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[ Abstract]  Cough is a common clinical symptom. The incidence of chronic cough without significant abnormalities
on chest radiography has recently increased, and its complex etiology and high rates of misdiagnosis and mismanagement
have received attention. Cough hypersensitivity has been identified as an important clinical and pathophysiological feature,
associated with transient receptor potential pathway activation, airway inflammation, neural pathways, and cough-center
facilitation; however, the mechanisms are complex and further detailed studies are needed. Information on cough
mechanisms has important implications for the development of new drugs, improvements in clinical efficacy, and the
reduction of socioeconomic burdens. Animal models of cough are crucial for experimental research and elucidating the
mechanisms responsible for cough. Animal models of cough are currently divided into simple cough models and disease
cough models; however, its complex pathogenesis and multiple causes mean that there is no unified standard for preparing

cough models, and these continue to be modified and improved. The current review discusses the mechanisms, methods
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and research progress of animal cough models, and comprehensively summarizes the research statuses of these models from

the perspectives of animal selection, establishment, and the application of simple and disease cough models, by reviewing

the recent relevant global literature. We present a comparative evaluation and reflect and elaborate on the current problems

in preparing cough models, to provide references for the preparation of animal models for experimental research and for in-

depth research on the pathogenesis and treatment strategies of cough.
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Table 1 Comparison of animal models of simple cough
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Table 2 Comparison of animal models of disease cough

PRI TR R 1 FEAE)
Diseases Methods Features Problems
W% S R T g i AT 2 M |l A AT =T s S
Respiratory  syncytial ~ virus  Simulates a subacute course with airway inflammation and /
infection method airway hyperresponsiveness
= 4t g SR T B A 85 o A
’ e VR e RENTHE RN R
4 B FAT VR B e T AR 0 OB RAE L AL P ﬁgf %
TR % o . VA GIEE I o L
Lipopolysaccharide Intratracheal drip is more

Post-infectious cough

78 ] 4 I R
Atopic cough

WAL S PR iy

Cough variant asthma

B SR A A
Upper airway

cough syndrome

I IR R 400 i SR

(EES
Eosinophilic

bronchitis

infection method

b IR P 7 I JH R
Above two methods combined

with fuming

kA S ESC Gl AES
Ovalbumin sensitization

method to induce cough

BT EE 1 SRR R B IS I
SRS P ]

Enhanced immunosuppression
by ovalbumin  sensitization
combined

with cyclophosphamide

S ES S G I A7
Ovalbumin sensitization

method to induce cough

Ut S Es S e S i
Ovalbumin sensitization

combined with fumigation

i M 400 LI G M A
#=k

Expansion sponge stuffing of
the nasal cavity combined with
cigarette nebulization

E2 e

Polymyxin B stimulation

Characterized by increased cough sensitivity, respiratory

mucosal damage, airway inflammation, and oxidative stress

i ST e S o e R

Enhanced airway hyperresponsiveness and

cough hypersensitivity

TR (GCREY R AL B AL | To i B | 4 UTE W R AL
AR AAE OB AR T

Dry cough ( effective with bronchodilator treatment ), no
wheezing, whole airway eosinophilic inflammation, mildly

elevated airway responsiveness

B S S0 B 2 P Y O R e B v 2% T
Airway constriction response rises gently with increasing

acetylcholine concentration

T (SCREY SR AL BUA A0 T L LS BUR 4
OB RN SEAE IR PR T
Dry cough ( effective with bronchodilator treatment), no
wheezing, histopathology shows total airway eosinophilic
inflammation, mildly elevated airway reactivity

IR ABURRPE Y B RBE TF% T i ZH 2B R L 2
MR 2 SEAFA CVA AU i ST P 45 S TR 2 iy ik A1
14 T 2R

Increased cough sensitivity, gentle rise in airway resistance,
and increased eosinophil infiltration of lung tissue; more
consistent with the important features of CVA airway

hyperresponsiveness being slightly lower than typical asthma

ETT B, G S2 P 5 U RAE S R R A Ak
Avoiding sensitization and combining sinus disease with

airway inflammation and other factors

AU S RERE AT Ak 8 TR L 200 ¥ ) | i e 45 4
RSB SN TE W R o

Massive eosinophil infiltration in tracheal and bronchial
mucosa, normal alveolar structure and airway responsiveness,

increased cough sensitivity

high

complex and has

mortality in mice

5P I PR 7 1 e ik
AR EA [F]
Different

criteria from our clinical

diagnostic

allergic cough

Y IET R AL | L
BN ) — P2

Higher animal mortality
and poorer uniformity of

cough response

/

TR A, B — ISR
RESE A%

Etiology is complex and a
cannot

single modeling

fully simulate the disease

ZHRIH R B UL
i I kP 4 A
AU 0 0GR, JF A 2
NINISEINER 6l
Polymyxin B is only a
stimulator of histamine
release from mast cells
and basophils and is not a
recognized

antigenic stimulant




o H A PR A 275 2023 4E 9 A5 33 %45 9 ] Chin J Comp Med, September 2023, Vol. 33,No. 9 103

