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FEFE (P<0.05), MDA /KFRERFL (P<0.05), GSHI/KFREFE (P<0.05), LI T HA ROS 4 iy B2
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Abstract: Objective To investigate the effects and mechanism of breviscapine against doxorubicin-induced cardiotoxicity in vivo
and in vitro. Methods  In vivo, C57BL/6 mice were randomly divided into control group, model group, dexrazoxane (12 mg/kg) group
and breviscapine low-, medium- and high-dose (4, 8, 16 mg/kg) groups, drugs were given for intervention for 3 weeks, hematoxylin-
cosin (HE) staining was used to observe the pathological changes of myocardial tissue in mice; ELISA method was used to detect the
amino-terminal pro-B-type natriuretic peptide (NT-proBNP) level in plasma; Metabolic pathways and major metabolites were studied
by ultra-high performance liquid chromatography/quadrupole time-of-flight mass spectrometry (UHPLC/Q-TOF MS). In vitro
experiments, rat cardiomyocytes H9c2 were randomly divided into control group, adriamycin group, dexrazoxane group and
breviscapine group. After treatment, malondialdehyde (MDA) and glutathione (GSH) levels were detected to observe the antioxidant
capacity of H9¢2 cells; TUNEL and Annexin V-FITC/PI double staining were used to detect the apoptosis of cells in each group;
Western blotting was used to detect nuclear factor E2 related factor 2 (Nrf2), adenylate-activated protein kinase (AMPK) and Ras
homolog gene family member A (RhoA) protein expressions of H9¢2 cells. Results Compared with control group, NT-proBNP level
in plasma of mice in model group was significantly increased (P < 0.05), myofibrils were disordered, ruptured and wavy degeneration
of myocardial fibers occurred in myocardial tissue; Compared with model group, morphological damage of myocardial tissue in
breviscapine group and dexrazoxane group was alleviated, and NT-proBNP level in plasma was significantly decreased (P < 0.05).
Metabolomics analysis screened out 16 significantly altered metabolites as potential biomarkers, involving metabolic pathways such
as amino acid metabolism, lipid metabolism and regulation of inflammatory factors. In H9c2 cells, GSH level was significantly
decreased (P < 0.05), MDA level was significantly increased (P < 0.05), apoptosis rate of cardiomyocytes was significantly increased
(P <0.05), RhoA and Nrf2 protein expressions in adriamycin group were significantly decreased (P < 0.05), AMPK protein expression
was significantly increased (P < 0.05). Compared with doxorubicin group, survival rate of cells in breviscapine group and dexrazoxane
group was increased (P < 0.05), MDA level was significantly decreased (P < 0.05), GSH level was significantly increased (P < 0.05),
apoptosis rate and ROS generation of cardiomyocytes were significantly decreased (P < 0.05), RhoA and Nrf2 protein expressions
were significantly increased (P < 0.05), AMPK protein expression was significantly decreased (P < 0.05). Conclusion Breviscapine
maintains cellular redox state and inflammatory level by regulating lipid metabolism, amino acid metabolism and inflammatory factor
levels, restores myocardial cell homeostasis, inhibits doxorubicin-induced cell damage and apoptosis, and relieves cardiac toxicity, and
breviscapine may protect impaired cardiac function through neuroactive ligand-receptor interactions. Breviscapine may be a promising
cardioprotective agent.
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Fig. 1 Effect of breviscapine on myocardial function and tissue of mice induced by doxorubicin
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Table 1 Differential metabolites between model group and control group

Lkl E AN L) 5y T2 AEXS 43 T tr/min mlz i
1 prostaglandin F2a C20H3405 354.239 85 13.688 355.247 01 tr
2 L-asparagine C4HgN203 132.053 15 1.341 155.042 31 v
3 L-arginine CeH14N4O2 174.112 03 1.945 173.104 75 i
4 L-kynurenine Ci0H12N203 208.084 20 5.315 209.091 51 te
5 valine CsHiNO2 117.078 82 1.884 118.086 11 i
6 taurine C2H7/NOsS 125.015 02 1.316 124.007 77 i
7 DL-arginine CeH14N4O2 157.084 61 1.303 158.092 10 i
8 D-phenylalanine CoH1iNO2 165.078 71 9.459 166.086 04 i
9 O-aceyl-L-serine CsHoNOa4 147.052 92 1.331 148.060 06 V

10 L-threonine C4HoNO3 119.058 58 1.353 118.051 31 V"
11 2-furoylglycine C7H7NO4 169.035 45 1.263 168.028 27 V"
12 creatine C4HoN302 131.069 20 1.372 132.076 43 V"
13 LPE 16 1 C21H42NO7P 451.268 77 14.511 452.276 28 V"
14 LPI18 I 1 C27H51012P 598.312 56 14.740 597.305 80 te
15 LPS22:6 C28H44NOoP 569.275 85 14.433 568.267 80 V"
16 PC (18 © 1e/22 : 4) CasHssNO7P 881.655 23 16.300 880.646 55 V"
1 FRTE | RORBEE TP<<0.05
1 means increase; | means decrease P < 0.05
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