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[ Abstract] Objective To review the animal species, modeling method, and evaluation indexes of dilated
cardiomyopathy (DCM ) animal models at home and abroad to provide suggestions for improving the success rate of
establishing DCM animal models with Chinese medicine characteristics, and to provide a reference to establish future DCM
animal models. Methods The literature on animal models of dilated cardiomyopathy in the past 10 years was searched,
and relevant reports were collected and summarized. Relevant parameters of experimental animals (species, sex, and body
weight, et al), modeling method, modeling cycles, positive control drugs and cycles, and model evaluation indexes were
summarized and analyzed. Results A total of 128 reports were included. Animal models of dilated cardiomyopathy were
mostly prepared in SD and Wistar rats using anthracycline and adriamycin, with a cycle of 30 ~ 60 d. Echocardiography

and pathological HE staining were usually applied to assess the success of model establishment. Among the studies
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containing positive control drugs, captopril was the most often used, followed by carvedilol. No studies involved explicit

TCM evidence-based modeling. Conclusions  Although many method are used to model dilated cardiomyopathy in animals,

unified evaluation criteria are lacking. Therefore, it is recommended to integrate the result of imaging, pathology,

biochemistry, and general conditions into the evaluation index of the model. Few studies on animals with frontier genetic

genotypes exist in China, and standard dosages of modeling drugs for drug induction method are limited. Therefore, future

modeling method and evaluation systems of dilated cardiomyopathy animal models need to be improved. Compared with

animal models of heart failure, there is a lack of relevant evidence modeling, and the animal models of dilated

cardiomyopathy in Chinese medicine require further development.
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Table 1 Types of experimental animals for dilated cardiomyopathy animal models

R IRELC LR Sh PR R SE 06 5h Rl

. , R () dilb(%)
A Kjﬁ?ﬁjﬁ Cumulative Percentage
Tmal species frequency ( time ) (%)
SD KL SD rat 46 37.10
Wistar K . Wistar rat 32 25.81
BIPY2E 192 New Zealand rabbit 13 10. 48
BALB/c /N BALB/¢ mice 4 3.22
Lewis Kl Lewis rat 3 2.42
C57BL/6 /L C57BL/6 mice 1 0.81
InTRHVELEL RN ¢ TnTRI4Y transgenic mice 10
sogar  PMNA H222P / H222P SEIH R /DL AK210 JEIR R /L BAG3 O JE K BEBR /D L DUSPT
?EjJ\E& LD R/ N FLNC S5 bR/ NG FVB/NT S5 /N B e RKVE ANP JE R /N LA
Genotyne  LMNA H222P / H222P knockout mice , AK210 knockout mice , BAG3“” knockout mice , DUSP7 15 20. 16
ﬁlicip knockout mice, FLNC knockout mice, FVB/NJ genetic mice, Mice with congenital ANP gene
defects, etc
R2 DCM SR i 7 12 A R
Table 2 Summary of replication methods related to DCM animal models
S . S ()
i g i K { ;
Soitng Amimd ko s B Cmlaive LU
g . Specific methods Model principles Features frequency ontag
methods species . (%)
(time)
Dox % W 8 2.5 mg/kg, 3k 6
YK, Dox EFI A 15 mg/kgl™) Do AR, # 4
, o/kg
Wistar Rats were injected Dox ] % & AL N faj s , TR R fa 2 s Fis
KR intraperitoneally with a  Dox AL AR 17 5 BIRKR LY SR 60
Wistar rat  solution at a concentration of 1 ~ECOHUANMIJAT:, B DCM Ay A
mg/mL at one week 2.5 mg/kg for A AN A A 0 BE BRS X A EE E
six doses, for a total Dox dose of s AR, T UE ik
15 mg/kg |7 Dox is an I
By 25 15 anthracycline Advantages : low
Doxorubicin 5 oy chemotherapeutic cost simple  to
WO e B EIKE S 1.0 meke K P oo »
induced %,ﬁ Wz BRI L;]T me/kg 19 agent that induces operate, stable 67.96
EE Dox,2 /& o . 8
New 1.0 me/kg  of Dox  was oxidative stress and  model, etiology
Zealand administered intravenously at the mitochondrial . (:o.ns'lstem vith
rabbit ear margin, 2 times/week [* damage, leading to  clinical drg-
’ s cardiomyocyte induced DCM
o apoptosis with  Disadvantages: toxic
R#KESN 5 2.5 mg/kg 19 jeversible to  other organs, 2
SD KB Dox, #4E 10 J& 1! cardiotoxicity requires accurate
D mlL Rats were injected weekly with dose control
- 2.5 mg/kg of Dox in the tail vein
for 10 weeks'®]
1K T A ) T %o e A
AL B fre 14 35
BASBMONERE s IR A
bk 1 kg fE DI PRI
K700 me EREMER ) DOCA ERE B D IR
10 J&1 ) 45 A 107 Furazolidone is a 4F#A &, sh %
IR ek e R 15 Wistar Free drinking furazolidone aqueous %n(}):.l;:imme Oxuﬁsi i{(]j{lﬁjtji impl
Furazolidone KE solution (1 kg of water prepared i tl (-)r N t}? :}?ndag(;s' surnf].el 21 20. 40
induction Wistar rat ~ with 700 mg of furazolidone c)i)u‘n.ele)lt s (} ge(;) i tlow ‘mo ay
tablets ) 10 weeks preparation clearance o {sadvan ages:
model (107 catecholamines in the  cardiotoxicity is age

