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Effect of Yeongyupaedog-san on Cytokine Levels of Mouse Th1/Th2
Cells and Anti-allergic Activity in Ovalbumin-sensitized Allergic
Inflammation Model

Nyo-Gyu Khwag, Hee Kang, Eu Gene Myung, Sung Min Park, Bum Sang Shim, Sung Hoon Kim,
Seung Hoon Choi, Kyoo Seok Ahn*

Department of Oriental Pathology, College of Oriental Medicine, Kyunghee University, Institute of Oriental Medicine, Kyunghee University

This study was to evaluate the effect of Yeongyupaedog-san (YGPDS) on mouse Th1 and Th2 cells’
differentiation and ovalbumin (OVA)-induced allergic inflammation. The proliferation of mouse CD4 T cells and the
secretion of Th1/Th2 cytokines under the influence of YGPDS extract were measured as well as the amount of (3
-hexosaminidase in RBL-2H3 cells and the levels of TNF-a and IL-6 secretion in Raw264.7 cells. BALB/c mice were
orally administered with YGPDS extract and simultaneously inoculated with OVA to induce allergic reaction and
measure the level of total IgE, OVA-specific IgE and the production of IFN- g, IL-4, IL-5 by the spleen cells. When
mouse CD4 T cell were stimulated with anti-CD3 and anti-CD28 for 48 hours in various concentrations of YGPDS
extract, it increased proliferation of CD4 cells by 11% in 100 xg/mé concentration but it showed an inhibition by 37%
at 200 pg/mé. CD4 T cells under Th1/Th2 polarizing conditions for 3 days with YGPDS resuited in mild decrease of
IFN- g in Tht cells and significant decrease of IL-4 in Th2 cells at 50 wg/m¢ and 100 wg/m¢ by 18% and 21%,
respectively. YGPDS extract had a dose-dependent inhibitory effect on antigen-induced release of 3-hexosaminidase
in RBL-2H3 cells. Treatment of YGPDS extract on LPS stimulated Raw 264.7 cells showed dose-dependent decrease
in TNF-a production. Oral administration of YGPDS extract on OVA-induced allergic mice showed an inhibitory effect
on the levels of total serum IgE and OVA-specific IgE by 25% and 34%, respectively. Culture of spleen cells with OVA
resulted in significant increase of IFN- g by 44% and significant decrease of IL-4 and IL-5 by 56%, and 24%,
respectively. The results show that YGPDS does not strongly induce mouse T cells to transform into Th1 or Th2 but
it has an anti-allergic effect in vitro, and that it also corrects the unbalance between the reactions of Th cells in allergic
diseases.
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Table 1. The Composition of Yeongyupaedog-san
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Hebal name Chinese name Amount

Ginseng Radix A 3559

Bupleuri Radix ;| 3759

Pouicedani Racix AIEA 375 g

Ostericii Radliy x5 3759

Angelicae Pubescentis Radix s 3759

Aurantii Fructus % 359

Platycodi Radlix HE1E 354

Cnidii Rhizoma = 3759

Poria Rubra RIS 3549

Glyeyrrhizae Radix HE 3% g

Schizonepetae Herba F7~ 3759

Saposhnikovia Radix (518 3759

Forsythiae Fructus EH 3B g

Lonicerae Flos S 37y

Zingiberis Rhizoma Crudus £HE 3% g

Menthae Herba g 188 9

Total amount 5813 g

2) B8
2 A4S 4% 8FE BALB/c $7 TIRAR BRUHE
TEE AE LENE(F)olAM FUsl AIESINTE 48582
12417} 2 124170 W0} YERIES FUOW FE2 g defol
A gFYUIO BZTIE AR & Addl AMESIT) ke
HAM BEAEIS UBEEE AR BREUYEIA 7Y
o B3I CH, tAKe EaXEldt SFFE AISIINIT
B grAKE 585 &8t ARREA G AI#HCH

3) M=zF

M| ZEF = Rat basophilie leukemia-2H3 (RBL-2H3) cell line
T} Raw264.7 macrophage cell lined|m Sh=2AEF2ollA] £
argio} A1EaI
4) WHR) B Al

