oL, &
SISENRIAY AR 7l 9 4 MHAAFLE ZEHC! A)
2 8 4 QoY E§ A Z01SA), FKS06, cyclosporind} 2t
Y2 GA] AA S HEFEQ MIAAE G317 2 B8
AR WY ST HEo 44 Y,
Holl gt 2EHQ] XS & 4+ Hol ol ordsid
AR ZEHOE A58 £ U A= /o) Q7T ok

2 AFQ MEEEAS TEHINKSFOR mRRIEZEC) 7}
uiEo] Sz AiollA] AU FHol BoHA mEYo] sutEE
A2 th8F AL vt siejslola] T2 X Fd Yol BES
HEShs A2 ML Q3 AERI, HIZ o] BiRS -6l
Zo] LESEE RmoICH™. 24] W LiFY 2 E Qi fr
pEel EfigAco]l d4UEH A #iEe HalE tidr Held
HE7t FrEEd, 53] H29 282 ol9 B2 aEdol 9
22 71 B YyoliA oln] FYE v} Yo

Wi 2 AgolMe Al galold 8 2l 88
I Q& RelRfEEA(BHOSB)Y] o}Enmyy MM 32 Ay
HoF AZ3K] EBM(Evidence Based Medicine)S F%5}1l,
Ol 71&£H AIEE 88l tife X8 Awe 7iurshuAt
dinitrochloro- benzene (DNCB)Z O}EH|i|EYE S STA]
3 NC/Nga dFo)A 312 HE] v13, f 2 MZEQ W3l Y
APIETIR] W3} S BB
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Table 1. The compositions of Biheoonsupbang(BHOSB -2%& £2a})

BEP £ E P A (g)
a = Atractylodis Rhizoma 10
EL Atractylodis Macrocephalae Rhizoma 10
= ¢ Magnoliae Cortex 10
g g Poria 15
AL ol Amomi Semen 4
Z=9/0|¢2! Coicis Semen 30
- Phellodendri Cortex 10
AR Pilantaginis Semen 10
oM o Dictamni Radix 15
A 2T Kochiae Fructus 20
= 1 Arecae Pericarpium 10
P Citri unshiu Pericarpium 4
AWa Stomachicum Galli Corium 4
Total amount 152
2) Alek

= Hgdl A18¥ Al¢ & dinitrochlorobenzene(DNCB),

diethylpyrocarbonate(DEPC), 34, 5-dimethyl-thiazol-2,
5-carboxymethoxyphenyl-2,4-sulfophenyl-2H-tetrazolim (MTS),
chloroform, collagenase, trichloroacetic acid, trypsin-EDTA, o}
MERL tris-base, OME, SE122Y, ol&+E, DNase-1, dNTPs,
RNase inhibitor, tris-HCl, isopropanol, paraformaldehyde, Z&
T S8, dulbecco’s phosphate buffered saline (D-PBS),
formaldehyde & Sigmail (US.A) MBS AIR5IHOH, 2
EjolE A (fetal bovine serum, FBS)2 HycloneA} (US.A) A&
g, anti-CD3-FITC, anti-CCR3-PE, anti-CD11b-FITC,
anti-Gr-1-PEZ Pharmingend} (US.A)) AES, 7IE} gl AJQk
Z 55 AlokS ARSI
3) 7171

2 g AR 7171e E¥FEE7] (&, Korea), TAL)
QIA (LG, Korea), ZAEF7| (Biichi B-480, Switzerland), S
AZ71 (EYELA FDU-540, Co., Japan), CO; incubator (Forma
scientific Co., US.A.), Ftil (Vision scientific Co., Korea), &
7] (Sanyo, Co., Japan), micro-pipet (Gilson, Co., France),
water bath (Vision scientific Co., Korea), vortex mixer (Vision
scientific. Co., Korea), EZ2&7] (Shimazue, Co,, Japan), ¥
28)7] (8, Co., Korea), deep-freezer (Sanyo, Co., Japan),
thermocycler system (MWG Biotech., Co., Germany), A}%l7]
(Vision scientific Co., Korea), homogenizer (OMNI, Co.,
US.A)), plate shaker (Lab-Line, Co., US.A). flow cytometer
(Molecular Devices, Co., US.A)), ELISA reader (Molecular
Devices, Co., US.A), A4AAZHNE ( Nikon, Japan) 2
AL ST

