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[ Abstract]  Dilated cardiomyopathy (DCM) is a common disease leading to heart failure, arrhythmia, and sudden
death. The etiology of DCM is complex and diverse, and the mechanisms have not been fully elucidated. Conventional
interventions have a limited ability to improve the prognosis of patients, who have a 10-year survival rate of less than 25%.
This study aimed to summarize the construction and characteristics of a DCM animal model and evaluate the clinical
compatibility of the model with traditional Chinese and Western medicines. Analysis was based on domestic and overseas

research into DCM animal models, Western clinical diagnostic criteria, and traditional Chinese medicine syndrome
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differentiation. The DCM modeling method mainly involved gene editing, drug induction, immune induction, viral
infection, and rapid pacing induction. Experimental animals included muroids, zebrafish, Drosophila, and pigs, of which
mice and rats were most commonly used. Gene editing was the most commonly used method for modelling DCM, followed
by doxorubicin-induction. In the literature, the experimental animals, drugs, single or cumulative doses, administration
method, and modeling period used varied among studies involving DCM animal models. The level of clinical anastomosis
according to traditional Chinese and Western medicines varied considerably, being generally lower in traditional Chinese
medicine than Western medicine in the same model. In addition, the modeling standards for DCM animal models were
mostly based on Western medicine theories. The differentiation of syndrome models and information collection for the four
diagnoses have not been standardized and unified. In the future, stable and homogeneous animal models of high clinical

consistency combining both disease and syndrome need to be established to provide a basis for DCM mechanism research
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and drug development.
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Table 1 Syndrome differentiation of dilated cardiomyopathy

UEZY
Pattern type

FAE

Primary symptom

YA

Secondary symptom

ik

Tongue and pulse

SR IE
Heart and lung
qi deficiency

SIS IR
Qi and Yin

deficiency

A FH IR
Heart and kidney
Yang deficiency

R MLAFHIE
Qi deficiency and
blood stasis

FH HEAIZ E
Yang deficiency and
water widespread

PRERBEIIE
Phlegm and drink
obstruct lung

I57 3 I T1E
Yin exhaustion and
yang withdrawal

O, R, Z T 38 SR N
Palpitations, shortness of breath,
weakness, aggravation after activity

i be] S, O I Z T, FTT BT
Chest tightness, shortness of breath,
palpitations, fatigue, spontaneous or

night sweats

O EIRZ 1, SIS, B IEIEYS
Palpitation, shortness of breath, asthma,
fear of cold and cold abdomen

W P SR, P Z T, R D T
EPe, N R
Chest tightness, shortness of breath,
fatigue, pain and lump glomus in the rib-
side, edema of the lower extremities

AE Wi AR, B Z 0 TR
Jifr, PRV g Y IR IR
Palpitations, hasty panting with inability
to lie down, fatigued spirit and lack of
strength, puffy face and swollen limbs,
scant urine, frothy expectoration, fear of
cold and cold limbs
DERE, W B ATRER , M R R
R, M Jre I ]
Palpitations, rapid breathing, hasty
panting with inability to lie down, white
sticky phlegm or thick yellow phlegm,
glomus and oppression in the chest and
stomach duct
W AR B, 5Kk 48 | BT
B, AT O A, DO B
Hasty panting with inability to lie down
and catch breath, gaping mouth and
raised shoulders, agitated vexation,
dripping great sweat or putting forth oily
sweat, reversal cold of the limbs

N , TS
Fatigued spirit, panting and cough,
somber white facial complexion

TR, B A k=
ng | SR b
Vexing heat in chest, palms and
soles, dry mouth, tidal reddening of
the cheeks, dizziness and tinnitus,
scant urine and swollen limbs
BRA S, 1 B A% T (5 K55
Scant urine and swollen limbs,
abdominal distention and loose stool,
green-blue facial complexion with

gray tinge

T (LIRS | JB 75 5%
Somber facial complexion, green-
blue or purple lips and nails

BURLK A, FUS T8 B, 2 T
PR IR A UK Y
Gray face, green-blue or purple lips,
abdominal distension, hard glomus in
the rib-side, the neck pulse
is revealed

