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WHI R I BETZNXARFR. XERFRETIE PF siEENGAEEES L, FomESIRRRBIENRES
E. ERETEAENNERF, BREBRESENEHNTEESAR. HP, BISEVAARAHTZRERER
Q[IGEVAIER, RN PF IS ERIARE. AEMSEIXE 95%, FE (TCM) MEEA 60%, TCMPF zi#)
BREMARENRLD, FEEPTFRELFENSHEEILE, HPSELFERENFAERSESN 60%, TCM ZE5EA
44%, BEKE, AE PF EELSERS, BEFEEFRHE. RERRMRBHRFETEINSENBRYE, ¥
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RESTNRR, RUNMBREHFAEESHRIGRELRIRE,

Kigia AL, shpiREY, EELT, PRERLEES

hESHES  R256.1;R259;R-332 NEMrER A

To analyze animal models of pulmonary fibrosis based on the clinical
characteristics of traditional Chinese and western medicine
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Abstract  Pulmonary fibrosis (PF) is a chronic progressive interstitial lung disease with a high mortality rate. Its
pathogenesis is complex, and current therapeutic options are limited. In contrast, traditional Chinese medicine and pharmacy,
leveraging its advantages such as multi-target mechanisms and high safety profile, presents a potential complementary
strategy for the management of this condition. Establishment of appropriate animal models serves as a critical approach for
investigating disease mechanisms and evaluating potential therapeutic interventions. This article presents a systematic review
of existing animal models of PF in both traditional Chinese and western medicine, with an emphasis on their alignment with
clinical manifestations. Findings indicate that intratracheal administration of bleomycin is the predominant method used in
western medicine to induce PF in animal models. Among these, model induced by repeated bleomycin administrations via
tracheotomy most closely mimics the characteristics of PF, demonstrating a 95% consistency with western clinical features
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and 60% consistency with traditional Chinese medicine(TCM) syndrome patterns. In contrast, research on TCM-based animal
models remains limited, primarily focusing on syndromes such as Qi deficiency with blood stasis and kidney Yang deficiency.
Qi deficiency and blood stasis syndrome model exhibits 60% consistency with western medicine and 44% consistency with
TCM. Overall, western medicine animal models of PF demonstrate relatively high consistency with clinical features, yet they
exhibit limitations in replicating the full spectrum of disease progression, etiological heterogeneity, and early-stage
pathological manifestations. Consequently, these models often fall short in capturing the chronicity and multifactorial
complexity characteristic of human disease. In contrast, the TCM model demonstrates a lower degree of fit and faces
challenges such as the lack of standardized modeling and evaluation systems, difficulty in reflecting the core pathogenesis
concepts of TCM. Further more, modeling approach that prioritizes “disease” “over”syndrome”, contradicts the holistic
perspective of TCM. Constraints significantly limit their translational applicability. Therefore, development of integrated
disease-syndrome models and standardized evaluation systems is essential to advance the clinical translation of integrated
traditional Chinese and western medicine research at the current stage.

Key words  pulmonary fibrosis; animal model; model evaluation; combination of traditional Chinese and western medicine
with disease and syndrome

Jili - 44t Cpulmonary fibrosis, PF) Ay it i 47 P [a] 5 12 il 5, FLAZ O o BRARR AR 22 0 D fili 2H 21
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2.1 PF BEIZHrTRE
HHE (ATS/ERSIIRS/ALAT 5 M fili £F 4 Ak A HEAT MR i 2T 44k 2 Wi da /e ) (2022 i) PUAT (JA]
R P PR E S ARG (2018 FR) WAH|wE PF FEIESWARAE, WE 1. KK E PF sk =
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KRR fa b R R B g L. ImRRER SRAE . Jif#E 2 #% CT Chigh resolution computed tomography of
the lung, HRCT) . HZURI ZRFEEHAT LG A . b HRCT A2tz . FEBEAT MKW & B2 73
BT, AR A B S SR 1) B R U A B 7 VE R R AR AT IR B . CT S5 BRI =R L ECM
Oy T B4R hR (O FekR)  JEIR(E 60%, IR 20%; IGAREAR . MRAE. fal M 2% 55 &
CEIEM IRV NI K488, JLAE 30%, &MRME 10%, H A ARAES/NIURE 2.5%; fihfek s,
MRAS A SR IV E Ve A i R BB A S (TREA DGR AR ) NI bR, JEMME 10%, & THE
2.5%, & {HN 100%. H Ak 2.

* 1PFIUEIZWbRHE

Table 1 Western medicine diagnostic criteria for PF

T H R
Items Features
R ERES LR A5 Chydl. AMsE) o 2 3E8e2hy iR, Ly 2D BT 58, 3.8 S tesom (B RGRGT 8. 1d
Histor ) 4AKMRSE G4 PF A BEMED « 54 S5TER
istory of . . . L . .
. 1. Smoking, environmental exposure (such as dust, asbestos). 2. Certain medications (such as amiodarone, chemotherapy drugs) or history
exposure to risk . . . R " 1 .
factors of radiotherapy. 3. Autoimmune diseases (such as rheumatoid arthritis, scleroderma). 4. Family history (some PF has a genetic
predisposition). 5. Age and gender
W BSR4 LTI (PR R 3 B0 WIS, SRRt AR » 2.7 GEWTTHKD ; 3.Velero W& BT ; 44PR3E: 5.
R AT RS GNP, ERRIE b TN AR TR L
symptoms and 1. Progressively worsening dyspnea (more obvious after activity, but may also occur at rest). 2. Dry cough (usually without sputum). 3.
Y psi s Velcro crackles (crackling sounds). 4. Clubbing of fingers. 5. Cyanosis. 6. Increased respiratory rate, further accelerating after activity. 7.
& Reduced chest wall mobility. 8. Body weight loss and muscle atrophy
JHR 3 HE CT WM N AR RS BRI S . Wil AR ST E Y AN 45 41 i
HRCT Subpleural and basal predominant reticular shadows, honeycomb lung, traction bronchiectasis and distorted lung structure
Es A , X PO _ RN \ , RN N
PRRAEVERGAE ) yegic oot 2 52 MR M A A 2,47 RS PEBCR AT A FRAARAL 3.2 SRR PR B 2 7
Pathological o . y N
- f 1. Heterogeneous or homogeneous distribution of inflammation and fibrosis in time and space. 2. Presence or absence of honeycomb
histological : . . .
features changes and fibroblast foci. 3. Scattered or diffuse lymphocyte infiltration
Wh Ak LIRGIPEE D REbRnG . a8 TR, <80%WiHA. FinG & T, <80%THiHE: 2RSSR : IRELIRERFAC, <60%Tit
Pulmonary fii

