2023 4£9 A o [ 5256 Sh P A 4 September 2023
H31E Fom ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 31 No. 9

BT B P, . 524 R SRR R S e T 50 9 R B SEHE S (1], o 5205 024
2023, 31(9): 1177-1185.

Qiu ZG, Shao XJ, Lu RL, et al. Research progress on animal models of acute exacerbation of various respiratory diseases induced by
compound factors [ J]. Acta Lab Anim Sci Sin, 2023, 31(9): 1177-1185.

Doi: 10. 3969/].issn.1005-4847. 2023. 09. 009

56 RN BOF 5 22 T IR 2R G e S o e 10
o) YA L B BF 5 0
TN SN PAN:E E SNk

(1. AT R BS 24 K 2 R I g v B2 24 Bl VA A T AL @ Wb IR B3 Pt B 4500465
2. T[R4 R 25 B IR PR EE S SE TR K 45004653, T R P BE 2R
rREZGRLERE  EBH 450046)

[HE] ETIRIZERMESEZR, N RATHBR, TR R g S Mo S AR i Hi /5 h IS T — & ik
JE, ARSCLET BG4 R RGN R BRI BT Ak 08 1 BE 28 M Jifi 5 R S U e g 20 PE N EE AT I 304
R B 5 B S ) L SO B 2R AR AL S 1 EA T EC RN AT, R A AR AR R A SR E I S L, DA
WFFE 3 i — 20 i RN 8 AR R ol A B PR AR I 22

[k8EiIR]  IHLF4EAl ; 18P PHIE PRI ; S B Ak INE S B 6 R

[hEH3%KS] Q95-33 [XEIREB] A [XEHS] 1005-4847 (2023) 09-1177-09

Research progress on animal models of acute exacerbation of
various respiratory diseases induced by compound factors

QIU Zhiguang' , SHAO Xuejie', LU Ruilong', TIAN Yange'***, REN Zhouxin'***

(1. Collaborative Innovation Center for Chinese Medicine and Respiratory Diseases Co-Constructed by Henan Province
& Education Ministry of P.R. China, Henan University of Chinese Medicine, Zhengzhou 450046, China. 2. Henan Key
Laboratory of Chinese Medicine for Respiratory Disease, Zhengzhou 450046. 3. Academy of Chinese
Medicine Sciences, Henan University of Chinese Medicine, Zhengzhou 450046 )

Corresponding author; REN Zhouxin. E-mail; renzhouxin123@ 126.com

[ Abstract ] On the basis of the compound factors of clinical practice, some progress has been made in acute
exacerbation models of respiratory diseases by the two-hit method. In this review, we summarize the current research on
acute exacerbation models of pulmonary fibrosis, chronic obstructive pulmonary disease, and bronchial asthma established
by compound factors. The characteristics and application scope of each model are compared and analyzed in terms of animal
selection, model preparation method, and major histopathological changes, providing a reference for researchers to further
improve and perfect the model or rationally select animal models.
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1 0 A I I 2R G 5 E T AN KSR T b e
FLC MBI , T G 3 28 LA B, 45 i A
BRy7 ARG R TUE 2 st o it
Aifp ( pulmonary fibrosis, PF) | 1 4 FH Z& ¥4 fili 5
%%+ ( chronic obstructive pulmonary disease, COPD )
Ko %SNS (bronchial asthma, BA) B35 P &
PEINE R A BE 1097 UG 822, O I PRIG ¥ 1%
T MR MR, =12 PR T I R G 9 | — >3
[i) s PR AE S 2T AL 7E R i A1 COPD v, 47 4L 4]
L FRAFAE TAUERE D T8 PF th &7 4L & A AE )
Frrhte s BHTIACH R E Y S R AR AR R
Y B It A 43 0 BRI 2 B T O 7 A
MR AT S s, DAL R4 S, Wl SR AT 2
NP B RY | FS 3 A0 R B R R S
PRI J5 % 5L PF.COPD I BA 24 AR Y
AN BB B, AR SO I 4F R [ A o B ik =
SRR ST HEAT I G0 R 3 AT )RS [ A5 AR 1 i
FRVERE HIVET R e 2 IR AR AL A5 F5 s
T 551 PR 2 IR S AL i D T ) 22 S FAS 2, S A G 3
PSR B LA R Sl AR ) 8 7 FH BRI 2

