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Free-Radical Chemistry of Sulfite
by P. Neta* and Robert E. Huie*

The free-radical chemistry of sulfite oxidation is reviewed. Chemical transformations of organic and
biological molecuzles induced by sulfite oxidation are summarized. The kinetics of the free-radical oxidations
of sulfite are discussed, as are the kinetics of the reactions of the sulfite-derived radicals 80, and the peroxy

derivative S0, with organic compounds.

Sulfur dioxide is a major air pollutant, formed pri-
marily during the combustion of fossil fuels. Other
sources include natural gas scrubbing, the oxidation of
naturally emitted reduced sulfur compounds, and smelt-
ing of sulfide ores (1). Sulfur dioxide is water-soluble,
forming bisulfite and sulfite

SOz aq = H* + HSO;
HSO; =2 H* + S03-

pK, = 1.86 (2) M
pK, = 1.2 (8 @

and at very high concentration, disulfite.

HS0; + SOpraq & HS,0; pK, = 15 (4) 3
At any physiologieal pH, sulfite and bisulfite will both
be important forms of S(IV). We will use primarily the
term sulfite to refer to the equilibrium mixture, except
when referring specifically to bisulfite, The term S(IV)
will be used to include other eompounds containing sul-
fur in the 44 oxidation state.

Sulfur dioxide can produce bronchoconstriction upon
inhalation, particularly in asthmatics and during exer-
cise (5,6). In addition to inhalation of SO,, sulfite can
enter the body due to its use as a preservative in food,
wine, and medications. Finaily, sulfite is a likely inter-
mediate in the metabolism of sulfur containing amino
acids such as methionine and cysteine.

Both liver and lung tissues contain the enzyme sulfite
oxidase which catalyzes the oxidation of sulfite to sul-
fate. This has led to two contrary views of the possible
physiological consequences of ingested sulfite. One point
of view is that the body contains sufficient sulfite oxidase
to detoxify any reasonably likely dose of sulfite from
either inhaled atmogpheric SO; or from food additives
(7). The other view is that sulfite reaches the blood and
forms S-sulfocysteine, RSS0;™ and, therefore, the sub-
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sequent chemistry of S(IV), at least as the S-sulfocy-
steine, must be considered (8). Further, epidemiological
evidence suggests a relation between 80, and lung can-
cer in workers exposed to arsenic and animal studies
on benz(a)pyrene correlate cancer development with
S0, exposure (8).

Sulfite is a strong nucleophile and reacts with many
biomolecules by substitution at electrophilic positions.
These reactions have been reviewed by Petering (8} and
will not be discussed here, other than the reaction of
bisulfite with cystine [Eq. (4)].

RBSR + HSO; = R880; + RSH 4)

This reaction has an equilibrium constant of 0.089 at pH
7.75 and 37°C (9). The large concentration of RSSR
causes most sulfite in the bleod to be bound as S-sul-
focysteine, RSS805~. As Petering points out, the bio-
chemistry of HSO3™ becomes the biochemistry of
RSS0,™ beyond the lung.

Because of the above equilibrium, however, S-sulfo-
cysteine may act as a reservoir for sulfite; when it
reaches cells in which RSH is in greater abundance than
RSSR, e.g., liver cells, where RSH:RSSR = 10P-10°
(10), the equilibrium may shift to the left to produce
sulfite.

The present review deals exclusively with elements
of the radical chemistry of sulfite. In light of the dis-
cussion above, it might appear that radical reactions
initiated by sulfite are likely to be unimportant. There
are, however, two possible sources of radicals from sul-
fite that can be considered.

First, the lung and the rest of the respiratory system,
being rich in oxygen, provide an environment for the
autoxidation of sulfite before it can either be removed
by sulfite oxidase or converted to S-sulfocysteine. The
autoxidation of sulfite may be initiated by trace metal
ions or certain enzymes and clearly involves free radi-
cals (11,12). The second possible source of radicals is






