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ABSTRACT

Objective: The purpose of this study is to evaluate the effects of GGX on an ovalbumin (OVA)-induced asthma mice model.
Methods: Balb/c mice were challenged with OVA and then treated with three concentrations of GGX (100, 200, and 400 mg/kg).
After sacrifice, the bronchoalveolar lavage fluid (BALF) or lungs of the mice were analyzed by fluorescence-activated cell
sorting, ELISA, real-time PCR, H&E, Masson’s trichrome, PAS and AB-PAS staining, and immunohistofluorescence staining.
Results: GGX significantly inhibited the increase of total cells, immune cells (lymphocyte, neutrophils, macrophage, CD4+,
CD8+, CD4+CD69+, CD62L-CD44high+, Gr-1+SiglecF-), and the expression of cytokines (IL-4, IL-5, IL-13, IFN-y) in BALF.
It also significantly inhibited the increase of total cells, immune cells (lymphocyte, neutrophils, eosinophil/macrophage. CD3+,
CD19+, CD3+CD193+, CD4+, CD8+, CD4+CD69+, CD62L-CD44high+, and Gr-1+SiglecF-), and the expression of IL-13,
TARC, and MCP-1 in lung tissue. GGX decreased the severity of histological lung injury and the expressions of STAT3 and GATAS3.
Conclusion: This study suggests the probability of using GGX for the treatment of asthma by inhibiting inflammatory

immune response.
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Table 1. The Composition of GGX
Herb Pharmacognostic name Amount (g)

Gilgyeong Platycodi Radix 14.00
Gamcho Glycyrrhizae Radix 6.00
Geumeunhwa Lonicerae Flos 14.00
Sangbaekpi  Mori Radicis Cortex 6.00
Total amount 40.00

2) Alet 9 7]7]

Alglo| A A8 mouse Interleukin-4(1L-4), mouse
Interleukin-5(IL-5), mouse Interleukin-13(1L-13),
mouse Interferon(IFN—y) e R&D systemsAHMN,
USA) A& AH-8F3ih. Mouse Short-chain Fatty
acids(SCFA) ELISA Kit(OM641584) OmnimabsA}
(CA., USA)®] AlE-5 AH-3193e) Dulbecco's phosphate
buffered saline(D-PBS), formaldehyde, Dulbecco’s
Modified Eagle Medium(DMEM) uljofe}-2 Sigma
AHMA, USA) A %%, FBS(Fetal Bovine Serum)+:
Serum SourceAHNC, USA) A FS AHE-31 2, o
9]¢ Aok EF5 AR

71712 4¥527](Daewoong. Korea), micro-pipet
(Gilson, France), CO; incubator(Forma Scientific,
USA), freeze dryer(EYELA, Japan), rotary vacuum
evaporator(Btichi, Switzerland), autoclave(Sanyo,
Japan), water bath(Vision scientific, Korea), clean
bench(Vision Scientific, Korea), thermocycler system
(MWG Biotech, Germany), vortex mixer(Vision
scientific, Korea), spectrophotometer(Shimazue, Japan),
deep-freezer(Sanyo, Japan), Biosystem XA(Buxco
Research System, USA), plate shaker(Lab-Line, USA),
centrifuge(Sigma, USA), ice-maker(Vision scientific,
Korea), homogenizer(OMNI, USA), ELISA reader
(Molecular Devices, USA) ¥ chemical balance(Cas,
Korea) 5& AH&-3lsi
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47 7533 ¢] SPF(specific pathogen-free) BALB/c
AF(18~20 g)= 22|l En}o] ¢ (Gyeonggl. Korea)
Aol A FERSkel TES AE FY7HA] 1AL

(A 7371, /‘“’“}E Co)s} =& 43
FF8la 25 2242 C, £% 5+15%, 12417 light-
dark cycle)®] 374 1—.—7} AEA7 B A
AHgsliel T8y FEAYS &4, F4 g
A AE A X A E Y5l dAd g
TEAY ¢ H3](seM 3 DJUARB2020-011)
7b At FAel wet AsEsa

2) OVA $ 32 me? Az 2 AF 2s)

7529 BALB/c AF el A8 Aol 250 pg/ml
559 OVA¢} 1 mg aluminum hydroxide &3+
200 & EHFARsle] AA7EE A7, 1096l 2
mg/ml ¥%=2 OVA 100 plZ »72E %3] 7|52
Fadsted A7) obg, 14de] B 250 pg/ml
559 OVA¢} 1 mg aluminum hydroxide &3+
200 pE E7FFARske] AR A F e AR
T U4LRE 29714 33)/F(1FF 1931 394}
54k 744)9 wlxz OVA 3 50 ml(Hxt
35 1%, 34 15 2%)5 3087 F4AA A&
fresto

Ao T8 OVAE AsA 4 AL
(Normal, n=8), OVAE A3t Hz=<(Control
n=8), OVAE 2|32 dexamethasone 3 mg/kg<

AT Fodgt AN EL(Dexa, n=8), OVAE A
23ty GGXE AT FoI8 AFL(GGX 100, 200,
400 mg/kg, % n=8) 2% Yyt A3 21
AHE] M4A7HA] 249 T WY AFE T3]
om f5ARE 1247 o4 A2l & 46U 3|4
ste] 7F Ao AF A Hx
BALFE #2389 (Fig. 1).
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Dexa (i.p) or drugs administration, daily |

