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A novel mechanism for metal-independent
production of hydroxyl radicals

ZHU Ben-Zhan

State Key Laboratory of Environmental Chemistry and Eco-toxicology, Research Center for Eco-Environmental Sciences,
Chinese Academy of Sciences, Beijing 100085, China

The hydroxyl radical ("OH) has been considered to be one of the most reactive oxygen species
produced in biological systems. It has been shown that *OH can cause DNA, protein, and lipid
oxidation. One of the most widely accepted mechanisms for *“OH production is the transition metal-
catalyzed Fenton reaction. Pentachlorophenol (PCP) has been widely used as a wood preservative.
Using the salicylate hydroxylation assay and electron spin resonance (ESR) spin-trapping methods,
we found that *OH can be produced by H,0, and tetrachloro-1, 4-benzoquinone (TCBQ) (one of the
major carcinogenic metabolites of PCP) independent of transition metal ions. Further studies
showed that TCBQ, but not its corresponding semiquinone radical, the tetrachlorosemiquinone
radical (TCSQ?®), is essential for *OH production. The major reaction product between TCBQ and H,O,
was identified to be the ionic form of trichloro-hydroxy-1, 4-benzoquinone (TrCBQ-OH), and H,0O,
was found to be the source and origin of the oxygen atom inserted into the reaction product
TrCBQ-OH. Based on these data, we propose that *OH production by H,O, and TCBQ is not through
a semiquinone-dependent organic Fenton reaction, but rather through the following novel
mechanism: a nucleophilic attack of H,O, on TCBQ, forming a trichloro- hydroperoxyl-1,
4-benzoquinone (TrCBQ-OOH) intermediate, which decomposes homolytically to produce °‘OH.
These findings represent a novel mechanism of ‘OH formation not requiring the involvement of
redox-active transition metal ions, and may partly explain the potential carcinogenicity of widely
used biocides such as PCP and other polyhalogenated aromatic environmental pollutants.

hydroxyl radical, pentachlorophenol, electron spin resonance (ESR) spin-trapping method, tetrachloro-1, 4-benzoquinone,
hydrogen peroxide
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