&R
PRI TR TT 1k PRI £ FAAE]
Diseases Methods Features Problems
FUAT 1 P R | ST R R MR A R | X 2 A T A
. N TGS e S P I B AR RFAIE
S 1% PO ATCR BRI
L . Essential features of chronic cough, airway eosinophil /
Ovalbumin stimulation o R .
infiltration, response to steroid therapy, and absence of
airway hyperresponsiveness
FARE IR, RJF T
Ny = R ET
pewmntey  TAER / o ! bigh
Gastroesophageal Surgical moulding omplex surgery and hig

reflux-related

chronic cough

FE Al 0% vk R LR
g

R R R R
Repeated esophageal drips of
hydrochloric acid

RIS YYRR
Air pollutant exposure

postoperative mortality

B TBSEERBIIEM, T AL SIE
JHIEAE , AT AR R B ol 22 U S

Lower esophagus is similar to the esophagitis model with
inflammatory cell infiltration in tracheal and bronchial
tissues, which can cause neurogenic inflammation in the

guinea pig airway

NIk B B T AR Sk TR R A

Increased cough sensitivity , non-allergic  /

eosinophilic inflammation

Cough

hypersensitivity FEIHE RS

nd i X . Increased
syndrome Cigarette smoke induction

cough

WU BE SIS Ak P I T S

sensitivity , non-specific ~ /

respiratory inflammation

LR TR I, 32 R 2K GE 28 JAF 5 2 A
THERE I Z KA AR S S T S AR R iE
Stz IS K, 5 R S DA DG B UTE
AMIZEN AS L 4E (A REHT) A C 27 4 (JoREd) , L
ARG i 53 7] 32 2L IR SZ HLABORN B S A 27 i, AR
I DA A2 S SR HIL AR Bl v i b R () 1 4% 2 A
BIUBBORIEL | A7 i H R e D s | s 4 1
2.1 HUREGE

AU A2 i 30 o A B Y 2k S AS 1%
ANEFHEG | B2l g, BEAR AR DT AN T DR A K
WREFHEAN IR IR SRS S Yy i s <
W, REERAE 2~3 Wk, Al LRI e Y %
W ; BUE SR A VE B NIRRT R 1%
MK, Poliacek %™ ff FHARERE 20 S5 HLARR H0RR e
A0 e Jes S, SR N R R RS Bl 6 ~
8 W, FFEE 10 s, LA | 52 2 WK, 32 I A ) 3R
H— 4% S 5 HE AT, DA S DR IE 0 IR B A T L
P DUAORI O 8 5 A7, B 78 R BOR 25
13 A ) — 24 9256 78 R AT, 75 AN BE PR IR 0] o
JE— 30, ML i A

Varechova %% Fl Foucaud %" fifi F ik B X %%
RAATE WU B 0%, BAKIT 7R RR B A <
BV IR EARER IR 5% i U8 S8
AR Sy 1 B2 | A Wik (— R A H 3~ 4

em) , ZTE H—A/NY LIRS, AL
B (CRFP 60 A F I ) I A Ja0 Bsf [R]85 e ] 15 Ry
150 ms ) PG HL Ao BE 5 1) B AR IS | ok B & 30
BLIAHBAR 5 T LAATE Ay o A 10 38 s ) e A 9 A
0o WA AR ER B3R Ty A BB (H v D4R
TSR, ITTREAS 5 & LUK
2.2 EREE

A2 0L S 46 R FHAR 27 1) ot ( "R ) )
OV 28 58 5 | L K, 32 12 DR T 58 2 AT L X
AN I A PRAEREAS A T 0 BEARAS, PRt
WL, 2y 2 1 T Z K PR BBUER | S
TR 45 N i ( allylisothiocyanate , AITC ) 55

FOK G2 H A 2, 2 R /N B
AT, A R EUK I s A T .
HEPE ICR /N A B, FEAEIFIRERR (500 mL) Hig A—
AMHREK, IR 300 pL 25% 20K A ZAR R T 1
min FRHUE PR/ BUBCAZ R AR T 45 s BUH J5
TR b X/ B I 0 R T S, WL it
RINZWR S (LA, A %75 ) | 10 S RZ I R 1)
CAIBGH TR0 ES 1 ZMKAY I TE] ) A2 5 min PN RZ K
B, B AR I /)N B R SO o, gk s AR
Wi R R . ZK Tk KRR
WL HAE 13% ~25% Z 18], S BUAE T R 1 XS 56 iy
AT IR 7 S 1 8 ST 0 DA o 3 1 B



104 rp [ A PR 2 A 2023 4E 9 H A 33 B4 9 Chin J Comp Med, September 2023, Vol. 33,No. 9

FIMERE A B Fbe B 247 20K 51 0% S 5 T i
EFEN T L2 —  (HIE R i ZUK & RIS
] 55 W JCGE —Ar it , H 20K 35 & 5 32 B B )5
Wi, T 22 S RE 5 0% 51 W A R] DL i 25 9 E )L 2
e EWHE PR A R o, AR T e A i
TTEK A W% 1% 5 5y s 45 i i 48 ok BT 85
2 EUKIFW R N B S BAE  ARA SK X
AT 458 00, L2 K75 /DN B K B L 22 S A
R UK TS 35 B 22 1 T )20 O e dr % 2459

ST B 7 N R NI R v ( transient receptor
potential , TRP ) 2 % 75 W% Wk & A= L] v (9 7 FH 14 it
ZFNITE, TRP 818 & T F e PP Y BH e 7 1E
HEH IR pH AL EY) T B3 RS RS
20 PN A BH S - i 1 7 A, E T R 4 i D RE
B A R 2 Bt 22T bR, ol R Gk 2
TRP ZJER 51 , 1545 i 1 P8 B8 P I 4 ) o 85 )
PR S < ik G E Y N (TR R B b AN [ K= B
EREIN S A0 L2 b R 1 K i S 22
PEAIE IS, TR, 78 TRP S DR
JRSZ AR LAV T B R S R 1 ( transient receptor potential
vanilloid 1, TRPV1) 1 i 2 f FL {30 5 26 H 1
(transient receptor potential ankyrin 1, TRPA1) iT4F
KR TR TRA, TRPV S E e B B il 1
TSRS Al A S K B ST , Ti TRPAT S ik
PEVESS B 83 , 5 TRPVL ML, & )12 40
A T REGEfR 2T AR ML, DR e sl 300 22 T 0 K
PR Z WK U . sl AR AL AT R R B
R AITC AL

