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[ Abstract] Objective
(IMQ) -induced psoriatic skin inflammation using a TET2-knockout ( TET2™") mouse model. Methods
divided randomly into a wild-type (WT) vaseline group, WT imiquimod group, TET2” vaseline group, and TET2”~

To explore the impact of ten-eleven translocation 2 ( TET2) mutations on imiquimod

Mice were

imiquimod group. IMQ was used to establish a psoriasis-like dermatitis model, and the degree of skin lesions and
pathological changes in mice in the WT imiquimod and TET2™~ imiquimod groups were observed and compared daily
during the modeling period. The mice were sacrificed when the phenotype had reached the peak and the spleen index
was recorded in each group. Gene expression levels of the inflammatory factors tumor necrosis factor ( TNF)-ar,
interleukin (IL)-6, IL-17A, and IL-23 in mouse back lesions were detected by quantitative reverse transcription
polymerase chain reaction. Skin histopathology was compared in hematoxylin/eosin-stained sections. IL-17, interferon
(INF)-y, and TNF-a protein expression levels in the back skin of mice in the four groups were detected by
immunohistochemistry. The ultrastructure of the dermis and epidermis was observed using transmission electron
microscopy. Results TET2 expression was down-regulated in skin lesions in WT imiquimod group. Dermatitis
lesions were more severe and progressed faster in TET2™™ imiquimod group compared with WT imiquimod group, and
the psoriasis area and severity index score and spleen index were both higher. mRNA expression levels of TNF-a, IL-
6, IL-17A, and IL-23 in skin lesions were higher and epidermal thickening and inflammatory cell infiltration were
increased, and protein expression levels of IL-17, INF-y, and TNF-a were significantly higher in skin lesions in
TET2”" imiquimod group compared with WT imiquimod group. In addition, cell junctions were absent in skin lesions

in TET2”” imiquimod group and mitochondrial ridges were broken and dissolved, mitochondrial vacuoles were

present, and the texture of the mitochondrial membrane was darker. Conclusions

Loss of TET2 promotes the

inflammatory response and exacerbates IMQ-induced psoriasis-like dermatitis injury in mice.
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Figure 1 Procedure of mouse psoriasis model establishment
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T A /N BB A [E] 95 SRR TR 5 B /)N BRI v e o R AL 5 C o /NERAR B A 28 PAST A 4381181 D WT JL-EARAL S WT pkngs
SRR/ RUREE RS 5 5 WT JLEAREARLL, “ P < 0.05, (FIEIE)

2 IMQ P55/ BV i i R A g
Note. A. Phenotyping of the black of mice during modeling. B. Gross view of spleen of mice at peak phenotype. C. Statistical plot of PASI
scores in a mouse psoriasis model. D. Statistical plots of spleen index of WT vaseline group and WT imiquimod group. Compared with WT
vaseline group, “ P < 0.05. (The same in the following figures)

Figure 2 Construction of IMQ-induced psoriasis model in mice

A NRBEZ IR HE Y8558 B /N R SR 290 [ F- mRNA R3IK 53575 C. WT /N BRUAR 8 s B R Uk TET2 19
mRNA 235K, 5 WT JLEARgA AL, ™ P < 0.01, ™ P < 0.001, ™ P < 0.0001, ( FEIFE)
B3 WT /Ml HE 355G 120 b7
Note. A. HE staining results of mouse skin tissue. B. Analysis of mRNA expression of inflammatory factors in mouse skin tissue.
C. TET2 mRNA expression levels in psoriatic dermatitis tissues of WT mice. Compared with WT vaseline group, * P < 0.01,
P < 0.001, ™ P < 0.0001. (The same in the following figures)
Figure 3 HE staining and key factor analysis in WT mice
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Note. A. Phenotyping of the black of mice during modeling. B. Gross view of spleen of mice at peak phenotype. C. Statistical plot of

PASI scores in a mouse psoriasis model. D. Statistical analysis of spleen index in four groups of mice. Compared with WT imiquimod

group,™ P < 0.001. (The same in the following figures)

Figure 4 Analysis of gross lesion phenotypes between WT and TET2™ psoriasis mouse model
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A /DRI B RZESU HE B 4551 B /D AR R BEIE ; 5 WT WRMESCRRAIAT L, ™ P < 0.0001, (TFIEIR)

BS5 ASAUVNRERAZ HE Bt
Note. A. HE staining results of mouse skin tissue. B. Determination of epidermal thickness in mice. Compared with WT imiquimod
group, ™ P < 0.0001. (The same in the following figures)

Figure 5 HE staining of mouse skin tissue in each group

TE A R ERG/INBU K AD JAE PR T TL-1 IL-6 IL-17A | IL-23 5 TNF-a [¥) mRNA 335 7K 5301 5 B e 01 43 Ak A i B F K10 119
mRNA 557K -5 C. /N BT 748 Bz Bk 4H 23 TL-17A (IFN-y I TNF-o 520 AL YL (0,45 5, 5 WT BR s SRR 4 AH L, *P < 0. 05,
#pP<0.01,

B6 RIBMH/N K RAE N L2 AR ST
Note. A. Analysis of mRNA expression levels of inflammatory factors IL-1,1L-6 IL-17A (IL-23 and TNF-a in lesions of psoriatic mice.
B. mRNA expression levels of the late differentiation marker K10. C. Immunohistochemical staining results for IL-17A [IFN-y and TNF-
a in mouse dorsal skin tissues. Compared with WT imiquimod group, *P < 0.05, *P < 0.01.

Figure 6 Investigation of skin inflammatory injury and differentiation in psoriasis mice
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Figure 7 TEM ultrastructural analysis of psoriasis mouse model
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[ Abstract] Objective To compare the success rate and stability of rat models of comorbid chronic pain and
depression induced by different doses of complete Freund’ s adjuvant (CFA). Methods Sixty SD rats were divided
randomly into a control group, low-dose CFA group (CFA-L) , and high-dose CFA group (CFA-H) (n = 20 rats per
group). Rats in the CFA-L and CFA-H groups were injected with 50 and 100 pL. CFA, respectively, and rats in the
control group were injected with 0.9% sodium chloride solution. The general state, body weight, mechanical
withdrawal threshold (MWT) , and thermal withdrawal latency (TWL) were observed at 0, 7, 14, 21, and 28 days
after modeling. Depressive behavior was evaluated using the open field test (OFT) , forced swim test (FST) , and tail
suspension test (TST). Glutamate ( Glu) and <y-aminobutyric acid ( GABA) levels in the anterior cingulate cortex
were detected by enzyme-linked immunosorbent assay. Brain-derived neurotrophic factor (BDNF) expression in the
anterior cingulate cortex was detected by immunohistochemistry, and pathological changes in the anterior cingulate
cortex were observed by HE staining. Results (1) Regarding the general condition of the rats, the left ankle joint
and toes were obviously red and swollen in the CFA-L and CFA-H groups on the 7th day after modeling, and the
swelling was more severe in the CFA-H group. The redness and swelling of the left hind foot and ankle joint and toes
gradually recovered in the CFA-L group on days 14, 21, and 28 after modeling, but were still obvious in the CFA-H
group, and the water and food intake decreased. (2)The body mass was significantly lower in rats in the CFA-H group
compared with those in the blank and CFA-L groups on days 14, 21, and 28 after modeling (P < 0. 05, P < 0.05).
(3) Regarding pain-related behavior, the MWT and TWL were significantly decreased in the CFA-L and CFA-H
groups on the 7th and 14th days after modeling, compared with the control group (P < 0.05, P < 0.05). On day 21
after modeling, MWT was significantly lower in the CFA-H group than in the blank and CFA-L groups (P < 0.05, P
< 0.05), and TWL was significantly lower in the CFA-L and CFA-H groups than in the blank group (P < 0.05, P
< 0.05). On day 28 after modeling, MWT and TWL were significantly lower in the CFA-H group than in the blank
and CFA-L groups (P < 0.05, P < 0.05). (4)In terms of depression-related behaviors, the total OFT movement
distance was significantly lower in the CFA-H group than in the blank and CFA-L groups on day 7 after modeling ( P
< 0.05, P <0.05). The total OFT distance and central dwell time were significantly lower in the CFA-H group than
in the blank and CFA-L groups on days 14, 21, and 28 after modeling (P < 0.05, P < 0.05), and the result in the
FST and TST were significantly higher than in the blank and CFA-L groups (P < 0.05, P < 0.05). (5) Glu,
GABA, and BDNF expression levels were significantly higher in the CFA-H group than in the blank and CFA-L groups
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(P<0.05, P<0.05), while GABA, Glu/GABA, and BDNF levels were significantly lower in the CFA-H group
than in the blank and CFA-L groups (P < 0.05, P < 0.05, P < 0.05). (6)The CFA-L group showed less damage

in the anterior cingulate cortex, more pyramidal cells, more arranged cells, clear nucleoli, and a small number of

cells with karyokynesis and deep staining. Compared with the CFA-L group, rats in the CFA-H group showed a

disordered cell arrangement in the injured area of the anterior cingulate cortex, a large number of pyknotic and

hyperchromatic neurons, significantly fewer or absent pyramidal cells, and vacuoles, red blood cells, and

neurofibrillary tangles in the interstitial space. Conclusions

Injection of CFA 100 pL can be used to establish a rat

model of chronic inflammatory pain and depression, showing hyperalgesia, depression-like behavioral changes,

changes in levels of Glu, GABA, and BDNF in the anterior cingulate cortex, and pathological changes in the anterior

cingulate cortex, consistent with the pathophysiological characteristics of chronic pain and depression.

[ Keywords)

complete Freund’ s adjuvant; different doses; comorbid chronic pain and depression; glutamate ;

vy-aminobutyric acid; brain-derived neurotrophic factor; model study
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HFEHLEER 3 R R 4% Z RPBET 0=
HEATHES: ORI A 4045 [0l fz 2 E T 4% £
RHEEE, BoK, VIR bR B R A, A
PBS 2% Mk I 1k, TN 5% BSA | & IRFH 30 min,
T m—4i(BDNF 1:80) ,4 CH#E 12 h,PBS ik
3 WK, IE N 41,37 CHFE 20 min, PBS ik 3 1K,
JIA DAB WK, I KRB G sk Sk, #6 B
CEEK W AGE I W IEE B e R
AT LR, LA B0 Oy B B o ) e e 2
B 10 o O O {2 1 i R el s
FE PR DI s B 1 A (B T S A LT (< 400)
GIHT G BV DX S8 L ], IR 4D R
1.2.7  RERTH0H M7 2 AR

HTF0AE 2] R J2 B 5 ik ) b K ik 2 40
FEAR MR A B 2 B AT K, 8 B i L S

YIF,65 CH5 F 4.5 h, FEAT S Kk R 5 UL
o B, SR DGR BB ISR, B E AR X ik
TTHARR, M dnas B 2 2 2UE S AR
1.3 SitEDH

fdi ] SPSS 26. 0 FAF X525 Bl A1 48 191
Brabsi, HHEDCEFYE £ PRifEZE (v £ 5) R AT
B IES 0 H 5 257K H LSD K5, 7 22 A 5%
KA Dunnett’s T3 #5865, UL P < 0.05 #/nBAH
Gt R X,

2 #R

2.1 HFHXR—RERNE

25 VR BRI [R] 3436 3l B 4n, A petk
BE PO EIER , BRENDLSR,, SRS 7
K ,CFA-L 41 CFA-H 4 K B BLIS s AR F), P
2R I 22 I R B DG AN I k2 i B &, CFA-H
ZH b T R S A 14 .21 28 K, CFA-L 44K
SUZE J5 R BRSET AILE BIEZT P TR 52, CFA-H 4K
AL B . 3% S AN ) W3l A i 22 BE AN IR
Yokt E R, BRIOEE, WK 1,
2.2 BHRKBRERETH

S E] 25 2H K BRI o R 2
WS 0 F 7 K, 525 4 i, CFA-L 4/
CFA-H 2K BUAT R, TS T4 L (P > 0.05,
P>0.05); EH55 14 .21 .28 K, 54
B,CFA-L diR i, T2 E L (P > 0.05),
1M CFA-H AR BT K 2218, WL T 25 4l m
CFA-LZH(P <0.05,P <0.05), WK 2,
2.3 BHXRBITAEILR
2.3.1 A HREEIRAHRAT 22 e

(1) MWT: ¥ 555 0 K, CFA-L 41 f1 CFA-H
HEZEAAML, TSt E L (P > 0.05,P >
0.05) ; &M J5 55 7.14 K, CFA-L 41 &% CFA-H 44
B MWT B BT 25 4L (P < 0.05,P < 0.05),
CFA-H 41 CFA-L 4R I % (P < 0.05) 5
WERE S 21 .28 K, 55 HAILE, CFA-L 645
B (P > 0.05), 5% HA4L M CFA-L 411t
3, CFA-H 41 B /L (P < 0.05,P < 0.05) , U
’l 3A,

(2)TWL B 0 K, 525 H 4l TWL A,
CFA-L 41F1 CFA-H 41, TG T2¢ = L (P > 0.05,
P> 0.05); G5 7.14.21 K, CFA-L 41 fil
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Figure 1 Comparison of ankle and toe changes of left hind foot of rats in each group after modeling

CFA-H A BAL FasH4H (P < 0.05,P < 0.05) ,
CFA-H 205 KT CFA-L Z4H(P < 0.05) ; &5
9528 K, CFA-L 528 FA i, T it E X
(P>0.05),CFA-H 4125 H4l  CFA-L 419
WAk, BB Gt L (P < 0.05,P < 0.05), U

¥l 3B,
gEHR R CFA-L 41 . CFA-H 435 1 B K
V52 FIALALE, TP < 0.05; 5 CFA-L 4LMI L, P < MWT F1 TWL A9 SR 34 I, 351 A K B
0.05, (FFEIR) Mo BTEYE B S A 14 .21 .28 K, CFA-L 4 MWT
B2 AR T2 I TWL FEUREE A, T CFA-H 24T 77 7E K B
Note. Compared with blank group, *P < 0.05. Compared T%éi'@%ﬁo
Z;Tr eCsl;“A-L group, *P < 0.05. (The same in the following 2.3.2 &4 BUMABHIER H22 ok
(1) OFT. M55 0 K, 55 04l b,

Figure 2 Changes in body mass of rats in each group

3 WA S A H R MWT A1 TWL 284k Heds

Figure 3 Comparison of MWT and TWL changes of rats in each group at each observation time point
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CFA-L ZH#1 CFA-H 41 OFT iz 3l S BH B e fse B8
], YW IEg 2= (P > 0.05,P > 0.05) , i
WG 7 K, 52 A4 i, CFA-L 41z gl B iE
B oh g E R R, BEIT R G SR A,
CFA-L 21 He4% , CFA-H 418 3 B E 25 I B B AR (P
< 0.05,P < 0.05) , 1 Hr Y5 B4 i ], Joge it
Y(P >0.05,P > 0.05), )55 14,2128
K, 2 HH Y CFA-L 4 5z sh B iR B | b dufst
B ESE 2 X (P > 0.05,P > 0.05) , 1 5
23 CFA-L 4 148, CFA-H 4Hiz s i iE s
Jefs BRI [R] S4B B IR (P < 0.05,P < 0.05)
ULIE 4A ~ & 4B,

(2) FST: i B2 J5 5% 0,7 K, CFA-L 4 #1
CFA-H 525 4 FST h#, Kseit# 2 X (P >

0.05,P > 0.05) ; &BL555 14.21.28 X, 551
AL, CFA-L G 2 (P > 0.05) , 525
F12H K CFA-L #H %, CFA-H A W T & (P <
0.05,P < 0.05), WK 4cC,

(3)TST. WM 545 0.7 K, 525 4 4k,
CFA-L 41 CFA-H 4 TST #, LG it 5 X
(P>0.05,P>0.05) ;@555 14,21 28 K, 5
AR, CFA-L HIS 122 L (P > 0.05),
il CFA-H #1525 (40 J CFA-L 2 He e i i T iy
(P<0.05,P<0.05), WK 4D,

FIA CFA-H 5] #E OFT FST TST 2
AR T R R LR S R AR AT R, HaZ s
BRREAT MAE TGRS 26 14 KITLRZW B Bk
JE 55 28 KA W AFAE

4 B MELHT S AR OFT FST & TST 284k M %%

Figure 4 Comparison of OFT, FST and TST changes of rats in each group at each observation time point

2.4 FHHXRAIAFHEEE Glu #1 GABA Lb%&
ELISA {lll5E Glu & GABA #4558 MR, Has
HZH e, CFA-L H TE 58 it 2% 2 L (P > 0.05),
CFA-H 4 Glu %875 (A4 F1 CFA-L 2HE B TF &5 (P
< 0.05,P < 0.05),GABA  Glu/GABA W] & [# A%
(P<0.05,P<0.05), 254, CFA-H 410]i5
S IR AR 6 K B B Glu 57 L GABA
OB ERT, Clu/GABA Fassefif, WK S,

2.5 RAKXRBTINTEEEE BDNF L

B RELH AL E BDNF & 25 R, a5 4
5 CFA-L 48 o KR35 FHME R
52514 CFA-L 4l e, CFA-H 4l b e o
X L L Rk HME R, Ah, S A4
b4, CFA-L 4 BDNF [1)°F- 34 6% B (22 5+ 048
RS (P > 0.05), 1 CFA-H 525 H 4 |
CFA-L A LB B RN (P < 0.05,P < 0.05)
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5 FUH KK Glu fl GABA & & g

Figure 5 Comparison of Glu and GABA contents of rats in each group

SEILAEIR , CFA-H 41 1] 5 | A 18 1 i F0 AT s R

f BDNF [EfI%, UL 6,

2.6 BRAKXREIITEREALARERLSTH
25 VR AT 407 1] R J2 KB B IEH , A R

SRR AN, 20 M HE S L S5, R UL [ 45 #4200

P, 525 AL 3L, CFA-L 408 8/ 451405, HE R 40

M 2 A HE D B 55 A% I B, A A
Ji0 2% B0 R [ 4 AR G f8; 5 CFA-L 4 3,
CFA-H 4LRi4nas o] Bz 245145 X 4 HES 25 0L, K
o 28 0 A L TR, A AR A A T 0
b BT LA B 2SI ZL AN R 2 A
Aegazk i, WK 7,

6 UK E BDNF “V-36% B (H H i

Figure 6 Comparison of average optical density values of BDNF of rats in each group

T BOHT S HEAN SR Tk B M ZT0 2L Ok LU Ok SR BR S A R 2 2T S 42
7 AR BT ] R 2

Note. Black arrows. Pyramidal cells. Green arrows. Pyknotic neurons. Red arrows. Erythrocytes. Yellow arrows. Interstitial

vacuoles and neurofibrillary tangles.

Figure 7 Structure of the anterior cingulate cortex of rats in each group
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IR AR e R R A | I 2B UL SR 0, % Rk
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()1 et P R AR OO0, B if JELCO B B, P ¢
TEARE AT

P2 IR RR A I IR I 2R M fi 9 i
IR 2 B, X SE I R AE R RS AL m] ) MWT
ATWL W2 31 A58 & B, CFA-L 41 A0
CFA-H 2K MWT Fl TWL 7Ei&E #5555 7 K
HH S R#AIG , {H CFA-L 41/ MWT FIl TWL 7£ 1 A% 5
8521 J2 28 KR, AT K R RR e & | 1
CFA-H 4K F MWT #1 TWL fEE RS 45 7 K&
TS5 28 RAGIFLLPEREAR, BIR I /2 A ¢
1% 26 RN D) RE 15 20 o028 1 JE il 18 PR 90 AT |
A KR B B AL e = RN PR B O 5 OFT
FST ' TST KB 7K A iS5 ( sucrose preference test,
SPT) AHOCAT Ay = k2 F T 1P A R BT o 4 B2
ARSI 35 ARBFSE R A CFA 5 318 P
PIAR I A 0 AR RS TR, KRR 2 B RR AL K A
PR iz NI RE 32 PR S AR REAT . BAT M2 F
Wi, B B G TE  EIR-MAR A AR T A OG
febr. OFT F T PFAl K BRI = 2 3% sl 4 ol
SHARAT KB NN s FST 1 TST A 38 LB6HIE K

BT M4 B, el R 25 R i T RE, T SR IX
SYINERAT R 5B ST RE AR SR, B RE AR T
FE TR BB B E 1T M, SPT 78 AR Y v () 45 57
PEBEAIC, TCik X o0 & P 5 SR B 1 il 2 P AR
FHSCPURR G R, ZE A BIF 5 2R I OFT | FST,
TST X & PEPIR I AR AR A K A 147 R 25 F
fili o AR R BN, EBE 5 14 K, CFA-H 4
L OFT 32 3l &3 I 25 Fn Hp e X452 81 A s 2D |
FST TST ANZhEsf a3 fn, #&75 % H 100 pL CFA 2
JEEVE ST E ARG 26 14 KATiE S R R I AR AR
15720, It HOZ A AR EEA T A s 455 )5 5 28 KA AT
FE ., SEEG A SR B e S 55 7 K, CFA-L 41
M CFA-H 4K RAS G B B9 S e ik ] 0 B g
ZL, R BRIE Sh AN, T ZE A 26 14 X, CFA-L
AR R JG BR T S R 2T K &2, CFA-H 41
BAFFELT I, ELH BRIk D, SE B IR UESE T
CFA-L 11 CFA-H 2K BRUA BT 5 R 10 AR 1k
MIER S 55 14 KIFUG, CFA-H 20 K B o 5 14
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i SAMARFR AT R A AR AL 285 5 3% 100 pL
CFA i S0 K BT B AR R AT g ] 30 K R
RIS K

R [0 J7 202 R 2% & 4o b i 1 B
SRR X, 2 57 2 5 TR B R 4 SN 1Y)
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EAL, BN NI A, ANRILFEWFST
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[BE)] B# RS (cigarette smoke, CS) & FE Al 98 78 B 1A 78 ( Klebsiella pneumoniae , KP')
T R ST Kﬂ%ﬁﬂfﬁﬁfﬁ( chronic obstructive pulmonary disease , COPD) 7N ERAEE R s it COPD K sy J H
BUl, FiE 4% SPF 2% BALB/c /NERBEAL S %) B ( Control ) 41 A HHAAZS (CS) 4 i 2 58 7 111 & (KP) 4 11
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B AT K

[E&TE 1WA R & RIS 54T H (222301420020,222301420070) ,2023 4F 18 1] 1 4 A< R} 8 8 7 46 B T 20 85 7531
3] (2023GGJS084) ,2024 4F B2 4 AR BIHT AA SR (24HASTITO73)

Funded by Joint Fund for Science and Technology Research of Henan Province ( 222301420020, 222301420070), Youth Elite Teachers

Training Program for Undergraduate Colleges of Henan Province in 2023 (2023GGJS084) , Support Program for Scientific and Technological

Innovation Talents in Higher Education Institutions of Henan Province on 2024 (24HASTIT073).

[EE R 1 5kiET, 5 FEmi Lo A TR 7 1) h R 25 B VA TP IR R G005 . Email : zhangzeyu_2024@ 163. com

[EEEE TS, 55 Wb B0 A58 05 ] - o B2 2 B iR T s ) S B ik 5 4 LT . Email : zhaopeng@ hactem. edu. en



SIS S W E R 2025 4E 2 A58 33 B4 S Acta Lab Anim Sci Sin, February 2025,Vol. 33, No. 5 645

[EBR] M2 PEBHIE PR MTBRN ; B XEAE 25 5 il 28 5l B A o SO E 5
[RESZES] Q95-33 [ XEktRERE] A [XEHS] 1005-4847 (2025) 05-0644-12

Mechanism of airway remolding in a mouse model of chronic
obstructive pulmonary disease induced by cigarette smoke
combined with Klebsiella pneumoniae

ZHANG Zeyu"?**, MEI Xiaofeng">*, TAO Liuying"*>’, LIU Lan"*?, LI Jiansheng">*, ZHAO Peng"**"

(1. Collaborative Innovation Center for Chinese Medicine and Respiratory Diseases Co-Constructed
by Henan Province & Ministry of Education, Henan University of Chinese Medicine, Zhengzhou 450046,
China; 2. Henan Key Laboratory of Chinese Medicine for Respiratory Disease, Zhengzhou 450046, China;
3. Department of Respiratory Medicine, the First Affiliated Hospital of Henan University of Chinese
Medicine, Zhengzhou 450000, China; 4. Academy of Chinese Medical Sciences, Henan
University of Chinese Medicine, Zhengzhou 450046, China)
Corresponding author; ZHAO Peng. E-mail; zhaopeng@ hactem. edu. cn

[ Abstract]  Objective Cigarette smoke (CS) exposure combined with Klebsiella pneumoniae (KP) infection
in mice was used to establish a model of chronic obstructive pulmonary disease ( COPD) to investigate the mechanism
of airway remodeling. Methods Male BALB/c¢ mice were randomly divided into a Control group, CS group, KP
group, and CS + KP group. The mice were exposed to CS, KP, and CS + KP from weeks 1 to 8, and were sacrificed
in weeks 4, 8, 16, and 24. MV, Penh, MLI, MAN, and changes in lung pathological structure were detected. The
expression levels of IL-18 and TNF-a in lung tissue were detected by ELISA. Collagen deposition was observed by
Masson staining and immunohistochemistry. «-SMA and TGF-B1 expression in lung tissue was detected by
immunofluorescence. Human bronchial epithelioid cells (16HBE) were also stimulated by CS and lipopolysaccharide
(LPS) in vitro, and the expression levels of airway epithelial junction proteins, autophagy-related protein, and mTOR
signaling proteins were detected. Results  Compared with the Control group, the CS + KP group mice had
significantly decreased MV from weeks 4 to 24 (P < 0.05 or P < 0. 01) and significantly increased Penh from weeks
8 t024 (P <0.050r P<0.01); while the CS group had markedly decreased MV and markedly increased Penh from
weeks 8 to 16 (P < 0.05 or P < 0.01). Compared with the Control group, massive inflammatory cell infiltration,
alveolar wall thickening, alveolar rupture and fusion, and airway wall thickening were observed by HE staining in CS
+ KP group from weeks 4 to 24. The CS + KP group mice had significantly decreased MAN and significantly increased
MLI, IL-1B and TNF-« in their lung tissue from weeks 4 to 24 (P < 0.05 or P < 0.01). The aforementioned
inflammation and tissue damage were observed in the CS group and the KP group from week 8 to 16. Compared with
the Control group, COL I, COL Ill, a-SMA, and TGF-B1 were significantly increased in lung tissue of mice in the
CS + KP group from weeks 8 to 16 (P < 0.01); COL I was significantly increased in the CS group and KP group
from weeks 8 to 16 (P < 0.01). In addition, increased E-cad and decreased N-cad (P < 0.05); significantly
decreased LC3B and Beclin-1 (P < 0.05); and significantly increased p-mTORC1, p-P70-S6K, and p-4E-BP1
expression were observed in 16HBE cells exposed to CS and LPS (P < 0.05 or P < 0.01). Conclusion Pulmonary
functional decline, pathological changes in lung tissue, and airway remodeling appeared to occur early and persist in
COPD mice induced by CS and KP. The mechanisms may be related to the activation of mTORCI signaling pathway
and subsequent inhibition of autophagy.

