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Effects of Mahaenggamseok-tang-gagambang on Immune Cells and
Cytokines in OVA-Induced Asthmatic Mice

Gil Byeong Park, Yang Chun Park*

Division of Respiratory System, Department of Internal Medicine, College of Oriental Medicine, Daejeon University

The purpose of this research is to evaluate the effect of Mahaenggamseok-tang-gagambang (MGTG) on airway
hyper- responsiveness (AHR), immune cells, cytokines and lung tissue in OVA-induced asthmatic mice. C57BL{6 mice
were injected, inhaled and sprayed with OVA for 12 weeks (3times a week) for asthma sensitization and challenge.
Two experimental groups were treated with different concentrations of MGTG (400 mg/kg and 200 mgfkg) extract and
cyclosporin A (10 mg/kg) for the later 8 weeks. Enhanced pause (Penh) levels were measured by whole body
plethysmography. Immune cells were analyzed by flow cytometer in peripheral blood monocyte cell (PBMC) and lung
cells. The IL-1b, IL-12, IFN-y, OVA-IgE, IL-4, IL-5, TNF-a were analyzed by ELISA kit in serum and
splenocyte+a-cCD3/a-CD28. Enhanced pause (Penh) levels of the MGTG groups (400 mg/kg and 200 mg/kg) were
decreased significantly compared with that of control group. The numbers of MGTG groups (400 mg/ks and 200 mg/kg)
on lung total cells were decreased significantly compared with that of control group. The numbers of MGTG groups
(400 mgfkg and 200 mgfkg) on CD3'/CD69", B220°/CD22°, B220/CD23", B220/IgE’, CCR3" cells were decreased
significantly compared with that of control group. The number of MGTG group (400 mg/kg) on CD3’/CD49b" cells was
decreased significantly compared with that of control group. The level of MGTG groups (400 mg/kg and 200 mg/kg) on
iL-4, IL-5, IL-12, TNF-a, OVA-IgE were decreased significantly compared with that of control group. The level of MGTG
group (400 mg/ke) on IL-1b, IL-13, OVA-IgE were decreased significantly compared with that of control group. These
results demonstrate that MGTG could be a desirable alternative therapy for allergic asthma by inhibiting the expression
of immune cells, the activation of inflammatory mediator.

Key words : Mahaenggamseok-tang-gagambang, asthma, airway hyper-responsiveness, immune cells, cytokines
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Hoz THSILAN HAS 327 4olA whole body
plethysmographyE 01&3ld 7T 3WIME 28611, & HA
24, UREN vhalF A (peripheral blood mononuclear cell,
ols} PBMC)9} #loflA1 9] MM 2 Y Fol 3} 5] &AM 2o A19) A
Al AlIEFRIS S8l 3o 2TE gl B8}
glojch
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HEdol  AHETIA 2 A AIsS ﬁﬁ@ﬁﬁ#ﬁﬁﬂ/fﬁﬁ
(Mahaenggamseok -tang-gagambang, 0135} MGTG)9] +4 otz

2 tiEtiokn R4Sl Fgke] ZMsh & ALE8I%
A AE 1Eo] g BEe ohed 2ot

Table 1. The Compositions of Mahaenggamseok-tang-gagambang
(MGTG)

Herbal Name Pharmaceutical Name Dose {g)
BER Houttuyniae Herba 3
HET Raphani Semen 30
EET Drabae Semen 20
REC Trichosanthis Semen 5
H - Armeniacae Arrarum i
8 Lumbricus 10
% Z Scuteliariae Radix 10
HETE Farfarae Flos 10
% & Asteris Radiy 10
# T Perilias Fructus 10
W % Crataegi Fructus 8
[ - Amoni Fructus 8
¥ Glyeyrrhizae Radix 6
& Ephedrae Herba 3

