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Background : Bronchial asthma is a complex disease, which is characterized by spontaneous exacerbations of
airway obstruction and persistent bronchial hyperresponsiveness. Animal models have fallen short of reproduc-
ing the human disease, particularly in mimicking the spontaneous and persistent airflow obstruction that char-
acterized in asthma. In animals, airflow obstruction is usually assessed by measuring airflow resistance during
tidal breathing under such invasive technique as tracheostomy and anesthesia. A ncninvasive technique for
measuring pulmonary function in small animals is needed to evaluate long—berr‘n changes in lung function dur-
ing the course of experimentally produced disease without sacrificing the animal.

Purpose : The purpose of this study was to evaluate early bronchoconstreition after allergen challenge and air-
way responsiveness (AR) to inhaled methacholine in nonanethetized, unrestrained guinea pigs.

Method : Guinea pig model of asthma was sensitized by subcutaneous injection with ovalbumin and challenged
by inhalation of aerosolized ovalbumin(1% wt/vol ovlabumin). Airflow obstruction of conscious guinea pig
was measured as specific airway resistance (airway resistance X thoracic gas volume). Airway resistance and
thoracic gas volume of conscious guinea pig were assessed by body plethysmography before challenge and at
regular intervals for as long as 30 minutes after challenge. AR to aerosolized methacholine of asthma group-
was compared with that of control group in body plethysmography.
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Result : Asthma models developed in 13 (65% ) among 20 guinea pigs, in which early responses occurred in
the airways after the exposure to inhalation with ovalbumin, Airway challenge with ovalbumin caused increase
in specific airway resistance, which peaked at 6 minutes and amounted to a 231.5+30.4% increase from base-
line. AR to aerosolized methacholine of asthma model increased significantly compared with control group.
Conclusion : These results have showed a useful animal model to evaluate early bronchoconstrcition after
allergen challenge and airway responsiveness in nonanethetized, unrestrained guinea pigs.
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g Exoz g rizdgoz, 3] £ oF
TE 2AHE AN 7|2 $£53, Heden
Yo, FARE, HOAE (mast cell)d] &L F
W3tm 7% el ®vj Wyl vEE Hol: 94 ¢
A Aol Wale] Wl ofsle] Wl igh
ATE AN Q3F oz AgsiE dole A0
V7] W, BE H4 mY & 0|47 A7t Wad
U2, B8 H4 2¥e 93 438" 59, 4L
glov} 7|= 7l yhgo] ERjsle 2 2 A
A fEAZ =Y T A iRE R S Uk
2y} Zds] S 2Ee BAssl oy, o
8 Agdda fdshe A4 2YE o|&did 1
WA dFstn AN gz FE MY mye
allergeng 33} AL B 87 W FARIe] 724H4]
FIAY =2 A7 BHe &3] ARg3la glont, At
FolA Bl AL F2 FYog st 7H,
kEHEE 2 A2de B o7l ok #olA
A 7s A9 vhee I F IR Us §
U=, FAY 71BA $3E allergeng FYI F
15~30% ojuje] Wai=le] o 2417t Fetk A&
Wgog Fz dqt AEdA BulEE 78A] $£5
EZ4 osle] BAEE Aow g u, A9F
718R 5 olEwA] Hajel o 60% o)A Futs]
o allergen F9§ ¥ 6~12A)7k0)] L5 2~
3¢ Fof 2AEE whgolt}d, FEIA QUoiA o
T 71 $39 ¥rge allergend] 7Z=dE FEE

(A, 9zel, & 71U"g F)QA allergeno 2 2
H 7= 59 3F 983 43 A Hegy 1
Z 5% EU2 dFHATY. TE W4 EFA 7]
A F& v AR F3)= WYPoEe AN
EE FE ulE 8ol AgHos FPs WSO
v AEA Whgol deul ™, g wEe A4Y
off QlojAl ofe] z=}o] W9 sta, oleld 22E0] 7]
BA 9] ¥ge] dF¢E & 7 de A= ¢34
oyl Hools EE FES allergend] i
7184 #%& ARE X Hrls AAE o flol
o] ajo] EA3l= Aol AARHE Wdol ol&Hn
AT}, Pennock & &9 7| AFS FF
FH2 ol A 7154 (Plethysmography) &
2, 5 chamberdr 718" 3] VI1He 94
(phase displacement)& ©]&3lo specific 7]% A
F& FRAY 4 e Ao B,