[ Keywords ] chronic obstructive pulmonary disease; cigarette smoke; Klebsiella pneumoniae; airway
remodeling; autophagy
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18 P FH ZE % il % 9% ( chronic  obstructive
pulmonary disease , COPD) SE—Fh DL SR 08 R 1%
RGEREARFN 32 FR W FRAE H WBe s . 3 40
% RV EARER COPD B4 3k 13. 7%,
NBHEIE 142, COPD 03 B 5 B dii 5k b 48 75
RIS 3 TR,

H T A 35 ORI 5 | & AR E 4
JHL5 038 il v 5 AL 20 e RE LA R e R A
T BT 5 | AR B2 1) S e B A | e i 18 B2 0E il <l
I A P B DI RERF S T % COPD #EAT1E%
R, Hop SGE EHE COPD JR 3 i 2 e i
FriE R TR Rrge it i e R K L
R 38 i E-55 8K & 11 ( E-cadherin, E-cad ) | 4]
BN AR -1 A58 I BT % 2 58 B ) B B
AT DAAT SCHEAR A D AT 3 ) A S AT (Y
MG s L E e 22T, AGE R 4
W AZ A 3K E-cad, 5 15 N-8545 8 11 (N-
cadherin, N-cad ) | a-"F- 1 WL WL 3 & H ( a-smooth
muscle actin, «-SMA ) Fl # fb 4 K ¥
(transforming growth factor, TGF)-B1 55 Jf-44 1k Ky
JCET 248 44 Y0 B8 UL o8 2 4% 240 L fioh % 248 Jf 47 356 B 10
BOFREHABE AR 2, D5 EH A
Bl 5 ARE S A, RN 5 A
A TR T LR E IS WAL Y R i R
HEEE 1 ( mammalian target of rapamycin, mTOR ) Ji
550E F R AN A W, S BUE E R AT RE
L, B TCR-B1 SR F110 SR, B A4 25 %
o B AR GL 5 5 COPD 38 5 AL o R 4
ABIFFE R 3 40 0 25 22 B 1Bk 5 IS 98 o B A1 T Uk
et sy COPD /)N FRUBERY R0 P PR R 156 54
PR SGEE B, S COPD 1 kA & ML
TR 6T R s B A AR

1 HREH®

L1 ##
1L1.1 2%y

SPF 2% BALB/c /ML 96 H, Mt 6 ~ 8 J
W R (20 + 2) g, WA S b 5t 4 38 A 42 52 56
S AR A PR 7] [ SCXK (51)2021-0006]) . /)
SRR R P B2 2 K sl s i ol [ SYXK (1)
2021-0015) H# 1A%, 1RIFRIEE . B K 28
e 42k IR e 22 ~ 25 °C, H B iR 2

< 4 C, MXHBEEHIAE 30% ~ 70% . ARELIAT
B oY EREER , 4l ] R B 24 KA S 5 )
S HIZE 124t i ( DWLL202003210)
1.1.2  Zij

NS bR 4R (16HBE) 14 [ ¥ & 1
YR RA R (525 . FH1013) .
1.1.3 ik

filfi % 52 F5 1A T8 ( Klebsiella pneumoniae , KP') 14
A= ) R g 4 I, R AR 1D 146114,
1. 1.4 F20 51U

CUHERFT A (R IR ) | fEThiE 10 mg, MR
Bl 0. 8 mg, A —F ikt 12 mg, 4 7= T FE
mof T AR MEA A, IR 2B
( lipopolysaccharides, LIPS ) ( Sigma, 14268-
10MG ), DMEM & ## ¥5 3% 2 ( Solarbio, Cat.
No12100) , it 4= IfiL ¥ ( Lonsera, S711-001S) , PBS
2% v W ( Servicebio, GA2305002 ), i & 1 [
(Procell, PB180225), BCA & H & & ik 7 &,
7.5% SDS-PAGE &0 & 40 B AERE (5754
YK ZJ102L PG111) ,E-cad N-cad .GAPDH #i {4k
VLA Multi-rAb F4H — 410 H Proteintech ( 52 54
K A 20874-1-AP . 22018-1-AP . 10494-1-AP .
RGAROOL) , /S HHOCER 1 1 #24i% 3B (microtubule-
associated proteins 1 light chain 3B, LC3B) IlJ H
Genetex( 55 : GTX127375) , W Bk 1k B0 4% 41 fits B
PFRIBHEF 4E 455 HEH 1 (p4E-BP1) W A
Affinity 5 AF3830) , H Wi AH < 25 H Beclin-1,
p-mTORC1 WEFR 1k P70 A S6 & I ( p-
P70-S6K ) 21l [ CST (5% 54K K~ 3738 55368 .
92348) , H 40 i /> & (interleukin, IL)-1B ELISA
Kit " RD( 525 . DY401) , I8 SR 5E K 7 ( tumor
necrosis factor, TNF )-o ELISA Kit W H BD
Biosciences ( 5% 5 :558534) . #h¥ 4= B K FH 0
Kl 2 48 ( Buxco, 32 [# ) , Thermo Multiskan GO [iff
PR ( Thermo Fisher, &) .
1.2 A
1.2.1 ZhseE s 504

# 96 H SPF ¢ BALB/c /)N EHLA> J %t HE
(Control ) 2 . FF MM 25 (CS) 4H . Fili & v T 1A
(KP) 41 1 7 40 00 25 156 A il 9 50 TR A B (CS +
KP)4H , 544 24 H, 551 ~ 8 J&,CS 4HH CS
B (/NERUE T B AR E P AR E R T AN
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5 (A5 - 3000 = 500 ppm) , &K 40 min,
BR2W, KPUH/INRE 7 d 45T —RENFEE
KP (5 x 10° CFU/mL, & H/NEL 0. 02 mL) |, 5 Bt
[T 2 /0N B S 358, P A S 85 00 50 T 4 - ) TR VT
A/INEREL I, SR/ IN SR, i Hmig ) ¢S
+ KP 412k CS MRS KP &, 405 F5 4,
8.16 M 24 JEHUHT .

1.2.2  CS #EHWH %

W 2T I A 0 A 55 5 A T DMEM (= b 5 97
b i H 2K B AR UAE 320 nm 3740 I e
el e R BEEOLE 1.8 ~ 2.2 /EH
100% T ARNHSS AR B , G RT g fad e s 4 Y
1.2.3 KP 3%

W50 KP R eSO 5 £ BiE, InA S
mL AEBEERKIWRATIR ), FH K TR A0 422 24 e B
R TR h 27 IR WA, B U A - 2 o
PYEEFRILE T 37 CHEIRIGFRAA DR, g
B 8 N ) F A B T T PR 25 e T B R
Wt A A B ER K A B A R I U TR VR R
FHABER KR BER 5 x 10° CFU/mL 45
1.2.4 4R EE ST 55040

i 10% G 4= 1L 35 Fl1 90% DMEM /= 4 JE it
RigR 3R A 5 il o8 e RF 3R 54 H . B+ 16HBE
Y AP AR S g R A BT 37 °C 5% CO, FR
B, YAMERYEIEIRE] 70% ~ 80% I, IBEE
AL B OHLES O e ek IR B TR
WeRE, DL 2 x 10/ LAY %5 FE 2 A0 21 35 mm 41 ifg
BRI, FR 40 2% R 5] 70% ~ 80% Jm, 1
FERE B FRIEYLE 3 h, CS AN A 10% CS #2548,
LPS 44/l A LPS(100 ng/mL) ,CS + LPS 4% |
WRIRN T EEEE S VR 24 h 58 RIPA 241 20
JL, WCHUA B B AR AR
1.2.5 [fifigyagil e

4 Ji38 1 34 4 B AR e A R e A
/INER R34 38 S 3 ( minute volume , MV ) FII/S 1B
PeAE $8 %4 ( enhanced pause , Penh) I s AR 457 FR
B2 TREEE R 22 °C , M AR5 1E 55%
KA,

1.2.6 JiliZH 20503

K 4% 22 5 A 22 120, 9 A B
IR AR L (HE) Y, Bkl ZH 23] Fr
BEAL B 6 A fili it 40T & F, 78 B A v e i

i = 2 p R he VL S )T MO NN ON ) S L
R AT AR T SN T I 3 AR
(mean linear intercept, MLI) (jum) = & K &/
it v o B 5, - 420 fii ¥ %X ( mean alveolar number,
MAN) (mm™) = i/ mA
1.2.7  RAEHFIKPAs

K H PBS whigk/INBRUAG il 41 48, FREX 50 mg fifi
AL AFA R AR PBS I B B AFF S 1 2 9% B
¥ MR ELISA kit 7= SR T R 3R LA
IAZ 96 AR & 7%, 55 2 RUESIHHRUC
AE PR FR e S FREAS K BT i HRP | (5
L PRI AE LB RS XAE 450 A1 570 nm
WAL TREA ' TNF-o AT TL-18 7K,
1.2.8 Western Blot

KT RIPA 2L fifk U 2L A0 i 25 0 Jim W 46 1
i, BCA kX & (b 47 % & Ab B, AR R
Western Blot £ i #£ 4 H E-cad , N-cad , Beclin-1 .
LC3B .p-mTORC1 .p-P70-S6K Fll p-4E-BP1 )%
FIRIKF , I-H ] Tmage J 1. 8 FRAF41HT .
1.2.9 %t

KT 4% 20 JE P e [8) € T 212, 72 h 5 f 1
FAE R, KGR R TEK LB 95%
W 85% LI 75% L ZE B /K A5 AP BRIBLE , 18
FEETR BT RS S W AT L EE &2, PBS VR,
5%1117F ML B INA—HT 4 CHFR R, 5 2
K PBS BEF 5 —HTE IR HEF 50 min, 0
DAB o (A e o, A ik PR IR E S TR
A g 2T T ﬂﬂﬁ?ﬁ%é(collagen I,
COL 1) M7 546 H ( collagen I, COL 1) HY52
B K Image-ProPlus 6.0 BB R
25 JE (integrated optical density, 10D) #1750 1k
AEEE,
1.2.10 st

K 4% Z2 58 W [ 2 il 2H 210, 64T A0 s
A I UGE i R ek L BE L 95% LB
85% L 5% LT Z& MR K A5 A0 BRI i | fdi A
BRI G S AT BB 52, PBS T, 5%
H12F ML 25 R B 1 h o o-SMA HI TGF-B1 Hifk
THINTERTZHZ T 4 CER R, 55 2 K PBS I
BRI —Hi s EaRDOIE &, 7E PBS iR U /5
A DAPL, BB KAt E R G w5 a8k A,
TEDEG WA N W&
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1.3 SitZEaH

BiEim it SPSS 23. 0 AT A, RAIHIR £
TSNS RS, B S O 2 5 R
55, 00 T 25 55 4G O, R FH LSD-¢ #6473 7 5 %
FIHEAFAIEN , KA Dunnett” s T3 #E4750¥7,
BRI £ bRifE2E (x £ 5) R, DL P <
0.05 R HA WEM,

2 #ER

2.1 WHERTZEKSHEERREN COPD FHEUMR
it Ty & 9 22 i
5 Control 41 b3, 565 0 i, 440 MV £ Penh

TREMWLER, 8 ~ 16 J8, CS %4 iz fE
MV B 2 FEAK Penh 3 T4 (P < 0.05 3¢ P <
0.01);%5 8 ~ 16 J& ,KP 41 MV W Z L (P <
0.05) Penh T E M2 5% 4 ~ 24 Ji],CS +
KP 41 MV 2%, 45 8 ~ 24 J& Penh W EFHE
(P<0.058P<0.01), WHE 1,
2.2 HERZBRESHEREX COPD EEU/NEF
Fifi 28 2R 5 18 1Y 22 )

filiZH 4] HE A 25 B Kl 2 .78, Control 20
/N BRI 41 2 45 44 3 O, A D B 4R P A i Vi
55 8 J&,CS 4 M CS + KP dH/NR A1 40 Bl R
Y MR B R B R R 43 i i

A AN MV 1928165 B . 2 20/ Penh 197224k 5 Control HAHLL, " P < 0.05, P < 0.01, ( FEIF)
B 1 CSHKPX/NRITEERF M (2 + s,n = 6)

Note. A. Changes of MV in mice in each group. B. Changes of Penh in mice in each group. Compared with control group, “P <

0.05,™ P < 0.01. (The same in the following figures )

Figure 1 Effects of CS and KP on pulmonary function of mice(x + s,n = 6)

SERIEIN I IR B Rl E i o s 3 KR i K T
FRA S50 B4k KP 41 /)N BT 20 4043 1 %
i 20 v i K o €S + KP 2/ BB
HAURAELE 16 FPREAETE, FFHrs 2 24 (K
2A),

5 Control 4 A LL, 25 4 J& CS + KP 4111
MAN AL MLL B & T+ (P < 0.05 3¢ P <
0.01) , HaTHidl ol B sl 2F ;55 8 ~ 16 J& CS
ZH A1 CS + KP 4118 MAN & Z K (P < 0.05 5 P
< 0.01),CS 4] KP 411 CS + KP 41/ MLI %
THE (P <0.05 8 P < 0.01) ;%524 J& CS + KP
ZHHY) MAN 2 EFEA% ML B2 T & (P < 0.01)
(El2B),

2.3 [EERZEESHE KL COPD AN
RAE I R B 800
55 Control ZHHA HL , #5414 I I FHESS 4 JH %

TR FEMEZE R CS 4 KP 4L M1 CS + KP 4 IL-
1B Al TNF-o FUZEIRFES 8 ~ 16 R ETHE (P <
0.05 8 P < 0.01) ;CS + KP 41 IL-1B . TNF-a [
IRTES 24 W FETHE (P < 0.01),CS 4 IL-1B8
I ZRIRTES 24 AR E TR (P < 0.05) (#3)
2.4 HEREBRSHEREXT COPD /MNRATA
AR RTTARE M

filiZH 21 Masson Yefa 25 RN 4 W, 5 4 K
CS + KP 41 90 s Jirt A 1 DO ARR - B L3S A s
THREMGJEL 558 ~ 24 J& €S 4H KP 411 CS + KP
ZHIREE B 1 it 2 DT AR O i UL A RN R RE
R,

I EE R R, 5 Control ZHA L, 55 8
Ji KP 4440 CS + KP 4% COL 1 it COL II {2 %
THE (P < 0.01),CS 4Ry COL 1 BETHE (P <
0.01) ;%5 16 J& CS + KP 4H1% COL I 1 cOL I
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T A A2/ RUIZL 20 BRE5 846 B - MAN il MLI it L,
B2 CS A DP Xf/ N LR BRI (2 + 5,0 = 6)
Note. A. Pathological changes in lung tissues of mice in each group. B. Quantification of MAN and MLIL.

Figure 2 Effects of CS and KP on pathological changes in lung tissues of mice(x + s,n = 6)

T A /NRUIRZLZUR TL-18 1RIA B /N RUMIZH AP TNF-o 9 3R35
B3 CS Al KP XF/NEUARAE T RIS (3 s,n = 6)
Note. A. Expression of IL-13 in lung tissues of mice. B. Expression of TNF-a in lung tissues of mice.

Figure 3 Effects of CS and KP on inflammatory cytokines in mice(x + s,n = 6)
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4 CS 1 KP X/ B 2H e TR I AR B9 5 ) ( Masson Y40, n = 6)

Figure 4 Effects of CS and KP on collagen deposition in lung tissue of mice (Masson staining, n = 6)

BEFE(P <0.01),CS HMKP ZHf¥) COL 1 &
ZTE (P <0.01) (ES),
2.5 HERZBRESHEREX COPD /MNRATA
23 a-SMA 1 TGF-B1 &0

HIE Y A5 R TR, 5 Control 14H 1,
58 ~ 16 JE CS HHN CS + KP 4H /) B b i 20 21
a-SMA Fl TGF-B1 Fik/KF-Thm (E 6)
2.6 FHFEMETES LPS S8 b EE#
FH.B% X mTORC1 58 &N

5 Control 2 Ft%¢, CS 4H A1 LPS 4 v LA T i
N-Cad P&k E-Cad 335, (H 0 P25 5, CS +
LPS % T+ N-Cad \FFAIK E-Cad 3k (P < 0.05)

5 Control AL, CS 2H .LPS ZHFl1 CS + LPS
20 /) LC3B Ml Beclin-1 Y 25 11 ik i 3 FF K,
p-mTORC1 ,p-P70-S6K . p-4E-BP1 % 7K F g &
HE(P<0.058 P <0.01)(K7),

3 iFig
COPD J&—Fh 4 BRM: i 23 25 T A= ] ) 4Bk
= 40 % AFERY COPD BURRE A 11. 7% , AR H

B LIS, FET- R E L 320 TN, 5L T 2. 6%

IR R T A AR BN AR 3 REULE
PRI it R e v ) R W R 36 %) T v R e A
FE RN DAL g, T COPD B Bk R IE K
K 40 AEAHHRSE T, Z 2060 4F ] fE AR AE A
it 540 7T AFETF COPD K HAHK#K "™ . COPD
RRRALEN A A 2200, T A0 4548 1 0T I | 4]
IO 984T 25 P T/ R A O A 2 1 | S 1 A R
it Sz ot 45 ) 1 i 7, HE TR R B I Bz A i 3
M BERRR A A R R A Y A R TR A I A
iz, Hid el CS A R R YL 5 | i 1 9% JiE 41
ST i 900 45 A A AR AR 3 a4 el
5| e 62 B 9 E 0 3 A S s & b B A 4k
A B JEUUAR A RE S R4S S H A R
SRR T A SRS B A P ZE HH it DA R T i
Bt AR T 2K S BV Z IR H 16 B P /< &
1 A T COPD B T e b AT vE P IE B
Fren it py K JF Y H AT COPD < i 48
S A LA 4 R 5 4 B W a3 R S R R A
By FHMUR AR ARSE . A AR 3T COPD
(RS SIS e IR I op e TS g = v
COPD /NFRBIARY & X mT 5 | AL i D) 68 T K% | il 21



o E S sh 2 2025 42 A5 33 B4 5 Acta Lab Anim Sci Sin, February 2025, Vol. 33, No. 5 651

A ARIEA LU Y AR I BT 40 cOL 1 1 COL M AYEEiL ;B 55 8 JAAIEE 16 JE/NEUi4 4% coL 1 F1 coL I

ik,

B 5 CSHKP %/NEEMZEZ COL 1 and COL MMM (% + s,n = 6)

Note. A. Expression of COL I and COL Il in lung tissues of mice were measured by immunohistochemistry staining. B.

Quantification of COL I and COL III in lung tissues of mice at week 8 and 16.
Figure 5 Effects of CS and KP on COL I and COL I in lung tissue of mice(x + s,n = 6)

IZERIS ) AR A CS BRA 40 By
3. COPD /NRUBEARY CS BX A LPS 155 E L R4
JufsiRy | 2548 COPD “if o ¥ A8 Ak S FLVB AE LI
B LIRE B BN R B A2 BRFR B, i 5K
HEEMEF5 RN EREA L, YEMRG)E
KAESEBE, FERES WA LA YEE T
B, 2B A il o) i A R A5 PR Y i )
MV S 1 I 2 48 138 < P16, Penh OB TS
TERA AR R 2[RI i S S5 PN
() S i A0 JH G0 e P A0 e | I 4 ) R o R
£, IR Z 0 RAE R F, 75 A il 4 SR 22 R
JIVE T B S A R Y R A AR AR

7~,CS + KP d/NRAESS 4 J8] B T Be R AIG , Jidi
LU R AN IR I BE B o A B AR K ok
SE RN B3 IR ZE 24 JH T CS ZH A KP 4H 1Y
T RE i 4l 4 9 9iE S g A AR AN FE SR 8 ~ 16
B, DA ESSRE | CS BEA KPS A/
COPD #9248 H B FRLERT Rl
TS K IS5 €S KA & 118 Ve & e
SR, AT A5 | S S i UL S A 5 A R AR K
Ji D TR A B Y R S A A AR TR
T2 BRP ) H a-SMA 1E S8 S W LAH L
PRt A, s Rk w 5E P I E L
HOHE AL 20 S TGF-B1 2 BT 4 20 i 3 7
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B 6 CSFlKP X/NMRIAZ o-SMA A1 TGF-B1 FIFEMH (n = 6)
Figure 6 Effects of CS and KP on a-SMA and TGF-B1 expression in lung tissue of mice(n = 6)
I AL AN I8 1A ) EE SR 727 s coL T JEIFEL, S B0 45 R R I IR BF 5T R
A COL AR MG A A B B DI TF<G5E  COPD i o-SMA ' TGF-B1.COL 1 &% COL I %
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B 7 CSHILPS X _E S AN (1, A ME & mTORCL 55 AR (x + 5,0 = 3)
Figure 7 Effects of CS and LPS on airway epithelial junction proteins, autophagy and mTORCI1 signaling(x + s,n = 3)

KA BT, B 5B EAEE R VM
Fel2BU R R I CS + KP 417E55 4 A i
J I AR DTS T T LG AR AT R B R A
Ak, IFRFEE R 24 A1 CS 41 KP 41755 8
JE B B L RS 25 24 JH], LU R gh Rk
B, CS B KP 75 110 /N BV 598 B £F
SEmFIAE

GBI i E-cad 25 HE -S40
610 (9 3% T L B o B IR CS A PR S5 4 A
FEHRE WS COPD B & A0 b 57
i, OB R 2RI E-cad 25358 R IA L,
R 2 ) () S A A S 5 SGE R AT ) S
BT ARIFSER A CS . LPS . CS BKA LPS i
SSGE R 40 16HBE #5740 A ) 45 5
7,45 TP B A B B B T E-cad 2708070, [H]

JFAL A MFR 75 8 11 N-cad 2353400, Hoh & 1
TS AL S A B e, b Ak, COPD HRE < I8 b
() E Wz 8, 80O H R 55 25 A 5 TR R g 4
A Mg B AR, 51 & A8 b A T fE
EALAGE 2 LC3B  Beclin-1 5 Z 7
A B AR BRI S R, HAE
COPD HF fili ] 413635 B 0 /0 . mTORCI1
A DL i BRI P70-S6K il 4E-BP1 25 45 41 ity
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[ Abstract ]

beneficial effect of ginger-processed Jiangxiangru polysaccharides on traditional Chinese medical symptoms. Methods

Objective  To observe the characteristic symptoms in breast cancer-bearing mice and the
Thirty-eight mice were used for modeling and divided into normal, model, positive, and low-, medium-, and high-
dose ginger-processed Jiangxiangru polysaccharide groups. Mice in the normal group were not inoculated with tumors
and mice in the normal and model groups received physiological saline intragastrically. Mice in the positive group
received celecoxib solution intragastrically, and mice in the low-, medium-, and high-dose groups received the same
dose but different concentrations of ginger-processed Jiangxiangru polysaccharide solution intragastrically. Changes in
body weight and tumor size were recorded after 4 weeks of continuous administration. Symptoms were observed at the
end of the experiment. RGB values in photographs of the tongues, tails, and claws from mice in each group were
analyzed and recorded. The degrees of blood deficiency, yin deficiency, and tumor phlegm stasis were calculated
based on the method of quantitative dialectical diagnosis. The tumors were isolated and weighed, and the tumor
volume and inhibition rate were calculated to determine the beneficial effect of ginger-processed Jiangxiangru
polysaccharides on traditional Chinese medical symptoms. Results Mice in the breast cancer model group showed
signs of blood deficiency, yin deficiency, and phlegm stasis. Tumor size was significantly reduced in mice in the
ginger-processed Jiangxiangru polysaccharide groups. Ginger-processed Jiangxiangru polysaccharides inhibited tumor
growth and improved blood deficiency, yin deficiency, and tumor phlegm stasis in breast cancer-bearing mice, with
the best result in the high-dose group. Conclusions Ginger-processed Jiangxiangru polysaccharides can improve the
symptoms of blood deficiency, yin deficiency, and tumor phlegm stasis in breast cancer-bearing mice, especially at
high doses.

[ Keywords] ginger-processed Jiangxiangru; breast cancer; disease combination model; TCM symptoms
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Note. A. Tumor size of tumor-bearing nude mice in each group. B. Effect of ginger-processed Jiangxiang on tumors in tumor-bearing nude

mice.

Figure 1 Tumor changes in various groups of tumor-bearing nude mice
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Note. A. Comparison of tail RGB values chart. B. Comparison
of tongue RGB value chart. C. Comparison of paw RGB value
chart.
Figure 2 Comparison of RGB values of tail, tongue and

paw in various groups of hormonal tumor-bearing nude mice
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Table 1 Influence of ginger-processed Jiangxiangru on body mass, tumor mass and tumor inhibition

rate in tumor-bearing nude mice

4

Groups

it/ (mg/kg)
Dosage/ (mg/kg)

KB/ g
Body mass/g

o i/ g
Tumor mass/g

IR/ %

Tumor inhibition rate/%

IE#A
Control group
SIUE|
Model group
FREEH
Positive group
LWL EF LN
A3 3 20
GJXRPs-L group
LWL EFE LN
R
GJXRPs-M group
ES M F 2
[k
GJXRPs-H group

200

200

400

600

18.28 + 0.85

19.93 + 1. 55

19.96 + 1.28

21.02 = 1.25

19.58 + 0.94

19.37 £ 0.52

0.83 +0.16

0.50 + 0.09"

0.65 + 0.11

0.53 + 0. 12*

0.37 + 0.13%

39.37

21.57

36. 49

55.15

T SIERWAMLIL, P < 0.05,%P < 0.01; SRR, " P < 0.05,™ P < 0.01, (TE/ER)

Note. Compared with the control group, *P < 0.05, P < 0.01. Compared with the model group, * P < 0.05,

following figures and tables)

T A A AT AR BT s B A LA R BUI C 2 AR AR B
B3 SAerEaR RS R R

Note. A. Tongue of tumor-bearing nude mice in each group. B. Paw of tumor-bearing nude mice in each group. C. Tail of tumor-

bearing nude mice in each group.

“ P < 0.01. (The same in the

Figure 3 Comparison of tongue, paw and tail in various groups of tumor-bearing nude mice
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Table 2 r values of tumor-bearing nude mice tongue ,tail and paw and the scoring of traditional

Chinese medicine syndrome evaluation
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[ Abstract])

cirrhotic rats. Methods

Objective To evaluate the feasibility of establishing a portal vein thrombosis (PVT) model in
Fifty male SD rats aged 10 ~ 12 weeks and body mass about 300 ~ 350 g were divided
randomly into a model group and a blank group. Cirrhosis was initially established in the model group. PVT was then
established by intermittent portal vein ligation with clamping, and was confirmed by hepatic color Doppler
ultrasonography 1 week after modeling. The model group was then divided randomly into a model control group and a
model recovery group. Liver and portal vein tissues were extracted from the model control and blank groups after
laparotomy, and from the model recovery group after continued feeding for 2 weeks. Liver and portal vein samples in
each group were stained with hematoxylin eosin ( HE) and Masson stain and portal vein samples were stained with
Elastica van Gieson (EVG) stain. Results Ultrasound examination showed stable thrombus formation in the portal
vein in the model group 1 week after surgery, with a modeling success rate of 68%. HE and Masson staining showed
false lobules and PVT, media edema and thickening, and collagen fiber adhesion, and EVG staining showed portal
vein intimal injury in the model and model recovery groups. In contrast, there was no PVT and the vascular structure
was intact in the blank group. Transmission electron microscopy showed collagen fiber bundles in the hepatic sinuses
of cirrhotic rats, and hepatocyte mitochondria were heterogeneous in size, with focal aggregation. Portal vein
endothelium exfoliation, apoptosis, phenotypic migration of smooth muscle cells to the protoendothelium, and
subintimal fibrous tissue proliferation were also detected. No rats in the model recovery group had died 3 weeks after
surgery and PVT remained stable. Conclusions  Shedding of the portal vein endothelium, intimal fibrosis,
phenotypic smooth muscle cells and migration to the intima are important pathologic findings of PVT in cirrhosis.
Intermittent ligation combined with clamping can be used to establish a stable model of PVT in rats with liver

cirrhosis, and the pathological changes, including vascular endothelial injury, intima thickening and fibrosis, and

slow blood flow, are consistent with the formation mechanism of PVT in liver cirrhosis. Model rats can survive for at

least 3 weeks, thus providing a suitable model and survival time for further studies of PVT in liver cirrhosis.

