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myocardial ischemia-reperfusion injury (MIRI) in mice using single-cell and spatial transcriptomics. Methods C57BL/6 mice were
randomly divided into sham group, model group, Compound Danshen Dropping Pills low-, medium-, and high-dose (61.43, 122.85,
245.70 mg/kg) groups, with 15 mice in each group. Mice were continuously given drug intervention for 7 d, and a MIRI model was
constructed using left anterior descending artery ligation reperfusion method 30 min after the last administration. Cardiac function was
assessed by echocardiography 24 h after surgery, and myocardial histopathology was evaluated by hematoxylin-eosin (HE) and Masson
staining. Hearts from sham group, model group, and Compound Danshen Dropping Pills medium-dose group were subjected to single-
cell and spatial transcriptomic analyses. Single cell transcriptomics was used for cell type identification, cardiomyocyte subpopulation
typing, differential gene expression analysis, pseudo temporal analysis, differential gene expression analysis and enrichment analysis.
Spatial transcriptomics analysis was used to identify the spatial transcriptomic features of MIRI and the characteristic genes of injury
boundary region. Western blotting was performed to detect the expression levels of nuclear receptor subfamily 3 group C member 1
(NR3C1), pyruvate dehydrogenase kinase 4 (PDK4), acyl-CoA synthetase long-chain family member 4 (ACSL4) and glutathione
peroxidase 4 (GPX4) in myocardial tissue of mice. Results Compared with sham group, the left ventricular ejection fraction (LVEF)
of mice in model group was decreased (P < 0.05), pathology showed significant necrosis of myocardial cells and increased collagen
fibers. Compared with model group, Compound Danshen Dropping Pills significantly improved the cardiac function of MIRI mice
(P <0.05), reduced myocardial injury and decreased collagen fibers. The results of single-cell transcriptomics indicated that Compound
Danshen Dropping Pills could increase the proportion of myocardial cells and reduce the proportion of fibroblasts and inflammatory
cells. Spatial transcriptomics revealed key genes involved in the spatial transcriptomic characteristics and damage boundary regions of
MIRI. Western blotting results showed that compared with sham group, the expression levels of NR3C1, PDK4 and ACSL4 proteins
in myocardial tissue of mice in model group mice were significantly increased (P < 0.05), while the expression level of GPX4 protein
was significantly decreased (P < 0.05). Compared with model group, the expression levels of NR3C1, PDK4 and ACSL4 proteins in
myocardial tissue of mice in Compound Danshen Dropping Pills group were significantly reduced (P < 0.05), while the expression
level of GPX4 protein was significantly increased (P < 0.05). Conclusion Compound Danshen Dropping Pills may alleviate MIRI
in mice by modulating myocardial metabolism and attenuating ferroptosis.
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injury; ferroptosis
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Fig.1 Effect of Compound Danshen Dropping Pills on cardiac function in MIRI mice (X £ s, n=35)
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Fig. 2 Effect of Compound Danshen Dropping Pills on myocardial histopathology in mice with MIRI
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A-UMAP dimensionality reduction map; B-expression heatmap of cell type specific marker genes; C-distribution characteristics of different cell types in
UMAP space; D-bar chart showing the relative proportions of different cell type in each group; E-absolute number and relative proportion bar chart of
different cell type in each group.
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Fig. 3 Single-cell transcriptomic landscapes of heart in mice with MIRI
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A-UMAP dimensionality reduction map of cardiomyocytes; B-number and proportion of subgroups of cardiomyocytes in each group; C-pseudotime

analysis based on Monocle2.
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Fig. 4 Dynamic transitions of cardiomyocyte subpopulations in mice with MIRI under Compound Danshen Dropping Pills

treatment
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expressed genes in various subgroups of myocardial cells, where model_up and model_down represent the upregulated and downregulated genes in model

group compared to sham group, and FDP_up and FDP_down represent the upregulated and downregulated genes in Compound Danshen Dripping Pills

group compared to model group; C, D-KEGG and GO enrichment analysis on differentially expressed genes between Compound Danshen Dropping Pills

group and model group.
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Fig. 5 Differential transcriptional signatures and functional enrichment analysis of cardiomyocyte subpopulations in mice

with MIRI under Compound Danshen Dropping Pills treatment
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A-UMAP dimensionality reduction results based on spatial transcriptome; B-space transcriptome slices show the spatial localization characteristics of the

different injury areas in cardiac tissue, the bar chart below compares the changes in proportion of each injury area in sham group, model group and

Compound Danshen Dripping Pills group.
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Fig. 6 Spatial transcriptomics reveals spatial division of different injury areas in MIRI and its alteration following

Compound Danshen Dropping Pills treatment
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Fig.7 Spatial transcriptomics reveals boundary signature
genes of MIRI
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A-myocardial tissue is spatially partitioned into ischemic zone (IZ), boundary zone (BZ) and distal zone (RZ) based on cardiac pathology slices, and a
spatial trajectory is constructed along the injury gradient; B-spatial expression heatmaps of representative feature genes Nppb and Ankrdl in heart slices
of model group and Compound Danshen Dropping Pills group show significant spatial enrichment features in boundary region; C-violin plot of expression
distribution of Nppb and Ankrd] in different spatial damage areas (IZ, BZ, RZ), quantitatively demonstrating their region specific transcriptional expression
differences; D-comparison of expression levels of Nppb and Ankrdl in sham group, model group and Compound Danshen Dropping Pills group; E-violin
plot of expression distribution of Ankrd1, Nppb, Gpx4 and Pdk4 in cardiomyocytes in single-cell transcriptome data center was used to verify the expression

characteristics of key feature genes in cardiomyocytes and their response to the intervention of Compound Danshen Dropping Pills.
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Fig. 8 Integrated spatial and single-cell transcriptomics reveal key boundary-zone signature genes of MIRI and their

expression patterns under Compound Danshen Dropping Pills treatment
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Fig. 9 Effect of Compound Danshen Dropping Pills on protein expressions of NR3C1, PDK4, ACSL4 and GPX4 in cardiac
tissue of MIRI mice (X+s,n=5)
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