Total amount 180
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- 591 -

AVl EFK0lo] MRS @t

2

MGTG 2 Bl &7

A 3A FE5iint £Ede &Y dugt & 4t &%
(Rotary evaporator, Biichi, Switzerland)Z 3-70}-_?_, CIA]
Z7] (Freeze dryer, EYELA, Japan)& 08
AQlrt. &H HES MGTGE 45 (-847)
ST & M5k ARSI

78R M4 AF 2y
500 ug/mQl HEYL (OVA, chicken egg ovalbumin;
Grade V)3 10% (w/v) aluminum potassium sulfate (Alum;
Sigma, USA)E PBSE Edl8r & E8oi3tt o] &

NaOHE pHE 652 ZAFsKd 2004 1A1F S0F WXl
750 < g oAl 582 ¢t 2P| Slrt ¢4l E2ITE OVA/
Alum FHEE EFFE 7I0IE P9 geg Edidt 7, 100
ug OVAE 0.2 mBE A2Fekd B4 LHE ?Mém 4l @&Miﬁ
cl o] & 2550l 44
7% Fo (1i)3Ie D}. 3R 2
4578 25 mg/mlE A5 IR
ol 3 B4 87 FQF 112 W /IR FUAIACE o) W o]
FOZH PBS Ei Alum UHZ FA}, FYAIZTHScheme 1),
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OVA Inhaleten:  OQVA nha ation:

\/Aﬁ/a‘u OVA G * mg/ml 25 mg/ml
H‘ L e {30m/cay. (30min/day.
b 3times/week) 3times/week)

Scheme 1. Asthma OVA-induce mouse model

PEP Te— Tr
Penh = Pause*P—]P Paus =

PEP : peak expiratory pressure, PIP © peak :nspiratory pressure Te : exp ratory
dre, Tro:orelexation tme

3 5 4FA)2E] MGTG (400,
ol 53] A+ 2o gi¥ch HEFE 57

=
AR, AR T cyclosporine(20 mg

=
o
E

r=

i

A

0%

Biosystem XA (Buxco Research System, USA) ZH|& AE35HH
Finotto £'0] W#lo] Wt AAIGIACE & 71 Eael 4l 7 20l
enhanced pause (Penh) 4t D}%JJ- Zom Biosystem XA
software & O]&3le EAMSINTE 1WA Hal 4z 2y
(Scheme 1)9] ©}X]2}F OVA inhalation A13] 24A]7F ol mFH
methacholine =8W& 3.125, 6.25, 125, 25, 50 mg/mlS] =F 2
aerosolc}il, Z4449] sirof thel 71 BHE4 2 108 &0t ¢
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&9 =
HEXNE ZA Xg:ﬁo}ci 2% FBS7} E8KE RPMI 1640 1 Ho
2 5271 1,800 rpmuf R olA] QAIEESF & 5 meo] RPMI 1
o) 50 Q) collagenase IV (100 pg/md)Z 718 &
shaking WH}7]0l4] 302 St wiBIATE. Ble & -EJJ iy
BHL AEUES BEIskL 10% FBS7F X8 RPMI 1640 B ool
ol MEZE 2fBIHCE olE 55 o]
o & Aﬂ £ Bzl
(013} PBMC)E heparino]
Al gake 2l &

3 AZ 2 PBMC A-ﬂ:t—v—il

=X
"!O

=
O
640
7C
A

& x5

mlm

£ 20l (digestion) &}
. Peripheral blood mononuclear cell
SUE "KWE o AR R
EHMZE BeloITt ol MEE

S ACK 89 (83 g NHCl 1 g KHCO, in 1 ¢ of
demineralized water + 0.1 mM EDTA)S 420jA] 58 Z9 &
glel] dg+g %5147\]7]3 CIA] D-PBSE 23] A1 X3 & 0.04%
trypan blue® FASH & AN ZLE ZHFKITEL £H3 PBMC
HZE 5 x 107/ ml xﬂ T RES & 4TolA WY FZEY

{(immuno fluorescence staining)& 41A18l flow cytometer?)

