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Changes in Ceramide in Stratum Comeum and Anti-inflamatory
Effects of Sopungdojeok-tang on Atopic Dermatitis.

Sung-a Kim, Yoon-ho Kang
Department of Internal Medicine, College of Oriental Medicine, Dongguk University

Objective : This study was designed to identify lipid protection formation in stratum corneum and anti-inflammatory

effects of Sopungdojeok-tang(SD) on atopic dermatitis(AD).

Materials and Methods : In Vivo, SD extract was orally administered to BALB/c mice at 2.5mi/kg/day for 2 days after
5% sodium dodecyl sulfate evoked atopic dermatitis in abdominal skin. Morphological changes were observed by immuno-
histochemical stain wsing monoclonal antibodies(BrdU, ceramide, MIP-2, NF-kB p50, IL-4, and STAT6) and TUNEL
method. In vitro, the alterations of IL-4 mRNA expression were detected by RT-PCT in SD extract treated EL4 cells after
phorbol-12-myristate-13-acetate and 4-terr-Octylphenol induce Th2 skewed condition.

Results : SD is used in Oriental Medicine for its potential curative for atopic dermatitis. In this study, we have investigated
the anti-inflammatory and lipid lamella repair effects of SD were investigated. SD decreased the number of eosinophil in
atopic dermatitis; induced mice. In the histological properties, the hyperplasia, edema, infiltration of lymphocytes, damage
of intercellular space of stratum commeum, BrdU positive reacted cells in stratum basal, and degranulated mast cells and
capillaries in dermal papillae decreased in mice with SD. Treatment of SD also decreased MIP-2, STAT6 and IL4 in dermal
papillac. The IL-4 mRNA expression decreased in a dose-dependant manner in SD treated EL4 cells. In addition, decrease
of NF-kB p50 and increase of apoptotic cells in dermis were observed in SD treated mice. These data suggest that SD may

beneficial for atopic dermatitis.

Conclusions : These data suggest that SD is beneficial in treatment of atopic dermatitis, and that SD provides lipid
protection in stratum corneum and anti-inflammatory effects on atopic dermatitis.

Key Words: Sopungdojeck-tang, atopic dermatitis, lipid protection, anti~inflammatory.
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| AEES

oA S 2 A Elo) A 29k wo. B3 425 BA
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2. MZFef MEojg

Th2 430 &3} ¥isls 2Ae7|91s) AHe-9 EL4
A|3E= Korean Cell Line Bank(KCBL; Korea)o| A
Tk EL4 A 3E= 37C, 5% CO; incubatoro)
4] 10% Fetal Bovine Serum(FBS; Sigma, USA)©|
Sh3-F Dulbecco’s modified Eagle’s medium(DMEM,;
Sigma)-& ARt wiYstiTh L AUAE S8l &
A2 100unit/m{ penicillin, 100yg/m{ streptomycin
(Gibco/BRL, USA)E AH7sksich

3. HEERBL M=
B (Table 1) 2348 254 500mio] ¥
247 B A" § Aty 1 oS rotary

Table 1. The Amount and Composition of Sopung—
dojeok-tang(SD) Extract

ThEEL, A HE(e)
H REHMANNIAE RADIX 4.0
RIS PORIA 40
BARDANAE FRUCTUS 32
CORTEX DICTAMNI 32
BERAE LONICERAE FLOS 32
T MENTHAE HERBA 3.2
A AKEBIAE LIGNUM 32
B0 JUNCI MEDULIA 2.0
i COPTIDIS RHIZOMA 0.9
HE GLYCYRRHIZAE RADIX 0.9
ks 27.8
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& AY} FA in vitrool) AHE-F BRERE 25
S 1S gJo A oz A & 52
AxsY AZ2FEE 324gS AU

1. olEX| mlfgel Rusl FEW Fof
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4 47 A9 9% 22 AuE WEY O
cetlophane tape(3M, USA) 53] HIXE &3] dAZo
g &3 (desqumation) g A A3IETE 28 o2 70%
ethyl alcohol2 4:=3}31 AHEZAY] 5% sodium
dodecyl sulfate(SDS, Sigma, USA) 1S ® o2
203 4 42859 lipid lamellaZ A A}Get oF
By Ry fi F HEERNG 3298 SDT 48
AZF B9 2.5m/ke/day FHoZ FRES FPT)

