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Abstract : Oxygen free radicals have been hypothesized to play a pivotal
role in the deleterious effects of smoking on health. The present study was
undertaken to examine the oxidant and antioxidant system among smokers
and nonsmokers. Fourteen smokers and 11 nonsmokers were enrolled for
this study. The protein carbonyl levels in smokers were found to be
significantly higher than in nonsmokers. The levels of plasma ascorbic acid,
free sulfhydryl group, and erythrocyte reduced glutathione were lower in
smokers compared to nonsmokers. In smokers the erythrocyte activities of
both glutathione peroxidase and catalase were decreased when compared
to that in nonsmokers. The data from the study reemphasizes the presence
of oxidative stress in smokers. The concomitant decrease in the activities
of both catalase and glutathione peroxidase found in the erythrocytes of
smokers raises rational grounds for expressing concern over the increased
susceptibility towards oxidative stress in these subjects.
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INTRODUCTION

Cigarette smoking is a serious health
problem worldwide (1). Smoking has been
strongly implicated as a risk factor for
chronic obstructive pulmonary disease,
cancer, and atherosclerosis (2-4). Because
cigarette smoke is known to contain a large
number of oxidants, it has been hypothesized
that many of the adverse effects of smoking

may result from oxidative damage to critical
biological substances (5). Such damage could
result both from oxidants present in cigarette
smoke and from the activation of phagocytic
cells that generate reactive oxygen species

(5).

Biological effects of these highly reactive
compounds are controlled in vivo by a wide
spectrum of antioxidant mechanisms (6).
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Among these, the enzymes glutathione
reductase and catalase act as important
endogenous antioxidants. Antioxidant
enzymes play a crucial role in determining
individual risk of developing certain diseases,
such as cancer and atherosclerosis (6).

The pathophysiology of oxygen radicals
has been examined extensively in cigarette
smokers (7-9), with the focus placed on
quantifying antioxidant depletions or
measuring oxidatively altered proteins,
lipids, and DNA; studying the effects of
antioxidant supplementation on these
indexes; and studying perturbations in these
indexes after smoking cessation (8, 9).

In spite of the circumstantial data from
in vitro studies and measurements of
antioxidant levels in smokers suggesting that
cigarette smoke may cause oxidative injury,
the literature is controversial, as illustrated
by the discordance over the erythrocyte
levels of glutathione peroxidase (GSH-Px; EC
1.11.1.9) and catalase (CAT; EC 1.11.1.6) in
smokers (10-13).

As in other countries, in India smokers

require particular attention in terms of
public health interventions. Since, wide
interindividual variations may exist

regarding antioxidant capacity, thus affecting
individual susceptibility against deleterious
oxidative reactions, the purpose of our study
was to examine the activities of erythrocyte

glutathione peroxidase and catalase
and plasma concentrations of indexes
of antioxidant defenses and oxidative

stress in a sample population of healthy
men consisting of current smokers and
nonsmokers.
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MATERIALS AND METHODS

Fourteen males who had smoked more
than 10 cigarettes for more than 10 years
and 11 individuals who had never smoked
participated in the study. AIll subjects
were healthy individuals who were not
receiving current medication or nutritional
supplements and who had no history of
cardiovascular, endocrine, or gastrointestinal
disorders.

Overnight fasting blood samples were
taken by venipuncture in tubes containing
EDTA. One milliliter of the collected sample
was used for the estimation of reduced
glutathione (GSH) and hemoglobin (Hb). The
rest of the sample was centrifuged (2500 x ¢
10 minutes at 4°C). The plasma obtained was
used for the estimation of total ascorbic acid,
MDA, protein carbonyls and free sulfhydryl
group. The samples were processed
immediately after collection to minimize the
possibility of oxidation of ascorbic acid, free
sulfhydryl and reduced glutathione. Samples
were stored at —80°C for the estimation of
protein carbonyl.

Whole blood reduced glutathione was
estimated with Ellman’s reagent and the
results were expressed as mg per gram of
hemoglobin (4). The glutathione peroxidase
activity was measured by the method of
Rotruck et al (15). The RBC catalase activity
was determined by the method of Beers and
Sizer (16). The method is based on
monitoring the rate of decomposition of H,O,.
The decrease in optical density at 240 nm
was measured. Plasma total ascorbic acid
concentration was determined using 2,4-
dinitrophenyl hydrazine (7) Plasma free
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sulfhydryl group was estimated according to
the method of Hu et al (18). Carbonylation
of plasma protein were estimated by the
method according to Reznick and Packer (19).

Student’s t-test was used to assess the
significance of difference. Differences were
considered significant at P<0.05.

RESULTS

Table | shows the erythrocyte antioxidant
enzyme activities and glutathione levels
along with oxidative stress indices of plasma
in smokers and healthy controls. Catalase
activity was significantly decreased in
smokers when compared with controls.
Erythrocyte from smokers showed a
decreased glutathione peroxidase activity
than that of control subjects. When the level
of reduced glutathione was compared
between smokers and nonsmokers, a
significant decrease in the levels of reduced
glutathione was observed in smokers. The
concentration of total ascorbic acid in plasma
was lower in smokers than in nonsmokers.