KA H IR, BRI BRI | 5
KR I

Dizziness, scant urine and swollen

limbs, phlegm rale, heat and thirst

KRR A A At S 4 IR
Al I PR IS

Lethargy, purple facial complexion,

green-blue or purple lips and nails,

scant urine, anuria, swollen limbs

T BRI IR, Ik 40 =5 fe
Pale tongue with tooth marks on the
margins of the tongue, heavy and fine
pulse, or vacuous and rapid pulse

T L H B, DR KOG ) B
Red tongue with less moss or scant liquid,
fine and weak pulse, or bound and
intermittent pulse

TR A 4 ED KT EGR
Pale and enlarged tongue with tooth marks
on the margins of the tongue, heavy and
fine pulse, or slow pulse

BB I A R AR, REBE , WK
B
Dark purple tongue or petechiae,
ecchymosis, heavy and fine pulse, or
rough pulse, or bound and
intermittent pulse

TR IR AL, 5 T, RN s s G
Dark purple tongue with glossy white
tongue fur, fine and skipping pulse, or
bound and intermittent pulse

TGRS S K%
Purple or crimson tongue with slimy white
tongue fur or slimy yellow tongue fur,
stringlike and slippery pulse, or slippery
and rapid pulse

TR 5, WK G B4 s B0
Pale, enlarged, and purple tongue, faint
pulse verging on expiry, or racing and
weak pulse
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P DCM RIS
3.2 HMERSIGEERMEE

DCM 557 2 B L R i 2515 % |

GPES T R PR A T AR, o DAL
SRR T, LR s EE AR DR KR B
fa B AR MY A T S R
SR A S B DA/ BRORTK BUOR 32, Rl i
WFEZE TR JEMAEERR Y BRI
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YA T BRI T AR SR AL b R I R
WEM) &R 3,

S5 FI B8 R T 5 DCM sh Al 5y
WL AR 2 ~ 8 JE AR A SRR A
PRAVES E | A R m A R, HoP DL Sh R
DCM Sh AL o 8 B R W) & B . 2R, B
RAf[A]—28 7 DCM ZhA4 R R0 B e S sh 4 S FH 24
R LR el SRR | 45 24 05 =Xl AR 0 A A
25, PP BEIG R A B K2 22 K857, Al — A
VG B I R -G B33 v P BRI R

&2 DCM PEEEZIRiE
Table 2 Diagnostic criteria for dilated cardiomyopathy

5

Level

EEL7Y

Indicators

32

Manifestation

(VLD
Core indicator

ELHAR AR R

Directly related

AR5
Imaging

and pathology

S A A
Laboratory

O#FE OB RO IED K BE I T IAN = S S 0t B i 3l ik i I | 7 %8 BE IS Bl 59 | % BE AL
e, 72 WA DT RE T W 70 5 S L3 BRI R A 45 R 3 BRATR , o BB AR 55 s g P A O L2 R
AL WA R D L | SRR AR , O WU MUIE R AT | [R] BREr i fl 5 s QH AL (1) O BERESL
P& TR ZE DB YR 28 BE AR M8 B I RE AR P 2 (T R BE (AT Ak , (2) Mol X 2ot £ 7R 0
PROILE > 0.5, (3)Cr LA SR O (IR SR 0 5 BR 3 | i S BRI B 28 k0 3l i i
45,8 ST-T % ARHLE R BB A R, B WO EEE Q B, (4) CREBUS R Z A RN
AT AT LA SR A RIS A A A O B ARG K 20 %8 S5 I A3 BTG

