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[ Abstract] Objective To investigate modeling drugs in animal models of chronic bronchitis (CB) and provide a
reference for experimental method and model refinement of this animal model. Methods Using chronic bronchitis and
animal models as subject terms, literature related to animal models of chronic bronchitis from January 2000 to January 2022
was collected from the China Knowledge Network, Wanfang database, and PubMed database. The model animal species,

modeling method , test indexes, positive control drugs, administration time, and evidence of modelling in the literature
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were collated and summarized to establish a database for statistical analysis. Results We screened out 243 articles that met
the criteria. SD rats (126, 51.85% ) were the most common animal species, followed by Wistar rats (70, 28.81%) and
Kunming mice (30, 12.35%). The gender of the animals was mostly male (120, 49.38% ). The modeling method was
mostly smoking (111, 46.91% ), followed by intratracheal injection of lipopolysaccharide (LPS) combined with smoking
(44, 18.11%). LPS was mostly injected into the trachea (43, 17.70% ), and the modeling cycle was mostly 20 ~ 30
days (146, 60.08% ). The commonly used test indicators were bronchopulmonary histopathology (143, 20.82% ), serum
(99, 14.41%) , bronchoalveolar lavage fluid (82, 11.93%), and general condition (66, 9.61%). Among the 131
articles with positive control drugs, the most used was Guilong Cough and Panning Capsules (30, 21.58%) , followed by
dexamethasone acetate (28, 20.14% ). Animal models of Chinese medicine syndrome had 10 pulmonary qi deficiency
syndrome and one pulmonary yin deficiency syndrome. Conclusions The current CB animal models are mostly established
by a single-factor fumigation method and LPS intratracheal injection combined with fumigation. The model animals are SD/
Wistar rats or Kunming mice, and the modeling period is mostly within 20 ~ 30 days, which effectively improves the
experimental efficiency. The evaluation criteria of the model are mostly combined with bronchopulmonary histopathology,
general condition, serum, alveolar lavage fluid, and other indicators for comprehensive judgment. We should focus on
establishment of animal models for CB by developing unified and standardized modeling criteria and relevant model
evaluation indicators to establish more reasonable animal models of CB.

[ Keywords] chronic bronchitis; animal models; data mining; applied analysis
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2.1 SCIEEhHFHE

1 243 JScEk 8 I S R R AT i1t AN
ABISZES SRR 9 B, DL SD KB Wistar KR,
EI/NECN E, H L SD KRR Z ., SCHkir
Y SD KA I 51. 85% , Hivk A Wistar KB
kb 28. 819% , RN R HE 12.35% , SCiik ook BLAY
REZ DL (200 + 20) g I E, /NRIIEKEZLL(20 +
2)g ME,ERE L,

F=1 B RER DY FN SIS
Table 1 Frequency distribution of animal species

with chronic bronchitis

Y B EIE(%) KT (g)
Modeling animals Frequency Percentage( %) Body weight (g)
SD K LL(200 + 20) K E
SD rats 126 3185 Mainly (200 = 20)
Wistar K fil LL(200 + 20) A F
Wistar rats 70 28.81 Mainly (200 + 20)
BN PL(20 £ 2) E
KM mice 30 12.35 Mainly (20 = 2)
ICR /MR ; 5 g8 PL(20 + 2) M E
ICR mice : Mainly (20 + 2)
NIH /M, 4 165 PL(20 = 2) A F
NIH mice ’ Mainly (20 + 2)
T B 3 23 Ph(180 = 20) K
Guinea pigs ’ Mainly (180 = 20)
BURI IV 4 ¥ i B, | 0.41 PL(100 = 20) K3
Syrian golden gopher ’ Mainly (100 = 20)
£ | 0.41 LI(30 = 5) F
Hamsters ’ Mainly (30 £ 5)
INI R 1 0.41 (600 ~ 800) K3
Small pigs ’ Mainly (600 ~ 800)