PP 1 R C 272 B A9 TRPV Z A AS
e NET Y- A S BO% , 3 A5 Sl ) 22 e 6 I BB/ B
LG R B T S SR BILR  2 T R
TP R AW 4R 2 1R A% 32 B 5 AL R AR
TG, skEE VTR S AL i R B A
AT A I BLUE T XU A AR o, Sk BB FAR AR 43 5]
TERSERE Y Sk 2 AR 3 I, B P S5k e S IR AR 1Y
S M, TR AR LRA 0.4 mol/L F745
P2 2 R, BRIRAFEE 3 min, 3 15 d, IEREEE S X
TR SRR T MRS LR A 5 DR A8 K VR
FIME IR AJS 1 min, 3 3 min PN EH BRI 0% kR
B, SR BRI ORI B N
MRS MR 0 RN A, AT IR VR
0.05~0. 80 mol/L, 55 fh il ] 7] AR 45 HL A5 B0 B 13
SEG A ROE M IS Ay BTN (3 ) 1Y
PG IR I S R, T LA B S R A 4D A1 1 K 11

P A SRR A 2 IR Tanaka 26 SR A T
P, FARERVE IR . M8 s 1 SRR BRI B , 40 B R
EBROGESE (NZ 0.4 mm, K 13 cm) #i A
ERES5S-6 EWE B RE R IUCEAEM T B
BIIEARZY 10 mm AR (A LR T4 6 UE
), S8 7 —m N TSI S 0.4 mol/
L FPEERR 20 L (44 10 ¥k, &Rk a1 B 30 ) LA &
JUC BRBR TR | A%5 78 K B N2 ik U B o, v AT, A
BEIR S A i B (B4 B2 3h ) B IE 25 I A &=
e, L3 i 55 4k 45 25 % S e 0 o ORI, 5
L ZIk = SR G SIE , T TRPVL 22K 53 1 T4
B MrERE A S SR K R 2 S BE, W EHER
RS AGER RN T, M T, RS2 H
DA SA (1) il 28 2k 72 rp A b 5 [ 4T W e A5 TR VA
AE AR T MR AR 5 (2) T U e S T
A T T A 45 ) N W S84 SRR P B A 5 (3) TT LA
B LR ) 5 0 ) ) AT B R A P (HR R
BRLA I TERE TR [A] X 5 ZERR I R AR R R &2
F BhIBET SR i i 0 4, B R 1 5% 1k
TR E H

PR SR C 274k 1A TRPVI SZ KK 5]
RN A LUK SR /N RO 32 B (1 B
FHE S ERR IS, 2 H T 058 ik s S HL ]
YT R R 2R SRR, LisEih
i, R K B B L AR AR 4 F 8% Hartley K BUE
FE R PO, A S s BT
PRHUZE KW (0. 2 mmol/L) H1 15 s, SR 510 5 %0k
VOBCRZ I AR, 3 3 min, SRS AZEARIE R «
10 s<MZMKIR AL <50 s(3 min ) F1 10 s<PZBR7ER
<120 s Iwata %Y % C57BL/6 /) R EAT 3K
R F AR A, K /N BUE T 4 SRR e b, H
F AN FREE T 50 wmol/L B, Z5 1k 10
min 5%, HHEFSEEZH 0.01~10 mmol/L,
FLURTE R [A]  To 48 —bn i, 5 3000 238 i Ay
BERRAH L, AR R A 2 T F 5T 54l TRPV T 3
T S S SR IR KB 25

AITC ] LIRS 05 268 C 274 11 TRPA1
AR T | R A LR Bl ) 2 3k KRR
Sterusky 2522 5 RIF 5 1 0 1 K B o 2 ) 22
SeBF il A B R B IE XSS AL TR A 10 mmol/L
AITC 5 min e 37 K BRNZ W 78 | G LA 4 W] 47
TG TR S R 25 175 1%, 5 50 K RN R U 5038, 1z i
TR I 46 0, AR R, Daller %' ¥ Andre %12
FERl N ATTC 50K PEAG A il 25 1k 3 4%, Bk



o H A PR A 275 2023 4E 9 A5 33 %45 9 ] Chin J Comp Med, September 2023, Vol. 33,No. 9 105

WF K Hartley KRB T2 A 22 v WU BRAR Sk AR
FEIHA9E /NSl R S5 S48 T, 10 AR AT LSS
P S I K I W | K WA S o7 B € =% |
I3HT. il A5 B ILBLER 80/ Z I (AITC %44 ) i 50/50
VWL, R AITC S 0 30 28 4R % v v, DLk 3] 80
mmol/L AITC FHk i HI A il 55 b 25 1755 4k (5
min) S5 W, W% IR B N, 1 AR ), 38 R
FH AITC 4 0. 3 ~30 mmol/L, {HIfAF— A AE
AR IR IE 23t 90 117 247 12 i e e O 2 1) 0 5
5., N AITC #5W%BEAS FE M 0E TRPAL 21K,
M #E 4T TRPAL AH G LI W 58, A7 BF 52 % Lk
TRPA1 5 TRPV1 ¥ 30 55 76 75 5 W 0k rh 7= A= 19 &%
11, R AITC( 10 mmol/L) %5 C 27 4k 1k S 1%
RN, ZE LB (50 wmol/L) 55 3 fate e B
PIR;FH AITC F A7 B 400355 0% K 0% ok 8% M 9 4
2.3 HRIEE

SR Bl B — 22 A R 5 B A R S, 2
AR ST, 12 53 B Shy Ei R 3k FH Sl A b 2
B2 W RS . (1) K SR 0 <R
FBE 5 (2) KRR e L 5 (3 ) 0 B 36 114 75 055 5
(4) ) () B st

