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[ Abstract)
by intratracheal instillation of different doses of bleomycin (BLM). Methods
were divided randomly into control, low-dose BLM 3 mg/kg ( BL-L), and high-dose BLM 5 mg/kg ( BL-H) groups.

General status, mortality, and weight changes were observed, and the lung inspiratory capacity (IC), vital capacity

Objective To compare the success rate and stability of rat pulmonary fibrosis (PF) models induced

One hundred and fifty Sprague Dawley rats

(VC), chord compliance ( Cchord), and dynamic compliance ( Cdyn) were detected on days 28, 42, 56, and 84. Lung
coefficients were recorded and pathological changes in lung tissue were observed by hematoxylin and eosin and Masson
staining. The lung hydroxyproline ( HYP) content was detected and collagen type III ( COL IIT) was detected by
immunohistochemistry. Results The mortality rates in the BL-L and BL-H groups were 20% and 28% , respectively. Body
weight was significantly lower in the BL-L group compared with the control group on days 0~56, and weight recovery after
day 56. Body weight was significantly lower in the BL-H group compared with the control and BL-L groups from days 0~56
(P<0.01). Regarding lung function, IC, VC, Cchord, and Cdyn were significantly lower in the BL-L group compared
with the control group on day 28 (P<0.01, P<0.05), and IC and Cdyn were significantly lower in the BL-H group ( P<
0.01). IC, VC, and Cchord were significantly decreased in the BL-L group on day 42 ( P<0.01, P<0.05), while IC,
VC, Cchord, and Cdyn were significantly decreased in the BL-H group ( P<0.01, P<0.05), and IC, VC, and Cchord
were significantly lower compared with in the BL-L group (P<0.01). Cchord was significantly lower in the BL-H group
compared with the control and BL-L groups on day 56 ( P<0.01). The lung coefficients on day 28 were significantly higher
in the BL-L and BL-H groups compared with the control group ( P<0.01) , and were significantly higher in the BL-H group
from days 42 ~ 56 compared with the BL-L and control groups ( P <0.01). Regarding lung histopathology and
immunohistochemistry, inflammatory infiltration, fibrotic streaks, and COL III expression were observed in the BL-L group
from days 28~56, and almost complete disappearance of the fibrotic lesions on day 84. In contrast, fibrotic lesions could
be observed from days 28 ~84 in the BL-H group, with significantly elevated COL III expression compared with the control
group (P<0.01). The HYP content was significantly higher in the BL-L group compared with the control group from days
28~42 (P<0.05, P<0.01), and then gradually decreased, and the HYP content was significantly higher in the BL-H
group than in the control group from days 28 ~84 (P<0.01). Conclusions Both 3 and 5 mg/kg BLM can successfully
induce PF rat models. Rats treated with 3 mg/kg BLM developed fibrosis on day 28, which lasted until day 42 and then
gradually recovered. Rats treated with 5 mg/kg BLM developed fibrosis on day 28, and the degree of fibrosis was more
severe with the higher compared with the lower dose, with stable fibrotic lesions up to day 56 and moderate-to-severe
fibrosis still present in half of the rats until day 84.

[ Keywords] pulmonary fibrosis; bleomycin; model comparison

Conflicts of Interest: The authors declare no conflict of interest.

R M il £ 4 4K (idiopathic pulmonary disease,
IPF ) J2— T Mk 18 A il T ST , i PR 3% B 3
JREAE 1 K2 R o JELARR O Ay O S TR0 2T 4 400 i 4 5
WAL, A A R I 2 AR, IR Bl R S 0 4T e
R, S EOE H A AR B IR B SRR
BN FE K M X, IPF I B R A T 7
57~451/E A NAED JF B RRIRIBET- R E(E S
Wi LT IPE B I P LA 2.5~ 3.5
LTS i R R B P I 2 TPF i LI
FETZJE A IPF AN £ A A A f B, IR
B AR I EA KM & T 4 S & T
H A R 5 2459 SR i AR e R A e 3k Je A, 14
SRABTE—E R I Bl A I DO B, B AR 2t hn 2
BB RERE L 175 2 Jre s 2 il 40 52 450 1) 41 4 £k
IR HAFFER 2R RO s TPF i1

BRI AL 5 A 58 4 W, 838 X IPF BT 25 1 FF
KK H w58 U1 350 — AR E A R s i
BT IPF (9 &R AILHI O 58 NGO M A o2 A
HREX,

AT IPF Shy b5 AR 2, B FH B A7
PRl — 2 3 i 1Y 1ok 25 2 (bleomycin, BLM)
Xt B AT AR s E K 2 R
AT S50 J B0, 3% 2 1l T BLM AU T
I Y Bl £F 4E 4K ( pulmonary disease, PF) a5tz
FAAE FBRE , BI7E 38 B 58 iU 1Y — € I TR) I, 7EAS
X T RSN W) AT AT AT T TS AL, FO AT 4 Ak
o B2 AR S R MR Tl T BB A S5 R A
H i 3 ARA BFFER PF R BT RIS, B H:
o7 T IR Y R A H RS g R BRR T R 3
rng/kgI7J 5 mg/kgm‘ ,WLES JE I A 2 14 21,28



