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Antiasthmatic Effects on Scutellaria baicalensis Georgi Extracts Against Airway
Inflammation and Hyperresponsiveness Induced by Diesel Exhaust Particles
with Ovalbumin Sensitization
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ABSTRACT : The feature of asthma are airway inflammation (Al), reversible airway obstruction, and an increased sensi-
tivity to bronchoconstricting agents, elevated airway hyperresponsiveness (AHR), excess production of Th2 cytokines, and
eosinophil accumulation in the lungs. This study was performed to investigate if oral administration of Scutellaria baicalen-
sis Georgi water extracts (SBG) have the antiasthmatic potential for the treatment of asthma. Asthmatic HI and AHR were
induced by systemic sensitization to ovalbumin (OVA) with intratracheal instillation with 0.1 mg/mL of diesel exhaust parti-
cles (DEP) suspension once a week for 10 weeks in BALB/c mice. SBG was orally administered with the concentraion of 200
mg/kg 5 days a week for 10 weeks. Long-term SBG treatment suppressed the eosinophil infiltration into airways from blood,
the asthmatic Al and AHR by attenuating the production of cytokine IL-4, IL-5 and IL-13, histamine and OVA-specific IgE.
Our data suggest that SBG has inhibitory effects on Al and AHR in a mouse model of asthma, may act as a potential Th2
cytokine antagonist, and may have a therapeutic effect on allergic asthma.

Key Words : Scutellaria baicalensis Georgi Extracts, Diesel Exhaust Particles, Ovalbumin, Airway Inflammation, Airway Hyperre-

sponsiveness.
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A A2 5 GHEIE s gk d9le] Hrka
RIE 3 T} (Inoue et al., 2008).
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E£3], 4717k YA 7] 7k AL (diesel exhaust particles :
DEP)E allergen?} &7 AdsES] SF7IH=E TS o
715 SR A5 A 718 o] e B
3IATE (Ris, 2007; Sagai et al., 1996). 3 71=u] t]duj
717k2=8472ke] o= BAIE| 9% IgE AARS =St
(Liu et al, 2008), lymphocytes, monocytes, macrophages,
neutrophils E%£ eosinophils?} 72 ASAME7} 8313,
IL-4, IL-5, IL-133 22 Ty2 cytokineZ} major basic
protein (MBP), eosinophil cationic protein (ECP), eosinophil
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chemotactic factor of anaphyiaxis (ECF-A), platelet activating
factor (PAF)¥ 7-& pro-Th2 chemokine®] f2]%+= S &
o1} At} (Gowdy et al., 2008; Li et al, 2008; Finkelman
et al., 2004). 12]3. DEPE &3 A AF TS
o] 71HA 28] SR AIZ1EA 7 3 LlEA FoAle @
Zgo] vrEhl, ARl SErEke] AdH o R T2 X Fe
oeir € FHE HEoPle 7taAe] dde Boli, A
A=l efeiMe RieiAl 71maRIAo] R EH, HA R
o] ¥t} Euj®Etty B VEY Jtd (Lim and Lee, 2002;
Lim et al., 1998; Sagai et al., 1996).
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1} Hlelel el SI@ 9 AR W 4% % ARE A oA

24 AMgEo] T} (Lee ef al, 2011; Kim et al., 2009).
T3t =2 G, 5 3 AA, 54 et 2= S 2E

3} F9te W a3t dor, '@ ], o283 ul
HaEdE YepAT B8k vt (Kumagai ef al., 2007).
a3 e ARAWlA e, 2k, APgeh, gt
s=vF o a2 A AlEe A4S JAE 4 o
3 BUEA QT (Ye er al, 2002). 32] derazt w7
2 SHIES} FFolAM Fa FEEC] COX-2 SHEE 9
Ago 2 PGE2 AJ/do] A= whitolgla Buslal itk
(Zang et al., 2003). ¢HH, =2 3F| 7HolA AAIisE
A = 2en (Kim ef al, 2010), AlFEH RS A =)
4 JeRIL (Lim ef al., 2007), AHagie|Zol] o3& Aks}
A 2EfaE 24T F Jvk BAE At (Lee ef dl,
2011). 28} -2 olst a3 9o 7 S-S AFs)
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3 NEFNAS fasl, B3 37 FE2ES ME F
oste], AAA 7I=dSH 7= HHIde] vRle e FF