(D Echocardiography: indicated that the heart was enlarged, or combined with mitral and tricuspid
regurgitation and pulmonary hypertension, left ventricular wall motion was weakened, ventricular wall was
thinner, left ventricular systolic function was decreased, left ventricular ejection fraction and short axis
shortening rate were decreased, or mural thrombosis was present, etc. @ Pathological examination:
myocardial histopathological ~diagnosis suggests myocardial injury, inflammatory cell infiltration,
cardiomyocyte hypertrophy, deformation, interstitial fibrosis, etc. @ Others; (1) Cardiac magnetic
resonance; indicated left ventricular cavity enlargement, ventricular wall thinning, and reduced motor
function with interventricular septal strengthening. (2) Chest X-ray examination: indicating enlargement of
the heart shadow, cardiothoracic ratio > 0.5. (3) Electrocardiogram: indicates arrhythmia ( premature
contraction, atrial fibrillation, conduction block and ventricular tachycardia, etc. ), or ST-T changes, low
voltage , poor R-wave increase, and a few pathological Q waves. (4) Cardiac radionuclide scanning: nuclide
blood pool scanning showed increased left ventricular volume and decreased left ventricular ejection fraction

in end-diastolic and end-systolic periods

OAErRicy) ; Qg rebricy ; 0 IS S HE T

(DGenetic marker. @Immune marker. @)Myocardial enzyme profile, inflammatory factors

OREAR 7 Z T DR I Sl LRI |3 15T f T B, 48 8 e 25 P I 5 R e s A PP B, 0 8K
Wit TR IM A5 s @IRAE o 0o F 1 26T BB, 85— 0 R4, 1T o) B 5 =00 3 008 DU A T, %

(D Symptoms: fatigue, weakness, palpitations, dyspnea during activity, decreased activity tolerance,

paroxysmal dyspnea at night, upright breathing, decreased appetite, edema, etc. @ Signs: the heart

indicators examination
N N . XUV & SRk Ak K AR
B R A M
Indirectly Clinical
related indicators manifestation

boundary is enlarged to the left lower and bilateral, the first heart sound is low and blunt, and the third or
fourth heart sound can be heard, or the wet rales of the bottom of the lungs, the jugular vein irritation,

ascites, liver enlargement, etc
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Table 3 Animal models of DCM induced by drugs, immunity, viral infection and rapid-pacing and the consistency with clinical