2. Th2 M=o - 23t Ftal F&£& X
WEERGS Th Ax 23 23 og &
71AE 2AK7] 98l EL4 M E(5x10°cells/well) &
6wellol) platingdtal 1241782 w3l &, phorbol-
12-myristate-13-acetate(PMA, Sigma) Ing/m¢9} 4-tert-
Octylphenol(Sigma) SuM/m(Z 1417+ A g)sle] Th2
skewed condition 2313t} Bt 3 HEE R
FZEH 7= MTT assayE 8] 249 05,1, 1.5
383 2ngnld TEE o]F oA th MIT assay= -4
96well plates)] ELA A Z(5x10°cells/well)Z 12A17F
u)¥3t 3 FBSE #H718)#] ¢ serum free medium
(Sigma)2. 2 i #ste] 4A7HERL AT, 1,
5, 10, 20mg/m¢ FEE HEERE 28-S H7st
24A17¢ wj<ksldth. e a 3-(4,5-Dimethylthiazol-
2-YL1)-2,5-Diphenyl-2H-tetrazolium bromide(MTT;
Sigma) 2mg/m{E 23, incubatoro A} 4117k w3t
% dimethylsulfoxide(DMSQ; Sigma)& &8 AlA 595
nm2] 3}#o)| A} microplate reader(Molecular devices,

USA)Z EH=E At AXAEES AXBIET.
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borate 3-8 HEZ QA - HlEolF W
HH8-8 A3l7] 98l 0.01%] proteinase K(DAKO,
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AIZE ERE ¥RAIZ T 23 O 12 319) mouse
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bation chambertjjoflA] 72A17F 8F2-A1Z3 31 biotiny-
lated goat anti-mouse IgG(DAKO)o] 2-g¢A 10
3¢ link 319t} Streptavidin peroxidase(DAKO)o
103 59 A4 ¥-gAIZ1 & 0.05% 3,3’ -diami-
nobenzidine(DAB)3} 0.01% HClo] X% 0.05M
tris-HCl ¢H&8-4(pH 7.4)o A 2171 3. hemato-
xylin® 2 thzg st Jeen|zog Basinh
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ASFAW HEo)Fol Feg px& n|uhaE o
X e WalE 2A1517] 98) Luna’s method S
JAISHATE 4 oy Pletdl 2 23S aldehyde
fuchsinol] 3087+ A48t 18 TS Weigert's
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SE e AT & BEegn

3) Z4d3d A o]tz Wil

Sudan black B 442 S35 Zta=
WskE A=), 94 Al”E Y5 E AL abso-
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o] 43} terminal deoxynucleotid transferase-mediated
dUTP-biotin nick-end labelling(TUNEL) M- 4
Aletath " & AH S proteinase Ko 5E7
proteolysis A}%] T equilibration bufferoj] A} 2027+
Ae)etgt. 18 e strength TAT enzyme(36.4
TdT enzyme : 7240 reaction buffer)S x]2]sf] 37C
9] humidified chamberojA] 1A)7F ¢t vl3-A)17] &
strength stop/wash bufferof] A] 108 &<t X 2|8}3 T
Anti-digoxigenin-peroxidases] 147} £¢F ¥h8-Al7]
2 DABE A dstdth. Methyl green® & thZH M
& F Fetangos #Esh
6. MY o Fx mAL

1) Angiogenic chemokine W3} #z

oAl #odEE I8 fAF chemokine?l
macrophage inflammatory protein(MIP)-2 ¥ 3}
& ZAbst7) 984 rabbit anti-mouse MIP-2(1:100,
Santa Cruz Biotec)Z ©]8-3F Az 251814 JA-S
HASRO T, olF B4e o] 7147 WAEA3)
EEERER BT

