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Soyangin-Hyeongbangpaedok-san(SHBPDS) is a herbal formula used for the common cold or upper respiratory
iliness. In order to investigate the effect of SHBPDS, mice were orally administered with SHBPDS alcohol extract for
7 days followed by intravenous anti-CD3 injection. In addition, splenocytes and CD4 T cells were cultured with
SHBPDS in response to anti-CD3 in vitro and cytokines and transcription factors were evaluated. In vivo treatment
with SHBPDS significantly augmented the expressions of the percentage of CD4 T cells and CD 69, an indicator of
early T cell activation. Serum leveis of IL-4 were significantly increased but those of IFN-y and IL-2 did not reach
statistical significance. The expressions of IFN-y and T-bet mRNA were significantly downregulated in SHBPDS treated
mice while those of IL-4 and C-Maf were significantly upregulated. In vitro stimulation of splenocytes and CD4 T cells
by SHBPDS resulted in a reduction in IFN-y secretion and STAT4 activity. The IL-4 releases from both cells were
slightly reduced, but STAT6 activity was rather increased. In conclusion, SHBPDS exerted an inhibition in the
expression of IFN-y, T-bet and STAT4 while IL-4, C-Maf and STAT6 were increased. Further studies are required to
examine its pharmacological effects using more appropriate animal experiments.
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1. oFy

PN HIBIEE R (Soyangin-Hyeongbangpaedok-san

SHBPDS)9] FHotEy g3 HEEMET " F5i%om
(Table 1) 015 oH22 A HY kDol A TUBIH

Table 1. Constituents of Soyangin-Hyesongbangpaedok-san(SHPBDS)

Sclentific name Chinese name Source of Plani  Dose
Notoplerygium incisum Ting Fib China 37 ¢
Angelicae pubescens Maxim. B Korea 3759

Bupleurum faleatum | g China 3759
Peucedanum decursivum Maxim FEs China 37 ¢
Poria coc0s FEE China 375 g
Schizonepetae tenuifolia Brig FI7E Korea 3759
[ edebourieiiag divaricata Hiroe 5 & China 375 ¢
Lycium chinense Mill e & China 375 ¢
Rehmannia glutinosa [ ibosch. EHE Korea 375 g
Planiago asiatica 1. EXIES China 375 ¢

Total amount 375 ¢

29 H271718 A .
B71E HEESE AEE FRANFE0IN TUs 889
Ori, £84E BTHEIS BRAE ABAAC) B S84

= TR E AE5H A=A

3. HRA B AJeF

Fetal bovine serum(FBS), antibiotic-antimycotic= GIBCO0]
A TSI RPMI-1640= WelGeneoll Al 9181950 MACS
mouse CD4(L3T4) microbeads, MACS AMIZ2zZ] ZE(LS
column) 12|31 MACS Midi-separator= Miltenyi Biotecoi| 41
QBIF Tt ELISAS] AME3E HE EIA kit, anti-mouse CD3¢ &+
2]l anti mouse CD28 @A, recombinant mouse
interleukin-12(rmIL-12), phycoerythrin(PE) -anti-mouse CD69
Ab (H1.2F3), PE-anti-mouse CD4 Ab(L3T4)(GK1.5), Fluorescein
isothiocyanate  (FITC)-anti-mouse-CD8a  Ab  (Ly-2)(53-6.7),
FITC-anti-mouse CD3 Ab (145-2C11)& BD PharMingen (USA)
offal FIskA
Invitrogen (USA)ollA] F15191Sm Power SYBR Green PCR
Master Mixi= Applied Biosystems (USA)ollA] FU3I
RNeasy Mini kite Qlagen (Germany)ollxl F-15193
Phospho-STAT4, phospho-STAT6, B-actin® Santa Cruz
Technology (USA)olA] “FBIRICY

Superscript  Reverse  Transcriptases=

4. oA FEE AE

O &2 PBAFIREER SNE
of W1l 85% methanolE £53] 2V E=
=oflA] EBHEH & sonicator(Elmasonic, Germany)E A}, 507
oAlA 1AM 23] E21E A=E 7isld BHiE SXskd Al
ST o] Bdeg oA R st & rotary evaporator(Eyela,
Japan)=  ZAUEFEEHS AN A 55UE  freezing
dryer(Eyela, Japan) 2 24417} SEZ RSN B HElQ AIEE
A olAE dFol Al
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6. HIZH 2 RRHe &hi
&S lRAREE HESKd 10% FBSeE 1% &H
(antibiotic- antimycotic)7} 7% RPMI-1640 s X2 A& St
micro slide glass®] AL W& o]85kd HIAE grindings!
0.40 m nylon cell strainer2 HI5ld 15 ml tubeo] AT E
ZTh ME EFH2 300 gollA] 1027 A2 & &
MABE] Y5kd RBC lysis bufferg AZISIICt oha g
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RPMI-1640 R X) 2 28] AIRSIGCE Q4 Eelo] 98] AEHOR
A2 U)A N EZE HYERY] RPMI-1640 BiX|ofl SIEISH &
blue exclusion assayE S YEE 013} M cell