1 FheF4E{k

1.1 B4 shiRBi gL

B3 PF a8 ] gk K %5 3 (bleomyein,
BLM) | A HiAh R RRESET . T BLM ANFT
Wi R Y o N i B sy e S
P AEE BB SRS ARSI SRR
[EEAR /N R T A BLM,, fili 25 2795 B R e J
PSR, AN 7 2N B 27 4 A5 k4 A
5] SR B AT AL AR f v, (H/NERBE TR
T RS EGAE)E A A PN U % T
A BLM 55K B PF #EAY B 7 X2 v 3 80k R
25405 , S RE K SF- 38 i, Be JE O AR G o, HLA<AE
N 25 AT AR 2F i Ak kA 34 50 £ Ae A 72 BE AR
TGN, H55 WO ZERR IR A& X
S N B VERE R XU, , DRGSR BLML 3 A DL <38
PRI R B OB HEE BLM R

H T BLM 3 455 7 A5 20353 5 Anz H , 4n
K g RL 27 23 1 23 e B BLM U4 N TR T
C57BL/6) /NS AT AL AL . 25 0 ~ 7 KA
LVER BB 55 7 ~ 14 RIS AELTE UK B 0T
FHBBE 55 14 ~ 28 RAEFoUE WL 4R ALl B, I il
AURAE AT [N BRI R ', ARk Rl

5 NS R S P il 21 24 1k 55 5 36 3 ) Jili 4 21
BRI AT VE A AN TR] . O 1 >R 2 & TR R
TS Sl 21 Ak AL B S A7 A BOCR 2 G TR
WS R PG ) N
1.2 E5RMESALELIEMESYEE

£ BLM #S7 F e S It - 4 AL B AU 0 B il |,
WABAENTEA BLM! S 8 i i BLM
B i 2 SO R R R LY ST
AEInE B S AR —Fh T

PR A BIM /) Bl ek ok BUBEAY R T+
RIS AL, A ECRL BLM 5, P IX BLM
TS Y RIFE T A T Ry, i o A R i 40
U0 T MO R AR o, RN & R
(hydroxyproline , HYP) 1% & T 5 , A7 5 /™ 5 fili 7K iy |
YA, My 452 40 Al 760 322 4 W 8 i 960 1] o 1
JEE LA K a5 W TR g, i ] Joit Pl AL R ek ol 21 44 240 i |
Ik EEL 40 T L A i #E R BLM T
JE5 3 RENYBALG IR M R, 5 AR K
Pl 2F 4k fb 2 P 0 (acute exacerbation of
idiopathic pulmonary fibrosis , AE-IPF) 3 Z MLl =
Ak, i S AR I PR DT X AR 255 4 SR LA R T 4
/7 [ (arterial partial pressure of oxygen,Pa0,) /A7
1 IFEHAE WK BLM U , =008 it ot 8 Uk
# ( bronchoalveolar lavage fluid, BALF) H & H
(albumin, ALB) 7 & Fll 4 AE K 1 20034 Jin , B 7Y 5l
Wy LEAF RS FIAETG AR AR, 75 5 e PR S8 I 21 ik
SR A AR

