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[ Abstract | Background and purpose: Adriamycin also named as doxorubicin, is one of the most widely used cytotoxic
chemotherapeutic agents for clinical practice for the treatment of various tumors, and belongs to anthracycline antitumor drugs.
Unfortunately, this drug will cause serious side effects, especially dose-dependent cardiotoxicity, which has become a concern in
the field of onco-cardiology. At present, there is no universally recognized, unified and robust method to construct Doxorubicin-
induced cardiomyopathy model. This experiment was designed to explore the optimal dose and frequency of doxorubicin-induced
cardiomyopathy in a mouse model. Methods: Forty 8-10-week-old male C5S7BL/6J mice were randomly divided into 4 groups (control
group and 3 model groups). The model group was divided into model 1 (M1) group (15 mg/kg, single dose) and M2 group (5 mg/kg,
once a day for 3 days continuously) and M3 group (7.5 mg/kg, twice on alternate days). General vital signs (body weight change and
survival rate), echocardiography, body surface electrocardiogram (ECG), N-terminal pro-B-type natriuretic peptide (NT-proBNP),
cardiac troponin I (cTnl) and myocardial tissue morphological changes were evaluated comprehensively. Results: Compared with
the control group, the body weight of mice in M1, M2 and M3 groups decreased significantly (P<<0.001); M3 group had higher
survival rate than M1 and M2 group (80% vs 40% and 50%, P<<0.05). Compared with the control group, M1 group and M2 group,
the body surface ECG showed that the PR interval of M3 group [(0.064 240.003 8)s vs (0.042 3+0.000 9)s, (0.052 7+0.007 9)s
and (0.062 040.001 2)s, P<<0.05] and QT interval [(0.047 540.000 2)s vs (0.022 0£0.000 9)s, (0.038 60.004 4)s and
(0.044 440.003 0)s, P<<0.05] were significantly prolonged. Cardiac ultrasound showed that M3 ejection fraction decreased
significantly (40.40% +2.24% vs 54.72% +1.64%, 46.00% +4.41% and 54.68%+3.38%, P<<0.05). M3 short-axis shortening rate
decreased significantly (19.40%+1.20% vs 27.88%+1.05%, 22.57%+2.50% and 27.86% +2.20%, P<<0.05). Cardiac markers
showed that compared with CON , the serum NT-proBNP levels of M1, M2 and M3 in adriamycin group were significantly increased

[(638.13+12.69) pg/mL vs (1 271.36+11.76) pg/mL, (1 270.85+36.19) pg/mL and (1 225.26£24.19) pg/mL, P<<0.05] .
Histomorphology showed that the vacuoles in cardiomyocyte of M3 group was significantly increased compared with CON, M1
and M2 group (81/field vs 3/field, 65/field and 34/field, P<<0.05). Conclusion: Intraperitoneal injection of adriamycin in acute heart
failure model is simple and reliable. The model in which adriamycin is administered by intraperitoneal injection at a dose of 7.5
mg/kg, twice on alternate days, with cumulative dose of 15 mg/kg is optimal.

[ Key words ] Adriamycin-induced cardiotoxicity; Cardiomyopathy; Onco-cardiology; Model
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RS, BRR4h 2y, d2wk, BFIE 15 me/kg
(n=10) "'°'; FrABmLE shHs THe 1K
R JGALFE . ARWFIR 4 R R R 2= B2 DL
SHLHER L, SCH R ERF G 3R
1.2 INR—RERME

TR A3 A AT/ RS AR T . A
B R /N BT 5 [WIA /I R RS AR A
HEMRN., BA. HEGENEN. HHEF, [
A SR 2% 2/ N R TR AR 10 o
1.3 /IMREFELEE

BN U 5 20 0 = KA L ) T B Y
AIMAIBEARMERNS, = RFRERE . A0
JEREJRRE | 22O IR AR W EAR S A BT ROR
HAE. OG5 (left ventricular ejection
fraction, LVEF ) N /2.0 % fE il 4 5% (left
ventricular fractional shortening, LVFS ) M
i BRI A5
1.4 HBEEZLE

5% 19 136 U bE 2 BN SRR IR 0, /N
R TIG, finciRR oK, 2R T8
L NSV L B ;e 1A
INOPGETT I, T4y AR B0, {4 FHEMapScope
3.0 E R G TEH LS, W2 ARSI BRI 3R
e T AL EIMNERATA B T AR IS . [F
FER DT IEEAT 22 D B A BERRI . Sl I BT iR
L L[] K Mapping B8 PPl BT 55 R 4O G = &R
eIl
1.5 HAE

