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Metabolomics profiling of doxorubicin-induced cardiotoxicity in mice with
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Abstract Cardiotoxicity of cancer chemotherapeutics has received considerable attention in recent years. How-
ever, the effects of chemotherapy on cardiometabolic perturbation with lung injury have rarely been reported.
Thus, we constructed a mouse model of myocardial injury superimposed on lung injury with a combination of
bleomycin (BLM) and doxorubicin (DOX). C57BL/6] mice were randomly divided into four groups: control group
(CON), BLM group (intratracheal infusion with single doses of 5 mg/kg), DOX group (intraperitoneal injection of
7. 5 mg/kg/week, two weeks) and DOX+BLM group. The cardiac injury of mice was evaluated by serum biochem-
ical parameters and histopathology. Cardiometabolic perturbation was investigated using gas chromatography-
mass spectrometry (GC-MS) and liquid chromatography with tandem mass spectrometry (LC-MS). The results
showed that, compared with the CON group, BLM alone caused lung injury yet with no significant effects on the
cardiometabolic profile; DOX alone had significant perturbations in the cardiometabolic profile, and the main dif-
ferential metabolites were amino acids, fatty acids, phospholipids, etc.; the combination of BLM and DOX
caused more severe disturbance of cardiometabolic homeostasis in mice, especially accumulation of branched-

chain amino acids. This study confirmed that DOX can lead to more significant changes in the cardiometabolic
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profile in the presence of lung injury, with an initial focus on the branched-chain amino acid metabolic pathway.

This research provides scientific data for in-depth study of the cardiotoxicity mechanism of chemotherapeutic

agents.
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Figure 1 Doxorubicin (DOX) and bleomycin (BLM)-induced toxicity on mouse hearts and lungs

A: Schematic of the animal model; B: Body weight changes of mice during the experiment; C, D: Lung indicators of mice among four groups; E: H&E

staining of lung tissues; F: Heart indicators; G, H: Cardiac markers of mice; I: H&E staining of heart tissues (¥ + s, CON, n = 6; BLM, n = 8; DOX, n =

8; DOX+BLM, n = 8). One-way ANOVA
P <0.05, 7P <0.01
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Figure 2 LC-MS and GC-MS data of untargeted metabolomics analysis

A: Typical total ion chromatograms (TICs) of mouse heart samples; B: PCA score plots from LC-MS and GC-MS data; C, D: Peak area of internal stan-

dard in all samples from LC-MS and GC-MS
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Table 1 Differential metabolites in mouse hearts after administration

No Name HMDB ID Category BLM »s CON  DOX vs CON  DOX+BLM vs DOX
1 Leucine’ HMDB0000687 Amino acids i
2 Isoleucine” HMDB0000172 Amino acids 1 1
3 Valine" HMDB0000883 Amino acids i
4 Tyrosinc* HMDBO0000158 Amino acids l
5 Phenylalanine” HMDBO0000159 Amino acids 1
6 Aspartic acid” HMDB0000191 Amino acids 1 1
7 Threonine” HMDB0000167 Amino acids 1 1
8 Lysine” HMDB0000182 Amino acids 1 1
9 Methionine” HMDB0000696 Amino acids 1

10 Valine” HMDB0000883 Amino acids 1

11 Serine” HMDB0000187 Amino acids 1

12 Glutamine” HMDB0000641 Amino acids i

13 Glutamic acid” HMDB0000148 Amino acids ! l

14 Glucose” HMDB0000122 Carbohydrates ! 1

15 Ribose HMDB0000283 Carbohydrates 1

16 Ribose-5-phosphate HMDB0001548 Carbohydrates 1

17 Glucose 6-phosphate HMDB0001401 Carbohydrates !

18 Fructose 1,6-bisphosphate HMDB0001058 Carbohydrates !

19 Gluconic acid HMDB0000625 Carbohydrates !

20 Threonic acid HMDB0000943 Carbohydrates 1

21 Succinic acid’ HMDB0000254 Organic acid il

22 Pantothenic acid HMDB0000210 Vitamins i

23 Inosine” HMDB0000195 Nucleosides i

24 Uridine HMDB0000296 Nucleosides !

25 Guanosine HMDB0000133 Nucleosides i

26 Inosinic acid HMDB0000175 Nucleotides !

27 Adenosine monophosphate HMDB0000045 Nucleotides 1

28 €22:5 HMDB0001976 Fatty acids 1

29 C24:6 HMDB0013025 Fatty acids 1

30 Acetylcarnitine” HMDB0000201 Fatty acid esters l

31 LysoPE(16:0) HMDBO0011503 Lysophospholipids 1 |

32 LysoPE(18:0) HMDBO0011130 Lysophospholipids 1 |

33 LysoPE(18:1) HMDB0011505 Lysophospholipids 1

34 LysoPE(18:2) HMDB0011507 Lysophospholipids !

35 LysoPE(20:4) HMDB0011487 Lysophospholipids 1

36 LysoPE(22:6) HMDB0011526 Lysophospholipids i

"The structure of metabolites is confirmed using commercial standards. T indicates an increase of metabolite level in model groups (BLM, DOX, or

DOX+BLM) compared to corresponding groups (CON or DOX) while | indicates a decrease trend of metabolite level

RS BLM FE I AR L DAL IA B T 7 5 L i bk
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WSAETETE2. 0 ~ 5.0 mg/kg BLM /5 14 ~ 28 d P 7]

4 it #

4.1 hihBA M E

WFFE A IR ST B B e e 250 I 2 1k, 44
HEAIE R SRR B OCHE B ARE TR IRTST AE
il B S S IR R 4R 245 05 SR AT SCRR, LT Tk
FH BLM 75 S Jifi 45 05 #45- FH DOX 1750 JIE A5 403 14 /)
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Figure 3

A: OPLS-DA score plots from LC-MS and GC-MS data (LC-MS: R*X = 0. 274, R*Y = 0. 997, (* = 0. 733; GC-MS: R’X = 0. 514, R*Y = 0. 923, (* =
0. 708); B: Heatmap of 26 differential metabolites between CON and DOX groups; C: Enriched pathways by the differential metabolites
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