oo ¥ d7& 7] allergent! ovalbumin
& H& FAsle] A=A F, 2do] = AdeidA
ovalbumini} methacholine& Z4d FA1A, viFE
&d 9o 2 gpecific 7|% AFE &30 2HN &
A8 71#8=] 52 A5 methacholined] i3l 7]=
Aol AslE Qe B8 W 23& HEaA
&3ict.
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- 20mulg](asthma group)®} thxz 10wte](con-
trol group) 2 vhro] A3 AAF& e 4
Al =9 1mge] ovalbumin®  200mge]
aluminum hydroxide& 7 7tdo g 23] (d+ 1
Q, 79) T3} FAS] T, HERE oval
bumin®} aluminum hydroxide @jAle]l 2mle] Azl
AAFE 7Y FHe= 23] (9T 1¢, 79) I3}
FARsHITh

2. 718x| HAo| FUD specific 7| X2 &

I3FAPE B F 74(AF 142)A ) wEu 4
o Qlo], eJ2e] gl AHolA v R 85 B
o2 UHex & chamber2 F4¥ animal ple-
thysmography box®<¢] Pulmodyn (Hugo Sachs
Elektronik jit)& o83} allergen =& %9] spe-
cific 7|= AgE SAsAT. HATFNA 718A A
2o} He, 0.9% AAAF 4 1% wt/vol
2] ovalbumin-g Pulmodynujo|A] 7]&x] 84 HA}
712 vg] B8 chambere] 23 975cm®s| 3027t
7ot frestli, d&xaollAEs ovalbumin thAl
d 0.9% AeEAdsrs ATy 2L dyez 30
%7} BEAACG. BEE Pari nebulizer 7172 1.5
71 3lellA] BFsIem, ¥5F9 A7 100% 7t
10um 0|8, =1 = 60% 7t 2.5um o}tk 7]

#Ax FZom WY specific 7|1 AFS
Pulmodynoll 4| 59} A9 7|7 & F43},
F7) TolM e T F47k 4R E), tanf=0LXR
x C(@ : phase displacement, £ : 27X respiration
rate, R XC : time constant of respiratory system,
C : thoracic gas volume(V)/(Patm—47mmHg))
o)1, specific 7]= A&, RXxV=(Patm—47) X
13.6 xtan8/2xf (R . airway resistance, Patm :
pressure of atmosphere, f : respiration rate)2}=
Pennock® & 0|88t &R HT}Y. specific 7%
Age dedonzgad 4z PAcs AFH
23-E AAslon, ovalbumine]u AE)4E4 £
2 A RN BRE X 27E7A 38 7o HF
specific 7|2 AL 7183, EFF AR @&
tz2Ta} Haw o] zpol & vlastgnt. HATdlA
ovalbumin ¥% &, 308U)] specific 7|%= #3}e]
W37l 150% o1 Z71eE S0l 7]13A] o]
HYctn Bgsges, 150% o1 =3 AU 235
& Zad A9 WA A A

3. Methacholine2 O|&$3} 7| T2l Hi2o| &M
Pari nebulizer& mg]%& boxol| dZsly ¢4= &

3 7] 1.571¢¢e 2 M) 4949} methacholine&
BRgle] A1d $F 02 307 =2AA
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Methacholine® 0.0625mg/ml2] E%oA g X
£x0z2 200 FEE F7H51Y 32mg/mle] H=7}
A, 2t Fxol gt 3% 1402 FYAZH. Spe-
cific 7]= A& methacholine BF-33% 435k
3& &< 435} methacholine F¢ A Az Ag
TE B3l @& specific 7= AFE 7Eo=
200% o Z71E el methacholine »%£&
methacholine ] EC,R 0|2} 3},

4. SAH £4

% 27+ specific 71E Age] HlmE t-testz 3}

o0}, methacholines]l &t 7]&=] }aluree] u)
T3, methacholined) 57} 26l Zylslnz, 2
Zte] methacholine Fx9| log, & #& %, ©] go
2 38 7|51 (geometric mean) & o] 83t 1
AEE ¥t