Nasotracheal injection
with 2 mg/ml of OVA

OVA 2% inhalation, I

three days per week
l | OVA 1% inhalation, three days per week |
I 1
| | | | | | | [ |
| | [ [ | [ | [ 11 |
Day 0 7 10 14 21 28 35 424344 46
Sensitization, intraperitoneal injection Penh detection | | Sacrifice |

with OVA in aluminum hydroxide

Fig. 1. Experimental schedule of OVA-induced asthma mice model.
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A&t oL 3] %3te] FBS-free/DMEM
o & ¥ FA71E 713 (trachea) ol A
3 ol A7 ¥ 33] £3txA BALF
2] F2]8 BALFel ACK(8.3 g NH,CI,
1 g KHCOs, in 1 L of demineralized water+0.1
mM EDTA) $4& 37 ColA 58 F<t 223l
AYTE L8]A171712 oA FBS-free/ DMEM i
oMoz AAH3 E (04% trypan blueE M3t
o F A ESE SA3I90E =3 BAL cell cytospin $
Diff-Quik stain® & neutrophils®] & &A%+
4) FAE 22 2 F AES S
BALFE #2314 &2 AF A A& A&
A A3 3 FBS-free/DMEM 3 mlell €32, 1
mg/ml®] collagenase IV(C5138, Sigma)E 7}?'5}“]
37 C shaking wle}71olA 304 &<t 43] o] A&
H3l (digestion) Al A #A 25 Ezsl%c). Ji]/‘ﬂ;%:—
w2 2 AH3 o2 cell strainer(352350, FALCON)
of BHAA HE o] Raj=A] o> A o}
BB A AT A ESLE S5
5) Fluorescence-activated cell sorting(FACS) &4
223t BALF 282 M ZES 1x10° cells/mlE
ZAT F 4 TellA HY 33394 (immunofluorescence
staining) = AAJ81sick. Z2bel] PE-anti-CD3e(553064.
BD Pharmingen, CA, USA), Fluorescein-5-isothiocyanate
(FITC)-anti-CD8(553031, BD Pharmingen, CA, USA),
PE-anti-CD4(553047, BD Pharmingen, CA, USA),
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PE-cy5.5-anti-CD69(555532, BD Pharmingen, CA,
USA), PE-anti-Gr-1(553128, BD Pharmingen, CA,
USA) Z2]32 FITC-anti-neutrophil(ab55453, AbCam.
Cambridge. UK)< ¥ 3087 d3<lA us-A17
o} 1k 3 33] oA <lakke A=A SR AA g
% flow cytometer®] Cell Quest Z2 73 (643274,BD
Biosciences, CA, USA)< o]-43}te] CD3"CD4"CD6Y9",
CD3'CD8"CD69", CD3"CD193", CD4"CD62L CDA4e,
Gr-1"SiglecF™ AlE9] ExE MEE (%) 2 EM3
oS = Al Z4(total cells) B HEste] 72+ 23]l A
o] Ad & AN Z4(absolute number) S AHE3l )

6) Enzyme-Linked Immunosorbent Assay(ELISA)

AF el Est BALFeIA IL-4, IL-5, IL-13,
I[FN-y %% ELISAZ &A37] &8 449
antibodyE coating $+&-4-4 (291195, R&D system)
o 3A3}le] microwellell coatingdt & 4 TellA 3}
1k F ohg, washing ¢S 02 7 wellS 33
Aﬂzhs‘} b‘oﬂ zg;d 10aH 6]/\4 < 100 Iﬂ}y\] Hzg],cd
o} 1A17E 59k Aol W3 ¥ washing 95§
Hoz 23 AT oS streptavidin-HRP solution
100 pl& Ak 1417 Aol A w8 3 oA
Akt TMB(3.3 " 5.5 " ~Tetramethylbenzidine)
714& 100 plB B3l o] 7 3ol 30#7F W
28k o2 50 pl9 stop £4S A3k F ELISA
reader(Emax, Molecular Devices, USA)Z 450 nm
])\] ‘6_;,]-1:.% z_;dg],o:h;]_

7) #Ax# ¢ mRNA %de} Wy &4
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Tel-Test) 500 mlE Y1 &319 w74= #4514
o} o] &3+ BGMo] chloroform(CHCl) 50 mlE
A7k £ 1527 oAl EFssiT. olF Il
15%7F W8 % 13000 rpmelA GAI RS 3
o 200 ml® AFN5 3|43k 2-propanol 200 ml
5T dEolA 1587
w5l o] & oAl 13,000 rpmell A 4} Fe)st
% 80% EtOH=Z Al&3stx 3¥7F vacuum pumpell
A Z1zste] RNAE FZ31994h %3 RNA:
diethyl pyrocarbonate(DEPC, IBS-BW1004, Intron)
= 223 20 mle) ZF40l 9] heating block(2050.
Lab-Line, India) 75 CellA £&A3}A17] 3l first
strand cDNAZAell AH§-3}iet.

)% total RNA 2 pg®t DNase I [(M610A,
Promega) 10 U/ml] 2 U/tubes 37 C heating
blockel| A 307+ HH&-8E 3 75 TolA 108 &<t
WA 7] 31, olell 25 ml 10 mM dNTPs mix. 1 ml
random sequence hexanucleotides[ (11034731001, Roche)
25 pmole/25 mll., RNA inhibitor24] 1 ml RNase
inhibitor[(2313A, TaKaRa) 20 U/ml], 1 ml 100
mM DTT, 45 ml 5xRT buffer(250 mM Tris-HCI,
pH 8.3, 375 mM KCl, 15 mM MgCh)E 7}t 3,

ot

Table 2. Oligonucleotide Sequence Used for RT-PCR

1 ml9 M-MLV RT[200 U/ml(M1705, Promega)]
£ oAl 718k DEPC A2l S/42A 3HE H
97} 20 ml7b FEF 3t o] 20 mle] uks &
gl S 2 AL 5 2000 rpmollA 527 A
dto] 37 C heating blockell A 60% <t HH--A1A
first-strand ¢cDNAE &3 oh&, % TolA 5%
o WHAste] M-MLV RTE E2&8A431A]7] 5 3
o] ¢k2.5 cDNAZE polymerase chain reaction(PCR)
o AHg-3koiet.