ST

trypan

AR R
»g 28

H] 2R 2.9 g By
571 215l SA ZE ZEA e (flow cytometry)E AFE3ISITH

% FBS-0.1% NaNs-PBS, pH 7.2)
= HEEdE gasiict CD69
Ol A% PE-anti-mouse CD69, CD3= FITC-anti-mouse-CD3,
CD4+= PE-anti-mouse CD4, CD8E FITC-anti-mouse- CD8a®
HABIITE. TE @4 1SS ASolA 3087 AP E FEAO
2 28 MAsIH FAZEBZEAT|(flow cytometer, Becton
Dickinson, US.A)E &H3IC T2 E CellQuest =
EAA S AHEBI o = CD69(+)/ CD3(*),
CD4(+)/CD8(-),CD8(+)/CD4(-)Q] HIES(%)Z AIE5IITh

8. Real-time RT-PCR

vl2A HIAAZ9 RNAE RNeasy mini kit9] protocolo]]
okl 25K 228 RNAE =0l e
spectrophotometer (DU500, Beckman Instruments Inc. USA)E
0|85l FHTINTE cDNA BHE S ol 2.0 1S RNAE A
1 449 oligo(dT) primer@} 1 429 ANTP mixZE tubed] ZE<
HE % 65T0] 527 WL 823 B 4T MR U7hK
oloiA] B}2Mo 4 9] 5X First-Strand buffer, 2 49 0.1M
DTT, 0.25 uf SuperScrip Il RTE ZF 40 Yoy H& 21 20
WFE BREIL 5087 42TollA ¥kt & 70ColA] 1587
glod G4EE inactivationslth 24249 AL wWelEe
Bl71 95 (DNAE 0]1838l0] real-time RT PCRE 4 A|FIHT.
At 8498 cDNAO] 10 109] SYBR Green PCR Master Mix
&} 4719 10 pM forward, reward primer € 12 p SELE
wol 20 pe7t A SF 5 ABI 7300 equence detector (Applied
Biosystems, USA)oll4] PCRE 3151%3r) PCR &2H 2 95T o]
A] 1083} denaturationst & 95C 15%, 60°C 601 40 cycle Bl
=313 GAPDH (Glyceraldehyde-3-phosphate
dehydrogenase), IFN-y, IL-4, T-bet, GATA-3, c-Maf9] primer
sequencei= 1l 22)59] =Fdl £6ld AMASIAEt 2 SR
threshold of cycle (Ct)ztol] the} standard curver $lorS |
1A 22 (DNAZ 737} 1, 1/10, 1/100, 1/1000, 1/100002 3)
Aoled A2 G E FEIAL o] XS Ball MBS GE 3
HIsIrt. ZE RAA wdge GAPDH 2ei#g o) 83}
o

normalizations}3T}.
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9. CD4 T A= 2]

HIZAZE SollA CD4+ T MEE EElsl) Yslal u1ZA 2
1x 10770 & 90 40] §&E8(0.5% BSA, 2 mM EDTA-PBS, pH
7.2)3% 10 409 MACS mouse CD4(L3T4) microbeadsZ X715}
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of 4 TolA] 15271 MISAIAC) ¥ 58 & uigeio] 10~208)
2ol dEgHg Wy 300 golA 1087 ARS8 & 45
ag A g S0 500 w0 PEEAS HILBIA 2
SIEFSIICE. CD4 T A2 E22I1E fld) MACS MxE2] HH(LS
column)2 MACS Midi-separatoro]] 251 FB1gH 5 WA &

Bl AZ dEAE column QIO E EFHAIZATE L HEHolA] 3

3 AE8H0F AYS HASK o) 26 g2 BEe
AAS F MACS MzZEZ] ZY(@LS column)s MACS

Midi-separator 2 5E] 2214171 2@ Qo] goll= CD4 T
AZ BEE IAEE ARSI BT E o] 22kt
10. A EFIQ] §H F/IE

