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Protective Effects of Opuntia ficus-indica Stem Extract on Ovalbumin and
PM10-induced Respiratory Inflammation
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Abstract

Opuntia ficus-indica (OFl), or Pricky Pear Cactus, is effective in cough, fever, pain and anti-inflammatory action,
and asthma. This study aims to investigate the effect of OFI stem extract on the respiratory system of animal mod-
els induced by ovalbumin (OVA) and fine dust (PM10) and to analyze the indicator substances of OFI stem extract.
In the OFI stem 50% ethanol extract (OFI-50E) administration group, the number of immune cells and inflammatory
cytokines in the lungs and BAL decreased to a similar level to the positive control group administered with dexa-
methasone. In addition, OVA-specific IgE and airway hyper-reactivity (AHR) were significantly reduced. Also, the
deposition of PM10 observed through staining of lung tissue was clearly reduced in the OFI-50E 200 mg/kg admin-
istration group. The anti-inflammatory mechanism in the lung was found to obstruct the production of inflammatory
cytokines by impeding the NF-kB and MAPK pathways through the inhibition of IRAK-1 active cells. The main
component of OFI stem 50% ethanol extract was identified to be narcissin. According to the study results, OFI is

expected to be a respiratory health functional food.
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T dFol FUEY Z1AA HZAHY fo| Fyret d
Zpo] F MEFVE EUEA 7 F H e H&gith
T3 34, T helper 2 cell, mast cell 5 95 A 3EolA
HH] == tumor necrosis factor-alpha (TNF-a), interleukin-
4 (IL-4), IL-5, 1L-6, IL-13, IL-33 59 954 cytokine
Al AMzo] 79} AN EZ O] S 7EAA =L 2
A A1 Z1TH(Barnes, 1994; Nials & Uddin, 2008; Ghio et al.,
2012). OECD ExAlo] WEW thr]eg o= <13k A Al
Alel Z7] AbdA= 20109 300%F oA 20608 F 900
ok ol o]2 Aoz A, Fe AL AT 1005+
o 20108 3605 oA 2060 1,109 .= oF 38 S}
F 202 AnrEti(Lanzi, 2016). L2 A7k w)AHA
o o8 7| BA Pz Daled nE W gsho] @ F
e AolH, mAEA ] =EE S w T
357 455 M F e AAE LAd o
=oAL Tk SulellA A E s A Q) A
& A Opuntia ficus-indica)e 71-2-0] w5
T, et ool A Al s, AR A &
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Eged, Wdxelas Edn. d2EE 8oz 45
o] gom <FAAPH>, <BEE7FE>q A 713, sdx
A, H2 5ol 8%l Ue Aoz 71=Ho] vizkay
o] &gujo] g} w3 BRyE AF 27 oA N5,
29 Z-&(Choi et al, 2002), &% A (Shin et al.,
2002), &Ars} Z-&(Hwang et al., 2015) 52 &7}
Aoz RIEoe] Ut} EnfgidAe] ddEF a5
ovalbumin (OVA) 2 vlAH Ao 93t 357] 45
g = 9S Ao g wug el B Ao e £n

o
A0S o 30
o oo

o1#e] Z7] FZE(OFI extract)®] OVAS} mA|H o] 2]
g 3571 95 /N Zsol tiste] MH-S Al EF=elA 2t
& 71E st e s= RYS Fote] 9%
M a3ts AM Bz SFATE gk, Enfehld £
FEEY AR EZS st g =2 #ANE &
Hatm, ME 3PS T3t FdF a5 stz st

sirt.