4 =

1. #A 2HoIM ovalbuming| o2 oIt spe-
cific 7|& Xge| ﬁ#

A5 20vie] F 13vieloA] ovalbumind]] s}
150% o149} 718A] £34tg-0] dojton, 7nly

£ 7184 F5ukg0] 150% ol3t= Z7tetAA, W
40| glo} A4 m¥o] YA gt wEtM &
Ao W mde 200k F 13vElE 65%9)
A BAEHU

A2 o] A 13vle|oA specific 7|E A
g2 ovalbuming FY& F 3EYE Fk8le 67
of 231.5% % HiE BYT, 2% 18871A= spe-
cific 71 Aol Ha} gasligiont 1885 4
273 F8 AB0R)7HA felsiA FvHd ez A
£59tH(p<0.001). ¥Hdd] FEFE FYE
gz ME Aeldds ol it specific 71%
Aol W37l Qe (p>0.1)(Table 1, 2)(Fig.
1.

2. #A| m&e| methacholineol cist 7|Ex| njal
B2 A Za

B=3t9] methacholined)] gk 7oA =3 W
EC.oR7F 0.125mg/ml¥E 1.0mg/ml2 #H7 0.
446 +0.287mg/mlg.on, 7[sldFe —1.429+0.
9760130c. AT J1Y 20m}e] ZolH HA 2
ol ¥AA 13ujelg Yoz EC.R.E 4T
A7} 0.0625mg/ml%E] 0.25mg/ml2 HaF 0.149
+0.075mg/mlgeH, 7&tHFe —2.923+0.760
o)t} wakA M4 89 methacholined] gt

Table 1. The effects of saline {control group) and 1% wt/vol ovalbumin (asthma group) chal-
lenge on specific airway resistance (mmHg x Sec)

time after challenge{min)

-3 3 6 9 12

15 18 21 24 27 30

Control

mean 7.22 761 7.8% 7.67 7.04
+SE 045 076 058 081 (.57

Asthma

mean 7.60

16.73 17.36 14.00 12.94
+SE 043 2.04 212 171 157

713 728 735 760 7.68 7.60
079 080 102 131 124 131

12.39 11.12 1150 11.28 12.99 13.26
151 116 112 118 0.98 1.15
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Table 2. The percent change of specific airway resistance on both groups after nebulizer chal-

lenge(%)

time after challenge(min)

-3 3 6 9 12

15 18 21 24 27 30

Control

mean 1000 104.8 1101 106.7 97.9
+SE 000 6.2 6.0 6.0 5.2

Asthma

mean  100.0 220.2 231.5 1855 1711
+SE 00.0 261 304 20.0 16.0

101.8 106.7 108.9 108.1 1105 108.1

8.7 9.3 95 101 117 101

165.6 151.6 158.6 154.1 168.1 1714
144 133 115 114 123 143

(%) —— asthma
------ control

1 T T T T H T T 1
L-S 3 6 9 12 15 18 21 24 27 30

Fig. 1. The percent change of specific airway
resitance on both groups after ovalbu-
min challenge( —L_ : mane +SE).

7184 A9 W giEFRT 28 EUTH(p<O.
0013)(Table 3).
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7182 By o2j7bA] allergeno] dis] 719H
NBA £33 B e dosle W 924 A
oz BRI T Axel W AE, ST
o} A 719 o] Eujuhe, HEF Moo} Hu]
2 7% Beae] vjE, Fajslae A Eu
7I=e] AYPHE EAoR &, o] FRdA o7 7t
A @z oA B89 2% cytokineo] oIk AL

Table 3. Methacholine bronchial hyperresponsiveness
in animal asthma model

Group Control  Asthma
EC:oR. 0.446 0.149
(Mean +SE) +0.287 +0.075
ECzoR ¢ —1.429 —2.923*
(Geometric Mean+SE)  +£0.976 +0.760
*p<0.0013