BN IEH S, FH4% vt 3 W
E, HANAIE24 ho AR Z) LS



(P @BAERE) 2022/F3255 108

951

um¥) . YR HH-EGLfh, Jthifdr . #idH-E
ot WAL, TG BRE R 5 S0 L4
Wit EN . i MassonZe (A SO U R AT 4
Gty YL . BYSEEER, OIIAHA
SRR 0 7 Kl o A o S P || 2 E 2 A
. TR R A 4R A [ TR (A
R + ZLE ) x 100% | PEAS O WLET 2 fh
J&¥ . H-EYL{t fMasson (034 Ry £ 5K 3% A HL40£%
Yy R T BEMLAAER SRR o [ FImage JAb#
EI&, sl B8 T R A 44k, Jf ik
raeitee ot

1.6 BB ERE WM XL (enzyme-linked
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Tab.1 Summary of doxorubicin mouse model in document

literature

Reference ~ Cumulative dose Mode of administration
(171 7 mg 1 17n§2/11;§, once a day for continued
[15,18] 15 mg 15 mg/kg, once
191 2.5. mg/l'<g, every other day, six

times in a row
[15] 5 mg /kg, once a week for 3 weeks
[16] 7.5 mg/kg, twice on alternate days
[20] 16 mg 4 mg/kg, once a week for 4 weeks
211 18 mg 6 ;rrllffl/l;g, via tail vein at day 0, 2,
[22-23] 20 mg 5 mg/kg, once a week for 4 weeks
[24] 20 mg/kg, once
[25] 24 mg 6 mg/kg, once a week for 4 weeks
[26-27 ] 25 mg 5 mg/kg, once a week for 5 weeks
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TR BT 72 R AT /N AR 2 . SEIR 45 R
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(84.36%+5.40%) . M24H (92.58% =+ 2.26% )
FIM34 (85.25%+2.17% ) K W#E T (K
1B) . A TPERE, DMR—BELEL, &
fEEE 2, KMUIRAS R FEE, 16 iR B
55, BWRIIETSYAE . ML, M2FESG IR 50
3R/NERIFR R IRET S, ERERILE A, M1/MER
TR H60%, M2ILT-H K50%, M3FET-F N
20% (K1C) .
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Fig. 1 Mice general condition monitoring

A: Grouping and treatment; B: Change trend of percentage of body weight relative to baseline body weight in control group and model group; C:
Survival curves of mice in control group and model group. CON: Control group; M1: Model group 1; M2: Model group 2; M3: Model group 3; **:
P<0.01, compared with each other; ****: P<0.000 1, compared with each other; Data were expressed as X +s.

TCON. MI1FIM2, R0 r A 0 25 S
N, M3MPRIEH] [ (0.064 2+0.003 8) s vs
(0.0423£0.0009) s, (0.052740.0079) s,
(0.062 0£0.001 2) s, P¥J<0.05, K2BHI
2] . QTHIM [ (0.047 54+0.000 2) s vs
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(0.143 3£0.011 7) s ] BRBFEL (£
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(0.012 1£0.000 3)s, P¥y>0.1] .
QRSHFPR [ (0.010 3+£0.000 6) s vs
(0.0112£0.0010) s, (0.0105£0.000 8) s.
(0.010 5+£0.000 1) s, P¥y>0.1] .
RREW [ (0.164 8+0.017 5) s vs

(0.1485+0.008 6) s, (0.1522+0.0076) s.
(0.143340.0117) s, P¥>0.1, 2] %K%
GiitE L,

TER AN AL S (mapping ) 458 W0
Kprw (E3A) o SCONAML, BIAIZ L
SHEDETKR [ (0.89+0.12) mm/ms vs
(0.594+0.05) mm/ms. (0.28+0.07) mm/ms.
(0.55+0.10 ) mm/ms, P¥<<0.05, KI3B] ,
SRR [ (2.01£0.16) ms/mm vs
(4.43+0.35) ms/mm. (3.99+0.20) ms/mm,
(3.294+0.22) ms/mm, P#<<0.05, K3C] ; =
R E R GRS (K3D) .