Al
=

=]

==

cell Quest =2 THWZ olE3l0] WEE (%)E BA51%
6 FAZ 24
A8 F8 & ¥E BE56lo] 100 meshE MEZE 275}
D-PBSE 587F YRR (1,700 rpm)5le] 23] AAT & cell
strainerol] EHAIAH M E 0]2)9] EalEA] 22 ZEOIL} B

B AASKAEE 811 018 ZA choppinggt £, collagenase
1 mg/mé (in 2% FBS + RPMI 1640)2 Wi 37C shaker (180
pm, 20min.) HiQ710A] RS} & AEWNE F4dl= @O
43 BIESI9T) olE MEZES ACK 89 (83 g NHiCl, 1 g
KHCO;, in 14 of demineralized water + 0.1 mM EDTA)S 4l
2004 58 St NElole] HE+& 83141711 tHA] D-PBSZE 2
3] AESH & 0.04% trypan blueZ HA3 & & Kﬂj’;—’,\—g ﬁ@
skt &8¢ mxu A9 HEE 5 x 10° NZE £F
4ToA A} (immunofluorescence staining)& “A]*o“}
ant1-CD3—PE (phycoerythrin), anti-CD49b-PF,
anti-B220-PE, anti-IgE-FITC anti-CCR3-PE, anti-CD22-FITC,
anti-CD23-FITC, anti-CD69-FITCE &1 30 27} US04 vl
AlZH HhE & 33 o]y QIkIHE WERRESE S &
flow cytometer®] Cell Quest IZZIHE 0]€35NK]
CD3'/CD69", CD3'/CD49%b°, B220°/CD22", B220'/CD23",
B220"/IgE", CCR3" M Z4E MES (%)Z BA8 & Az

E A &3l 2t £Fol|419) Aol M ZS= (absolute number)E 4}
EO}‘M
7) ELISA 243

Al AF oA BElgh dFolilE ILb, IL-12, IFN-y,

OVA-IgEE, Splenocyte+a-CD3/a-CD280j A= IL-4, IL-5, IL-13,
TNF-o& &835}17] 951 ELISA kitZ YIS 93850t 24
A E coating &5 S0 34151 microwello] coatingdt &
4CollA overnight3}AT). 2} wellS 33) washing ﬂ% goaoz
AEBE & EH (1008) 314G 100 A 3153 AlE &
oF A 20A] WR)5E £ 23] washing & SBHOZ Aﬂi,?'s !

AIZEOHE

=
e
B &
T

0=
T

o

antibody Avidin-HRP conjugated 100 xS Azl5kz, 1 A17F A
204 2HR|8E & TRA] A& I o710 TMB 7122 100 ul

A E-’Fé}ﬂ kAol A 30 B7F WA £ 50 M-/] stop &%=
A2]gk & ELISA reader 450 nmoiiA]l HZTE S48
8) EAXIE

2 A3 g ZilE ANOVA and Bonferroni type

muitiple t-test (JAVA, Bonferroni Ver 1.1)Z B8l patg T
alth 2t TS F47, dgde acd sk
P<0.05 & wf Fgol A= R2E THBINCt

7

nxleE g
4 penh 41& £ 23, RS ZE 559
1.89+0.44, 3.91+0.46, 4.94+0.59, 6.52+0.65, 8.66+0.58 2 LIENL}
el Higk |od A (P<0.01-0.001) BUISINHCE

MGTG2007+2  0.98+021, 1.56+04, 219043, 3.23+0.36,
4.19+049% UIER} 3125 mg/m 5L E ASIL FYY UA
(P<0.01-0.001) ZFA3IAa, MGTG4002E 0.9720.77, 1.55:0.28,
1.5140.32, 2.29+0.22, 2.93+0.25% LIER} 3125 mg/md SEE A

A5kl FAH AA (P<0.001) ZABIATHFg. 1).