30 Hh ] AR PR 22 2 7 2024 4F 10 H45 34 %55 10 1 Chin J Comp Med, October 2024, Vol. 34,No. 10

56 K10 BSRA BLM U5 S0 i 4T 4 AL B R AT
FE R R AR 2 H A A g O S R AT LA
TeiERIT R BIRIT O 58 (h 2 R A 55 ) $ it
BRI S

FET I, AR 28 TR 89 SD oK BRUCA AF 58 %)
% kM 3 mg/kg A1 5 mg/kg BLM K& NIHE A S
T AR BB RS 4T S 191 84 d 3B BR L%, XF
LU U 100 B A U 4 B2 ) (1], Sy R A 20T ¥
JERVTILHI PR AL 4

1 #efnrE

1.1 Wz

150 H SPF 2/t SD KL, 6~8 JA 4, A&
180~220 ¢, Mg A Hr D4R (L) A EAR AR AR
[ SCXK(5%)2019-0010 ], & 4% K B34 3% T g
HBE 2 R E B ) S % [ SYXK () 2021-0015 ], f#
Frasii 21 ~25 °C 1B 50% , & KR R AE BRI
W, H ORI, B 3 d B 1 kR, RS E
T TAT R R 2h K 2 S B ) A R AR B A R B 4
B2 it 7 ( DWLL202203014 ) , 3 57 52 5 3h 4 3R
J 0]
1.2 FELF S0

TS R PR TR 75 R (A% B 15 mg, it
620780) , 1 [ H AL 25 bR S dt SRR R Y (b
HERFAEVPHL A RAF,G1120) ; LY )
Rl H & (U RBEEEDR A RA A,
G1110) ;Masson — 4L A5 & (LI REE LD
BHEA BR 2 A, G1340) 5 # M & R ( hydroxyproline,
HYP) i 7 & (Fg 5 & B A 9 TR BF 5% Fr,
20240321) . AEACAT /N2y fiti D) 6E I £ A ( Buxco,
) ; Leica-DM6000B Jt:2% I 15 S LAS V4.7 HE
M ZR S (Leica, {2 ) ; Image-Pro Plus(IPP)6. 0 £l
KM% 53 B & 4t ( Media Cybernetics, 32 [# ) ; Milli
Synthesls ##4l7KHL( Millipore , E[H ) .
1.3 XWH*E
1.3.1 Wb Ay gl sy o420

FBENLE 2 08 150 KB 25 4L . BLM
EF 4 ( BL-L 41,3 mg/kg) Al BLM =748 4H ( BL-
H 4,5 mg/kg) , B4 A 50 H, %5 1 K, BLM fiK 5
SEZH RN BLM 55 771 o 21 R B2 A2 — oM A T 1 1
KGR TE IS T A AL B | 25 (AL 25 T AR B K
ST, BRI, 555 T4 28,42 .56 .84 K41
LRI

1.3.2 KRR

BT S48 2H R BRI I IS RS AR S IR
IK BGOSR AT Ry 84k
1.3.3 ZETfiL

TR 58 B e 8 A AR BUA ZE, A okt |,
IEHEERSR Gt 25 R BRAE T80 o .
1.3.4 RS2

MIERLE 1 KI5 14 d FRiE 1 IOR RUIAE
Gt
1.3.5 fifiZfg

ST BT SR 28 42,56 .84 KR FH B 4y i
THRE K I 28 48 A6 I R B IR W X i (inspiratory
capacity, 1C) Jili % & ( vital capacity, VC)  fili /f &
AN PE (chord compliance, Cchord ) Fl 2/ 25 I iz
4 ( dynamic compliance, Cdyn)$845,
1.3.6 fili &4k

YEURA PR i LA i B il 20 25 o i it 16
HAE AT 2 5 R B = Il o/ K E kg
x100% ,
1.3.7 fiiZH 21 B

8110 49 B TP T I V8L I8 il T /K s iR AT
B, Y1 R EAT HE A1 MASSON Y i, e T L2 i
AU S5 T AR il 2H 21 98 hE 45 PR AL, ]
Szapiel ¥F431 PEM Al vl 48 5E , Asheroft P43 PEAY
YRR
1.3.8 [iligl4! HYP &

Fi BRCHYP 328050 & U6 W A3 IS 5 il 24 2k A7
HYP & EIE
1.3.9 AL feytifl

R AU 2 A DU i 41 2 COLL T
Ak BRI AR T REE 10 DHLEF [ H] 1PP
6. 0 A XS R 4 B Y PR R AT 3 120 B, 45 - TR
43765 B {H (integral optical density, 10D) %7K,
1.3.10 S LHLF 4L 53 B