ZHIEMOIE £7| FEZ(OFI extract) 2 O|MHX|=g}
=(FDM)2| M=
2 Ao AMSS Eut AN Opuntia ficus-indica)
AR 1A o] A (A FA], A FE-E AR &)

Al R 7] ARER st A8 &
o]

K

A4S 7tsled 9545 °Coll A
100 vlo] A& ZEZ AF3I3h AdeF71=E 555 &
54 Azl Alg2 ARSI 50% FHFEE(OFI-
50E)S sutetA ol AxEo| 10-15815F(wiv) 50% 55
o] F4& 7kt 65+5°ColA SAIZE B9t 28] #FFE

3 F, 100 ol 28 REZ ottt AWEET2 5
5% F 54 Axsle] AR ASaAT A AHE

0

[
0] A H &) 2-3HE(fine dust + diesel particulate matter, FDM)
1%2] ™ ¥kaluminium hydroxide) gell adjuvant7} &%t
1 saline 8ol PM10 (ERM CZ-120; Sigma-Aldrich, St.
Louis, MO, USA) 3 mg/mL &%=} diesel particulate matter
(DPM) (SRM 2975, Sigma-Aldrich, St. Louis, MO, USA)
0.6 mg/mL FE7} FE=F A|Zxso] AMESIA T FDMS
100 LA intranasal tracheal (INT) injection ®'HO 2 3
of g M¥ F 33 (FEF 39 7, 68 F,9Y F) 7=
E 53l d= A3 FYsA . Dexamethasones 3 mg/kg
A i 13], 11Y97F 55FAE FoI8k3ith. FDM whA] =)
Fol 3d = AAF=S JAAA B5H7HE HAAsIT
(Lee et al., 2022).

it rlo

HPLC &4
£=utgAA1 E7] 50% (w/v) ethanol extract (OFI-50E)

Bt - 3HEH ARk

Table 1 Mobile phase condition for HPLC analysis of Opuntia
ficus-indica extract (OFI-S0E)

Time % A % B
(min) (0.1% C,HF,0, in H,0) (CH,CN)
0 80 20
10 80 20
50 50 50
53 0 100
73 0 100
75 80 20
95 80 20

o] A3 =4 A1EY A4S 98 HPLC (high performance
liquid chromatography) 41 AAI8ITE EubeAd1%
Z7] FZE(OFI-50E)S 80% (w/v) methanolol] &-3f &}
PVDF syringe filter= {25+ § Ao AR&-aFATh 24
7171 Waters 1500 Series System, Waters 2998 PDA
Detector (Waters Corp., Worcester, MA, USA), Capcell Pak
C18 column MGII (250 x 4.6 mm LD., 5 um, Shiseido, Japan)
£ AHESAAL E4 0 AFHEE EE &Wl= LT Baker
(Phillipsburg, NJ, USA)EF-E uljgk HPLC gradeE AH&
AT olTAHSE  0.1% trifluoroacetic acid (A)<}
acetonitrile (B)E AHE-3F3 L #41 ZAL Table 13} 2t}
363 nmollA AEWEIHS FE3 § FQ peak®] 349t
£ 3l438le] 'H NMR #4158 4

=
= 5= @az;@‘iﬁi}ﬂ_ %%%ﬂ 1191 e3] 9] 49
H o HS DJUARB2019-
AE F2 Y3 Ttol=RlS Frdte] Al
71 Balb/c P}$-2(Orient Bio Co., Ltd.
O 2 pro] Ao, 7 o+ guke Y
Z3+(Balb/c Normal), ™ ZT-(OVA+PM10-
CTL), %74 ] ZF(OVA+PMI10-Dexamethsone 3 mg/kg),
OVA+PM10+OFI-W 100 mg/kg, OVA+PM10+OFI-W 200

mg/kg, OVA+PM10+OFI-50E 100 mg/kg, OVA+PM10+OFI-
S0E 200 mg/kgl 2 AHS 183ttt OVA 9|3t o5
7] =74 mdle] A=S 98l PBSOl 500 pg/mL W3 G-
W (OVA, chicken egg ovalbumin; Grade IV)3} 10% (w/v)
alum (aluminum potassium sulfate; Sigma)S-
10N NaOHE ©|-&3l] &3H=9] pHE 6.52
oA IAIZE W T 750 x goll A 5E Feh U4l 2
3le] A& OVA/Alum A E(pellet)yS SF5ol &313H3
t}. 100 ug OVA/AlumE 02 mLE 233 0d 3 794
of 57 W FAKete Al 72 AlFTh 393 10449
2% OVA 100 uLE 7| Foi(it) 3k, 254l 1% OVA
NG BHF 13] 308, dFUol 33 wF-3t 87 7]
£ Fall SdAIFHT erebE R o2 A Eske] anti-OVA



