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Free Radicals in Tobacco Smoke

RO R' Baker

Over the last twenty years, there has been a growing interest
in the presence of free radicals in tobacco smoke - the
Reference Section lists 19 citations since 1967, of which
half have appeared since 1980, Although almost all of these
papers have been in specialist scientifiec journals, the
popular journal New Scientist had an article on the subject
in early 1985 [19].

Mechanisms have been propoposed which link the presence of
free radicals in tobacco smoke to the development of emphysema
in smokers [15, 20-23] and which implicate the development of
cancer with free radicals in general [24, 25]. From the
trends in the scientific literature, there seems every
likelihood that future research will attempt to confirm and
quantify the proposed mechanisms, especially Pryor's group at
Louisiana State University. A review by Pryor at a Free
Radical Meeting in Dusseldorf in July 1986 confirms his
determination in extending studies on the biological impli-
cations of radicals in smoke. Furthermore, it has been
privatelay stated by Dr. A.A. Noronha-Dutra of the Histo-
pathology Department of Middlesex Hospital, London, that
changes in animal cells exposed to cigarette smoke are very
similar to those that are observed when cells are exposed to
free radicals [26]. Up until now, most criticisms of tobacco
smoke in relation to ill-health have been based on epidemio-
logical arguments. The involvement of species in tobacco
smoke (free radicals) with physico-chemical and biological
mechanisms of disease propagation, if it could be demonstrated,
would be a new development. The general literature on Smoking
and Health and the implications of free radicals in smoke

have been reviewed by Colin Greig [27].

Attempts have been made in R&D, Southampton in the past to
determine free radicals in smoke condensate [28] using electron
spin resonance facilities at Southampton University. These
studies were not extensive and were conducted on smoke
condensate and not the whole smoke that would be relevant

to the smoker. Free radicals are extremely reactive, lasting
for less than a second. Recent work has indicated that the
radicals must be forming in the smoke itself, i.e. that they
are created in smoke as fast as they are destroyed [18). The
implication is that "smoke in a smoker's lung ... is almost
certainly producing free radicals"” [19]. Because of their
reactivity, radicals can readily attach themselves to other
molecules and, according to New Scientist [19], they "can
cause considerable damage to molecules within cells".

Therc age very many different free radicals in tobacco smoke.
The intriguing possibility is that it is the free radical
nature itself (i.e. the unpaired electron in the molecule)
that is involved in the postulated biological mechanisms
rather than the type of individual radical.
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A measurement of the total free radicals in smoke can be made
using a chemiluminescence technique. Because of the relative
ease of this techniquye, coupled with a growing interest in
biological mechanisms involving free radicals in smoke, it is
anticipated that free radicals will become a very real issue
for the tobacco industry. In particular, some League Table
ranking of cigarettes could be produced.

At present, BAT has no idea on the level of free radicals in
smoke from its products

- What is the effect of tobacco type and cigarette design

parameters?

- do filters, in particular carbonfilters, remove radicals
selectively? (Dr. Noronha-Dutra believes they do [26])

- how can we modify the levels of radicals?

- what is the level in sidestream and how is this affected

with low sidestream prototype cigarettes?

It is proposed that chemiluminescence facilities will be set
up in Southampton in order to measure the levels in smoke and
provide answers to the above type of question. Dr. Noronha-
Dutra is acting as a consultant on the measuring technigues.

BATCo document for Province of British Columbia 28 October 1999

are they high or low compared to competitors' products?

760885001

BATCO

00096919



REFERENCES

l.

10.

11.

12.

13.

W.F. Forbes, J.C. Robinson and G.F. Wright, "Free radicals
of biological interest. I. Electron spin resonance spectra

of tobacco smoke condensates" Can.J.Biochem., 1967, 45, 1087

J.T. Cooper, W.F. Forbes and J.C. Robinson, "Free radicals
as possible contributors to tobacco-smoke carcinogenesis"”
Nat.Cancer Inst.Monogr., 1968, 28, 191

A.L. Bluhm, J. Weinstein and J.A. Sousa, "Free radicals
in tobacco smoke" Nature, 1971, 229, 500

J. Stauff, G. Reske and I. Simo, "On the detection of
electronically excited molecules in cigarette smoke"
A.Naturforsch., 1973, 28c, 469

L. De Salles de Hyr, H.E. Francis, G.L. Seebach and

J.R. Wasson, "Electron spin resonance spin trapping
studies of cigarette smoke" Proceedings of 4th Tob.Health
Workshop Conf., University of Kentucky, 1973, 474

G.P. Morie "Evaluation of free radical traps for the
removal of nitrogen oxides from cigarette smoke"
Tob.Sci., 1974, 18, 83