5 Asheroft P43 2 sz i B AG £F 4 A s A8
0L, EPEIITE 0~ 2 4310 ] A9 728 g 48 2 it 21 4
IRAE 3 ~6 73 F N BE il 2F AE ALl A2, 7 ~ 8 71
U F O BE IR AT AR A 78 | G i 45 2H 4% I 1] U £
HEALFEIE
1.4 FitFFE

i SPSS 27. 0 FAFAATEE 0 b, SR AL
DIV YRR 22 (x2s) 3R, 2 8] U BCR LR R
T 22531 (ANOVA)  F56 J7 22 SRR M e/ i 3



o ] He A PR 2R 2R 35 2024 4 10 45 34 555 10 ] Chin J Comp Med, October 2024, Vol. 34,No. 10 31

#5275 (least-significant difference, LSD) , NF& 7
ZFFEM R ] Dunnett T3 3, P<0.05 &5 HA
Gt X

2 #R

2.1 —fER

25 2 KBRS 3l F A RS B, ok it
IR, BA FOESE RS 0~20 K, BLM K5
SR RSN RS MR AR 22, oK iF g 20, &
KRG TCICVE, PG A S, s B VO i 7k
M BLM Rl 20 R BRIE sh 32 R KM 2= BE, B A T
ity , 553 K BRI 76 B S 8 555, P S qE, B SR b B,
J JER T AL B S R S AR R % D R DY
JEIR T/, 2 21 RUUG , KR AR S AT,
A3 B HE B D B 2T 55 R S R IR R B
B ERULEE K BRI K B R L 5E T
2.2 TER

WS UM I G 4 R RSB T-1E L, 5K
SR 2 A R BTG AE T s BLM AR i 2H 76 38 1520
2 RAET-3 H 5 3~8 RARMIMAT, 5 9~20 K[H
WrtH BAE T, FAET: 10 B AET-R N 209% , SET- K
B S ARG VRS A 5 T D 8 A 9 i, g
KT B BRI AT OS2 21K L IR . BLM 5
FIE AR AR 2 ~ 12 K ek K RAET:, 2t
FET- 14 2 BET RN 28% SET- K Bl sk IR fA /b
RS A N AT UL R R I o W, il
TR DL A A I, BLM {77 & 20 A1 BLM 15 751 &=
AT R B m T A4 (P<0.01), WE 1,
2.3 ETHK

SR PSR NG S N A b I )
14 KX, BLM L) & 40 1A B 8 T2 [ 4 (P<
0.01) ,BLM =5 i 41 {4 7 & 21K T 25 (1 41 F1 BLM
fRFIEAL(P<0.01) ;55 28 K £ % 56 K, BLM {5
ZH A BLM e R i A AR K 9248, H BLM = 5
HHARE R EML T E41(P<0.01) ;55 70 KITHR,
3K RATEZE RG24, WE 2,
2.4 HhiThee

S ] 2% 1 4H A BLM ARG 5] 2 2H Al o ik e
W InAR A BT H BLM G50 s 4Lt Tl R4 4 1 4l
KRN 5 28 ~42 K BLM {540 KB IC . VC .
Cchord ,Cdyn 2 X T 25 41 (P<0.01,P<0.05),
%5 56~84 K, BLM X7 = 4L i REA K T B4,
AT IT2472 L, BLM = 7 & 4 K AR 28 K 1C

— BLM{IGI 2 — BLM A4 = ZTHA
BL-L group BL-H group Control group
100

s

~
[y

W
(=}

FIGE/ %
Survival probability

[N}
(o3

P=10.00044

[}

0 2 4 6 810 12 14 16 18 20 22 24 26 28
I [ /d

Time

1 KR 28 dAfAheR

Figure 1 28-day survival curve of each group

500 B
- I
“® Control group
BLM{IG 7 i 25
-ii-
2= g T L 2
i '5) aab * BL-H group
¥z aab
300 aab
aabl
200 T T T T T T T
0 14 28 42 56 70 84
I 1) /d
Time

H. 52 BAHIE,“P<0.01; 5 BLM {5 & 41 b %, " P
<0.01,
B2 FHAKBAEEL(n=8)

Note. Compared with control group,*P<0. 01. Compared with BL-
L group,” P<0.01.
Figure 2 Changes in body weight of rats
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Figure 3 Changes in IC, VC, Cchord and Cdyn of rat lung function
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Figure 4 Changes in rat lung coefficient
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Figure 5 Histopathologic changes and scores of rat lungs
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Figure 6 HYP content in lung tissue of rats
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Figure 8 Ashcroft score statistics of different groups of rats at different times
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