1E Malandrino %512 Befill |, T 2% 22 450200 3if JIK
SREAT L8 5 | e, LR G0 R BB M T SRR e i E
TR, VPSR R ik, B U id A Y R
BWEE, — " ELE I HRER S PowerLab Bk
ERPATT ZR G 42 10 SR P W3 RN iR M 45 SR i %
FA) AR ) P PR R T A A8 T T, R g ) 4
B, o5 — TG AR A A BB B T A AU A R
i GR35 V K P SEBE 50 ms AR AR ED 10
U AT E] 20 s, PRI B B A 1] R S min, g
SEHNPEIE S min PP BRI 22 IR U 500, A5 78 K B % ik
UBU B m, SR, BARSH0N L4 —
WE, 41 Sugiyama 2070 o e O LS A S
NS 1 AT 2 P 3R o 26 0 175 R AR AEL e, HE S 4
ik RS2 E] 0.2 ms; 4R 10 Hz, 58 & 40 ~
60 A,

L SRR 14 0 S A4 % A B T DA i R, 3R
BUBCRIEE T A MEwf . b, R R - b 28 5| %
PHlE AR R 2R T i &
AR A S A A 1k 0%, DT 18— 25 4 o 24 0 W 4
T, SR TR0 38 R AL, e SR 72 5 A JRR I
R HEAT, HAHEE T Fo A J7 75 K Ui, X 3l 1 i
BRSO i A,

2.4 HUREREHSIRKE

SR ) 22 TR IR, T LU
ol HABEOZ TR A, LA Rt e e g R i e, i i %
WSS, B A T R SR S Wk, 32 5 T vk
WK Sl P B P o) (LA PR 2 WL S A e R A
TUTEARISIR ) , BOAHUER 5 B WK e, 122 1% ik
GBI B, SIS LA UL 25 B am i

3 BRI R

WA T N MR I, Z 2 o Sk 2
FAGENZIE , 5 P 2% A AN [R), HG o I 2 v g 3 2
JE B 5 K ( postinfectious cough, PIC) | 1fij %MKk AR
SEPERENG (cough variant asthma, CVA) | A GE IZ WK
ZEAIE (upper airway cough syndrome, UACS) W&
PR I PE S A48 R (eosinophilic bronchitis, EB) |
AR W PENZ I (atopic cough, AC) | B B4 SR 1M 12k
( gastroesophageal  reflux-related chronic  cough,
GERC) S5 U] Ay P P nZ Wi o UL PR, W2 v #8025 45 T
oI5 0 P R ) B B2 DR 3R AN () i 1 S AR )
TS B K BILAR 8 0 AT R R ) &, n] LB G Y
I PSR
3.1 RBEEEMWIEE (PIC)

PIC! &G IR 2 PRI L | AR SR AE A
Frek 3~8 Jil , Z2 R B RBLAE 1%, AR
FIER M b A B8, 22 i i 1R B 5 R, LS4
PR PRI IS n] S B, AT B A AL 0 Ok e 4
B , I T i S g i 5 | R 8 T RS 45 £
OB RAE WSS | — i R UE S O R
PR AT & PIC B E R A L i, PIC A
AR v R AL 5 e T S YR IR M Sk
S WA TR HER 1 2545 M0 R H R Sh W A A K
BB R

H PRI E SR PIC 22 0L, MO 751 5 %
Yk H TR Z —, B R A4 Balb/c
AN AN G, ] 2 Bk A% B JRR /N B, o P2
B 215 3% YL B (50% tissue culture infections
dose , TCID,, ) 24 107 [P0 38 4 B9 2% ( respiratory
syncytial virus, RSV') Ji5 5 2 00 G, 3L i St 3
d, 82 50 wL, JERYLJE AR 13 KX/ BUAT BARR 3
J AR, 7 /0N B BN ok AU | T 0 MR T e 22
LR 1E7 8 RN G R CING RV TR SR RN AN
H 3 min WRZBRIKECR T 10 K, B R 8EB 8 2)
ZAR IR FI A Balb/c /D RAE A IEBIXT 4, Sl R
YL By 8 RSV R i N R 2, A
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5T W 13 RSV &% Balb/c /NS , RSV 45 #
FITERSERL /N LA A AE 7, TR G, RSV {7 S Jak
AT DALY St s B, HLBE R S03E 4 0 FlUIE
JR PRI B3 45 A PIC RIRHLEI, 78 2 1 A
TR R AR /)N B it 20 2 B | S i o
YR ( bronchoalveolar lavage fluid, BALF) S5t #E47
TS S5 B s AR /N BRI 45 4 2%, RE R
PEYHMLIZ 1 , BALF Mg R M 20 B T 5, 1l 3 v 2 A
TR BB R AR DG 40 B IR 3K BT A5G PIC X
TECRS RS S SAE | % RO 1 R A R
WP AR AL AR A, 2B ARIE RSV i S ] 1)
AT IR JE N IR AL, LA TR R A b D) R
#, SRR UR K B 4 PIC AR KR 10 X
TR 50 g (IAEE T A 00 AR B KL T 1%
SHEEFGN (B8 5 2,848 6 J8) , FF2e M2 30 min,
BER TR ELET d, 5090 T30 2 KANE 3 K, 2 b
252, 5 TR RSV R (TH L 7 + 10° PFU/
mL JHABRFLUK R | pl/g HH) w5 —IK
5 2)5 1B R 40 min , (EIFFBEIR IR . 45 5R R
TP SR 2H 2 200 JHE e Ji | A2 5 SR AR 4 i T) i
B, HIRLA A0 AR, $E 8 RSV i d B YL il Ty, B
JAC BT ZH 2 R 5 M 400 M 3 31 il 96 B 14 )R A
it Rl | R RS2 B A E , HAT B R Kk IR
MRS 35 42 1, s 7 AR T I R s R,
Ab LE A & -4 (interleukin-4, IL-4)/q:;fjﬁ?_
v (interferon-y, TFN-y) FUAE & 35 34 &5, 20 Thl 7Y
55 Th2 RUG e 4O SR A , A2 i 98 [ s, 5 PIC &%
BU—3, ZE B 7% RSV By 5 45 4k
e HMHOCHFFE AR 7R, K 25 R PT LAE BT 2 S 1
P i e AR R I 2 A 0 T R 4 A o
PIC {9 R BLE >