73— MR 1Y 55 BERLR FH FRLIK BLM K&
R B 2 RS % T BE 22 B (lipopolysaccharide,
LPS) MR, R4S B UUR 228 Bt 1 /) U ¥
IR IRYE B IIEREE AL, il 20 ZUA ™ H S S v
RYEAR I PaO, FEARAE R I, (H A WLEE 2] i
HA IR, 42 7 1258 5 N 8 il 1] Jo 14
PRI RN T ARBL, (B AN BEAE Dy e 2 1 i 47 4 Ak 2
PEAALLS S, AT N T LPS MUk ik L,
LRI SR LPS B4 BLM B AR L, 2k
LPS 42 & BLM oy i) /) BUN 25 2 98 A 240 Jifd 352 9 Al
Pt 6 ) 5 V5 S Ay B S ¥ B A 2 7 A4 AR
AT B RATG R s B M S T AR A6 s 2 4 17
HAIZH 2~ R B, it 2H 2R I 2 R | I D N 2T 3% 1R
FIZEIE N, 2 Fh 2 AE B 540 FL /1 22 -6 (interleukin-
6,11-6) . {98 YR FE Al F--a (tumor necrosis factor-a,
TNF-a) A4 Z-1B (interleukin-18, IL-1B) ¥ 4k
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£ K F-B ( transforming growth factor-B, TGF-B) 55 %
i A - IR IG AN 3% B AR A — S TR AR AL, T Il A Al
YA R I, Rl e % T BU5 S5 R/ B
BUF 0, 2601 F AE-IPF I PR I & i T451 4501
PG, AT DLFE 2R B A S lt o DL ik B i B A
AE-IPF Z2 235 15 OB A

FAYR BLM A 1 1B A e P 2 o B 4l 2
FEHL4[9 1 (herpes simplex virus simplex blister 1,
HSV1) J& TIOR8 i agleedde nl /) )
Jifi T e AR e S0 A AE MR I 5 4%, H S 96 1) B 78
AL AT ZUK i LK 78 375 W] B3 B, BALF 7 14
IR RVER IR, JBTRL AT T i 2T 4 1k 2
PEANE R BESE (A7 20 58 HSVL 5 BRI A i
INER ST Y £F A AR IR T 53 A0 K L I A L

AL C AR EE K 21K (macrophage-inducible C-type
lectin, Mincle ) 5% A58 /1N B A4 i 9 S g R4 473 1Y
FEEARREA OGN PRI REIE A TR AL
L2MERAER Mincle 415 A5 538 B 15 16 1) ik BELAL
G R ESTE 7/ R TNl

R D A R A AR A A 4 i 2T 2 A i) SR A
e SR A B A R B R R Y
SV, DU B I T AR AR A il
AR BT THAFE2E 5, 40 BLM 2 5k 7
FRRL /N L) J 2T A A s 22 AT B R I e, BLM &2 5
Z AR ZWETE L BLM MRS T RS RY 2l ), 1E 45
R — B 18], il 2T ALl R g ik g, i 7nix
SR B AR AT IS T g, b A TR B8 o A O
EMPAS R LA 1.

R L defe 2 n EA R sy

Table 1 Modeling of acute exacerbation of pulmonary fibrosis

AR ARy
Different modeling
methods

(ES

Strain

IS e ais
Model of PF

Jili £ A b 2 i AR
Model of acute
exacerbation of PF

PG AR

Assessment indicator

BLM 7 ik A 815
BREA

Twice intratracheal
injection with BLM

BLM 7§ ik <8 A
I

Twice intratracheal
perfused with BLM

BLM 4 i 2 4
Intratracheal
perfused with BLM
and LPS

BLM Kk & HSVI
s

Intratracheal
perfused with BLM
and HSV1

e PE Wistar
Fe g 113
Male Wistar

ratl11713]

it SD
KR
Male SD
rat:m

HEtE C57BL/6
7N Eﬁ 16]

Male C57BL/6

mice! '®

C57BL/6
/J\EE\: 17]
C57BL/6

micel

B0 RABAEMNIEA
BLM 5 mg/kg

Day O intratracheal perfused
with BLM 5 mg/kg

5 mg/kg
Day O intratracheal perfused
with BLM 5 mg/kg

50 RETHIE

BLM 2.5 mg /kg

Day O intratracheal perfused
with BLM 2. 5 mg/kg

%0 KWk BLM
4 mg/kg

Day O Intratracheal perfused
with BLM 4 mg/kg

428 KA A MNEA
BLM 7 mg/kg

Day 28 intratracheal
perfused with BLM 7 mg/kg

28 RAUE MW BLM
7 mg/kg

Day 28 intratracheal
perfused with BLM 7 mg/kg

5 5.7.9 RAEHIE LPS
1 mg/kg

Day 5, 7, 9 intratracheal
perfused with LPS 1 mg/kg

5521 KGR 15 x 10°
PFU HSV1
Day 21 intranasal inoculated

with 15 x 10° PFU HSV1

BT AR il 2 K, il 4 U0 B HYP %
#  Pa0,
Mortality
pathological observation of lung tissue,
HYP content, PaO,