2.4 ILIREMT

SAHMRBAE O EEE R WE4A
M3 LVEFCON, MIMIM24], BF T
& (40.40% +2.24% vs 54.72% +1.64% .
46.00% +4.41%H154.68%+3.38%, K4B) .
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Fig. 2 Electrocardiogram and statistical results of each group

M2 M3

M2 M3

A: Typical electrocardiogram; Arrows showed: T-wave flattening and duration extension in each model group; B-C: Statistical results of PR interval
and QT interval; CON: Control group; M1: Model group 1; M2: Model group 2; M3: Model group 3; ***: P<(0.001, compared with each other; ****:
P<0.000 1, compared with each other; Data were expressed as X s. ns: No statistical significance.
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Tab.2 Comparison of echocardiography and electrocardiogram parameters in each group

Item

CON

M1

M2

M3

LVID‘/mm
LVID/mm
LVPW‘/mm
LVPW/mm
IVS/mm
IVS/mm
LVEF/%
LVFS/%

P wave duration/s
PR interval/s

QRS duration/s

3.7524+0.1339
2.706 6+0.104 7
0.7150+0.0457
0.990 9+0.027 5
0.78721+0.075 6
1.200 440.039 3
54.72294£1.635 1
27.880 8+1.050 3
0.014 040.001 3
0.042 34:0.000 9

0.011240.001 0

3.738940.1520
2.7070+0.142 0
0.639310.056 6
0.68631+0.019 6
0.822 8+0.100 7
1.1303+0.1824
46.009 314.413 7
22.568 3+2.503 1
0.012 040.000 7
0.052 740.007 9

0.010 540.000 8

3.4278+0.157 4
2470 140.1242
0.710240.013 1
0.916 140.030 3
0.778 240.049 9
0.951 740.027 9
54.68431+3.375 4
27.8579+2.2027
0.012 140.000 3
0.062 040.001 2

0.010 5+0.000 1

3.247340.2298
2.486240.180 3
0.717240.048 3
0.927 04+0.071 7
0.727 34+0.053 9
0.940 540.046 2
40.396 6+2.240 7"
19.3955+1.207 5
0.015 340.001 2
0.064 240.003 8"

0.010 3+0.000 6

*
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Ttem CON

M1 M2 M3

QT interval/s 0.022 04-0.000 9

QTc interval/s 0.041 9£0.002 0

RR interval’/s 0.148 5£0.008 6

0.038 6+0.004 4"
0.072 1£0.007 5"

0.152240.007 6

0.044 440.003 0 0.047 540.000 2"

0.848 1£0.003 4~ 0.637 7£0.004 2

0.143340.011 7 0.164840.017 5

LVID: Left ventricular diameter; LVPW: Left ventricular posterior wall thickness; IVS: Thickness of ventricular septum; LVEF: Left ventricular
ejection fraction; LVFS: Left ventricular shortening fraction. d: Diastolic; s: Systolic; *: P<<0.01, compared with CON group; **: P<<0.000 1,

compared with CON group.
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Fig.3 Ventricular epicardial electrical conduction images and statistical results of mice in each group

A: Mapping diagram; B-D: Mapping statistical results; CON: Control group; M1: Model group 1; M2: Model group 2; M3: Model group 3; *: P<0.05,
compared with each other; ****: P<(0.000 1, compared with each other; Data were expressed as X+ s. ns: No statistical significance.
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I A 4% F B IS5 N T-proBNP . ¢ TnlH LA
TEATT B 25 280 WL 155 780 v 52 56 X6 52 .0 T BE A
O GIACE 2% BT R A A 4 TN T-

proBNP/KF [ M141 (1271.36+11.76 ) pg/mL.
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Fig. 4 M-model ultrasound images and statistical results of parasternal left ventricle in short axis section of mice in each group

A: M-model ultrasound images of parasternal left ventricle in short axis section in each group; B-C: The statistical results of LVEF and LVFS; CON:
Control group; M1: Model group 1; M2: Model group 2; M3: Model group 3; **: P<0.01, compared with each other; Data were expressed as X 5. ns:
No statistical significance.
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A: NT-proBNP; B: NT-proBNP; CON: Control group; M1: Model group 1; M2: Model group 2; M3: Model group 3; ****: P<0.000 1, compared
with each other; Data were expressed as X+ s. ns: No statistical significance.
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Fig. 6 H-E staining and Masson staining of left ventricular tissue in each group

A: H-E staining and Masson staining; B: Cardiomyocyte vacuoles number; C: Fibrotic condition; CON: Control group; M1: Model group 1; M2:
Model group 2; M3: Model group 3; ***: P<0.001, compared with each other; ****: P<0.000 1, compared with each other; Data were expressed as

X=s. ns: No statistical significance.
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