22 PP B A T TR B PIC 2 A O
Z—B1 e Z W (lipopolysaccharide , LPS ) J2 1 f ¥
2= IR O ) RN R G RE R REIUR S Y
SR UG E RN, NI AT ES S PIC 19 A AE F I, i H
HIRH LPS i #E L 3h Z2 W, 2238 3 <8 TR T
TS B S5 ALk A, W 5 O 0 Sk BOBUUR 55 1k
Zhao Z U RIH] LPS AU T I IR & 0 B i AT, 2
PRUNTR « I 1 SRR B ICR /N BUS AT U (K
30 mm,#M% 1.5 mm) . /DR EMMEMEKN, 25,
T EH AT SE , EASH 80 ng LPS LK
A FEERK 50 pL, 55 8 KK /NEUE TR E T, AR
FREET 5 LA P 30 min, 3k 30 d 5E MR, 10 SR
/NSRRI, WS AR /1N B I VR i L 8 15 Ak it 2 2

SEPEATRIN o /)N BURSE AR 1 3 2 AR RS i, i s %
R AR o e PR D5 YR 1 0 L R e o 4
ThEs, G P e 2 A A F 1 2 -6 (interleukin-6,
IL-6) Al C -2 1 & H ( C-reactive protein, CRP) 7K
TR, SO A A B b kL A i SR A, SR
EORGISE b B K B %, OB N RIS
RS AF T W I T8 b IR 0, A R AE, 1A
Wb SEARRITE PIC 1Y & A & e e B AR i
BRAL/IN BRI 77 0 2H 205 0 e e A ) 15 A i T 1P
T R TN i T SRR i RN R A
Ak, Zhao Z5' R LPS i vE A A 4H 55 AL, L3N
ST AT N R 4 g | IR RO R L R
TEARAE AL AE PIC A ML RR m RS 4K
A TR TR E O B 2% /N RBE T XU i, 55
AT A I 5 DU T R Zha SR
LPS Z5ALIR & 40 2E R 25 1k il 4 PIC B8 4%
SD REE T 0.5 FIr K E L 10 SCAIH, M
F 10 d, B K 1K, IR 30 min, fE55 11,14 F1 17
KRB CBERREEE A LPS 254k, 76 250 pl. 9%
PR 2% #hER 5 WK ( phosphate buffered saline, PBS) H il
A 20 wg LPS, 55 1213 15,16 .18 KL A SR
Z (107 mol/L) &K 1 K, BIK 3 min, WL il i
VR TZH A AR IR BRI 6 98 R R v 1 400 i
S B WA b B A PR A O e
Ther, SCUE BRI IRIE v, SCRUE Y 5K, 5
AU RE ) B 2H A DR bk 2 0 R b PR A i
B AR BRI, BRI G A, HAR A
LR M HE Ve rh R 22 RS W T AN P 4 5 ((substance
P, SP) #HZ K A (neurokinin A, NKA)  #l1£: %
K B ( neurokinin B, NKB) | [ %5 & 3 X #H 3¢ Jik
(calcitonin gene-related peptide, CGRP) {H & & Ft+
T, PR UTE A 8 TR JEE AF T, LR N I SR
B W BRSSO, 123 AR T vk R
LPS ZEALE L, IR/, ] BE5 45 5 BUBCR UK
PIZIREURAEARSS , th TSR 19 LPS Al 5 A
() AR B A SE RAE , BT P54 LPS F) 2 (145 <E &
S AFAEANL PIC A BRRR A5 o LIPS i S I3 A0 S ik
VEW-IIE Y (e s EPRS ¥ N0 N TS S/ UiBE
AL S o e A AR 0 Ok A e e AR I, 45 2R
7N, VA3 SCF AT MR 2R, TR i R[] 4% e 4
WY 10 d G5 % 7 d, sEEhE sy T —Fh e JE Y
Y AR s SR Wistar RBR (HEE, 180 ~220 g)
BT, 13 SR, S HAE 1S min, AR 1
W67 do BRI 1,47 K, H KR
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JEi A& 0.4 mg/mL (9 LPS, L 1 mL/kg BT
AELE, 55 2.3.5.6 REZAIKRE TR A
PIAF R E W 5 AL % (2.5 mol/L) , B R 1K, 4
K5 min, MELH KRS TARKIE R 24 h 5
DN SE AR DG FE bR, 55 A0 A R A6 1 3 i 12z Wi i 1R 30
A5, VMU B S 22 i E R P A0 B Y
i 2 MR U ZH 239 ) AT L RH R M
IR i P A SRS L R AR R R S R R
HJEL AR DX B ) K E o X LA A A
TR S5 W IR (1) 9 BRARAE

3.2 TR/ EEEREEER (AC)

HHARZEEXT AC 1€ ORI, FREFE R T AC
ANELFE VG TR PR R4 1 SR A R L P A o
W AC B ELAT R I 0T % I R M 20 i LE
TCAGHE R R SRR, R B T R LA 2
BITARL, SR R IR LA RF ik — 22 W4, T G
5 PR B 508 ) R S A O DI S R R T
DA% AR g B 200 M P A JRE AR 5O K R
ARG WM 5 AL, i 22 0 KRRt
1T AC

