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Research progress in animal models of COPD related comorbidity
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[ Abstract] Chronic obstructive pulmonary disease (COPD) is a common but preventable and treatable lung
disease characterized by persistent airflow limitation. Comorbidities related to COPD have recently received
widespread attention because of their serious effects on the quality of life and prognosis of patients, and their role in
promoting the malignant development of COPD. Experimental animal models provide a key for studying the
pathogenesis of COPD and its related comorbidities and for exploring effective treatment methods. This review
summarizes the modeling methods and research progress into experimental animal models of COPD-related
comorbidities, to provide references and guidance for future clinical research and screening of animal models of related
comorbidities.
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Table 1 Modeling methods of animal models of COPD related comorbidity

SIS
Model types

R

Model animals

TR
Molding methods

HARSAE A 3R

Specific operation steps

Sh K
SD rat

et CSTBL/6 /N
Male C57BL/6 mice

WP C57BL/6 /MR
Female C57BL/6 mice

TEPE Wistar KRl
Male Wistar rat

SD K
BT fE SD rat
[
Skeletal muscle
dysfunction
T Wistar K BR

Male Wistar rat

e Wistar K BR

Male Wistar rat

Mtk SD KB
Male SD rat

HEPE C57BL/6 /MR
Male C57BL/6 mice

P
Smoking alone!"”’

L

Smoking alone’'”’

P A

Smoking alone "’

P A

Smoking alone' !

THEE + BRI (%
SEE AT IR ) 1
Smoking + nasal
cavity drip bacteria
(Klebsiella pneumoniae
infection ) 1%/
SVEE I + JR 2 HE

Elastase +
lipopolysaccharide

WU + SRR
E

Cigarette smoking
[27]

[26]

+ porcine elastase

R4 + ™
Low oxygen + high

.y 02
car-bon dioxide!*®’

A + itz g

Cigarette smoking +
[29]

control movement

BRWUHE (R EMTR) K1 h, 15216 H
Smoke twice a day ( morning and afternoon) , 1 h each time,
for 16 weeks

BRPIRIAE IR 30 min, [HFEHE] = 4 h $72E 6 T H
Smoke twice a day, 30 min each time, interval = 4 h,
for 6 months

15 RBTRHHR (U TR, F1K 50 min, 468 5 d,
Fe 24 J4
Smoke twice a day (Only through inhalation through the
nose) , 50 min each time, 5 d a week, for 24 weeks

R 2 M | 4K 30 min, 5 JE 6 d, 4R 25 Tk BE
6% ~ 8% 154212 JA
Smoke twice a day, 30 min each time, 6 d a week, maintain
smoke concentration of 6% ~ 8%, for 12 weeks

SRR, B 5 d R 1R RSk 8 R 2 KR g
Y 30 min, [A]FENFE] = 3 h, #5342 12 &
Nasal drip of bacterial solution,once every 5 d, for 8 weeks,
smoke twice a day, 30 min each time, interval = 3 h, for

12 weeks
B 4 YRS PR T B B T, R S A B — RS
IR Z b

Intratracheal drip of elastase 4 times a week, for 5 weeks, with
a final additional infusion of lipopolysaccharide

55T AN 90 d, 55 15 KAEVITTE 44 s e o F B
Rats were exposed to cigarette smoke for 90 d and on day 15
were exposed to porcine elastase via tracheal dropping
following tracheotomy

BRAGMEHE T H AN (9% ~ 11% 0,,5.5% ~ 6.5%
CO,) " 8 h(8:00 ~ 16:00) , H-4:FF7E CO, IRASIRHEE
o FRLE 2 o4 A
Intermittently placed in an airtight chamber (9% ~ 11% O, ,
5.5% ~ 6.5% CO,) for 8 h (8:00 ~ 16:00) daily and

maintained in a CO, mixture for 2 or 4 weeks

T LRSS 24 J8 585 21 A2 BRI A 3 6 IS o
7 | AR AT 3l
Exposure to cigarette smoke for 24 weeks, extreme inactivity
caused by space restriction for 21 weeks and limb suspension
after 3 weeks
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Model types Model animals

Molding methods

Specific operation steps

e SD B
Male SD rat

TP SD KHR,
Male SD rat

INFI T fig
e
. Fafis BALB/c /N
Mild cognitive BALB/c mice
impairment
TPk SD KR
Male SD rat
SAMPS8 /M,
SAMPS8 mice
e Wistar KB
Male Wistar rat
M C57BL/6 /MR
Female C57BL/6 mice
R ‘
Osteoporosis It SD KB

Male SD rat

C57BL/6 /MR
C57BL/6 mice

R4 + o S Al
Low oxygen + high

140
car-bon dioxide*’

1RA + o Sl
Low oxygen + high

C (4l
car-bon dioxide "

RE<R7 19 (1287 e

Smoking alone'*’

T + JE2
Cigarette smoking +

lipopolysaccharide!*

RS + XU S FL DI BR A
Low oxygen + bilateral

orchiectomy*!