Real time quantitative PCR-< 7500 Real-Time
PCR system(Applied Biosystems, MA, USA)& o]
3le] 38t Y22 mouse glyceraldehyde
-3-phosphate dehydrogenase( GAPDH) ¢cDNA probe
(Applied Biosystems, USA)E AR-31912™, Tagman
PCR Master mix(4369016, ABI) S AH-3}%1 3, primer
o] HF5=7} 200 nMe] =A WH-A1FAE Real time
quantitative PCR®] Z71©2%+ pre-denaturation
2 50 CellA 2 min, 94 CellA 10 min, 28] 37 40
cyclese 95 CellA] 0.15 min, 60 CelA 1 min 43}
ek GGX Foi3 dj 272 internal standard
2 G3PDHE AHE-3}e] relative quantitative(RQ)E
275} oH(Table 2).

Gene Primer Sequence
GAPDH-VIC Probe 5-CATGTTCCAGTATGACTCCACTCACG-3
113 Forward 5:—AACGGCAGCATGGTATGGAGTG—S:
Reverse 5-TGGGTCCTGTAGATGGCATTGC-3
TARC Forward 5:—CATCCATCTCGTGCTACTTGTGTT—S:
Reverse 5-CATCTATCCAGTTGGCCTCTGTTT-3
MCP-1 Forward ’5’—CTTCTGGGCCTGCTGTTCA—S' !
Reverse 5-CCAGCCTACTCATTGGGATCA-3

TARC : Thymus and activation regulated chemokine, MCP-1

Z A2 A A}
«4]2} 7)5( trachea )E wojtjo] 4] 10% formaldehyde
Lolo]] 7AF B A T2 Eo §A|7F A

g o5, epoxyel EwiEtL, ©]7Z& microtomeS
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: Monocyte chemoattractant protein-1

2 AAE wEo] ZF:ud] 9Jte] Hematoxylin &
Eosin 94432} collagen deposition $341¢l Masson-
Trichrome G4+ 4331tk T8 3 goblet M E
2 #Hs7] $lste] PAS EAE 3k trachea:



AB-PAS $A & §lo] 3
Japan) 2.2 4004} &l

A
= ru]y].g].l—_ zz}ﬂ;@ A

15k n] 74 (333246, NIKON.,
FAsisih HEA] A
NS Lee $29 WS
Al MM E¢} goblet Al
T A, %EH A, -‘-:-@1 HE, A2 e Ax

2 33 H=(04~23) 2 A53 sl £33k

9) Immunohistofluorosence(IHF) S o] 43+ 3|z
] ‘lc'l>‘;ﬂ } Wy 24

¥ 22§ 4% paraformaldehydeE AHE-3led 4 C
ol A 24A17F B¢t fixationdt ¥, Tpebgle] A A
7]3 cryostat(Leica, Wetzlar, Germany)Z ©]£3}
o] 4 ym FAE AHs) Hx22 AH(20um) <
PBSell ©71 4% sucrose$} 4% paraformaldehyde®
20-25 CollA 40% &<t A3k 0.5% Nonidet
P-40 PBS2.2 333t o} o] FHAYFIAN S
Al88slgde}. 2 STAT3(Santa Cruz Biotechnology, CA.
USA) ¢} GATA3(Santa Cruz Biotechnology. CA, USA)
o Hgk eAl7}E Qi 22 BHE 4 TolA overnight
< 3}3L, o]eA fluorescein-conjugated 22} FAIS A
7¥8te] 2417k <k v ekslsit. Hoechst A& o] &
sto] AGAE A1) o2, Eclipse Ti-E inverted &
s} n] 7 (Zeiss LSM 510, Carl Zeiss, Oberkochen,
Germany) & AHE3le] 20040 &l FAsI

10) A4 A2

7t7ke] Agoz iy d AAE meantSE
(standard error)2 7183}, 7+ IF3He] A
A ¥ 2E SPSS software(version 12.0, SPSS Inc..
USA)E AHEsle] Sz THAE EAs
o}, P value7}t 0.058 22 749 BAA o2 {9
g oz AT, oA 0,05, 0.01 F 0.0012
Ao Ao TR

1. BALF ¥ HZEZM & MZS0 0|X|=
A4 =EnddA BALFY % xﬂiT% 2
g A3}, 222 746729070 2 ERY A2

ZHEpS - R - 078l - PHH - 2B - YR

21.00£35670 2} felalA F7ha e, FRHEE
© 95332720, GGX 100, 200 2 400 mg/kgS 27}
Fof g AT 4867£9.70, 59.67+5.48, 29003947
2 veht P22 GGX 100, 200. 400 mg/kg
Fo AYE BRAA W2z wmste] 94
S Araaksie(Fig. 2A).

dzAe F Azss AT A3 dzed
119.33+7.8570 2 Vet HAF2e] 473350470 1o}
freletA F7bskalal, A ETE 84675317,
GGX 100, 200 % 400 mg/keS 77 Foiqt g

& 78674878, 66.33:6.33, 86.67+4507 2 vheh}
P23 GOX 100, 200, 400 mg/kg Fo A
F mRIA 22 wmsed fo14 W AL

3t9ieh(Fig. 2B).
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0
Normal  Control Dexa  GGX_100 GGX200  GGX_400
OVA - + +

B 140

Total cell number in lung
(x10% cells/ml)

Normal Control Dexa

Fig. 2. Effects of GGX on BALF (A) and Iung tissue
(B) cell number in OVA-induced asthma mice.