[ Keywords)

rat; cirrhosis portal vein thrombosis; animal model; histopathology

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

"] # K M4 ( portal vein thrombosis, PVT) &
1 2R R 5 | & 9 1T bk 3 T A CH 4 S i A BEL
FEMERAR AT G IF SO G 91 W 72 RS Ik -5 ML ok
MR, G RE R 20, PRI B PVT K EF N
10% ~ 25%""' MIXKWFFE B, PVT R R Y
JFFA A 2 F R 2 I R O A B A A g 2
di 10%, Child-Pugh B/C 2% AT fifi fk B & T+ &=
17% , T T RS A A 36k 58 5 vl 3k 269, 55 A iF
FEUESE, AL ] A AL AR PVT SR F ik
40%'Y , Sk PVT A5 & s R IS0 % 3R 5E 4%
JEE IR RAE 2 PE PVT W] RS 8] H K A 2E |
VAR AR AR M, I T & SO 1) e o R L =
AIRE S| & 2 B 00 T A s i AR K
S5 RS, 38 BB s 0 A6 T XU, e I RS R AR
JEIRAL,

{ERFEAE PVT B % 9 B 24 1t o 58 4
B JEHTIRYT Tk 5 2 Y W T R B o BTG v SR
(ST, FE PVT SRl nl MR AR T H A&
S AL B & i PR 3 T I A AL AR T A

H AT AR BT 8 7 KB PVT 3l 455 74 i) SC
HRDT (HI DU K R ST PVT, IR A X K R
PVT #ERY i o e P A0 A A7 300 0 i 38, A8 1
PVT BAEWFFE I P AT e R nl 0, PR, i sr 52
FERFRELE PVT vl AT PRI 1 sh A A 8 Se FE L

ARG AH A A TS 56 L Ry o T K R
PVT #ER1 FFESE KB PVT FRA: 723 5 i ke fa
FEAFTERT ] 2/ 30 d, 7RIS A LA - 5T

B ERR A T R BAFEE PVT B8,

ARSI LA SD KRN AR IE X 4, B SeE s i
A Ak R RRUBE AL, DAHBE £k A B, R FH 11 e ok i) 17
SEFLIRNE I I 106 A e 1 I I A5 P 1) Ty vk o
SEJFEAL PVT KBRS, X R BRURF 17T kb A
HATIRAR R L (HE) Masson |5 JJZF4E (EVG)
Yo LUWLEE Hs BRARRIE 5 X0 A A6 R U A2 17
RIS T2 5 v B A, DA 7 0 R BRI T
JKHE B U A %) o BRI Al Ay [ 3 A AL ]
ok i A B AR A SR . SIS IE ST, FAE AL PVT K
SRR 0 A A7 11 55 10 A% B RE A7 AR st ) 25 /0 3 A



SIS W E R 2025 4E 5 HEE 33 BH S Acta Lab Anim Sci Sin, May 2025, Vol. 33, No. 5 667

b X ARALH ST PVT JE AL s AR A Fn 24
YT TR T BRSNS v AR

1 #REFE

L1 %
111 SEEshY)

50 2 SPF ZelfEtk SD KR, 10 ~ 12 J&, 1k
JiiE 300 ~ 350 ¢, W TR AL LS E R A
FRZN 7] [ SCXK () 2022 0006 , K Blid 37 T 55 &
Ui Y 2 e S 56 5= 3h W B [ SYXK (45) 2022 0023 ],
B b3l A R AT, 78 T 45 8 by 8 43 8 A 37, 4
FEEA NURE (23 + 2)°C JBE (60 + 10) % FE
25(25 £ 2)Pa, HHIKE JK, 451 12 h SEHR/12 h
MREATHE6.00 ~ 18.00 AL, BRAT
TR AR SR, KA IR E, i SC ey
3 LU AR v B 2 K B B B 12 B S 1 2 At
(2021-99) ,

1.2 EZLH 5108

IARZ A (HE) Yl H & (IR B ARE
STRHE A FR 2 5], 20240409001 ) ; Masson — {8, 4t
R R & (RN REYHARERAA,
BA4079A) ; EVG Je 50 & (2R N RAEY
RAE A F,BA4083A) , PRKI A HL(_LiEPR&
I A FRA F), FM2235) s W) 6, 238 il 5 2
W 22 58 (IR 355 55 sh ) B 7 BB R0 A B )
Vetus7-VET) ; BARG AL (1L AR BAREITT B A
PR EHZ-CTS- 1) 5 %5055 B R AL (VA=
¥, KF-PRO-005) ; i 4F L 5% ( H 48 JEOL 2 #l,
JEM-1200EX) ;3% 5§ At 58 20 7 8 3k (T E Osis
/N F], MORADA-G2 %1 CCD) ; [ 3l 40 22 i /K 4k
FEHL ({8 [, TP1020 ) ; A M5 fu 3 ML ({8 &,
EG1150)

1.2 A&
1.2.1 SEeshysrdl

R B IR SR 1 RS BEHL AR 28 L AL R
RIgH 25 A2 10 2 ] 40 H o PR L5591
VYL (A SE VA il
1.2.2 7 AR

S8 T A A B R U RE L s 4 3, 9F
FRYESL B BTt ee b . 38 MR SR 1R
FH CCL, BB R T L2240 | B 55 R 5] o 1R 3R 25
Ak 8 A, il 28 A Ak KRR Y | A5 AR 1 45 43 7

15 IR AR

(1) 7550 b 338 K U B, 7R3
SHTLL 0. 35 o/ L 2R L L 22 A 2R AR KV W R R
fRIME— R R K B R 1

(2) BB 1 W B 4 0.5 mL/100 g 1)
40% CCl, "M SEFF M i, BB 3 d, &t el
0.3 mL/100 g, B J8 2 Wk, 4542 4 J8 ;L 10% L %
ZENR RS WO e — K K, B S R IT A,
PL0.4 mL/100 g bR TS 50% CCl, e
KR, B 2 O, Regk 3 A, LA 15% S50
TR R FEE— TR K IR AL 17T K e R RE R
SBR[ ST 8 J8 , 4 HOK RU7E 1 AR R P gt
T2, 3136 H
1.2.3  JFffifk PVT BRI EE ST

(1) JHBEAL R B BEHL S A RS AL2H 2 3 PVT
BRI 34 B, PVT A4 ORATEE S 12 h, &
B2, KR 3% 360 HZ BN (2 mL/kg) BRI,
UM EMSE B K B E TFAR G L, 5 R IH
B, QTN QT M 2158 TR IE R EL 3
em YPATYIE B JZVIFFRE I, 85 1T IXHR, 15k
TN FRE LK, W HOE AT ) 2R R TR K
Qi 43 B9 1T bk 321, 47 20 310 25 J) [l 485 46 41
AU 5y BT THREIK ; ZSFLI T8RRI 2. 5 em Fk
B3k B2 BB ST T CPAT R, UL 4-0 S48 5
£ 03 T 1T I G 30 R i 2 A 5 LI R K, S5 4L
378 3T 9 i ( B ORI — 45 3L ) |, S5 LG [a) R 4y
2 1.5 em, S5HLRTI )G, /NG FE AL, 60 AR B TR
S0 1 FR R IDK A5, BEBR 5 min B A5 4LZAT
TR PR T B LI D K O 9 BT R
3l , /N IR R SR B 8 5 () 1T g ik I it
Je b TFEEFLIGHY 5 min P, (8 FH IS 16 B
i 22 378 St T 4K VR BT I 10 g ik LA U 1 A PN
AR R 3 5,5 min P BIT5E K 4 U
PRAE, % DR IRE S EAE 4 3, LIS PVT B
BCCULIE 1) o kT 15 bk ] e S da R AR 28
VSR AT B L2 R 3%, W s E ST 2 mL 3% Sk 71
L RE T DA TR A i e g, i A e A B R
0F, FELEBE BT R AR IR, S Es 88 A Ik, &S H 4l
AU 5 1T KB R, A X 10 e ik 28 4 485 FL AN 4
e, 5 RRRAE S e AR S 1 R NAET:,
429 HRBIEERS 1 h 224 B Wik 2 &0,
WS 24 h,29 HRBRIZTC T H R,



668 o E SE S YA R 2025 4E 5 A4S 33 %45 5] Acta Lab Anim Sci Sin, May 2025,Vol. 33, No. 5

1 [I#DKIm AR S FA
Figure 1 Portal vein thrombosis modeling surgery
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Figure 2 Color Doppler ultrasound images of portal vein in each group of rats
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B3 LU0

Figure 3 Pathological staining of liver tissue
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Figure 4 Pathological staining of portal vein
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B 5 R B4

Figure 5 Electron microscopy of liver tissue in cirrhotic rats
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Figure 6 Electron microscopy of portal vein in cirthotic rats
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AR 2N U — FBOIRES MR AR A7 R R 2R 850, WL/ BRUIT A 205 2 e s PRI R 2T AL Ar 4 A
RIEHFRE, R SXF IR, BOAMIE S 4 A A7 R IS, R 5 T PR A, Il 2R 0 o 2 34
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HFEAWREE F# (P < 0.05), £ T Tghl B mRNA FikH N (P < 0.0001), & 1.5.2.5 Fl
3.5 mg/kg WITOREE Z A S CSTBL/6) /N IPF, 4545 AR A7 A 1l 28 5038 1k i 4 4 K A X0 g B
S YRR I TR PR GLE R 2.5 mg/kg RS 2 MBS IPF /)N BUAY ol B
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[ Abstract)
(TPF) mouse model induced by the intratracheal infusion of bleomycin ( BLM) of different concentrations. Methods
Male C57BL/6] mice were randomly divided into a control group, Model-L group (1.5 mg/kg, BLM ), Model-M
group (2.5 mg/kg, BLM) , and Model-H group (3.5 mg/kg, BLM). An IPF mouse model was constructed by one-

Objective  To investigate the establishment and evaluation of an idiopathic pulmonary fibrosis

time intratracheal infusion of BLM. The general status, body mass, survival rate, and lung coefficient of mice in
different groups were compared. Pathological changes in lung tissue, the hydroxyproline content, fibrosis markers and
inflammatory factor levels were observed. Results Compared with the control group, the survival rate decreased and
body weight showed a downward trend in the low-, medium-, and high-dose model groups, with significant increases
in lung coefficients. Inflammatory infiltration (P < 0.01) and collagen deposition (P < 0.0001) were observed in
the lung tissues of all model groups. Hydroxyproline levels in lung tissue and serum were significantly elevated (P <
0.05). The mRNA levels of fibrosis markers a-Sma, Fnl, and Collal were upregulated ( P < 0.001), with
significant increases in corresponding protein expression (P < 0.05). The mRNA expression of the inflammatory
factor Tgfbl also increased (P < 0.0001). Conclusion 1.5, 2.5 and 3.5 mg/kg BLM can induce an IPF model in
C57BL/6J mice. Based on the results observed for survival rate, body mass, lung coefficient changes, lung tissue

gross and pathological changes, and fibrosis-related biomarkers, 2.5 mg/kg BLM is the optimal concentration for

inducing an IPF mouse model.

[ Keywords)

idiopathic pulmonary fibrosis; bleomycin; animal model; intratracheal infusion
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Y & PR il £F 4E 1k ( idiopathic pulmonary
fibrosis, IPF) b —Fh bl &2 42 1697 T-Bef
B, e 2B A s b AT PE R . TPF I RRE
ARZ 4 PTG Dy BEVER | T W PRI M, 20 25 B A 3R
IRy 06 5 A A R/ B AR R S RUE YR, 2R
FRAERMED . AN, IPF F A3 i i 30 bk
EELHEE GRS B E
J7 F-BORNTC T 3Rt fo 04 DRk S R i 19 2 SR B s
PI 3P de L 25 s8Ry skmg Y . BT
W, FA AR R (14 B ) S S A5 R 6T TR 1 B 2 Y )

SRR R — i AR LN 28 9 0 A B R
TEMEAT e O 58 I — Fp e it T 2, B A
P BT, IPF A5 sh ) i B 2 AR T k15 2
W0/ BL(ICR . C57BL6 . KM /D L5 ) K B
(SD Wister KEAE) KA, FE @S ok ER

(bleomycin, BLM) | A R4l | — 4 fb ik S 5k 50 2
POCRLEFHE PR BLM 2 —Fh s b ik
PR IR 2 TR T A B ERE , il 27 4k b 2 32
BRI . SR C57BL/6] /NREAT BLM
— UM P T R R L e LR 1 T ) A
3, BA A AR BB AE SET R AR
A A ARG R B8 R A O 0 O L SR, DU
C57BL/6] /INFUCA 1], AR 5E H BLM 44 g 452 764
(O B AR — S R, AR B AR R AT
BLM — K PEZ S8 A TPF /N BT | 5
T BLM i fE &

1 MBERIE

1.1 ###
1.1.1 L3
8 ~ 10 J&# SPF 2 e C57BL/6] /) K 76
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HORBTE (23 + 2) g, T AR Yk 58 F 42 52 50 3
PrEARA PR 2> Wl [ SCXK () 2022-0063] ] 57
T R B 2 R S B W b [ SYXK (1)
2023-0347] , SEEHERF A0 22 ~ 24 °C HAXHRE
40% ~ 50% GG SR IHE S 12 h/12 h, H 5
KRB . AR Lm e A 25 ) R B 2
KEESLIR BN PR 07 2541t #E (20240102003 )
112 G 54

TRIR PR B R (L 22 se MR A AL B R A7
PR, 525 B802467) , A ALSHIT ST (15 &4
24 ey A R 2 7 [ 24 1 5 H41023363) , 4%
PFA [ EW (B AR A RA A, 18 %
BLS39A), 71 A F-HH 41 (HE) Y a3 77 & A
Masson — (A 4%t 3871 & (IR 4E /R AE W RHE A
BRAATE], 52543 511k G1003 F1 G1006) , 4 M 2 R
(hydroxyprobline, HYP ) i3l & (Bt & A4 T
FEWF 55 B0, 1% 5 A030-2-1) , TRIzol 2t 7 ( 3 &
Invitrogen 23 & , 575 1596026) , Prime Script™ RT
reagent Kit with ¢ DNA Eraser [ %% 5% iA57 &, TB
Green Premix Ex Taq™ &7 & ( H A TaKaRa 2>
", 5554351 : RRO47A F1 RR820A ) , /B T A fi
JEEE H (collagen type I alpha 1,COLIA1) Prik
(£ CST A H] 585 72026) , a- VI LIS H
(alpha-smooth muscle actin, a-SMA ) | £} i& & H
(fibronectin, FN) . B-tubulin T . HRP #5ic 09 =F
Bt — B0 (h B Affinity 23 &, 585 5 9 K
AF1032, AF5335, AF7011,50001 ) , RIPA % i
H1BCA HH HR I € 120 & ( B = KA+
ARAHE] 525400124 POO13C F1P0010) , 2K 4 1
Tl FR0 gl T2 TR0 1) 5] ( 9 [ TargetMol 73 H] e
5124 C0001 1 CO002)

/NI B (1 R AR AL A R H]
K15 SR310-M ) , B0 BLY) v 43 5 & 58 (3D
HISTEC , 1“5 Pannoramic MIDI) , 4= % 1< i Fr 4%
( £ [E ThermoFisher A H], 15 Multiskan GO) , {8
TRl S K B (B —fE R U A R A ],
BIS BWS-0505) , A1 ik 2L A9F s 43 (I R 48 R A=
VIR A B |] B KZ-I-F/FP) |, i 40k
FEEE T (2 & Implen 23 A, #1%5 NanoPhotometer
N50 Touch) ,96 fLIAEFF Y ( 5 E Thermo Fisher
Nl S Veriti ) |, SEHE 26 Y6 E 5 PCR X (FEH
ThermoFisher 72v #), #! %5 QuantStudio 5 ),

PowerPac™ & filf H Kk { H8 ¥ ( BIO-RAD, %I 5
1645050) ,fb# KOG s RS (AL B bk
Y ARA FRA A, H5 BG-gdsAUTO 710pro) ,
1.2 FHik

1.2.1 3o dl SRty it

76 HEPE C57BL/6J /N ER AL 73 S A5 UK |
W LR B AL, B A5 19 H SRAI—IK
PEACE TS IPF /N BURERY /N BRI s
S 195 E H 240 (50 me/kg) SRR 38 1 [ 5 T
BAES BT/ BT Sk DAS SR FH i B8 WL 4% 75
TZ4TFAAF B, R /1N BT I8 22 1 i A 6 107 20 1)
PRV AR il HE 1 32 W A, X TR L 9 AR B R K
2 ml/kg, B A ZH AR (1.5 mg/kg) . H (2.5 mg/
kg) 1R (3.5 mg/kg) 7 2 4L T A R AR R Y
BLM, fR/NRESEWABRMIG R G I A
B /N 1 min, FREEIG 4R S0 3%, A ARE, &
PG EE 21 K, Zoad 8 s 1 B3 5 HE 22 R I 1
AR HE /N B, WS 4R il 40 SR I 3 T R R A
YRR, R 1,

1.2.2 W/ B — MRS S o o

T FE AT /N B — IR S I e SR AR T i
TR/ RS, [RIRFECR 7.14 .21
R 3 B[] g TR LR AR T B AR AR (FE T/ R
M ABET AT 1 d (R ) .

A E S = (DECYRIETTR - 550 K
)/ 55 0 RIKFi&E x 100%
1.2.3  Jili R EKE

BN A Il 21 27, A= B3R 7K 3 Bk 5 FH g 4K
ALK oy, B 2l o I R R A
i 72 = fliia /26 21 RIETTE x 100%
1.2.4 HE Masson 4% {0122 /)N BRI 2H 21 0 B 24
4k,

4% PFA [EEMHL, A | &Yk
4T HE e 1 Masson Y0, 38 i 8070 LU B
G R G EL /)N BRI A1 23 5 0 12 T R R 4T 4
Tk s, HE Y8R Szapiel PEAMPEA /)N BRI 4
SIURFEFE B, Masson Y4 {438 i Image J(V1.53 t)
A3 M D T AR PEAL /N BRI 27 A 1 O
1.2.5 Bk A s AGI il 20 RN L3 H HYP 5 2

U240 50 mg B IMLE 100 WL, 23 /K i 17
T pH EREL TG , W EEFEARE RS A
B4 B & Ul B i AR, A2 AS50 nm
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1 ki
Figure 1 Flow BLM of animal experiment

AERROGRE TR HYP 5

HYP = (Apg = Aup)) /(Mg — Asyy) X

S X Vo 7 Mgk omasum st

1.2.6  RT-PCR A& il /) BUJil 2H 2L a-Sma
Collal Fnl Fl Tgfbl i mRNA 5

TRIzol LA U ZH 2L mRNA . oli o3
DG EE TR v B2 K 4l J32 AR 41 B 3 sie i) & 136
Wl , 74T RNA %% 5%, PCR 97453k 40 MEEE,
M0 95 C A 10 min, 95 CZEME 15 5,60 °C
B30 s, B-actin VEN NS, 274 I IH5E
mRNA X &Ik E

113 NCBI %‘&?}%E‘:F(https;//www. nchi. nlm.
nih. gov/) F1 Primerbank %% #& J& ( https://pga.
mgh. harvard. edu/primerbank/) % i1 B IR 4 51 9
FPa e b st R A R B A A RS W) A,
FFANTENSE 1,

=1 39
Table 1 Primer sequences
EIE7RS
Ak R
;jf’ SIHIF5(57-3) J#/bp  NCBI
) Primer sequence(5’-3") Primer ID
flame length/bp

R:CCAGTTGGTAACAATGCCATGT
B-actin 154 11461
F:GGCTGTATTCCCCTCCATCG

R:TCGGATACTTCAGCGTCAGGA
a-Sma 102 11475
F:GTCCCAGACATCAGGGAGTAA

R:CCACGTCTCACCATTGGGG
Collal 103 12842
F:GCTCCTCTTAGGGGCCACT

R:CTAGGTAGGTCCGTTCCCACT
Fnl 115 14268
F:GCTCAGCAAATCGTGCAGC

R:GCCTTAGTTTGGACAGGATCTG
Tgfbl 133 21803
F:CTCCCGTGGCTTCTAGTGC

1.2.7 Western Blot £ lll /]y B Jili 2H 41 «-SMA |
COL1A1 F1 FN By A & =

FREUINER 30 mg filiZH 234% EL il in A RIPA 24
i VAL T A ) 70 S T TR Tl 00 ) 590 AR AT LA F
& B LIS AT BCA S ST, LB H
KRR B VRS, 4 CH IR — P a-
SMA(1 : 1000) .COLIAL (1 : 1000) .FN (1 :
1000) 1 B-tubulin (1 : 3000), —HiHEHE 45 W5
PR VR, =08 1 h & —Pr(1 : 3000) , TBST ¥
RS AT 5% , R Image J #04%: (V1. 53 1) 2047,
1.3 Sit=anHm

KM Graphad Prism 8. 4.3 #{F 347 80112
AT, R RO IME + AR 2E (& + sx)
TN, 22 S IA) SR B R 2 22 43 B, Wi O 25 55 1k
21 [F) P EE 38 K F Dunnett’ s 355 Dunnett” s 73
B AFE IEAD A K Kruskal Wallis A2 50k
55 AH A P 3R A Dunns K IE, P < 0.05
FRBEAGIH RN,

2 H#R

2.1 IMNER—BREREEER

X 2 /N RGBT, B R 20, 1E S IE
FHAE T 0F REZH BT AUIG b | e 70 S 2N UK P R
25, M e g TE S D E MG, REWN
TEARJGERMEH R AIET: 3 B, % RS e
FRRBEA Y RN G E2 L0 51T, 5 22505
P BRZH /N RICAE T BRI B 2H AR T 1
HEAERR ] 93.75% (P > 0.05) s BRI s 4 e T
3 H AEAER N 84.21% (P > 0.05) , F K = 7 &
HIET-5 B EFEFR N T3.68% (P < 0.05) , HAF
ML 2,
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B2 HAU/NEIAAFMZ (e = 16 ~ 19)
Figure 2 Survival curve of each group of
mice(n = 16 ~ 19)

2.2 BLM3/MNRERENERETH R

5% REZHAR Ll ARG e | 7 2 /D BRUAR
Jo i ¥ T R B L T R R AR R R o
> BRI > BB A BRI =
9 RARTT I TF IR 1E a3 4 B 55 751 2
8512 RAR T AT M IG K IR T i K R R

fm

k&

BLM A7) i 2 A ¢, WLl 3A, BLM %55
557 K BRXF IR AN BIRIZE 3 NIRRT
W RZFFER(P < 0.0001) 26 14 KFIEE 21 KA,
BRI B 2H (P < 0. 0001 ) FIAR 7 25 ) & 20 (P
< 0.0001) FALEUEFI AL (P < 0.01) 14 i 548
R e 3%, WLl 3B,
2.3 BLM 3t/ ER B iR £ 0 Al R 280 &2 0

it o5 e e 45 SR SR 5 0 R AL A HE, AR AR
Rl H (P < 0.0001)  #& AR PRl g4 (P <
0. 0001 ) FIHEE Z5 5 2H (P < 0.0001 ) 19/ B
Jo e dp N 5 AR T X A 4 A 2R, A AR AR 5
A (P <0.001) BEAEIFPFIELA (P < 0.0001) Fl
FERIE FIHR 2 (P < 0.0001) ,3 43 B K W,
K4,
2.4 BLM t/]\GR Bl 28 41 B9 K 3 240 B9 52 i

5% REATAH L, A8 2 /0 BRI 41 20 R A 2 8
PG 2T AN K BRI, R4 2 2 H B
SR HH UL 5 R TRAER 50) i 2L 176 il 2H R R AR WA Al
JERRIR R WL S,

T AN R R B A A B AR A AR I 2 B 25 2/ BUEES 7,14 21 RIGZORIR i R AL 1 20 L S5 X AR L, ™ P <

0.01, ™" P < 0.0001, (FEE)

B3 SN E AR E (% £ 58,0 = 16 ~ 19)

Note. A. Body mass and body mass change rate of mice in each group. B. Percentage change of final body mass on day 7, day 14 and

day 21 of each group. Compared with the control group, ™ P < 0.01, ™ P < 0.0001. (The same in the following figures)

Figure 3 Body mass and percentage change of mice in each group(x + sx,n = 16 ~ 19)
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L SX A, P < 0.001, (FEIE)

4 KA/ LW RE(x £ 5%, n = 14 ~ 19)

Note. Compared with control group, ™ P < 0.001. (The same in the following figures and tables)

Figure 4 TLung mass and lung coefficient of mice in each group(x + sx, n = 14 ~ 19)

5 H4/DEHSARER (0 = 8)

Figure 5 Representative images of lung tissue of mice in each group(n = 8)

2.5 BLM X{/MNRATARFEFNT

HE Yy o485 3 o | X B8 41 /)N B 20 210 ok
UL 5 20 VR VI, it 76 85 K 3R O, TCBH B SR
E X HRALAR L BRI 2 (P < 0.01) A rh
FIELL (P < 0.001) BIA S ELL (P < 0.001)
JIi A 4 Ak 200 i 2 i B S i B 49 JRL | ZE A B R
WIE 6, Masson Gefazh B g 7n AR AU =4 (P
< 0.0001) FEAEIFFIELL (P < 0.0001) A=

FIEL (P < 0.0001) fili PUEF 2k BA 8, B K &
DT, ST A AL R W 3, LA 7
2.6 BLMX/NRETALFMFES HYP S ET
(Aol

HYP Kl 45 3 R, 5 X FEATAH L, il 41 21
FUMTE P HYP & A SRR RRI =4 (P <
0.0001,P < 0.001) AAIHFF (P < 0.05,P
< 0.001) FIBL A & 57 & 41 (P < 0.0001, P <
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6 A LH/NRAIHLUR I UUE (2 £ sv,n = 8)

Figure 6 Pathological changes in lung tissue of mice in each group(x + sx,n = 8)

7 F/DNRBIH SR A AR (x + sk,n = 8)

Figure 7 Pathological changes in lung tissue of mice in each group(x + sx,n = 8)

0.0001) % & F+, WLIE 8, RIS 41 (P < 0.0001) FHAS %Y 25 57 £ 4 (P
2.7 BLM X/NRATHELH a-Sma Fnl,Collal < 0.001) il 4 A £F 4E AL HR EY) a-Sma  Fnl |
0 Tgfbl B mRNA FiX 2200 Collal FIHRAEHF Tgfbl 1) mRNA FikFHH i I

5 X RRLHAR e ARG &4 (P < 0.0001) | W, ULE 9,

B8 A4/ HYP &4 (x = sx,n = 14 ~ 19)

Figure 8 HYP content in lung tissue and serum of mice in each group(x + sx,n = 14 ~ 19)