Fetal bovine serum (FBS)2} OVA (grade V), recombinant
IL-2 (rIL-2), anti-dinitrophenol(DNP)-IgE, DNP-human serum
albumin (HSA), bovine serum albumin (BSA)= SigmaollA] <
QoI O antibiotic-antimycotic?t RPMI 1640, DMEM
Invitrogen Life TechnologyollA] TFRIGIEE}. Magnetic cell
sorting CD4(L3T4) microbeads= Miltenyi Biotec (U.S.A.)oll4]
T8IATCE anti-CD3e, anti-CD28, anti-mouse IL-4, anti-mouse
IL-12, rIL-4, rIL-129} IL4, IL-5, IFN-g & total IgEQ] ELISA &
Aol A}&% OPT EIA seti= BD PharmingenoilA] 715191 2
Biotin NHSE Vector Laboratorieso|A] +Q1&199T)

V)

[=h3=]

2.

o9
1) o) 2E2 AR
EEREN THNES S2E B 22870 2o AT
2 Q1 5h2 B9 WS CHS 50ColA B AT 28] A ST



BHE filter paperZ ]I$H CHE rotary vacuum evaporator
(Eyela, Japan)2 & 7}t =%3t F 1000ml round flaskoll &
freezing dryer (Eyela, Japan)E 24417} E0F EZALRSIH HAX
g Byield: 9.95 %)2 Aol A5k
2) spleen cell 2F-H9] FH|

EEe iR H&Eskd 10% FBS, 1%
antibiotic-antimycotico] 7 RPMI-16400F A& 5193
Micro slide glassZ S 24 270 5 040 um nylon cell
strainerZ O I5IATE. 1000 rpm, 1027} 48|13t & RBC

lysis buffer2 g5 Stsilrt 28] 4RSS £ spleen
cellE trypan blue exclusion assay® =5 AHFFES RIS &

NEZSE FHoIRCE
3) CD4 T celld] B2

BEEATTE 1x10° cells/90u49] E%ol 10 49 MACS
CD4(L3T4) microbeadsE F715l] 1527F 4To] incubationd}
Atk Ad R T 4BHE FMASHL LA 500 18] siAIol cell
pelletZ resuspensiondlirt.  Positive
MACS separator (Miltenyi Biotec, US.A)oll A@i8t = cell 2&
MG column QFOF ENA|ZCE column Qrol] EAME CD4 T
cell& ET{AE elutiondld EZ|FI4Ch
4) A& 2 IETEE HIE

FRIES] CD4 T cellZ mitogenO 2 AF=UE w9 5415
S HIESH) 96ll, CeliTiter 96 TM non-radioactive cell
proliferation assay (Promega, U.S.A.)9} protocold] &8} 4x10°
cells/200 4£9] &% 2 anti-CD3e (10 ug/ml)7} coating® 96-well
plateci] seedingBliCt. 3710l anti-CD28  (2ug/m))E Bl
co-stimulation}ATE. OFF2 0, 10, 50, 100, 200, 400 pg/miS] =
T2 48K]17F 37T, 5% CO; incubatorol] vlFSH &. cell titer 96R
aqueous one solution reagentZ F7}16]9T}. Raw264.7 cell9] Al
ZEH HALE 9814l HA 10% FBS, 1% antibiotic-antimycotic
o] B8 DMEMOZ uieist & 2x10* cells/100 w09 =T
96-well plateol] seedingdlod 24A17HS vHYUSH & vl YR E Zo}l
TR WASH HE i ko= 50, 100, 200, 400 pg/mS] T
2 oFEg Arldle] 20ARHE vl Fo YT A% S Ht
B} C) Formazan producti= microplate reader (Tecan, Austria)
£ 0]85}od optical density 490-650 mollAl S GIGTE
5) In vitro Th1/Th2 polarization

Anti-CD3e (10 gg/mf)7} coating®®l 12-well plateo] 1x10°
cells/ 9] -2 CD4 T cellE seedingdlil anti-CD28 & rIL-2
(5 ng/m)g H713IATE Thl polarizing conditiong TFE7] &
A= 1IL-12 (5ng/ml)3 anti-IL-4 (10pg/m)S B 2H Th2
polarizing conditiong {|aHA1= 11L4 (5ng/m)I anti-IL-12 (10
pg/m)E F7Veh & 37t vieRSIATE
6) RBL-2H3 cellg 0] 8¢}t B-hexosaminidase 2 &7