2.2 EBEISEXDPRENYESSH

XAF G 4 b 1 SCIHR 9 455 780 3 4 2 il 43 A 1
DLHEAT AT, b HEPE (120 ¥R ,49.38% ) , MK
(97 ¥%,39.92%) , &1t Lt 89.30% (HLFE 2)
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P44 W, 18.11%) , & WIEST LPS ¥ (43 1K,
17.70%) ,S0, W A (13 ¥K,5.35%) (% 3) ,

P 1 S R 1 AR 91 (model period, MP) #
K, SR BE AT 40434 20 d LAY .20 ~ 30 4,30 ~
40 d .40 ~ 50 d.50 ~ 60 d .60 ~ 70 .70 ~ 80 d.

&2 BRI RSN BRI i
Table 2 Frequency distribution of animals with

chronic bronchitis by sex

PE5 K T (%)
Gender Frequency Percentage (%)
T
Males 120 49.38
WA 52
Half male and half female o7 39.92
AT
Male and female unknown 18 7.40
Females 4 165
HfEAFEAS PR 4 L 65
Both sexes

80 d, Hrh s BRI W £ 43 A 7E 20 ~ 30 d (146 K,
60.08%) ,MP < 20 d b (27 &, 11.11%),30 d <
MP < 40 d (21 ¥K,8.64%) (% 4) .,
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Table 3 Classification of modelling methods for chronic bronchitis and frequency of use

TR LIt/ HAr (%)
Moulding methods Frequency Percentage (%)
Smoking method 14 46.91
AR LPS B AR “ .
Intratracheal injection of LPS combined with fumigation ’
=y S Ra = ¥
K V*]{Iﬂ]” ;Ps % 43 17.70
Intratracheal LPS injection method
— LB 13 s
Sulphur dioxide inhalation method o
WS LPS A RA A g 329
Intratracheal LPS combined with BCG vaccination ’
HAEAWAL . ) o
Ammonia nebulised inhalation method ’
AR LS BEA B A \ s
Intratracheal LPS combined with nebulised inhalation ’
SR A B AW A T ) s
Fumigation combined with concentrated ammonia nebulised inhalation ’
AT + A S 5 0.82
Sulphur dioxide + alternate fumigation with tobacco leaves ’
00 2+ ) 0.82
Smoke + formaldehyde stimulation method ’
SAWNEEA LPS FER IR | 0.41
Intratracheal injection of LPS and nasal drip reinforcement ’
SR LPS BRA MM Ik . 0.41
Nasal drip LPS combined with fumigation ’
A WIS LPS 4 SO, WA | 0.41
Intratracheal injection of LPS combined with SO, inhalation ’
BEiE PM, BT
1 0.41

Nasal drip PM, 5 suspension

R4 EBUSCUERIERIER R
Table 4 Modeling cycle of animal models of chronic bronchitis
TERLJEII(d) it/ B (%)

Model period(d) Frequency Percentage ( % )
MP < 20 27 1. 11

20 < MP < 30 146 60. 08

30 < MP < 40 21 8. 64

40 < MP =< 50 19 7.82

50 < MP =< 60 10 4.12

60 < MP < 70 5 2.06

70 < MP =< 80 12 4.94
80 < MP 2 0.82
JAWIA B 1 0.41

Periodicity not known

XoF o8 FH S %ot HE 2 90 1) SCHRABEA T IE 40 43T, K
FEXF 25 R0 A W VA i 4 Ao I A 5 i A7 e 1, I
HHEZATIT 5 A1 432 SR A 2 U B (76 IR,
58.01%) IML%E (62 ¥R ,47.33%) . — ORI (39 IRk,
29.77) CAE IO HEVR R (37 1K, 28.24%) ili 4
U542 (30 1R ,22.90% ) , TEILER 7,