T + R bk + 1
R U £ AL
Cigarette smoking +
lipopolysaccharide +

bilateral orchiectomy*!

SRR

Elastase *”)

JHEE + Al pE ke
(il R SEFAATR)
Cigarette smoking +

bacterial infection

(Klebsiella pneumoniae) (48]

AR + DIgR G0 HL
Cigarette smoking +

. [49]
remove the ovaries!®’

BT RS R ARSI R (8. 5% ~ 11% 0,,
5.0% ~ 6.5% CO,), 10 h/d, %k 4 J&
Placed in low-oxygen and high car bon dioxide animal
feeding chambers (8.5% ~ 11% 0,,5.0% ~ 6.5% CO,),
for 10 h/d, for 4 weeks

B EAUVA R AR (9% ~ 11% 0,,

5.5% ~ 6.5% CO,),8 h/d, 55 6 d, #4582 a5 4 J&
Placed in a normally low-oxygen high-carbon dioxide chamber
(9% ~ 11% 0,, 5.5% ~ 6.5% CO,) for 8 h/d,

6 d a week, for 2 or 4 weeks

T A (R 9 M) |, Frgk 8 JA

Exposure to cigarettes (9 cigarettes per day) , for 8 weeks

FERS 114 RATETETE 200 wL R ZHE(1 o/L) 755 2 ~
30 K (5 14 RERSD) , BERPIUARE, FFRARE] = 6 h
Intratracheal drip of 200 wL lipopolysaccharide (1 g/L) on
days 1 and 14, on days 2 ~ 30 (except day 14), smoke twice
a day, intervals = 6 h

INRE TEREEN 10%F8REHE T ,8 hvd,
HELE60 d, FAT UL R A
Mice were placed in a continuous hypoxia environment with
oxygen concentration of 10%, 8 h/d, for 60 d, then

bilateral orchiectomy

BERPIUCHRE U 1 h, F725 12 756 7,14 21 RAEN
THLERR 228528 MU B XU 22 4L
Smoke twice a day, once time 1 h, for 12 weeks, intratracheal
drip of lipopolysaccharide on days 7,14 .21 and bilateral
orchiectomy was performed

R T 2 2 A0 SR 1 R AL/ DS LR U v

Instill the prepared porcine elastase into the trachea of mice

T RPIUIAE 0.5 h, T8 8 h 17452 90 d; 5 15,
30,45 .60 F45 KRS SRl % s AT
(15 x 10" CFU/mL) , 5K 2 ¥, 57K 0.2 mL, EZER 1 3 d
Smoke twice a day, once time 0.5 h, interval of 8 h, for 90
days; on days 15,30 .45 and 60, rats were injected with a
large amount of Klebsiella pneumoniae (15 x 10" CFU/mL)
intranasally, two times per day, 0.2 mL each time, and the
bacteria were continuously dropped for 3 d

R 60 min, 758 5 d, F#42 4 .20 .40 J&;9 ~ 10 JA*}
WEPE/ N RAEAT I VIBR A, ARG 4 JATE — SRR T
a1
Smoke 60 min a day, 5 days a week, for 4,20 .40 weeks;
ovariectomy was performed on female mice at 9 ~ 10 weeks,
and blood was exsanguinated under carbon dioxide anesthesia
4 weeks after surgery
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Model types

Model animals

Molding methods

Specific operation steps

ELIGS

Depression

LIRS
Cardiovascular
disease

¥ R P
R
Intestinal
mucosal barrier
dysfunction

HElE CSTBL/6J /N
Male C57BL/6] mice

Wistar B

Wistar rat

SD K,
SD rat

T Wistar K BR

Male Wistar rat

I SD AR
Male SD rat

SD KK
SD rat

M Wistar KR

Male Wistar rat

Tt SD AR
Male SD rat

EME Wistar KR

Male Wistar rat

Ttk SD KRR
Male SD rat

PP A

Smoking alone ™"’

M + R +
o7 ORI
Cigarette smoking +
lipopolysaccharide +

stress stimulation>"

IRFR + HHIE +
R
Raise alone + cigarette
smoking + stress

stimulation'*?’