2 oA oy, d2el wyriad dg qgRt @
Fo= Bt 2 W] AERER ofHE Es)
A ggon, HIde 27) w8 71 1 FAd 2l
oM #44 a4 % #43 a4 A¥d #F
T, ALAQ 337 T GF 2 713 B
A7, el Ao X gt ol #d A7rt I
= Aok, ejv Z1EA] @] el i AT
£ Algelld dadog Algishs dldls 847 271
2o 58 Ay 28E |48 A7t APsn A
o, 11 RYEL A3 wdE BE, 34 8lo] 7
T Hubeek Exske 2y, Teln APddAM
I3 28 Fo8 T 4 vk 2, W] 2
As) BAHE FEOY A glol V= Ak
EAshe BBE WA olga, AAE fAlske
Hell Alofo] Yol 72 AP H4e LT T

2 wao] 1 Wele] B AT ol HIL Y. A
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BN fiske 58 A4 232 27 92714
allergendll ¢j3t 2=} vjde| 2714 allergend] 9
L2 JE F e, Wi allergeng 35
A e B FARI 723, =2A7)E W] AL
£H Qo ZAFe] F2 olgHE gElErA
allergeng ovalbumin® Ascaris suumo]il, #Y
B+ aluminum hydroxide®} Bordetella per-
tussis o] F2 o] HL}H 1218, i} Qi A
=74 allergend] dj3t 233 =22 allergen
& FUFo N o|FoiA= Aoz IA o A
s Yoz 7, =&APs o Al=sE1 9
o, 2 A7el4 2] 0|88 allergeng oval-
buminel®, A¥ BAAZE aluminum hydroxide
g olgslo] L2714 allergeng I3} FAlsh=
wo 2 ZRAY|A ovalbuming] FYog slux]
A& FEA

YL 7M9E Ve $5& BHos 3= F@o
2, 538 34 2¥M = 7z Age ¥ Ul
& &A%t A IR ARE UdE 5 . #H@Y)

5o 2AYoRE A EE PR 0l ol Ay

A Mo V1BA 4% A=E FHs Et©
o] B o2 olgEojgtor}, A lojA nlHE
T o 2o asdka o)2d vl 25
7187 $&9] Wsle] AFE & 4 Qlo't, o
£ 9oz vlazh He gle BB body ple
thysmography & ©]-§% #H7]F 3¢l A4 A+
ol 81 UtV FEAA 7HA FFH] FHL,
Azt A HARBR: A= g =84 37149 &3
e t2A 94 38 (tidal breathing) E<kl 7]
Fo Age F4sked], o Wde 2714 B4R
ol At} AA= A& ZA st V1B AR V= AFY
(supratracheal airway resistance)& 2ZHj 3l
AT 7= APHT 32 & 45 TEAAMY 7|
E Ago] dAEG 2A Jehdtt e Holx, E
A FEoAe] # A3 (pulmonary resistance)-&
77t BAEE 7= AgRY #H2F(tissue
viscance) © 2XE|9] Agto] Q7tHT}t e REL

AR Geh Aot ®. HEef o] FAHE 2
7] 98l 7179 AFge Axe Fehd AR
HELS ]88t dynamic compliances} #H A&
ZAshs WY 0ol AMEH L Qo) AEHoln
& 7] Zzte] Hadh wio] lu}. ool whale
A4 AME-§ animal plethysmography box
(Hugo Sachs Elektronik iit)¥ w3 glo] =gz
35 shoA, 71F9] TRk AR Fdd tiE oscil-
lation & ojol] glojre] AFME |83t specific
71%= A3} dynamic compliance $& ZA¥ +
Qe WPog, Pennock 57 F7 FHEERE o
£33t Z3% AAYI R F& 4AAA(r=0.81)7}
2k Bas wk gitl. Pennock oA o]l&EE
plethysmography &= $%2} H¥7} BREM 1%
2 ¥ collard] &8 % chamber® WA glof, 4
d 5B AR 3F Al FH9 AF9 77 F4
o} F F4 Alole] AE 4E UL, FHE 9
217 38 & & 7]% A& {airway resistance)
& ZylEleE AL 0|83l specific 7= #Fe =
A& 4 A,

gL 0@ J7+ESr allergen &9 )% &

oo

o
=
o
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A LAGY )8R FEe] AT S4U FERY,

7iv" 2 mgdre 23 Wel] weh vl

zpoli= A]wt allergeno 2 ovalbuming T3} A}

2 A F, FY0E =3 A SN 18

A =% yr2(early bronchoconstriction)2 HE 5
E ool sty 2417 A= X&EHIL, 247k
Z3e Fole RPos HBEs, A2y AUH 5

 Zuke(late bronchoconstriction)-& ovlabumin &

& 72N AR Aoz gEA Joph. &
AP ME specific 7]% A&o] ovalbumin F¢
% 3RRE Zvlsle, 620 H0E o|F1 o]% 18
B7pA Azt Zasiel, 18828 2953 F8 A7
2 2748 AE2 A&E, FAE 71BA] 5
ol g 71U H4 o] FAHHU.