X 131 e {7 FH BE P 24540 1) SCHR A T4 s I
T A AT, ARS8 2 0 118 72 LA A RO Ay T
PEATVEAL . AL W) 22 G b EE B R G 3h
BERGL MR CAT) R R R i oK SR — IR
O, LA AR 0% Wity BT T AT A BT ROV A
FEMNBRIZ Y 731K g0 Bk R E 2
T AT AL . KT BLARORE DG 9 A6 T 48 AR
A (1) SEACNHAR L8 FR . SOD .MPO MDA Fl
GSH-PX 5 5 (2) 58 RAEAH 145 4R . CD8”
T.CD4" T NF-kB,TNF-a  IL-2 IL-4  IL-6,IL-8  IL-
17 IL-18 ICAM-1 ET-1; (3) Z 55 55 F@
% : GF-B 5518 % . p38 MAPK/ATF-2 {55 ¥ il
% TGF-B1/Smad3 i #§%5; (4) 5 X AER B H
SHAHSCHR B« 148 N B2 A K P F- (VEGF ) \MMP-9,
YN it TG 22 AT I3 4 i A D ot T e £ AR L
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Table 5 Detection indicators and classification of animal models of chronic bronchitis

ioRlE =4 7 LT/ ik (%)
Testing indicators Frequency Cumulative frequency Percentage (%)
X3
ZREIA SRR 143 687 20.82
Bronchopulmonary histopathology
=
s 99 687 14.41
Serum
- = A s g SR YA i
SRR 2 687 11.93
Bronchoalveolar lavage solution
| Rk 66 687 9.61
General conditions
A= AL ) 75
R HY Gzl _ s4 687 786
Immunohistochemistry of bronchopulmonary tissue
24153
HTﬁ AR 43 687 6.26
Lung tissue h()mogenate
E
Ant10x1dant index of lung tissue
JiliZH 4 PCR
Lung tissue PCR 23 687 3.35
4 b i3
Immunohlottlng of lung tissue
PRE (A
Weight (body mass) 18 687 2.62
W% (i ) YCAK
Number of coughs (wheezes) 17 687 2.47
A HAD A
M S bl 28 15 687 2.18
Other tests of lung tissue
21 B AN il
Whole blood or peripheral blood 14 687 2.04
Bkl
Arterial blood gas analysis 1 687 1. 60
HERE A2 9 687 1.31
Organ factor
UL A 8 687 1. 16
Airway pathology ’
AP
Bronchial wall thickness 7 687 1.02
Ji . A L/ T 2
Pulmonary vascular pathology/morphology 6 687 0. 87
JLHONHE A
Alveolar area > 687 0.73
Jili ST 43 4 687 0.58
Pulmonary emphysema score ’
B ) o o ss
Pulmonary function measurement ’
e ox
ko 3 687 0.43
Lung index
bk , o 0.2
Pulmonary artery remodelling ’
Jas
ams 2 687 0.29
Airway remodelling
it B JE g
Alveolar wall thickness ! 687 0-15
e
el 1 687 0.15
Sputum volume measurement
BEARINE
Phospholipid determination ! 687 0-15
=W/
B 5 98 1 687 0.15
Lung injury score
y EY
sk se e 1 o o is

Pulmonary artery immunohistochemistry
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Table 6 Timing of drug administration in animal models of chronic bronchitis versus positive drug control

L5 (d) B FHAE XS BE 2Y B
Delivery time(d) Frequency Positive control drugs Frequency
14 27 FETE N T %€ Guilong Cough and Panning Capsules 30
21 23 it 1% i ZE K H Dexamethasone acetate 28
20 18 ESa 4 Urgent syrup
15 12 SR I Tracheitis pills
2 u L R LR R s

Erythromycin, nucleotide oral solution, aminophylline tablets

SRR B LA AR L LR R L SRR B AR IO i AL
30 14 Yupingfeng Granules, Xuanlong Anti-cough Compound, Anti-cough Compound, Wheezing 3
Spirit Capsules, tracheitis cough, phlegm and Asthma Pills