Ovalbumin®} PINHAZ §5% 557 9= )3t &uf

antibody & 5785t A4 FE vhe-2E AT
AzE v AHA] PM109] intranasal tracheal injection->
OVA 72} 2249 1% OVA & &7-9F A AJ2ste]
=5 &8l A2 23 FAsiith Entaddd 271 +=
o] Fol= OVA 2% 21448 Enpatddd 271 &
2L md 18], 2447+ AT T3} 3L, dexamethasone
3mg/kg® Wi 13], 24U7F B4 FAF Fo5iSiTh

N

rlo iy o
3

=

| =2, 7[2K] HZOMe| M= 22|

ul--2-9] 7]#A] = Z(bronchoalveolar lavage, BAL)Z %
B MxE 237 a8l 713A 9 fetal bovine serum
(FBS)-free Dulbecco’s modified eagle’s medium (DMEM)
Bl ImLE WHE $£3A1A 343 ) ammonium
chloride potassium (ACK) &S 37°CollA 58 &<t A2
3}o] FBS-free DMEM HIA| 2 A H3}3it). o] & 7|44 7
M| A < (bronchoalveolar lavage Fluid, BALF)S.2 A}-8-3}
Ak 3 kA2 RE A& H2AS 3s ¥ 3mL
DMEM HjA] o]l ¥ 3L 1mg/mLe collagenase 1V (C5138,
Sigma)E 7}sle] shaking incubator®ll 4] 37 °C, 303 &<t 4

3] ol =4 E3lE Tl #H AEE EE5H%3, DMEM
iR = Al % dekste] cell strainer (352350, FALCON)

o7 Eres AU o) Aol AREskitt

ASM cytokine &l Az E4

BALF 9 H]7g M| Zo|A] 9354 cytokine?! IL-17, TNF-a,
CXCL-1, MIP-2 5¢] ¥ J=5 3437] 93] ELISA
(enzyme linked immune sorbent assay)E ©]-&3F3th Zt
&} (antibody)Z- microwellol] coating@F 3 4 °CollA] 24417k
HESAIH Y. ZF wellS 33] washing buffer= A& g Sof
108 3]Agk 3-8 100 LA E=3FATH A=A 1A]17F
WA 3k 3 washing buffer2 23] A% & th, antibody
Avidin-HRP conjugeted (R&D system) 100 pLE #2] 3}
A2 A A7 A F oA AlFH ST TMB 718 S
100 pLA EF3FaL gFaollA] 3047 WX gk § 50 pLe]
stop solutionS *]2]3}o] ELISA leader (Emax, Molecular
Devices) 450 nmol| A &3 =5 =43}t

Mz=Z 5= &FY

H zx2 9 BALS F AEF SAE ¢l 0.04% trypan
blue® FAF An7-S o] &3t 3L, Diff-Quik Stain =
3T T F7HE ERlEinh "M Es S-S 98
#2]8 BALF, 5 AZE 5x10° cell2 325 F 4°CollA] ©
<33 49 A (Immunofluorescence staining)3+S3 3L fluorescence
activated cell sorter (FACS) #2413} t}. Stainingdt 5 33]
o] A4} phosphate buffered saline (PBS)Z Al &3 & flow
cytometry2] Cell Quest ZZ I3 (BD Biosciences, San
Diego, CA)S &3l M REFE NEZ(%ZE SH5A