3
e

1) Al Z

H15]2&8HBHOSB) 48 22l £ 2,000 mE 715}
Y FE71004] 3R RESIY F2 AE Y dusid, 0l2
UUEFAA] (Rotary evaporator, BUCHI B-480, Switzerland) =2
SEIGECE 5FUS tR] BEAAZT] (Freeze dryer, EYELA
FDU-540, Japan)E 01835l 2 AZXE 260 g& H& 23
(-80C) sl HGot s & 5451 ALE3INTT
2) IR R% W AE A

NC/Nga 47 (11F8)9] § 2AE 7MZsHA A8 & A
272U D129 mld JA7} AR ESE 24417 YRIBIAC
Z1 ¥ 1% DNCBEY (OMIE : SEIE2Y=3:1) 200 4E &
ol ZEIINT, 4 FHE 1FY HA 0.2% DNCBE
H 150 WE 45 SO 5 2ol TEGHY ajRE S Qa7
mEHo] &
ool MER mEYo] FE=HWA F= @sol Aixy
DNCB Mz|E SHshl, P72 AAlsch
3) &5 g7}

DNCBE Tzol m|RYo] Rukd 4FE 19 IECF
LRI, tiEdols YElAE4E, U8Fels BHOSBE 108
mg/25 g/dayQ] ETE 8F7F (12FHollA] 20FH X)) AT &
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o9 57HA gEE Z7h Hoish

7t 852 &t (Erythema), 7HAS AXE 118 (Pruritus &
Dry skin), 2ZE31 &% (Edema & Escoriation), AFE
(Erosion), J2]1 EHA &} (Lichenification)E VI+RAct o] z+z}
9 = g (0), 4 (1), FEL (2, U B)2= AHSKA

THEC £E BEZ ARE5io]
dermis, keratinocytes, neutrophils/ eosinophil Z &} T}2& A Z
9l BES A= hematoxyline and eosin (H&E) G483} n|gt
M I (mast cells)E HAGHE toluidine P S AJ&GI HAAM

- = = D O
ZE9 A&

HES YO7|+= epidermis,

5) ZE EZ o)A 4
165 & 48e BHES F DNCBZ e atopy

dermatitis-like skin NC/Nga’izlolA] EEQ dFzY mHE
A 2 A2 £ 1 mg/ml9 collagenase (2% FBS +
RPMIL640)S @1 37°C mehjRkr] (180 rpm, 20 min)oi A Bl
ATt T ABUE F45he WHOE 43 UHETIICE 01§ MZ
E2 ACK 89 (83 g NH(Cl, 1 g KHCO;, in 1 L of D.W. + 0.1
mM EDTA)E 42cllA] 58 ¢t Aelsle] HETE EdlA17]
713 ©A] D-PBSZE 23] M&EH £ 0.04% trypan blueE A&

= HESE ST ZBS IRER ARNIY 58 5 x

100 MZE XRFES #F 4Tolx HEEZEA  (immuno-
fluorescence staining)E AAEIHCE ZHzoll  anti-CD3-FITC,

anti-CCR3-PE, anti- CD11b-FITC, anti-Gr-1-PES E11 30823 &
ol SAIL) BEE & 33 o|4 PBSE Mg & flow
cytometer®] Cell Quest TZIWS 0]&sk] CD3', CCR3,
CD11b'/Gr-1" M Z4E BEE (%)2 248 & ZNISE HE
3k ZF 2R A)Q] AtA ES= (absolute number)E AME51]
6) Quantitative real time-PCR

NC/Nga A719] & 3% £52 wlofujo] ZRA (01 g)
3} RNAzol 500 0 E E1 Ealg wiztA]l 2aiet 7 AEAR] A
Alel ulzl RNAE 2215139k AT AL (reverse transcription) BF
&2 total RNA (3 gg)oll 2 Unit®] DNase I F genomic DNA
E MASE H, 1 mM dNTPs mix, 1 pM random sequence
hexanucleotides, 20 Unit RNase inhibitor, 4 mM DTT, Reaction
buffer (50 mM Tris-HCI [pH 8.3], 75 mM KCl, 3 mM MgCly)o
200 Unit®] M-MLV Reverse Transcriptase® 37 CollA] &ZA}
¥12S  AlZCl  Quantitative time PCRZ Applied
Biosystems 7500 Fast Real Time PCR system (Applied
Biosystems, USA)E o]&3l SH3IRCt A 188 =

real

olHE= Table 22} Zth A& & EZ) &= SYBR Green PCR
Master mix (AB)E AlE36191 2 primerd] £EsE71 200 nM
ol EJA BHSAIZITE Real time PCRO] ZH-2 vha3} ZT); 50C
oA 28, 94CollA] 427t ¥IS3M pre-denaturation A7 |,
95CollA] 15, 60TollA] 127} HHSalo] 403] die HGINC
BHOSB B33} tH 272 internal standard%Z G3PDHE A&

i EA |FAANY] UHEE HESGIICE

y = x(1+e)n

X : starting quantity

y ! yield

n : number of cycles

e : efficiency2 7| A510{ RQ (relative quantitative)2 =X slQiCh

Table 2. Primers used for real time PCR.