Mice were induced by OVA (Control), and then
treated with dexamethasone 3 mg/kg (Dexa) and
GGX (100, 200, 400 mg/kg). Data are presented
as meantSE (n=8). T : Significant difference
compared with normal group (¥ p<0.001), *
Significant difference compared with control group
(* p<0.05, ** p<0.01, *** p<0.001).

GGX_100  GGX200  GGX_400
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2. MM FACS 2AM ZT}
1) BALFelA WA Z FACS 34 ZA=

A4 SERH] BALFAA HANEZE FACS £
A8+ 23} lymphocytes, neutrophils, macrophage, CD4",
CD8", CD4"CD69", CDE2L CD44"*, Gr-1"SiglecF
A E9] A A E4(absolute No.)= AATo] v]s}
of 2LlM FosHAl F7FsklEh. Macrophage,
CD4*, CD8" Axzo AdHzsE MYz

P

GGX 400 mg/kg FodFoll A F28tA 7HAashe .
lymphocyte AU ES4E AN ZZE GGX 100,
400 mg/kg FeATelA FoEHAl FHAskgl on,
CDE2L CD44" Ay 24 AN 273 GGX
200, 400 mg/kg FALlA FeIFHA FARAFH L,
neutrophi, CD4°CD69", Gr-1+SiglecF' AYH 24
= A zEI GGXE g BE FEoM &
oJ3}A ZrAsteleH(Table 3).

Table 3. Absolute Number of Various Immune Cells in BALF of OVA-induced Asthma Mice Model Treated by GGX

Cell phenotypes in BALF ~ Normal Control Dexa GGX_100 GGX_200 GGX_ 400
Lymphocyte (x10* cells)  3.78+1.09 26.77+3.03™ 857+0.75%* 16.71£3.13* 20.91+1.12 11.74+3.05**
Neutrophils (x10* cells) ~ 8.82+1.67 26.11+4.66™ 7.25+0.83** 13.72+3.88" 14.28£1.15%  7.89+2.47**
Macrophage (x10* cells)  13.61+2.27 18.760.84"  8.72+2.58**  16.88+6.59  22.04%552  8.39+1.06%**
CD4" (x10* cells) 0.58+0.29 24.44+410™ 10.31£2.04** 17.20£3.91  21.62+3.03  11.52+2.58**
CD8" (x10* cells) 0.25+0.06 5.31+1.21"™"  1.31£0.19**  3.05£055  3.84£0.19  2.00+£0.33**
CDA"CDE9" (x10* cells)  0.20£0.18 10.88+1.257" 2.87+0.70°** 5.64+1.57** 6.86+0.73%* 2.93+0.54%**
CD62L CD44" (x10* cells) 2.07+1.00 55.74%2.99™ 1511+3.70%%* 3542+10.72 30.92+5.28** 18.73+3.25%**
Gr-1"SiglecF™ (x10* cells)  0.04£0.01 3.06£0.08™  0.11£0.05%** 0.16x0.07*** 0.14+0.07*** 0.08+0.03***

Mice were induced by aspiration of OVA (Control). and treated with dexamethasone 3 mg/kg (Dexa) and GGX (100,

200, 400 mg/kg). Data are presented as mean=SE (n=8). ¥

(t p<0.05, 11 p<0.01. T+ p<0.001).

2) AzAA "HIHE FACS 4 A3

A TERRY HxzAdAM HIHEE FACS
A8t A3}, lymphocytes. neutrophils, eosinophils/
macrophage. CD3", CD19", CD3°CD193", CD4",
CD8", CD4*CD69", CD62L CD44™ ", Gr-1"SiglecF"
A E9] A A E4(absolute No.)= Ao v}
of x2LNM oA F7kskdoh CD19" A
HEXE FHEFI GGX 200 mg/kg Fof el

300

* . Significant difference compared with control group

: Significant difference compared with the normal group
(* p<0.05, ** p<0.01, *** p<0.001).

A 28 7HAastd 2, neutrophil AEAE

AN 2L GGX 100, 200 mg/kg F-of T-oll 4
O3HA Al e, Gr-17SiglecF AW E4+E
AN 2L GGX 200, 400 mg/kg Fof Z-oll A
9)5}A 7+4319] 2™, eosinophil/marcrophage. CD3",

CD3"CD193", CD4", CD8', CD4*CD6Y', CD62L (CDA4e
AQEee AN ETS GGXE ¢ 2E
SEAA F3HAl AT Table 4).
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Table 4. Absolute Number of Various Immune Cells in Lung of OVA-induced Asthma Mice Model Treated by GGX

Cell phenotypes in lung ~ Normal  Control Dexa GGX_100 GGX_200 GGX_ 400
Lymphocyte (<104' cells) 15026226 3131222 21A1+AT4 23750477 24095300  2685:L71
Neuttophils (<10° cells) 1533258 30694287 29426190 1880:230" 15814227 2783105
Hosinopty s NActoPhage 1715007 5198468 30381017 30354513 LA 27652345
CD3" (x10' cells) 2792396 021725 A38B5480%% 4495+774% 30675536" 50224081
CDIY" (<10 cells)  706:093 2L02:278"™ 16964191  1677:312 1LI3211%  15.03+158
CD3'CDI9" (10° cells) 2.95+0.98 1123:148"™  610:085° 5ELLLOI™ 428:068°  398+130°
CDA™ (x10" cells) 1979288 4654£430™ 20.36:295%% SLSGAT0F 2651+403°  3406+1.96%
CDS" (<10' cells) 563085 M55:182™ 0175125 GI3H0037 63261147  7.91:047°
CDA"CDEY (<10° cells)  169:0.06 1074077 5OLEO63* 57085 4674085+ 543015+
CDG2L CDA4™* (x10° cells) 6425101 3423£098™ 16.86+166°* 2168397 16,6205 18.0340.55%+*
Gr1'SiglecF (<10 cells) 1166:2.06 2691077 1954050 14463633 20875238 _22.89:090°*