HIA FL) CD4 T A EY AOIEFRL e8-E
Bl E 0] AL 24-well plated] 1x 10° 7HQ] M=
g/ meS anti-CD3%} Blokg ETHEE FUIGIlL
AL 5 pg/mQ) anti-CD3ZE wello)] coatingSt
anti-CD28E H 7151590} 484121 vk 5N

11. APOIEFIQ) ELISA &4
Cytokines®] A412+2 sandwich ELISA ®FH O & ZH5IH
o Zt A|§% duplicateT AT &Y thdol wizt 24 1
A} 8k ANG coating HEBNHo] dlE st HEE S46]
o] 96-well micro plateo] well & 100 X BFSH & 4TojA]
overnight BH23I%5CE 10% FBS7} 838 PBSE well & 200 «4
A E 1L A7 S0 4420 F-0] blocking8IRArt. 2} wellg A&
g SE8HOF 35 MASH F Ag Y ARMGEE HyE 3
A5Hed 100 po BEFIINCE 2 AIRF Z9F 42004 BIEAIR] &
AEE AEFNOCE 53] M F biotino] ZEE 23} FAE
10% FBS7} 8+ PBSol 341510 well & 100 w2 X2]8kd
1 AIZE S0 42014 9HEsIart. AMARo Streptavidin-HRP

I
=)
A

go10@ 3027 A20l4 1S F HHICE TMB 89
2 well & 100 w8 H2I3 3 308 S0

oA BEE 2N
H504 o 50 pt HIIEIo RN ARSI eH &2
T 450-570 nm 3}AMoJA] microplate reader (Biorad Model
680)718 AMESI SHBIN

2HE well

12. Western blotting
HIAA 9] STAT4, STAT6L] &

EE 6 well plates] 1x 107 7HS] MEE 25511 phospho-
statdZ EROIE17] YA E 25 pg/mS) anti-CD32} 1 ng/miQ]
rll-12 B 81oE2 H 7151731 1565, 30, 602, 1208 HIE A
ZE 314551921 phospho-statbZ ElQ1H| ATHAE 2 pg/ml
9] anti-CD3%} SIS H 715191 308, 608, 24171, 3A17F &)
AEE 246l gt Mz inhibitor
cocktail 0.5%7} €35 cold PBSE 23] A|AGHL lysis solution
(50 mM Tris-HCI (pH 7.5), 150 mM NaCl, ImM EDTA, 20 mM
NaF, 0.5% NP-40, 1% Triton X-100)2.& #}37]5}23Ct. Bradford
ol Falo] U 58 JEslolo] 20 pg] ThEZE 10%
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SDS-PAGEE o|&3} 22Ig Fof H& PVDE(polyvinylidene
fluoride) membrane 2 transferd}irt. 010141 ponceau SZ &
2 GMglod thiZer Bl vhiE o] H7]E 2015k 2 ponceau S
7} 0] glol@ wh7bA]l TBST(0.1% Tween in Tris-buffered
saline)E A HBIHCHEEQ)IS 5% skim milk7} ghH3% TBST
OF blockingZ 204l Bt A[ZF Higol £, 10002 3]Agh
phospho-STAT4, phospho-STAT6, B-actin ©F 47Coll overnight
HI2EI9E). TBSTE A& E 2000808 &4d8 HRP-conjugated
antilgG AbZ AF20l4] B} A)7F BISSIGITE TBSTR MEE
chemiluminescent substrate (ECL, Amersham Biosciences, UK)

5 HETIA

13. EAEAM

E 43k SPSS 120 A& o188k B4R 584
8ol A2 ANOVAE E4A1Z Dunnet’s post-hoc testZ AFZEA

SR Bt AI0)1E non-paired T test 24361

RLSNey|

2 %

1. DB AFIEERO] anti-CD3E AFSS Pl BIEA 2

PBAFIBER F2NE Balb/c nilo] 727 345
oSk ol T AlZo) tht polyclonal activatorQ! anti-CD3E u|
o] A6 LA 90RE HIZAZE E2ISIETE anti-CD3
= T MZ9 T cell receptor complexZ AFaled 141710t T
HEY AlETRl e REShE ROE LHHAN”. 2 o
TolAlE WA DB AFIR RES 47597 CD4 A28 CD8
T AZQ 1€ U T MES £7] activationS LIERTE CD69C]
Wdoll viRls e FAESEVIE BASIETE Badoht
AT Alol= CD4 T AL} CD8 T Al Z9) vl&of X017} Yl
Sut PBAFIRER o2 CD4 T ME7 FAS8A &
7VoRArHFig. 1). Habtol] vls] anti-CD3E FARSH 2 Tt34 4
BAFIBAEER FoTe L5 CD 69 WUslo] E7keiiet &
B AR BTS2 AT B8] EAXCE FAEUAA
7151