sence 5 tccagtigecttctigggac 3
Mouse IL-6 : : :
anti-sence 5’ gtgtaattaagectecgactty 3
sence 5 tgggaggaaaggggictaag 3
Mouse TNF-alpha : ; ;
anti-sence 5 acctacgacgtgggetacag 3
sence 5 tcaagtggcatagatgtggaagaa 3
Mouse Eotaxin 2 ; :
antl-sence 5’ tggctetgcaggattitcatg 3
Glyceraldehyde-3-phosphale sence 5’ tgegetctagaaaaaccigecaa 3
dehydrogenase (G3PDH) anisence 5 gecocagacicaaaggly 3

3. EAAE
Clst A O HHE o2 Al HF + ARHEAE 7S
oL, #OY A5 Student's t-test HEAHE 0188l 4

gaiirt

NC/Nga 487]= SPF (specific pathogen free) ZZ18lIA&=

(=]
FYHQ YIS RN YUkl YBolM: TiBOE
e F719 &R RGO Fyol Ueht Bukdt £ES o

NRE, 2y, 02 A% 59 42 Uk

SR 2ol WHE

rr

dg 58

0

ol

479 & DRE MZSHL, DNCBE 15
S FEAI A3 Jhrt 25 SAX L 3
AIZSIATHFig. 1A-a and 1A-b). ¥hH
BHOSBE " 10.8 mg/25 g/dayd] SEE BT Foict A48T
S UERT vl Fe B&0l SHELE oA oRgol
RS 2 4 YYC} (Fig. 1A-c and 1A-d). OIE
S B7lME 12871A] S716IE 3124
= &% AZE, BE, €%, RS, s 89
40l MAEHEA 4E 0T S aadhe RS 8 4 UN
o x| olExn mEHY AZAHE

i
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ATiEFIE/70) NC/Nga OlES|NRE A% Zgo] mR 9l HAs ] nx]e g

AFREIIL Y= cyclosporin A (CsA)E FaZolAE 439 &
R$E LIER

ahyst olg ] IIRFE AT

©84, BHOSB7} NC/Nga ol At og
I} U8S

Al AFBISAC

Clinical skin in¢

Normal Control CsA BHOSB
DNCB treatment for 4 weeks

Fig. 1. Effects of BHOSB on clinical skin features and severity in
DNCB-induced dermatitis model of NC/Nga mice. (A Comparision of
skin manifestation in NC/Nga mice between control and experimental group.
Atopic dermatitis was induced by DNCB treament in the dorsal skin. a: before the
treatment of DNCB, b: DNCB treatment for 1 weeks, ¢: DNCB treatment for 4
weeks, di DNCB treatment for 4 weeks with oral administration of BHOSB. (B)
Clinical skin index of dermatitis was defined as the sum of the individual scores
graded as 0 (none), 1 (mild), 2 {moderate) and 3 (severe) for each of five signs
and symptoms (itch, erythema/hemorrhage, edema, excoriation/erosion and
scaling/dryness). Statistically significant values are calculated by comparing with
control group by t-test (™*p<0.001).

2. 3RS} 7Y £A skl Al Qg

OIET B EX & shie T MZ, H|TAIE, S+
o} 22 Wa MES0] mlRe] ARHC] UOH epidermis}
dermis7} S/AYA T £ So] LEhE= Holoh?. BHOSBO| )
BEm] HHESS) ARE TRORA olEd Relol B4
2 gsRRjzeA 2Rlsl Hrl gl aRet 7 2FE
hematoxylin and eosin (H&E)x} toluidine blueZ HA51[Lt &
ZS H&E Q51 5 DNCBE Azl 29 thR(Fig. 2A
and 2B-a)oll d]&] _'L]—,—QI- A ZZRof ¥y o] VIERIHA
epidermis®} dermis F1E20] FAYZIC} (Fig. 2A and 2B- b). ¥HH
8% &QF BHOSBZ 7@:@ AETFOA = epidermis/dermis?] 5
A7V Aaogll HAEMZES FFo] Aol sl A Zad

Ag B 4 AUAr} (Fig. 2A and 2B- d). Toluidine blue &340l
= HWETOIA E716IE BRI Z (S}413F)9) 4=7} BHOSBo ¢
of Bol ZA4ast A€ & F UAACHFg. 2A and 2B-e-h).