function test

1. Restrictive ventilatory dysfunction: total lung capacity decreased, <80% of the predicted value. Vital capacity decreased, <80% of the
predicted value. 2. Gas exchange disorder: diffusion capacity decreased, <60% of the predicted value

LI MR MR AFETh. BRI 200 EehR: 3.454R SV HIR B S HURIR e 5, 43I MESRI: ARARAY
L AR E AN A, 5 ASCUEIEKE; 6. AMRIIEAE ;s 7. AWK AT RS GEBNEINED ; 8 O

SEH AT H ]
Laboratory 1. Routine blood tests: complete blood count, liver and kidney function tests, electrolyte levels. 2. Inflammatory markers. 3. Screening for
examination autoantibodies related to connective tissue diseases, et al. 4. Bronchoalveolar lavage fluid: cell classification and count, microbiological
examination and cytological examination, et al. 5. Transbronchial biopsy. 6. Surgical lung biopsy. 7. Arterial blood gas analysis:
hypoxemia (worsened after activity). 8. Echocardiogram
Fefts 1.6 min SATRY: 2. LB T 2 AHT S
Others 1. Six-minute walk test. 2. Multidisciplinary discussion when necessary
#* 2 PRENIR LI KV & FEHR b
Table 2 Clinical correspondence indices of PF animal models
o 1
WA i P HRE
Terms ndicator Evaluation criterion
type
OCT FH I B BERSR . SOUE M RIS, hIEIZ WS, KRR, 459, BT kS QKR
S = N f PF % RiSEREEALZ R : DECM R % I HYP #1214, A RIS
I 4645 . . o .
(DEarly CT scans show ground-glass opacity and thickened bronchovascular bundles, while in the middle and late stages,
Category | A . - . . . . . .
Indicators cor}solldatlon, linear shadows, nodules,' bronchiectasis are more common. (@Pathological hlstologlcal mamfesta"uf)ns such
T2 WrieFr as inflammatory response and PF reaction. (3)Abnormalities in ECM components such as increased HYP, deposition of
Western medical type 1 andtype III collagen, et al
diagnostic 11 24 @R SURBIZIGARIER: @KU KRR . BT H. BRSNS @[k R R
indicators Category II  (#)Clinical symptoms such as chest tightness, shortness of breath or cough. (5)Signs such as cyanosis, body weight loss,
Indicators moist rales, and reduced chest expansion. (6)Exposure to risk factors
Kk
R | OMIETHE: @CUEHE: @RI, O FEEl
Indicators (D)Decreased lung function. (8)Bronchoalveolar lavage fluid. (9)Blood test. @9)Changes in lung coefficient
1 ki @\ﬂ’@l’ﬂﬁi‘ﬂﬁﬁ; ’iﬁ @z @RS, HEIBG. HEEE:, @OFFRETR. &Eh, £K18; ®FX
Category 1 BREN %%E T TR _ _ _ _ '
TCM 9744k Indicators @Chest tightness or shortness of breath, difficulty in breathing. @Coughmg. @Lethargy, slow movement, and limb
TCM ;4 TIRYE fatigue. (4)Body weight loss, small body size, and slow growth. (5)Decreased luster, tidiness, and softness of hair
indi(lzz%(r)lr(;snc 1 g ® D‘E\J‘R CIN ﬁﬂiﬁx‘ )%Erfﬁiﬁ'% EE @EE??E?I?WH N B%; tfxyki#%%; @flwﬁ%fﬁﬁﬁ Wﬁ%)‘ﬂﬁft‘: a4
Category I VAN w?vmﬁﬁiﬁ]ﬁﬁ&hﬁﬁzﬁ%%: QREH L OMEVESTE IR, FERERD . M2 AR TR, @%
Indicators %z OhEEd

(6&)Purple and dark coloration of the lips, claws, nails, gums, and tail. (7)Decreased pain threshold. (®)Increased water
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intake. (9)Slight increase in body temperature. 10)Insufficient cold resistance. 1DReduced grasping strength, swimming
endurance, and resistance to attack. (2)Increased urine output. 13Prolonged mating latency in males, reduced mounting
frequency, and decreased conception rate in females. 14)Excessive expectoration. (15)Decreased food intake

2.2 PF TCM iZWitRiE R HHIE D BY

WA CRR R A s 2 24 AR GIE A% 12 W b v )
[ F: 2 2% B RIS VI L (R S DA L PR AN B 0%, BRI T

i Hoh —TURAE 12%; 1128484 RIED 3% 10 0, WR{E 40%, £F& b —IUR{E 4%.