diseases of traditional Chinese and Western medicine

L SR T it B R
BRI S b7 ol W AT HE ) 4
Moulding Animal T Molding - . A
. Specific methods Clinical disease coincidence
methods species cycle
JELIE o 5T e JE 1 mg/mL B R 5 A P B2 A% 0 48 A O @ 18] 35 41 5638 45 O, W1 & i
Wistar 2.5 me/ke, | U/, SRS RE 15 me/ ke 45% 545 S EAEDD WA 30%
KR Rats were injected intraperitoneally with a 6 5 In line with the core indicators @@, indirectly related
Wistar Dox solution at a concentration of 1 mg/ml. 6 weeks indicators (D of Western medicine, the coincidence rate was
rat at one week 2. 5 mg/kg for a total dose of 45% ; In line with the primary symptoms (D@ of TCM, the
15 mg/kgBﬂ coincidence rate was 30%
FFR P E RO DG, EHEAN S 18 bR OO ] A1
- I XARFEDD WA 90% 5 75 4 1 B2 £ D@ @ FIUCAE
MR W B BT R R O W 1 me/kg, DG, W& 75%
SD KR 2w/t 6 & In line with the core indicators D@ @), directly related
SD rat Rats were injected intraperitoneally with Dox 6 weeks  indicators D@ and indirectly related indicators D@ of
solution twice a week at 1 mg/ngS, Western medicine, the coincidence rate was 90% ; In line
with the primary symptoms (D@@ and secondary symptoms
D@ of TCM, the coincidence rate was 75%
. . . FEA TR LA R DD, FLHE AT XA bR O RIIA] B et
I ST BT 3R, 3 IR/ T, BB A W, WA BE 55% 454 T E EREQQ, W4 B 30%
BALB/C [39] . ’ . ’ . . ‘ .
JNEL 15 mg/kg 2 In line with the core indicators (D @), directly related
Mice were injected intraperitoneally with Dox indicators 3 and indirectly related indicators D of Western
BALB/¢ . . 2 weeks . . - .
. solution three times a week for a total dose of medicine, the coincidence rate was 55%; In line with the
e 15 mg/](g{391 primary symptoms (D @ of TCM, the coincidence rate
was 30%
o N AT R RD®), A A bR DG R 41
CSTBL/G] R IR EE ST R E 1 mg/mlL BT & 2 ¥ 4D, WA L 65% ;756 B FAEDQ), VI 1 30%
M ZES p 5 mg/kg, 1 w/ JE , B 15 mg/kg“ﬂ] = In line with the core indicators (D @, directly related
L JINER . - . . Zoe 3 JH . - Lo
Doxorubicin CSTBL/6) Mice were injected in the tail vein with a 3 K indicators D @ and indirectly related indicators (D of
induced . Dox solution at a concentration of 1 mg/mL WOKS Western medicine, the coincidence rate was 65%; In line
e [40] ith the pri D@ of TCM, the coincid
once a week for a total dose of 15 mg/kg with the primary symptoms o , the comcidence
rate was 30%
- N AT R RD®, HHE A PR R A
BT R B 1 mg/mL BT 3R W AR, WA E 70% ; 774 P E T4 D@ @RI AR
BG4t 1 mg/kg,2 R/ DB, W4 80%
New New Zealand rabbits were injected 8 J& In line with the core indicators (D @, directly related
Zealand  intravenously at the ear margin with Dox 8 weeks indicators D@ and indirectly related indicators D@ of
rabbit solution at a concentration of 1 mg/mL twice Western medicine, the coincidence rate was 70%; In line
a week at 1 mg/kgr‘m with the primary symptoms (D @ @ @ and secondary
symptoms (D@ of TCM, the coincidence rate was 80%
o AT B R, T ACH PR R B 4
2 BT TE B AR SR 0.7 me/ke, 5, WA B 55% ;456 B BREDQ), W4 HE 30%
. 8 1 k/ ﬁ]“ﬂ - In line with the core indicators (D @), directly related
Ao ™ . spy I line cor DD, :
Beagles were injected weekly into the left indicators 3 and indirectly related indicators (D of Western
Beagle . . . 5 weeks . L . .
main coronary artery with Dox solution at medicine, the coincidence rate was 55%; In line with the
0.7 mg/kgpm primary symptoms (D @ of TCM, the coincidence rate
was 30%
S B g TV BEAZ O AR AR Q R 2 AR e 38 AR D, W) A E 25%
v RIS 4 my/ml, BT E 5 R OTERLERQANT B0, U &5 25%;
FOBE WG ) g me/mL s A A 21 2 A D), U1 4 30%
B J& 4 mg/kg - . R - gy
%S New . . 6 J& In line with the core indicators @, indirectly related
. Daunorubicin at a concentration of 4 mg/mL . .. -
Daunorubicin ~ Zealand Iministered it v at th 6 weeks indicators (D of Western medicine, the coincidence rate was
induced rabbit was .a( rstered ravenou[is}; a ¢ ear 25% ; In line with the primary symptoms D@ of TCM, the
margin at 4 mg/kg per week coincidence rate was 30%
FFETEERZOIRTRDQ), AR 8 bR O Fa] 440 5655
Ee FE F1 3R 709 15 I s i 7 75 1 144 10 4 In line with the core indicators (D @), directly related
/3] ) ® Self-administered 70% furazolidone " indicators Q) and indirectly related indicators @ of Western
Furazolidone Wistar a4 10 weeks S b L I ih th
induced rat aqueous solution medicine, the coincidence rate was 55%; In line with the