PR AN +
T
Elastase +

lipopolysaccharide**

TR + g 2pE
Cigarette smoking +
lipopolysaccharide!™

TR + g2 pl
Cigarette smoking +

lipopolysaccharide!™®

B iR B LT

Smoking alone!™"

Al A
Smoking alone!™™

B + MR 2>
Cigarette smoking +

lipopolysaccharide™’

AR
Smoking alone'®

/D BB TS B T4 2 I BIEEK 9 3, Bk
2 h, 4 1 h 23S 20 min, b FFRBERE = 3 h, 878
6 d,H7%E 24 JH
Mice were exposed to smoke twice in the morning and twice in
the afternoon, 9 cigarettes pre time, 2 h for one time, at least
20 min breathing every 1 h, and the interval in the afternoon
was = 3 h, once week 6 d, for 24 weeks

5114 RAENTHENEZH 120 pl (1 mg/mL) ;552 ~ 13,
15 ~ 28 KAHAE 5K 1 by 4 H BEIE5 BEHLL T —Fi
LRI, Fr2k 4 JA
Intratracheal drip of 120 L lipopolysaccharide (1 mg/mL) on
days 1 and 14; smoke on days 2 ~ 13,15 ~ 28, 1 h/d,

a stress stimulus was randomly given after daily smoking for
4 weeks

REINTE , BRI 13, R 30 min, BERBAR 10 32,45
2212 JH e MR B a3 JE A A R BRBEATAS R DA
Ol
Rats were raised alone, smoke once a day, 30 min each time,
10 cigarettes per time, for 12 weeks; during the last 3 weeks
of smoking, the rats were subjected to unpredictable
stress stimulation

AU N TR R SR A R, R 4 TR R — UK T
SRR RN 152 5 e S 20
Endotracheal instillation of pancreatic porcine elastase
continued for four weeks, with a single dose of
lipopolysaccharide at the last infusion of elastase

A1 14 KRB0 AR UE L T 200 g IR
ZWEH 2 ~ 13,15 ~ 42 KR 2 WO, BRIK 10 307
A, 1G] BT TE] 24 6 h
On days 1 and 14, rats were smoked, and intratracheal drip of
200 pg lipopolysaccharide repeatedly; on days 2 ~ 13 and 15 ~
42, 10 cigarettes were smoked twice a day at an interval of 6 h

S TE 300 pg R ZHE R PIUCH T, BEUC 14 SCFA,
B 1 b, [EBEES TR 4 h, :72E 60 d
Intratracheal drip of 300 pg lipopolysaccharide ; smoke twice a
day, 14 cigarettes each time, 1 h/time, interval of 4 h,
for 60 d

B RPIUCHAER B 15 STHR, B0 1 D, (IR 4 b,
R 6 d, 355 18 JH
Smoke twice a day, 15 cigarettes each time, 1 h/time,
interval of 4 h, 6 days a week, for 18 weeks

TRRPIVIHTL, B S SR, B2 h 338 5 d 15286 A
Smoke twice a day, 5 cigarettes each time, 2 h/time,
5 d for one week, for 6 months

55 1,14 RAE T EAG 208 5 R MU, 5K 30 min,
SRIA% 10 32/, 3k 4 156 5 FTTAG SO IR HANER 13K,
A 10 7
Intratracheal drip of lipopolysaccharide on days 1,14; smoke
twice a day, 30 min each time, 10 cigarettes each time, total
4 weeks; starting from the 5th week, smoke once every other
day for 10 weeks

RV FR 5 REM, & 15 min 85 11K,
HREEEE 2 h, B 5 d, f5gk 6 A
Smoke twice a day, 5 cigarettes each time, ventilation once
every 15 min, exposure 2 h a day, 5 d a week for 6 months
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Model types Model animals

Molding methods

Specific operation steps

M + ARG + . g " e
W S o KSR A QAR 1 ~ 2 W53 ~ 8 JHiEAT 2.5%
o SD K e RIS i
Chronic kidney Cigarette smoking + . . . . L .
diseas SD rat bacterial infecti Cigarette smoking combined with bacterial infection for 1 ~
1sease . ;L fmd, 13 ebt,wnw” 2 weeks, 2.5% adenine was administered at week 3 ~ 8
adenine induction
SR RERA T R T 0. 1 mol/L PRI IR G, IE
Jrs 5 30 mg/kg, 1 /8, RS2 4 )8 B R UIER , REIR
2 BUBR IR HEdE SD e B TR + SERRIA R 1 h, IR ES ] 4 b, $755% 90 d
Type 2 diabetes M le SD tk Cigarette smoking + Streptozotocin was dissolved in 0. 1 mol/L sodium citrate
mellitus ale>h streptozotocin'®! solution and intraperitoneally injected 30 mg/kg, once a week
for 4 weeks; smoke twice a day, 1 h each time, the interval is
4 h, lasting 90 d
TR 1 h, B S d, FE8E 10 505 1 TR AR B
WL EER 5 h, 3525 2 Jal s A SR , IR H i BB R B
. M = L 4 ik [ 63] o ot 22 3
TR Wistar il KR+ R4+ Stk o ThERER
Consciousness Wistar rat Cigarette smoking + low Smoke for 1 h each time, 5 d a week, lasting 10 weeks; then
T ) oxygen + isoflurane'®’ it was placed in a normal low pressure oxygen device for 5 h
every day for 2 weeks; inhalation of isoflurane, electrolysis of
the tegmentum of the rat midbrain after anesthesia
) thEfH SRARERI 7%, HHT COPD RS A FhAR S 7e
= — N N N .
P B2 IR /RO 32, R HAT R A
AR PRIEZIATT COPD WSS B (L T B /N L Sh 4 T
Hi SRR S a K, A ¢ COPD iR EERBIAIRE S 211 COPD By— 28 8 2Llh PRAFAE , PR B AE

