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[ Abstract] Objective To study the characteristics of animal models of pulmonary fibrosis so as to provide a
reference for the standardization of such models, and to guide research on the pathogenesis, diagnosis, and treatment
of pulmonary fibrosis. Methods Studies using experimental pulmonary fibrosis in animals published in the past 10
years were retrieved from the CNKI, Wanfang, VIP, SinoMed, and PubMed databases. Factors including animal
species, sex, modeling method, and detection index were summarized, and the data were analyzed using Excel.

Results A total of 292 eligible studies were included. The animals mainly included SD rats, Wistar rats, and
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C57BL/6 mice, and most were male. The most common modeling drugs were bleomycin, paraquat, and silica

suspension, mainly administered by intratracheal injection, with a typical modeling cycle of 28 d. The detection

indexes mainly comprised lung tissue pathology and measurements of protein expression, cytokine levels, and

biochemical indexes. Conclusions

SD rats and C57BL/6 mice were the most commonly used animals for

experimental pulmonary fibrosis, and intratracheal injection of bleomycin (5 mg/kg) was the most frequently used

modeling method. This approach allows for the straightforward and effective replication of pathological features

resembling human pulmonary fibrosis, and may serve as a reference for future experimental studies using animal

models of pulmonary fibrosis.
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Table 1 Frequency and proportion of pulmonary

fibrosis models

IR/ S R/ TR Mt/ %
Animal species Frequency/times Percentage/ %
SD KR
1 .
SD rat 09 37.33
C57BL/6 /MR
C57BL/6 mice ol 31.16
Wistar KR, 51 17.47
Wistar rats
KM /M
KM mice 18 6.16
ICR /MR
ICR mice 6 2.05

BALB/c /MR

5 1.71
\ Ve e NN BALB/c mice
HESCHK o 03 B D 3 AT 56 H AT P
Igﬁﬁﬁﬂé%%(zisg 75’\,8150%) ,ﬁﬁﬁﬁgﬁ:ﬁ Merino sheep 4 1.37
TR RE B (20 IR, 6.84%) L A ELAK (14 1K, Ef@ﬁ 5 068
N S Sy e no rat
4.79%) WEWAEH PM2.5 R AT e O
B HZBES A A ST T S A DICC x DIBC mice ! 0. 34
fle SLRECR L 3. Ficher K 1 034
e L Fischer rat
2.4 EEAR I~
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Figure 1 Screening process diagram
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Table 2 Gender frequency and proportion of selected

animal models with pulmonary fibrosis

R4 AFETH R R A
Table 4 Frequency of modeling methods for different

induction factors

B LTk 20N it/ %

Gender of animal Frequency/times Percentage/ %

Mt

Male 210 82. 68
N HekR 75 19 7.48
Female and male

M 25 9.84

Female

R3O YEACBIRN T  R B L
Table 3 Frequency and proportion of inducible factors in

pulmonary fibrosis model

T A VRYN Lt/ %
IR S IR FT: %Ieni\/ P:rjcenta Oe/
Modeling inducible factor ueney 8
times %
i 5he 2
RER 238 81. 50
Bleomycin
—E Ak
Silicon dioxide 20 6. 84
AR 14 4.79
Paraquat
i AL
Amiodarone 4 137
PM2.5 4 1.37
AT X o
Radiation beam struck the chest ’
i
Oleic acid 2 0. 68
b A
_ EEE 2 0.68
Lipopolysaccharide
HH s
Methotrexate ! 0.34
Rk
Asbestos ! 0.34
2
A 1 0.34
Hyperoxia
.%ti 1 0.34
Cigarettes
i
Sulfur ! 0. 34