3 =
olEy migdo] FitE QEX AN A% B
RS Aste 28 &, vehde Felysi e
x4 H]-&2 #3d3c}h Optimas 5.2(Optima, USA)olj A
A image 7)59] sharpen low-filterS AMEShe] 8
#g 9sbA gt ¥ T3 binary morphology©l]
A invert 71%5-& AElsle} A Y H-S intensity 180
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~2002.2 FH§ - ¥Z4A 71t} Histograme §3) &
o d99] pixel& AF3ATH
3) AFHFY BEAEE X WE 93
AG{F 71AS Alold] EX e mAgRS
2A137] 18A AZdaFaE Qlol Wi 24 A%
£ u2 10% NBFE 1A A2lsle] Wright's stain
solutiono]] 307t ¥kg & malslydd

4

7. Th2 Mx 235 AME S8t 7|H =Al

1) IL-4 mRNA 28 w3zl ZA)

Th2 AE &3tol] thgt 2A71H& 2AKH7] s
IL-4 mRNA 28 ¥H3s 2Asget), Th2 A%
23 g F 2427 w43 EL4 AX 9 RNAZ
trizol reagent(Sigma)E A}R-3t) &% o1& UV-
spectrophotometer(Shimadzu, Japan)Z &9} 5 &
7489tk RT-PCR kit(Premega, USA)E o| £-5}]
cDNAE ¥48 &, IL-4 primerE PCR machine ©.
2 2% ZZAd] whl 9kg-A)Z tiTable. 2). PCR AF
E-2 1~2% agarose gel A4 H7195 5t rela-
tive intensity®. =4 3}9t}. 0 RT-PCR9] A3A
£ 97}817) 9481 internal standard$! beta-actin®)
FFE Ao AAE Y ti(Table. 2).

2) IL-4 £v] ¥ &

5 A3 149 By A3 A9 8
goat anti-mouse I1-4(1:250, Santa Cruz Biotec)E
g% Bz dag AN,

3) [AKIA STATG 24 st B2

I8 A IL-49 AARIA STAT6S] B4
WslE 2A}51719)8] rabbit goat anti-STAT6(1:250,
Santa Cruz Biotec)E o8- B 255 A&

AAlsi

Table 2. The Primer of IL-4 and B-actin mRNA

8. IAEHT A X

w2 A 38, TUNEL g4 123 #7959
relative intensity 5} ZZE $X)8}3}7) 93] Opti-
mas 5.2(Optima, USA)E 0|83t F4E4E AAst
k. AHEA A Sigma plot 2000(Sigma)&
%31 Student t test® pgto] 0.05 mgke] =FoA
frelde #HEstarth

V. % R
1. ol AspuYT Hal
Yoy WEANYT £8 2D A, B2
o uls) ADZNAE 2 47} 3715k W, SDFANA

E ADT) Wig) 94 Sle AE HATiFg 1).
48217l 1111.25£108.5070/ 4] thzT-o) ¥} AD
L 144.25%\} 2713 2714.254255 2572 &3
At} ool W) SDF A= 1657.50+139.3070/uh
2 ADTO 3] 38.93% ZA® Ao Jeyth
(Fig. 1.).
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Fig. 1. The inhibition of Eosinophil in SD Treated Mice
after AD Elicitation.

Primer sequences

Product(bp) ~ No. of cycles

5-TAGTTGTCATCCTGCTCTT-3' | 404 35

antisense 5'-CTACGAGTAATCCATTTGC-3'
Bactin sense 5-GGAGAAGATCTGGCACCACACC-3' 840 35
antisense ~ 5-CCTGCTTGCTGATCCACATCTGCTGG-3'
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2. &4 Rof o3| grsh YEPe BRI FELY F) FE
) ARFY ¥ 28 &4 98 AAA HFHGAch oo} ek SDFE A (AL
ADZS] W% trgel Aol Aol £ AdeaE A4 ARgHE BasHge, 4
B 0] Yeon, IR ARGl AE @ S AERFA 3, Ao BPEPTG gy
AR e G B A% BAAUT 9 o) W) BEIAROEE 24, B,
PR 243 S0l HAY FReldE Av 2) 49 AZRFA oA
2ol ge AERYA, AT o Ao ALTGY AT BBSE BrdU P4