Fig. 2. H|stolog|c exammatlon of skln and ear lesion in
DNCB-induced dermatitis model of NC/Nga mice. The animals were
administrated with saline (control) or BHOSB (10.8 mg/25 g/day) for 8 weeks. (A)
Skin biopsy were stained with hematoxylin and eosin (H&E), and Toluidine biue.
(a and & normal, b and f; contrel, ¢ and g CsA, d and hi BHOSB). (B) Ear biopsy
were stained with hematoxylin and eosin (H&E), and toluidine blue (a and &
normal, b and f; control, ¢ and g; CsA, d and h: BHOSB). Arrowheads indicate
inflammatory cells, Arrows indicate mast cells. The microscope original
magnification was =100 (Nikon, Japan).

3. iR (IER) IR WY MES Hal viAle I8

BHOSBY} 312U WA 2ol DAl FaHs ot AL,
RERE HAMNZES 2eld 7 22lE MEEd 2Ed
Az ERE flow cytometry BME &l YotEdrt T
o] Eo] ukgl thilzlol CD3 SAP'E Al83ld TR A
IO S ol AT}, HAES 51 + 11 (x10Y, tix
6.8 + 09 (x10%), CsA E&F2 82 + 1.2 (x10%, BHOSB £F
2129 + 05 (x10F VIERE, tiE T B8l o 280 BT E7}
sh= A7 LIJTHFig. 3A)(**p<0.001).

TRE F@F CCR3'/CD3" M=ol tigh Halolhs Hat
0] 7 + 1.8 (x 10%), I EF0] 17.2 + 2.8 (x 10%, CsA FI 0]
82 + 23 (x 10*), BHOSB Ec3320] 18.2 + 2.3 (x 102 UERZS
EM(Fig. 3B), BHOSBY} 0]& A ZEoli= J8S FX 21 UAS
g ¥ F AACL

FHTES AZFH] CDI1b'/Gr-1"8 Walshs WA
SZH, MHHAAE YHSIT Jon, YZTEY Hi, Y

S+ D[R 1, A0 EFIQ) & e WA R
P, B 4 %*oﬂm BHOSB7} 01 3Tl mixle &
ootg 1A} TEE ASFE CDIL'/Grl" MZY $E flow
cytometry2 2A0F A3, AFS 1.7 £ 16 (x 104, 22 e
8.6 + 0.5 (x 10%, CsA 2172 12 £ 0.8 (x 10%), BHOSB £
2 16 + 09 (x 102 VIER], BHOSBE F0l8t NC/Nga 277}
thZT) HIGKkd 914 Qe (*+*p<0.001) Z4 GE VIERARCE
(Fig. 3C). 0122 Z3= BHOSB7} DNCBZ o}Ex] 3|5¢S Sut
AlZ] NC/Nga AiFloll4] HEHEA Erke AHHAA N gake
E024 olgd IEEE MHATIL UFE HHFI ATt
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DNCB treatment for 4 weeks

Fig. 3. Effect of BHOSB on the number of inflammtory cells in skin
lesion of DNCB-induced dermatitds model of N¢/Nga mice. NC/Nga
mice were orally administrated with BHOSB (108 mg/25 g/day) for 8 weeks. At the
end of the experiment, the mice skin (x 10%) were removed and harvested immune
cells. The cells were stained with (A) anti-CD3, (B) anti-CCR3 and CD3, or (C)
anti-CD11b and anti-Gr-1, respectively. The absolute cell numbers were analyzed
by flow cytometery. Each point represents the mean + SE. Statistically significants
were calculated by comparing with the number of control mice group by student's
t-test (*p<0.05, *p<0.001).

xxE

Absolute No. in dorsal skin (x10%)