FETZAR MUK HE | BALF H [ 8 AN
R TR

Mortality rate, pathological observation of

rate, lung coefficient ,

lung tissue, ALB and inflammatory factors
in the BALF

it SHREREAR i ZH U0 B HY P 5 ik K
PED T
Pulmonary  function test, pathological
observation of lung tissue, HYP content,

inflammatory factors

Jili L B 48 1 R
Pathological observation of lung tissue and
inflammatory factors

2 (2% pEZE MR R

'8 14 BE 25 {4 il R 7 Bh AR BY 3 ST
COPD JiRFEAC S I KA 3 1 T ™ B 1Y 8 55 F
Fhax il HAg M A B C S BTz o
AFET AR COPD 1 A5 3 4y SR FH WG 5 2
sh, /N R B IR BURT @& BRLUSE 2 m aod 2
BT H M Z ( cigarette smoke, CS) , & W IR £ b
(lipopolysaccharide , LPS) 1 & PN i v 58U 25 1 g a0
¥ RS0 ME 2 (1§ ( porcine pancreatic elastase, PPE)
VAR W CS FRER N EE N s e B R
& T ICNE CS 1Y% PH 25 e N B8 i 487 3 10 3l AL 2

2.1

WA €SP H TR & COPD Y E AR, H Al
R PN IR G g 57 COPD A7 fiff 2y A 760 2 3
55N R AL BEARRAE , AN 0IE RAE A
SAEFIPFNTIRE N4 fEZFh COPD Bh¥ik
Ry 2 A R AR 5 N\ SIS SR (4 TR R R
BRI AHIE , P H s BEVE  COPD [ L REA A
2.2 EARHFES AECOPD h¥1EH

TRl AT B ZE 1 il 5 2 MR I (acute
exacerbations of COPD ,AECOPD) #/& COPD & 1Y &
FHRP, COPD B # H T 417 ik 5 sk A 52 A
BT R TR PRI | Wity 2 | W 98 TR % DS i AR 2 4K
1k, HHETAES AECOPD zh#y 15 R0 f) #a 3 %%
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CS 2 Fa I 20 5N 7 R AR U ECR F 8 S
I SR AR (%) Aty B 2 TR AR K

CS ZFR G A& & 7. AECOPD s il & H
TR UL IF5 07 =X, O ) A T A i 8 e A A
( Klebsiella pneumoniae , K. pneumoniae ) ‘i £ 5 5. g
W ( Pseudomonas aeruginosa , P. aeruginosa ) Fl 4 ¥ {4,
BRI ( Staphylococcus aureus , S. aureus ) Ll
FEINZE BRI T OR B COPD A7 (4 3L Al I, 3
PR R ST AR5 S AECOPD FLAL L0 KN
Z% 5 COPD KL R AH LL, filf D BE ) < & (tidal
volume, VT ) | W/ I Jiii 5t ( peak expiratory flow,
PEF) | 50% ¥ < #F A3 i (50% tidal volume
expiratory flow, EF50) F1 H 77 fili i & ( forced vital
capacity, FVC) YW1 i [ A1, A0 a1 1w 7 48 A rh vk
L 2 YL TR 200 i A B R T, RTARSEE
b, AECOPD K i HH 3R 7™ 5 9 i o 104 DK A1 58 11 240 it
RAE LS A IE BE S RN A2 X Bl AECOPD K B
R 2 B B S 00 498 98 i B iy AT il 2H 21
R P 1, 5 Do) 2 i ) R HEA T AR AT 15 1l PR AR 5 2
PENNE (R B—2, 53 A0 o 1 X A 2ot fin E
ARFZEIRE PR TS S — B ol A 2 AT A
[ AECOPD #ERY T IR | 4545 AN [w) Y 2R 45
A 2R (AN RGEAT L € v ST ), ] LA ST S v
PR RAEAR ) & RO BEEL, 2 AECOPD 8 FAIE A5
1 AECOPD $EIRAFARAY 20727 3 il B 25 7 24530
SRR AR R TR I Ah, Huang %51 #F 5
R CS B i WA Il 2 50 5 0 AT A A R
AECOPD #5 %, 41 PEF, WE < i f 9% & ( peak
inspiratory flow , PIF) Fll4 438 25 5 ( minute volume,,
MV) 8 2 B AR SCAUHE b B A i e 2l i 96 )
AR R 4 T 10 5 a3 o B0 ST i R —
( cyclooxygenase-2,COX-2) 1L-6 Fl TNF-a 7K i 3
Fhim . IREHEHE 7R €S BT KR COPD
FER 1, 40 53R FH i ¢ B 1K T R ] 2% A1 9 i TR A 15
T AECOPD R | RS0 A fl 14 2 B i P 1 S i
SR BA S, SRR AECOPD S8 SiEtRAH
AL 5 I B it 8 e R T SR SRR Bt 2 4 4 A 1
P RN AN A 2 A ] LR
REWATE ;S 2 B 2P 11 R TR LA 2 /K i 5
I, b Bz A EA AL B B R MROIR AR iS22 HA K
AR A S EARECUTE CS BREEIRENEER
7 KR COPD BRI ELRl |, 220k s NI I 4 68
AR IATES AECOPD 52781 I BRUMi v [ 1 30 4% 14