o aHE ARSIt

ME oy
1. DEP| ¥T
DEPE A& €407 719887z 79
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2 AFoa AgE AP FELS Dachan Biolink Co.
(Seongnam, Korea)ollX] 43t Balb/cAl AFHZ AT
g3kt AAFE A/, OVA +DEP #2l 2 OVA + DEP
+SEFEE A Al 2FoE WAL 3 a5 1oy
ARl 7=l 4 Foll gulE ARgaldlal, dda
7= AR AFH ol suid ARSI SEARGA
Z7& conventional system& 2 =& 20+2C, FE=
40~60%, 871 1N 121532 sien, 1Y F 124]

zno

o]

7He 200~300 Lux® 293l 12472 BE WS x1ehela)
o}, AEFEES] AlRE G YA} (Seoul, Korea) AlE2] 118
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ola}, 3] 8.0% ©l3t, ZF 0.6% ©1%F, Q1 04% o’ Hl
MIE)E ARSI 28] cages polycarbonater| 2= 7
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0.05% Tween 802 TFE 50mM A2 HF
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A FA | ovalalbumin (OVA) #4232 FYL Kim 5
(2011)°] "ol weh HAlsith & OVA/alum &9



245k PAEE] (1000 rppm x 5E)3}]
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A 02ml¥ AF HHZE 23] Fos1%13, DEPE 7|1=W
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A (DJ-435, Daejong, Korea) chamber<toll A 105 F<t
F 13], 19 30% Buxco Aerosol Delivery System (NE-
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S 33] WHEEA Y. Hemocytometer (Fisher)E ©]-&3}o]
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(PEF =Peak Expiratory Height, PIF =Peak Inspiratory Height,
Te = Expiratory Time, Rt=Time to expire 65% of the volume)
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7. Enzyme-linked immunosorbent assay (ELISA)

H A AN A interleukin  (IL)-4, IL-5, IL-13¢] 3ShaFz
interferon-gamma (IFN-y) ELISA kit= Biosource*} (Invitrogen,
USA) A&, dfo 2 {5 s|2Erl e Beckman
CoulterA} (Fellerton, USA) A&, Zg]22 N4 immuno-
globulin-E (IgE) €& Shibayagi*} (Shibukawa, Japan) |
39] monoclonal antibody-based mouse IL ELISA kitE ©]
g3t SASIATE S wellel] ZH2te] AF ] €33} BALFS
100 pL# EF=81aL, 1At A2olA Bt Ty, 23] Al
28 =8N oZ A3 biotin-conjugated antibodyZS 2
o] 3087+ WAEHATE thA] 23] SFgdlom MG vk
avidin-HRP conjugated antibody 100 pLE A 2|3}aL, 1A]7F
AgoA x| & tA] M3 Tetramethylbenzidine
7188 100 uLA FFaetal haellA 30%7F WA vk,
stop &4 100 pLE ]2 g § ELISA readers ©]-&3}
450 nm oA FFEE FAFSIL 2 FFE ARSI
8. SAHIx2l
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= W ZI=FSAe] o7 7I=A 7 kel 50% Sk FE
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94 vwsk Addolth,. MCH &% ¥%& 3.125, 6.25,
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Fig. 1. Change of airway hylgerresponsiveness by MCH concent-
ration. MCH : methacholine, OVA : ovalbumin, DEP :
diesel exhaust particle, SBG : Scutellaria Baicalensis Georgi
extracts. Values recorded are the mean = SD with 8 ma?e
Balb/c mice per each group. “Significantly different from
normal group (p < 0.01). “Significantly different from
OVA + DEP group (p < 0.01).