O - NWA GO OO
I

Normal

4. APIETR] Y™ nile g

IL-6, TNF-0¢} 22 AOIEFIRIS HITH| 298] 235lE
A7) GBS 51m”), eotaxin 29t ARTIQIES HITHMZE
4180 Yol I8 B9Z o]Bolgd] AZ FA g0l LojuiA
5= EZloty?. o|E 5 ol2 3] TR Yo JoiA ol AlETL
018 MUTFES 23}t B A G Fof &S UK
Tk 9] A g E3) BHOSBZ Ay 77} TIRE AgEE Ae
ARALES & 4 o], &AM 5B EXske TNF-q,
IL-6, eotaxin 20l T3} quantitative RT-PCRES: ~gidle] glalgd
== 1 hmke{i*7 |}

7 49T 9 tET9 437 324 RNAE #& o H
7t ™A EolHoF HkEsk= primerE A& real
time-PCRS @3t A1, TNF-a & Ail7ol nlsl tHEFolA] 7
Bl AT wsio] E7I6HL e AE & 4 UAUrt ¥ BHOSB

ANE =

o X

=
=)
od
=

7|9 A2 o] AIETIIY o] oF 22% HT
4 UITHFig. 4A). IL-69] LT DNCBS
FUSHA =W, Hibatol vlg) o 508 Ak
o] &715HA = Ael, BHOSBE Foigh 45
3 ok 35% AT

o O

dE odb gae B 7

il

UARACKFig. 4B).

AR Fed 5bA #EElo]l QUE eotaxin 2%
BHOSB7} Z0i% Foll4] thEwtoll vla] oF 63% B2 wdd
o] SATIA ZASHL ATt o] W FYT2 HETol Hidl
2% LS £EQE WHHI JYUTE HEHETLE AT
cyclosporin A9 AL Aol Hld) TNF-a& 75%, IL-6 43%,
eotaxin 2¢= 66% BT E 712t 8i810] LopKiri(Fig. 4A-C). o] 2
TS BHOSB7} IL-6, TNF-q, eotaxin 28} Z22 AlO]EFIQ] W
AZIRIG WSS AL EN HYUTES 23 & RS
AxIsHs WA O Z ol uEde] AE g3E VERAT At
= Ag AARi

L

uds

A.
- 2 ¥ TNF-alpha mRNA
g 1
K
i
< 0784
& 0.8
4
(8]
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2 0245
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12 9 B Eotaxin 2 mRNA
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024

RQ of eytokine in NC/Nga dorsal skir.

LW,

Fig. 4. Effect of BHOSB Extract on the mRNA level of cytokines in
the skin of DNCB-induced NC/Nga Mice. Total RNAs from skin were
isolated and analyzed the amount of (A) TNF-a, (B) IL-6 and (C) eotaxin2
mRNA with detection of SYBR green intensity by real time PCR. Relative
quantitative was calculated by comparing fluorescence intensity of each group
with that of control group.
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FRIEFEER 0] NC/Nga olES|n1Re 47 HYo 7|5 o AAsk wal vixle g8

el &
DNCBZE mEHg [Fuldt NC/Nga M7 TUE S JFE
g0l WAMES AIEFRI nxlE datg 24510 o}

23 Z& dES gt

a2 DNCBZ o}Ed] mlEgo] Faks NC/Nga 4
Fo 4, BE, 7Kg, &4 89 HHE JAASH Z:}ixl?l—b
g |SUOE UEE 4 YU oH T Hriol Qg HRA|
HET (1280 vlal 2A 243 48 & VERITE H&r@*ﬁiﬁﬁ~
T2 1 7 FEof gt H&E E4837} toluidine blue &4l A] Tt
Z7oll HIsle] HIZH EE ¥ &E§H HAE A ZEQ] ARo] A=A
2n, dermis/epidermis B|HA] & BF0] XS] UAGIA
o). RS2 470 DRE AgE e CCR3'/CD3' M o=
H3lE ulX)A FEIA 2L, CD11b/Gr-1" MZE Fa) aleior 2
£33 16 x 1071 Z FAEUA DAt BEEESS )
ol Zxk5h= TNF-q, IL-6, eotaxin-29} ¢S RNA £=FofjA] Tl

nlsh Zk2t 22%, 35%, 63% ) WIS ZHAIZCh
0]a}] AMNES MEMEBEHO T MZY A& AKRIFIA
E5lout, MYFE AL B TNF-q, IL-6, eotaxin 29}
e APIEFRIY WHE ZAAASEMN, WEHE Axgs
AARBLL ATt © CD3'MZ &7} E2 A} & AEJYE 97
2ol FEEojo} B O F Helrh
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