680 R E SIS S AR 2025 452 A4 33 55 53] Acta Lab Anim Sci Sin, February 2025, Vol. 33, No. 5

9  FH/INEIZHLEH a-Sma Fnl Collal Fl Tgfbl i) mRNA £ik(x + sk,n = 14 ~ 19)
Figure 9 mRNA expression of a-Sma, Fnl, Collal and Tgfbl in lung tissue of mice in each

group(x + sx,n = 14 ~ 19)

2.8 BLM Xt /MR A A & «-SMA, FN #0
COL1A1 EBFRIXHIF N

5506 FRZEAH HE, /0N RO 2 2 b (R £ 4 Ak A=
FRaE a-SMA FN H1 COLIA1 B4 [ FR ik AR Rl
A (P < 0.05) MEEHFHIEAH (P < 0.05)
IR B F 40 (P < 0.001) ¥ 5 & The, W
10,

3 g

IPF AE Ay [8) J5 1 il 2 95 v e 5 UL ) — oo o
I, U T3 A YT IR YT AN, B 3 A 0 o i
K B H A SR IPF &AL 25
YIFF B BE IR . BLM 4% IPF B 1y 24 2%
Jr AR SE N AR T R R
S R EIKIEGT T — kMR R
D2l WML R, g 2y b A R T
Jifi 8 , A b TSV 7 =, T 0 g7 0 s

BT /NT L C5TBL/6J /NS ST BLM
e AL BT -t = =i O O R S
Pyttt BLM —IR 4 25 19 S0 S IPF )
AU AT A il o, R T LA B RR A, IR e 7 2
M)A SE ], TR, HYP & = 7F BLM i
0 IPF ANR AP & EZEE TR 25 4 B, R ZE
R R, IPF AR R Y I FRE TR 3 JE A
WS | R ARIF S R 21 d i 20,

fili ZEC CHYP & & 100 2 | ili 20 23955 2 2= Fl
LR AR R IR I E S PEAL TP ARLE A5 A
T bR o7 AT 5 4 R R AR R 4 N B
BLM 17553 J5 22 th A4 o £ T R i 94, HLAE AR v 54
BT RS RA R, SRR RARZ, 1
A, £ A Ak /)N BRI EE e R AR B S, B
P S AR PR A i 2 2R AU 2 2
AR 2.5 1 3.5 mg/kg BY BLM i S 5UR
AR, FE ORI 0% D AT A U RRURN 96 RE VR
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10 A4/NEZHZ! o-SMA FN Fl COLIA1 B 355k (% + sk,n = 6)
Figure 10 Protein expression of a-SMA, FN and COL1A1 in lung tissue of mice in each group(x * s¥,n = 6)

LYY A 5 AN AN I T ORI SR A
4 22 HHSC AT A0 M AR I RS T IR P £ 4
B ARBFSE R BLM 75 S5 A4 il 4 2RI L I Y
HYP & W R, R TUEZ IPF () 8 3%
JRFLRRAE , T HYP J&: A7 76 TR & A —F )
L R, HYP 5 Al S MR iR AR B>, FN,
EIREF (F045 COLIAL) 2 RS E A% R
HNETR AL LA 22— AT, o-SMA 2 R £F
AN Y bR A, 5 A0 AN L TR 0 i 4 F R 9 A
K2 TGF-B, AR —Fh a5 7, 45 R
JNE, A A S A ik A2 BHIBT TGF-B, Z K RE
B IRAR TNF-ou IL-1B IL-6 25 58 E P TR 122
AL, TGF-B, 82 54 T4 4k 40 i i 1k o hiL £ 4
Afd, 4 5 Smad , MAPK | ERK 15 *5- il i 55 ¢ iF
IPF £ 4Efbad 21 284 mRNA ik FIE K
ST B AL R 2 T 2 2 o-SMA L FN,
COL1AL1 Fl TGF-B, FLT N, AR EH
R 2 75 3E AR fE 2 — , A B 5 AL AR
I PRI AR 2 RG24 5 SR, B
ERIEASET MR L , AR T 5 SL I SE B 5T

ZE AR, ARSI R 1.5.2.5.3.5 mg/kg

() BLM ¥4 g IPF /N RS 45 G /N BRUAA T
AR Ak I 2R 550 T 2 25 B A R AR | AR 4k TR AR
KAEYIbR B & B AVELE R0, H 2.5 mg/ke
(1) BLM i 17 — WM 38 s ) 7 2k
C57BL/6) 1) IPF /)N FUBE AR a5 B3k 1 FH 2, A ik
—HRER IPF WRH OC & HIL R A6 97 7 v 4 it
2%,
£ # 3 Bk(References)

[ 1] KARAMPITSAKOS T, JUAN-GUARDELA B M,
TZOUVELEKIS A, et al. Precision medicine advances in
idiopathic pulmonary fibrosis [ J ]. EBioMedicine, 2023,
95 104766.

[2] RAGHU G, REMY-JARDIN M, RICHELDI L, et al.
Idiopathic pulmonary fibrosis (an update) and progressive
pulmonary fibrosis in adults; an official ATS/ERS/JRS/
ALAT clinical practice guideline [ J]. Am J Respir Crit Care
Med, 2022, 205(9) : el8-e47.

[ 3] LUPPIF, KALLURI M, FAVERIO P, et al. Idiopathic
pulmonary fibrosis beyond the lung: understanding disease
mechanisms to improve diagnosis and management [ J].
Respir Res, 2021, 22(1) . 109.

[4] GANDHI S, TONELLI R, MURRAY M, et al.

Environmental causes of idiopathic pulmonary fibrosis [ J].



682

R E SIS S AR 2025 452 A4 33 55 53] Acta Lab Anim Sci Sin, February 2025, Vol. 33, No. 5

[5]

[7]

[10]

[11]

[12]

(13]

Int J Mol Sci, 2023, 24(22) . 16481.

BRYCE ROBINSON N, KRIEGER K, KHAN F M, et al.
The current state of animal models in research: a review
[J]. IntJ Surg, 2019, 72. 9-13.

R, R, BREOG, SRR VIR 4L ST A R
st [J]. P ESC S Yo, 2024, 32(1): 118
-127.

LIZH, YU X Q, YANG S G, et al. Research progress on
experimental models of idiopathic pulmonary fibrosis [ J].
Acta Lab Anim Sci Sin, 2024, 32(1). 118-127.

SREid, AR, FEE, E AR LAY R RIS LT
AL BT S S R (], PR TR,
2022, 26(14) . 2273-2278.
GUO QQ, LI'Y, WENG H Z, et al. Advances in animal
models of pulmonary fibrosis induced by biotic and abiotic
factors [ J]. Chin J Tissue Eng Res, 2022, 26(14) ; 2273-
2278.

BT, EET, BRI, 55, PUME P R TR R
WEFEHtRE [J]. M54, 2016, 39(3): 76-78.

XIE XY, WANG J K, DENG P P, et al. Research progress
of bleomycin as antitumor antibiotic [ J]. Coal Chem Ind,
2016, 39(3) . 76-78.

R, sRIeHE. RAERIAE S G57BL/6 15 1ICR /Mt
[ BT AR AL LA [)]. RS AER, 2010,
18(4) . 289-291, 366.

SONG S F, ZHANG X Y. Comparison of the effects of
bleomycin on the induction of pulmonary fibrosis in C57BL/6
and ICR mice [J]. Acta Lab Anim Sci Sin, 2010, 18(4) :
289-291, 366.

WAL, XL, S, 5. 5T PD-1/PD-L1 {5 5l
BRIV 22 14 xR BRI AT Ak /N R s [1].
2y, 2024, 46(2) ; 437-443.

XU M Z, LIU C G, GONG L L, et al. Effects of
Ophiopogonis Root Decoction on a mouse model of idiopathic
pulmonary fibrosis based on PD-1/PD-LI signaling pathway
[J]. Chin Tradit Pat Med, 2024, 46(2) . 437-443.
TANNER L, SINGLE A B, BHONGIR R V, et al. Small-
molecule-mediated OGG1 inhibition attenuates pulmonary
inflammation and lung fibrosis in a murine lung fibrosis
model [ J]. Nat Commun, 2023, 14(1): 643.

HOPKINS R B, BURKE N, FELL C, et al. Epidemiology
and survival of idiopathic pulmonary fibrosis from national
data in Canada [J]. Eur Respir J, 2016, 48 (1). 187
-195.

FEIPRPE, 222 ORPRE. R AP AT AL KSR T Tk B
TR BRSO PRI [J]. HRIZyeE, 2016, 14(6):
620-624.

YAN D D, LI L, ZHU Q J. Model of idiopathic pulmonary

fibrosis and its application in the research of Chinese

[14]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

medicine [ J]. Cent South Pharm, 2016, 14 (6): 620
-624.

REEST, WRaEAR, 2%, % REG R/ RIS 45
M LA [J]. EBUREE 22K, 2017, 27(4) : 13-
16.

SONG G Q, XU Z W, LI Z, et al. Comparative study on
pulmonary fibrosis model induced by Bleomycin in three
strains of mice [ J]. Chin J Mod Med, 2017, 27(4): 13
-1e.

HE, SRBREL, AW e S R A 0] BT 2T 2 Ak 3l i A Al
HIFEERS (1], #AREE2, 2016, 37(4) : 941-943.
XIAO Y, ZHANG J W, WANG W M. Discussion on making
animal model of idiopathic pulmonary interstitial fibrosis
[J]. Jilin Med J, 2016, 37(4) : 941-943.
SONG S, FU Z, GUAN R, et al

s Intracellular
hydroxyproline imprinting following resolution of bleomycin-
induced pulmonary fibrosis [ J]. Eur Respir J, 2022, 59
(5): 2100864.

a3, B, AR, S PRIEARE T TGF-B/Smad
(E3=2 E%XJl@%ﬁ?lﬁ%d\fﬂﬂﬂﬁﬂﬁkﬂﬁﬁ’ Wy [J].
W2y, 2024, 46(6) : 2042-2047.
FENG J] W, HUANG K, JING F, et al. Effect of Fuzheng
Huayu recipe regulating TGF-B/Smad signaling pathway on
bleomycin-induced pulmonary fibrosis in mice [ J]. Chin
Tradit Pat Med, 2024, 46(6) . 2042-2047.

TEE, LRI, MEt¥, 5. ﬁ%ﬁ?HﬁAHEZ’*ﬁﬁ?Eﬁ
jtﬁ#ﬁﬁ‘fﬂﬂfﬁéﬁ%%ﬁﬁﬂﬁ@%’rﬁ":’fb WSz [J7].

[ S g SR, 2023, 31(7) : 833-845.

YU R Z, WANG T J, ZANG N Z, et al. Establishment of
model of acute exacerbation of idiopathic pulmonary fibrosis
in rats induced by bleomycin and lipopolysaccharide [ J].
Acta Lab Anim Sci Sin, 2023, 31(7) . 833-845.
EVANGELISTA-LEITE D, CARREIRA A C O, GILPIN S
E, et al. Protective effects of extracellular matrix-derived
hydrogels in idiopathic pulmonary fibrosis [ J].
Part B Rev, 2022, 28(3) . 517-530.

DURAIRAJ P, VENKATESAN S, NARAYANAN V| et al.

Tissue Eng

Curcumin inhibition of bleomycin-induced changes in lung

collagen synthesis, deposition and assembly [ J]. Mol Biol
Rep, 2021, 48(12): 7775-7785.
THEOCHARIS A D, SKANDALIS S S, GIALELI C,

Adv Drug Deliv Rev,

et al.
Extracellular matrix structure [ J].
2016, 97. 4-27.

SHINDE A V, HUMERES C, FRANGOGIANNIS N G. The
role of a-smooth muscle actin in fibroblast-mediated matrix
contraction and remodeling [ J]. Biochim Biophys Acta Mol
Basis Dis, 2017, 1863(1): 298-309.

MASSAGUE J, SHEPPARD D. TGF-B signaling in health
and disease [J]. Cell, 2023, 186(19) . 4007-4037.



SIS S W E R 2025 4E 2 A58 33 B4 S Acta Lab Anim Sci Sin, February 2025,Vol. 33, No. 5 683

[24] ALYOUSSEF A. Blocking TGF-B type 1 receptor partially idiopathic pulmonary fibrosis [ J]. Int J Mol Med, 2021, 48
reversed skin tissue damage in experimentally induced atopic (1), 132.
dermatitis in mice [ J]. Cytokine, 2018, 106 45-53.

[25] YE Z, HU Y. TGF-B1: Gentlemanly orchestrator in [WfmBH] 2024-07-23

INRERREBE R ERMEN RS RH ISR RIE R Z (8]
HEERARF LR ER PEQAFWE & 77 R AT 8E4E RHLHI

RAEMEIIRE (1BD) S&—Fh S5 B 918 PR 7 18 R AE , 36 5 % B (CD) Atz 45 & (UC) .
SRR G i A M AR P 1 08 5 DR P 2 T AR S A o0 i 1 T 2B 0 R vy ol B2 | () IR DR A5 X6 5 B
i S sl A DR S BE T A2, LR o PT B e A D RN AR R S S, SR IR SRR S IBD R IR ML =2
6] () 56 ZR B2 AR BN AS 1K) o Y38 A2 285 2R G0 TR R VR B | i 2 Al o W R 1 = 8 R 2 R MR RRAIG, fli7s 32
TS 5y 3% B ANIGAE R TR B R T8 A PR R Ty . ARIESY B AR e PEAL UC INTIUE PR T
HH U PRI UE D (5 Sl IS RORE RO Z RIS AR I T ] PEQAFWE (B2 S22 0 [ Papaver
nudicaule L. ] FIH & HE 04 ) Xt UC P15 AR

FIH UC /N BT, A o356 PR 20 000 ) 0 B 28 i A 0 2L AR i 1 ity R P e ML R AR DL v v 286
A3 L R BV o AT — 20T T I U W R R R R S I E AR M R Z B OE R L (1)
RIRAREVE AR UC HE 78U i 38 T A e v AR 32 B e i 9 5 S BB A 0 S HE 24 1 5 A 19 KSR A e
— 3, BRI R FE AR 3 AP EY L K AR/ AN A RN AR TR TR N R ek D R TR R R AR
BB Ak, AR S X R g 25 5%, F 1308 R REYM M FEELARTFHEF 2/5;(2)5
TRIT I XS BRLALAR HE, UC ZH 28 PRI P A% [ 46 o LU A9 TR T 37. 5%, A Ll T T 14.29% 5 (3)
i 1 A 3 265 ) o = IR N P 2 < A A WO T A3 6 R AR AT B T A 2 S R T R
3 (4) IRIEAF OTU 5 UC BEAL/ PEQAFWE 25 25 % PR 2R OC & | ik th ELEEAH G OTU M 4%, & 81
UC 4 EH 50 OTU69, i J& %t OTU12 ,0TU121 ,0TU93 F1 OTU7 j&=H:— i Ep 520 |, 1 vl g2 i sh ik %/
U FRARAL VR B AR 5 (5) A IRAE PEQAFWE AbFRAFT S 4, % UL 25 533K OTU 5 PEQAFWE Fil UC
ZIFAERRSE R, L, AT T 5] PEQAFWE 1] BLEERZ IR OTU90, 2R J il UC, 383 520 OTU118
FIRIAE A DU FRACIEHR AR A3 M, BRI 6 OTU93 A1 OTU7 7B i M BE 0 E M ; (6) 45 2 21
FH2EARE AN PE43 (HS) o AR 2 5 %) B 4] AT B Pk 22 5% (P < 0.001) , HFH 25 J5 i g v i e 41
(SASP) F1 PE&QAFWE 03 HAT B MK (P < 0.0001)

AR T I iR 8-S IBD AR SR R SRR & 18, Hod 5 bl tEm ik HiE S
T IBD, PEQAFWE FEAIL T Wi A= Wi vh 8 (iR i =5 B, A 2L B 2f oA I 3 s |

A R K R T (SR 5 586 B 2 (9 30) ) Wil (Animal Models and Experimental Medicine
2024, 7(2): 83-97. doi: 10. 1002/ame2. 12405)



2025 4F5 A [ SE 4 B )~ 4l May 2025
B33% HSH ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 33 No. 5

HANE RS X, AL St IR A S O LA/ BB R S B S B N S R R e 4% (U], P E S s oy
#Z, 2025, 33(5) : 684-694.

ZHANG X Y, ZHANG Y M, LIU J, et al. Loading control for Western Blot in myocardial injury models induced by acute high
altitude [ J]. Acta Lab Anim Sci Sin, 2025, 33(5) : 684—694.

Doi: 10. 3969/]. issn. 1005-4847. 2025. 05. 007

TR DRSS O LA 473 /) B ASE A8 4 22 B 38
SR N S H ISR
KONEY KRB B REK GEE EaR R

(1. PHEAEREFH—W B E G E B MAER, P 71006152, 8% 38 K0 M
WEFTHL , VEZE 710061 ;3. 35 K2R B 2F e i3 R B 2RI 9T FPuls B ISR
BE2E N SR, AT 810001)

(HE] B8 2o sUREGE A E O RAIE S O WA, 5 T Western Blot #6212 4k,
BHNZSEANEE LI RGN, FiE ASCEZNHREMRE KA 6000 m HEK LA 24 FI
72 h, SRARFR L (HE ) G2 68 22 O L 13 45 284 119 1 ) 12 57 5 Western Blot £l AN [6] N 2 45 11 vineulin |, a-
tubulin \ETF5  B-actin ,GAPDH ,cyclophilin B I cofilin Z3 , [RIFH N FHINFALL S Y60 A1 b 1722 15 Y i il s 26
FIY 5 s 2D AR SR FH AR/ BLC LA L ( AMCMs ) FES7 A4 12 F1 24 h 45858, TUNEL 3 66 & 40
PRI 3T, Western Blot Rl F 3R [F] P 28 33k IR R F I FRLL S B4 64 R17% b Ir 52 5 s (A6 )
FHMRE, E8  AWIhE SR ARG 24 F1 72 h SR IERE | BE A RER -8, NBEA
vinculin \EIF5  B-actin .cyclophilin B Fl cofilin 35 #— 2 ; a-tubulin 7EAK R 24 h 41 F1F 56 BR 41 3 3k —
B AR AL 72 h 4150F SRk BRI & T R 5 1 GAPDH 76 IRFE AR 4 24 h VAWK R AR 4R 72 h 41k JixT
TR Tt e (R4 12 1 24 h S AMCMs 05 B9 LA 1, 2R 1 &k —5, W2 & 11 EIFS
F B-actin 23K 8 —3K, vinculin . a-tubulin . GAPDH ,cyclophilin B £ cofilin ZE{K4R 12 h 2 FMIR4E 24 h 4 H &
MR RIAT R, Eie ks R AR RS MG AT 0 LA S BB AT Western Blot I, EIFS 1
B-actin AIYE A3 NS HE 1 IEHE, B RS PN NS R,

(RER]  m RS O WU ; S NI e 5 s NS R
[FESES] 095-33 [ SCEkARERE] A [ XE4S] 1005-4847 (2025) 05-0684-11

Loading control for Western Blot in myocardial injury models
induced by acute high altitude

ZHANG Xiaoyu'?, ZHANG Yiman'?, LIU Jia®, LAI Baochang’,
WUREN Tana®, TIAN Hongyan', YIN Qian"?*"

[E & B | P643058 R4 —BE B B b 3k 4 (2023GYZX02,2018QN-04) | P522 355 FF SEA RN 55 2% ( x2y012023131)
Funded by hospital foundation of the Frist Affiliated Hospital of Xi’ an Jiaotong University (2023GYZX02, 2018QN-04) , Basic Scientific
Research Fund of Xi’ an Jiaotong University ( xzy012023131).
[1EERIN ] ik/NE 2, A, BYBSCIG I, W5 07 ) - IR S0 S 190 I 461473 IR B A VE X AIL] . Email ; zhangxy_ynu@ 163. com
[BEIER 1 BRAY , &, 1, BB ST 0, WS 07 1) - e 100 BT FAR A5 O I B A (M ZH SUE E WL e 250K

Email; yinqian610@ xjtu. edu. cn



SIS W E R 2025 4E 5 HEE 33 BH S Acta Lab Anim Sci Sin, May 2025, Vol. 33, No. 5

685

R HLIX, T R ES
ZH 220 AR AR B B A B 4T

(1. Department of Peripheral Vascular, the First Affiliated Hospital of Xi’ an Jiaotong University,
Xi’an 710061, China; 2. Cardiovascular Research Center, Xi’ an Jiaotong University, Xi’ an
710061, China; 3. Research Center of High-Altitude Medicine, School of Medicine, Qinghai

University, Key Laboratory for Application of High-Altitude Medicine, Qinghai
University, Xining 810001, China)
Corresponding author: YIN Qian. E-mail: yinqian610@ xjtu. edu. cn

[ Abstract])

expression of various proteins. The expression of proteins was mainly detected by western blot,

Objective  The myocardial injury was induced by hypobaric hypoxia through regulating the
but the selection of
internal reference proteins and their variations have not been systematically studied. Methods Myocardial injury was
induced in a low-pressure, low-oxygen chamber simulating an altitude of 6000 m, for 24 and 72 h. Establishment of
the myocardial injury model was confirmed by hematoxylin eosin( HE) staining. Expression levels of internal control
proteins, including vinculin, a-tubulin, eukaryotic translation initiation factor-5 ( EIF5) , B-actin, glyceraldehyde-3-

phosphate dehydrogenase ( GAPDH) ,

expression was detected by Ponceau S and Coomassie Blue staining. An adult mouse cardiomyocytes (AMCMs) injury

cyclophilin B, and cofilin, were detected by Western Blot and total protein
model was induced by hypoxia for 12 and 24 h and confirmed by terminal deoxynucleotidyl transferase dUTP nick end
labeling ( TUNEL staining). Internal control proteins were detected by Western Blot, as in the in vivo model, and total
protein expression was detected by Ponceau S and Coomassie Blue staining. Results

established by hypobaric hypoxia for 24 and 72 h,

A myocardial injury model was
the total protein expression levels remained consistent. The
expression of internal control proteins including vinculin, EIFS, B-actin, cyclophilin B, and cofilin was consistent
between the control and model groups. Expression levels of a-tubulin were similar in the plain control and 24 h
hypobaric hypoxia group, but were significantly lower in the 72 h hypobaric hypoxia group compared with the plain
control group. GAPDH expression was significantly higher in the 24 and 72 h hypobaric hypoxia groups than in the
plain control group. An AMCM injury model was established by hypoxia for 12 and 24 h. Total protein levels and
expression levels of the internal control proteins EIFS5 and B-actin were consistent, but vinculin, a-tubulin, GAPDH,
cyclophilin B, and cofilin expression levels were higher in both hypoxia groups compared with the normoxic control
group. Conclusions EIF5 and B-actin may be the suitable loading control proteins for studies of hypobaric hypoxia-
induced myocardial injury using Western Blot. Total protein is also a good choice for hypobaric hypoxia studies.

[ Keywords] hypobaric hypoxia; myocardial injury; Western Blot; loading control proteins

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

M g DA S 9 A A S I [ P A
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IKISEIR AP BRI S  FREE S 1% 130 L 224,
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a-tubulin \EIF5  B-actin 1 GAPDH #4284 ik /K
(K 2A), W2 & [ vinculin, EIFS | B-actin .
cyclophilin B Fll cofilin 7EA[A] 45 14 & ik /KF- T
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T A ARRAR S S R/ N B IE ALY HE B0 0 (R Sk O JULAR LT K s B GRSk - SRR AR M IR0 5 B (5 Sk o LI 5
B FE L 5 B ARRAR AT A48 113/ RO WEZE T TUNEL B (8 S SEit 4520 5 S5O BRALMTIE, P < 0.05, ™ P < 0.001,
(TR
1 ARFRARSAYE S A i/ UG 4120 HE R TUNEL Bt (8
Note. A. HE staining of mouse heart tissue with injury induced by hypobaric hypoxia. Blue arrows. Swelling of cardiomyocytes.
Black arrows. Infiltration of inflammatory cells. Yellow arrows. Vasodilation of myocardial interstitial vessels. B. TUNEL staining
and statistical results of mouse heart tissue with injury induced by hypobaric hypoxia. Compared with the plain control group, P <
0.05, ™ P < 0.001. (The same in the following figures)
Figure 1 HE and TUNEL staining of mouse heart tissue with injury induced by hypobaric hypoxia
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. A Western Blot #6317\ BRCoIEZH 217 vinculin ,a-tubulin  EIF5  B-actin . GAPDH cyclophilin B 1 cofilin 25 F12¢3k ;1 12 Jy[A]
ZHGAFEAS ;B vinculin 25 [ AYAAXS 235K 5 C . a-tubulin 25 [ AR XT3 35 K5 DL EIFS 25 1A AH XT38 7KF 5 B B-actin £
AR 335K F : GAPDH 2 1 EUARXTR3K7KF 5 G eyelophilin B 2 I BYARXT 357K F- s H : cofilin 25 I AYARXS 3k KF-
B 2 Western Blot f:ME FEAR S S 8405/ BLO IEZHZE P vinculin , a-tubulin \EIFS  B-actin |
GAPDH ,cyclophilin B I cofilin 2 H #ik

Note. A. Protein expressions of vinculin, a-tubulin, EIF5, B-actin, GAPDH, cyclophilin B and cofilin in mouse heart tissue under

hypobaric hypoxic conditions were detected by Western Blot. Samples 1 and 2 are biological replicates from the same experimental

group. B. Relative expression level of vinculin protein. C. Relative expression level of a-tubulin protein. D. Relative expression

level of EIF5 protein. E. Relative expression level of B-actin protein. F. Relative expression level of GAPDH protein. G. Relative

expression level of cyclophilin B protein. H. Relative expression level of cofilin protein.

Figure 2 Western Blot test protein expression of vinculin, a-tubulin, EIF5, B-actin, GAPDH, cyclophilin B

and cofilin in injury mouse heart tissue induced by hypobaric hypoxia

B MREARE 72 h BOF 500 B £ KPR R
(E2C), tHJZ, GAPDH 7EMKEAK 4% 24 F1 72 h
AR (E 2F)
2.3 RAUSEREFSOMNBGEEOEHELR
P ERERKE

iE— NS H T B R ROE, B
SeAE Western Blot #5905 | b FH A B L% NC
g (B 3A) , et 45 R R BV K — 3
(K 3B) . FF[AIHF7E Western Blot Hi, 3k Fsf X 1
AT % S e g G 5 (181 3C) , 45 2R R A

[) 2 g AR R0 75 3 0 JLAB 0 455 7R g0 O 21 21
R RIB—Z(EI3D),
2.4 AMCMs ffas SR EERNETL

O UL L 2 00 I 2H U S0 0 e o B2 S 1Y)
AR, PR T O WL ARG A S 4 0 i R B8k
PR AT 43 7E F A 37 AMCMs 43 55 5 925 ) ik
filh b, #F— DR AR A E T AMCMs #5247 19 A [7]
NS, B S TUNEL Y (68 & 0 L4 D
AR ST, W 1% 0, 5% CO, 5141
%12 F1 24 h, TUNEL J 2558 (K 4) B A
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TE:A:NC AL S e 8 HE H IR B I A LL R (U8 8 1 B W07 C BB A BEI S il e i e U IE1% ;D ik
B2 B3l W e € TR 8 T AT

B3 REARE S 0 B B AU B S H K
Note. A. Image of total proteins stained with Ponceau S on nitrocellulose membrane. B. Quantitative analysis of total proteins
stained with Ponceau S on nitrocellulose membrane. C. Image of total proteins stained with Coomassie Brilliant Blue on gel.
D. Quantitative analysis of total proteins stained with Coomassie Brilliant Blue on gel.