Mice were induced by aspiration of OVA (Control). and treated with dexamethasone 3 mg/kg (Dexa) and GGX (100,
200, 400 mg/kg). Data are presented as meantSE (n=8). ¥ : Significant difference compared with the normal group
(T p<0.01, T p<0.001), * : Significant difference compared with control group (* p<0.05, ** p<0.01, *** p<0.001).

3. BALF LH cytokines A4Aof| 0Ofx|= &t

D IL-4 AAel w2 g3

OVAZ AA& fr=st t2FeA IL-4% 11095
+4.23 pg/mlE et AAES] 72.95+6.44 pg/ml
2o el Sokekel o, A H 22 85.219.75
pg/ml. GGX 100, 200 % 400 mg/kgE 27 Fo
gh Ag Tt 77.1947.94, 73.24%5.09, 71.51£7.22 pg/ml
2 Jeht Az GGX 100, 200, 400 mg/kg
ol BFedlA dzst vlaste] fostA 2
235 (Fig. 3).

2) IL-5 AAel mx|= o3k

OVAZ AA& F538 d2olA IL-5% 13.10+
1.35 pg/ml2 Yept AAE9] 7.58+0.18 pg/mlx
o 95 ksl e, FA R 6.78+1.05
pg/ml, GGX 100, 200 % 400 mg/kgS 27 Fo
gk A2 12.60+1.99, 10.09+0.53, 9.10£0.52 pg/ml
2 Yeh} k2L GGX 200, 400 mg/kg F
S e P B i B A s I R o o7 At e
(Fig. 4).

3) 1L-13 Al vA &

OVAZR HAl& =8 f2TolA IL-132 5142+

3%

2.90 pg/ml2 Yeht AAE2 41.92+0.89 pg/mlk.
o fosHl kel en, AU R 38.59+2.64
pg/ml, GGX 100, 200 % 400 mg/kgs 24 &=
g A2 42.76+2.31, 41.07£1.45, 40.28+1.73 pg/ml
2 yept ok 273 GGX 100, 200, 400 mg/kg
Foi BReA 2L vt o34 7
A8k (Fig. 5).

4) TFN-y Aol vx)= o3k

OVAZ AAE =8t d27oA IFN-y= 7.04%
0.84 pg/mlE veht AAES 4734049 pg/mlB.
o oA ket oM, FA T 2T 4442051
pg/ml. GGX 100, 200 % 400 mg/kgE 474 54
g A9 2 5.3620.52, 5.23+0.38, 4.61+0.64 pg/mlZ
veht Fdd 273 GGX 400 mg/kg Fof ol A
Hz2 vlwste] oA FHAassdeH(Fig. 6).
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Normal Control Dexa GGX_100 GGX_200  GGX_400

Effect of GGX on IL-4 production in BALF
of OVA-induced asthma mice.

Mice were induced by OVA (Control), and then
treated with dexamethasone 3 mg/kg (Dexa) and
GGX (100, 200, 400 mg/kg). Data are presented
as meantSE (n=8). T : Significant difference
compared with normal group (¥¥% p<0.001), * :
Significant difference compared with control group
(* p<0.05, ** p<0.01, *** p<0.001).

1t

Normal Control Dexa GGX_100

Effect of GGX on IL-5 production in BALF
of OVA-induced asthma mice.

Mice were induced by OVA (Control), and then
treated with dexamethasone 3 mg/kg (Dexa) and
GGX (100, 200, 400 mg/kg). Data are presented
as meantSE (n=8). T : Significant difference
compared with normal group (¥1+ p<0.01), * :
Significant difference compared with control group
(* p<0.05, ** p<0.01).
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Fig. 6.

Normal Control Dexa GGX_100 GGX_200  GGX_400

Effect of GGX on IL-13 production in BALF
of OVA-induced asthma mice.

Mice were induced by OVA (Control), and then
treated with dexamethasone 3 mg/kg (Dexa) and
GGX (100, 200, 400 mg/kg). Data are presented
as mean+SE (n=8). T : Significant difference
compared with normal group (¥+ p<0.01), * :
Significant difference compared with control group
(* p<0.05, ** p<0.01).

Normal Control Dexa GGX_100 GGX_200  GGX_400

Effect of GGX on IFN-y production in BALF
of OVA-induced asthma mice.

Mice were induced by OVA (Control), and then
treated with dexamethasone 3 mg/kg (Dexa) and
GGX (100, 200, 400 mg/kg). Data are presented
as meantSE (n=8). ¥ : Significant difference
compared with normal group (¥ p<0.01), * :
Significant difference compared with control group
(* p<0.05, ** p<0.01).

4. HZE| L 24 CHEEEL mRNA 280l 0]X|= st
1) IL-13 mRNA Aol =] o3
OVAZ AAE 23 gzl 1L-13 mRNA
Relative Quantitive(RQ)E 1.37+0.172 Yept A



Z72 0.90£0.10, GGX 100, 200 % 400 mg/keZ
Pb Folgh Alg S 1.30+0.17, 1.08+0.16. 0.81+0.09
el oFA 273 GGX 400 mg/kg Fof el
233 vlwste] f-oJsiAl Aasisdek(Fig. 7).