%% 3 PF TCMPHIE S B
Table 3 TCM differential typing of PF

(2019 i) B4, ¥ PF 23y 5 MIERL, WL 3. $RRIRAE
[ 2K484n (FiE) 3

5 I, MMH 60%,

HHIES 7Y
Syndrome
differentiation

FiE
Main syndrome

RAE
Secondary syndrome

EiN
Tongue and pulse

I R it A
Yin deficiency and
lung dryness

LWL, e, sHE: 20, soRD, BoR
Mg, SR EOH

1. Shortness of breath, or chest tightness, or shortness
of air. 2. Dry cough, or scanty phlegm, or sticky phlegm

LHFEEF, SHE: 2.7 R0/,
3T
1. Dry mouth or throat, or thirst. 2. Hot

TR, BE DB REE
R, Bk

Tongue is red, or the coating
is scanty, yellow or peeled, or

syndrome that is hard to expectorate, or yellowish phlegm hands and feet. 3. Night sweats the pulse is fine and rapid
LA, Bi=J0, shnE; 2.8,
, ZH L 3ER, mEEE R
BURE ) DI 3ER, SOEE  me, sk
Pulmonary Qi LJpe], BT, B0 b a2 lg}le (;r e ;ZSS’ ez(acer ated by Tongue is pale and white, or
deficiency 1. Chest tightness, shortness of breath or coughing physical activity. 2. Spontaneous the pulse is deep and fine or
sweating, aggravated by physical activity.
syndrome 2N\ . S weak and fine
3. Sensitivity to wind or susceptibility to
catching colds
LR, B8, S, sog 2.4, = LRI 2.k, BUHNY; 3U/ME
i B Z 71, AV, FHMnE, 382XE, dhRE g, BRRZ, BRI R TRE, ST A 55
Syndrome of Qi 1. Shortness of breath or difficulty breathing, especially 1. Weakness in the waist and knees. 2. Tongue is pale and white, or
def}ilcienc of lun exacerbated by physical activity, or coughing. 2. Dizziness or tinnitus. 3. Frequent the pulse is deep and fine or
and ki}zine g Fatigue, or weakness, or spontaneous sweating, urination, or excessive urination at night, weak and fine
Y especially aggravated by physical activity. 3. Fear of or incontinence when coughing
cold and wind, or prone to catching colds
- i o LA, S 295, SRk HABAM, SR
Phleem-dam LIREH, 5K 5% H 1. Loss of appetite or reduced food intake. ~ Tongue coating is white and
S E drome P 1. Phlegm is white or easy to cough up 2. Fullness and distension in the greasy, or the pulse is slippery
Y epigastrium or abdominal distension or taut and slippery
I T 2R B S BB
B s, RIKAE, IR
lIE e 2. R LI, U Tongue i dark bluish purple,
1. Sallow complexion. 2. Bluish-purple lips 1. Chest tightness and shortness of breath Or s ecchymosis or
syndrome petechiae, sublingual veins

are tortuous, and pulse is
sluggish

3 PF SR B AT

3.1 HYIIRBYAYIESR

HarE WAt PR IESEShicE FHINsh o R3E. AR Z MM &2 SD KR Wistar K.
C57BL/6J /N~ BENE WHIEH R/ ICR /N BALB/c /NRISI, ghAl, 78 SZot H 2 fi Fi B
B, ERWCE, ERESHE, SD KA Wistar K BT sfa g, H 5 A g5 5 h 4
L, REMERUF IR PR RSB AR08, W/ R 5 N KRR AL, HiAFRRAMK, K
PEAE ISR N iz e, CB7BL/B) /N R /N RS, B s, BEE SR8, L8
GESREL MR, A PRAECHT SR 052 bR . SR E I R Eh ) B AR AR B AE
I N\ ZRI53561, (B 28 f8 4] % AR FIR R 2 3T G FE R AR SR I &, AR SRR A i b, A TR BUR R
W7t . EMERESE b, it shyn % ik e sh Y, X2 RO MEYE Sh 2 i AP R KT A2 1k,
X AR A £ 0 KORE SN M 4 G B R e A i BT,
3.2 IERBEIHIB A IARMEED T

PiE PF ZhWE R H ILiE SR NEWRAEEM P KN R, P AR RO RER. %
MR . M 25N R, HEM. FRARXICE. MBREFWNE, —HiaE Csilicon
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dioxide, SiO2) . Fiff. MAiEAENEINER, RN L EZEHRENTHEMER. mEDFRE
O A PR o Rk A 1] I AR b R AR A B AT LR 5 Oy U U R . B S
FEFIKES . KRN BERNEY, HEREARESEREFEARFE SR TCM PF 3t
RGERUB BN — 3, B RAEMKRERES PR ORI AR B, FIH B TCM LI E R
RN/ T 5 R A AL BE A5 & 78 BRSO R AE AT & TCM IR KR AU SRR o 2 SCHE T I PR v 7