2. PR AFIRGERERO] anti-CD3E A8 nleAal] EF Alo]
E7RIo] miXleE g

Balb/c IR 7L DBAFLIHEH FEdHs 8+
o5k ol T AlZEo] thdh polyclonal activator¢! anti-CD3ZE m|
ol RAA=8RAL LA 902 5o A AAE S STt anti-CD3g)]
Aol 98k T ME AOIETR] & IL-2, IL4, IFN-g9] o) &
& L8 ELISA 1 & o|8dlo] ZFEBIGC FavtollAle Al
THA AlolEFelo] HEH ] gk o] TR $EUATE. DB
AFIBA R ER T2 tHR Tl B3| IFN«y&] 2 10% F71al
POt Fodol A kAL TL-4= 23% BUkole] 8AFCE
FAHo] AL L2 13% &7 BAMCE /Aol
A gt

a0 O N armal

a0 W Control
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Fig. 1. Effects of oral administration of SHBPDS on splenocytes
subsets in Balb/c mice injected with anti-CD3 Ab. Balb/c mice were
orally given SHBPDS or saline for 7 days and Lv. injected wih ant-CD3
Splenocytes were obtainea 90 min after anti-CD injection and analyzed for the
frequercies of DAY, CD4, and CD8 wsing flow cytometry. Bars represent the mean
percentage of cels £ SD of two independent experiments. * = P <0.05 versus
control
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Fig. 2. Effects of oral administration of SHBPDS on serum cytokine
levels in Balb/c mice injected with anti-CD3 Ab. Balb/c mice were orally
given SHBPDS or saline for 7 days and iv. injected with anti-CD3. Serum was
obtained 90 min after anti-CD injection and cytokine levels were analyzed using
ELISA Data are the means + SD of two independent experiments. N.D: not
detectable, * © P (0.05 versus control

3. P AFIRFES) anti-CD3E Ao nlR A0 T A A}
O]E710) mRNA 2i8iof ulX]e gk

PBAFIRE M ER ZTFE7}E anti-CD3E Ab=6l R0
T A)E AJO]EFIO] mRNA 3ol nixle HErg 2RI ¢
3 BN E2 BE16K] real-time RT PCRE ZFBI9C} 4
o) ¥)3] anti-CD3E AI=6 RT3 SIS 1% W
o] /1IN EE & & UK THE. 3). PBAFBIMER F
2 vizzol vla) IFN-g7} 36% ZASKAOM EAHCR &
olidol et olol ®ial L4 AR AFRIHER Folatol
43% Z7IE o EARCE Fodo] JSrt IL-29] el
o= & thE Aol7} it

4. /DB AFIBFEE O] anti-CD3E AFSSE ub2A 8] Thl & Th2
FARIAF mRNA wglo] olxle Eg

Sog PBAFEREN B7F97E Thl X 8 Th2
AT Balo] BAFH= HAJOIRF T-bet, GATA-3, c-Maf2] mRNA
Balo] u)is HEHE real-time RT PCRE EFE8KMCE Thl &
01 FAQIAR] T-bet IFN-yalt DIEM/IRI & D3 A HIBS A AR
Egpto] tiRTol Blg 36% HASIH e EAMCE FaAH
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Fig. 3. Effects of oral administration of SHBPDS on cytokine
transcription in splenocytes from Balb/c mice injected with anti-CD3
Ab. Balb/c mice were orally given SHBPDS or saline for 7 days and iv. injected
with anti-CD3. Spleen was obtained 90 min after anti-CO injection and mRNA
expression was analyzed real-time RT PCR. Data are the meanss £ SD of two
independent experiments. N.D: not detectable. * : P <0.05 versus control.

[ Notmd
B Cortrol

24 g SHBFDS

mRNA/GAPDH

T-het GATA3 o Maf

Fig. 4. Effects of oral administration of SHBPDS on the transcription
of Th1/Th2 specific transcription factors in splenocytes from Balbjc
mice injected with anti-CD3 Ab. Balb/c mice were orally given SHBPDS or
saline for 7 days and i.v. injected with anti-CD3. Spleen was obtained 90 min after
anti-CD injection and mRNA expression was analyzed using real-time RT PCR.
Data are the means + SD of two independent experiments. N.D: not detectable.
* 1 P <005 versus control.