AC A5 78 Sy AIF 5% 1% Wi 0 JER 1 3 1 R R A
HRILOT HR BT R (B9 B A G T ) 2
TR T DAL 3 A&, T S 25 2 e G g o A o | A
00 3 A0 Pk s B A B R T B AR R 3
B2 IR Muraki 5507 J7 ik 8 37 (19 K i i n ik
R BLARANTR . DAL (200 ~ 250 g) M, 45 1 K
JO B J T S BRI IBE I 30 mg/kg, 55 3 RAENE T
51 mL2 mg B & H (ovalbumin, OVA) +100 mg &
AALERIR B, 3 JE A IR 1 mL 0. 01 mg OVA
+100 mg VA LAR TR BRI s K B, e
B In 3 8, BT EALTA 10 mg/mL [ OVA K
90 s P&, T 3 min PAARIZ I U ER , 25k 1 o 38
A I S ST R B> 10 YR, I RE R A Kk AR Y K
Bl sy R A A 1 B A KRR AC A
B EWOR TS 72 h B T (CEREY kR A
K)o L 2 20 B 42T N RORE A I R E
B RN PR FE T = I R A BRI AR AR R AT L)
B CVA BERL, SR AC 5 o0 A A
TS T AL g AR MR 40 IR, TG A A A v R M
MR, J5 & EB IRHIE, BRI A E Y
SR R A | I A A R TR M R S A R
PERETH R, SIREIRE AC EWitrEA BRI A,
it —L 5%,

N T AR I P BUEOIR S 22 R W T I T S

TSR G2 3 0 580 OVA JH &, F g s
BRI + 25 70 5 OVA J A7 5 OVA PRl 3 8l e s
TEFR AT O IR B SR R L, BB R A
SR )AL T e BN Ui I R e R [ S A
T ff [ T g A TR T B A 2 TR R o
PRI 2% 1 T, ] AR G A 455 400 g ik A e 1 g ok
A FTLAS A S 5 J000 i) 390 ) A5 70 A B i i />
F B s OVA FlEBA O AR AEIK RAE T %
TR EK RN B — PR 25 A ) L, 22 ) A AT L
2 FEAE IR G P 700 1 [R) sh ahl OVA &, LA
FEARIK RAE T3, g 5r AT A IR AC FeiE ) sh )
SN

3.3 EZBTRMEEIHIER(CVA)

CVA J&— Tl Az g Ay = 2236 B A0 AR ok 28 A
Wi, ANPEAT B i i 5 16 o 45 LY I Wi i AR, <00 R
i LD TR R AN Dy = HLA ARG RO
SRR LR, 2005 173, CVA [ &5
PR 5 35t 4% DR 2 NP 35 3L A TR 28 4R O, 422 il 4% b ot A
JEXSFAG 0 E A — e E R, 5
Wit FEARL , A b 5 Al v S L | pl L 2
Fhan i 2 5 <8 M RIE MG REREN E
(immunoglobulin E, IgE) /i S AR WA %, H
J& CVA I A2 IR ABURR AR A 1y | A s I A 5 e AR 2 M
AR Wit R ] {2058 2 Wit v A A O3] T SR I Wy AL
HAEE W EREIKER DR KR,

BETE CVA MM ik £ 5% AC i B
KEAEP e NFERE -, FH OVA B4 0 3E 27 A
IR = K B CVA BERY CVA /9 & 96 7] e 5 42
fi ik SO G LA T AT R v I RO PE X X
TR B AL T AR, B AN . S P
TR 3 d, 58 4 RIEIEESS 0. 2% OVA W 1 mL,
5511 RIS OVA A 1 mL(OVA B E0A
W K+ 0.01 mg OVA F1 100 mg A EALEET 1 mL
NS H1) %5 18~24 K1) 1.0% OVA Ak K &L,
BRI 60 s, [Al 45 4 ~24 K4 KME 30 min,
BCRRRIE - P VR 2% g s ) B 4R L N R B0
W% SOEFH 1V 22 b T I 41 210 R MR 20 i i
T2, KB CVA 557 7 g ok iz 1o | iti 2 i U
SE TSV H 2 R = YA A CVA FRAE, AL
REBRUCES 2 1 T T UK R R BT ] P S B T R
BH 7 b FF I 2%, B OVA BEA M BE 5 A CVA
IR BRI 5 2 B A A W M ORI & CVA X
T T S I A s MR I Wi AR 1) o AR AIE IR T AT
PR B AR E ML, AN TR 2 AR EA T A
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2y F AT BT 2250, FLl I e OVA R 70 4
Fi ) R Y% 50F 0 B ) o A AT DL ST R IR S B 1
CVA BLRY il Bz i 3 AR CVA BERIAE 5
A,y Je N AR R IS TR ) At 9 o 2 DRSS A AL T AR
S SE

AR AR RS/ ECRE. CVA B 2R ]
OVA #8, o A 40 3, 43745 R OVA Bl
SD R B B 7 76 BAR AN R - 4300 565 1.8 K )
SD K EUE TS 1 mL B80K (# OVA 100 mg, &
FAALER 0.25 mL, A FEER/K 0. 75 mL) 28 15 KIFLG
RREZELWA 1% OVA W, ¥ E 20 min (Fi 2
mL/min) , 4L 14 d, @BEE R, BB 0.1 72
H J1 " S i ( forced expiratory volume 0.1, FEV
0.1),%5 0.1 #JH I3 ¢ < 5 H J i i & (forced
vital capacity, FVC) Z H.(FEVO0. 1/FVC) , HH IR
HH 3L 3 (forced expiratory flow 50% , FEF50% ) B
B RAR, AP L 2 A R TR M A i R
FTE M R AER T IL-4 IL-5 1L-10 K TH i,
il ZH 28 R S A8 TT WL 25 R IR | K et 4k 21 LR
Jili 2 2% 5% 5% ¥~ — kB ( nuclear factor-kappa B, NF-
kB) p65 £ 1 & A F+ &, IkBa (inhibitor of NF-kB)
TR IRBEAR, P A K BRUCIE B b T o A7
FEAGE RAE, £5 A CVA BE IR IREEAE, H N
221 SD K B CVA B 7 B3R 14 1 5 3
B AT b, B R AE PR A o A 30 min, 4L 2
JEl o BRSO B 3 g B O B A i R A R X
ST, R DA 0 &2 2 M, B T 2 5k FH B 46 o
HEEB W ik, 15K BE 7, Brown-Norway
(BN) KU o s e Bk 2R 11 (JCHE 1gE ) By N2 i
2,5 5185 K A AR N R E 5 RE RO
Hilce SD KRB Wistar K FAE B IS & 4T CVA (1Y
B, AEASLEINR B BN KB S T — R A
EZATHY CVA KERR BRI R . BN KR, R
180~200 g, % 1 RMEIHET T 2 mg OVA F1 100 mg &
Absn, 3 s B B 4 0. 01 mg OVA 12 100
mg AAME,3 FEH 1% OVA i Z b1t ba
R, I 7 W RS A L0 g bR A< &
NPERF G CVA R ARAEAR |, H A5 S B RRAIE 14 5
LK,