2 Wibs e S A BEIE R DL

% 1

="\

PF 45 & h P BAL RE s BV TCM B BBV 7 vE 30, b o

W PF SRR AT W & LAy A, R 0 A R R AL A AL SR b AT 1 RIS o U RN WG AR TV

L3 4, TCM & ILi&

BT VLB gE K 5,

* 4 H PRI R ST TT 10 W) B Ay

Table 4 Common animal model modeling methods and anastomosis analysis of PF

E
Closticst il ik O Iy 512
ion Animal Modeling method Model character Clinical fit
RERER (REUID - Bl 1ok EE 2T 55 DNA B 2R b RO ik
Tracheal exposure method G, BV G 2R HEfE TS, R 3l
(racheotomy): PRSI, SR, WURET AT AL
I SUEREREUR, WA poM iR, WS EIR. AR, BRATER  AEFEO00O6
mL JESES, 3% S mg/ke TEAHRE pp O@POOM, ILWiE
ICR /] BRI, ELY Mechanism: bleomycin induces lung tissue damage by 95%; TCM &0
SD KR Single dose: blunt dissection of the triggering DNA breaks and oxidative stress. After @@@@@ FEIE
) (61621 trachea, using a 1 mL syringe to inject  tracheotomy, the drug precisely acts on the lungs, 60941631 -
Wistar K & bleomycin at a dose of 5 mg/kg initiating a cascade reaction, leading to inflammatory cell Wesotem medicine
it 6364 2K QAP KR IEUE infiltration, activation of myofibroblasts, excessive meets criteria D@G)
ICR mice, SD Bk, BB, T TImgmL K&  deposition of ECM, destruction of lung structure, scar @ABEDEO ith
rats (male), %, 0.1 mL/100 g, 55 IR AN formation, and ultimately PF » N \ T fﬁyl
Wistarrats Yok i (RENDKEHE AR, G P 210l score of 95%
L ) meets criteria (D
(male) Repeatedly: make a longitudinal itk @@EO@EBwith
incision in the midline of the rat’s Advantages: ensuring that the bleomycin fully enters the Wol a
neck skin to expose the trachea, and trachea and improving the accuracy of induced PF total score of 60%
administer 7 mg/mL bleomycin at a Bl SMRFREARBEET R SBURESI . B
dose of 0.1 mL/100 g. Second Disadvantages: surgical procedures may lead to airway
administration is the same as the first injury, bleeding or infection
A R (W) - BUBL: HSRT R E BB OOl L, SRS AE, IR mpse00m
Non-tracheal exposure method LYEAMMRGS, ECM UM, IENIBEMBE. BR  ee@®, 1L
(tracheal instillation): i 1 67.5%: TCM
P ZREIRETENEE, W Mechanism: bl in directly d the ai iy
C57BL/6] /) e echanism: bleomycin directly damages the airway N OO G)
6 65 A 5 mg/kg TRE RO epithelium, causing persistent inflammation, activation of ® L
1. SD KE Single dose: perform tracheal myofibroblasts, excessive deposition of ECM, destruction of 5 O/fﬁ;]
kg ;‘{Hé) f65.65- intubation through the glottic fissure normal lung structure and scar formation Wesotern medicine
Bleomyci ﬂ(] Ak ’ and instill 5 mg/kg of bleomycin Mot EFABEFAR, IR, RARE LR meets criteria @
n ZIR: TRVENRHEEREER Advantages: no need for surgical operation, controllable

C57BL/6J
mice (male),
SD rats (male)

SD KR (i
pEY (73,741
Wistar K i
i3 DMEIN
C57BL/6] It
/N EL677)
SD rats (male),
Wistar rats
(male),
C57BL/6J
mice (male)

(0.4 mg/mL, X 100pL) , 2
JAFER 1K, 38 Rk
Repeatedly: non-invasive intratracheal
instillation of bleomycin (0.4 mg/mL,
100 pL per mouse), once every 2
weeks for a total of 8 times
FALBN -
Aerosol inhalation:
B BRI A NS
b, PR VRS S
KERFUMNIE D (5 mgkg
FIRVAF 75 uL AR B KD,
FASFELE 12 s P k4710077
Single dose: insert the aerosol
nebulizer spray head into the trachea,
and quickly advance the high-pressure
syringe to spray the bleomycin aerosol
into the trachea (5 mg/kg dose
dissolved in 75 pL of physiological
saline), and this nebulization process
is completed within 12 s
ZIR: B RBIBNER F AL
BIEF T, FHPA S g/L
(50%) HIMRER, M50 20
min, RE 5 min, fFRELHI 2

dosage, and relatively good model stability

Bl BAEARM B IRNEE, HXNRESE R LS i 2
K

Disadvantages: improper operation may lead to accidental
entry into the esophagus, and it has high requirements for the
infusion rate and the animal’s position

PU: AR R J IR AL T RNk, AL
SRUURA T WPIRTE R, 51 At a0 5 21 i fh s 2
Mechanism: the nebulizer equipment converts the bleomycin
solution into inhalable particles, allowing them to naturally
deposit in the respiratory tract and alveoli, thereby triggering
progressive damage and fibrotic reactions

st TERURAE, SR AR FE 7

Advantages: non-invasive operation, closer to human
exposure methods

Bl HELURENFHRE, ELEHTE
Disadvantages: professional endotracheal nebulization
equipment is required, and it is difficult to control the dosage

®DeEOWO,

with a total score
of 67.5%. TCM

meets criteria @
@@B®with a

total score of 52%

FEHF GO
@EOHIHE
82.5%; TCM FF
HRE@O®B
St fE 52%U77
Western medicine
meets criteria O
@E@DE®, with

a total score of
82.5%. TCM
meets criteria @

@@G®@with a

total score of 52%
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[EE

Paraquat

ICR /Ml (i
) 79801
CS7BL/6T /)
B CHEME)
[81,82]

ICR mice
(male),
C57BL/6J
mice (male)

ICR /MR (e
t) [83-85]
SD K (i
Tt Bo BB
ANER CHEPED
871 Wistar K
B CHERED
[88]

CS7BL/6T /)
B
[89.90]

ICR mice
(male), SD rats
(male),
Kunming mice
(male), Wistar
rats (male),
C57BL/6J
mice (male)

CS57BL/6T /)
B (HEYE) P
%1, SD KR

CfEE 141
Wistar K it

Clffs) 1931
C57BL/6J
mice (male),
SD rats (male),
Wistar rats
(male)

C57 /IR (it
M) Dol B
ANER OMERES
) U7, SD
KR Gl
[98,99]

C57 mice

h, FLRf 4 A8
Repeatedly: the rats are placed in a
glass box connected to a nebulizer and
inhaled 5 g/L (50%) bleomycin by
nebulization for 20 min each time,
followed by a 5 min rest. This process
is repeated continuously for 2 h each
day for a total of 4 weeks
KT«
Tail vein injection:
R REIK IR MRS R R
(200 mg/kg) 31
Single dose: a single tail vein injection
of bleomycin (200 mg/kg)
Zik: A 1 mLAGH4E4% 10 mg/kg
TR E RS (R B R U AR
ThoKI% 2 mg/mL IKRFEIAER), FEE: 14
d7
Repeatedly: bleomycin was
administered by injection at a dose of
10 mg/kg using a 1 mL syringe
(bleomycin was dissolved in normal
saline at a concentration of 2 mg/mL),
for 14 consecutive days

