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Background: Human endothelial cells are the first cells that come in 

direct contact with a drug after intravenous application. These cells 

are usually in a quiescent state in which they fill their energy demands 

through glycolysis. Upon the presence of stress or pathologic 

changes, they can quickly adapt and differentiate into proliferative 

cells. This increases energy demand, which pushes the cells to 

increase energy production through oxidative phosphorylation. 

Mitochondrial respiration leads to oxidative stress, which is the 

principal risk factor for the development of endothelial dysfunction. 

Thus, the modulation of energy metabolism has great potential in 

preventing cardiovascular disease. 

Methods: Here, we studied the effect of selected drug substances 

on the energy metabolism in the human endothelial cell line EA.hy926 

under physiological (pH 7.4) and acidic (pH 7.2) conditions. The 

extracellular flux analyzer Agilent Seahorse XFe24 enabled us to 

observe the extracellular acidification rate (glycolysis) and the 

oxygen consumption rate (mitochondrial respiration) in real time. We 

used substances from four different pharmacological groups: non-

opioid analgesics (paracetamol, ibuprofen, acetylsalicylic acid), anti-

psychotics (haloperidol, fluphenazine, risperidone), antidepressants 

(citalopram, amitriptyline, fluoxetine) and substances with vascular 

effects (adrenaline, N ω-nitro-L-arginine, acetylcholine, sildenafil). 

Following a literature review, we selected concentrations in the range 

corresponding to upper therapeutic or low-toxic plasma levels. In 

parallel, we tested the cell viability under the same experimental 

conditions with a resazurin reduction assay. 

Results: Our results showed that paracetamol altered oxidative 

phosphorylation in the endothelium. Ibuprofen demonstrated a 

damaging effect on mitochondria, presumably due to uncoupling 

electrochemical potential on the inner mitochondrial membrane 

leading to increased production of reactive oxygen species. Also, 

acetylsalicylic acid was mitotoxic to endothelial cells in acidic 

conditions. Interestingly, our experiments showed a correlation 

between nitric oxygen (NO) levels and glycolysis. Inhibition of 

endothelial nitric oxide synthase (eNOS) with N ω-nitro-L-arginine 

increased the rate of glycolysis. Decreased levels of NO are a 

common feature of endothelial dysfunction, thereby suggesting that 

glycolysis enzymatic systems are potential new therapeutic targets. 

Other studied drug substances did not affect the energy metabolism 

of endothelial cells; thus, they did not exhibit any mitochondrial 

toxicity. 

Discussion: Our results showed that some of the studied drug 

substances, which are not cytotoxic on routine tests of cell viability, 

can act mitotoxic with unfavorable effects on the energy phenotype 

of endothelial cells. 
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