XN (Opuntia ficus-indica) &7 FZE2] a7} 189

3,7 249 AU F AZSE AN,

Western blot

MH-S alveolar macrophageE 1 x 10° cell/well 2 £5-3}
3L 6A1ZF E 6 well plateo] OFI-50EE &= A3kl
30i ¥ HAIHA] 50 pg/mLE A 2lskdnt. 24417k v st
5 PBSE 33] AlF st 4] g pelletell lysis buffer
£ 713t o] & 4°ColA 308 WHAIgE 3, 12,000 rppmofl A
30 Al ate] s S AREsHATh theFe A o
AFS 93] BCA protein assay kit (Thermo Scientific,
Rockford, IL, USA)E AF&3} T} 8493k sample bufferell
S 10 ugS ¥l 100 °ColA 1027 B8A438) A7 &
10% SDS polyacrylamidegeldll A719% &t%ith SDS
polyacrylamide gel nitrocellulose membrane 2. = transfer
3} 5% non fat dry milke|A] 1A]7F blocking 3FA T 1
2k, 22 FAE oA AR FZAIZ AL ALe] o
washing= TBST buffer2 32 X835}t ECL (Amer
sham Pharmacia Biotech, NJ, USA)S *]2] 3t membraneS
A AA Xeray flimoll Z3A1A AASIAL, 7 HE=
Image J 2 E9| ol & o] &35t &3] 513

HoAd ZAM (immunofluorescence staining)

9 22 Y@ AsAY wude] dd g s
7] 918l B FFANS Atk FF AZHL oryostat
microtome (CM 3050S; Leica Microsystems, Wetzlar,
Germany)2 ©]&3le] 20um FAZ AE F 4%
paraformaldehyde®} 4% sucrose’t 23 PBSZE 40% &
Qb 7g3k3Atth. ©]5 0.5% Nonidet P-40°] X3¢ PBSZE
FIAAAHSH 25% T A 2.5% BSA (bovine serum
albumin)Z 16A]7F blocking 3t T 25 WY FFA N
interleukin-1 receptor associated kinase (IRAK-1), TNF-a,
CXCL-2, STAT3 59 A2 4°ColA overnight BH3-A] 7
3, FFoz ¥A H 23 FAZ 247 F7F WA AT
3 AL 4 6-diamidino-2-phenylindole (DAPD)S AL&-&}

A ZA

R 2F ZHHL Eclipse Ti-E inverted fluorescence

microscope (Nikon Instruments Inc., Mississauga, Canada)
2 AFsiih

HZ=A9| ZAIHE SN 2

Formalin® & YA H X4 S paraffin® 2 ¥Xujjdt &
S5um FAZ HASAT. d 22 AW hematoxylin and
eosin (H&E)3} Masson’s trichrome 412 &} 3. Alcian
blue/Periodic acid-Schiff stain (AB/PAS) 9412 slo] 338}
Hu| Qo2 AFsH Tt

7|= MEM(AHR; airway hyper-reactivity) &
232 Peebles Rs Jre] W& HE st Aldstdt. v}
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A Bk 85 24A17F & methacholine (Sigma, USA)S PBS]|
323t 3.125 mg/mL, 6.25 mg/mL, 12.5mg/mL % 25 mg/
mLe] FEE 747} SHI} BRE Be) mEAT ¥ FEE
AAHEEH71E AHESt] Penh 3 5% M7 0% 3%
1 2gsgom, 24gtel Wae dEROE AT
Narcissin?| MZ=4 &3

MH-S alveolar macrophage cell (ATCC, Rockville, MD,
USA)S 1640 media (Gibco BRL, Gaithersburg, MD, USA)
o 10% FBS (Gibco BRL, Gaithersburg, MD, USA)%} 1%
antibiotics (Gibco BRL, Gaithersburg, MD, USA)E 3 7}
3 wjA S ARE-3le] 96 well plateol] welld 2 x 10* cello]
E =8 EF3}IA, narcissine 0.75, 3, 25, 50, 100 pg/mL
TEE AHEd F 37°C, 5% CO, incubator &2 2 <5
Z7A0A 24A17F vl FEFHA T MTS tetrazolium  salt$}
electron coupling reagent (Phenazine methosulfate, PMS)Z
20:1 v&2 &5 F, £ RPMI 1640 medias 2F
50 uL® well B & 100 pL= 53T} 4270 wik &
plate readerZ 490 nmo| A FHF ==