ST e KR (LN AGEL IR R R ZR BRI BRI JE A
7 9 Compound Puqiu Capsules, Pulmonary Tablets, cough orange-red oral liquid, Ambroxol 2
hydrochloride injection, Prednisone Acetate Tablets

Wi %7 W3 JURE e R BT SEVUbR A7 VI8 ARBET i R S ORI oK
FEA P RRAY IR0 R T e R SRR B 2 R OBORL AR | A SR AL
TRER T BRITMANEER B LIRS W E W g S5 1 DU R B LT
JBeE ATURIR | ZERE AT IR AA N - S DR | W) A T M | ZE AR
a2 AAC G S S ARE | Gk B 2

Asthma and cough Ning Tablets, Lung Ning Granules, Cough Trine Capsules,
Amoxicillin, Dextromethorphan, phlegm and asthma Tablets Shenbao Lung Pills, Pumik

1 1
0 6 Lingshu, Ma Xing Cough Tablets, Methylprednisolone Sodium Succinate for Injection,
Shen Su Drink Granules, Aminophylline injection, Compound tracheitis Tablets, strong
loquat dew, expectorant cough Granules, Gecko Dingpanjing Capsules, Compound
Chuanbei Master Tablets, Compound Manshanhong Capsules, Bamboo Leech Granules,
Celecoxib,  Flumethasone, N-acetylcysteine,  Montelukast, anti-asthma  cream,
levofloxacin, compound ammonium chloride compound, cephalosporidine for injection,
Jinshui Liujun decocted Capsules
60 4
49 3
12.35 2 / /
13,26 31,33 37, 1
50.56.75

RT AT R BRI IR bR Sl A K

Table 7 Indicators for assessing effects after positive drug administration and frequency of use

oRUE 7N LT/N E SRk (%)
Testing indicators Frequency Cumulative frequency Percentage( %)
/= AL e ST 410
Bronchopulmonary histopathology
1% Serum 62 131 47.33
B MM HEDEM Bronchoalveolar lavage solution 39 131 29.77
— R General conditions 37 131 28.24
JiliZH 23 5) %% Lung tissue homogenate 30 131 22.90
ZH £ A7 s 4]
il . 24 131 18.32
Immunohistochemistry of lung tissue
I K ( % Mg ) WREL Number of coughs (wheezing) 13 131 9.92
IR G EAL R | 42 L s SR it 2H 4 i B A (fA )
Antioxidant index of lung tissue, whole blood or peripheral blood, 10 131 7.63
immunoblotting of lung tissue, weight ( body mass)
fitiZH 41 PCR Lung tissue PCR 9 131 6. 87
JE#S 22X Organ factor 5 131 3.82
KAWL HEW i Tracheal phenol red secretion 3 131 2.29
MR AR LS54T SDIRE S RE R RE il 5
Blood rheology, blood gas analysis, lung function, tracheal wall 2 131 1.52

thickness, lung index
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RUE N
Testing indicators

LI/ EEii

Frequency

HIF (%)

Cumulative frequency Percentage (% )

JFZE 2 I b e BE M DT 2 i 9 T AR s R e P s B 4 A3
T A SR B IR AR ST 43 i R O A W5 T ATk
8IS SCUE ST IY SCUE ANTR G TE B A R S DI RE A
JA LS AZ AR PCR A

Lung tissue free radical concentration, emphysema score, alveolar area,
intra-alveolar pathological image analysis, pathological observation
indicators and score of airway inflammation, ultramorphological
observation of lung, morphometric indicators, bronchial secretions,
bronchial epithelial cell shedding and proliferation, charcoal contouring
function, PCR test for peripheral blood mononuclear cells