L
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A1
P
=

~fii— Normal
—&— Control

—#&— Cyclosporine A
s MGTG 200
—e— MGTG 400

PenH level

12.5
Methacholine (mg/ml)

3.125

Fig. 1. Effect of MGTG on provocative concentration of
methacholine causing a increase in respiratory resistance. Penh level
was measured in a Buxco box. C57BL/6 mice were injected, inhaled and sprayed
with QVA for 8 weeks (3times a week) for asthma sensitization and challenge. Two
experimental groups were treated with MGTG (200, 400 mg/ke) for the 8 weeks
(6times /week). Normal: Normal C578BL/6 mice. Control: OVA-induced asthma
model mice. CsA: OVA Inhalation and injection of CsA (20 mg/kg). MGTG200: OVA
inhalation and oral administration of MGTG 200 mg/kg. MGTG400: OVA inhalation
and oral administration of MGTG 400 mg/kg. Values are expressed as mean *
SEM. ** P<0.001, ™ P<0.01 compared with control group.

—E;D]:
A)

2.9 BAL & o AESed e o

OVA/AumMCE [akst 7| 8A H4] 8 HdolA 3 F
AZ 3t A3 MGTG20073 MGTG40072 0.23 = 0.0137} 0.24
+ 001 g VER} HETS] 037 + 0.01 goll H|3l 894 A
(P<0.05) Z4BIRL(Fig. 2 A), 3 ZAA 22 & AZ4E
count 8t A3} MGTG00:23} MGTGA00FL 737} 3.92 + 027
(x10° cells)T} 3.75 + 0.27 (x10° cells) & LIER} THETO) 5.8 + 0.32

(x10° cells)ol] HIBl] B YA (P<0.05) ZABIHTHFig. 2B).
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Fig. 2. Effect of MGTG extract on lung weight (A) and total lung
cells (B) in murine OVA-induced asthma. C57BL/6 mice were injected,
inhaled and sprayed with OVA for 8 weeks (3times a week) for asthma
sensitization and challenge. Two experimental groups were treated with MGTG
(400200 mg/kg) for the 8 weeks (6times /week). At the end of the total
experimental procedure, the mice lungs were taken out and weighted, chopped
and disposed with collagenase. The total number of lung cells was calculated
Normal: Normal C578L/6 mice. Control: OVA-induced asthma model mice. CsA:
OVA inhalation and injection of CsA (20 mg/kg). MGTG200: OVA inhaiation and
oral administration of MGTG 200 mg/kg. MGTG400: OVA inhalation and oral
administration of MGTG 400 mg/kg. Values represent the means + SEM, +:
P¢0.05 compared with normal group. * P<0.05 compared with control group

3. HAM Zof v]RA]= HEF
1) PBMC A Zd] nlx= Ggt

PBMC W CD3"/CD69" M %E4Z count 3¢ 1}, MGTG200
T MGTGA00FS 747+ 39 + 03,29 + 08%Z LiEh} ti& T
o nldld {OY UA (P<0.01, P<0.05) ZASHH T(Fig. 3A),
CD3"/CD49" M ES5E count 8t A3, MGTG2007-2 86 +
15%E VERL tET ol HIgkd Z48IE o0 9482 UL,
MGTG400F-2 6.6 + 1.1% % LIEh} thRT) 115k 994 )
Al (P<0.05) Z+4812AC}(Fig. 3B). PBMC uf B220/CD22" A4
£ count 3t A3, MGTG2007-1}+ MGTG4002E 2171 39 + 03
9} 39 £ 01%E LIERL thET] Hlgle] ZF | A
(P<0.05) Z+4613 L (Fig. 3C), B220"/CD23" A Z2E count St
A, MGTG2007 1 MGTG40072 717 179 + 119} 155 +
0.9%Z VIERT tZE ol B13k Sl QUA (P<0.05, P<0.01) 7+
48K L(Fig. 3D), B220"/IgE" A E4E count 3 A,
MGTG20077} MGTG4007+2 732} 3.6 + 069} 2.7 + 0.1% 2 L}
Bt ool Blsk 25 {94 QA (P<0.05, P<0.01) 245}
@chFig. 3E). PBMC W CCR3' MESE count 3+ A,
MGTG2002 3} MGTG400-2 2+2} 2.8 + 077} 1.3 + 0.3% = 1}
Eh} tHET HIghd] H% {4 A (P<0.001) 24313
(Fig. 3F).
2) @l MlEo] mXlE Hek

