Administration of nicotinamide mononucleotide alleviates doxorubicin-induced cardio-renal injury in mice.
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Introduction. Doxorubicin (DOX), a widely used chemotherapeutic agent, exerts deleterious effects on multiple organs, including the heart and kidneys. We previously demonstrated that cardiomyocyte-specific deletion of the NAD+-dependent deacetylase Sirtuin-1 exacerbates DOX-induced cardiotoxicity in mice.
Aims. This study aimed to investigate the effects of nicotinamide mononucleotide (NMN), a biosynthetic precursor that enhances intracellular NAD+ levels and thereby supports activity of Sirtuins, on DOX-induced cardiac and renal injury.
Methods. Male C57BL/6N mice were randomly assigned to three groups: vehicle, DOX, and NMN+DOX. DOX (5 mg/kg, IP) was administered once weekly for four weeks to the DOX and NMN+DOX groups. NMN (500 mg/kg, IP) was administered to the NMN+DOX group 30 minutes before and 2 days after each DOX injection. 
Results. Body weight gradually declined in the DOX group compared to the vehicle group, whereas NMN treatment partially preserved body weight. Left ventricular fractional shortening (FS) and the heart weight-to-tibia length ratio (HW/TL) were reduced in the DOX group (FS: 28.5 ± 0.7 %; HW/TL: 4.4 ± 0.1 mg/mm) compared to the vehicle group (FS: 36.1 ± 0.7%; HW/TL: 5.3 ± 0.2 mg/mm) but were significantly preserved in the NMN+DOX group (FS: 35.3 ± 1.3%; HW/TL: 4.9 ± 0.1 mg/mm). NMN treatment attenuated the DOX-induced upregulation of myocardial Nppb mRNA expression (relative expression: 1-, 2.1-, and 1.6-fold in the vehicle, DOX, and NMN+DOX, respectively). NMN attenuated DOX-induced renal tubular injury, as evidenced by reduced NGAL immunostaining. Histological analysis also revealed that NMN prevented DOX-induced mitochondrial fragmentation in renal tubular cells. Immunostaining for LC3, a marker of autophagosomes, showed that DOX-induced accumulation of LC3 dots in both cardiomyocytes and renal tubular cells, suggesting disturbed autophagy via suppressed autophagosome degradation. NMN treatment reduced LC3 dot accumulation in tubular cells but not in cardiomyocytes.
Discussion. NMN administration mitigates DOX-induced cardiotoxicity and renal tubular injury in mice. The protective effects of NMN in the kidney may be associated with restored autophagic activity in tubular cells, while a different mechanism may underlie its cardioprotective effects.