Figure 3 Total protein expression level in injury mouse heart tissue induced by hypobaric hypoxia

TE:A S B E RN AMCMSs 2 i 22 TUNEL B 0P T4 H |, Hoechst J €56 5 20 I A8 BG4 12 h FIRA 24 h 4575
00 AL TUNEL FRVESH HE % 5 155 O BRI L P < 0.05,%P < 0.01, (FIEIIA)

B4 {LEIAET AMCMSs 505 e
Note. A. Number of apoptosis cells of isolated and cultured AMCMs was observer by TUNEL staining, and the total number of cells
was determined by Hoechst. B. Ratio of TUNEL-positive cells in the hypoxia 12 h and hypoxia 24 h groups compared to the
normoxia control group. Compared with the normoxic control group, *P < 0.05, #P < 0.01. (The same in the following figures)

Figure 4 Establishment of a hypoxia-induced damage model in AMCMs
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12h 124 h 4044 AMCMs #7400 Lo 51 & 3 4%
i, BE AR AR 300 LA AR 2R (%) B DI 5T
2.5 AEHNSZEBR Western Blot 5347

T Western Blot #5145 AMCMs H1AS [A]
N £ % [ vinculin, a-tubulin, EIFS | B-actin Al
GAPDH W FIRB M (K 5A) 45 R BN S

H I EIF5 Fl B-actin TEA [A] 2544 T Rk K1 I i
FE 2 Sk (K 5D, 1K SE) 5 7EAS R 42U a] AT 7
F a-tubulin | vinculin, GAPDH | cyclophilin B #l
cofilin AYEE FH 7K P 224k, (K & 12 A1 24 h n] i
vinculin ,GAPDH . cyclophilin B #/1 cofilin EHKFE
T SB,E SF ~ & SH) , MifiR4 12 h il

1A Western Blot Kzl 15 R B9 45 AMCMs H vinculin | a-tubulin  EIF5 | B-actin , GAPDH |, cyclophilin B il cofilin 7§ FH &
ik 5B :vinculin £ FIAYAEXT FRIK K 5 C . a-tubulin 2 FH B FHXTFRIKIKFE D EIFS & H A A X 335K ¥ B B-actin & A AHXT
FIKIKF 5 F: GAPDH 25 H A X 2235 7KF- 5 G« eyclophilin B 25 [ AAE X 235 7K 5 H : cofilin 25 [ AYAE X R IE KT 5 58 At

MM, " P < 0.001,

5  Western Blot #:l{K 8155 001455 AMCMs ' vinculin ,c-tubulin \EIFS ,B-actin . GAPDH ,
cyclophilin B Fll cofilin 25 F #2315
Note. A. Protein expressions of vinculin, a-tubulin, EIFS5, B-actin, GAPDH, cyclophilin B and cofilin in AMCMs under hypoxic

induce conditions were detected by Western Blot. B. Relative expression level of vinculin protein. C. Relative expression level of a-

tubulin protein. D. Relative expression level of EIF5 protein. E. Relative expression level of B-actin protein. F. Relative expression

level of GAPDH protein. G. Relative expression level of cyclophilin B protein. H: Relative expression level of cofilin protein.

Compared with the normoxic control group, **P < 0.001.

Figure 5 Protein expression of vinculin, a-tubulin, EIF5, B-actin, GAPDH, cyclophilin B and cofilin in injury
AMCMs induced by hypoxia
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a-tubulin 25 H K EFH(K 5C) .

2.6 AMCMs R EEEHPNEERKT
LA —F, 7F Western Blot % i 5 Ji

FHEHZRZLXS NC kAT e 45 1 s B H K

—2 (K 6A, K 6C) ., [FIH}, Western Blot Hi,Jik Hsf
X7 SRS , I I8 ] 2 7 5 R B I R AT e 4
ZER R AMCMs 2 I AR SRR h B B R —
(K 6B,K 6D),

FE:ACNC AL S Yt M F MR B NC BTN AR LL R (88 A 1 E 500 C B A BERE D i e LIRS D BEIE 5

Hrot g 0 B A I E BT

B6 LIS AMCMs H S 5 KF

Note. A. Image of total proteins stained with Ponceau S on nitrocellulose membrane. B. Quantitative analysis of total proteins stained with

Ponceau S on nitrocellulose membrane. C. Image of total proteins stained with Coomassie Brilliant Blue on gel. D. Quantitative analysis of

total proteins stained with Coomassie Brilliant Blue on gel.

Figure 6 Total protein expression level in injury AMCMs induced by hypoxia
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[ Abstract)

emotional behavior in ICR mice, and to establish a mouse model of comorbid anxiety and depression induced by SI.

Objective  This study aimed to investigate the effects of sleep interruption (SI) cycles on
Methods Seventy-two male ICR mice (4 ~ 5 weeks old) were divided randomly into a blank group and a model
group. Mice in the model group were subjected to SI stress modeling for 1, 2, and 3 weeks, respectively. After
modeling, emotional behaviors were evaluated using open-field, elevated plus maze, light-dark box, marble-burying,
and forced-swimming tests. Serum corticosterone levels were detected by enzyme-linked immunosorbent assay.
Results Mice in the model group buried significantly more marbles after 1 week of SI stress, compared with the
blank group (P < 0.05). After 2 weeks of stress, mice in the model group also showed a significant decrease in the
number of crossings in the light-dark box (P < 0.05) and a significant increase in the number of marbles buried ( P
< 0.01) compared with the control group. After 3 weeks of stress, mice in the model group showed a significant
increase in the number of marbles buried (P < 0.05), a significant decrease in the number of crossings in the light-
dark box (P < 0.05), and a significant increase in immobility time in the forced-swim test (P < 0.01).
Conclusions ICR mice exhibited significant anxiety-related behaviors after 2 weeks of SI modeling and significant

anxiety- and depressive-related behavioral changes after 3 weeks. Three weeks of SI stress can be used to establish a

model of comorbid anxiety and depression.
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Figure 1 Effects of 1 ~ 3 weeks of SI stress on the

body mass of ICR mice
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Figure 2 Results of the open field test in ICR mice after 1 ~ 3 weeks of SI stress
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Figure 3 Resulis of the elevated plus-maze test for ICR mice after 1 ~ 3 weeks of SI stress
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Figure 4 Results of the light-dark test for ICR mice after 1 ~ 3 weeks of SI stress
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Figure 5 Results of the marble burying test for ICR mice after 1 ~ 3 weeks of SI stress
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Figure 6 Results of the forced swimming test in ICR mice after 1 ~ 3 weeks of SI stress
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Table 1 Summary of behavioral results in ICR mice subjected to 1 ~ 3 weeks of SI stress
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Figure 7 Effects of 1 ~ 3 weeks of SI on serum CORT levels in ICR mice
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Research progress in animal models of idiopathic pulmonary fibrosis
and interventional effect of traditional Chinese medicine
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[ Abstract]) Idiopathic pulmonary fibrosis (IPF) is a chronic progressive disease with a short survival time
after diagnosis. Current treatments using western medicines have shown poor efficacy and lung transplantation is
costly, highlighting the need to find new, safe, and effective treatments. Animal experiments are important for
investigating the mechanisms of drug action, and suitable animal models of IPF are required for experimental research.
Bleomycin is commonly used to induce IPF models. Traditional Chinese medicine (TCM) has the advantages of
multiple therapeutic targets and few adverse reactions, and is gradually gaining attention for the treatment of IPF.

Ongoing experimental research is being carried out to verify the specific targets and mechanisms of TCM in the
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treatment of IPF, utilizing animal models of IPF. This review considers the selection of animal models of IPF, the

method used to induce, establish, and evaluate the models, and the interventional effects of TCM. We also summarize

the best modeling method for animal models of IPF and the current status of TCM treatments to provide a basis for

further scientific research and the clinical treatment of IPF.
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modeling method ; modeling process; model evaluation

idiopathic pulmonary fibrosis; intervention of traditional Chinese medicine; animal model;
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Table 1 Advantages, limitations and applicability of IPF animal modeling methods

e
Induction
methods

AR
Establishing
pathways

PER

Advantages

JRBR 1

limitations

& HE L
Applicability

[EESEEN
BLM

&b/
ey
Silica/

asbestos

T R

Paraquat

SRR
Fluorescein
isothiocyanate

Lioph)

Radiation

SRS T AR
A JE ST R K
TR T S A5
Intratracheal
instillation/nebulized
inhalation ,
intraperitoneal
injection, tail vein
injection, nasal drip
inhalation, etc

S NI 2
A R A
Intratracheal
instillation/nebulized
inhalation ,
oropharyngeal
instillation, etc

IR ST S %
Intraperitoneal
injection, intragastric
administration, etc

SAE NI
Intratracheal
instillation

X 2R HE 4

X-ray irradiation

AR, A ), T
HA kG, Rl i TPF
H TR il HEVR AL | Z2
S THTE A AL
SR A
Easy to operate, short
modeling time, high
reproducibility, and
reproduce lung tissue lesions
typical of IPF, repeated
tracheal drops and
nebulization work better

PR, DU Y —
SE AL/ AT RRL T MELL
Bk, 2 — A ANERY
PN USE
Easy to operate, silica/
asbestos particles that
deposit in the lungs are
difficult to remove and can
form a persistent irritant

BARRIE BN T A
Easy to operate, high model

success rate

T GRS G T 1 E L
Jifi €T A AL ) AR
Locate the specific location
of pulmonary fibrosis using
the immunofluorescence
method

A EZMMAH TS E5E5 4%
et 7, 2R 4L s
FREEIT B
Multiple related factors are
involved in the fibrotic
lesion process, the fibrotic
lesions last for a relatively
long time

P U AT TR B FRPEFI AT 35
P, B (8] BRI 2 AT AR
R EAE A7 E F A N
(7 20 230 A T 3 B 2T 4 A 28

A B B SR —
Fibrotic changes are self-limited
and reversible, and lack the
progressive and irreversible
characteristics of interstitial
pneumonia, self-healing tendency,
the fibrotic lesions and pathological
features caused by different routes
of administration vary

SRR ] It 9 78 23 A AN
A3, e ) BRSO S ELRRAE |
S AR 5 b file /A A P A A
SRR A AR AT RES R A LAY
IR B 9 e A
Long modeling time, uneven
distribution of lobar lesions, lack
typical features of interstitial
pneumonia, and the created model
is more similar to the silicosis/
asbestosis model

BOUA R, 25 E& LA, 5
W) Zh 49 A FHUR A | e/ [a] B e
R B I RARAE | 2T 2 AL R B 5
AP A R ATBON L 5
TR
High lethality, cause damage to
various organs, affect animal
physiological state, lack typical
features of interstitial pneumonia,
the pathological features of fibrosis
are more in line with the
pathological characteristics of lung
fibrosis caused by paraquat

RE TR ZE  whidh = th e
PP EEEBE T AR I AT
BOESCIL, ol A AN
Poor stability, modeling animals
can be acutely poisoned or die,
difficult to achieve standardization
and repeatability, no
clinical relevance

SRR TR S XE DU,
i BN R2E SR A S
PSS IE R (0 T 20 B A
BAF N G
Long modeling time, difficult to
control radiation levels, expensive,
great individual differences, dose-
dependent and improper use of the
rays can harm animals and operators

Sz TR ik
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& AR Il AR TT 25
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Suitable for research on
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EE T HRATBO A4
AT

Suitable for research on
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B WS AT VR R 2T
AR
Early-stage can be used as
radiation pneumonia model,
late-stage can be used as
radiation-induced pulmonary
fibrosis model




708 o E SIS S AR 2025 455 A48 33 #4555 Acta Lab Anim Sci Sin, May 2025, Vol. 33, No. 5
gx1
; \ i ‘ S
e B ke s Rt SE
nduction Establishing - Lo
methods pathways Advantages limitations Applicability
athway
. SRR AL A% i B, A B AR
ARG E TR 7 As A LR ) e
L o s bk A R A
£ ﬁi‘ﬂfﬁj;ﬁ,]?ﬁTPF o A BB H I, AR H
BESEP H P S %mﬁrﬁuﬁ’ﬁ%?ﬂ]ﬁ% RGN ZAERIAOCHY IPF 478 36 A s e hrerdifbzy
28 NEE IRV R R — 2= SEER > /. > 23
F R &M 3[R B Clear target, inducible . Ei# . %EJAMSEE)}*H%E}}L
Gene Genetic modification multiple gene pattern Long modeling time, expensive, Suitable for research on the
modification ene point mutation ’ models abl: to observe the species-dependent, the viral vectors specific components of
g p ’ o ’ ) used for mediating transgenes specific anti-fibrotic drugs in
gene knockout, etc natural course of the . . .
disease . beneficial f inherently possess potential screening
llbe%be" v:lne 1@1‘51 }:r hazards, and differences between
exp.;)'rmg ar}ll e searcf IIrll)gF single-gene model and human multi-
specific mechanisms o gene-related IPF
FREAEI G 48 5 B, (UL
s WA I PR B, AR B T FRLT A Akt o AE 4 AR ;
IO g1 DR BT PRI BRI gt
IR B e B 2 NZEIERFIRBIRHAE, 7T IR, RO s S BRI 1 A7 7E (R A so
i E SIS P y s B IR 7 S
b il LY/ u3n ERRS AR B LAY A Suitable for exploring
. More clinicopathologically , Long modeling time, expensive, o .
Xenotrans Transplanting human . ; . . . - human-specific pathological
Jantation cells, tissues or organs preserving human genetic only simulating localized fibrotic mechanisms and
p it ", leficient and phenotypic signatures, lesions, low survival rate of o lized
e 1m‘m1.1n(r)(lf% reien allowing for specific transplanted cells and rely on highly | ‘It)ersotnil?f; .
anmas patient subpopulations immunodeficient hosts, ethical reatment sirategles
issues exist
£2 PP B LIR
Table 2 IPF animal modeling process
TER T Pk TR 275 3k
Modeling methods Animal selection Modeling process References

A MH T BLM
Intratracheal
instillation of

BLM

TENFRA BLM
Endotracheal
nebulized inhalation
of BLM

T 5 A BLM
Nasal inhalation BLM

Ttk C57BL/6] /NRL,T ~ 8 A

#%,20 ~22 ¢
Male, C57BL/6] mice,
7 ~ 8 weeks, 20 ~ 22 g

Mk, SD KR, 6 ~ 7 i,
180 ~ 210 g

Male, SD rat, 6 ~ 7 weeks,
180 ~ 210 g

HEPE,SD KEL,6 ~ 8 JAlik,
(253.18 £5.37) ¢
Male, SD rat, 6 ~ 8 weeks,
(253.18 £5.37) ¢

MM ICR /MR, 6 ~ 8 JE#,
(16 £2) ¢
Female, ICR mice, 6 ~ 8
weeks, (16 £2) ¢

HELIESTE 19 % L HLZ 8 (70 pg/ke ) BRI/, 28711 4
SEEHRAT A BLM IR (5 me/ke) J B TEHERE /N, B
28 S o A i H AR
Intraperitoneal injection of 1% sodium pentobarbital
(70 pg/kg) anesthetized the mice, intubated through the
tracheal cleft of the glottic cleft, and then draped and rotated
the mice after dropping BLM solution (5 mg/kg) to evenly
distribute the drug in the lung tissue

I Gt 29% 13 B HE 2240 (0. 04 mg/ ) RS BT 2 , 1 35
IEHEIIT Bk, BB, AU NS TH A BLM T
(5 mg/kg) i BLSLHERE R R, A 25934 59 73 A il 21 241

Intraperitoneal injection of 2% sodium pentobarbital

(0.04 mg/g) anesthetized the rat for fixation, incision of the

skin along the median of the neck, exposure of the trachea,

and slow instillation of BLM solution (5 mg/kg) through the

trachea and upright rotation of the rat to evenly distribute the

drug to the lung tissue

ZEAL A BLM %59 (40 mmol/L)30 min, #E4E 3 d
Atomized inhalation of BLM solution (40 mmol/L) for
30 min for 3 days

BRI/ N EUS I E A BLM %9 (15 mg/kg)
KR ERETHA/NREN
After anesthetized the mice, BLM solution (15 mg/kg)
was slowly dripped into the trachea of the mice through the
nasal cavity with a micropipette

[33]

[34]

[35]

[36]




X-ray induction

Male, Wistar rat,
5 weeks, (200 = 20) g

TSR A SO, P, C57BL/6 /NEL .6 ~ 8
TREWR #,20 ~25 ¢

Nasal inhalation of SiO,

Male, C57BL/6 mice, 6 ~ 8
weeks, 20 ~ 25 g

supine position after anesthesia, shield the entire body with
lead plates except for the chest skin to strictly restrict the
radiation field to the chest area, and perform a single local
X-ray irradiation at a dose of 40 Gy using a source-to-
surface distance of 48 c¢cm
84 d Z/NREHNE 0. 05 mL 19 Si0,

TRETR (1. 664 mol/L)
0. 05 mL of SiO, suspension (1.664 mol/L) was instilled
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TERLT EIk7/pies TR R 275 SCHK
Modeling method Animal selection Modeling process References
RIS TS BLM TEHE 1.5.8. 11 F 15 KA N 5T BLM #)
Intraperitoneal e, CSTBL/6 /NERL, 8 JE e (5 mg/kg) (7]
injection Male, C57BL/6 mice, 8 weeks BLM solution (5 mg/kg) was injected intraperitoneally on the
of BLM 1st, Sth, 8th, 11th, and 15th days, respectively
T IO PR MR ST A A B ZH R 2 R A, BRI 28 R DK T A
BLM ¥ (200 mg/kg) ; ZWR A4 H £ R Bk IE S BLM
RE#p kST BLM etk , CSTBL/6] /N, 8 JAIHG HB(50 mg/kg) , 1 6 JA
Tail vein 18 ~22 ¢ After adaptive feeding, they were divided into single group and (38)
injection Male, C57BL/6] mice, 8 weeks, multiple group, and the single group was injected with BLM
of BLM 18 ~ 22 ¢ solution (200 mg/kg) through the tail vein. The multiple
groups were injected with BLM solution (50 mg/kg) through
the tail vein every week for 6 consecutive weeks
S M, C57BL/6] /NS , "
ML TEAL A S Tl L RN R ,— VBRI 7138520 me/ke)
ntraperitoneal 7 ~ 8%, 14 ~ 16 ¢ L. . . . . [39]
S N . After anesthetizing the mice, a one-time intraperitoneal -
injection Female, C57BL/6J mice, injection of paraquat (20 me/ke)
glyphosate 7 ~ 8 weeks, 14 ~ 16 g imechion of paraqua &
i 1 d B85 EK RIS R SRIBMEMSL , FH B AR £ B M7 41
B, BT DX 3™ A R ZE B AT, 6 7 48 em PR R I BE
; B BN IZHEAT X BT NEETEE
HERE , Wistar KB, Fast lhel%rals%firzllﬁdﬁ‘rifrgjfﬁljif yer?&;n{gljt%%{iacf jr-ats ina
X HLiES 5 JE, (200  20) g e p be » Prace rak "

[41]

suspension through the mice nasal cavity for 4 consecutive days
BRAG O 2 VR AL T RS . IPF BEAlZh 3.4 FHAL HYP S =ik

YA A7 il T B8 A T B, il 3% 4 (vital capacity,
VC) WA U P i ( peak inspiratory flow,
PIF) WS A (tidal volume,TV) (A4 iE < =
(minute ventilation, MV ) | 'F H 50% <, i B i 3
(50% tidal volume expiratory flow , EF50) 2548 #5 {2
E TR PR IR 2 BRI B
3.3 FhERAREITM

AR S50 1 il 4 2805 38 m T L0 S s il 2
ZU R TR O, il 4 20 BAS I 2 TPF B2 Y
BHEIRZ — . BRI S W I B il 28 F I ] E
oK AT IR IR AR R -OHLL (HE) F1 (50)
Masson Y& {0 S5V E f5 | 76 W AUs T~ WL E il 40 20
Herp Al A TPF AL Sl 4y fili 20 2 | m] DL A 7Y
21 501 il 20 O 7 P 9 ) o A2 B i 9 BE
W 2R, it 960 A B 2 A i R, i 9 P R R
S 20 IR il ) 5 0 2% R R S e it
S S

IPF f)— > 32 B HURR AR J2: I U 2R 1 0L
HOHYP 2 5 PR B AR 22—, Rt ,
SENZHZH HYP &5 & BE RS VAL 2 1y il 20 21 21 2
PEREE, MSE HYP & & A9 J7 5 A e 6k A I
B PR W BRI R R A5, 7 I T B I 1 1 ik
R Fr 75 1 HYP & & 0, 5 R E R E
LI e
3.5 Hfttstritf

A B G s 26 20 2% o S A PR3- i
OTE DRV 5 PR 200 B T it SRR R BE | AR P T
448 ( reactive oxygen species, ROS) 7K & kWi
WA PR AT CT S55215 2 B ARG I 241 0 A5E YAk A E
BEHRIER

4 HEX IPF sh BB F 1€ B

4.1 MEAENLNH
AN R A8 LR N E AL 5 B A AR AE R
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7, 2 ROS I 4 & (reactive nitrogen species,
RNS) 845846 Wi BE LR . ROS I RNS (1 Kt
HERRAT B A0 il - e A L (2 7 R 240 i
T T2 ] BT AE AL 1], TR IR ROS A RNS ik
AR S IPF AR LA G R BT, Qe £F
i KW T A4 K B F B (transforming
growth factor-B, TGF-B) ¥ & 3k A e i i £ 4 1k 1Y
RIEW, TEIPF R LRI SN T
VP A AL AL I TR RE AT S5, 20 40 A
% -1(interleukin-1,1L-1) P94 IR FE A F-a ( tumor
necrosis factor-o, TNF-o0 ) &5, 5| & R AE [ I, 1X 26
A ] i — 2 fi i ROS 1 RNS 7728 i
SAARRI, A M EAE R, L FHES) IPF A 1
PR, X J2 0 4 IPF 7E N £ Bl B Y 0 B
SRS

B ORI AR I G R B AR
e i db K S 2 J8 0 B9 VE A 7l e 25 st
2R NIETE BLM H# 571 TPF /) BB
HEEHEE , R & H & R ] TGF-B/
Smad3 38 #4175 5 1Y BUET 4E 20 O3S AL AR OC 28 1 £F 3%
M (fibronectin) . I &Y i Jit ( collagen type I,
collagen 1) JIEHE H (vimentin) Fl a-F- 15 ALK
314 H ( a-smooth muscle actin, a-SMA ) [ F 3K 7K
V-, BN IR 45 R RN O R AT gt Fak
AGTRAP K MPP6 JENHEMTFEAR ROS 7K, 17 18
LTUEANMTE AL, A TTIA BIVATT SR, PR IR AR
WFTIESEASAER D B 1A LIS P2X7r-NLRP3 {5
S P BN TLR4 15538 B 45 It - 4E AL A1 ik
AT JRBERS 32 (4 HL o7 FH 28 -3 18 25 1 6 (transient
receptor potential cation channel 6, TRPC6) ik it
1> ROS 7242 Jd 5 i 2T 4EAL AR
4.2 I _E R 18 /&% 1L ( epithelial-mesenchymal
transition , EMT)

EMT $& I {240 i 1] [7] 5 40 o 5% Ak, 3 i Tk 3~
MM 72 1= 28 FI 4 16 410 i #1 JE 5t ( extracellular
matrix, ECM) BE 7 (3 F2 . 7€ IPF SB35 il 41 22
H TGF-B By A8 F L, & rl i 5 41 e 3R 1
ZARGES  BE T Smad A ST, 5T
R A A A EMT, 540 5 1 E R 20 25 o =
ECM 73 2, 70 W K i 1) I it 2 1 L 41 4k
FEEE A IR e H 2L U, TRl B & A4 EMT
() b Bz AL R 53 W8 22 A E IR - FEa AR IR 5 2

FIZARMEA 2R -6 (interleukin-6, IL-6) | HLA% 4 il #a 1k
# H-1 ( monocyte chemoattractant protein-1, MCP-
1) %, 51 & RIER D, BN ARIES EMT B %G
e, HESD TIPF (k5

HRE 2 A] S O R T R N AR R U
( AMP-activated protein kinase, AMPK ) {5 5 if %
RAFYUAAEAAE T, /N 2507 % PR A R m A
MTFHEA L CBEALES 7 (histone deacetylase 7,
HDACT7) B 35% PEAL 5, il vimentin £ B A FAS# |, 11
il collagen I &KL S EMT, 1T HH B 235 IPF
/INERUE g BEIR AS il A AU b B R R  ]
T BLM 5 319 IPF /N AR N miRNA-21
TGF-B1 ik, iN5H Smad7 ik M Smad7 XF Smad3
BERR AL Ry il 235 08D a-SMA 13RI,
BEL#E EMT, & 45XT IPF (367808
4.3 FAEEEMAMERL

F AR A R SR S i B 5 5
FEAFMROMEE SR, B v i a5 5
WAL R M1 FLHT M2 7R Fh e R0 M1 Y I 4 i
SRR B2 1 A AE A BT (4N IL-1, TNF-a 55) il
ROS, 5| K& RAE J 0 A A L ORI, 5 B0l
ZH A 5 T M2 Y I 40 i 0 06 1Y TGF-B 298
T T AT A 20 B, I 3 5 5 Ak A LR 4
YiHE, {2 1 40 A0 IR BT n i R AR L A AR i R
A 1A BT, S 3 4 2L 44k, 78 IPF i
HIMALh, A AT, M2 B B
YA Al LA HL ) e S B OR , RR S o WM AT
Aefb N T, S5 IPF AR leoe

FHBEACET T (¥ 1 R R AR AR ) K H ARy
ATREAS IPF R BRUIML T 1L-6, TGF-B1 & &, 1M
SOCS1,SOCS3 3Rk, B STAT6/PPAR-y i
B, DT A0 1 e A AR £k S M2 B S i
M2 B M1 B AL AR 38 B AT, 1k 2
il TPF R o 244 A5 4 0 15 31 B4 3% A 8 4
E R FEAR LIS H 4 M2 A % -10 (interleukin-10,
IL-10) . [ 41 il 4 % -4 (interleukin-4, IL-4) | IL-6,
TNF-o &R 7V B 1% p-STAT6  p-JAK1 & [
Fik M JAK/STAT 15 538 % LA 0 240 e b
16 M2 B/ e SRR M T AT B TPF /)
U2 SO FR R 451
4.4 MFIHpAT

S 008 T S i A0 S S0 A6 T AT A R A i
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RS RE P PESE T, I NI T T 541
FT Tl 2 8 2 TPF &K A p R N /2
-+ C/EBP [AJJE 8 H vl Sl L 4R T,
IO BT LA A0 L e EC 8 B O 2 A6 LR A 2
H et ECM JURR, S EUITZH 21 S0 198 I 2
Hefb ' TR TPF FBE A P ) 1l £F 48 41 i 7T 38
I E AR R T 00 F (PR A B F -3
ISR IRFEIR F-32 4K 1 45 ) FIR 34 B bk I 20 it e -2
( B-cell lymphoma-2, Bel-2) 3 K 5% 35 >k 175 5 iifi 241
21T YR T D) BEREAT , TG kA A4 il 2 i S
IO, i SR RERFLRATAE AR R AL K