(R REA SE T B/ IR
A %%l? Ryt L/ IR
Modeling . Frequency/
. . . Modeling method .
inducible factor times
= 483 YA
UHIEA 204
Intratracheal instillation
MR A 10
s Intraperitoneal injection
Bleomycin A
Oropharyngeal inhalation 7
Hipt
Other 17
= 455
s TEWIEA
e Intratracheal instillation 19
Silicon .
dioxide FIMREEA 1
Oropharyngeal inhalation
JMEIETEA .
H Bk Intraperitoneal injection
Paraquat e ;
Intragastric administration
ERE 5
Intratracheal instillation
i U] H R 1
Amiodarone Take orally
FEIIEA 1
Gastric tube dissolution injection
BB THEWE PM, , 2Sh
Exposure to high concentrations 2
PM2.5 of PM, 5 in the air
ST )
Intratracheal instillation
RS JisEny; af
Beam of Irradiation of 3
radiation the chest
i Rk ’
Oleic acid Tail vein injection
ATEA 1
[EEA Intratracheal instillation
Lipopolysaccharide EALA
Inhalation !
A 1 1
Methotrexate Take orally
A P A T 1
Asbestos Oral intubation drip

o TRMEBTECH 95% M3 A b

" Place in an animal oxygen chamber with 1

Hyperoxia a volume fraction of oxygen of 95%
i R 1
Sulfur Smoke out
AR R 1

Cigarettes Smoke out
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RS ORE R ARG A A L
(B = 2)
Table 5 Molding dose frequency of bleomycin in different
molding methods (frequency = 2)

W7 R/ (mg/kg) L
Modeling method Dose/ (mg/kg) Frequency/times

5 126

12
8
10 8
2.5 9
SEREA 4 6
Intratracheal instillation 1.25 3
6 3
0.5 2
1 2
16.7 2
7.5 2
BUEIEA 15 5
Intraperitoneal injection 35 3
H IR A ) s )

Oropharyngeal inhalation

2.5 EEEH
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LBy A S N VN Y L B e W 1 ]
=, BRI W6, il 2T 4 Ak 3 W 4 R s AR
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Table 6 Frequency of modeling cycle for different

induction factors (top 3 frequency)

Sl a7 J SR 25 ERE I d WL TR
Modeling inducible factors Modeling cycle/d  Frequency/times
e 28 96
o 21 29
Bleomycin
14 19
- 28 4
A ; 4
Paraquat
21 2
e =K ia:3 2 ’
—A
Silicon dioxide 30 2
56 2

KM, BT LA 5250 H B RN SEBReps Ol i 85 5
Aif R =,
2.6 MR

W 7 XA A SRR I FH A A 8 ARtk A T 48
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Table 7 Frequency of pulmonary fibrosis model detection indicators

LRUEEEAN

Specifie indicators

HAAAEdR

Specific indicators

BHEL I

Frequency/times

HE J¢(% Tunel 4% Masson He (8 Sl 5L Yo (4 S8 WAl 2 91 10 S5 4 72 A A i

Jiti 2 £ B WL 4%
Pathological observation of
lung tissue

LHLS IR L 5 (8 P2 S5 el B WL M 2H 2 F) e 24
HE staining, Tunel staining, Masson staining and immunofluorescence staining were 269
used to observe the structural changes of lung tissue and the degree of lung tissue
injury. Microstructure of lung tissue was observed using transmission

electron microscopy

Western Blot #5J # 4 75 il 21 21
HEHFRD

Protein expression

BN, e Uk PO MEE AR
LY VA=

Protein expression in lung tissue was detected by Western Blot, and the protein

222

expression location was observed by immunohistochemistry and immunofluorescence

ELISA 857 AR M vE b2l 2V Bl v b 40 s A+ (TL-18 . TNF-ar |

AN ¥
Cytokines

IL-17 IL-6, CTGF PDGF VEGF %) )% ik
ELISA and other methods were used to detect the expression of cytokines (IL-13, 186
TNF-a, 1L-17, 1L-6, CTGF, PDGF, VEGF, etc. ) in serum, lung tissue

homogenate and alveolar lavage fluid

PRI MR & i

Hydroxyproline content

ELISA 158G £ 4577 ¥E R I 36 i 20 2533 b Bl Wk 1
Levels of hydroxyproline in serum and lung tissue homogenates were detected by 176

