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Figure 1. Main biotransformation pathways of Cr complexes (based on data from 
[1,8,10,16–18] and references therein). 

membranes through anion channels, due to its structural similarity to [SO4]2  and 
[HPO4]2  ions, while insoluble chromates, such as PbCrO4, are likely to enter cells 
through phagocytosis. Inside the cell, Cr(VI) is reduced to Cr(III) by cellular re-
ductants (listed in Fig. 1) with the formation of reactive Cr(V) and Cr(IV) interme-
diates. Such intermediates can be relatively long lived due to their stabilization by 
a variety of intracellular ligands (listed in Fig. 1; see §2 for details). Chromium(V) 
intermediates produced during the extracellular reduction of Cr(VI) are likely to 
bind to sialoglycoprotein residues on the cell surface (see §2.3), and can then be 
transported across the cell membrane [16]. Although Cr(III) is usually considered 
as a stable final product of Cr(VI) reduction in biological media, both extra- and 
intracellular re-oxidation of Cr(III) to Cr(VI) (through Cr(IV) and Cr(V) interme-
diates, Fig. 1) can occur under pathological conditions (e.g., inflammation or dia-
betes) involving chronic oxidative stress. Such re-oxidation is likely to be involved 
in the Cr(III)-induced enhancement of glucose metabolism in Type 2 diabetics (not 
observed in healthy individuals) [8]. 

Reactions of cellular reductants with Cr(VI), Cr(V), and Cr(IV) species pro-
duce organic radicals, which can then react with molecular oxygen, leading to in-
creases in cellular levels of reactive oxygen species (ROS, Fig. 1) and to oxidative 
stress. However, the main results of Cr(VI) reduction to Cr(III) in the cytoplasm, or 
within the cell membrane, are likely to be the detoxification of Cr(VI) and the acti-
vation of certain cell-signaling pathways, including the insulin pathway that leads 
to enhancement of glucose metabolism [8,17]. The effects of Cr(VI) on cell signal-
ing can be either direct (through the reactions of Cr(VI) and Cr(V) species with 