5. DB AFIBARRE RO T2 BIRAIZL}L CD4 T A ES] IFN+,
IL-4, IL-2 4-o] wjAls Hgk

PBAFBIRER FEE0] M ST AIETIQ B
ol mIxl= ggke HFoP] Ad) HIZMES CD4 T HE2E &
Stod Sloka B 48417k viRRGIRATY. BE 7L AAE BIBAZ
ETHZAT HZo A58 HUE FAFMAMER Lhs 4 9
£ olEd SAMAMEE T AE9 CD28o) BFAITE Bl
T B7EXE OIS et wetA vIZME A= il
anti-CD3PFS AMS3199 1 CD4 TH ZZ wiekst wli= anti-CD3 0]
Slofl anti-CD28E 715 07 H7151%irt IFN-go] A nlzHA)
ZES CDA T AZ 25 PBAFBMER FEHS st A=
oA sTIEHOE ZAHAUCH L 5T 100 pg/mE 7]
EOZ HS Wl v EE IET0) B8] 29% BAFIRT CD4
T AZE 21%9) 248 HAFACKFg. 5A, B). [L4= w2 Z
HHQFET} CD4 T A ZE iU wl o] R8st 442 HAFEQ

A - YYE - ASE - QY

on o] ERUBIXY mRNA 3oL} BAY L4 55
Z719} ARIGHA QSHcHFig. 64, B). L2 Tzl BIS = Al
= T% 2 xoli= QITHFig 7A, B). 861 240 Al 74 A}
O1EFI0) ZolA IFN-y7} BB AFBHEH 2509 I8 7}
& wo] Bl F910m o3l ek SUMAIMET} obd CD4

=
-
T AZo] AFHCE AAgghe o & AUt
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Fig. 5. Effects of SHBPDS on IFN-y production in splenocytes and
CD4 T cells. Cells were activated with anti-CD3 (A) or with anti-CD3 plus
anti-CD28 (B) in the presence of SHBPDS for 48 h. Cytokine levels are determined
using ELISA. * = P < 005 versus control (0 wg/ml).

A. Splenocytes

% 200
& 150
=T
g 100
a0
0
media 0 1 5 10 bl 50 100
SHBPDS(ug/ml)
B. CD4 Tcells
1000
L 80
“Beh 600
&
<400
=
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media 0 1 5 10 256 B0 100
SHEPDS(ngfml)

Fig. 6. Effects of SHBPDS on IL-4 production in splenocytes and
CD4 T cells. Cells were activated with ant-CD3 (A) or with ant-CD3 plus
anti-CD28 (B) in the presence of SHBPDS for 48 h. Cytokine levels are determined
using ELISA. * : P < 0.05 versus control (0 wg/ml).
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Fig. 7. Effects of SHBPDS on IL-2 production in splenocytes and

CD4 T cells. Cells were activated with anti-CD3 (A) or with anti-CD3 plus

anti-CD28 (B) In the presence of SHBPDS for 48 h. Cytokine levels are determined
using ELISA.

6. PRB AFIBNBERLO] STAT4S} STAT6 4ol vlXe &gt

STAT4= IFN-y 2}glof] ulx]& HARIAIR IL-127} T A Z 2]
IL-12 £8A 2 AfolE STAT47} 0lkIglE]o] SE o]531]
[FN-©} mRNAYHA S EX8IC). STAT4 S92 2015 28l H]
ANES 228t 5 anti-CD3S 1L-122 #7150 605, 12050]
M EE 2]5610] Western blottingS 4=35193ct. 77 2 DB A
FITREREZ ADIdt MEs T Blo] 602041 STAT4S]
QIIEPY okstA ERlEE & & AURTHFig. 8). oI EZi) 2B
AFIBAEERS STAT4S] 01418} IEE =HFOEM FN-y wid
g dAskET BAEE & 4 URCE STAT6 1L-4 Wl &
2 FT ASE Ui Ao QIAEEE STAT6 t B E o]56}
o] IL-4 mRNA 239 B7iol] #HASIEL STAT6S Q14Hak=
anti-CD3UC ZL FrgEo] SHEIOH 2 droi e 2 &
HE ARSI DR AFRFRERS AEISh A EZolA] a0
uig] 1802014 phospho-STATE7} HEgH HHEE Helg 4
AUNCH ol& Bol PHBAFTFMEHS IL-4 mRNA S0l
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Fig. 8. Effects of SHBPDS on STAT4 and STAT6 in activated
splenocytes. Splenocyles were activated with anti-CD3 plus IL-12 for STAT4
aotivation or with ant-CD3 for STATE activation. SHBPDS was treated for the

indicated time periods, Phopho-STAT4 and phospho-STATE were detecied Using
Western blotting
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