primary symptoms (D @ of TCM, the coincidence rate
was 30%
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#g%k3
RS TR )y SIS s TR JE e
PRI Sy T ot W AT 4 i
Moulding Animal Lo Molding .. K o
. Specific methods Clinical disease coincidence
methods species cycle
FETERZ LR OQ), HHAN A bR @ Fl A HAH 4
, B, WD B 55% ; K5 £ P BE -EAEDD), W43 30%
SD K E TR 0% W MR A s T L 10 78 In line with the core indicators (D @), directly related
" Self-administered 70% furazolidone aqueous indicators 3 and indirectly related indicators (D of Western
SD rat | 10 weeks .. L. . .
solution ! medicine, the coincidence rate was 55%; In line with the
primary symptoms (D @ of TCM, the coincidence rate
was 30%
55 0 KRG 7 KBTS AL 2 me/mL.
0 LU ER 2B AL L R, B R At P56 V8 B2 4% 0 18 45 O Q) R ] #2480 S 36 45 O, W) 4 BE
- BALB/c 6] 45% AP ETFEOQ, WA JE 30%
B i 0.2 mg' . o
I losical /NEL Mi beut Iv inected with 8 JA In line with the core indicators D @), indirectly related
mrflurlm Oima BALB/c ICE? were Sud.C:l aneokls-dy. ln_]eclel W: ) 8 weeks indicators ) of Western medicine, the coincidence rate was
fmauce mice poreme myocardial myocardin emuision &t a 45%; In line with the primary symptoms (D@ of TCM, the
concentration of 2 mg/mL at day 0 and day 7 L o
L46] coincidence rate was 30%
for a total dose of 0.2 mg
550 FRIH 7 K S S m/n FEA TR SR, BT He b DR AR XA
. - BN @, W& B 55% ; FF 6 T EFEO, V)& 30%
Lewis 5.0 MUIIEREE FI 7L LI . X - .
.. . - In line with the core indicators (D @), directly related
KR Rats were subcutaneously injected with 4 J& - o .
. . . . . indicators (D and indirectly related indicators (D of Western
Lewis porcine myocardial myocardin emulsion at a 4 weeks .. . . .
. medicine, the coincidence rate was 90% ; In line with the
rat concentration of 5 mg/mL at day 0 and . .
[47] primary symptoms (D @ of TCM, the coincidence rate
day 7* )
was 30%
FFETIERZOIEIRQ , HHAR AR AR O] AR R AR
N . LA Ay d
T BALB/c  MENEIESHFTE 735575 B3 % (CVB3) , 45/ @, W41 35% ;754 T E FREDD, W4 1% 30%
Y v (48] - In line with the core indicators @), directly related
. AR AR 100 L 240 -~ -

Viral . - indicators (D and indirectly related indicators (D of Western
. BALB/c  Intraperitoneal injection of CVB3 at 100 L 24 weeks .. . . .
infections - (48] medicine, the coincidence rate was 35%; In line with the

fmiee per month primary symptoms (D @ of TCM, the coincidence rate
was 30%
A R R ] 4 T2 s 3 A% 5 BEL T A 8
JERAK AT A%, PO 3Rl R A PG R 48 AR O @RI AN A5 R D@, WA
IR AR S 250 YL 50% ; #F& H EE FAEOQDHIEDB), W) 5 K 75%
SRR After the complete atrioventricular block 3 In line with the core indicators (D @), indirectly related
Cani model was prepared by radio frequency 3 K indicators (D@ of Western medicine, the coincidence rate
anine catheter ablation to His bundle, a permanent WeSKS  was 50% ; In line with the primary symptoms D@ @ and
pacemaker was implanted and rapid secondary symptoms (D@®) of TCM, the coincidence rate
ventricular pacing was performed at a pacing was 75%
rate of 250 hpm“m
A 0 RO IR PR A E A R A8 5 O, W& B 25%
Bogtedi s B b B R, R K 4 AP D) A 30%
rass B 240 &’\[SUJ 3 JE In line with the core indicators @, indirectly related

Rapid pacing  Yorkshire Rapid atrial pacing was performed at a 3 weeks indicators (D of Western medicine, the coincidence rate was
induced pig pacing rate of 240 bpm[50: 25%; In line with the primary symptoms D@ of TCM, the
coincidence rate was 25%

AV B A% 0 48 A1 O Q 18] 32 40 56 48 45 O, W) & B2
PG =R, R R A 4 B 230 45% ; F & h R EREOQ), WA B 30%
PES {5’\[51 (221 liﬁﬂ In line with the core indicators O @, indirectly related
Sheep Rapid ventricular pacing was performed at a ( tk‘) indicators (D of Western medicine, the coincidence rate was
ts1] weeks 45% ; In line with the primary symptoms D@ of TCM, the
coincidence rate was 30%