RBL-2H3 cell (5x10° cells/ml)S 24-well platec]] seedingst
% mouse monoclonal DNP-specific IgE (1 ug/nl)E 2715l
3A17F ZElelTh BiAIE ZolWIL Tyrode buffer (135mM
NaCl, 5mM KCl, 1mM MgCl,, 2mM CaCly, 5.6 mM glucose,

selection column&

1mg/ml BSA, 20mM Hepes-NaOH: pH 7.2)= 2 washinggl$i
T} 82101 DNP-HSA (1 pg/nl)E H7ISHIL 37°CollA] 8 A7}
HieSITh AR B-hexosaminidase oFS ZH5E7] AdiAl 1%
Triton X-1002 2 lysis3lArt. 4EHE AUEES & 96-well
plateo] 2}Z98 0.05mlz} citrate buffer(0.1M, pH 4.5)ol =¢]
ImM  p-NAG
0.05mlZ 37TCollA 1A17F HISAIZIcE 2 & 0.2M glycine 0.2ml
£ Hrleld ¥1&8 HAE £ microplate reader 405 nmoA]

(p-nitrophenyl-N-acetyl-B-D-glucosaminide)

optical densityES ZH31%1
7) Raw264.7 macrophage cellollA9] @& cytokine &5
BT JHES BERER = mbyd 08 goii
7] €180 Raw 264.7 macrophage cellg AFZEISC) Raw 264.7
macrophage cell& 10% FBS, 1% antibiotic-antimycotico] g+
= DMEMOE it & 24-well plateo)] 2x10°S seedingdH
tl. Overnight incubationdt & mediumE ZolE Fol] OHES
STHEE 718l SAldll lipopolysaccharide (LPS) 1 pg/miES A
ZIBIeATE 18417101 At Zoll 4EHZ harvestsio] -20Toll B
HorA
8) BEMEE & M 7 Fo B A2 B8R 7Y
BEBERKES 2 MHYS phosphate buffered saline (PBS)ol]
1g/kgQl BT ptRLolA dFol Al BA 4F3F BTFY
siict. G T2 59 PBSE Fo5kich Al(OH)3
S} PBSE SR 42 &of 01%2] OVAE W& & 4 A
20, 78, YR B2 ol Folsiod A8 o a2
PBSE 5Z ol Fd5lI%] FEE 9 v EAF
o 1579 FEE TiA] 793 #EE 8T nlAg] Hid
OVA EAg 20 wH FEBIACH 28G Mol TIRAE WlFH AR

o 32 4

.82

A AEsl gdg MY £ AL AdEEIsH
EE2 2Elgt & 20Tl a3t AE & vl 2olA B
ZAE W] spleen cell RFWOZ THEQICE
9) OVA ©F spleen cell w2} '

dHETNE FESt nl249) spleen cellg 24-well plated]]

5x10° cells/mlE seeding®t & OVA 1mg/mis} A 72417} 3
77C, 5% CO; incubatord] BHRSIHE) CellE FAHEE & ALEN
2 2R & 20T HasiHct
10) ELISA =7

96-well plate® Z} wello] capture antibodyZE 47TolA]
overnight © 2  coatingdlth OVA-specific IgEE diA=
capture IgE antibody(2ug/m¢)E wellol coatingsi®irct. 10% FBS
7V gF3¥ PBSE 200uf/well® @I 1A17} 220 & A)
blocking&}%3rt. 33 washingdled blocking buffer® 2FH5] &)
78 & standard IgE, standard cytokined} A EE ek 54]
5led 100 4] BFsle] 2417 220 FIrt 53] washing® 2}
9] biotinylated detection antibodyE @1 TF A7} &4=20] T
Kt thA] 78] washingdt &
conjugated streaptaviding 100 w04 BF38} & 147} L0 F
9ttt Biotinylated OVAZ
ester-water solubleX} OVAE Z&¢r & BA5l A1Z3I4Tt 7

horseradish—peroxidése(HRP)

biotin N hydroxysuccinimide
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EHRER E MmHwe vFR4 Thl/Th2 AOIE7IR] FREo o8 gu2r] g5