Bt -

par=sy]

S E}?_]ZH

NO (nitric oxide) A4AZF |L-6 3 TNF-o AA2F =X
MH-S alveolar macrophage cellZ 1640 media®l 10%
FBS%} 1% antibioticss 3 7Fek Wi A& AH&-3te] 6 well
plated] welld 1 x 10° cello] Ex== #3132, PMI0 50 pg/
mL9} narcissing 25, 50, 100 yg/mL T2 s &
37°C, 5% CO, incubator 3 9 35 710 A 244]7F
v ¥kl oL, vl & Aol ARt NO A FE =
Ast7] 18] g griess A19FS ZHzE 100 uL? &9
&l 37°ColA] 108 W2 &, ELISA readerZ 550 nmollA]
F=E =4339tk Sodium nitrate® 2HJ3F XA 0
13te] NO s At=Eshitt. &gk, v oA IL-6
2 TNF-a (R&D system, USA) 45 ELISA leader=
450 nmollA] FF=E S35k

H o-1+-= T

Ko
=

= ooy
O

I

SAXE

AE A 7+ FA delHe 7t A¥F 233 meant
standard error (SEM)Z YERH 2™, SPSS 11.0 software
(SPSS Inc., Chicago, IL, USA)E ©]&3ly 5§ ¥ T

= =] . o =] [e) o] =
=43k 77 (independent samples t-test)S ©]-8-3t] Fold& A
A .
Major peak
0.20
0.18- 2 -
s 2
0.16 | - o
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Fig. 1. Chromatogram and structure of compound purified from Opuntia ficus-indica (A) Major peak of OFI-50E was analyzed by
HPLC, (B) Structural formula of major peak (indicative compound; narcissin) by 'H NMR.



Ovalbumin}

stk p gel 0.05, 0.01 & 0001 Boh 2 FA9-2
TRl BAElon, 7k Bl g Al BAFHCE &
o] & o7} e Aoz A

OFI-50E2| HPLC &4
EnpegbA A £7] 50% ethanol extract (OFI-50E)2] A

T T )
52 o ® O
© © o ©

N
o
*
*

Total lung cells (x10%/ml)

N
o

o

Nr CTL Dexa WI100 W200 50E10050E200

C 160.0
140.0
120.0
100.0
80.0
60.0
40.0

20.0

Neutrophil No.of BAL cytospin (400x)

0.0
Nr CTL

D Normal

OFI-W200

- ..

vHRAIR feE $57] H5ol e e

A% (Opuntia ficus-indica) €7 FEE2] Hogv} 191

EAE B4 A3, OFI-S0EQ] F82 3FgHELS narcissin
(1.59£0.1 mg/g) 2 & &2l ¥ tH(Fig. 1).

7| 2EX| HZAMAM 2 || BM|ZES

A 27 8l BALS] FA25= OVASH PlAIRIA] o k=&
A1 tZF(OVA+PMI10 _CTL)o|A BAL % #H <] A A
X F7F S7HFH9 8, dexamethasoneS Foigh A=
T(Dexa, 3 mg/kg)ollA Fe]d oz 7HAsS Yk OFI-50E

120
100
80 ok
60

40

Total BAL cells (x10%/ml)

20

Nr  CTL Dexa WI100 W200 50E10050E200

Dexa WI100 W200 S50E10050E200

Control Dexamethasone

OI'I W I(lO

OFI1-50E200 OFI-50E100

Fig. 2. The effects of OFI-W and OFI-S0E on airway immune cell number and neutrophilic airway inflammation in OVA+PM10-
sensitized airway inflammation murine model. Total BAL and lung cells of each treatment group. (A) Total Lung cells, (B) Total
BAL cells, (C) Neutrophils (D) Diff-Quik Staining. Nr: Normal, CTL: OVA+PM10-sensitized control group, Dexa: 3 mg/kg
dexamethasone-treated OVA+PM10-sensitized group, OFI-W 100 and 200: OVA+PM10-sensitized group treated with 100 and
200 mg/kg OFI water extract, OFI-50E 100 and 200: OVA+PM10-sensitized group treated with 100 and 200 mg/kg OFI 50% ethanol