LN

Nasal drops:

ML RN ARG R (6
mg/kg) B

Slowly instill bleomycin into the nasal
cavity (6 mg/kg)

WS PR <

Intraperitoneal injection:

BA LRI, S0 4 d R/ U
TEHERER (S mgmL, #1100
uL) , FFEEEE 15 RO

From day 1, bleomycin (5 mg/mL,
100 pL per mouse) was injected
intraperitoneally into the mice every 4
days until day 15

HEH

Intragastric administration:
—IRMEREE 50 mg/kgl®!

Single intragastric administration of
50 mg/kg

BU: R E FOE R KN MRAEE, R K LA
NS 2 T P B, BT s AT (B 5, e A% it
R, PRGN, SR S RN
Mechanism: bleomycin enters the bloodstream through the
tail vein. Its hydrophilicity enables it to pass through the
pulmonary vascular endothelium, reaching the alveolar cavity
and the pulmonary interstitium, directly damaging the
pulmonary epithelial cells and triggering a cascade reaction,
leading to the destruction of lung tissue structure

Pori: BARMH, 5 A PF K5 EEGL

Advantages: simple operation, and the pathological condition
is close to human PF

R BIERRHIIKIASE, &5 RkE

Disadvantages: it is prone to causing swelling and necrosis at
the tail end, and has strong systemic toxicity

MU N ST 0 18 o A 2 T VR B M e 18 B N B 3
N, FEA TR A SO KA RR X
B, SBWIRBE R, EEE, bR SRR
Mechanism: the bleomycin solution dripped into the nasal
cavity is distributed mainly in the nasal cavity, trachea,
bronchi and adjacent alveolar regions through the animal’s
spontaneous breathing or passive inhalation, causing more
localized and direct initial damage, followed by a cascade
reaction

Poni: BAEMXIRISR, JEO). RAME, AR R
BRI GG R BRI R PE K35, FENLRIBTAE L
HA—E b, mbT e

Advantages: the operation is relatively simple, non-invasive,
and low-cost. It can simulate the scenario of local irritation-
induced PF after inhalation injury or respiratory tract
infection, and has certain advantages in mechanism research,
reducing systemic exposure

Bl IATARY), BRAR SRR, ERRIE B R
s SEBR B R B LA, R BRAE I 3
Disadvantages: uneven drug distribution, large model
variability, prominent upper respiratory tract damage,
difficulty in controlling the actual dose reaching the lungs,
and the lesion is confined to the proximal area

PU: R RERIEANIEIE S, TN #
KGR LR G, ICANRIERR, R R R B AT SR AKX i
HLARFEBRIRAN T, ERTATERRENS . FRE BB, Mtk
B R U Ot SR L

Mechanism: after bleomycin solution is injected into the
abdominal cavity, it needs to be absorbed through the
peritoneum and enter the portal vein or lymphatic system, and
then merge into the systemic circulation. bleomycin has
hydrophilicity and a special affinity for lung tissue. It is
cleared slowly in the lungs and accumulates continuously,
eventually reaching a concentration sufficient to damage lung
tissue

PR BRI, RIS, 8B EUR
Advantages: simple operation, uniform distribution of lesions,
relatively low systemic toxicity

B EIE RN, BRRENZE, 5 REURE A b
SE

Disadvantages: obvious first-pass effect, poor model stability,
and prone to causing damage to other abdominal organs
PU: R ORI, il 2 s ik g, ki
PEMAEZHZURAE, SRR RGN ARt i,
RMEROS 7, SRS SIS, I
fRAET ORI , RAEMMRIEARIL, 258/
TRAF YR FRER (TGF-B1 ML), AR LIS 1L
BRI ET a4, ECM I BEA SR g
WD, BERGBIR . BT, A SEPF

RGO
®®, HLE
72.5%;: TCM fF
£HE@O® It
TRAE 40%(81]
Western medicine
meets criteria @
@B®®), with a

total score of
72.5%. TCM
meets criteria 3
@G @with a

total score of 40%

R E@@
®®, HLE
62.5%; TCM ¥
HFOROEDE
@ SR
64%L%7)

Western medicine
meets criteria @
B®@B®), with a

total score of
62.5%. TCM
meets criteria O

@B@G ) with

a total score of
64%

FEMFEG@E@
®®O, FHm{H
65%; TCM #5&
VODB®
TRAE 52%!3
Western medicine
meets criteria @
B@BEO®, with

a total score of
65%. TCM meets
criteria OB@@DEG
(®with a total
score of 52%

FEMFEG@E@
G®O©W, i
18 67.5%; TCM
FEOEDO),

FLLAE 48%L°7)