3] washing® tetramethylbenzidine substrate reagent 100 wE
Z}8ka 3080] ALtA] IM. HS0, 50 wE Hrislgt)
Microplate reader (Tecan, Austria)2 IF&} 450-570 nmoiflA]
optical densityg& &5
11) EA24

BiESR e BORCE ZAIGK 2 SPSS 11.0E o] &6l
Student’s testz= XZ|3I3ETh

EERE
1. EEKER 2 Mol CD4 T celld) proliferationol] BJX] &
bl

BEKBR B fHre sEEE 1 ries CD4 T cell
€ anti-CD3 & anti-CD28F 48417} A}=3} 58 100 pg/mlH T}
H2 sholile EME BX B2 celld} FlTH Aol7} gIle
L} 100 pg/moll A 11%8) 1@MEEs HAFATt 2eut 200 pg/
neollA] M 2ESAJo] 37% FABIA Hd5HATH(p=0.029)(Fig. 1).

ol

YGPDS (ug/m)
Fig. 1. Effect of YGPDS extraction on the proliferation of CD4 T cell.
Proliferation of CD4 T cells in medium containing various concentrations of
YGPDS extract after 48 hrs incubation. Sorted CD4 T cells were stimulated with
anti-CD3e/anti-CD28 antibodies for 48 hrs. Cell proliferation was guantified by the
ability to reduce the tetrazolium dye MTS. Data are expressed as mean + SD. of
optical density (0.D.). * p<0.05 compared with 0 g/ ml.

2. BEBER 2 MHgo] uteAs Thl/Th2 S Bixie S

L

O

1851l ZFSIILE. Tl celld] B ofE2 MBS W
IFN-g9 22 ot BAGINOU EAHOR SOBAE 29k
o} 22Ut Th2 celloflAls IL-4 Zte] 50 pg/méoll Al 18%, 100 ug/
niollA] 21% % BiAokd Th2 cell 28 FATHA BAAIR
THTable 2, Fig. 2, 3).

1]
5 307) WSl I BN IFN-g7} IL-4Z ELISA 2pHe
o

Table 2. Cytokine Levels of Mouse Th1/Th2 Cells
YGPDS

(a/ml) IFN-g (ng/ml) IL-4 (pg/ml)
0 46740 + 25.71 999305 = 37.95
50 45898 + 0.15 826987 = 22172
100 44460 + 3780 793094 £ 91087

= 005 ™ PX0001
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460 [ l
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IFN-y (ng/m¢}

400 F

0 50 100
YGPDS (ug/mt)

Fig. 2. IFN-g levels of mouse Th1/Th2 cells. CD4 T cells were stimulated
in vitro under Th1/Th2 polarizing conditions for 3 days. YGPDS was added at the
beginning of culture.
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1

0 50 100
YGPDS (ug/m)
Fig. 3. IL-4 Levels of Mouse Th1/Th2 cells. CD4 T cells were stimulated

in vitro under Th1/Th2 polarizing conditions for 3 days. YGPDS was added at the
beginning of culture,

3. HENEY = Mol RBL-2H3cell®] B-hexosaminidase &
2ol mlAle g

RBL-2H3  cellg IgE®} PCE  {Edl] B
-hexosaminidase® Fo|Al7]= HHEoll ol WEKEL 2 M
o] dxsle 2UE SN EHRER HEye 55 9
E£XCF B-hexosaminidase RE1E FSHA MAEGIHSH 50
pg/meol Al 26%, 100 pg/mlollAi= 23%, 200 pg/mlAAIE 27%,
400 pg/meoll A= 55%9] MRS HolFRACHFig. 4).

120 ¢

100"—H
gao_ * * *
5 60}
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S 40 F
£

20 }

0 L L L [l J

0 50 100 200 400

YGPDS (ug/ml)

Fig. 4. Inhibitory effect of YGPDS on antigen-induced release of 3
-hexosaminidase in RBL-2H3 cells. Cells were pre-incubated with
DNP-specific IgE for 3 hrs foliowed by change of medium and incubation for 1
hr with DNP-HSA plus YGPDS extract Standard deviations are too small to
represent. * P<0.05
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4. BEYEH 5 WHP0] Raw 264.7 macrophage cell®} TNF-a
Gl vlRe g

