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Introduction: Doxorubicin (DOXO) is one of the most successfully antineoplastic drugs used to treat different type of malignancies. 
Furthermore, the chronic administration of DOXO induces cardiotoxicity which over time causes a cardiomyopathy that leads 
to congestive heart failure. The intramyocardial production of reactive oxygen species (ROS) is the well known and the main 
mechanism by which DOXO injures myocardium. Icariin (ICA), a flavonoid isolated from Epimedium brevicornum Maxim, has 
been demonstrated to have cardiovascular protective effects, however, less is known about its potential role against DOXO 
cardiotoxicity. Thus, we have investigated whether ICA protects rat cardiac H9C2cells against DOXO-induced oxidative stress, 
and subsequent cell death, through the modulation of TLR4/caveolin-1/LOX-1pathway.

Methods: Rat heart-tissue derived H9c2embryonic cardiac myoblasts cells were pre-treated with different doses of ICA and 
after 3h, DOXO was used to treat cells at different doses and for different time lapse. To evaluate the effect of ICA on DOXO 
cytotoxicity H9C2cells were treated with DOXO 0.1-1and 3µM for 18- 24and 48h, or pre-treated with ICA 1-5-10-20-50 and 
100 µM for 3h and an MTT assay was performed. To quantify apoptotic cells, flow cytometry was used. After pre-treatment 
for 3h with ICA 1µM or 5µM, and treatment with DOXO 1µM for 24h, the cells were stained with V500 Pacific Blue-coupled 
Annexin V protein and Propidium Iodide. Cells stained with Annexin V alone were considered apoptotic. Moreover, H9c2cells 
were seeded into 6-well plates on a coverslip and treated as above. At the end of the experimental period the cells were fixed 
with formalin 4% and ROS production was determined by using a fluorescent probe. DAPI was used for nucleic acid staining. 
Cell images were observed by confocal microscopy. Finally, proteins were separated by western blotting and the membrane 
were incubated overnight with primary antibody against toll-like receptor 4(TLR-4), Lectin like ox-LDL receptor-1(LOX-1), 
Caveolin-1, Beclin-1, LC3and p-62.

Results: In our study we identified the experimental time point and the sub-lethal dose of DOXO able to trigger a reduction in 
cell viability and sufficient to cause the massive production of ROS and a significant apoptotic death in H9c2cells. We, also, 
identified the minimum effective dose of ICA able to significantly preventing the reduction of cell viability and DOXO-induced 
ROS production. Moreover, we shown a significant anti-apoptotic activity exerted by ICA against DOXO-induced cell death. 
Intriguingly, for the first time, we identify one feasible molecular mechanism through which ICA could exerts a protective effect 
on H9c2cells. Indeed, our results shown a significant reduction of expression levels of TLR-4, LOX-1, Caveolin-1and iNOS 
accompanied by an downreulation of the main pro-autophagic markers Beclin-1, LC3and p62.

Discussion: We demonstrated the strong antioxidant and cardioprotective role of ICA against DOXO-induced ROS overproduction 
that triggers the activation of different signaling pathways leading to cardiomyocytes death. Moreover, we demonstrated for the 
first time, that ICA exerts its cardioprotective effects by interfering with a signalling pathway that involves the upregulation of 
TLR-4.  During an inflammatory response TLR-4modulates Caveolin-1, whose activation is linked to oxidative stress increase 
and LOX-1overexpression leading to hyperactivation of pro-inflammatory and pro-apoptotic markers. Finally, our data shown 
that ICA is able to counteract the iper-activation of the main pro-autophagic markers as Beclin-1, LC3and p62promoting, 
nevertheless, the maintenance of the protective autophagic process.

Conclusion: These data suggest that ICA could have beneficial effects in attenuating cardiotoxicity in patients requiring 
anthracycline chemiotherapy.