body and is strongly
cardiotoxic,  causing
hyperexcitability and
degeneration of
cardiac muscle cells

dependent and
animals are required
to be young
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y daunorubioin Zealand of 4 mg/mL was administered irreversible adriamycin , less
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Figure 1 Replication cycle of DCM animal models
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Table 3 Positive control drugs and timing of administration

in DCM animal models

R

Cumulative

PR X BE 25

Positive control drugs

42 i)

Dosing time .
ostfig tme frequency ( time )

il
FaE#A 28 d.30 d .56 d 21

Captopril

R Y%
Carvedilol 28.d.56.d 3

ES IRl
Metoprolol Tartrate Tablets 36 d.60 d 4

sl
Perindopril 36 d 4

Al Q
Ubidecarenone Tablets 36.d 3
SR wu 1
Benazepril Hydrochloride Tablets

JENIRGS N

Irbesartan Tablets 28d !
PN

e ke
Losartan Potassium Tablets 28d !
SE IR 28 d |

Resveratrol
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203 1 el R B R ) Dox, 76 B A Y R — e vk
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PE, EZALLRAT BE , 5 O LA B R T, A AW
WO EREPE ™ BRILZ A6, Dox 38 AT DL 3L /NER
A ZF 4k Ak S 25 i, 0w Tk # N7 g i s
R Shen 252 3 1 5296 K B, BE S 4AT IR 1
mg/kg [ Dox, :F4E 6 A 7] L5 SD KL DCM, £
BT 11K 2.0 mg/kg B9 Dox IFH54E 6 Ji ATk
SRR W TR R R, IE R AR 2
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Table 4 Statistics of high frequency testing instruments and indicators in DCM animal models