FEVIIRARD , COPD A 5 345 Bl 1y 4 1L 9 fF 5 3
K2 b WA T X SD HEVE R BUE
P ALPA T S A T A, DB OBUO S AL [ ek IR
N LSBT U i 22 R i 46 KB COPD
FA B AR B BH R Sl A B, KRR BT B
AR IR RN S TRV WSS g R 3 )
Wb = 2.5 SR ATEE FUGAR FE Bk A4k
TS, PR A B G A 2, A A R A B
TSI i 5 1, KR b B 25397 COPD
FHICHIF T Y Sh PR 80 8 Dy vl PR | e MR DA
Jr Gk Z P EAREA R, R, S — DR )
A5 P BRI R R AE R S5 Sh PR O 2

3 INEE

S BRI B TSR AS B S B T
PSR S JE A E 2L, COPD A 53k
FRIERTTIE B S IFAF , AT E A 1 45t
BT TSR D B = GE— PRI bR AE, TR e A B
NG AEZE PR IS T S PR B | 75 25 & S5 H AR
VAR SR, 256 7% A [A) i AT ik i 3
P, R GE o e MR, 0 0 Hh e 5 I T

COPD KSR B R e )iz, RF
COPD IR sh A AL f 2 57, H AT KR Z R H
PG DA R K BRI AL (ARG B 20
ST B S ) SR EE ST, B TR COPD %
(RS0 PR 2R [) B SR FH 0 B 32 o % 1) 3l A A 7
H2R G R COPD (T B 72 MO 5292 2 H Al
PRI i M I COPD B Mk A ik 48 7 1
H:rf COPD 471 SMD \MCI sh#y R BB 1 AH 39
R TREIR G E AR 4%, (HGT4F 2k
ARADHTIFFE N B3R FH ik T 10k ok il 2 B 7Y [] fsf 5%
TR AR TR R BEA AR R AL R 1
FHFT 5 1L i 5493 LA R WL TA) 25 48 4538 15 T
i —2EF5% . COPD 4 I8 5t B A7 0 452 70 1l £ 3
BHE TR A VIR S2 0L/ 00 Sk FHEM R
B BRI B R 2 — | I e A ]
DA G iR F0L 0 0 1 FE R 2 H A N FLAR 1Y
COPD & IfH s fs i sh iRl . COPD & -l
ABR T R 2 B o7 SR B PR S5 ik, AT LA
B B AR B SR B, R e A A —
(149 R 461, A5 455 I 355 8 vk B S R | I R R 1Y
5uf 5 DL SOGHERAE EORG  )ak 2 TS RE S A Rtk —
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G R TG, BRILZ 4h, COPD & Jf HiAh 3t
s (CELFE O M55 5 0 | o 80 T I e o 1 12 1 '%‘
G2 BUREIRG | B R BRAG ) i R D2
D ABEERZRRAR R 45 1 *%ﬁ/iﬁ*
Bl = G5 — ) E A AR E LA BTN BRUE S R KA
B — A BERAM T
ARSI B COPD AH 5 sh B R 3k 47

SGh | RBE EAR OGS 2h R B B 5 v R
St WA — /\/\U\B’J&%Eﬂim@mﬁ% il
B TEE Y AT A R K A sh A A X
Tl R FEAH S 5 B RS S, A B T I
I 114 &I AIL T | 50 5 5 95 19 s RS 1L | 2 1 B
P NG B EA W2y TR, R S 4R 4
Gru AR SEI R Bk 2R ) B AR A A i
ﬂ?mﬁ JRIPRE A S 5 Bl AR AR R R R I Y

H, ARSCHIRREST COPD 4 3 SMD MCI
ﬁ%ﬁm P o I A5 5 5 55 AH 5 955 31y i A 7Y
PAESH  LIIR J5 22 3 IR A BRI 9 %0 0k BE
EFEAL
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