Pehnzh2 F7Fehe 7488 JERISIT -, OVA + DEP A
e MCH 5 x4 Pehngte 2kt 1.14, 1.86,
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MCH $E2 Hugg of Fdoz gl vlsire <
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1] el ok dnbdog 7me] dFe &4, 384,
AESZARL 9)F aglel ofsia A7E AN ZA UnkA]

7 WAER] 57} 5l WeaEet el ekt )
(Sagai et al., 1993; Kwak and Lim, 2011). &1} Ayt F
AAToNx = G2l oA BEt F s Fs

313, W HSM e T2 " Haske vkl 71
AAA I FAME AT JEse 50 9
(Takizawa, 2003). = 7A€ 7-$- OVA+DEP A |+
OVA +DEP + SBG A2 BF AAd<tol vigl] 5414 <4
o] =2 IS eI S ™, OVA +DEP %23 OVA
+DEP +SBG A Alololle EAH o2 o4 e 2o
£ Holx] st} #HAAH NN F AN ESFE OVA+DEP A
e Gzl vlsl 4l S8R (p<0.01), OVA+
DEP+SBG #2]+& Aol vl 2.68) 71t ot
(p<0.01) OVA+DEP 2ol ula] Q3|8 43ttt
(p<0.01). 3 HAHMA FTAFSLE OVA+DEP A #]o]
Aol wisl wig =ZA F7eY (p<0.01), OVA+
DEP + SBG A &< OVA +DEP Hg#RTh= Z71¥o] =
A Ut (p<0.01). WA AFHeNA OVA 7Hasket 3
DEPE 7|=Ul2 Foiahd Ao wojzhge] dgtoz ol
o] GSME7t 7I=HR FA] A&, GFAE S E &
3] Aol Ffo] FFste] A T 7I=HTe] A
Z7Fk. 23y AFol OVA 7H2kskel DEPSE sl A7)
7+ B FEEL WS Fojshd ddo rmE Jeshe
T ASHE o ST A YslE, 58] 3A SUveke
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3. SONOIIA] IgER} SIAENDI Bfet

IgEe 7% dFo] FHHAY 58] F4 LdeAnkee®
Uehts 7132 2] 35 FF2R0 938 '@eet
(Kuhl and Hananial, 2012). ¢&AE < 3
o] £0]9 ™, macrophage’t $12], helper T Al2EA 3
cytokine®] 2], Z12]3 BA|EZNA IgEdA 7} THE01 A mast
MEo HEAANZITE 2 TS mastt| = 3| 2EM, ECF-A,
prostaglandin, tromboxane, leucotriene C4, leucotriene D4,
leucotriene E4 ¥ PAFE Al 88k 54 213 9
£, £3] 3l2elRe fEle ddoa 7BAX A Skt
£ AaAA SAstele 28-S st dEAA 718A 24
N _ _

Gz T8gk TS drhar dHAT Ut (Tomas er al,

Table 1. Change of lung weights, the number of total cells and eosinophils in bronchoalveolar lavage fluid.

Normal OVA + DEP OVA + DEP + SBG
lung weights (g) 0.14 + 0.02 0.18 + 0.04 0.16 + 0.03
Total Cells (x 10° cells) 1.81 + 0.23 8.59 + 1.50* 4.76 + 0.40%**
Eosinophils (x 400) 2.00 + 0.50 356.0 + 59.0* 205.6 + 9.6%**

OVA : ovalbumin, DEP : diesel exhaust particle, SBG : Scutellaria baicalensis Georgi extracts. Values recorded are the mean = SD with 8 male
Balb/c mice per each group. * Significantly different from normal group (p < 0.01)

** Significantly different from OVA + DEP group (p < 0.01)



23 5520 ¥ 5%
Table 2. Change of histamine and IgE levels in serum.
Normal OVA + DEP OVA + DEP + SBG
Histamine (ng/mL) 46.6 = 13.6 178.8 = 29.8* 114.6 = 15.8%**
IgE (U/mL) 262+ 2.0 161.0 = 26.0* 68.8 = 6.6%**

OVA : ovalbumin, DEP : diesel exhaust particle, SBG : Scutellaria Baicalensis Georgi extracts. Values recorded are the mean = SD with 8 male
Balb/c mice per each group. * Significantly different from normal group (p < 0.01)

** Significantly different from OVA + DEP group (p < 0.01)

Table 3. Change of cytokine levels in bronchoalveolar lavage fluid.