H.H. Seliger, W.H. Biggley and J.P. Hamman -"Long-lived
chemiluminescence in cigarette smoke" Science, 1974,
185, 253

R.M. Howes and R.H. Steele, "Chemiluminescence of
cigarette smoke" Physiol.Chem. and Physics, 1976, 8, 417

W.A. Pryor, Ken-ichi Terauchi and W.H. Davis Jr, "Electron
spin resonance (ESR) study of cigarette smoke by use of
spin trapping techniques”, Eanviron.Health Persp., 1976,
16, 161

R.E. Menzel, W.R. Vincent and J.R. Wasson, "Dipolar
broadening of electron spin resonance lines of free
radicals : spin-trapping studies of free radicals in
cigarette smoke" J.Magn.Reson., 1976, 21, 321

R.L. Zheng, J.T. Dong, P.Q. Liu, X.X. Wang and X.F. Zhou
"Comparison of stable free radicals between cigarette
and Lanzhou leaf tobacco" (In Chinese) Lan-chou Ta Hsueh
Hsueh Pao, 1980, 4, 166

J. Slavinski, "Free radicals and chemiluminescence in
pyrolysates" [A review in Polish of the occurrence and
nature of carcinogens in pyrolysis products - cigarette

smoke, combustion gases, etc.] Pr.Biol.Mol., 1981, 8, 271.

W.A. Pryor "Mechanisms and detection of pathology caused
by free radicals. Toabcco smoke, nitrogen dioxide and
ozone" Environ.Health Chem. (Ed. by J.D. McKinney),
1981, 445

BATCo document for Province of British Columbia 28 October 1999

660886001

BATCO

00096920



14.

15.

l6.

17.

18.

19.

20.

21.

/ 22.

23.

24.
25.
26.

27.

28.

-4

D.G. Prier "Detection of free radicals from the reactions
of ozone with olefins and from cigarette smoke by electron
spin resonance techniques" Thesis, 1981, Lousiana State
University, USA

W.A. Pryor, M. Tamura, M.M. Dooley, P. Premovic, B.J.
Hales and D.F. Church, "Reactive oxy-radicals from
cigarette smoke and their physiological effects" In "Oxy-
radicals and their scavenger systems", Vol.II, "Cellular
and Medical Aspects" (Ed. G. Cohen and R.A. Greenwald),
Elsevier Science, 1983, p.185-192

¥.A. Pryor, B.J. Hales, P.I. Premovic and D.F. Church,
"The radicals in cigarette .tar: their nature and suggested
physiological implications", Science, 1983, 220, 425

W.A. Pryor, D.G. Prier and D.F. Church, "Electron spin
resonance study of mainstream and sidestream cigarette
smoke: nature of the free radicals in gas-phase smoke
and in cigarette tar", Env.Health Persp., 1983, 47, 345

W.A, Pryor, M. Tamura and D.F. Church, "ESR spin-trapping
study of the radicals produced in NOx/olefin reactions:

A mechanism for the production of the apparently long-
lived radicals in gas-phase cigarette smoke"
J.Amer.Chem.Soc., 1984, 106, 5073

"Long-lived radicals in cigarette smoke" New Scientist,
31 Jan. 1985, 21

H. Carp and A. Janoff, "Possible mechanisms of emphysema
in smokers", Amer.Rey.Resp.Disease, 1978, 118, 617

A. Janoff, H. Carp, D.K. Lee and R.T. Drew, "Cigarette
smoke inhalation decreases «K-l-antitrypsin activity in
rat lung", Science, 1979, 206, 1313

W.A., Pryor and M.M. Dooley, "Free radical pathology:
inactivation of human % -l-proteinase inhibitor by products
from the reaction of nitrogen dioxide with hydrogen
peroxide and the etiology of emphysema", Biochem.Biophys.
Res.Comm., 1982, 106, 981

W.A. Pryor, "Jnactivation of human &~-1-proteinase
inhibitor by gas phase cigarette smoke", Biochem.Biophys.
Res.Comm., 1984, 122, 676

R.A. Floyd (Ed.), "Free radicals and cancer", Marcel
Dekker, New York, 1982

D.C.H. McBrien and T.F. Slater, "Free radicals, lipid
peroxidation and cancer", Academic Press, London, 1982

A.A. Noronha-Dutra, Personal communication, 1984

C.C. Greig, "Free radicals in tobacco smoke - a review
of current literature and some comments on implications"
January 1984

J.D. Backhurst, "Electron spin resonance measurements in

tobacco smoke. A feasibility study", BAT Report No. RD.474R
27.4.867

BATCo document for Province of British Columbia 28 October 1999

96088500

BATCO

00096921