YA , i o6 B G 5K kS R B A R I, 2
KA , S A B AR L B 40 B sf) i SR 3
ARG 22 22 W] COPD 2 M i a8 J59485 750 g 2 1
I, BAN—2 G AR R R 5 2R FHAE N T
T S P TR VA VRS S T S PR P TR TR R
HERRTHIS T AECOPD K FRUBEAY AR AU K R 0P
AU, SCRAE D AR IRBE A | i e B s
555, FlT LR 24 45 T T R 96, O LA i 96 A ] T
TLARNEAMAIZ I > b R A R 3 AP A
FEbR I 2,

R R RI RS 15 S sh ) s BT 1l R
COPD & 2t hna B 20t fin 51 (9 48 0 I 1
FIRE R S5 7E — Bt 18] J5 32 W 080 R 5 59 A, se i)
ARG A B St i AR LE R ]

3 XSEERm

3.1 XSEMmIMEREST

17 Mt o — e A I R 9, G AR A 2 g S,
WP AR D Pl | e ik R AN [) A B2 ) <0 2 BR 45 22
FiEAR' S BUAT S50 3h W S o iR Al B 4
S, PR S B OR 5 T 30 R O R A ST A
B PR A ) A T I M A ) 5 A T SR
T4 M (ovalbumin, OVA ) B A 7 & A AL 81 51
&P (house dust mite, HDM) % ) %] OVA %%
Sy I 8 I OVA BRGH50) SE A A
o, FoR ] OVA 5 AL K T S 8 5 B3 R I e
RSP R ) — Bl R SRR it
B HDM, AT 22 U0 B TR T R D B | e 2 At e
SRR T T OVA SRR A] R A PR
E W SR R RV, OVA 5 S kiR 5015 FLfk %
PERTRGE | SE IR ER AR T 50 HLE 4y, i &2 5
T T 0 i P T o P R ABE AR
3.2 ERRHESERIEMEINYEE

W i 2 A A A B T AL 52 B R R
BBV, Il RE T [ [R) I X B B R R
FEATHRTIEY . E i s S in o S AR 2 A
R BRI b R P AR TR o 2 502 05 4,
WPE LK) 23575 Y« PM2. 5 ( particulate matter
< 2.5 micron) % 5 M W% 5E A MK 7 ( respiratory
syneytial virus, RSV) "' | 5] % Sl B = A < 3l R
i UG 5300, I E E

W R IME OVA FIE AL IR R R , 4
LPS % 5 58 175 & /N B IE 5 1 M (airway hyper
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F& 2 AECOPD BRIy
Table 2 Modeling of AECOPD