Western medicine
meets criteria @
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(male), Mechanism: after oral absorption of paraquat, it actively and B@WBEE®OW),
Kunming mice highly selectively accumulates in lung tissue through with a total score
(half male and polyamine transporters, causing redox cycling/mitochondrial of 67.5%. TCM
half female), damage, explosive production of reactive oxygen species meets criteria 1)
SD rats (male) (ROS), leading to lipid peroxidation/cell membrane damage, @@®), with a
injury and death of alveolar epithelial cells (especially type total score of 48%
1), infiltration/activation of inflammatory cells, release of
pro-inflammatory/pro-fibrotic factors (with TGF-B1 at the
core), activation/proliferation/differentiation of fibroblasts
into myofibroblasts, excessive synthesis and deposition of
extracellular matrix (ECM) with reduced degradation,
destruction of lung tissue structure and stiffness, ultimately
resulting in PF
P B ABRE@T, WO SERGTH. BAEMXS
Ry
Advantages: simulates human exposure pathways, reduces
interference from acute injuries, and is relatively safe to
operate
B WY RAER, AR, PF IR
Disadvantages: large variability in absorption, first-pass effect
occurs, and PF develops relatively slowly
SD K Cif o NN
k) [100-103] Ul EEREAE RS E, @ RO L, B S
Wistar < B SEAEME BT IS, 51K 5 E ShGE P 7 SRR 2
(T, KR AR/ AW N
CS7BL/6J /I Mephamsm: after‘ intraperitoneal injection of paraquat, it is
8 CHErE) o rapidly absorbgd into the bloodstr.eam through the peritoneum RN 4000
[th(?s-mn J R 3 S5« and then selectively accumulates in the lung tissue, triggering VRS
o ICR Intraperitoneal injection: the same cascade reaction as the paraquat gavage-induced ®0©, 3t
ANECCHEYE) sy —EIBEESSRIEA 18 model 65%: TCM 74
UOSL, EEHAZN  mg/kglion R YA ERR, kERE, ElitEn. 0006000
Rl CHEED Single dose: the one-time HIRORE, AR S A, HEORTIMR, & FEIUE 56%107
11081 BALB/C intraperitoneal injection dose is 18 S S Western medicine
ANE M) melkg ) Advantages: the drug is directly absorbed into the abdominal ~ meets criteria @)
[109] Z R MRS F A 10 mg/ke, cavity, ensuring a stable blood drug concentration. The model ~ @@ ®®), with a
SD rats (male), ~ FR 14k, 3£ 3 k0107 has high repeatability. It is absorbed quickly, can rapidly total score of 65%.
Wistar rats Repeatedly: intraperitoneal injection induce acute lung injury, has a low technical threshold, and is TCM meets
(male), of paraquat at a dose of 10 mg/kg, suitable for large-scale experiments criteria. DB@@DB
C57BL/6J once every other day, for a total of 3 Bk, SEEMTR, BEARERFERE (0K ERE ®@with a total
mice (male), times K, WRESIRMER R RIE, TSR R score of 56%
ICR mice Disadvantages: it has strong acute toxicity, and there is a
(male)? . significant difference from the actual poisoning route in
Kunming mice humans (oral administration). It may cause local inflammation
(male), in the abdominal cavity and interfere with the experimental
BALB/C mice results
(female)
Bl REWEEFHER)E, BEEEATEMME L
KA CREIZ T 2 E A , R\ DNA 4,
517k DNA SBERIXUREIRT R, NI 51 R i L e 20 i 45t
(B RFFLERE JIE IR, B4 FEOLIER BCM BIB! -
\ . CHEFALPY B FEE 6200
SD KB, (M AR Me.chamsm. after instillation of peplomycin 1pt0 the trachea, 6O, St
Py Qo Intratracheal instillation: it directly acts on the tracheal and alveolar epithelial cells N e ‘ikA
Wistar kB FE — Vi T T B R 2 1 5 S (especially type 1 a]\feo]a-r epithelial cells), embeds into gé@gg&; =
CHEPED B RS s Ak ey DNVA molecules, causing single-strand and double-strand IOLOG
a13) 0 T e e breaks in DNA, thereby inducing damage to alveolar JLIRAE 64%!1M1
PR R o El“ N Smg n[lllgz []3:]0]4: FHER I | epithelial cells and persistent inflammatory responses, Western medicine
Pingyang /MR CHEPED mL/kglt® . . ultimately leading to excessive ECM deposition meets criteria 2
mycin 1Y Asingle-use sterile syringe was used i ig. ggfi iR B ELEE, MORHIRELS, SEUERE  @@OO), with
SD rats (male),  to puncture the trachea .through the ] LB a total score ,o £
Wistar rats neck,' and ] mL/kg ofpmgyangmycm Advantages: the operation is relatively simple and 65%. TCM meets
(male), solution with a concentration of 5 . . . . .
; . e s . straightforward, the cost is relatively low, and the formation criteria D@B@
Kunming mice ~ mg/mL was rapidly injected into the o . . .
(male) tracheal intubation of fibrosis is rapid and obvious ®(®with a total
[73=F %"‘ﬁ?ﬁf’ﬁgﬁiﬁﬂﬂi, é?é’ﬂf%ﬂﬁ‘é$%éﬂﬁf$ﬁiﬂ score of 64%
HIR, ZiraAny
Disadvantages: acute injury-driven mainly, fibrosis may not
be completely progressive or self-limiting, uneven drug
distribution
SD KR CHE pgjp g BUKI: LPS IBSHERS, B Toll BEZMR 43050, sligsm  NEFEQE®
wem Intraperitoneal injection: DRSS R I S SRR GRS g OO, SR
(LPS) CSTBLIGI /I ke —UCHEITIRTER 10 mgke iF - S22k 62.5%: TCM 7
Lipopolys B CHERED EZ Mechanism: after intraperitoneal injection of LPS, it is #OBBO),
accharide o' B Single dose: a single intraperitoneal recognized by Toll-like receptor 4, which triggers a strong TR AE 48%!118]
INE ClEYED injection of 10 mg/kg systemic inflammatory response, indirectly leading to lung Western medicine
[118] lipopolysaccharide tissue damage and subsequent dysregulated fibrotic repair meets criteria 2
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SiO,
Silicon
dioxide

)

Radiation

SD rats (male),
C57BL/6J
mice (male),
Kunming mice
(male)