Raw 264.7 macrophage cellol] LPS X2|3} & HEEY 2
mHmE  sAlol AEiskd 18R (7F gt —?—Oﬂ
pro-inflammatory cytokine®! TNF-a9] g2} ELISAZ ZEH
A3}, LPSES A2I8F 22 741852 + 301.96 pg/mloIQIOLY
BEYEY € e Mot 72 s JEHLE HsIE
) 100 pg/mlo A& 4557.30 + 483.14 pg/mISE th Aol HISH

39% WASIN D 200 ug/micl A= 220854 + 60.39 pg/mlSE
71% WG 400 pg/miclAlE 199501 + 6039 pg/mlOE
74% WAHSINOH BE S9M0] YKUTHTable 3, Fig. 5).

Table 3. Effects of YGPDS on TNF-a secretion in Raw 264.7 Cells

7GP0s Media 0 100 200 400

(ug/ml)
TNF-a 741852 455730 220854 199501
{pg/mi) +301.96 +483 14 +60.39" +60.39

" P <005

286.62

9000
8000 |
7000 |
6000 -
5000 |
4000 |
3000 }
2000 |
1000

TNF-a (pg/ml}

laa

100
YGPDS (/tu/ml)
Fig. 5. Effects of YGPDS on TNF-a secretion in Raw 264.7 cells.

Cells were treated with LPS (1 we/mi) plus YGPDS extract for 18 hrs. Data are
expressed as mean £ SD. % P <005

Media 0

5. BENEHK B Wb 87507 OVAR OlalEﬂ% To
o} A9 total IgELL OVA-specific IgEd]| DX]= H&k
Total IgEQ} OV A-specific IgE+ 287} BE#KER = #H
me 47 5o F UIRAE AF sl g2 EFAA
ELISA 4 g ol &5l E£F3IrCt BEMRER & mHwe &
+ FoJgh nRAY total IgEE thETO Hlo| BASIE L &
AHCE ROHE IQrt Total IgES] 22 A S 40012 F]
A8le] NS uh AT 80438  80.76 ng/mlO|Q L THE
T 5433.08 + 2054.14 ng/mlo]Q O] BEMBE B mEYES
B0l 72 4087.02 + 783.44 ng/mlZ 25% B SIACHTable 4,
Fig. 6). OVA-specific IgE= O.D. 7}0] A2 0.059 + 0.008F
A9 AEHA LUOV HETS 0.650 + 0.187% 1L B RER
E ity o172 0431 + 0.016F 34% HASINoH EAXES
T 7Ydol AUrkTable 5, Fig. 7).

Table 4. Effect of In Vivo Administration of YGPDS on Serum IgE
Levels

YGPDS
4087.02+783.44

Control
5433.08+2054.14

Normal
804.33+80.76

Total IgE
(ng/ wl)

ilad
1z
o
i}
0x
o
B
ofy
b
12
=1
I

Total IgE (ng/ml)
w
g8 8
—_
L

YGPDS

Normal Control

Fig. 6. Effect of in vivo administration of YGPDS on serum IgE

levels. All mice were intraperitoneally immunized with OVA on day Oth, 7th, 14th,
and subsequently inoculated intranasally with OVA from day 21th to 28th. The mice
were orally administered with YGPDS (1g/1kg) or PBS (Normal and Control) three
times a week for 4 weeks and serum was obtained on day 28th. The levels of total
IgE are calculated by reference to standard curves of purified mouse Igk. Each
value represents the mean = SD. of 5 animals.

Table 5. Effect of In Vivo Administration of YGPDS on Serum
OVA-specific IgE Levels
Normal

0.060<0.008

YGPDS
0432003

Control
0.6500.187

OVA-igE
(0D

= P (006

0.9 [
0.8

Zos t ] X
Sos | :

‘504 b
Zoa }
02 |
01 F

0.0 l | L i
YGPDS

i

Normal Control

Fig. 7. Effect of in vivo administration of YGPDS on serum
OVA-specific IgE levels. The methods were described in Fig. 6. The levels of
QVA-specific IgE were expressed as the optical density at 450-570nm. * P <005

6. EEMBH = MY 87F07F OVAR LU 2718 Rt
DHR29] TEN-g 2300l wlAls &

OVAE ZFH mleAZ R|A)TI
AIZYEQH OVAR A1=3lod 11 45U g ELISAT £33
Hatrtola] A2 spleen cell®] IFN-g= 1553.94 + 311.76 pg/ml
olglen tATY AP 5295.74 + 82622 pg/mlolR O EiF
BEH 2 My T2 766413 + 1188.61 pg/ml A S
S sgmBEliTkTable 6, Fig. 8).