Dﬁli fﬁiﬁ i ES CoPD Hi AECOPD #11 TR
‘rrllethods i Strain Model of COPD Model of AECOPD Assessment indicator
AMHFEER 2 UC, 3K 30 min, »
i gt L RINCEE RIS Y N . s
‘ R 01w R seiinit Ot S SIS O 0 e sp i -
MM SD  EEVEW(6 x 10° CFU/mL) 4% 5 d s ZHE L
£ [25] W 10° CFU / mL) . .
KE 1 45z 8 JH Nasal inhalati £0.1 ml of 6 x Pulmonary function test,
Male SD CS for 30 min twice a day and nasal IS;d IEF(;; IOE © K. ko . peripheral  blood  cytological
ratt %] inhalation of 0.1 mL of 6 x 10° . m - pneumoniae pathological observation of
. . solution at day 1 of week 9 and 11, 1
CFU/mL K. pneumoniae solution, d ung tissue
once every 5 days for 8 weeks onee a cay
TR B AR 2 YR, AFIK 30 min, .
BAA 0. ml sl 83 TE 6 SHEIA DS
o . . . v o RITFEAFTH (6 x 10 CFU/ ARk 25 Ml o) BE L Il 41 8L
A B % 3K B il 98 T Wister K (6 x 10° CFU/mL)AE 5 4 O IHTI ey 4
ﬁfaﬂﬁg BRI R B Eﬁ‘;;‘fm ?gﬁ; 12 mLVRES ) R 2 U, 4 4 d I3 Rl BALF % PER T
o . s . Nasal inhalation of 0.3 mL of 6 X  State of life, pulmonary function
Cigarette smoke and Wister CS for 30 min, twice a day and nasal 1 . ; Do
K.pneumoniae exposure  rat 26-27] inhalation of 0.1 mL of 6 x 10° 10 CFU/ml K. pneumoniae test, cytokine analysis in the
CFU/mL K p.neurrwniae solution solution from day 6 of week 13 serum and BALF
once every 5 days for 12 weeks twice a day for 4 days
TN AR 2 O, BHK 30 min, o 8
P 2 BT 0 B 5513 J5 6 KIHEA 0.3 L
) By o il 4 ST AARTH (6 x 10 CFU/ e s
g 6 X 10° CRU/mL) B 5 d RalCUIISR LU L S P
I fo ek gk : mL) , BFRK 2 W, #ELL 4 d ) . .
1 HF2E 12 A . . Pathological observation of lung
Male . . . Nasal inhalation of 0.3 mL of 6 x | . L
sD CS for 30 min, twice a day and nasal 104 CFU/mL K . tissue, cytokine analysis in
(28] inhalation of 0.1 mL of 6 x 10° oeom | pneumoniac b serum
rat CFU/ml. K. peumoniae solution sol‘utlon from day 6 of week 13,
once every 5 days for 12 weeks twice a day for 4 days
§ " e fi 20 419 HE R
etk SR 0.1 mlL fili 52 50 5401 14 7 ﬁf‘w’ﬂ”‘ﬁﬂ‘ i 52
C5TBL/6  FEMHEWAEK 2 W, 50K 30 min, (6 x 10° CFU/mL)5 d 1 %
B ok 8 25 8 I COX-2 IL-6 \TNF-a
. . . N . . Pulmonary  function test
Male CS for 30 min, twice a day for Nasal inhalation of 0.1 mL of 6 X . . ’
S . . pathological observation of lung
C57BL/6 8 weeks 10° CFU/mL K.pneumoniae solution, . Kine analvsis
. 129 tissue, cytokine analysis COX-
mice" - once every 5 days for 8 weeks 2 11-6 TNF-a in the serum
. ; NN
R " 4591 RAVEHBATRIE 0. 2 mL i
) AR g
TR IR EE eyt sp ke SR R (2.4 X 107 :
s o EERER 2w w2 g SR AP LS
Cigarette  smoke and M‘Ll D 2290 d Dav 91 intratracheal infecti ith State of life, pathological
Streptococcus ‘d[ 380] CS for 2 h twice a day for 90 days Oa; Lm ;azraz ca ;rgfcé;%}ﬂ L observation of lung tissue
pneumoniae exposure rat -2 mb ool 2.4 m
Streptococcus pneumoniae
91 RAEFIEA 0.2 mL 4 :