B. Mitigative Damage C. Lipid lamella D. NFkB

Fig. 2. The Mitigative Effect of SD for AD Caused Skin Damages (AD, upper-box; SD, lower-box). A. External
morphology. Skin damages as eczema (Arrow, x4). B. The hypemlasia, edema, infiltration of lymphocytes,
and congestion (L. upper, x400), damage of interceliular space of SC (R. upper, semi-thin section, x2000),
BrdU positive reacted cell (arrow) in SB (L. lower, x400), and degranulated mast cell (arrow) in dermeal
papillae (R. lower, x400). C. Lipid deposition (upper, x1000) and ceramide (lower, x1000) in intercellutar space
of SC. D. Decrease of NF-xB p50 positive reacted cell (upper, arrow, x400) and increase of apoptotic cell
{lower, arrow, x1000) in dermis. SC, stratum comeum; SB, stratum basale; EP, epithelium; DE, dermis

Table 3. The Image Analysis in SD Treated Mice after AD Elicitation

. Group(M+S.D)
Antibody
CON AD SD
BrdU 893483 30944237 1971+173°
Ceramide 8021+41 1820486 61954250
NEB p50 498+15 28244116 1252129
Apoptosis 271+15 736+13 1896+35"

(image analysis for 100,000 pixel / range of intensity : 70-130)
CON, no treated group; M+S.D, MeantStandard Deviation; *, P<0.05 compared with AD
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CERRNABOIBIED TS He gesanel ZEE ceamide Halo] 0|3 Y

gkg-o Fol A FaA vEhen, A /A5 o
B SRR 23 Aoz IIFT. ADT
0]3} SDF}ME BrdU FANS-AT S B¥7} 2
28 Aow FAEHYY. ADFL TR F4 Hls
246.31% 718+ 3094+237/100,000pixel = F21 ©)
w3 SDF| A ADT) 3] 36.29% 743 1971
+173/100,000pixel 2 {3 ti(Table 3, Fig. 2-B.).

3) BTkA|E] B ¥ ¥3)

ADTE] R F5oA] B3t AFFAA B2 Fo
HTA 27} 333 Jllen, gijlge] FE o
F3ic}. old] Hls) SDEe| M= ADw] H|g| He
7} BFEIoH, HBYPF o] FE o|F]tHFig. 2-B.).

4) ZAZ3W A Wolyzxe] W3l AP

ADTOA AU Ay e] $Xe guggy
o] dof= 24dS Aol A2 e, 1 9
Ao Ae vehtA] sttt A X g2ty 4
Ao F e FHE dAFAM e DA EA T
24 lipid lamella7} EA)5}A] gkgtony, oo nt3)
SDIAME FAdE FRoAMRE 42 nags
7HA 9] ZH A A FA o] Fho A Aoz wjdd A
HHE FEE 5 U, ADFHE= 2] M FA})
3] 33 AR g fAER gtk

&3 ceramide ¥ B3 F4EA A3} ADF
oA dizFo) B8] 77.31% 743 1820+86/100,000
pixel2 #ZE Ik o]o] Wkl SDFolA = ADT
]3] 240.38% Z7}3F 6195+250/100,000pixel 2 T2
Holon, 3 ZFAME HXEAl]Z o)A Aet
FAWHS-S ¥ T Table 3, Fig. 2-C.).

5) NFkB &4 A& 53 49589

233 71A 89} ATH-Fo A #ZEE NF«B ps0
PP 8 Anz sukpue] MEelN Bst

A velten, AD7e Bl SDFo]4 NF-kB p50
FANHSAETL HAE 2o E #FHUY. ADF2
) ZFo) B3 467.07% Z7}3t 2824+116/100,000
pixel2 #FEATh olo] ¥la) SDF A= ADF
B3] 55.70% 74223 1252+129/100,000pixel 2 73
¢ tiTable 3, Fig. 2-D.).