extract. Data are expressed as meanststandard error of the mean (SEM), n=8, * p<0.05,

ook

" p<0.01, and " p<0.001 vs. CTL.
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100 mg/kg £ #H(p<0.01) OFI-W 100 mgkg Fol-
(p<0.01)2] ¥ FAEF7} Fo)8 o7 7448493, BAL 9
A= OFI-50E 100 mg/kg 1<(p<0.01), 200 mgkg F
T (p<0.01), OFI-W 100 mg/kg F(p<0.01)9] FA 25
7} freF o g 7haEdth 3, OVAS) mlA|EA| =
d tx2e 33 F(neutrophils) Al E £7F FA F718H
on, Pz 2 OFI-50E 100 mgkg, 200 mgkg F
ol A 9] ZHa(p<0.01)7F woll Bt Flo] T v
sl Tt ST MEL AR Hol Eupgdd
7] &0 H9] dF WS AaAE

=
=
o~
T T
AN THFig. 2).

e o

o)

oo
AM|a =

7 [2HX] | ZMH I |2 M| Z=S

¥ A9 HAMESFE 4SS A, SHSE T
helper cell CD4'&CD69* HthAl 041 OFI-50E 100
mg/kg, 200 mgkg FoIto] YA HEH(Dexa, 3 mgkg) Kot
o =2 Fo48% 7HAl A e o H(p<0.01), CD62L7
CD44"e" cell, CD11b"/Gr-1" cell®] A= FH=Z
2 7 OFI-S0E 200 mgkg Foiwto] Fo¥ o= 7ha
3 AL golslAth(p<0.01). &3 5T A EFE OFI-
50E 200 mgkg ¥ OFI-W 100 mghkg Folwto] &

& folFo® 2AEATHp<0.01). ol& EnfebAeld =

7] #280] OVA 2 HARAZ 3 9F3} Bd
MAAEs o M2 FaHs A G 9F

—_—

o)
A WM 2] GAsE JAste 2o R dAdd. 7
HA HEZAH A BALF)NA BN EZFE B4 A3
)2 thH] OFI-50E 100 mgkg £ &5+ AEF
ZHa7) B35 2 M (p<0.01), CD11b7/Gr-1" cello| A OFI-
50E 100 mg/kg, 200 mg/kg Folwtol gzt 2ol

B -85

R

FoHel AAE B T3 CD4' celll A OFI-W 100
mg/kg, 200 mg/kg, OFI-SOE 200 mg/kg Fol-2] WA £
7H 9178 A S-S D1 ATHp<0.01) (Table 2).
7| 2K HZAMAH, H|E MIZZ HHFHOM2| cytokine

7132 | EZAM Z QoA CXCL-1 2 HZ4 cytokine
(MIP-2, IL17, TNF-0)& #2418 A3}, CXCL-19] 7%
OFI-50E 200 mg/kg Foito] At} o] {24
a2 BATHp<0.05). MIP-29] 7-$ Atz 2 Fo
o] B SAX R FEg A4S B OH(p<0.001),
IL-17-2 OFI-50E 200 mg/kg FowtolA 718 fefv st 7+
22 BYHp<0.01). =3 TNF-a2] 7%, OFI-50E 200
mgkg T (p<0.01)3 OFI-50E 100 mgkg F w(p<
0.01)0A ol Hl= TAE AU tHFig. 3). B M2
v kel o A Th2 cytokine IL-4, IL-5, IL-13 A4F-S £
g A#, IL4, IL-139] 7§ 53] OFI-50E 200 mgkg +
o7} OFI-50E 100 mg/kg Foito] Fdh2THTbE
o EE ZAAE HIOH(p<0.001), IL-55 OFI-W 200
mgkg o1 7H(p<0.001) OFI-50E 200 mgkg 5o (p<
0.001), OFI-50E 100 mg/kg F4<(p<0.01)°] 22t 2173
UA ZHAE A THEFig. 4).
7|=XMEA 2 Ova-specific Immunoglobulin E