C57BL/6Y 71
ﬂ?\‘[“g]\ SD j:
B CHETED
[120]‘ SD j( LT\
CMERRE -2
1211 Wistar
KB CHEMED
1221 ICR /)
B CHEPED
[123]
C57BL/6J
mice, SD rats
(male), SD rats
(half male and
half female),
Wistar rats
(male), ICR
mice (male)

C57BL/6Y 71y
FU2L. Wistar
KE OHfErD
02610 Sp kR
CeE > 01271
C57BL/6J
mice, Wistar
rats (female),
SD rats (male)

Z: BESE3d ETES LPS(S
mg/kg)[llé]

Repeatedly: intraperitoneal injection
of LPS (5 mg/kg) for 3 consecutive
days

AT

Intratracheal instillation
EE A B FREN Si0, (50
mg/mL, 100 pL) £ iK124

A suspension of SiO; (50 mg/mL, 100
uL) was injected into the intertracheal
cartilage by puncture

10 B e

Chest radiation:

25T/ 16 Gy F&8 45012
Expose mice to 16 Gy radiation to the
chest

Port: BARFIME, HORTIMC, BARG, T RASEgR R
PF, RAEDRANFFIEWIE, &0 JORE- AT IR B
WL

Advantages: simple operation, low technical threshold, low
cost, capable of simulating secondary PF, with distinct
inflammation-driven characteristics, suitable for studying the
mechanism of the inflammation-fibrosis cascade reaction
Gl TAECRRRER HALE, SUESOTRE, FEE
A2 5 51 E R, SRS, sz
i1 PF o3 BURHAE

Disadvantages: the degree of fibrosis is mild and transient, the
acute inflammatory response is overly intense, improper
dosage control can easily lead to severe acute lung injury,
resulting in animal death, and lacks typical pathological
features of PF

Bl SiO JBIE UV TE, HHEEM, TR
L AT R A AR SR, L B AR AR I Si0, B
hi, PEGAREAA S BT, BEED 5] SO M
BoE S AOE N, BESE TR, AR ARG RS AT
HEANMLIE 1L, ECM I BEUURLS £ 4k

Mechanism: SiO, is delivered directly to the lungs via tracheal
instillation, mainly depositing in the alveolar cavities and
respiratory bronchioles. Macrophages recognize and
phagocytize SiO; particles, leading to lysosomal damage and
macrophage death. This subsequently triggers inflammasome
activation and an inflammatory storm, the formation of
silicotic nodules, the release of pro-fibrotic factors and the
activation of fibroblasts, as well as excessive ECM deposition
and fibrosis

Pori: RN N, 5518 & B FURR A 15 = 1)
JEEPENLE], LT AR ALARRE B HAF A

Advantages: highly mimics human silicosis, particularly
suitable for studying the mechanism of lung toxicity induced
by particulate matter, with significant and persistent fibrosis
et BARHORMERER R H SR, AR, I,
TE PSSR AR 45 15 AT W B R £ A 75 K I ) G L
JAZEH

Disadvantages: the operation technique is highly difficult and
risky, with a slow onset and a long cycle. It takes a relatively
long time (usually several weeks to several months) to form
typical silicotic nodules and obvious fibrosis

MU HL R A B B O i b A 8 A R A B A
DNA, SEANMSET BINREZRAL, B 5] S0 S B Al
LT YAl S5 PRIk S

Mechanism: ionizing radiation directly damages the DNA of
alveolar epithelial cells and vascular endothelial cells, leading
to cell death or dysfunction, and subsequently triggering a
cascade of inflammatory responses and fibrosis

st WPEEIRPRANDR, ELEMUUBUN L PF, 9 R W f
ARG

Advantages: highly clinically relevant, directly simulates
radiation-induced PF, with a clear etiology and good
reproducibility

Bl BVERRGTRETE U, BRI AR, AETER)
T2

Disadvantages: high risk of acute radiation toxicity, long
modeling cycle and high cost, and species differences exist

®@®B®), with a

total score of
62.5%. TCM
meets criteria @
@@®), with a

total score of 48%

HEEHEO2G)
@BeEVW,
TRAE 87.5%:;
TCM FE50E@
Gw LRk
5204(1211

Western medicine
meets criteria
@BeW6GEOW,

with a total score
of 87.5%. TCM

meets criteria
B@@®BWwith a

total score of 52%

MEMFED@O
@BeEVW, #*
JRAH 87.5%:
TCM fFE50@@
OB JLRHE
52%[127]