H HE W CD3'/CD69" M Z4E count St A, MGTG200
T MGTG4007-2 712} 83 + 073 41 + 0.9 (x10* cells) & 1}
B thETo] Higlel BF 5914 QA (P<0.01) 24313 11 (Fig.
4A), CD3'/CD4%b" MESZE count 3+ A3, MGTG2002S 2.3
+ 0.1 (x10" cells) 2 LIERT timtel vl8lel Z4sidout 89
e YT, MGTGA007-2 2.2 « 0.2 (x10* cells)Z LIERY thE
ol B8k 2014 QA (P<0.05) ZHABIATHFig. 4B). 3 AlZ
W B2207/CD22" M ELE count $F A, MGTG0071}

MGTG400E2 7} 229 + 0418} 230 + 0.79 (x10° cells)Z LI
ERt thETol HIgl] 25 794 UA (P<0.05) HATIAL
(Fig. 4C), B220"/CD23" X Z=E count § A}, MGTG20073}
MGTG400F2 742} 2.3 + 059 1.6 + 02 (x10* cells) 2 LJER}
iaTe] nigkd 2R {9d A (P<0.01) HAi5ielal(Fig
4D), B220"/IgE’ MESE count ¥ A, MGTG007H
MGTG40072 742} 2.1 + 013 1.9 + 05 (x10 cells) 2 LIER}
R lale B5F 7eld A (P<0.05) Z-Askiri(Fig. 4E).
H XE W CCR3 MZSRE count 3t AT, MGTG00:73
MGTG4007-2 747} 4.8 + 167} 3.8 + 0.5 (x10* cells) & LIER} TH
Zo] Bk S YA (P<0.05, P<0.01) ZHAsISrhFig. 4F).
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Fig. 3. Effect of MGTG on the percentage of CD3/CD69" (A),
CD3'/CD49b™ (B), B220°/CD22" (C), B220°/CD23" (D), B2207/IgE"
(E), and CCR3" (F) population in mouse OVA-induced asthma
PBMC cells. C578L/6 mice were injected, inhaled and sprayed (3 times a week)
with OVA for 12 weeks for asthma sensitization and challenge. Two experimental
groups were treated with MGTG200 and MGTG400 for the 8 weeks (6 times a
week). Normal: Normal C57BL/6 mice. Control: OVA-induced asthma model mice,
CsA: OVA inhalation and injection of CsA (20 mg/kg). MGTG200: OVA inhalation
and orai administration of MGTG 200 mg/kg. MGTG400: OVA inhalation and oral
administration of MGTG 400 mg/kg. Values represent the means + SEM. +
P05, + +: PC0O1T, + -+ +: P(O.001 compared with normal group. ™ PCQ.05, ™
P¢0.01, == P(0.001 compared with control group.
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Fig. 4. Effect of MGTG on the CD3"/CD69" (A), CD3'/CD4gb’ (B),
B220'/CD22" (C), B220*/CD23" (D), B220"igE" (E), and CCR3" (F)
absolute No. in mouse OVA-induced asthma lung cells. C578L/6 mice
were injected, inhaled and sprayed (3 times a week) with OVA for 12 weeks for
asthma sensitization and challenge. Two experimental groups were treated with
MGTG200 and MGTG400 for the 8 weeks (6 times a week). Normal: Normal
C57BL/6 mice. Control: OVA-induced asthma model mice. CsA: OVA inhalation
and injection of CsA (20 mg/kg). MGTG200: OVA inhalation and oral
administration of MGTG 200 mg/kg. MGTG400: OVA inhalation and oral
administration of MGTG 400 mg/kg. Values represent the means + SEM. +:
P<0.05, + +: P(001 compared with normal group. * P<0.05, ™ P{0.01, ** P(0.001
compared with control group.