Z A& spleen cellg 72
jen)

Table 6. Effect of In Vivo YGPDS Administration on IFN-g
Production in Spleen Cell Culture
Normal Control YGPDS
IFN-g 195394431176 5295.74+82622  7664.13+118861™
(p9/ ml)

- 848 -



HEBEY 2 MHwe viA Thl/Th2 Ao1E7IQ) el odh gewl=r] a3

10000
9000 |
8000 |
7000
6000 | '|'
5000 | L
4000 |
3000
2000

1000 |
2 L )

YGPDS

—t—

IFN-y {pg/m1)

Normal Control

Fig. 8. Effect of in vivo YGPDS administration on IFN-g production
in spleen cell culture. All mice were intraperitoneally immunized with OVA on
day Oth, 7th, 14th, and subsequently inoculated intranasally with OVA from day
21th to 28th. The mice were orally administered with YGPDS (1g/1kg) or PBS
(normal and control group) three times per week from day Oth to 27th. Spleen cells
were obtained on day 28th and cultured in the presence of QVA. The levels of
IFN-g are calculated by reference to standard curves of recombinant mouse
standard IFN-g. Each value represents the mean =S.0. of 5 animals. ™ P<0.001

7. HE MG MHE Z750VE OVAR gHl=27])E RS vt
QA9 IL4, IL-5 4ol vi= I
OVAR ZIag plRAE XARIT
AIZHEQY OVAE AF23l 1 &9 E ELISAR E35K3)
koAl & spleen cell9] IL-4= 3.98 + 3.34 pg/mlO]A 2.
o AT B 16344 + 5689 pg/mioi 2 BHKEH =
HH A2 7288 + 24.90 pg/mlEA] SQ5HA BASIACH
(Fig. 7). IL-59] A S 3.27 = 1.08 pg/mlo]Q oM thx 9] AL
946.81 + 194.22 pg/mlo| O] WK H M 2 M H2lT S
720.84 + 7452 pg/mIZAl ROIEHAH A SIRTHTable 7, 8 and
Fig. 9, 10).

& A spleen cellE 72
o
=

+

+

Table 7. Effect of In Vivo YGPDS Administration on IL-4 Production
in Spleen Cell Culture

Normal Control YGPDS
IL-4 ok
(0g/ ml) 398+3.34 1634415689 72.88+24.90
= P05
260

200 } I

Es0 | l
o
z .
Z 100 | T
50 f J~
0 ——— A A N

Normal Control YGPDS

Fig. 9. Effect of in vivo YGPDS administration on IL-4 production in
spleen cell culture. Al mice were intraperitoneally immunized with OVA on day
Oth, 7th, 14th, and subsequently incculated intranasally with OVA from day 21th to
28th. The mice were orally administered with YGPDS (1g/1kg) or PBS (Normal and
Controly three times per week from day Oth to 27th. Spleen cells were obtained on
day 28th and cultured in the presence of OVA. The levels of each cytokine are
calculated by reference to standard curves of recombinant mouse standard
cytokine. Each value represents the mean *S.D. of 5 animals. ™ P(0.005

Table 8. Effect of In Vivo YGPDS Administration on [L-5 Production
in Spleen Cell Culture
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Fig. 10. Effect of in vivo ' YGPDS administration on IL-5 production
in spleen cell culture. Al mice were intraperitoneally immunized with OVA on
day Oth, 7th, 14th, and subsequently inoculated intranasally with OVA from day
21th to 28th. The mice were orally administered with YGPDS (1g/1kg) or PBS
{Normal and Control) three times per week from day Oth to 27th. Spleen cells were
obtained on day 28th and cuitured in the presence of OVA. The levels of each
cytokine are calculated by reference to standard curves of recombinant mouse
standard cytokine. Each value represents the mean +SD. of 5 animals. * P<0.05
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