A B /N U 2 CVA 55 7 (1) $i% 38, Hua
SR LR 5 2 4% £ DL AT D14, B
ST 80 pg OVA FI%F it S S (bR E 17 80, 5 2
WEEL 10 d JE&, /NRB R OVA 55146(1.5%
OVA IFfRAE 0. 9% A FRER K H) & 45 min, JLFf

2120 d, GEREEE T, W H AT SO PR 1 e, Dy s
IR E AR bR, /N BAR TR/, T 3l R A T 2 4
ERAEBOEME, BN LB 320 W % il 2 B i 5 M B2
BER WA CVA SR 33

3.4 ESEEBEGEIEERE(UACS)

UACS H #K 5 J5 1 Ui 25 A fiE ( postnasal drip
syndrome , PNDS) | 5 £ 3 43 W0 99 18] VA0 22 Wi 0k 252 350
L, B HE B IR] 4 R Ak % RS2 B, 5 | RS L) R
R TR R P, H R R AL R e e I, B
5 5L JE A A AR DG W IF AN w1, DRI F 4 U
UACS B PNDS® [ 58 J5 7 UL 2 W6 LA A, o
PHA: BEEHLE T RE 5 O AAE BT i 22 U Y
B IR SRR A OC . A k> A
iR SD K FLHEA T4

UACS oA 5 5 R | 55 52 R M9 L K WA e
DN N ¥ S S S N - R
A O R A LS S IR I A MM 25 L SD R
(77 AT S LRGN < B ik D I v 4 (3
mmx5 mm ) B ARG R BRZC 0 S5 1 52 1 S A2
AL (B RTE ALY 15 mm) | J5 Ti% 0088 N %
0.5 mL 4 H A TR ICE 4 8 S 1R
BB 2 h/d, 52 20 d, H AR S 7 il Hs
REUVE THHEFE N, 3 SCA /U, $72E 20 min, 223
K HRBE O ST 6 h JRE A 2 . HAFMS 1L
ZEHRE UG L 30 min, DAYTEL WEME nZ00k I I 55
E PN N S TR Y S A ) (| A S5 s £ B U
43, VI A B Ty, () B R A 5 e O e ot K i,
S5 MR A Y R M 4 BRI I 103 AR PR A BT IL-8
I SR BE IR T~ o (tumor necrosis factor-ac, TNF-a) 7K
IR TR, A5 UACS KWW Z— A&
TG T RSERMIER, £55 UACS HY KR, T
JREL IS F18 08 25 SR B8t 186 I T AT R K AT
PRI T B RSS2 P S OB SE S I R A S
A FF G 535 4 0 UACS I A 2R BLRIHIL 5
R AR TR K] 143 52 A% IHG 3 S o A A 3
HERR HA B T BEIA 3R . HLIG R I UACS 1Y
RNGIET] B TR PE S AR ok Bk 5 4 A At B B
T L B WA 1 8, B — R 5 R I3 I R
SER AN RE S8 B RAIZR , 10 5 B HAB B A
AU A FEAIL T J2 D0 A A TS A A 1
3.5 FEERMIAREMST SE XS (EB)

EB #843Ifi RF IS CVA | LIy 32 25
AR RRIE R ST PN W8 TR 1 A 4 s i R T A A R
TS R T A 240 AR R T A8 Y L BT 1 LIE
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TR YH IR 10 % 2 PR T 0% Wi, 48040 I B K T | R AE
FEREMAE T CVADS B R, Bl B I R 7
RV, TR AT R I B/ R

H i i o —Fhsh R nl #4028 EB T A
FE, E AN I B H UL EB 1495 B L Rl g 12 kL 41
ML P A AR SR R I A e s I M A A Al ) 1)
PRAE ) R R 2R E E B 0] LS SR RS R
PERTG 2, SO REA R FH 2R B R B I 75 s g ST
EB 5 Ogawa %5 “ RAZFHE B ATk
HEAT EB KRR A, HAAR R« Hartley K L (300 ~
350 g) , BRPERRIEIG , 2 5B T 2R &R B AR K
(5 mg/ (mL - kg) ), BEJH 2 ¢, —3L 3 . Rk
FHZHTEZE B 6 d i 7L, BALF H g R 1 ki
N A A R 2 B B T v, R S RUE R R
TR I T P A 40 Y 9 Vi) T 9 235 4 | = B g
K, T 200 B AR R AT N i 2 o) 5% 28 A B ez ik
YCECA S 38 i, N R RRORR M B R AF A EB Y B
SEA

S SRR B EL Balb/c /N B, IK BUAOBF5T
e TN BRI by 2 e B A AR AE F 5 1) A o
1R H Balb/c /NRUEAT FE R BUASE /N 5
AR, SR W R R PR 5 3Rk A5, O
UEAAR SR8 221k F /N RS A, 2k R £
K& Bl s I 2l 7 EB /N R, H
AT % FHMEPE Balb/c /NEL, 18 ~19 g, F 12 ul
0. 5% Z KA 2 B i, BR 1R, 321 d, il
S, G WIRZREE R B I A E A/ BALF
H B R A A0 M 5 B T R, LS SR A L
;P4 Ko S TE BE S TG BA 2 22 5, WM A i A
PARIL T EB g R MR 4 MR, G AE e O T
R 9 B A B2 R AIE | 3 B R ), HLI S 8 o —
SRS T W8 TR 1 200 0 35 0 A A e R
HEAERH, Rl T2 R B (UIE K4 g
i P 41 L R e 2 P 1 SRR, AN 2 A A it
SRR, PR 22 A5 R 2 45 B L E L AN 28 EB 9
R R A KR A T — B R,

