
Background
Colistin is an antibiotic that belongs to the polymyxin 
family. It has reemerged as a treatment of last resort 
against multi-drug resistant gram-negative bacterial 
infections. Colistin exerts its antibacterial activity through 
disruption of gram-negative bacterial cell wall harboring 
lipopolysaccharides. Nephrotoxicity remains the most 
daunting and limiting adverse effect of colistin therapy that 
often leads to treatment discontinuation and mortality in 
high-risk patients. Our current understanding of colistin-
induced nephrotoxicity is very limited and there is no 
known approach to abolish or mitigate this challenging 
adverse effect, apart from dose manipulation or treatment 
discontinuation. Nephrotoxicity occurs secondary to 
accumulation of colistin in the renal proximal tubular 
epithelial cells.
Main Body
Mechanistically, colistin exerts endoplasmic reticulum and 
ribotoxic stress through inhibition of molecular chaperone 
activity, interference with eukaryotic ribosomal function 
and accumulation of unfolded protein in the lumen of the 
endoplasmic reticulum. Activation of maladaptive unfolded 
protein response is involved in the downregulation of Akt
mediated survival signaling, heightened mechanistic target 
of rapamycin complex 1 signaling and activation of 
apoptosis. Recent studies have shown that colistin 
dissipates the mitochondrial membrane potential of 
isolated mitochondria, indicating that colistin may exert 
direct damage to the mitochondria. Colistin induces 
oxidative stress through reduction in the expression of 
nuclear factor-erythroid 2 related factor 2, as well as 
increased reactive oxygen species formation through 
upregulation of nicotinamide adenine dinucleotide 3-
phosphate oxidases and mitochondrial superoxide 
production. Colistin activates the mitogen-activated protein 
kinases that are involved in autophagy and apoptosis. 
Moreover, colistin upregulates nuclear factor kappa B, 
activates the inflammasome pathway and perturbs the 
balance between survival-promoting and death-promoting 
growth factors. 
Objectives
In this study, we have presented and integrated the major 
in vitro and in vivo mechanistic studies undertaken in the 
past decade to study colistin-induced nephrotoxicity. In 
addition, we have suggested a possible unifying mechanism 
for colistin renal toxicity based on the emerging concept of 
cross-organelle stress response. Finally, we have 
highlighted significant gaps in our current understanding of 
colistin-induced nephrotoxicity, and possible areas for 
future research that may prove critical in rescuing this very 
important class of antibiotics
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Although the exact mechanism through which colistin induces renal toxicity remains elusive, 
the studies reviewed in this article can form the basis for future elucidation of the exact 
mechanism of colistin renal toxicity. Moreover, pinpointing the mechanistic pathway of toxicity 
presents a unique opportunity for logical choice of natural and synthetic compounds that can 
exert a potential protective effect against colistin-induced nephrotoxicity.
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Proposed unifying mechanism for colistin-induced nephrotoxicity. In
the face of perturbed proteostasis, the ER upregulates protein
folding and increases Ca2+ flux to the mitochondria through
mitochondrial-associated ER membranes. Mitochondrial
Ca2+increases oxidative phosphorylation to produce ATP needed to
support the energy consuming oxidative protein folding in the ER.
Failure to reestablish proteostasis leads to mitochondrial Ca2+

overload, impairment of mitochondrial oxidative phosphorylation
and accumulation of mitochondrial ROS. Colistin induces
mitochondrial dysfunction through mitochondrial-specific oxidative
stress. Upregulated protein folding in the ER leads to upregulation
of PDI that increases the expression of ER NOXs. Colistin-induced
ERS hyperoxidizes the ER. Leakage of Ca2+ to the cytosol and
excessive ROS produced by NOXs activate the cytosolic Drp1
inducing it to accumulate at the outer mitochondrial membrane to
initiate mitochondrial fragmentation. The fragmented mitochondria
dissociate from the ER, leading to loss of CORE. Without the CORE
the ER cannot maintain protein folding and the physiological
functions of renal PTECs cannot be sustained, thus apoptosis or
necrosis are activated. ROS produced from excessive protein folding
can damage the nuclear DNA and potentiate colistin-induced
oxidative stress.
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