Aol FHEH ZEHE S0 allergen A2 =2
Th2 Al oA EH)8H= 149} IL-13 5ol 23] B X2
F-E immunoglobulin E (IgE) &7 A=, 4] fut
EZel d3drvl(ovalbumin)o] E0]2 <2 IgE (OVA-
specific IgE)7} Z7FsHAl "t} o] OVA ¥ vA|HAZ
et 571 9% EdolA OVA-specific IgE T2 &

Table 2 The effects of OFI-W and OFI-50E on airway immune cell number and neutrophilic airway inflammation in OVA and

PM10-induced model

Cell phenotype OVA+PMI0
(FACS Analysis) Dexa OFI-W OFI-W OFI-50E OFI-50E

(<10’ mL) Nr CIL 3 mgkg 100mgke  200mghg  100mgke 200 mgkg
Lymphocyte 265.98+4046 348.57+10.75  197.41421.89™ 201.08429.76™ 281.98+7.63" 214.78+33.80° 474.17+41.80"
Neutrophils 99.01+11.70 212.23+11.34"% 188.57+7.31 116.95£11.61"  158.05£23.83  116.35£17.51°  110.82+9.22"
Eosinophils MQ 0.65£030  20.34+3.04" 3.30£0.66™ 16.38+6.68 12.72+1.66 7.92+0.94" 9.73+1.77
CD19* Lun 3.95£032  27.70£3.67%  12.65+1.65" 11.1142.44" 17.79+2.38 9.7742.32" 19.59+2.14
CD4" € 108.18+17.88  62.60+9.91 54.32+7.71 64.16+5.32 76.04+13.87  65.36+£9.92 111.23+6.76°
CD4" & CD69* 0.30£0.06 1.95+0.26% 0.64+0.13" 0.71£0.13" 1.05+0.15" 0.61+£0.05™ 0.63+0.08™
CD62L" & CD44"e 1.1440.45 23.19+3.26™ 6.67£0.96™ 8.57+0.70" 8.26+0.42" 6.91+1.41" 6.39+0.64"
CD11b" & GR-1* 2.63+038  35.50+6.59" 4.81+0.37" 9.254+0.55" 8.60+0.46" 6.83+1.51" 3.97+0.46"
Lymphocyte 189741526  16.79+4.64 2.254+0.65 2.8240.52° 3.9942.00 9.03+1.97 5.12+0.74
Neutrophils 113.24+12.38  577.19+70.51%  369.59+60.05  251.58+30.04" 353.27425.83" 153.09+21.76" 285.52+60.43"
CD4* BAL 0.06£0.05  33.69+4.74" 6.97+1.30™ 10.53+1.48" 10.25+1.86™  15.19£2.10 8.05+1.01"
CD62L" & CD44"eh* 0.00£0.00  23.91+6.28" 3.71£1.18" 4.93+134° 7.00+3.44 7.53+1.88 4.87+0.41°
CDI11b* & GR-17 0.02+0.01  300.28+60.88" 3.07+1.53" 65.23+4.43" 34.70+4.34° 19.65+0.77" 13.58+5.59™

Nr: Normal, CTL: OVA+PM10-sensitized control group, Dexa 3 mg/kg : 3 mg/kg dexamethasone-treated OVA+PM10-sensitized group, OFI-W : OFI
water extract treated OVA+PM10-sensitized group and OFI-50E: OFI 50% ethanol extract treated OVA+PM10-sensitized group. Data are expressed as