ELISA kit
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LrRECEY HARAEAR B
Specifie indicators Specific indicators Frequency/times
e R YLE 1 PCR F538 PCR 4577 W AGHI it 21 2 i 3k (R e ik 104
Gene expression Gene expression in lung tissue was detected by real-time PCR and general PCR

PUAALRE Sy AL RL I A (L / M3 Lo e I L 2L S 3 T A 4 T
T B A ALY R A S B A R AR )
Antioxidant capacity, oxidative stress analysis (reactive oxygen species, 96
malondialdehyde, myeloperoxidase and superoxide dismutase levels in serum/

EERLANR € 2

Oxidative stress parameter
plasma, alveolar lavage fluid and lung tissue homogenates)

B8 R = MR () M F R (ke)

Lung coefficient (lung Lung coefficient = lung wet mass (g)/body mass (kg) 63

index)
R EOIRAS s R EAT N (BhHek BRI ) s B RS (MET0E
L P RTINS (ZEEEAIR) 5 WPMOIR DL (RIME 202 (A Wi )

A . Weight change; cough state; abnormal behavior (animals scratching their heads, 47
General situation observation . . . .. .
fidgeting) hair condition (loose and dull) ; mental state (lethargy) ; breathing

condition (difficult, rapid, occasional wheeze)

TH IR/ JRRIIR S 39 Bobl/ AR 2R VLR DD AEIN 5 (Jf G 91U il <kt
SCEWCARTRIE R B I SR B R AR )

Jiti Dl g Segmental/invasive pulmonary function measurement ( total lung volume, tidal a3
Pulmonary function volume, alveolar ventilation, bronchoconstriction, maximal expiratory volume, vital
capacity, maximal midexpiratory volume, frequency, ventilation per minute) during
awake/anesthesia
DL A AL AT AT I~
Condition of survival Survival days, survival condition, survival rate
SR ST WSV R AN S, e P A AL
PR 2N MR -8 ( CCK-8) 34T i M 4T ffd ( AMD) A5
AN . . .
Cell . Total cell count and differential cell count of peripheral blood, lung parenchyma and 30
o coun bronchoalveolar lavage fluid; bronchoalveolar lavage fluid cell counting, cell counting
kit-8 (CCK-8) analysis and alveolar macrophage ( AM) detection were performed
NS ELISA | B 72 45 T s 4G il 6 7 vk T o AL AT B
L e A5 T VR AGI L VE IR h A 1 A AR AT BR

Protein content of alveolar lavage fluid was detected by ELISA and colorimetry; 27

Bronchoalveolar lavage fluid alveolar fluid clearance etc.

Je IR A Bl Western Blot % 5 5 f7F Jifi 27 22 i 4%+ 16
Expression of collagen Collagen content in lung tissue was measured by Western Blot
it/ o i/ B . il 2 R B e
Lung wet/dry mass was Lung wet/dry mass was measured and lung tissue dry to wet mass ratio 7
determined was determined
M=o DE ML R RRIE , — S AL I, S0 T, S L 45 6
Blood gas analysis pH, PCO,, PO, and SO, of blood were measured
it By A R SR B SRR B0 | S WO B A o0 4
Gross view of the lung Animal sampling and dissection, animal sampling and dissection
o B
SRR Pa0,/Fi0, < 300 mmHg 1

Index of oxygenation

3 it PRI b Th 3, 7™ B A T N2 B0 4 B A A=
i o FURIT, H 2 3 Ao 9 it 36 A0 80 4 IRF ) R A

HT RS Yy R A S A S e e IR ER A A T TR i,

PR 1455 S RIT A 2R R o BE T LT ARAR B 295N A T v AT AR A
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