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Visnagin Protects Against Doxorubicin-Induced Cardiomyopathy Through Modulation of 

Mitochondrial Malate Dehydrogenase 

Anthracyclines such as doxorubicin are potent chemotherapeutic agents used to treat a number of 

common malignancies. However, their use is limited by dose-dependent cardiotoxicity that can 

lead to congestive heart failure. The molecular pathways responsible for this cardiotoxicity have 

not been clearly defined, and most cardioprotective therapies proposed to date have failed to 

demonstrate a significant clinical benefit. 

To tackle this problem, our laboratory established a zebrafish model of doxorubicin 

cardiomyopathy and identified the small molecule visnagin as a potent suppressor of this 

phenotype1. In cultured cells exposed to doxorubicin, co-treatment with visnagin decreases 

apoptosis in cardiomyocytes but does not affect apoptosis in breast cancer cells. Likewise, 

visnagin preserves cardiac function in acute and chronic doxorubicin cardiomyopathy models in 

mice, but it does not affect doxorubicin’s tumoricidal activity in mouse and zebrafish xenograft 

models. 

Using affinity chromatography, we discovered that visnagin binds to mitochondrial malate 

dehydrogenase (MDH2), a key enzyme in the tricarboxylic acid cycle. Treatment with the 

MDH2 inhibitors mebendazole, thyroxine, iodine, and differentiation-inducing factor-1 (DIF-1) 

also prevents the development of doxorubicin cardiotoxicity in zebrafish, suggesting that MDH2 

inhibition is responsible for visnagin’s cardioprotective effects. Moreover, treatment with L-

malic acid itself protects against doxorubicin cardiomyopathy. In addition to its role in the TCA 

cycle, MDH2 is one of the key enzymes in the malate-aspartate shuttle (MAS), which allows for 

the transport of reducing equivalents across the inner mitochondrial membrane in the mammalian 

heart. Coadministration of the MAS inhibitor aminooxyacetate (AOA) protects zebrafish from 

the development of doxorubicin cardiotoxicity, suggesting that visnagin’s cardioprotective 

effects may be related to MAS inhibition. Ongoing work in our laboratory seeks to define the 

metabolic changes associated with doxorubicin cardiotoxicity and the mechanisms by which 

visnagin alters these pathways to offer cardioprotection.   
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