(Only indicators with a statistical frequency = 2)
2 ()
Kol B RIS b7 B P % Cumulative
Testing tools Testing indicators and content frequency
(time)
TR DB P AR I R A0 28 AR N R (LVESD) 760 % F 5Kk AR W 48 (LVEDD) , I3t
AL Bl A RAOES AT LVER) K Z2e 0 % JAh 4R 3 (LVFS) 45
Echocardiography Echocardiographic evaluation to measure LV end-systolic diameter ( LVESD ), LV end- 100
diastolic diameter (LVEDD) and to calculate LV ejection fraction (LVEF) and LV short-axis
shortening ( LVFS)
TANRS-PHL G @ 7% (HE G (0) E e 50 LA U B4 AR 4K -
Hematoxylin-eosin staining HE staining for histopathological changes in the myocardium
Western Blot #&il.C>JJLZH1 21 TLR-4 . CaN  Actal 211 KT+ chop Bax 55 M3RHKK T
2 1 BENIE i . . .
Western Blot to detect the expression levels of TLR-4, CaN, Actal protein and apoptotic 43
Western Blot . .
factors such as chop and Bax in myocardial tissue
G L7 O L S T8 b NN
*Di(t)‘J*[tn'Uﬁ L - /[*Efé*ﬂ*’f oy FLISA AL ILALSUSTHE T BNP IL-1B TNF-a 116 67K »
Jerechion of serum and myocardidt gy ISA for BNP, IL-1B, TNF-a, IL-6 in serum or myocardial tissue homogenates
tissue related indicators
A ‘ i WL 20
i 5 A B K sh 4.0 LZHZE TGF-B1 . p-p38 MAAPK Actal ,Col3al ,Cx43 %5 mRNA 1353k ‘
RT-PCR Detection of mRNA expression of TGF-B1, p-p38 MAAPK, Actal, Col3al and Cx43 in 32
) myocardial tissues of animals
Masson 4 {7 Masson ¥ €4 5.0 WL 2055 BE“# AR 1k 20
Masson staining Masson staining for histopathological changes in the heart muscle
S Ak Kl AL T WA ) Bel-2 Bax 8 H 3R 1% 15
Immunohistochemistry Detection of myocardial tissue type | and Il collagen, Becl-2 and Bax protein expression
TUNEL
Terminal deoxynucleotidyl TUNEL A8 00 L2 At o 1= A2 14
transferase-mediated TUNEL assay for the detection of apoptosis in cardiac myocytes
dUTP nick-end-labeling
—JBeROL Y RE R TREREE ROK B RERORIL AT AR LA 1
General conditions Lhdngcs in animal skin and hair, activity, water intake, mental condition, body mass, etc
o T gL WALV B 0
Electron microscope Observatlon of myocardial tissue ultrastructure
75 30 2 FLL KR (CVP) ZEZEEF R ARE (LVEDP) SFIIMLE (MBP) (054
HJIL q % Central venous pressure ( CVP), left ventricular end diastolic pressure ( LVEDP ), mean 11
emodynarmes blood pressure (MBP ), heart rate, etc
O MEFE Bl 0 3= 154K LD (D) /IEE 9
Cardiac Index or Ventricular Index ~ Whole heart weight ( ventricular) /body weight
T RIR-FRME A ALY 6 WL WU R LT e AL 3 1L 7
Van Gieson Observation of pathological changes in myocardial tissue fibrosis
N K LR 2R AME AP i B9k R 1T (Ang 1) 5955 1=, O WL Bel-2 Bax 25 R
O S pie i
. Measurement of angiotensin [I (Ang 11 ) levels in HlyOLdl"dldl tissue and peripheral blood, 4
Radioimmunoassay . . .
myocardial Bel-2 and Bax protein concentrations
R HT =Ny
SRR RRIRELIIOLE o g e 1 e s
Picric acid-Sirius scarlet polarised .. . 2
. Detection of alterations in myocardial interstitial collagen type I and Il fibres
light method
N RN B B AR ZE M W A S T
LGNkl ‘
. ECG to detect animals with significant dbnonndhtles such as arrhythmias and 2
Electrocardiogram . ’
ventricular asystole
LI 21 WAL )

Myocardial metabolic imaging

Testing myocardial glucose metabolism

JKVETR 10 J8 i 7 ik el s A R Y
AT VE TR A AR

S HE YL AT DCM 25 UTAH G, B AT 2 AN 5 32
LALFEF R A EE B(CVB) KT B19 ZH/1Mik

JEHEL DCM Sl IR 4K 57k 22—, Wk e ) 2
— PR RIS BT AR 2R, n] DAL L2 3 1 7Y
TEER, FECC LA I 2 ay, 76 528 Bl 80y
SRELC WU H TR I 3P B RO 1k g s

BB R 2GR
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