2) TARC mRNA AAJel X o3k

OVAZ AA& =3 dx2704 TARC mRNA
Relative Quantitive(RQ)= 1.57+0.282 eht A
A2 0.44+0.088cF F-213HA F71skd om, oFA
o272 0.69£0.13, GGX 100, 200 & 400 mg/kgE
77 Fof gt Ag 2 1.08+0.16, 0.88£0.27. 0.87+0.16
o2 veht PRI GGX 400 mg/kg oI+
ol o 2=} vlaste] felahA Zassiek(Fig. §).

3) MCP-1 mRNA Aol x| o3k

OVAR A& =3 d27eA MCP-1 mRNA
Relative Quantitive(RQ)= 1.32t0.1402 yeht
A9 0.59£01058 5 elebA F7heted om, ofA

Z272 0.77£0.22, GGX 100, 200 % 400 mg/keZ
b2b Foddt A2 1.02+0.17, 0.93£0.20. 0.93+0.11
veht oFA 273 GGX 400 mg/kg Fo ol
2L vlwste] o5 FhAslsieh(Fig. 9).
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Normal Control Dexa GGX_100  GGX_200 GGX_400
OVA

Fig. 7. Effect of GGX on IL-13 mRNA expression
in lung of OVA-induced asthma mice.

Mice were induced by OVA (Control), and then
treated with dexamethasone 3 mg/kg (Dexa) and
GGX (100, 200, 400 mg/kg). Data are presented
as meantSE (n=8). T : Significant difference
compared with normal group (¥¥ p<0.01), * :
Significant difference compared with control group
(* p<0.05, ** p<0.01).

ZEfE - S8 - )78 - RUA - 2DE - YYE

of T,

Normal Control Dexa GGX_100 GGX_200 GGX_400

Fig. 8. Effect of GGX on TARC mRNA expression in
lung of OVA-induced asthma mice.

Mice were induced by OVA (Control), and then
treated with dexamethasone 3 mg/kg (Dexa) and
GGX (100, 200, 400 mg/kg). Data are presented
as mean+SE (n=8). T : Significant difference
compared with normal group (¥+ p{0.01), * :
Significant difference compared with control group

tt

Normal Control Dexa GGX_100 GGX_200  GGX_400
OVA

Fig. 9. Effect of GGX on MCP-1 mRNA expression
in lung of OVA-induced asthma mice.

Mice were induced by OVA (Control), and then
treated with dexamethasone 3 mg/kg (Dexa) and
GGX (100, 200, 400 mg/kg). Data are presented
as meantSE (n=8). T : Significant difference
compared with normal group (¥ p<0.001), * :
Significant difference compared with control group
(* p<0.05).
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Ovalbumino2 Sersl MAl =23glollAM Goxel

ASH 2] Hfro] HAFN oM, HAM E} goblet 8.00+0.59, 8.00+0.59, 4.67+0.43 2.2 vieht W23}
A E7d Sk, A 29 sz ﬁliﬂ 2717} Hlwste] fro)sHAl 2Fastgl e (Fig. 10B).
T e HHzLH GGXE FAT A

olMs AdHez xe] 777t %Vé?f}ﬂl 6. [HF= &S STAT3 & GATA3 EHHE 2hdof|
FA =R, ASAE HAAT A E9) goblet Al Ozl ge

E FA o] Zagt Zlo] FAHH(Fig. 104). = AA FERE] Ao A STAT3 % GATA3
A £} AEE ARHoE H7P) Slete A sl el [HF stainingo2 #28 23}, of
Sk A3}, 272> 11.00£0.382 A A4 oA 7I=FHoez STAT3¢ GATA3 chid
T2 0.67+0.328 5 f-ol kA F7hakalen, Fd dae] Frbdy HHzEH GGXE FAT
27> 2670512 oA A Ao GGX ATl Fadhe Aol J)r"‘ﬂ“‘:}(Flg 11).

100. 200 % 400 mg/kgE A4 FAd AHFE

Kk Fkk

Histological analysis score
(2]
i

Normal Control Dexa GGX_100 GGX_200  GGX_400
OVA = + + + ”

Fig. 10. Effect of GGX on histophathological changes in the lung of OVA-induced asthma mice.

(A) Representative sections of lung stained with H&E stain and M-T stain (Light microscope at 400xmagnification).
(B) Quantitative evaluation of the degree of lung tissue damage in the sections. Mice were induced by OVA
(Control), and then treated with dexamethasone 3 mg/kg (Dexa) and GGX (100, 200, 400 mg/kg). Data are
presented as meantSE (n=8). ¥ : Significant difference compared with normal group (¥++ p<0.001), * : Significant
difference compared with control group (*** p<0.001).
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Normal Control Dexa GGX_100 GGX_200 GGX_400

STAT3 Hoechst

Merge

Normal Control Dexa GGX_100 GGX_200 GGX_400

GATA3 Hoechst

Merge

Fig. 11. Immunofluorescence staining for STAT3 and GATA3 expression in the lungs of OVA-induced asthma
mice model.

STAT3 (A) and GATA3 (B) expressions were potently inhibited by treatment with all GGX extracts and
dexamethasone. Mice were induced by OVA (Control). and then treated with dexamethasone 3 mg/kg (Dexa)
and GGX (100, 200, 400 mg/kg). * : Asterisks denote bronchiole.

