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& Cigarette smoke contains free radicals in both the gas and
particulate (tar) phases

& Free radicals can induce damage to cells in physiological
media

& Free radicals in cigarette smoke have been suggested to
be responsible in part for the harmful effect of smoking

& Significant amount of dinydroxybenzenes is found in the tar
of main stream cigarette smoke

3 Dil can undergo idation to form
semiquinone radicals

Neutral Red Uptake Cytotoxicity Determination }

& Mouse embryo BALB/c 3T3 cells

& Cells were grown in Dulbecco’s Modified Eagle
Medium (DMEM) with 5% fetal calf serum (FCS)

B Test substances dissolved in dimethyl sulfoxide
(DMSO) or ethanol.

& Exposure of test substance to cells for 24 h.

3 Photometrical determination of viable cells which
have taken up by the neutral red within 3 h.

& Calculation of the equal effect concentration (ECs;)
from S-shaped logistic function of nonlinear
concentration-response curve.

EPR spectra of semiquinone radicals }
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{ Semiquinone radicals from HQ interaction }
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O Two different semiquinone radicals are observed depending
onthe concentration of 26DMHQ and reaction time

{ Free radicals in cigarette smoke }

[ Objectives

{ Strategy }

& Tar radicals: very stable, suggested to be
hydroguinone/semiquinone/quinone in a polymeric
matrix.

& Gas phase radicals: Unstable alkoxy, alkyl and

carboxyl radicals. Formed during a steady reaction in

the gas phase with nitric oxide as precursor.

Semiquinone radicals: Stable, formed from the

oxidation of dihydroxybenzenes.

Reactive oxygen species (ROS): Superoxide

radical anion, hydrogen peroxide, and hydroxyl

radical. Generated during the oxidation of smoke
constituents.

o

o

OEvaluate the cytotoxicity of pure compounds found in
the tar (particulate phase) of cigarette smoke.

OEvaluate the potency of the dihydroxybenzenes to
generate semiquinone radicals.

ODetermine if there is a contribution of semiquinone
radicals to the cytotoxicity of the dihydroxybenzenes.

Use model compunds to :

& Determine the in vitro cytotoxicity of pure
dihydroxybenzenes.

& Determine the potency of pure dihydroxybenzenes to
autoxidize and form semiquinone radicals in solution.

& Compare semiquinone radicals formation and
cytotoxicity.

& Determine the factors affecting the semiquinone radical
formation and cytotoxicity.

Cytotoxicity of pure dihycroxybenzenes Interactions between dihydroxybenzenes: EPR detection of semiquinone radicals
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Effect of neutral red uptake assay media on
semiquinone radicals formation

Effect of concentration on semiquinone radicals
formation in DMEM

)

{ Reduction potential and semiquinone radical formation J

{ Dihydroxybenzenes found in the tar of cigarette smoke }
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3 The ECy, of the diydroxybenzenes does not depend upon the
potency of the dihycroxybenzene to generate semiquinone radicals.
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For the model compounds tested. we have found that
N =0 & Hydroguinone is the most potent radical generator studied. Itis
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abundantin the tar of 2RAF research cigarettes, but it is not the most
cybotoxic dihydroxybenzene isolated from the tar.

3 Methyl substituted dihydroxybenzenes are more cytotoxic than
unsubstituted ones.
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3 Nossignificant effect of CAT except at high concentration (819 mM).

O Only 1,4 radical was observed.

DI autoxidize and generate semiquinone radicals in

the cell culture media.

3 The reduction potential o the quinone/semiquinone is a key factor in
diydroxybenzene autoxidation.

3 The interaction of hydroguinone with other dihydroxybenzenes is
dependent on concentration and reduction potential and affects the
cybotoxicity.

3 No cortelation was observed between the potency of
to form radicals and their
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cytotoxicy.
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