7)% 9 whe-o 7)qA] HHolA Fgd Efoz
Bellofiore & ovalbumin®} Bordetella pertus-
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sisE 7H2HE oA 5% ovalbumin BF-E 59 7¢
ZHoZ 63 FYNHAE 9 allergend] et AAHE
ol 10mte] F 7uiEloA Ao, methac-
holinedl| wigh 7j&A] % wg-2 2u)2 Zvlshe
Fog Bustgth & dFdAR A4 ndo] @A
# 13v}8l2 4F 2= methacholined] tdr EC,0R
(B &3 23 0.0625mg/mlRE 0.25mg/ml=
PAE 0.149+0.075mg/ml, 7|SHBFE —2.923+
0.760 0.2 viel} 2] =¥ lolA methacholine
of digh 7igA] R ¥hgo] R MET} 29 E
Al F2E UG (p<0.0013).

ojarel Ak, »UdeA allergenq! ovalbumin
& T3t FARBIE 22417 o ovalbuming &4
AL F, SAE 7182 36 2leirie] specific 7]
= AZE ool e AHIA body plethysmo-
graphy £ o|8-38lo vjHGa oz &4 A3}, 65%
A W4 2¥o) BN, FAE HA 2¥dA
9] methacholinedl] tigh 7]= zpgirde 2u) Zrts}
Frek.
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€& ERoR 3k VI= AFo g, I HYd e
PdHoz Agsle dole A U, F
A4 28S o] 4% A7l Heslt. FEAY
Age] H3e 2 vpa} 49 oM Ag
ZAE oY, HT vAFAo R oe] gl
Aol A AT E $9 specific 71% g &8}
T HHEe]l IAEHAUCH ol AzxtEe U
allergeng] ovalbuming 8} FAlsle] 7AZ
%, 9¢le] = Algld|Al ovalbumin® metha-
choline® 472} FR]IAA, vIAEHQ WHoR spe-
cfic 7|2 AL SFoaN A 7|1H8A £&
%9} methacholineo] thd) 7% #iAdel Wgla
ATt 5 H ¥ L wEuat &gt

W R (%
4
o o
o,

)
i1

Y
o

iy

71U" 30wi2lE AAF 20wk, oiRT 1002
o], Al ovalbuming w3l FAkEld
72ZA171 &, ovalbuming® Y (1% wt/vol)o &
=E3AAR, 2T A HE5E FYE s
722, =2AAD. specific 7= AP (airway
resistance X thoracic gas volume)& £Jjo] Q&
Algloll A w|AEFAHoR FE  body plethysmo-
graphy & Al&3}d, Pennock® 2 & allergen =%
3RARE, =E2F 27E7X 3% PFo= 3080
£33k, Methacholine & x|&2 o2 2ui4 Bk
g ZUisle, 7k ko disto 3% 7Ao=2 F9A
7 ¥, Y% W0 R specific 71E e A5}
o 7% Ago]l 200% o4 912 wie] methac~
holine % (EC,0RL) & F3F3c).

& 1

A 20ve] & 656%¢ 13vfe]ofA ovalbumin
F9lo)) thEt specific 7= A&} 3BEE Zrksied
6% 231.5% 2 g Holn 4¥ 573 F8/A
31 30%7HA] dj=To] Blgte] R-oJ3iAl F7HE AdEl
2 AHH(p<0.001), FH 2o FAFHUt
Methacholines] digt 712 27 282 ECuR,
7} R BFE 0446 +0.287mg/ml, 715187
~1.429£0.97697, AAZNN W4E MY py
olAe] WFE 0.149+0.075mg/m), 7|8AE —2.
923+0.7602.2 H2 23] oA methacholine
off gt 71@A] #H9l whgo] txFoxE} 24 =
4tH(p<0.0013).
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