6) MEAALE F7}

A5 f5Fo) e AAAs A EANA FEET apo-
ptotic %Adre-o sholA s et on, ADE
o] u]&} SDillA] apoptotic FAJHH&ME7} F714
Aoz HAFTE ADTL 27 vis) 171.59%
2713k 736+13/100,000pixel & FAH Q). o]d] uka)
SDFo| e ADFo) Hld) 157.61% 2718 1896435/
100,000pixelZ #& =] It(Table 3, Fig. 2-D.).

3 oMM o Z3t

1) Angiogenic chemokine ¥8 744

{5 BAERTH A XA B2 MIP-2
G- ADTONA tizTol vls] 397.98% F7}
3+ 6918+521/100,000pixel 2 Vet o)) wkal) SD
F e ADTo| I8} 45.06% 7HASH 3801239/
100,000pixel = F+2 = {c(Table 4, Fig. 3-A).

2) 8% £¥ 74

olEd & Y E At AIE ARE F
A g A, gz2gel vl ADT2 E8UHA
748k WA, SDFS ADZ ol ¥ls] 24
v F4AE Bt GAEN 47 A e
9023+372pixelSl 2T HIE| ADTEL 226.04%
U 2718k 29419+1148pixel 2 S F Tk o]o) uk
3 SDFOAE 14564+1441pixel2 ADTo| H]3]
50.19% 74" Aoz JelgtiFig 3-B).

© 9
ol\ -

Table 4. The Inhibition of MIP-2 in SD Treated Mice after AD Elicitation

- CON.

.SD

MIP-2 1648+36

69184521 38012239

(image analysis for 100,000 pixel / range of intensity : 70-130)
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3) JYFFU ZAEH X Fga

ADTON &) A AulFue Ay 5
dxE BE 49 ZA ] FAHAY. ol wk
&) SD-9 A f-FoME ZAERY 7} AD
o) Hlg) HchFig. 3-C.).

4, The M= 35t oH &
1) IL-4 mRNA 28 o
PMAS} OP Ao old] EL4 A Eojx o] 1L-4

mRNA ¥&e F7letg e, MEHRE £ 4

& yroEyos wio] 2AaH9Y. = PMA

9} OP A=A] B3 5E IL-4 mRNA 23 Zo) vl

0.5mgAl 5.17%, ImgA] 11.48%, 1.5mgA] 21.55%, 2mg

B

A

A 30.98%7F 7+A4sATHFIg. 4-A)).

2) Auhy HARIA STAT6 84 %A

Agejq FEse AARIA STAT6 FAWHE-2
33 sl Al gl A ZFetA UEhsen, ADT|
HI3| SDTo Al STAT6 FAdvHEA7t Z4ad 3
o #FHQY. ADTS thERTel vis)] 357.92%
Z7}3k 2198+95/100,000pixel & W= ). o]o] ut
] SDF A= ADTo) Hlal 61.42% ZH4- 1350+
23/100,000pixel2 A= AHTable 5, Fig. 4-B.).

3) My IL-4 EH HA|

49 7|AR A ASFFolA BEEHE L4
2Quhg-& A EAHA ZstAl vepge s, ADF |
3] SDFA IL-4 FAWSAEZ 2" A

=1

Pixel Count(/100,00

A B.

Image analysis

C.

Fig. 3. Inhibition of Angiogenesis by SD. A. Increase of CXC chemokine (x400). Distrioution of MIP-2 positive reacted
cell {arrow). B. Angiogenesis analysis (x4). C. Distribution of capillary in dermal papillae (arrow, x400).

Table 5. The Inhibition of Th2 Cell Differentiation intricated Cytokine(lL-4) and STAT6 in SD Treated Mice after

AD Elicitation
" Antibod Group
o CON AD ~ SD
STAT6 480430 2198495 1350423
L4 14274206 105174993 5548+168°

(image analysis for 100,000 pixel / range of intensity : 70-130)
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TERAFFOIOIET T Y FHS M 4BE ceramide HEl Ol AE

FFErh. ADTL U 2T HI3 637.52% /)3
105174£993/100,000pixel 2 HA2 =} ool wuts)
SDZo)ME ADTO) Hl3] 47.25% 72§ 5548+168/
100,000pixel2 A=) T Table 5, Fig. 4-C.).
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