o 0 .y I AR AS A 2 B R
FRRIA WG S e SRR (6 x 100 TS ISR AR
iﬂ@ e ﬁpoj N, X <J

i K . CFU/mL) ok .
- . 2£90 d R L. . State of life,  pathological
Cigarette smoke and Male SD . Day 91 intratracheal injection with . .
P . (30] CS for 2 h twice a day for 90 days ) p observation  of lung tissue
.aeruginosa exposure rat 0.2 mL of 6 x 10° CFU/mL
. and trachea
P.aeruginosa
i 1 i Ve J5i Ve .
et ?ifi%’i;f &’f%ﬁ%“%‘ 5538 ~ 41 FLEPIHTE 0.3 mLL
8 T A 4t Wister ror ot Gy [ T2 VR S B ORI BRE 2. 4 x 10° CFU/
g%ﬂ%%‘ FesRe JeRL T 200 pL N (1 /L) ;ﬁgéﬁﬁglﬂ it ZHL 2R B S B
G ' t ke and M lk CS for 30 min, once a day for 28 N ’] . halati £0.3 ml of 2.4 Pathological observation of lung
-1earctic smoke an e days and intratracheal perfused with asa 91n a‘ation of L. 2 ML o ” tissue and bronchus
S. aureusexposure Wister 200 L. endotoxin 1 g/L at day 7 x 10° CFU/mL S. aureus solution
rat! 3! 14. 28 Y from day 38 to 41 twice a day
e o b HETE . e 5522 RAE NI 0. 15 mLL il i
R T R A 714,21 REEIHE 015 ml b el i (1 o EAPRAE AU A
A HE jTEE?U}ﬂ Lk Eﬁ@{fﬂ'(&(7 7 w/mL) CFU/mL) AR Pl £ ZH e
Intratracheal injection Mal Day 7, 14, 21 intratracheal Day 22 intratracheal injecti ith State  of life,  pathological
with elastase Waf injection with 0.15 mL of aif }n rarric ca lmljze Ccl??n WII observation of lung tissue and
and bacteria IEZ 7.7 w/mL elastase 0.15 mlL o X 0 U/mlL. trachea, elasticity of lung tissue
rat Streptococcus pneumoniae
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eactivity, AHR) 3255 R 43 WA 388 I A A5 7™ 2 il 2
ZUIANE , BALF Hrep MR 40 i 35 1k 4G 22 | O HL S e Bk
M E(immunoglobulin E | IgE ) I & 3 4 i f0Us hi
Wi H 20 FERMNBTT A/ FUER T, 5B
MM OVA 5 & Bk /N B HL 3, OVA B R R G
AU PM2. 5 /N AR Y BALF SEAE 4 LI |
AT S 88 v R 2 s LA A 0 g s g 3
TEREGRNY e Ah AT A AE T R OVA FTAA
AR B J5 |, 55 221K RSV 1% 55175 /) B i
SRR /B WS RN, A0 S R A E L
& LR RN AT IS B B i WL T
B A AR VR SR A R R R R A O 4 L O
PERLAH B 0, A I DR I W 2 1 in B i R R

M, EBCIRA OVA P S0 EUBIUR 37/
FROZ Wi B 5 | 6B UK RSV T 86375 & /N U ity 2
PR, AT g S RN, HLAE S g —
AN W] F5 & S i 5 5 RSV B T 5
B 4%, LG B T BE - 390 P B e B
T WRELAIHE 17 A 5P T 400 Chelper T cell 17/
regulatory T cell, Th17/Treg) W & I A5 5 . M5+
VRS T /N U s R S SRR % OVA B sR Ak
AW A OVA UK 175 S 18 g B 5, 28 BRI
RSV {if 55175 J /N B i M A, 48/ B )
FELAT BH S 28 A 200 JR 3 10 il 96 s e | Jili 4 28 ) R
£ 352 1) B Y, A SRR I e S K A
Mo FIRBAIR IR R AL TR AR WK 3,