1 131 0.76

2.6 HEEHEIEREEERL
KR AN 243 F5 SCHR, 37 B b BEGIE R ASAT il

ACHEIE i REE , AP iR U 10 R T I 1
i, PRI LR 8,

RS @MU R P ERUE S PR AR

Table 8 Animal models of chronic bronchitis with Chinese medical evidence

UEAY FCLL VIR

Certificate type Moulding methods

HARERTT 8

Specific moulding methods

T8 R 1 m® AR, FROIE ARR A4S 50 o, sSUREE AR, K 2 Uk,
YK 30 min, $74% 30 d

il SCHETIE (10 )
Evidence of lung Qi
deficiency (10 articles)

VEEERES
Smoking method

Method 1: A specially designed 1 m®> smoke chamber with 50 g each of shavings, sawdust
and tobacco leaves is lit and smoked for 30 min twice a day for 30 d

kTR 1 m® QA LLIAE BRI R 50 g+ 10 SR AURINE K 1

K ,30 min/d, XA 7 1

Method 2: In a 1 m® fumigation box, 50 g of shavings and sawdust + 10 cigarettes were

smoked once a day for 30 min/d for 7 weeks

2 R ERE

Composite factor

JiE B HEUE (1 4
Evidence of lung Yin

deficiency (1 article) moulding method

TR AP FPBR IR I — SRR (S0, ) HE ik 1)

Fumigation with reserpine and thyroxine plus sulphur dioxide (SO, )

3 oth

3.1 ERAXWYREEEES R

BRI 5 N AR B R0 A 382 R g ) 2
Ry 2 5 SRIBGE B B BT R A SRR
FLA R0 A AR 1) o 3722 A R i e A 1 3 4 A Y
JUREEL, CB SRR S AR AL AP |
T SRR ARy 2 R AR 2 T AR AR
ZRAIRAR . I STERAZ A AT, H AT CB gl i
ARl B i e B R B, L SD R BRI Wiistar KRR
e . B BAT B ) 7 BO5H A SR 30 A 10
B, 5 NI BA A LR L N R B A 1R 2l fE
% 5 FL R BT RIAR BT AT AR, 45 B PR 3R AA 10 58
R FTAR AL TARK MR AR R
NSRRI EAE— E R0 22 7, KB <
FAFATAR H/NROR  FEHEA T AR B 7 (LPS <A
DA SR B D7 ik AT BB ) 95 6, S ) H AR
TR 24 A T RRURI S A R G I A B AT
INERVACGE LUK U 5 52 ISOPE SR SR 52 e, HL
AR, Wous T A R T CB S R B Y 52

IR BB /AN A, N BRI AT R
PESZ S By R I, PR ARCTE AR B RE N R
/Nl

CB Sh¥ts I ] £ 2235 FA e 3h ) , DBk R
FHBEVE S SOME e S 22 IR IR 5T R BT, 2ok
BB Z) B CB %% ,2009 4FEE K TS
DR, 67. 8% CB M Itk Ltk HAa
I CB i 3%, AT RE 5 MEE 39 43 b 1Y) Mk — 1 e
i) T AR5 A o ) AR G, 2l e B 1
SN Z AN M E TR ST N
SN P ) 2 P A T R A SO e A e A
Ty /. CB B 1 JEL IR WC7E S 90 F 5 F J 2o A v 1
T AR 2 Y ) 25 5 0T R A R S 4 R i
B EZM 0 PR, CB Bl MR I 1 s 45 TR B
T B, b Ao T R 1 T BB 2 i A F T 4G R Tl
22, ARSI IS 45 RARST A
3.2 ERAESH

25 R SCHRAY M AT 41, CB SR R0 i i) 45
FH AT A 45 A Bk S8 NS LPS L DA &
WIS LPS BEA MRS AR BT CB 3
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PSR ] 5 ol FH 23 s ) 5 1, ELA PR AR T B R )
e EH IS CB i 1Y A2 A FLE 0 e Ak 19 A0
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