B L A AR AL % i 455 6 3 3k ek A O 2 1 3
KA MUK 5 S AR Iy i U RN SE T ER
T S P ) R R R R A0 R GE AR E /D R
TRYTSTT IR R S S A 5 2 N DN R AR [ S 5
OVA ST B % I8/ B R BRT 45 31]2/N B
R BRI THE 0.7 .14 RIEIEEE S 200 pL
10 pg OVA F1 1.3 mg Al( OH), A= FiEh K IR 2 M 2L
TUINER, 5 21,22 .23 RIE I ST 244 50 mg/

kg, IF4T 10 pg OVA Tl &80k . S5 ALMURUER (0. 1
mmol/ L) HTFRZBHIEL, I8 H Finepointe Z 1 H 3l
RN 3 5 /) BB M RGNS 238 2 71T D0 2 2% AR R
SRR NS K LS TR IC SR = N, /NS
WP ML AR B 3E A<, PP ML B AR 120 times/min,
WA= 0.2 mL, £ PBS HNEUS , LA SAEfE HIVR B 53
24 6. 25 mg/mL 12. 5 mg/mL F125 mg/mL [ Z. Bt
FH AE98 ( methacholine, MCh ) 25 Ak IsF -5 fili BEL /7 £
A, SETTVPAS 304 1 S S g 1, %R AT 18
PERZIRK B W R 1 R A0 IR T X S B BEYR T A
SN TG i RN M B FEASRRAE , AT LA R S8
(52 i EB AR

3.6 BAERMEKBEE (GERC)

GERC 2 H RS HME N AV i 2 88 5
EINZI , e R IR, E R R LS AN o2
VRS, E T AL B BRAS A A BRI, N iR
W B -SCRE R BB s IRe RN B E M
LUIRER IS KA WE RE S, P -
G B B AT 2 TR A SR R A N Ik v
BRI TE GERC 1Y & ik aok A v o 24, 1278 4
BRI A A T BB S L A RN R

R E SN PN W R T R S U
EBFUIR+BE - AR TETTHUE S F AR
RVANES B N = I/S N (= 7 <= 1 o A E IS R N T 3
GERC BERUE A RINE S 81wy AT Al FH ) 124
THEERRR A T A DGR | 2ok KRR R B, il 4%
FFEAN EBUK R (350~450 g) , BEVETRTSAZ R 50
mg/ kg , M T 42 B R I B, 1A SF B T8
BB, B B AMER A, LA 8 drops/min
A 0.1 mol/L HCI(f45 0. 5% B & H i) &=
BT B, 20 min/d, EE BT A e G KR, 4l
FLRE SR TS I BN, 4 14 ') rE LS R
Jo , JGBE T AT DL TR BN FREL I 40 2 1 R 3L
SLAE S FE AR, T B A IR b R B A
RS, 5 RBEARZEW, HAEOBHE T Al
DIWLEE BRI B A | SRV 2O E 20 i
A [l s ] 5 | K B i R R kT
BN SR S SCRE R ARAE B K B GERC
AR | T 3o S o 2 1) i AR T LU B 2 A K A
SR UG T I T 48 R AE B A 22 T G Bl R R
U4 GERC AR5 3k R 120, 25 i msf (] 452
VEJTiEARTR), 72 L BERE B IFFEE R (0. 8 mol/L) b
RS min, 5K 1R, #ESE 14 d 55 &Mk, S & 3
T AEFR RV AT R R % K WA R R A i



110 o H A PR A 235 2023 4E 9 A5 33 %45 9 ] Chin J Comp Med, September 2023, Vol. 33, No. 9

BT ZAERERZ A B 2% A HEWTAH DG 2T r] iES
57T GERC,
3.7 HAtRmE RIS S EE

T 1 e M 8 2 k7 I K o SR
VT AP R B H 2 Wk = B 25 5 1iE ( cough hypersensitivity
syndrome , CHS ) X —ME 2 . W% M AU M 2 48 A1 AL
WAL IR | R B0 A M e ) R M v e
S B N B A i PR 5 AR B R AE, HOR AR
BT 1 A 5 4 A, H TR N AMIFSE I 55 TRP 3@
¥ L NS AZ A4 P2X3 ( purinergic P2X3) 7% i &
E A 23 5 B PR 1 S A A AR O

TER B )RR S 55 CHS g # A4 B2
UL, B AE BAR K - 9 U B8 AILB S Ak 2 i3
Ik RRT 98 B0 5y 3 1 N v SRR T DA AR R
S PEATE RAE Sy E R B R TR R AE . H
) AR G AR e R A R 1) Ty LA S R TS e )
S ERSE S A

2SR TG YR H 45 58 X IR e R B A
AFsEa  WLEN G RR e HE R 1 R A w5 Gy &
BRI, T SR AL 30 42 AT DUHE O 2 10 4 B0R 9
( particulate matter, PM) NO, . FEi:A:Y PEA: D) 58
IR AR 75 WL BRI S AL, BRI .
{2 T 7 12 ) PR R T I B, A A St e s
PR 28 % 15 10 I e B, 17 % N UKL ) VR FE AR
JE B F ARV BE IR K BB 22 88 28 N R AT 2 R
PAPM2. 5 Y% A O 248 br, H bR oy 200
pg/m’, B H R EE T LM S AEE 3 h, ELLR R 14
d, BRBRELR TR 12 h, X BRI A T A
T ER A K B AT IR A 2 R A K B % ik
UOBSE N, iz ik v AR 998 4, BALF 4 it S 400 £
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