R3O P AN R A T

Table 3 Modeling of acute exacerbation of asthma

A [l Ty 3

W i G A ) SR A Y

= W s AT
Different modeling ?D/‘{Z\ P Model of acute H“/M*Uh‘
Strain Model of asthma . Assessment indicator
methods exacerbation of asthma
, 5 0.7 RIS 10 pg OVA, 5 ; .
v oo MEPE BALB/c &0, A PRI AHR i, BALF 40 g i1 %% |

OVA BB % o 14 ~ 17 K 6% OVA BALitc 5 55 15 17 KA | pe QHQD%%QL&WEE[EE T

AR P ¥ 25 min LPS AEVCUENEE T8

. Femal . . AHR, cytokine analysis in the

i. p. and aerosol BALB/c Day 0, 7 i.p. 10 pg OVA, aerosol, Day 15, 17 intratracheal BALF . natholoical b ati ¢

OVA with LPS . “; aerosol 6% OVA for 25 min once a  injection with 1 wg LPS Jung ti’%:l)l‘: a(r)l((l)gtl;;’h:abeggwn ©
mice" " ssue *ne.

day from day 14 to 17 ’
51,8 RIE WML T % 4T 0.5
mL 7% 25 pg OVA fil 2 mg AL . S p S

OVA UM% EYEBAL/c BB 15 - 28 30 - a2 ks B 20 FAL R CRIIE s pave st o

ety PM2.5 NEREA] OVA ZALi# & , B YK 20 min ko)P“ ' ' YU AR

i.p. and s.c. and  Femal Day 1, 8 i.p. and s.c. 0.5 mL of 25 Dl" 29 33 37 a1 AHR, cytokine analysis in the

aerosol OVA  BALB/c pg OVA and 2 mg Al (OH),, | ?yt b ,l n ,t' "th 40 BALF, pathological observation of

with PM2. 5 mice! 4 aerosol 5% OVA for 20 min once a tntralrachied’ wection wi lung tissue, allergic reactions
L of 1.6 mg/kg PM2. 5

day from day 15 to 42 and day 30 - ) ° '

to 42

55 1.8 RIZIETEST 0.5 mL 7 100

pe BB A 1 mg SRR B
BALB/c 59 ~ 22 K 1% OVA 1k 35 22.36,50 K& S pL RSV AfRAR A g4 A< s s 3
JNERLE42 &%, BEH 1K, R 30 min (1 x 10° PFU) State  of life,  pathological
BALB/¢ Day 1, 8 i.p. 0.5 mL of 100 wg Day 22, 36, 50 nasal inhalation ~ observation ~ of  lung tissue
mice 4 OVA and 1 mg AI(OH);, aerosol  yith 5 wL of 1 x 10° PFU RSV  and trachea

1% OVA for 30 min once every 2

days from day 9 to 22

. 55 1.15.20 .25 RIEEETES 0.2 mL

OVA ELIL A i 7 80 pg B FI R AT 2 mg A AL

KRSV Joa 85 FRBEIRTN PBS, 4530 ~ 37.40 ~ 47 -

i. p. and aerosol o TR 55 35,45 T 5L 70 WL RSV (1 x
BALB/c K 1.5% OVA F4bi %, & H 1 . J—

OVA with RSV ANEL) WY 30 min 10° PFU) AHR B ARAE \ Th17/Treg
BALB/c Da;l 15, 20, 25 i.p. 0.2 mL of Day 35, 45 nasal inhalation AHR, airway inflammation ,
micel PBS with 80 pg OVA and 2 mg “ith 70 pLoof 1 x 10° Th17/Treg

AI(OH) 5, aerosol 1.5% OVA for PFU RSV

30 min from day 30 to 37 and day 40

to 47 once a day

%0 KIEWEES 1% OVA 50 plL
HEYE BALB/c FRERIL B 7 ~ 14 REMWA 1% 36 13 K5 100 pL RSV(1 x s

Jiti 24 23 R s B
ANELH) OVA, K 30 min 10° PFU) Potholorcal oo
Femal BALB/c Day 0 i.p. 1% OVA and 50 pL.  Day 13 nasal inhalation with Athologieal observation ot - lung
[44] tissue and trachea

mice

Al(OH) 5, aerosol 1% OVA for 30

min once a day from day 7 to 14

100 uL of 1 x 10° PFU RSV
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