FHHA 7 T A R0 TP H 35 I R F AR
I T LIANG 251 e BTH 6 1 1T LA BT 1 3
TNF-a , T & -y (interferon-y, IFN-vy) | IL-18 A
1L-18 S5 RAE T/ il Al 2l 20 rh £F 4 2 1 1Y
Fak, H ARV & K aE S mow oz e Tk
( PANoptosis ) T 4170 1] 4 B 98 7 DA SE 3R B33 4% R
BRI 27 24 £k ry g B AR Ak, BEACTR LK (¥ 1€ &
A JRALAE) TR IR 36 7 18] Jo0 14 Ji 5 96 97 R0
U B S AT i — A 9T UE S A3 IR RE R
1% IPF /MU 2H 21 PI3K/ Akt/mTOR 15518 % 45
FIE IR AL K SF UL & 4 1 PI3K Akt . mTOR mRNA
IZEIE MG AR T, 2EZ% IPF b FE
4.5 {RBEAE I

I 2 41 B AR N ZOIRES TR A — B [/ R AR
752K, TEHLIAZH 2046 53 0 200 L O 0 45 5 e v R
FEER ) BT, AWES 5 0o iR
o ok ity 11 5 RN 20 AR, [ W BR B ) ECML I
CHE i P gt v /D, A A% ECM A i [ 5 2k B T
TR T L A W B B2 i 0 L P9 1) TGF-B 5 5 1
5,175 I i 2 A EMT 42 3F ECM 4 4
WAFITLRR, HE B 2T Ak 1 % 2 2 L)

TGF-B1 i@+ #% PI3K/Akt-mTOR 3# % fifi
p62 5 H PR REAE, 755 H W A& 4, 1T Becline-1
A5 A KR BROY B fil & B W, $5 5 8 4% 07
(A ILEEP & 0T ) RERE (T BILM i3
IPF K BRI E 15/ MAFN Becline-1 25 [ Fe 5140
{HFEAR p62 B 23k, I A2 HE F W LA el 35 fili 21
Hefb'™ ) FrEPRAETY R PR AL (HEE B
R AR EE) B LIFEAR BLM 7 5% COPD-IPF 44
TR BRI il Fr 48 SRE A 56 20 i IR 3 48 i A K-8
(interleukin-8,1L-8) \TNF-a & &, 3 & H W AH ¢

FL I Beclin-1 5 LC3B BIZIA e B4R A i ] 2
B K BRI A 2B, 805 It 27 AE AL AR E
4.6 FEEMALS

A IS | B I R GE 23 0 A 2
LT YRR U AL 2T 4 25 P DU T il 9 ) Joi
H UURRIET 4E 28 b 23 iE— 2075 3 U 2T 4 4 i
BB AT RS | [ IR B 1 6 T30 S O A O
ZAR-1( protease activated receptors-1, PAR-1) ,
T 9L Rz 20 R 2T A 40 e R i TGF-B, f2 1E
JIE D ISR UL R 2T 24 40 L A, B0f il 2H 21 A=
YA AN, i N AR R AR K R
TGF-B 25 7 A MU LUR AR L AR Y 32 B2 21 4
A PE 7, LI /NG A JS 51 K 0 v IR A
FRELer e B VORI ] 3 IPF RAE R

I 38 IR L =R S RO EE AR
Ao B, T IR R MR AR Y, & s
FUCAE T IE S O A S T G RT3 5 0 4% PAR-1
mRNA 7K 7 5 0] 3 ¥ 1 4 & 1 Rk 2 A K
(soluble fibrinmonomer complex,SFMC) £} 4E £ H
KA 7= ) (fibrinogen degradation products, FDP) £&
F K P 00 6 ot RS 2 T A B IR AR A
FAIT IPF FVEH . X35 B 47 R 325 IR
T M ZE Ty (BEE AL Tb S 2 i 55 ) Al 4] i
/MBS AL AT CD40-CDA0L R 4t , B 3% A% IPF K
FRUA P IfiL /AR CD41,CD62P 3k 7K F- K PAI-1,
FIX \FVIERIA K | Bt e 1 ) RE & 5 0 4E 22 1PF
B,

TG BEAEIR YT B0 1Y ok R vh o 22 iR O
UERVR L = RE R S 36 AR AN R A o
I B R A B AL RE 1 B0 LA SRR SR U
[ R AT T TR IT7 o BEAE AR 22 % rp 24 )i
SRR R A2, Th 2RI 2 A 2B
PSRtk B &, PR IE , TPF F83% AT 78 1AV 245+
TEF A Ak R [ R v 259 370 38 3 e
A KR J7  BEE s, 7 10 A 2 B 22 i I R
FEAR (B ) | SCMRSE By A BE AR BILRE (AS) HYRCR , B
LGEGR AT i A ik e R A 4 fl, th2h T
YEFIMLSEI B Zs , W 3,

5 ING

Zi b 72 TPF Shfe B b KRR/ B PR HC A
TR A RBRE A TR 22 St/ N SR R 2
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BT 5T e B, MR R B SRR E LA S BLM i
S R H B ) BLARR AR B4 A N TIPF, AT RE S
BRI IPF SIS ALY, 78 IPF SR iy
N, BLM 175 A5 R A AT BRL A E] HA
5 NS TPF g B3 B0 A oA AR, R ook
R (SN ) = 7 NG~ o UL 1 7 N B e (1
FE IPF Shi R AL (0 DAk 7 vk v, il 20 25 B i AR
G2 HYP & a2 ke H BB PEAL 7k,
BeAh, 3] LUAE B 3l 6 — AR AE il 22 55, il
AE I AR A \ROS 7K K CT 245 24 5 48 hn 2t
[P AR ST L

G4 Fh TPF 175 AR A0 B BLAR 5 26
AR — B W22 5%, To ik 58 4 5 i 2 [ Jo 1 il 9%
AT PE RS ] 306 PERRAE 1 L 7E A R P IR G
WA A A VR T AR S 2 W ) s R, B2 TR S 1Y
BLRPEAL 7 i W AR AR AL BG4, BT LA 5 2
ANWTTEE IR Z BB LB TPF SRl i Ny
Ik, HETRFGEE ST IPF shisial g~ 5

PAPGES “ 5" A7 o 32, 0 1 op B < iz < il
R AR IR 105 @ L ED . TPF Sh R
N AERIEAT P BE " MR RSO T, BF
FELT Y P2 THLASUEF25R ) ROR
FEACRE i B2 FRUEIRIR " BUA% O Be I H v ik
ZHBRIRYT BN R R, R ok LA A IR AR
A 5 BB TSR A 5, t 5r v B IEZS 5 1Y TPF
SRR AR A A [ R PR G | E— P IRR
HERZGIR YT IPF A 202 W) b H AR A FTHE A
IPF A4 L I8 TR Y 32 AT i =R Ik il <R
TIE (B R SAE | R R AIE B iR UE S R UE AT
ge P R BRI SR I BRI AR 22 52 B
UG B B R WA ] B, A5G
SRAEAE TR A b v 5% 16 D T L 0 38 7
Fabn . QiR UE AN B R AR G, (8] L 3
LAppe AL 22 ARG, Wi,
TEAR S WAL I | 7T 368 5 e P 2 5 20 245 ) 15
SFHORB BAR PR, 45 & BN I Atk &

R3 Py BRI

Table 3 Mechanism of intervention of traditional Chinese medicine

ih2h AHRAR 5 %
| e ya - NG54 B N Y ” B - ‘
PERBLEL o iional BT N N BURA 45 b 2% 30k
Mechanism . Related signaling Animal Modeling . L
. Chinese . Model group animal indicators References
of action medicine pathways and selection methods
molecules
(1) B /NS b e
IR 2R ML P ALK, s 2 5 51
HYP & &
TGF-B/Smad3 18 (2) li4H4Y HE F2 Masson Yt (3, .
% , fibronectin | /BRI LH ZRE5 TR AL, Wil e AR TS il
collagen I | R TR] BT i YR R A PR 3T
vimentin I etk JUU. ﬁ§$§'ﬁﬂﬁﬂiﬂiﬁ ) .
a-SMA ,AGTRAP CSTBL/6) /NE AW (1) Lung function test: deep inhalation
TR 1 MPP6 K 6 ~ 8 Ak 2; > BLM volume and respiratory system )
Tetre . ARy, g , . . [53]
etrandrine TGF-B/Smad3 Intratracheal decreased ; lung weight
Male, C57BL/6] ~. °. - . .
pathway , mice. 6 ~ instillation index and HYP content
fibronectin | 8 weeks, 22 ¢ of BLM increased . '
L ) collagen I | (2)HE and Masson staining of lung
EIE=REANR S vimentin ,a-SMA , tissue ; structure of the lung tissues of
Anti-oxidative AGTRAP and mice were chaotic, the alveolar wall
stress MPP6 genes were thickened, and abundant
inflammatory cells infiltrated and
fibrosed in the alveoli and
interstitial cavity
T , .
o ALY HE St /1 BB AL S
TRP JEiH, P T e L R L A R
= _ > -~ " P X H [ 454 SELE A4 A
Kt &R D P2X7r-NLRP3 iii 20 ~ 24 g VF BIM Jﬁlﬂx,ﬂiﬂ@/zmﬁa Jik
Platycodonin %, TRPC6 HE staining of lung tissue: alveolar 547
Male, Intratracheal . o L ‘
D TRP channel, L septum widened, fibrotic exudation in
C57BL/6] instillation . .
P2X7r-NLRP3 . the alveolar cavity and perivascular cell
o~ mice, 6 ~ 8 of BLM - . . .
pathway, TRPC6 woeks infiltration were obvious in the lung

20 ~ 24 ¢

tissues of mice
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k3
e -
IEALEL o diional Borr o Skl mbunk KoL 5%k
Mechanism . Related signaling Animal Modeling . L .
. Chinese . Model group animal indicators References
of action medicine pathways and selection methods
molecules
JfiZH 20 HE e 8, /N R BESY B it
i3 e A ZERL I ] B 92, th R
HDACT iEffy  CSTBL/GI/D Ui ERIEANMLE A LT HEIE
HEE 5 fl,6 ~ 8 JHlI% # BLM HE staining of lung tissue: thickening
. 1, collagen [ g . [
Cordycepin ll'l]_’) ACT ba('tive Male, Intratracheal  of alveolar walls, disruption of alveolar 57)
. oll: / I C57BL/6] instillation structure, widening of alveolar septa,
site, collagen mice, 6 ~ of BLM and the presence of abundant
8 weeks inflammatory cell infiltration with
fibrous foci formation
(1) ERE /N LB R A o L R
FEHE WG B BED D A B AR
(2)IZHZY HE Y6, i ZH 2L v
JER0E , Jfi vt S5 B, o[ i J52
(3) filid14? Masson Je o . fili S A X fie
i EMT LA 2 B ., e U 4k 3 A AR
Inhibit EMT e (4) L4 HYP S iy] g
miRNA-21, let-7d C57Bl/é N (1) After modeling, mice’s fur had
T MR J TGF-B/Smad B8 Jiin SE N become dry, disheveled, their spirit
Astragalus 8, a-SMA bi\‘9’ F'ZIY ’ # BLM were low, their activity decreased, and
total miRNA-21, let- M~ale g Intratracheal their body mass decreased (s8]
flavonoids 7d, and TGF-B/ C57BL’/6 instillation (2) HE staining of lung tissue
Smad pathway, ice. 8 ks of BLM inflammatory cell infiltration in lung
a-SMA mmleg, ;er 5 tissue, collapse of alveoli, and
- J thickening of lung interstitium
(3)Masson staining of lung tissue ;
collagen proliferation in the area of
pulmonary consolidation was evident,
with collagen fibers forming clumps
(4) Lung tissue HYP content was
significantly increased
(1) IR REREI : KB PEF (PIF
EF50 HFEA
L) e el (2) 2141 Masson Je (s, K BT
oty MERLOIOE SR, s R R R
Shengxian ’SOCS3 N 6 ~ 8 %, 7 BLM L AEPIFR )
Huaxian STAT6/PPAR-y (200 + 20) g Intratracheal (1) Lung function test; PEF, PIF, and (2]
Fang and Its athway . TL-6 Male, SD rat, instillation EF50 were all decreased in rats
Deconstructed TI()‘F-BIY’SOCSi 6 ~ 8 weeks, of BLM (2)Masson staining of lung tissue:
Formula 7 SdCé3 T (200 +20) g abundant cord-like or flaky blue
collagen fibrillary deposits were found
in the interstitium of rats lungs
Ve A (1) WHA14T HE S (5 /U ALT
Wbt g SRR 3 B 5 LN
Regulating JA AR 2 B TR
macrophage (2) FliZH 4 Masson He 8 . /)N BRIt 2
polarization JAK/STAT 3@ %, JE YA JEL it o I 35 ,ﬁ%@é&]ﬂﬂfé
IL-10 IL-4 IL-6. W . 8, KT R R A
HRR LT E TNF-a, p- BALB/c /ML, B (1)HE st?unlng of l.ung tissue :
Platycodon STAT6 .p-JAK1 17 ~22¢ A BLM stm.lcture of mice lung tissues appeared )
. JAK/STAT Nasal twisted, with thickened alveolar walls 63
saponin E Female, . . AP
pathway , IL-10 BALB/c mice inhalation  and abundant collagen deposition in the
IL-4 IL-6 [ TNF- 17~2¢ ’ BLM interstitium

a, p-STAT6,
p-JAK1

(2)Masson staining of lung tissue :
alveolar walls of the mice lung were
thickened, alveolar septa have

collapsed, and there were infiltration of

inflammatory cells with abundant
deposition of collagen protein
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&ZR3

by OREEE e
UL RN S L Lo e — P
elated signaling Animal Modeling

Chinese .
. pathways and selection methods
medicine

Mechanism . L .
. Model group animal indicators References
of action

molecules

(1) iRl . KB PIF \PEF
MV EF50 ¥
(2) g4 HE & Masson Jefa . K
SR ZH LR K e i i
1Z T, TNF- HEPE,SD K 5 Py (3) Micro-CT 7R : il 414 H B ROIR
gy CIFNILB BLTRER, B AR EERY LB (L
Shengxian PA]{IL—IS 4 ]S/IZ?O iS];O) g ( l)[l\}}l\rflg fur;cté(;lséest; PIlF, PEF, (6]
optosis, ale, rat, . . , an were lower
TNF-o \IFN-vy | 7 weeks, mosfugit;[)n (2)HE and Masson staining of lung
IL-18 IL-18 (200 £ 10) ¢ tissue ; large amounts of collagen were
deposited in rat lung tissues
(3)Micro-CT: lung tissues showed a
large gray-white high-density shadow
and ground-glass changed

Intratracheal

Decoction

i 2 (1) R /N R R S A, B
BT LA 1 S K
Inhibit cell (2) ffiZH 2 HE By ta /)N U v e
apoptosis SRJRE M v e 7 M, R A M
J 323
Jaid (3) fligH 2R I\H’[aison %ﬁc‘@ : /!\ FRUi
‘ CSTBL/6 i éﬂ?ﬂﬁiﬂﬁt)ﬁﬁéﬁﬁ% ‘
FEA IR PI3K/ N KAE T (1) After modeling, body mass of
Qidong Akt/mTOR (20 + 2’) i BLM mice was significantly reduced, hair
Huoxue T M;le & TInwatracheal  was lost, and the amount of activity
Decoction PI3K/ Akt/ C57BL’/6 instillation and diet decreased
mTOR pathway mice of BLM (2) HE staining of lung tissue: alveolar
‘ walls of the mice were thickened,
(20 2) ¢ alveolar cavities were narrow and
collapsed, and there were extensive
infiltration of inflammatory cells
(3)Masson staining of lung tissue ;
abundant collagen fibers indigo
staining in mice lung tissue

(1) R B AR GLECR 1M, 8%
B, T e e W BER n , 45
TR
(2) iZHEU HE e (. 52 BE K af
ERESNE LA AN SR AR | SN/ INIfi
LEET S
(3) iligH 4! Masson Yefa, . 32545 J
it ) e R A g
Tt 214t
. SD K N 4 EX e HZU HYP 14
g pEpety | SP SR gy (OBVRECRIN IR VP SR
. 10 ~ 12 J&#%, o (1)Rat lungs showed scattered
Fuzheng becline-1 2K [ ¥ BLM X .
(200 £ 20) ¢ hemorrhage, black bruises, increased (70]
Tongluo Autophagosome , Intratracheal .
. Male, SD rat, L lung weight and hardness, and a
Formula p62 and becline-1 instillation
rotein 10 ~ 12 of BIM nodular appearance on the surface
prote weeks, (2) HE staining of lung tissue
(200 £ 20) ¢ inflammation cells gathered around
(S bronchial and vascular walls, and outer
layer of small blood vessels expanded
Promote .. .
autonhs (3)Masson staining of lung tissue:
autophagy abundant blue-green collagen fibers
appeared around bronchi and
alveolar septa
(4) Lung coefficient increased, and
HYP of lung tissue increased

Le7]
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ih2 LEES ERcRi
: | 2 4 SILYb: AT - . _ .
PRI o diional BaT - mER E#onk BT e 23k
Mechanism . Related signaling Animal Modeling . L
. Chinese . Model group animal indicators References
of action . pathways and selection methods
medicine
molecules
(1) ERELERBHHLALAE 3 LR BwIE
DA A
(2) BB R IRALER HE e 2 Rl
SR I RFE i
TP g L W A L B
. N - N < Bt A
HIRKLCEN i so ko mE D K
s g Beclinl 5 LC3B, 5 (1) At the end of modeling, 3 rats were
i I H s 7 W, 4 JHi I .
T s IL-8 'TNF-a randomly sacrificed to observe the
Yifei Sanjie (200 £ 20) g Intratracheal . . (7]
Autophagy-related R pathological conditions ‘
Formula . Male, SD rat, instillation L .
genes Beclin-1 (2) HE staining of lung tissue after
4 weeks, of BLM + . . .
and LC3B, 1L-8, (200 + 20) ioarelt sampling: degeneration, necrosis, and
TNF-a - J “f’dri ¢ shedding of ciliated epithelial cells in
.br.‘r:‘ot‘e the bronchi of rats, accompanied by
trrtation extensive inflammatory cell infiltration
around the bronchi, disruption of
alveolar structure, thinning and rupture
of alveolar walls, and enlargement and
fusion of alveolar spaces
(1) BB R A POk TR,
REHUIRAS 22 , B A A HORLEE , #90 K
AETE , 1S KT 2 A5 1B
HH L, PR A R
" ", Tk (2) Jif CT - K U S ISR , A B0
|1 S7 s . ’ e iy ’
g EEESE Wi KB e B e s sl
A3 % ,PAR-1, S B . ‘
PRt 8 ~ 10 JAil%, S (1) After modeling, food intake and
VIR SFMC ,FDP E BLM |/ aTer mate o mare 7
y . (200 £ 20) ¢ water consumption of rats decreased, 75
Xueshuantong Coagulation Mal Intratracheal heir spiri | heir fur b
imection cascade palhway ale, instillation their spirit was low, their fur became
mee ’ Wistar rat, yellow and rough, some rats hunched
PAR-1, of BLM . Ry
SFMC _FDP 8 ~ 10 weeks, their backs, their lips and claws turned
N (200 £ 20) ¢ dark purple, and a few experienced
nosebleeds and difficulty breathing
(2)CT of lung: lung texture of rat was
blurred, with dense shadows and
honeycomb-like changed
THEEREL (1) SR JCBUR S e , % % 5
& R 7% , P R e , 346 0/
Regulating Ithe (2) T 28 7 KAt B IE v, A
blood clotting ST MITRAE il [F 5 UL K A ;565 14
pathway S LI/, I 4 S A O 1
LFUEANMIIE 2 , 18] 5 ) DL IS T 24
PE 45 28 FETSEIE TR, KR
STARURY, ILLF AN S 56 I
(3) BRI R B 7,14 28 KAiLH 4
HYP & i35 0 & T
i3 (1) After modeling, rats appeared
# AR HIE Wist ) j(,Ef lethargic, with yellowing and shedding
ME% )7 CD40-CDAOL & lfagr i ﬁ?‘ S fur, difficulty breathing, and
Yiqi Yangyin  4t,PAI FIX [FVI (180 = nz(); ’ 1 BLM reduced appetite )
Huoxue CD40-CD40L M'_l & Intratracheal (2)Pathology demonstration: on the (76
Tongluo system, PAI, Wtd e,‘ \ instillation ~ 7th day, alveolar septum was widened,
Formula FIX . FVI 6 Nlbgdr rdk’ of BLM inflammatory cells were accumulated,
(180 iwgg)s’g and edema was seen in the lung

interstitium; on the 14th day, alveolar
cavity shrank, inflammatory cells in the
cavity decreased, fibroblasts increased,
and collagen fibrils proliferated in the
interstitium ; on the 28th day, alveolar
septum collapsed, and abundant
collagen fibers were deposited, as seen
in fibrous scars and honeycomb lungs.
(3) Lung tissue hydroxyproline content
of model group rats at 7, 14, and 28
days significantly increased
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AT I AR A5 DY A R R A 5T 1 T R A
P NG OB B RL A 7E 28 BLM #4715 %
J& , R Bl By 3R AT 0 T Dk R R A DS BREK B i
S IR R, 7817 BERLPE A i), AL 42
“EHE R Y] TS TE S 5 L IJCHE N 3K
MR PG A B AT bR AT 22 A A T B RS B
APPSR R B ATA v B2 R AR

PEZ5IR97 IPF RUR I A BAR P R 25 AR
IR Y A g € SO e o =T ) s P G B U
2 7 SRR 2% IPF SR RT3, 0
HZIRYT IPF 9 ELRAE AL, 2 3h i SC i oY
MY E S E Y R R I AR 25 0 & S 1 ¢
HARIE . ZE BT TP EE 25957 1IPF SR BIR
2T H A5 52 BB B SO TE, HAb A
A B AT R R T VR Y Bk 2l
B IR FT R T 5 3 I S v O A
BRI OC R, SR 25 7R 24 Jy h AT fig
REHARIT 1P H AL B A1 5] 284 IR A 25
ZA, T2 FIIE R N Z RS TEL A 223
FARE FARIT BN, 45 WK 259 9 A TR AN mT /N
AU EAR R P B R SEREER O IPF 1Y
R HLHRE 5, P N 2 259 3B 7R L 2 B
R OC R R 253597 1IPF i se ],

PSRRI B 2 B B TR IR, 2
AR BB IR A IR, N R i 4R H AR 5T
UK, $ H IR B IEOR ) 58 8, AL B AT A A
2 IPF i BRR LAY Sh A | FEm A b 245100, 5
UESTRL, R R TR BE 209097 IPF BB R,
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[ Abstract]  Organoids have become an important technological platform in cancer research, but simulating the
primary tumor tissue structure and function still presents problems. The development of gene-editing technology,
especially when combined with tumor organoids, provides a new approach for accurately and comprehensively
simulating the in vivo characteristics of tumor models. Introducing specific gene mutations or correcting mutations in
tumor organoids through gene-editing technology can allow detailed analysis of the mechanisms of tumor initiation and
progression, as well as exploring potential therapeutic targets, accelerating the drug-screening process, and providing
new insights for personalized cancer treatment. This article reviews the formation of tumor organoids and the technical

aspects of gene-editing strategies, emphasizing their unique applications and prospects in tumor organoids. We also
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propose that accurately simulating the in vivo microenvironment, promoting the standardization and stability of organoid

gene-editing technology, and optimizing the efficiency of gene editing can accelerate the application of organoids in

precision medicine research.