Western medicine
meets criteria @
2e@®B6EOW,

with a total score
of 87.5%. TCM
meets criteria O

@@G®with a

total score of 52%
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Table 5 Establishment method and coincidence analysis of animal models combining common PF syndrome
WERY ) TR TR AE I R 2 JEE
Syndrome Animal Modeling method Model character Clinical fit
WU R usmieiidag s, (2 i s
TIRERARG, GRS RUE, R
HES M EISAT, WA LSS, 5 TCM
“HMFET" TR AT,
D111 =5 = P L L o
s MBEAT P BUE, 46 T AR
R B K 2 T A
Mechanism: the model was established by
using the exhaustive swimming method,
which causes excessive fatigue, depletion of
Qi and essence, and leads to general Qi
deficiency. Qi deficiency fails to promote
blood circulation, which can result in blood
stasis. This is consistent with the theories in
TCM that “excessive work depletes Qi” and
Wister “Qi is the commander of Blood”.
] Additionally, a high-fat diet was provided to VLW , 3t
ARz I j? ltt;tﬁ increase blood cholesterol and triglyceride ;;ﬁfgo;@%ﬁ) g g
ik w levels, and the thickened blood can cause _ 4 o
Qi U%zj:) R L e B o e s s et oo . Dlood stasis. This model combines the \CNED(?@@(?D’ ;jém&tiﬁ 4%
deficiency . JIE K+ IR AR B W R A pathological factors of modern medicine §SeID meaicine meets i
andblood WS E it B mE s s ceR@OOOOW, wiha
stasis maleand  CXhaustive swimming +high-fat _ By, RS AR A RO, 1 O?W%%XX5® ﬁfs
syndrome diet+intratracheal injection of bleomycin: B R 1 4k criteria » with a
half £3 [ 4 ke O B B g0/ 47 Ty BOrkRae, SR total score of 44%
female) FB“ETE”B}%%&% 5 A’J“E) » AT Advantages: absorb the successful
Wik, BRR 1R HENTFLIZ 10 mL/ experiences of both traditional Chinese and
(kg-d) #EH 1K, TIEREE 100 20, western medicine in model-making, leverage
30 R4 BT SRR MR RS S their respective pathogenic characteristics for
BRI KBRS EREER 5 diseases and syndromes, and the model-
mg/kg) makir:jg rplfahods are stable with good
The tail base of the rats was loaded with a reproductbility .
weight of 5% of their body weight and Begis ThPEEROY AR AR, Pk
they were made to swim until exhaustion SHEN G, —FaE R
once every other day. Intragastric AN, RBTT R D
administration of fat emulsion was given Disadvantages: traditional Chinese and
at a dose of 10 mL/(kg-d) once. The western medicine belong to different
syndrome scores of Qi deficiency and theoretical systems. There are few
blood stasis were evaluated on the day 10, breakthroughs in the integration of the two,
day 20 and day 30 of modeling. For the and the mechanism of their combined effects
successfully modeled rats, bleomycin (5 is still unclear. Few models have been
mg/kg) was intratracheally injected developed for this purpose
HLA: BRENSAQUE T B /INE A L
By ZEERUURR SR RAE S RA PF, 1 Dhigé
TR o LR IGERS | AL PR NP B 5 A
W, U ATP ZERG, RN e R
AU R TR B K+ RIS AR, B TCM “BIRAR” HR R
Tracheal injection of bleomycin+daily Mechanism: adenine metabolic products form
gavage of adenine: crystals in the renal tubules. Deposition of
BB, BT 24 LE 1 mL S these crystals triggers inflammatory responses
B R NS B TAT S and llalfllmoparydintfrstitli\zl fibrosis, 3s Well as
£2 JOSEEN S AL T b 2 A A o renal function decline. Moreover, adenine o N
S?M?;é“ % ﬂ%ﬁif? ﬁfg’% ‘ ;ﬁiﬁ;@gﬁ% inhibits the activity of mitochondrial i Eﬁ%@@@@@: I
) T PR : + ﬁ = il\mg g/ » e J:," ¥ respiratory chain complexes, reducing ATP H 55%; TCM fFé&
Kidney ) o %&giﬁﬁlﬂk 3mL, fESEEERE production and leqding to i.nsufﬁcient cellular @B, FLIRIE 44%
Yang SD rats FRHE B IREERS (300 mg/kg) energy supply, which mimics the Western medicine meets
. Expose the trachea, use a 7-gauge needle characteristic of “insufficient Yang Qi” in criteria@®@)G)(®)(9), with a
deficiency (half connected to a I mL syringe, insert the TCM total score of 55%. TCM meets
syndrome male and dle between the tracheal rings into the . HRERME TCM iFERE S iteri o i
Il nee 2 gsinto the  fjLxx: ] : L UES R T criteria @@(G)10)15), with a
female) trachea and then afivance it pqralle] to the WL A EL A A MR, AN BRI total score of 44%
trachea. Slowly drip bleomycin (5 mg/kg)

with the bevel of the needle facing the
anterior wall of the trachea. From this day
on, gavage 3 mL of normal saline daily,
and on this basis, gavage adenine (300
mg/kg) daily

fig

Advantages: high consistency between
pathological manifestations and TCM
syndromes, clear mechanism and strong
repeatability, low cost and simple operation

PSR 55 R

Disadvantages: pathological bias towards
acute kidney injury, systemic toxicity
interferes with experimental results
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4 e
4.1 MENYIREAIERMEREIR
R RG G H W PF shW AL & B, HEME SD KR . Wistar KB+ ICR /Nl C57BL/6J 7NR A

B /N B S G 14 2R S M ARy PR ORI T B S B0 00t R o T 98 35 2 AR A AT DG 1 1) R AL o) 0 B B
TR HLR LR S E AL bk AR S O R B 3 /N W PR, RIS 3R TR PR /R IAL
o sk IR SiOp 153 K BT 70 15 8 18] 78 5T 40 M San v Ao 8 it R B PR SR o BRI ) —
FEIHA, AARGL@RESFEMGMAL. TEBEE, RSN, YN E T N ERESR .
1 4 2 00 5 2 POk B R A N IME S T PR SRR TR SR I, B A RN U 2 A i 4
SN L] PR, IR S 0 2 3 s B8 0 i I R U A 15 il B A% . BB BOGS T PR S L 17 5 711 7
BNEFERIER] DG b, BN T EER LW NMBMO LIRS PF, HX AR T EEY)
DR SO 45 0 S R IR B 5 A A T O AR T P A P80 XN RIS AR L &R SRR
I CL e rp S AN A T T R R BRI AR KBRS 8] 5. A SO Tl PR 3)
PR, B R VPAN AR B PG BE R BEAFAE S5 TCM g 1R A3 7 THD PRl PR W) 6 52 o R B 3G A28 1 1)
RN, T TCM W& SRR, e s, MREREVITS SEIA %305 Uik R
W) R f, PUERIAE] 95%, TCM N 60%, JRPFI AT REAE T LA S 07 AEW e b, i 7 B A e
Gy RS mUEEYE SD KL Wistar B ICR /N HFKRE R AEEL %3 DNA W 2N S0 N i
407, I PR SR S e HAE AT Ak, o 2R 0 fil A B O3 A L A 2 R A 5 N SIR A
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