ok

means+standard error of the mean (SEM), n =8, * p<0.05, ™ p<0.01, and ** p<0.001 vs. CTL.
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Fig. 3. The effects of OFI-W and OFI-S0E on inflammatory
cytokines (A) CXCL-1, (B) MIP2, (C) IL-17, and (D) TNF-a in
BAL in OVA+PM10-sensitized airway inflammation model. Nr:
Normal, CTL: OVA+PM10-sensitized control group, Dexa: 3 mg/
kg dexamethasone-treated OVA+PM10-sensitized group, W100
and W200: OVA+PM10-sensitized group treated with 100 and
200 mg/kg OFI water extract, SOE100 and 50E200: OVA+PM10-
sensitized group treated with 100 and 200 mg/kg OFI 50%
ethanol extract. Data are expressed as meanststandard error of
the mean (SEM), n=8, * p<0.05, " p<0.01, and ™" p<0.001 vs.
CTL.
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Fig. 4. The effects of OFI-W and OFI-S50E on Th2 cytokines
(A) IL4, (B) IL-5, (C) IL-13, and (D) IFN-y in splenocyte in
OVA+PM10-sensitized airway inflammation model. Nr: Normal,
CTL: OVA+PMI10-sensitized control group, Dexa: 3 mgkg
dexamethasone-treated OVA+PM10-sensitized group, W100 and
W200: OVA+PM10-sensitized group treated with 100 and 200
mg/kg OFI water extract, SOE100 and S0E200: OVA+PM10-
sensitized group treated with 100 and 200 mg/kg OFI 50%
ethanol extract. Data are expressed as meanststandard error of
the mean (SEM), n=8, * p<0.05, ~* p<0.01, and ~* p<0.001 vs.
CTL.
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Fig. 5. The effects of OFI-W and OFI-S0E on (A) OVA-specific
IgE level in Serum, (B) Airway hyper-reactivity (AHR) analysis
in OVA+PM10-sensitized group treated with methacholine. Nr:
Normal, CTL: OVA+PM10-sensitized control group, Dexa:
3 mg/kg dexamethasone-treated OVA+PM10-sensitized group,
W100 and W200: OVA+PM10-sensitized group treated with 100
and 200 mg/kg OFI water extract, SOE100 and 50E200: OVA+
PM10-sensitized group treated with 100 and 200 mg/kg OFI
50% ethanol extract. Data are expressed as meanststandard
error of the mean (SEM), n=8, * p<0.05, ** p<0.01, and " p<
0.001 vs. CTL.
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Fig. 6. Lung histology analysis in lung tissue of OVA+PM10-sensitized airway inflammation mice. H & E staining, M-T staining,
and PAS staining. Nr: Normal, CTL: OVA+PM10-sensitized control group, Dexa: 3 mg/kg dexamethasone treated OVA+PM10-
sensitized group, W100 and W200: OVA+PM10-sensitized group treated with 100 and 200 mg/kg OFI water extract, SOE100 and
50E200: OVA+PM10-sensitized group treated with 100 and 200 mg/kg OFI 50% ethanol extract.
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Fig. 7. Immunofluorescence staining for interleukin-1 receptor-associated kinase 1 (IRAK1), TNF-a. and STAT3 protein expression
in the lungs of OVA+PM10-sensitized airway inflaimmation model. (A) Immunofluorescence staining for STAT3, (B) CXCL-2, and
(C) IRAKI. Nr: Normal, CTL: OVA+PM10-sensitized control group, Dexa: 3 mg/kg dexamethasone-treated OVA+PM10-sensitized
group, W 200 mg/kg: OVA+PM10-sensitized group treated with 200 mg/kg OFI water extract, SOE 200 mg/kg: OVA+PM10-
sensitized group treated with 200 mg/kg OFI 50% ethanol extract.
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Fig. 8. Effects of OFI-50E on signal transduction through the
NF-xB and MAPK pathways in MH-S cells via western blot
analysis. (A) NF-xB expression, (B) MAPK expression. Nr:
Normal, CTL: PM10 50 pig/mL, 10: PM10 50 ng/mL + OFI-50E
10 pg/mL, 50: PM10 50 pg/mL + OFI-50E 50 pg/mL, 100: PM10
50 pg/mL + OFI-S0E 100 pg/mL, 200: PM10 50 pg/mL + OFI-
S50E 200 pg/mL, SP30: AP-1/NF-kB Dual inhibitor SP100030
30 uM, PD30: MARK inhibitor PD98059 30 uM.
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