[ Keywords]

gene-editing; tumor organoids; CRISPR/Cas9; stem cell
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[ Abstract] DNA repair is essential for the successful replication of genetic material and for transcriptional
fidelity. Excision repair cross-complementation group 1 (Erccl) is a structure-specific nucleic acid endonuclease that
repairs DNA damage by participating in the nucleotide excision repair and DNA double-strand break repair pathways.
The accumulation of various types of molecular and cellular damage over time lead to aging. Defects in Erccl are
associated with malfunctions in DNA damage repair, resulising in the accumulation of cellular damage and ultimately

inducing aging. This paper summarizes the biological functions of Erccl during DNA damage and the phenotypes of
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Erccl-deficient mouse models, and discusses the biological effects of Erccl in different tissues associated with

senescence and age-related degenerative diseases. This review highlights potential intervention targets and provides a

theoretical basis for the development of innovative therapeutics, animal models, and drug discovery for senescence-

associated diseases.
[ Keywords ]

mouse model ; aging-related diseases

excision repair cross-complementation group 1; DNA damage; DNA repair; Erccl-deficient
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B 2 Erccl £ DSB H1EFHHER
Figure 2 Graphical overview of the role of Erccl in DSB
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[ Abstract ]

suffering from chronic pain frequently develop comorbid psychological disorders, including anxiety, depression, post-

Chronic pain has emerged as a prevalent medical challenge in contemporary society. Patients

traumatic stress disorder, and various psychiatric syndromes. These psychological complications not only affect
patients * pain perception and responses, but may also constitute critical obstacles during pain management
interventions. Acupuncture is a long-established clinical practice that has demonstrated remarkable efficacy in
alleviating diverse pain types and has shown favorable therapeutic outcomes in ameliorating emotional disturbances
such as anxiety and depression. The precise mechanisms underlying acupuncture-induced analgesia and anxiolytic
effects, however, remain to be fully elucidated. In this context, it is essential to establish suitable and stable animal
models to allow in-depth investigations into the pathogenesis of pain-related emotional disorders and the mechanistic
foundations of acupuncture. This article presents a comprehensive review of recent literature regarding the selection of
experimental animals, model-establishment method ologies, and behavioral-assessment paradigms pertaining to animal
model platforms of chronic pain with comorbid anxiety. We also provide an in-depth discussion of research
advancements regarding acupuncture intervention parameters, including needling techniques, acupoint selection,
treatment duration, and efficacy evaluation within these animal models. This review proposes comprehensive and
reference strategies for constructing preclinical animal models to investigate the mechanisms of acupuncture in
managing chronic pain with comorbid anxiety, thus supporting scientific advancements in related research fields.
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acupuncture; chronic pain; anxiety; animal model; behavioral assessment
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Table 1 Animal models of different types of chronic pain with pain anxiety and their behavioral tests
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Figure 1 Rodent analyses used in studies of pain with anxiety published from 1999 to October 2024
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W B A5 . ZRA T, SN BB LUBR v Ak b
245105 LA SNL BEASFE R B D RE 3 X P58 rh i
AR SNL BRI 5e filk 17 CCI BRI S5 FL A 2248
SRR AR S, H AR B e S A B
D15 BO w53 T, 6 R T B R0 Pl AL 4Lk
e T B AR T AL, 75 1 R A T VR o A8 AR X A2
A AN 7 b R R IR 5 T CCT A Y DU 75 A
BV ERSEE 5 A R AT SRk, SCPR B I h i 455
WF5E HAR RS A5 R
1.2.2 18 PERAE A

TR S REMESIR S 1 T2 R A S 4L
LER RS LA R 28 R 0 S | S I 5T
% LD LR L KAH SC B SRy 1 PR R,
DB 5 P A A 58 42 o TG AE ] (complete
Freund’ s adju vant, CFA) | ffi 3 3¢ & R 1 ¥/
( carrageenan inflammatory pain ) . 8 /K 5 K JF
(formalin pain) BEAYSE, {H ) SCRMAE R 2 PEA
LURRAE S | YRR SRR R | Jay F 9 o 4o s b —
MCRFEE 6 ~ 8 h, ARR EhbRad U T 5
45 ~ 90 min 475 F 1 B L ( B4 TURIERR AR L 1H
JCHY 5 S BB N, A SRS AR R T bk
ASEA = T3 A 01 4% FEUR 25 R A
HA RS 1 25 A 0T 58 b e TR 2 CFA BB
CFA BTG I 252 AT T, oh A7 B £ K
FLAAZH R, i 2 H AT 51 R e AR SR
A5 L/ B R 2 M R E 5 i 50 2 45
EZG1E Th 5 Th17 40 G %" . WANG
ARSI /N BV U P9 3 TSI 4T 20 L CFA,
HESE CFA 1755 1Y /0N BUAS M 98 0E M 2 o A A8
PARENT %™ 78 SD K Bl 22 Je b4 3 P4 3 5 100
pL CFA JFESHR (LA 1 2 1 BYIHFT 0. 9% A= B Eh K
FLRIE TS, Horp &G A2 T 200 pg 45450
RO, 15 R B PRI . i B o il
R TR EBRAERT L, R AT GL 4 R LL B
oA v ok BN
1.2.3  HAU1S w5 A

I A D A A 25 o SR R A% M o A A R
AT 45 B AR fE A1, BURSTON 45107 £ K B2 9
Bk BR B )5, K5 S50 uL PR 2 R AW ( sodium
iodoacetate , MIA ) %5 (1 mg MIA Fiif7E 50 L o
PR ER K VA A R ) T 5 31 R U T 10t Oy
JiE T N7 A HE PR SD AT Wistar Kyoto
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(WKY) K FU B 75 R (osteoarthritis, OA ) Fl£E
JE AL 1) kA S Y AR AR Y | B A AL, T G
R ERA NG K OA IR CHEZEZR . LAk, AR
PRI 12 1Y 3z T T8 15 45 19 AH DG B9
H, BALSENY 3 o) R BB A S48 N TE A 2% —
Tl 5L 2K i 12 ( trinitrobenzene sulfonic acid, TNBS)
WA I IR 48, 8 ST KRR M2 P R R 2% ( chronic
pancreatitis , CP ) A i 152 1 - 155 & 98 0 AH ¢ i 4R
1&, LUO 45 3@ b 78 SD K B F /K Hhojim A
0. 1% 2, % (iodoacetamide , TAA ) #E 37 SZ 56 P
B ARBIY R0 E W 1 ST S 5 20 BAT Ry

WM, SUTULOVIC 4518 42 ] Wistar K BUFT
G i BRI S 3% N~ SR IKEF5 18 P i A i
R/ VE K 48 & 1iE ( chronic prostatitis/
chronic pelvic pain syndrome, CP/CPPS) , i% 3% 4
R A B 2 R R L DR BRI 5 09 1 A
PrE AR L 2 — 12 PR PR b Al 2 14 9 A UL BE
JIREZ ARG, IR0 T H AR AR OGS F At
22 AN E 1, R AR 2 789 15 26 1 sh ) it
FE AR

2 TAFWN ST

N T S e b AR AR G S W g A
BB ) 5 5 5 2 o W Sh Y Y
PIRAT R AR BAT R R PEA B AL () P S, 5
RIFAT R A VEAR 7 i TR0 e i B 15
RIS AL AR R WU 2 RS
e+ 3k B S 2 VAL sh ) BB B K R
FHRAT R R J7 . oAb, b A B 48 BT &
B Sy R LA R A AT Sy S A ik
TR NI, BAEF T 02 SER TN
TEE AR i e BIR AL, 22 3R 33 ok B BRAEL ), B
S50 Bl W) A L B T 1) 95 R 52 o7 L A o - 3
IR DA S AR A G, R A AT
TIOR3 F A e HLSE I A8 M A S kA
B A TSR BE X S 90 5 R B e B
S S 25 R S50 sl W 7 A £R T 2, AT
e s 2R
2.1 EEITAFRNG X

HUBCE IR RN ( 40 Von Frey test, VFT) F2 %2
L H Von Frey 2 Yk 2 77 B TR , Bl
Y2, Ltk J7-46 B8 B ( paw  withdrawal

threshold , PWT) 1 24 11 3 1 J% 52 1, i sk B ) Y
BUBEAR {8, 33X B 77 3 T DAPEAl 3 9 % AL
SRR 2 1%, DA T £ A JH 2 i B 5 A Sf o
T RI A A% B R IT (hargreaves test) , il 2 48 51/
LA BRSNS Zh ) DK, 10 SR B ) 7™ A i e I
I ( thermal paw withdrawal latency , PWL) f# i [i] |
LI THT VAL K BRI BUAE 145 30 P b 298 4
A I AP0 BT AR B R 52 1 S 3
o/ AR i A Sh W S AR IR T B 4 C Bl
55 CHIV AR b M sh P 2008/ i i, 2546
T, 68 1 YRR 7 B0 40 X6 1%/ BROfI g
FE R SN, 38 3 30 5 Bl 40 1 B 1 st (] ( Bk BR B8
JAIRIN ) SRPEAG B ATV BRI S, e 5%
SR 2 1 T 5 R () 53 7E — 5 B TR] Y
USRIV 1A UK, ATE A ¥ 905 0 0 3400
BEAT 3 F 7 il A Y G ) | el o AR
SR R R DX R S AR RS O R
R Y i o = i = o A U R 285 B BT g i
(AE A, T IR BE NS 55 R A e 28 Sy e ~F- 45
2.2 FRERITAFEWRNTGE

B BYAT R 2RI 7 A 65 37 52 59 (open
field test, OFT) . i 22 + 5 % B (elevated plus
maze, EPM ) | B % 6 52 % ( light-dark box test,
LDB) 4§, X 4675 3k T LN A W] (4 02 A e A 7
e A YRR SEAE IS 4, HAS [RIASE R0 76 S [ Bk (1] 7=
AT BT 22 5% . W3 AT A A I 2 K sh )
BT e DR, SR S T IR R] P SR
SPGB O, oo X8 sh i 5 BB A X
AT REAE B E I, T 2k DX SN AR X 2 4, I,
AR IR B, B AT AT RE R RS B TR
S5 DX 3 AR, an 2R sl ok Hp s DX R 2R UK
5= B T 8 om0 3 B AR RO AR
RS S SR A T SR B A R B AR R
050 1) L b 8 5 TR A AR IR 3 ok X O S
(O BLIR S R PEAS S W 1) 28K K- 2, B
Pyt AT TI0R R0 5 R O B80S N Ok A £
Hiz gl shRe 1 e AT m T 2R OB 7R
TAETCIR ARG T AR RAT N, Moh, Sh eIt
TR T T AR 2 %) IS 8] L 451 0 R A T TR 7 R
FA R PPA AR SRS M B AR L WIS
AE 2 I — AR K BRI/ BRORE B 5 X A
SR B13REAT A DA R BT TR e 5 (s R 455
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JGRE) B A IR RN B O BRAT R S 1 S
T 3 e B e T A DX (g R AR X)) 155 BE 1
R[] 0B AR T A DX 22 1) 2 42 0 R, SR DA
BT BT X S8R PP FE I R 2 LA 7 R 4
bRt Hrar e ( novelty suppressed feeding,
NSF) Wi — B 3z B T PEAG ST AR 25 9 1
RCR VLS I 5E 2l 4 5 1 vl 1) 5 28 s g 1) S 3 T
o 3 ik WL 5% 3 W A R AT R B 6 A
BYRRIAT R T, AR RS, s L
TR AR B B B AL, (H [R] I BT PR B 2 ] kR R
JR% DT 77 A 10 B e oK 5 R IR B8 2 [8) 1) o i
HaE, SPGB K P25 ) A B i T AR I
BINTECA B 27 BA 858 31 I I 5 8 00 B B) B
T WA — VAR, RT L4 W S0 4 %) 1 3 s g
TR R R R ST 5 ( marble burying
test, MBT) i H T A AT A I BEFE v, SE 56 sh )
(CA/INEL) B B A — 2 TR R Fl s T
ANER (IR ) BB T, sl e K o £
JETTRE/INERERAE FA A | W4 3 1y J 3 /) 35K 1Y)
Bt B BE 5 7R T B 3h W) Y £ TR R 9 38
ROV R X SRR IR 5E 4 SR ) T AR AR
TR, B EA TR 78 £8P0 A W 1k 2 LAl
e & 25 ¥y WA L3R D7 T BA AN E,
XSS FEEL TSR H AR T, R EAMI
g5, fd FH A ST U A ] B E TR B R Al 2
o HT X AT A8 AR e AT B Ak, T U % 0L
HPEAG S Y £E TECRE IR, 1T PRAN BT AR T T
Jit B A A5
2.3 EEMENITAFITMG

ANl 38 A5 7 AR B W Ak T A TR] 9 R
PREE R HURAS | 30 5 WL AN A sh W T AR A
THFRIRAT O, AT HEWT AR B RS . B AR
A LR A I P S R R R B A 2 AT DAAR A 52
By BAR T oK PR 3E AT 2 R I Oy
GAO %5 I i SNI 12 M4 28 VIR AL 15 /1N
FRL 22 B L B A 1 o ORI, TSRS SNT /N B
IR SR I DL B (B 2 B R, SR A 3 il
IRk LA R Y AR B FEAT . FEAR
5 2 A SIRTFARNEA L, BAATEN S5 T
S R B AL, (E SNT /N BRI 37 o0 X el 452
B R IR () BB L 7 v 2R S 2R T U A 45 B I
[BIFIHE A TT IO (977 43 el . SANG 451 R

AR TR] B ABE AR RN AT SRy A I e B B BR AL
PR ST PR, LR SRy IR ( 324 ) ] fi b of
PR PWT FEAK, SNI KU # 2 m RAE ih
BEFEAFAET I A (1 ~ 8 J&) |, [FIATiF
KBS A BB T, RJG5 8 J, 1F
TRk E I R SNT ZH K SR AT i
T YR ESORNAE PR A T T80 R A5 B 1 B (] S 2 ik /b
TEW 7525 53R K AR FE, SNT R G A Hue
XRE 08 /0 (BN 58 3l S 0 2 G i 2 2
S, & B SNI K R sh gk A % 5w,
MAZZITELLT 25 fifi i 5024 Y SN 455700 78 KRR
W20 J5 T A 205 722, SR AH HE, SNL K
LAY 2 M A A4 1 Von Frey SZI6 rb (9 WL
(B35 10 S RRAIG, FE W 35 52 55 v 0 DXAE 98 A Bk ] 3
B2 TR BRUTE 5 2R ik rh e A R
FIREANAE SNL 555 4 J8)5 Wm0, KEJT
GBI AR RS 45, JTANG 25 T it
B FERE RS 10 d ISR K RV IERETT R, K B
K EIED 37 rh oo X 45 88 ) a] b 500, En e+
B TR 5% B ) [ J

YU 259 20 BTHE ST T /I8 B P 608 L SN
BRI 7 /0N B 20 g A0 M 8 & 10 48 e REAT
9,43 FE CFA 5 4 h FSNT ARJS 21 d KL
WU 5 R R R DAL /N BN A AT
227N B CFA /N BRI SNT /)N BB LA g 159 (L
WEERAL, VO KAEE AT E SRR
T 45 (R 2 Jb 2 AT, R SE TR e Stk i 2
YK R Y Sk & D BUM R AT N,
YAMAUCHT 5% @57 7 /R SNT A58 5 5 Von
Frey AIUAIR I DA PEAR fil ok S0 M50, R BT
Yy mAR ke WIRERE B ar B B i L 5 0T
i Z-score IH—AEARPEAL /N RO [ AT 0 015 45
ik, RIAJG 4 FW SNI /N2 45 (TR 5
JTCHUACRITE ) 159 {6 12 B A1, 328 WHAE ZE ML 5 0 1
PIE . TR 4 JBJG, SNI /BRI 37 5256 vh 3k A
HR DX VR o 2 o A T R R B B A S
55 v B DX ) 45 B B[R] X AR, R W AR BT N
R, FE R 2R R B, SN /N BRUZE Tk
T XUE G S i E S 5 RS S B 0 A L
TR T TFARLL, F2H] SNI /N BRF U 44 4 1 i 2>
AR TG L, HRELTHE T
2 Z-score RKVPAT X LEM A 47 a9 —2erE . SNI



748 o E SE S YA R 2025 4E 5 A4S 33 %45 5] Acta Lab Anim Sci Sin, May 2025,Vol. 33, No. 5

/NI Z-score B AR TRF-ARLL, K2 M
PIRIG R TR IEREAT ., AN TER A I R
D SNT /)N B B 0 A v AR DI 38 i, X e 36
WA IEREAT e o

3 HRTHEERELXBEEEIY
RENYNARES

R — TR R IR 1Y S R R P R
P — A B 3 AR R 2 4 3 A [
FhE A EE BB AR 5T B G — 2 1) T35 30 il %
AR BE AT (JXAL) W7 3%, FEF (manual
acupuncture , MA) JEREF LA SO, SR 5 LA [R] (1)
ERFVIN: R RIS , M A & ( electroacupuncture ,
EA) W 2 38 i 48 A8 B Sk 1) oA fay 2% 0 L FR,
W, EHRTER RN SR R IR S T A
Z PRI (G AT R 2 AR T i 455 AN TRl 1)
JRL IO 0T I A5 AS ) B o A% 1
BT T R 220 B B T TR MR 1 & R
BRI 5 . K RO OCIL Al BT 5%
KB HIAETC IR 7 A M I 10 2 A 28 A DG AR 7Y
R R AR T BUE T (I3 2) |, JF HOR 2 80
SURRET T ML T IR U . HLEF IO S B R
LA Tt [1ET T BE X B 00 7 AR 52, A WE ST
FEWIXF T SO R DG IR 22 B0k FH v A3 555
P SR [] Ay A 5 70 P R AT e AT s R
FF AT R EARPEIR = anbi 285
BRI 5, 22 8000 58 1T 33 LUIRA (2 Hz) 5728 0
(2/100 Hz) , PARSRERIEL (1 ~ 3 mA), I [E]
30 ~ 45 min, & H 80 H 1 U5 12 1 R PR
BRI 356 FH #2540 (100 Hz) B A8 45 (2/15 Haz
8% 2/100 Hz) SR EZAF (1 ~ 3 mA) , WF[E] 30
~ 45 min, PEAl, SHAO %% 58 XF L T L& AT
Tl ( strong manual acupuncture,sMA , B4 180
) L5513 ( mild manual acupuncture, mMA | 543
B 60 YO T-EEXT SNL K BT M2 AR B 38 1
B, R ITC VR 3 VA 2 55 R TR B 35 92
il DR BRA 20 JHL A A A 1Y 1 BT A B
R BRTE T IO v 1 P 38 R4S B8 I (8], D 92 i
FEEAREAT S, T E B 0 0 A R AR R IR
WA 22 F A UG SR R Bl ) £ BT 1T, sMA. L
mMA F1 EA A&, AN R Y ROCR v] RE S ik 16 i

B R KRR AT AR 25, TR
TN PRI L, 7E B2 R s B AL op | H R F R Bk
(GB 30) ¥Eh F7T, BHEE SR (GB 34) 1 ML 7Ok 22
fift SNL 51 A M 2o BN fEf24 L
14 L5 il L6 A MG I A B L, i i 4 X
O HEE A2 MR s Wi GB 30 it
DA TR, 2 P B R RIS AL 2 vh
A 1/3 e, HIR 2 A LR RE A A
Iz Rz B s R LS B
2 L5 R B fh 2 BRAE PO TR IR R b 5 Y
FAARRL, TETFE UL GB 30 3/ ai A o,
TR A B RORRA IRETLL GB 34 Rt /™,
FERPER B 2 2 = HL(ST36) fEh &
FCCT L ELAT PR AN, B A 44 Y R T
B, 7E Fp B EE R A AR T AR
WF5EIE B H e = B R VE T e
HABME R A 2K AL Bl 2275 4% b £ TR R A BE #h 48 5T
A A2 R B Rk, A HV IR R S GE M
e, R AN AR R S T O A A B AL T ERA e 2 A
FISASERE T TR S T R PR R AR R
i X A% A P 3l 5 907 22 T8 7 T R A28 R0 K
2RSS TERE T AN, BRI AR [
RNEIFHRZERT N 1 ~ 30 d A%, 32 B4 il ik
e AN [ 28 78 100 1% 8500 8] BH 5 96 97 B 00 R
SR A AR G, 5 HAR I R b B < R SR
I SR R T

4 tig

PSR B LI 17 4 , T E & (B X
AR B DL RR] BE 5 UK T 0435 2l AR RV SR,
SRR SRV R R B AR, KR AR
JEBIRY T —A 5 A% H 70 P A U, A7 oAb #
DXIPEIR YT B R E A AL A B 1, X Ak AT
NI IR LA 1 2 R BT
VIRV A FRIEREAT O 1 BT 9 T 2 A T i
PR SRR AR IR0 B AH G HL ], 5
NZEHFFEAR UL, Sh Wt 5 D0kl ad A iR s 1]
B A R BRI 4, LB L A7
A X HA 2 AT D, P R A R A U8
28 R Sh PRI (4 i R A, 75 B S 5 25 4T
NEFITIEAR VAL, SRS IR A B )R
FRAE, S50 2 IR BHAE AR P g vT B8, A
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Table 2 Platforms for acupuncture intervention in animal models of chronic pain accompanied by pain anxiety
- ; IR
S i
PEIES YA - R T (R Ealling (P E= 3 PRV
. . Acupuncture TR . . . 275 3CHik
Animal Animal . . . . Intervention Behavioral Behavioral
. Intervention Point selection . References
species and models dalitie and period test performance
<train modalitie an
parameter
B 406 2 S 55 1 L
ZFt i, v DO Bl
BUBRSR W37, Jedss BRI (RIS, TR
RIS 8 ~  WATTRE, S SIS A R
MLt gk 28 KX, FEK 1 SRIAFIK [ 150, AN Bl o i) 4
LLNE gLiE ] .
Ve I EA, 2 Hz, =R W, 11k Mechanical Significant increase in
ChL 8 0.5 ~ PHEZ SR Days 8 ~ 28 withdrawal mechanical withdrawal (68]
r(Tm.c 1.5 mA, Zusanli after surgery, threshold , thresholds, increased
constriction . . . . .
. 30 min Yanglingquan every other open field, distance traveled and time
injury . . .
day, 11 times elevated plus spent in the central region,
in total maze, forced increase in distance
swimming traveled and time spent in
the open arms, decreased
immobilization time
EA, 2/100 RIGEH 1 ~
Hz, 0.5 ~ 12 X, [A]FR PR R
R Y S ®iv,ge OB s e
Sl P 5 4% Pawr it il e g e L 9
P sMA, 180 Huantiao Days 1 ~ 12 ww W Increased percentage of (s8]
nerve . . . threshold , . .
L times/min Yanglingquan after surgery, distance traveled and time
ligation elevated zero .
mMA, 60 two days e spent in open arms
times/min, apart, 4 times ane
30 min in total
WU 2 2 S5t B (B
=L AU il N
y . S B T A5 B 1
A CEA S BUbE, b, LB F
. VBRI 20 oot At f R 1)
sEa G - 5528 ~ 30 (S S
; EA, 2/100 A= B 1 v ‘ RoRpIl
55 K, BRK1IK Paw withdrawal ; .
SD Kl Hz, 0.5 ~ Bt Increase in mechanical [69]
Complete . . Day 28 ~ 30 threshold , .
SD rat s 1.5 mA, Zusanli ) withdrawal thresholds,
Freund’ s . after CFA open field, . .
. 30 min Kunlun s increased percentage of
adju vant injection, elevated zero . .
. distance traveled in central
once daily maze .
zone and dwell time,
increased number of open
arms entries and dwell time
BIUAMIRE 20 2 S 55 1 L
E T e DX S S
A JER e AR Ca= iR
N i N ’
o JFHMT AR AT
o R letal i (5= BR IF (AT , b vk
g ora s g R SRR
I EA, 2/100 E=B 526 ~ 31 e Si, ni;'i(-am injre;lse in
sl ’ Bt K, K 1K  Paw withdrawal g B 5
Hz, 0.5 ~ . mechanical withdrawal (70]
Complete Zusanli Day 26 ~ 31 threshold, open .
s 1.5 mA, thresholds, increased percent
Freund’ s . Kunlun after CFA field .
. 30 min L. distance traveled
adju vant injection, elevated zero L
. dwell time in central zone,
once daily maze, novelty

suppressed
feeding

percentage of distance
traveled, dwell time
increased in open arms,
significant decrease in
feeding latency
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gxR2
. , B T
RS e
Jeiiti & YRR = g T T 45 17 R 2 17 R 3R I .
. . Acupuncture A i ; ) 27 SCHik
Animal Animal . . . . Intervention Behavioral Behavioral
. ntervention Point selection . References
species and models dalitie and period test performance
irain modalitie an
parameter
HUBR 45 2 52 5 B
BT,
FEAIIG = A CFA . P B[] 1
Y BB BHCRAR e BT
15 =[5z %529 K . Significant increase
100 Hz, ) Paw withdrawal X . (71
Complete Zusanli Day 29 after in mechanical
s 0.5~ 1.5mA, L . L threshold , .
Freund’ s . Sanyinjiao CFA injection . withdrawal
. 60 min open field .
adju vant thresholds, increased
central zone
dwell time
. e e USRS S R (i
VAR S, bbb, O SRR
/5'/_5"1 - 536 J‘i‘é{ H}L% [;:J,EP%IZ‘{’?‘EEHT“EH H
EA ’ ’ R 15 B sk (] 444
o , B L% Paw withdeawal i, R 5.{3‘ 4 TH. M
&N 2/100 Hz, =R sh \ threshold Increase in mechanical (7]
Carrageenan 1 ~2mA, Zusanli o p.os ) reshold, withdrawal thresholds,
. injection, elevated zero .
30 min increased central zone
days 1 ~ 5, maze, open . .
. . dwell time, increased open
once daily field .
arms dwell time
. R
SRS B i
) AT T
LW RIA e i
4 JLIX 457 B8 1) A [
Bk, o R
NN BN, FERHA TR
WA YK, S i b
_ Poon I EE R,
ety S i L,
. . BRI B
| HES CFA 5 Paw withdraw R %
TEA IR EA HE 22 ~ 28 latency, paw Paw withdr l't( J d
. Ll ’ Z1ki R, BRI withdrawal v wifidraw faency an
Wistar K B, 2/100 Hz, . mechanical withdrawal (73]
R Complete Zusanli Day 22 ~ 28 threshold , o
Wistar rat , 0.5~ 1.0mA, . thresholds significantly
Freund’ s . Kunlun after CFA open field, . K
K 10 min . L reduced, increased time
adju vant Baihui injection, sucrose .
. . spent in the central zone,
Yintang once daily preference , . .
arble burvi increased consumption of
ar fe ‘usylng, sucrose solution
) .orce. decreased number of
bwlm.n?mg, marbles buried,
conditioned .
decreased duration of
place preference . .
immobilization
SAFELT DL A
WU, RE i i
S W BT E T,
Me,chanical L B ST I
. - NEL ji] i E
A g . A withdraw i ’Zijj ik
BALB/c P FE 4 0 EA, A= 8 ~ 15K, latenc )
JNER C;\- J 2/100 Hz, FHBZ SR BRI1IK d;ncy’] Paw withdraw latency (4]
BALB/c¢ m.mrv 1.5 mA, Zusanli Once a day on mo.ac anica and mechanical withdrawal
constriction . X withdrawal L
mouse . 30 min Yanglingquan days 8 ~ 15 thresholds significantly
injury threshold, .
after surgery . reduced, increased
open field,

tail suspension
test, forced

swimming

duration of stay in the
central zone, shorter

duration of immobilization
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GgFR2
. , B T
SR e
Jeiiti & L7 - g T T 45 17 R 2 17 R 3R I .
. . Acupuncture QAL ES . . . S5 30k
Animal Animal . . . . Intervention Behavioral Behavioral
. ntervention Point selection . References
species and models .. period test performance
K modalitie and
strain
parameter
HUBBIG 4 A2 52 50 1 (T
NCENIPN 1o, H S XA B ) 2R
Trin %2 R URE L I, T e
14 d(HEE 1, HLBUR, WY, BOBEAEL 45 E I IE]
3.5.7.9.11 AR, I, O A ]
. 113 X), 5256, F 2
M 2% e MLX), FAESRE% R
ey EA 2 H T fER 1k TR I 55 S50 Increase in
VA
A ’ ’ o Starting on Paw withdrawal mechanical withdrawal (73]
Infraorbital 1 mA, Baihui o
. . day 7, every threshold, open thresholds, significant
nerve 30 min Xiaguan . . .
. other day for field, elevated increase in central zone
transection . .
14 consecutive plus maze, dwell time and traversals,
days (i.e., acetone test, significantly increased
C57BL/6) days 1, 3, 5, rotarod test numbeir of f.tl’lll‘les and
JNEL 7,9, 11, and dwell times in the open
C57BL/6) 13). arI'nS s Slgm'ﬁcan.t de(?,rease
in orofacial wipe time
mouse
B 46 2 B 5 B (T
. 7o, T R XA B ] 3
ARIFH 8,10, . s e
A T R x I
A B sy EA, j@* /El% Lk C E ke 1
S &L 0.3 mA, . )L Paw withdrawal Increase in (6]
Zusanli Once a day on . .
Spared nerve 2.0 Hz, . threshold, open mechanical withdrawal
. . Sanyinjiao day 8, 10, . .
injury 30 min field, elevated thresholds, increased
12, 14 and 16

after surgery

plus maze

central zone dwell time,
increased open arms

dwell time

WFFE KM IE38 & CSTBL/6 /N BRTE 26 R R
VIR I AEE TS A S A 7 T 8
FW/NRIEAFFE—E R, NI TERAZ
M7 AT 2 PPN I Z-score JH—AEK
PG E A RAT A G 25 284k, O JE S0
a2 W) T WOHL ] AT 52 4R Pk 1 S 0 Bl g A R
HLA

BHRRARYT REA AU M SR IS 45 SN [R) 26 Y
TEPEPIRAEAR 5 HABYFEEAR L, S0 B2 4
PR B R By A PR 1) B T R —
AR AOEH E AT )] o R A5
AR AT RE P BUR YT ROR 10 2 5%, AR FEEE &
BEIUAN[]) 14 i o CE AT BRI B B Bt £ & B AL
W, TECR ARG 7 P A e R T B
i A e S 808 AN, B Ah % i A
5 D B , anULET s IR iR 2 e
TER AT | A B SRR 4%, B R0 T B S RO R 4

AT I, LA B AR IE A — ST

DRy STy M A O B R AR R R A AR
SR 485 0 - 15 A A AT O S WA B S
FT, A IR AT Y IF b 75 MLLR 4 A7 1%
JE (1) AR RS, A B R AR 5 A | I ]
S5 DR e BE R IR R AN, A (R R Y
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[ Abstract ) As a chronic progressive lung disease with poor prognosis, the pathogenesis of idiopathic
pulmonary fibrosis (IPF) has not yet been clarified, and its treatment is still being explored. Animal models are
important tools for studying the pathogenesis and therapeutic effects of diseases. Based on the similarity between
animal models and human of IPF in terms of disease phenotype, this paper will review the research progress of IPF
animal models in terms of the fibrosis mechanism induced by drugs and environmental factors, histopathological
alterations, fibrosis stage, modelling time, etc. , and describe the advantages and disadvantages of different animal
models, their characteristics and application profiles.
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FIREE R R FriFs 3 0 25 e AL L] | 20 2005 B 24 ek

interstitical

AR EFHEAL B B i R E] 25 5 TR TPF Sl
R EE J , B1E5E 3 IPF S8 5 N TPF
P 2 LS5 Ty T (AR LU | [R] o TPF Bl 4 1
AIEREAPET 48 bR RO DL A AR L BB