4 it R AAERAERY B DCM KGR, (H il T DCM

TR A2 B L o4 o Bl 58 4 W BA , B T TR

BUREE 254 DCM BRI RSt BUS T— R, i s A TS s A bR, 10 ET?&%%@K&
HRTVAYT JE AR O O U E RO M 25% , 245 B3 09 AR 1 R4 30 o) T IRk % 36

DEERE TR A JE DL St B AR TS T ik, PR DCM B N ZEAIL A AE IR T A a5 rfx ﬁ’qi

pacing rate of 230 bpm
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TR SR, Bl PR TR A 0 & s AL T A A L T
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AU BRI R A BE S DA BT 5 1 RASE DAL
B R By, W R ST R BRARL B DCM )
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R H UL SCHR BRSNS G 3 PR ) R
K 90% , ELA PASEAE PR R 57 AR A | B4 ) 40
B BB EE 20 R NS RS
7 5 kg 3k ) S A Y| HG v B L DN L
J& C57BL/6] /INEUFT BALB/c /N, 24 8 18t A4 15 S A
FE MY F /N B K BRAE R 5 s sh A B A N 20
I AT A I AR T/NEL, H AT Wistar KB
SD KR Lewis KBRS & FP 8% L 21 FH T4 & DCM
BREHY BT e AR g 32 o A0 T
BE T £0 5L R 414, K DM 28 SR i [ IR R 1 5
NS PA [ 5 i, L = 20 it 2R A 5 5 3 s
JELRSE, B SR A & & R 010 | BB fE T 5
SO T 1Y) 35 4% T AT B IR g R R R
AHA TG R SE, 78 DCM 5% 1 HAG By
R#, BA, S K R S KB Sh R ]
FHF DCM 5.0 1058 B9 R 5T, e AR FIIR S | i
FIEEH 5 N 420, SR, T AR 16 A 5
FORSE He FRAEXERE K | H A PR A 22 55 Jmy BR P, oy
KISEHY#E DCM FRIFSE v F AR 4520

DCM AR 77 vk = A HE L R 4 4 259075 5
BT TR GRS A, Hirh
i 2 A P DCM 354557 7% REHSAE DCM A
RIRAILH] P & e S R i 5 N DCM AR 1ML, i B
g R B M BRAE (K DCM Shg i iy | SE K i
R B R %12 F 35 CRISPR-Cas9 £ 4t Cre-LoxP
FYI RS TALEN R RS, L5 sh ) £ 24
FEANR KRR BE S i %450 H AT E A
LMNA"?) NEXN"*  TBX5" K& [H i A /N U HY
SORBS2"™  JARID2' . FLNC"® .  BAG3'™
NEXN'®)  SRF'® ORAIT'*™ | ORAIZ'  cAP2' |
NMRK2'3 PR B4 /N BB ) BAG3L®) FLNC'® 3
DR PSR R NEXN 35 [R] g B B b f0 A5 R0, STIM i)

ORAT JE [FI R A SR W AR 80 L K% RBM20 3 [H] 58 78
FEAEHL O GE  A S A S SRR S Y
PRSI S LA/ N BRI K SRR 3=, DR #0  0k
ZETR ERMEERB G, R ER, U
B3 531l & DCM S isi il fee Ay i UL, 1 5 44
2 ~ 8 JH], IR AY A A A7 B U TR | A
L EEYETR, H AL SD KR DCM SR iy
PGB R A B fc . BT 28 B 2R 259, g
WS A B, A O JULA B T 4 4 4 U A
SO SEAL , BA AR AL AR B
HRBEFOOMRETEF N2 B2 Fl, B
KA 8 R T e 20k O WEFE PR AL | A RS
JEE (RS SE T SR i 74 O R A
R ST Wl 2 /N | F A 2R 45 2 2 R
o, HA R R et AR
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