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Abstract: The traditional cigarette smoke-induced chronic obstructive pulmonary disease (COPD) mouse
model has a long period and its stability is not easily guaranteed. Based on the intratracheal instillation of cigarette
smoke extract (CSE), this study aims to establish a CSE-induced COPD mouse model. C57BL/6J mice were used

as model animals, except for the normal control group, animals in each group received intratracheal instillation of
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CSE. The airway reactivity and pulmonary function of the mice were measured using a small animal respiratory
pulmonary function testing system, the leukocyte classification count in the bronchoalveolar lavage fluid (BALF)
of the mice was determined using a blood and body fluid analyzer, the levels of inflammatory factors and
neutrophil extracellular traps (NETs) in BALF were measured using enzyme-linked immunosorbent assay
(ELISA), and the histopathological changes in the mouse lung tissue were detected using H&E staining method.
The experiments were approved by the animal care and welfare committee of Institute of Materia Medica, Chinese
Academy of Medical Sciences and Peking Union Medical College (approval No. 00006301). The results of the
study showed that after intratracheal instillation of CSE, the model group mice exhibited significant COPD-like
pathological and functional changes, characterized by tachypnea, slow weight gain. H&E staining showed
pathologic changes such as massive inflammatory infiltration of lung tissue, alveolar wall collapse and alveolar
lumen dilatation. The leukocyte classification count (total leukocytes, neutrophils, eosinophils), the levels of
inflammatory factors such as tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), and NETs levels in the BALF
were significantly increased compared to the normal control group (P < 0.01, P < 0.001). The index of airway
reactivity, specific resistance, airway (sRaw) was significantly increased (P < 0.05), pulmonary function indicators
such as peak expiratory flow (PEF), forced expiratory flow at 75% of forced vital capacity (FEF,,), dynamic lung
compliance (Cdyn), forced expiratory volume in the first 100 ms (FEV,,), and the ratio of forced expiratory
volume in the first 100 ms to forced vital capacity (FEV,/FVC) were significantly reduced (P < 0.01), while the
respiratory index (RI) was significantly increased (P < 0.05). Compared to the model group, roflumilast can
significantly improve the inflammatory pathological changes and pulmonary function damage in model animals. In
summary, the intratracheal instillation of CSE can rapidly establish a COPD mouse model, replicating the airway
inflammation and decreased pulmonary function of COPD to a certain extent, and provides a new candidate animal
model for the study of the pathological mechanism and drug screening evaluation of COPD.
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AR FE 2> A5 Buxco /Nl ) I I Th se ds I & 45, 56 [
DSI A #]; BX 43 49 W%, H A OLYMPUS A A; £
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Figure 1 Model building diagram of COPD mouse model.

Except for the control group, which was given an equal amount of
saline, mice in the model group and RFST group were anesthetized
on days 1, 5, and 9, respectively, and the COPD model was prepared
by intratracheal instillation of 50 puL CSE. RFST group was
administered by intraperitoneal injection at a dose of 5 mg-kg’
from day 3 to day 9, and equal doses of saline were given to the
control and model groups. COPD: Chronic obstructive pulmonary
disease; RFST: Roflumast; CSE: Cigarette smoke extract; ip:

Intraperitoneal injection
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S & ffi ;8 3 & (bronchoalveolar lavage
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Figure 2  Effect of intratracheal instillation of CSE on body

weight changes in mice. n =10, X £s. "P < 0.05, P < 0.01 vs Con
group; P < 0.05, P < 0.01, P < 0.001 vs Mod group. Con:
Control; Mod: Model
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Figure 3 Effects of intratracheal instillation of CSE on categorical leukocyte counts in BALF of mice. A: Leukocyte classification count in

BALF; B: Percentage of neutrophils in BALF. n =6, x £s. "P < 0.01, ™P < 0.001 vs Con group; "P < 0.05, "P < 0.01 vs Mod group. BALF:

Bronchoalveolar lavage fluid; WBC: White blood cell; Neu: Neutrophil; Lym: Lymphocyte; Mon: Monocyte; Eos: Eosinophil; Bas: Basophil



1750 - 2424} Acta Pharmaceutica Sinica 2025, 60(6): 17461754

A 80 M B 500 m
T 60— # 400 =
2 T
50 g 300 =
a,
P40 1 e
$ S 200
z =
B 20 ok 100 —
0 I L
0= T
Con Mod RFST Con

C 600
HHHE
HHHE
T n
-
5 400 -
o stk
- 1
ofok a 200
Q
0_
Mod RFST Con Mod RFST

Figure 4 Effects of intratracheal instillation of CSE on levels of inflammatory factors and NETs in BALF of mice. A: TNF-qa; B: IL-6; C:

¢fDNA. n=6,x 5. "P <0.01, ™P < 0.001 vs Con group; "P < 0.01,

Interleukin-6; cfDNA: Cell-free DNA
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Figure 5  Effects of intratracheal instillation of CSE on
pathologic histological examination in lung tissue of mice. H&E
staining of lung tissue (200% ) and inflammatory pathological
scores of lung tissue. n =4, X 5. P < 0.001 vs Con group; ‘P <

0.05, P <0.001 vs Mod group
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Figure 6 Effect of intratracheal instillation of CSE on airway
hyperreactivity to Mch challenge in mice. n = 8, x + 5. P < 0.01
vs Con group; P < 0.05, ™" P < 0.001 vs Mod group. sRaw: Specific

resistance, airway; Mch: Acetyl-beta-methylcholine chloride
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Figure 7 Effect of intratracheal instillation of CSE on pulmonary

function F-V loop in mice. n = 10, x + 5. F-V loop: Flow-volume loop
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Figure 8 Effects of intratracheal instillation of CSE on pulmonary function in mice. A: PEF; B: FEF_,; C: Cdyn; D: FEV; E: FEV /
FVC; F: RL. n = 10, x £ 5. "P < 0.05, "P < 0.01, P < 0.001 vs Con group; "P < 0.05 vs Mod group. PEF: Peak expiratory flow;

FEF: Forced expiratory flow at 75% of forced vital capacity; Cdyn: Dynamic lung compliance; FEV - Forced expiratory volume in the

first 100 ms; FEV

100’

/FVC: The ratio of forced expiratory volume in the first 100 ms to forced vital capacity; RI: Respiratory index
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