4. AAEE APIETRI X gt
1) 88 W AIEFRI Bix)= Pt
s MGTG200+& 2454 +

g3 W IL-1b %}% 33 43,
55.7 pg/mtE LIER} ZIA3I8 0L Q942 9191, MGTG400
= 1429 + 721 pg/m O E LIERY thZRol B3l R4 Q)
Al (P<0.05) ZEABISIL(Fig. 5A), 112 k2 =89+ ZA,
MGTG2002 T} MGTG40072 242} 376 + 2229 374 + 222
pg/m L2 LIER} iRl ulsled 25 S94 QA (P<0.001)
L4589 oM (Fig. 5B), IFN-y &2 é —5@ Z 3, MGTG00:23%
MGTG4002 2 732} 204 + 0.99} 2 12 pg/mOZ ViERT

ETol Hisld S7keiou FAEES /IR o (Fig. 50),
Anti-OVA IgE & F5FSH 23, MGTG40042 2245 £ 7.5 /zg
/M EE VeI thET BIS1 Fod A (P<0.05) 246
CHFig. 5D).
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Fig. 5. Effect of MGTG on IL-1b (A), IL-12 (B), IFN-y (C), and
Anti-OVA IgE (D) level in serum of OVA-induced asthma mouse.
C57BL/6 mice were injected, inhaled and sprayed (3 times a week) with OVA for
12 weeks for asthma sensitization and challenge. Two experimental groups were
treated with MGTG200 and MGTG400 for the 8 weeks (6 times a week). Normal:
Normal C57BL/6 mice. Control OVA-induced asthma model mice. CsA: OVA
inhalation and injection of CsA (20 mg/kg). MGTG200: OVA inhalation and oral
administration of MGTG 200 mg/kg. MGTG400: OVA inhalation and oral
administration of MGTG 400 mg/kg. Values represent the means = SEM. + + +:
P<0.001 compared with normal group, * P<0.05, * PC0.01, ** P(0.001 compared
with control group.

2) Splenocyteta-CD3/a-CD28 uj&t W} AJO)EFIRIol BIRA]E
éol:
Splenocyte+a-CD3/a-CD28 Hii &FY
3, MGTG2003 MGTG400:22 7k}
pg/mEE LIER} tHEFo| Hlgkd 2
P<0.01) 24619 L(Fig. 64), IL-5 LS @ Z 3, MGTG200
T MGTG400:22 Z¥Z} 469 + 20. 3JJr 381 £ 116 pg/mOE
LIERL} tETol H5le] 5 324 YA (P<0.05, P<0.01) 244
BN Om(Fig. 6B), IL-13 UL =mFs A, MGTGZOO{_F_‘—E-
398L5 + 2196 pg/mOE LER} tHEFN HIdle] L4588
L 8942 ¢I9a, MGTGA00TE 35985 + 1165 pg/m L&
UERY} iZFoll HIgld /a4 UA (P<0.05) Z451%] L (Fig.
6C), TNF-a9] &¥& &8¢t Z3, MGTG2002 3 MGTG4007-2
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Fig. 6. Effect of MGTG on IL-4 (A), IL-5 (B), IL-13 (C), and TNF-a
(D) level in culture supernatant. Splenocyte cuitured with a-CD3/a-CD28 for
48 hour. Normal: Normal C57BL/6 mice. Control: OVA-induced asthma model mice
CsA: OVA inhalation and injection of CsA (20 mg/kg). MGTG200: OVA Inhalation
and oral administration of MGTG 200 mg/kg. MGTG400: OVA inhalation and oral
administration of MGTG 400 mg/kg. Values represent the means + SEM. + + +:
P<0.001 compared with normal group. * P<0.05, ™ P€0.0*, ** P¢0.001 compared
with control group.
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