Cytokine Normal OVA + DEP OVA + DEP + SBG
IL-4 (pg/mL) 15.7 £ 3.1 183.1 = 41.7* 85.0 £ 19.6%**
IL-5 (pg/mL) 48.3 £9.2 507.0 = 87.5* 243.2 + 46.2%**
IL-13 (pg/mL) 74 +22 100.3 = 14.6* 39.6 £ 9.4%**
IFN-gamma (pg/mL) 125 5.6 30.8 = 14.8 37.3 £ 14.2%

OVA : ovalbumin, DEP : diesel exhaust particle, SBG : Scutellaria Baicalensis Georgi extracts. Values recorded are the mean = SD with 8 male
Balb/c mice per each group. * Significantly different from normal group (p < 0.01)

** Significantly different from OVA + DEP group (p < 0.01)

2011). Table 2= AFell 1055t OVA 7H2slel 37 7|
Woll DEPE Foldli A2 325 Fogle o &
oAl def] wkg-e] FAQ1 S| ERl FeFat IgEe] TS
ZA35ta ¥ w3t Aatoltk, A A histaminedFE-S OVA +
DEP A2]iro] A drel sl 3.88 S7tst et (p<0.01)
OVA +DEP + SBG A g]tol|x= 23181 OVA +DEP A&l
o HlahA 7B (p<0.01). EANA IgETHEHS= OVA +
DEP Az2lo] gl vla] 6.18] St ou (p<0.01),
OVA + DEP + SBG A &]i-& AAratol Hlal 2.68] =7}3}ke,
OVA +DEP jg]te]] Hlal ZA] 7HAsI8it). whebr] AFelA
%717 DEPE OVA 7H&se} 37 71ev2 Foigls of
2] ol F238F 2]3EQ0 IgES} histamine ¥Hgo] Z7FSRAIRE
FEFEEL ol T 7 dsp7IE 23t dvka
REARl= )
4. H MIZMHIM Cytokine et

Attt AgEEC SldA7IgAl, AFsR 77k ;g
Akd 21 2 /PR 28 SHAEH Y =EAH,
deyA o] Hsks o fJAl festa, e S8 st
AW, gAY R FEHE 5ol IgE 3, IL-4, IL-53
IL-13 &g, 22]ar S| 2el ke 7171 Ao 54o]
232 B 7E 3 9t} (Peden and Reed, 2010). Table 32 10
59k OVA 7H2slel 874 712 DEPE Folslal 3%
EES A R A YA cytokined S A
3k A¥olt}. OVA +DEP A2l A IL-4, IL-59} IL-13 &
o Agadtoll wis) b2k 11740, 105809 13.680 V18I9S
1 OVA+DEP+SBG AHZlollA ol5e] dake Aol
vl zFzb 548, 5.0002}F 54902 OVA + DEP A glol] Bla|
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A AT (p<0.01). 3, A AN IFN-y] haF
£ OVA +DEP Xg|#o] Al vlsid S48 524 1

o] Z7lle AES B9 oy, OVA+DEP+SBG A2
Aol Hla) Z7F8Kal (p<0.01), OVA +DEP 2]
HlglAM = S7lske A3dehe eIt mabA] AF el 471
7+ DEPE OVA 7HAsle} &7 W858t WA Ee
HAz- 2o PA3Thal ¢ IFR-9} 22 helper T1 Al
X% cytokinedrgoll= & FFS HIXA] HsA|NE BAHIES]
IgEABA E328-2 YeRl= IL-49F BAlx2e] &3 ¢ &
ABEE A=staL, IgA BEE X8k, T3t B+ F S
5 BASAT= IL-59)F IL-133 22 helper T2 AMEE
cytokine®] ke FA| F7IEAOH, ol A& Ae A
(Lim and Kim, 2009)9} 72keh. zeivp AF ol 27|17 3=
FEE WEF9= OVA 7H431et DEP Fol& <Igh IL4,
IL-5 2 IL139] 3 57k At wey =55
< dERel o A 7w dEH 71=Hwgde] 54
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qRFE FFE =, AB, T T ool TA vk
o Fele] d58 28] AEARA AREY gttt (Kim er
al., 2009; Yoon et al., 2009; Yune et al., 2009) 53] &=
o] e Fulelgi L, dutHEol B AT AAZ dY At
SH o, A TEIA 7E, A4k e, I XEE
QIZE A= AREH L S, FA5 &4 M At
I BIEZ Jut (Yune ef al, 2009). FFo Bed=
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