N, o & & A3} wlwste] AdHoz g2 A% v

o] ¥7] Wio] A Ao} duw AXe Fo

AL A AR oz oF 39 53 gl o o] A} ddoz Agate] oandE AT AFH &

o] 9k 917, 202596l B} 27} 4e] Hol| o] 2 Ale] ) Fo] o, 0144 7)o R el

Aoz AAFE A EF & whag  AMSE QR AR AAR wEE A4 olen)

o] shto|ths, MBLTo] AF3HE AU EA|3E £ ool A EA Bl ko] A Aste} A-E

A e A4 gHER 733 2ol 9 FHo e EIFA7IH < 69 45805 2
of oabziE A%e AN fHEel 19984 07% TR

oA 201996l E 32%2 ZF7betdet. A4 B AL 7] v d5dfeR ofxvls) 7

< AR o ulRk Fo S5 <late} &2
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Ovalbuminez Susl XAl E20o|M Goxel &t

29 A9 =5 54 W 24 T
o] FA AL A9 Az G ol
& Gkt A A A e S
& sy gEATlE adlew A4t u
2 AAsA K3 A2e Am weE FAE
o, Sub Ak &k &5 A A T
= Z¥ste] SA 3] JFE MAE 23S
AAMez sty Fshe Ao 24 A4S
FANTNL pome ARES AT 9

A FEA B AV FEI] AMEEl] 3
A5 2HE 53 A4 Ao 2AHEF I+
A2t 29 wjut AHgsle] A&3] 7|28 F
AAA FAE NI BFHR 3 A4S
Az ERge e 2aAe FYaHE
o= A&A A 7P mHAQ g SokA o
U FelF Ao, Eae Wy, AT AlFe)
ot 7184 7Ag e F4 Habgou Sk
w2 A Fabgel] Fo3of la, FYAEH R
=9} EIASA M ERREA] B3Al e A 24
75 HA, o3 s Fhdel] s el Ald S
A, TAL AA, ALFLSF 59 H2Eo] 9l
<+ FooH, dRIELdAE 7| AA FA 53
A7) N, 4 2 o3 A2 23t 9lovt
4E AHE ALY FYLH R =R st
APl o9} zbe] HAle) 7|E A7F At

o

714 <l e

) ]
£ Yeii e Bk obAsta &bl A e s
o] dg3j},

Ao AH-" GGXe 27, Fx 231 A
39 4% M2 AR Aoz 7 FA B
Agx oz Ao a3 345 7K1 d= A
o7 ¥yHY o 24 E32E ks
ZE7 0 AAFPEe OVAR 3k A2 FER
dolM o3t A4 2aE Yehd gtxe
OVAR st AArdoA &8 cytokine ¢33}
27 A& JAsky] 4P, RBL-2H3 MRk o)

A Th2 cytokine mRNA #3-& a8k, 32
3= A549 M EolA Th2 cytokines®} chemokine
S Akl Y, AU B3tEe] WA
oA 93 H AZES AT AT
+ AAFEEDolA histamine, IgEE FHAA]7] 22
Thl/Th? %3 cytokined A4sl= #342 vyl
RBL-2H3 M Eel| A ksl &3} [L-4 F TNF-a
o) 242 By w3 AgdFoA GGXY 1)
AmA 2 gt At oA 9 A AT aalie

¢ g

e THE W COPDS slARA EAlA
$o3 537} B GOXAF Ao E §53 7}
40 T B,

A

of Blgte] GGX Tl Fo3HA g
Ak A2 B4 WA 7=l vkt ¢
ZA 27} Fejstz Qled! o3 Azg= GGX
7} OVAZ f=9 935 9oz 718 434
£ Ao F2ATE A AAEH.

AAE frEdt $EEPY BALFS #HzA&
FAsted FACS #4& Aldis 23, BALFeA
lymphocyte. neutrophi, macrophage. CD4", CD8",
CD62L CD44"™* CD4"CD69", Gr-1"SiglecF™ Al £
Z7Ve A AL F2A]¢lA lymphoeyte, neutrophi,
eosinophil/marcrophage, CD3", CD19", CD3"CD1%3", CD4',
CD8*, CD4"CD69", CD62L CD44"™ ™, Gr-1"SiglecF
NEZE F2AFHS A9 HeEeM Fo3 93s
3 CD4™ T Az FAste 5 AAA
s CD62LSeE CDUM4E e A 95 Rz
lymphocyte?} o] 53k d 244 s HAepE,
CD19= =E A9 B Al ZoA wdse=d T A

E 240% A0 4B 5o 449 2EEE

|



gedd 5 9l Aoz deA 9t (D193 C-C
43 chemokineoll @3t 484 2 eotaxin-1(CCL11),
eotaxin-3(CCL26), MCP-3(CCL7), MCP-4(CCL13)
2 RANTES(CCL5)E ®] %3t vhekst chemokineel)
Agsta ubgstr e 2r)A 7E 95 HSlelA
eosinophil ¥ 718} 935 A28 F4 9 A 3|
7]o3HH, CD69E E433HE lymphocytesell A 4]
Hof AL 724, A ], 7| =R
Z7HA713 anti-CD69 Ab FoI7} o] & dAF}=
Ao vept g 27 f4 3AA 7= 95
FRAe] wele] 23 93& I Siglec-F=
eosinophil =9 &4 o)1 Gr-1'E AT o
Az zd g s\ Aepla 2 g 27) )
NAAES] #HE FUA7|HA TL-4, IL-5, IL-13
Y AtelETIS] Al FAFoEZHN TEHTE
oz #a3gs webx GGX7H
BALF ¥ #|2Ao|M "M 259 W& A4
2 QA EE0] T3l HA Y