1 IPF H&EFHH S5RE

IPF 1) 4 29 [ 2 Bl IR, A R AE I
O B B fE T e R AR
Hyul e 2 IPF BYA AR EH RO BIL R ¢ 4
BB BT, OC T IPF ALl i B 28 b 7E
(-4 S TN W A AR S R S T i o
( epithelial-mesenchymal transition, EMT ) 5§ Jy
E‘L14*16J( Iz] 1 ) 5

KINREE T &H ZMak H R g, 2
SEUM A, 175 K S B AR ARE SN AN A AR N
P A AR T SRE BN Y L 0 A
T M1 BURT M2 B RORRL RS M1 B
L DR 7S e o O i [ P R T S
(interleukin,IL)-1B IL-6 83 SR FE A - ( tumor
necrosis factor-ac, TNF-o0 ) 23 TR A8 AE 7= 9 %5F il 21
U 0 Ak P g A Ak TS A%
5 5% [ ¥--kB ( nuclear transcription factor, NF-kB)
{5 Sl BRI TNF-ou TL-1 1 TL-6 5 48 4 [H 1%
W EMT? ) JF G 80 M2 B W 40 M B AR
M2 7 5 W 2 i B I 2 7 A e AR AR A TR -1
( transforming growth factor-B1, TGF-B1) | Ifil. /> #x
i A K W F ( platelet-derived growth factor,
PDGF) | I 48 N Kz 24 K Al F (vascular endothelial
growth factor, VEGF ) Z5412 Jili £ 4 £k [ 7k /- T e
JEE YRR EMT ™ EMT 55 54T 24k 4 i AH
HAEH, 755 WUBCER 4 240 f K 508 i b L Bz 4
FfLHh R 2 T ECM. S5 ) 5 77 A e A BUI 4T
Hefht

2 LN

B, T IPF sl Wi 2 1) 52 55 sh P Fh 2 AR
EZROE VNN O ) NS R VE S R
AR A T A2 R G 2is R
TR, X S8 Bl R R HLA 8 BE AR — 1, K
SRR /N R B I B A )2 B9 IPE Bl A A
R NS N ESE AR A e T i
ZZHKE, L)L CSTBL/6] ,C57BL/6 . C6BL/8] . KM /)N
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B 1 IPF &bl (i Figdraw 2:])
Figure 1 IPF pathogenesis( By Figdraw)

BROA AR 5 R A VP B 2 8 A ik o] = A 2R B2
HANEEHRZMUZAL, B 5 THFF MR, U
Wister 1 SD 3, R SERILFE R RUH]
WA SRR S e R A=A A B R T
NP0 B DA A B 5, b T T S
W5,

3 IPF zhREEM 565

PR AR 2 W S A AR ST 5 A Y
FERYE . 7 IPF i PR AT AU o SO ) 7 B
AN IPF KDL A 9 B2 A AE, 3 HL % 6 A
ASHCROFT 2PV g A £ 55 (3 1) 8 15
ARRITAR A2 51

4 EBERFTE

A AT AL TR 25 )i R IR
AR DL R B TR R 8 25015
£ 45 14 ok B £ ( bleomycin, BLM ) | H #
( paraquat, PQ) . 5 fit 5 M2 %< 't & ( fluorescein
isothiocyanate , FITC) i flL il ( amiodarone , AMD) |
PR (oleic acid) %5 (£ 2) , Hel i 3 JHAY N BLM,
PRBE 5 T 60 95 U B 45 A AK B (erystalline
silica,CS) . f1 H# (asbestosis ) . & 4t | = W A%
(% 3), HrhdE s Sl CS, FEH TR A E T
i SRR 1 DR /N BRI & 1Y) 2 it 2 A A B
I IPF SRS R . T 259tk

=3 W A 4 A T

Table 1 Grading criteria for pulmonary fibrosis
TR

o HAVFARE
Fibrosis . . .
P Histological characteristics
classification
TEH I, L AR S5 AE I
0 Normal lungs with normal lung

tissue structure

I 60 B A St A RE R 2T A MG R
1 Mild fibrous thickening of
alveolar or bronchial walls

T R 2 A 1 TS 0T It 2 2R S5 A8 TE ) R B
2 ~3 Moderate fibrous thickening without
significant damage to lung tissue structure

LT YEALIG AN, X il HZR 25 1
S LB K I A o R s A e i
4~5 Increased fibrosis and some damage to the
lung tissue structure, forming fibrous
bands or small fibrous masses

Jili L AR b Al A i, £ 4 DA,
T b B e R i
Severe distortion of the lung tissue structure with
large fibrous areas, i.e. “honeycomb lung”

LT 58 4 2T e ] FE

Complete fibrous occlusion of the visual field

8

T A U ()5 B8 T WA T O)

Note. Score for microscopic observation after staining of lung tissue.
P JSORI ) FHR IR 22 5 i 458 47 1) 5 S 38R AN ] DR
BTSSR S Y s S A A 4EAE HLI | 2 S0 B
AR YA Y BE L K s R [ 45 D T LA AR
ZESt o
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®2 HYFETHIPF B
Table 2 Models of drug-induced IPF

T AL

FH
Phenotype

it L 45 14

Y R 51/ J&
EILYEES A/ J&] Ws S BT

Strain of Moulding
animal time/

iR
Drug type

week destruction
of alveolar

structure

PAE 21 A
Alteration and =i
Inflammatory
cell infiltrate

Jifi - 5 2
W
Lung

Jie it AT 4
TR £t UPN

Collagen  Fibroblastic matrix

ECM ¥ ‘
Extracellular 27 30k
References
epithelial cell

deposition focus deposition

hyperplasia

C57BL/6
C57BL/6] /MR

C57BL/6 ., v v
C57BL/6] mice

i AR/ R Vv v
Swiss albino mice
SD  Wistar K&,
SD ,Wistar rat

Tree shrew
EIES
Merino
C57BL/6] /MR
C57BL/6] mice
PQ SD  Wistar K il
SD ,Wistar rat
WERGIE/ 73
Rhesus monkey
BALB/c,
CS7BL/6 /MR
BALB/c,
C57BL/6] mice
KM /M
KM mice
SD  Wistar Kl
SD ,Wistar rat
B B
Syrian hamster
T SD K
Oleic acid SD rat

BLM

<

< << L
< < <L

FITCF

)
1§
A~
|

<

AMD

< << <L
< << <L

1 ~4

vV Vi v/ _ [34-35]

[37-38]

_ \/ [29,39]

[40-42]

[43-44)

[45-46]

[47]

< LKL
<
|

<
<

[49]

\/ _ [31,50]

[52]

< << <L

,\/

LV HA MR, - REAIERM, (F£R)

Note. V. Has this phenotype. —. Does not have this phenotype. (The same in the following tables)

4.1 AHYIFESH IPF s
4.1.1 BLMifESH IPF 57

BLM 2 M\ 1 55 25 0 4 B AR 20 1 4
RSP R 5 PP ESERRALAY , 3 A 7= A )l St
RN G T 4 59 ,15F DNA I3,
ORI A N A V- T )P VA LS o
B0 [ 1970 4E LK, BIM 85 T S 504
Y SR S g pg dRI 25

BLM S 4ifb g2 i X2, KZiE it
BT S TR Y R T Y IR

Y B & BRI ER 2 ~ 4
JE,6 ~ 8 UG defb 2k EA BLM
TEASR IPF AR b 2F g nl 542 3 ~ 6 4
H R PR 2 S A HL R T A TT BE S A
FEHPE A BLM (9 A [R) ) 2 l /s U R A G, L
i C57BL/6 /N B XF BIM H A W 4 ) X
m,l»i[n—zs,m N

BLM %% IPF B9 B2 AT 434 3 B BE, 26 1
M BERAZ5IE R0 1 DL RIE N 3, RAE AN
JIR B TR, I B0 R0 0 22 b 9 E A B, i 1A
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Table 3 Environmentally induced IPF models
FH
Phenotype
4 FE AR WL
. LR = FiriL 544 Y
LZAES §jf;;”§ L I T2 S S Hﬂgﬁﬁf g AL ECM TR \
Drug type animal AMouldlng Alteration and 2 L - C /ﬁ - Jjjobss Extracellular 2% 3CHKk
time/weeks  destruction  Inflammatory " 11111% ol o d.glf'cn Fibroblastic matrix References
of alveolar  cell infiltrate P 0 ©© eposition focus deposition
structure hyperplasia
C57BL/6 .,
CSTBL/6] /MR vV vV vV vV - - [53-36)
C57BL/6
C57BL/6] mice
. ~ — _ — _ [57]
BLM KM ML 4-12 v v 5
KM mice
- — [57-59]
SD  Wistar K&, v % % Vv e
SD ,Wistar rat
Vay i C57BL/6] /MR, | -2 Vv _ B B _ [41-42]
Asbestosis  C57BL/6] mice
X ek CSTBL/6 /M, [60-61]
X-ray C57BL/6] mice 24~ 28 v v v v v
High oxygen SD Wistar Kl 2 Vv - - Vv - - L62-64]

SD Wistar rat

concentration

& LR IFA A B E IR R A T fe
R BT 55 2 BYBON A 25 056 2 JE A
PRAE KR 4EAL 1) 3 P 3, B B mT UL AR S S
JOE K 55 | T A 3 A= 3 LR T 4 A0 s B
953 BN R RS 3 ~ 4 R TELT 4R By
B, ] UL v 25 R R IR I Y6 DN B it ] B 21 44k
P d8. e e et 94 ] B 34 52 | 48 i A4t A Y22 9 (
FREANAL ) | 82T 2 20 Bk | e SR T AR 3G i IS
JESIAIEL T 7R Ml v b B 40 B AR TR | o i O O L
Ji T RUH b B 20 B B 5 | T 2 AR A )2 RN
R RE AL, EMT 7K ST, ECM % 58 3 Al
93 | Asheroft Jifi £F 4E AL P43 TH g 407078 Bl
A S ) 2 5 | 1k S S Tk R R 2R kA T
U, TPF R v () 48 5E A F- TGF-B1 , TNF-o  IL-18
HIL-6 kK TP 7% BIM %5 IPF
HAMMLE BT w2 YEE 8, I
BT Z PN IPF B R A RS = e H 1Y i
Bl Z— (HU BRI IR B8 O IE T A 3l ) 4R
e 56 42 K Jre Ui 21 A4k, 598 & Jre ey ek (1] 1] B 45
N N R Waata ol {0, [ S 2 X s
5,00 BLM S 55 4R 2, 29 TR AR I o A 3 8
A B R s SR ES I A AN BN ) S

X3, JE B R 27 44k, BE AT A N 25 446 1
I R A, (EL T B IR B 1B 45, A s
TSR R # K TE ST BLM 27 4E4k 3840 T R
JBE Jis A A 2 it T J5 [ B2, (HL 25 245 U B0RN 5] o 45
R AR ] AR R Y BRI S I 48 BLM
h H AR R A 3 R 3B A A R
BT SR EE R B R T

ITAES , BLM 7 S0 IPF ACRILE IPF B9 HF 5T
v ) N AN TR ISR B R S
IPF &R AL IR 5% , (46 08 % R Ak
B EMTS T 48 oAb AR R IR T 0
WIRYT IPF W 7E 259, )1 25 met™ sl |
AR AR R R BasERY %,
A, o T IFA BiG 7 0 s 7 &L, 4 1L-11
() sIRNA KR I A0 BB o2 K £ 4
YRR A,
4.1.2 PQ 5T/ IPF A

PQ &l )z A FH A e R e M 1 fik
PERRELR], PQ HEES BN B il R S
JH O E 55 22 A B DI RE v, Hoh A A
BN W 2R A AR PQ v B A SR () Ry
ES ) PQ FEUMEF 4 Ak 3= ZE 5 | e i o 46 495 F
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it 7 20 6 ) B R 5 PR IR 7 A S I R
PRE S FFE R Fak 7 1, PQ Shi Bl ) &k
SEE ISR S A CSTBL/6] /NP Wistar
KBS SD R AE BT A R It —
VR PRI s T S A 2N R R 2 ~
4 AN PQ A2 3 d R, T LS A R v R
FEAML KRS IE AN IR 45 265 14 d e, BT LA
Y0 1R PR PR A i 5 s AR | kv P il o o S A
BRI N ; 4525 28 d J&, T LA BE S IS | 2F 4
YHfE G A | IR AF EBE i, TGF-B1  1L-4 R ik /K-F
Fre; 42 28 d G A4k K 2 F
RS PQ S IPF R A BT R,
FAETRIXE | 25 2070 i Mg ] S5 ol %

PQ iR 1Y IPF A ALE H A58 IPF & sl
i, A AE A G gE AL AR R BT R AE
BT K EMTH &34 BLAh, iR AL i)
FHF i 158 ¥ A6 1Y TPF 3697 25 9, ) 4n 75 A B
2O A HENERTC R AR AR [ A
RASOOLI %1% i FIZ A R PEA, T eI e B fin %
JERA T IER A7 IR YT PQ 5T IPF Y7L, N
BRAVRTT RIS PR AL T SRk
4.1.3 FITC FEFAY IPF 5%

FITC & —Fp o] H 175 5 fili 27 4 1k 1 b 22 %
JeorF, RES N B 45 AL I EEE A L,
FREL 2 O T (45405 X 38, AT 3 3 58 R 3 52
X Sl B (8 27 AL H T B SE 5 sh )
N BALB/c CSTBL/6 /IR BRS8N T T
FITC, F AL BLTR 2 2 ~ 4 J ) — BHAFLE S
24 JUIS e 42 1 d s, B L RE K B
s Y, KRB 2 VE 4, 4525 7 d )=,
A UL ZPE FVE P 98 RE 40 MU 12, a0 B A0 A ; 4
2521 d J& , ol WLBE ARG AR 44k ECM 380 B
RS IR ORI N (RS PR AR D
i FZ 259075 5 Bl £ AR A A | R A i A AR B i
Bz UIP I 2L R R Y, 3 Le 2 2105
PHEERRAE WA B, 40 A AT 49 kL, i ELAS [R] 4t
WHY FITC Fr 7= A= 0 25 4k 1k /2 % A 8Kk iy
%ﬁHS,IOS—lOG] .

4.1.4 AMD iEFHY IPF F5i%1

AMD J&—Fp 3z FFIRYT DA AR I T2
PO R H 2y (A K 21k 5 ™ E R ik I
PR_EAR > T390 13671 L AMD i 5 fiti

LR AL R L S 22 R A i R IR IR
JER AL AN B R RRENGEAERA
XK AHHAIEEA WK EE ", HisSn
IPF BERH F A L5 sh 9 KM /N BRI
BERPY Wistar K5 A1 SD AR 4 w) 3@ oo
PR NTEA AMD S5 E S H 4525 76 4
DR B K i £F 4k 4k, 4 J5 IS B 2F 48 46 K - R
RV OAMD 44525 1 d e, nT AL I P A AAE
YRR, A L 452 5 d JE, vl UL [A] R
JEE AR AT R A ) B i v b B 2 G A 2
HeFE 195 R IT H 2k R AN O R A 24
14 d J5 , e [a) B B S 36 J5E | 76k 4 0 4N iy | 2T 4k
FE B YA T A ie b R 20 B B 14 | Sk
RIEANM PR B 4524 21 d &, A U fi] J5 A il
YL TS A R TR 4 iR I R T 20 i R
R0 A i S TR At (Rl B R S K
FiEAN I ; 45 25 28 d J& , il 45 4k 4k s A8 A Tk
A2 203017 it R 1 X e LR T ECET 4 AR B A
PURNRITY A B, IZ 2R RN AR 2, 755 | il 75
P 118 ()R, 2 s L A 4, L5 e 7 A il 2 1
&AL, =4 A M1 458, B e ek —
R0 Wi S IR R R S R
ST E B N R R B R AR
TEP B S T2
4.1.5 HRRERM IPF B

TR 2 SR 4 A D B — AN AR G 5 T, S
faRRE AR P& DL B — B8 SR 2R (B R v 3 i fik
KSR B AN g A2, el AR 20 L T R, Al B AL 21K
ARt S i R K SRR, A S TPF
BREAY 7 ] LAy B R il g A i ) J K
Fifr, R et m e 20 IRV B T 0N B 35
A LA PRI R T 14 d ] UL i S8 RE RS
Ik P HE A 960 25 406 R Al 3 B2 2 A A SRR
SR D 0 AR K BRE bR A A 5 40 i 3 235 AL T
2528 d ] UL A5 A 25 B B I AR AE 4 U DR
D AR ERALYT K B DR DR B A B A M A R
1, i e o s 505 ot 0 s v 7 il G I R 4T 4
1, Bl B 52 ol RS S 6 Ml 41 A Al A A A
SRANRETE LN P 1 23 B (FZ b B
SR a3 N S A 2 A9 7R 1 43 A 4 A
BSR T B AR B R K S R, Bl &

Z:r%—[m—lm] i
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4.2 INEIFESH IPF s
4.2.1 CS 530 IPF BEAY

it e f AR A K& CS B — A A kE
(Si0,) BIRA €S 2 FEUMH A AE , 21 4E AL A
it Dy R e 1, (L S SOML AR 55 0 i AL i AT
R SLER A Si0, MR AT IPF BERY R EE ST
AR T T HBURHLE, h5m R IT, 259
WFFT R AL Ak ", Si0, i 51 IPF J&—
PR I8 P ] S 21 4k {5 g, HURRAE 2 it 2H 2
ECM K &y fU ) R d i H sh A
CS7BL/6 /MR C5TBL/6] /N LIS KM /)y
FRURT Wistar KR SD KR S 2k is
ZNRE NI TE SI0,777) ) 434l R B s
AT R A e el 28 dTY KA Ik 5 A4S
A0S0, 4524 )5 28 d AT UL L BLET kAL
9525 2 S H G, T DL A 1 (R 2RI A
BRI b Rz A 95 25 4 A A, T WL I 25 4
IR it BE B Rl L R 2 R Y A | A B 2 T
(RIZER) RPEANIEIRE Al s N A B il
]S 7 A DO i JECM ORME I i
AU, IL-1B  IL-6 IL-4  TNF-a  IL-18 %5 48 5iF [H
B2 15 K SE TH 5, Asheroft il £F 4E 1L 0F 4 Tt
B CS AR TP BRAE T o R R A i
S i 27 2k £k 4 20 B AR Ak 5 AR AL, (2
Si0, SRR TR iy T A0 2 AR A [R) 5 A LA 3z
FAP R T IPF 3897 25 9 10 0 5
TR DAL 02
4.2.2 AMHEFE IPF BRI

CRREF YR RIRAFAE T D RE R R (FA TN A
FR AR ), 75 IR b 2% 58 I 2 3 3500 AR s 21
Al h 9 5 1H A5 T 00 AL i R 58 4
T, AL e AN RS 2 8 058 P B2 40 Y
b, T B0 AR AT A ) T M SRR, DNA 547
M 98 T, U5 S M MY 2 40 M ( alveolar
epithelial cells, AECs ) % 8 T /& 41 Al 21 4E 5| & fiti
UL RS S S
C57BL/6 /NI C57BL/6] /N IN AT £ 4
WA T 25 24, 55 7 R T D i s BT 4
b, 55 14 RIGLF Ak ik 2 e, I T 522 60 d, A
2 H R HIRYS AT UL 45 A B IR | SRS A Rl 4F
HeAb, I A A 22 4R 3 09 il 9 S 5, e D U0 AR 1
It AR R AT AR — 2 A R R A T

LR HEACR AR ARG 2 rp o A AN 5], R 2 A TNl
LU P a) I EE M R AR S IPF
(1A A8 B 2 30 M 6 (L 7 ) s R A i
AR

H AT, A8 2 F W IPF AW IR )T
B AR AR A A T R BE LB 11k 2Bk
fifg 31271 NADPH A1k 41 55
4.2.3 RGN TR IPF ALY

TS il 452 4% ( radiation-induced lung injury,
RILD) 2RI s WA RIVE R, Hoh a4 2
PTG s 4 Fi1bE: 1 s St P i 47 Ak AR G
JE T T BT 2 A1 A LB 2T 2 4 A A AL R
HIBE A, S B IR SRR PR 7 AR SRORE 4
(R A ECM B4 2 98 I T 75 S A A £ e AL
WA TR IPF BRLE F CSTBL/6 /MR, X Hids
SRR R 12 ~ 20 Gy X BT BEET .4 ~ 8
JEL I, T L gt (] s 185 S | I 96 S0 T R AT i
PREZ R RS R DU B ;16 ~ 24 J&]J5 ] WL
Vi) G 2401 M 3 22 | it gl B 3 RS e D DT RR G i il £
Al T RS A | O A1 A IR T UL ZT A A i 4y
R38N 116 TGF-B FakFha o @ 5 v 48 iy
SR IH AR R 2 4%, TRk FL TG 3kt o B G 31
25 B, AH i A A 7 I A S il S 5 ot L 6 S i
BT OB A, 20 24 ~ 28 J& BRI T HiAe
e PR A PRI H (4 355 g oo 1001320

ZHERIR] T IPF & L] B9 3 o 4
[v) 5 K/ 21 R PR % 3 AR 1T g 4 B o A Ak
R TU S R Z AR e AR T e ik e
A X 4 575 5l 2 4 A i B 4T e AL S i, 8 7w
HIEAHLH, DADRICH 217 R FH 2 A% A1 DAl
T/ AT A AR K TR TGF-B AR 515 S 19 /)
A3 FAME R0 B 6 A R — PP 2 B IR YT
WAHAES IPF Bk,
4.2.4  EUREESEIS S IPF ALY

PR VR B T TR T B S R R v
W A S il i & F, S B8O 545 | il
1515 e e 1= = I N = S A R | Y- S
TREXKBEAR( bron-chopulmonary dysplasia,
BPD) " BEFET 95% ~ 100% 48 e B BRI
72 ~ 96 h, £ S E A MEI I 07, K iR R E T
50% ~ 85% %F M E R 5T v nl S 350 i 1 il £ 4
AR = = N I U O TS S < S
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EMT! 5 Hi% S (1 TPF 150 % F (0 3h 9 357
HARNRE, B ERRSHR—FETEAR
Bivp SEem et 14 d i E RS 3 ~ TR
iR U BT AL 7256 14 REFAELIR R i 5
SN =5 A 7 S 1 i =
B8] J57 21 4 AL 3 hn , e SR AR Y hn , WL £F 4 41 i
AAAEEETN, TGF-B1 Ik K Fh g 16507 gy
R SRS S 1) T 2T A A AU T 75 B B TR 5 {EL T
T A HL e TR, B S e B s i A — B

eI I T 2 A
4.3 Hfth

AR B B 58 AN T IR A, — S8 77 B R /N
BB PR B /N BB B T SR 3RS, Fra2*

HFED /NG ( Fra2 transgenic mice, Fra2®) iR F
/NSRS Fra2, /NRSFIRIK Fra2 W]
S EATNENES R H ISR S
FN LR S NI LR A S A K
FATL T R4 R TAE Fra2' RPN BRUAG J6 28
Jili s B ek, HLAE IPF 19 Al 47 4 Ak s A4S A ]
ULSRENAY Fra2 S OV, BRI Fra2 5% R/ B
Al IPF BF SR R — R A BT R B 3 )
AL 10L

5-32 14 i ( 5-hydroxytryptamine , 5-HT) & 4 24
iR vh 4 Ry Bk o3 1, n] i TR R AL T 2
(tryptophan hydroxylase 2, TPH2) Fl1 {4 & fig #2 1k
it 1(tryptophan hydroxylase 1, TPH1) & %, H#iX
[ 5-HT iy TPH2 & 8L, SME R H TPHT A, 4
JAIBY 5-HT W] 5 /MR EESE (B8R H R
IO FISEAE W AF . BIF9E & 0 5-HT ] DL i i 2t
Ji J S AR | A AR AL I SR ek e R
U5 00 il 21 4 Ak, PR il 21 4 /)N LIS it
TE e ( bronchoalveolar lavage fluid, BALF) JiliH
Ul W, S-HT K T,

FhEE A 1(mucin 1, MUC1) J&—F 1 U155 i
WA 1, AT f ) E 4 i rh TLR/NF-kB i
O R T HE NLRP3 MR 1 # , MUCT 1Y
Ble= it nT AEE A BN TL-18 48 7 Az i ) il £F- 2
AR S R SRR /N B A K A AT
AEAL B T8 A RIS A S ) B DAL bR il £ 4 A 7Y
AYEEST A F T ik — 2D W5 1P, [6] B A ) T 4
JREL SIZ 6 P B ]t T 8 A AR ) R AR H S
B AL I ST A AR B B SR R

5 REERE

ARG T IPF shy B s i bt o2 itk g
N5 AR S A T T, AR TS [ AR
AU AR 7 ¥ L R BB AR D0 Bk A B 0 A4S
ALY IPF s 8 i 2 i AL | 2H 200 B 27 2
g AEALFR bR A N 4 T 5 N2 TPF B AT
HEHF T — MR GE F AR S i
E|F) IPF Fr A BLARURRIE . RS N 3 AR A
PAnELL, S RO R, S — PN R F R 2
KR A 455 25 FREE IR R s A8 15 5t
B ELSCHBB R IPF B & A s 5 AT,
OSP4 N e R DR g e, DA T 4 N
PRARRAE AL ; s s ) A F 9T, SRS A Y
BRL B W) st e N IEAL S s B [, OC 1 18
PELF AL B BT SY , S TPF KR 7 R AL 2
WK, WX L AT, HESh IPF (1) & 9N
HLIMIE 5 FlE ARG ST R 1) I &
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[ Abstract]  The phenol glue modeling method is a widely used modeling technique in animal experimental
models of gynecological diseases. Phenol glue is injected into the rat uterus as an adhesive agent, causing chemical
burns to the pelvic organ tissues, to construct animal models of pelvic inflammatory disease, cervicitis, endometritis,
salpingitis, vaginitis, and other gynecological diseases. The burns induce hyperemia, edema, inflammatory
exudation, inflammatory adhesions, and blockages, leading to chronic inflammation. The corrosive and adhesive
properties of phenol paste are also used to create animal models replicating gynecological diseases in traditional
Chinese medicine, based on the syndrome of dampness and blood stasis. The successful establishment of the phenol
glue model provides a crucial experimental basis for studying the pathological mechanisms and treatment method of
gynecological diseases.
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Table 1 Application of phenolic adhesive in animal models of pelvic inflammatory disease
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Table 2 Application of phenolic adhesive in animal models of cervicitis
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Table 3 Application of phenolic adhesive in animal models of endometritis
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Table 4 Application of phenolic adhesive in animal models of intrauterine adhesions
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Table 5 Application of phenolic adhesive in animal models of salpingitis
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Table 6 Application of phenolic adhesive in animal models of vaginitis
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Table 7 Application of phenolic adhesive

in animal models with fallopian tube obstruction
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