1= 2Hgel Sles vepin.
TER99 BALFE $%5}0] ELISA
9] 114, IL-5, IL-13 9 IFN-y
T ol S7kekalem, GGX
M= 273 wlaste] 23}
Faok [L-4= IgE A3 =, eosinophild
=71, Th?2 BZF9 cytokine W= =, %
F 82} (vascular cell adhesion molecule-1,
VCAM-1) 9] &, Aol &u] 5 HA)e] F93 4
Z41 7152 Wi Ee L5 eosinophil®)
B3} 24, AE 2 2SN FAle] He W
24 9L faste] [L-5 gl == $84 2t
I e HgA g2 How FEHT Y
IL-132 goblet ME #3} Z7}, fibroblast 413},
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0

ol 2] TFN-y9] Aol #&AHW, 7]x #4 5l ~

Hlzol= whgAd el Aol W AHA IFN-y

7b Th2 A2 o9le] Wfuhgoz vehte A4

AN F2T 4TS ke oz HaH
Sl

A, e 66X

23t $-23HA Aol IL-132 eosinophil®
7 o]F £Al, eotaxin® FA 7} eosinophilel 2
g3l adhesion molecule®] Ak 24, 7% AF]
Az B34 F7F 5 AAe F8 Wy A
o] Fo3gic}” TARCE Th2 AlE2] el chemokine
o2 AA 379 7| meM Ak 2AH T, FEA
3ol A TARCS] %3}H(neutralization)7} S = T Al
E9} eosinophile] H&3ke e JASHHA 7]
FNAE AaAT)E Aoz Yehyton, AR
ohvgl &g 27] v} 2> Th2 wi7) A3k
o AAHE Aoz deA v, MCP-12 H|
TFA E == basophil 23-E] histamine®} leukotrien
WS 25313, TGF-B 9 pro-collagen®] fibroblast
ARE FEaka, Th M2 £332 223,
olgist As}= GGX7F A FEu|¢l eosinophil
5 AFAEY AEE Ak Al 29E
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(NI

AY FEERY Az 7]l HF 243
A BRAAM Azl dFHAE e A
ES} goblet AES] F4, Z=H A, 7]=9e
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e AaATE Aoz Yepdth A9 whA
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Ovalbuminez SFet=l MA S22HM GOXe =2

ol 71=/038 (airway remodeling) & A3te] F=
o} Aol ‘%l ou w7t Ael 7=y Ae

o, GGXE g A Lol A o]t W3E 7
2AF1E A °i yeht GGX7F A4

o2 w7g el 7| xe] W3S Xﬂ@ 7FsA el

L 1k o] GG “} /EJF* 7ol
A ZrAashE 7o) J?_r'—iﬂ 4‘;} STAT?)T_‘ cytokines
} = dhopat SR

i M e 7‘4"}"]%}1"1 Aol A= Th2, Thl7
2 M2 macrophaged] 35 =8t Wy

94 ]?ZHH ZzH 3t FFHE 7=
A8 7= S R GATASE £ Al
9] CD4" lymphocytesZ5E] Th2 N E7} £3}3l=

X 3
x

o Fe3 d&L e AL AR AdH 2] 95
< v sk IL-4, IL5 ‘%l IL-139] §-A4A} 3o
AeA ot (GXE FoJdt AFPFolA STAT3
9 GATA3 A< zﬂs}h Aoz Jeh} GOX7}
A 9] FZ 3ol w}i v7ld A el 715 WstE
A 7}”*0] Adss Faldso

A éwwc,w 53294

V.3 &

ARl W% GOXe) £342 %7157 913 OVA
2 $E8 14 S22 I WAL, oytokine
EASA Wl B JFE BEY 234 e
2e ATE A

1. GGXE #x<el vlste] BALF ¥ AZ245
100, 200, 400 mg/kg FeATANA sl 32
A5t

308

2. GGXt Wzl vlske] BALFS] WA E FACS
2o A macrophage, CD4", CD8* A £Z 400
mg/kg FoATlA Fol8HA 2HAAIZ T, lymphocyte
£ 100, 400 mg/kg FoATANA F2I3HA A
or, CDA2L CD44"™* A EZ 200, 400 mg/kg Fo
ToAA 3 ZAAIFT, neutrophi, CD4"CD69”,
Gr-17SiglecF” AZE RE B xoA $2317
A FH

3. GGX&= Wzl visle #xA]9] "M E FACS
EAe)A CD19" MEZ 200 mg/kg Fof oA
F28HA 2241 %3 neutrophil& 100, 200 mg/kg
Foi ol A F-2J3HA #AAAFH 2™, Gr-1"Sigleck”
A ZE 200, 400 mg/kg FoALNAM eIl A
Z1.2m, eosinophil/marcrophage, CD3", CD3"CD193",
CD4", CD8", CD4°CD69*, CD62L CD44™eb* A
;‘TL_E 25 oA fosHA FaAIFH

4. GGXT W2l wlsted BALF W IL-4¢} 1L-13
o] Z7te EE FEAAM flsA JAA AT,
IL-58] £7F& 200, 400 mg/kg Fodoll Al -2
A JAIAFH A, [FN-y2] 5718 400 mg/kg
Fof oA 23 A A F .

5. GGX+i w2l wlske] #lx24]¢] IL-13, TARC,
MCP-1 mRNA®| &S 400 mg/kg Foil
A fo A A F

8. GGX= —701] v|3le] H&E, M-T, PAS, AB-PAS

1_ z}aﬂ'-ﬂ .\,]-zloﬂ/q -p]]le ul 7]34.

100, 200, 400 mg/kg Fod 7ol 2

GGX7} "M ES} 93 cytokined
Xé% B3] Ao 235 el 754
sholstgl 2, o8 st &3 400 mg/kg F=olA
A8 Vbt
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