TABLE |: Levels of oxidants and antioxidant
parameters in healthy smokers and
nonsmokers.?

Nonsmokers Smokers

Age (year) 38.18+3.37 38.86+4.35

Reduced glutathione 8.13+1.34 6.29+1.28*

(mg/g Hb)

Catalase (U/g Hb) 104.40+£15.19  53.90+8.82*

Glutathione peroxidase 45.10+10.34  31.36+3.63*

(U/g Hb)

Protein carbonylation 0.54+0.25 1.26+0.13*

(nmole/mg protein)

Ascorbic acid (mg/I) 14.34+2.86 11.59+1.80*

Free sulfhydryl group 559.63+25.86 460.97+34.14*

(nmole/l)

aData are expressed as meanzS.D.
*P<0.01 compared to controls subjects.

Indian J Physiol Pharmacol 2006; 50(4)

Protein carbonyl content in the smokers was
increased significantly when compared to
that in control. The protein thiol level in
smokers was decreased significantly when
compared to that in the control.

DISCUSSION

The sustained inhalation of reactive free
radicals in the gas and tar phases of tobacco
(5) imposes an oxidant stress and perturbs
the antioxidant defense systems in blood and
tissue of smokers (7). Among the elaborate
antioxidant defense system of erythrocyte,
catalase and glutathione peroxidase play
an important role in neutralizing the
deleterious effects of H,O, and other peroxides.

Even though there is fairly irrefutable
evidence for oxidative stress in cigarette
smokers, both the simultaneous decrease in
glutathione peroxidase and catalase observed
in the present study is not a common finding.
While some investigators observed a decrease
in glutathione peroxidase levels, with normal
catalase activity (10), others have recorded
an increase in glutathione peroxidase
activity with a decrease in catalase activity
in the erythrocytes of smokers when
compared  with non-smoking healthy
individuals (11). It has also been reported
that the activity of catalase in erythrocyte
of smokers is increased with unaltered
glutathione peroxidase activity (12). Durak
et al have reported that the enzymatic
activity of both glutathione peroxidase and
catalase in erythrocyte of smokers are similar
to healthy control (13). The simultaneous

decrease in activities of both these
antioxidant enzymes as observed in the
present study may be detrimental to the

body as this can lead to the accumulation of
H,O, in their erythrocytes, making them
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prone to damage by iron-mediated formation
of oxyradicals. Cigarette are said to be good
source of oxidants including iron in good
guantity (5).

Although we cannot explain this
contradictory finding, but as these enzymes
arc found to be influenced by genetic factors
it can be hypothesized that Indians are
more susceptible for such changes. These
paradoxical findings among smokers recorded
by various investigators may also be due to
the fact that some smokers do not inhale
the smoke from their own cigarettes. As
smokers are often exposed for longer periods
to cigarette smoke from other smokers, the
recorded number of cigarettes smoked by an
individual may be a poor estimate for the
actual exposure to the smoke toxins.

The results from other oxidative stress
parameters reemphasizes the findings from
a large body of evidence that has been
marshaled in the past decade, to support the
presence of oxidative stress in smokers. This

argument is buttressed by the fact that
cigarette smoke contains a plethora of
potential reactive oxygen and nitrogen
species (5).

As reported by other investigators (13),
this study has also demonstrated reduced
levels of GSH in erythrocyte of smokers. The

reduced form of the tripeptide thiol,
glutathione (GSH) is one of the major
endogenous defense mechanism against

oxidative stress. Thus, GSH depletion can
further hamper cellular defenses against
oxidative stress.

Our estimate of the effect of smoking on
circulating concentrations of vitamin C
generally agrees with the conclusions of
other studies of lowered plasma vitamin C
concentrations in smokers (20, 21). This
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association has been found to persist despite
correction for factors that independently
affects plasma ascorbic acid concentrations,
such as alcohol and vitamin intakes (21). This
observation suggests that smoking directly
lowers plasma vitamin C concentrations by
mechanisms that do not depend on dietary
vitamin C intake, such as impaired vitamin
C absorption or decreased turnover (20, 21).
For protein — SH groups in plasma (Table 1),
our data are consistent with previous report
that cigarette smoking causes oxidation of
protein — SH groups in plasma.

Reactive oxygen species can damage all
types of biological molecules. Oxidative
damages to proteins, lipids or DNA may all
be seriously deleterious and may be
concomitant (6). However, proteins are
possibly the most immediate vehicle for
inflicting oxidative damage. Protein carbonyls
are considered as markers of oxidative stress
induced protein damage. Our result of
increased protein carbonyl in plasma of
smoker’s was in accord with that reported
previously (8).

In conclusion, the concomitant decrease
in the activities of both catalase and
glutathione peroxidase in the erythrocytes
of smokers raises rational grounds for
expressing concern over the increased
susceptibility towards oxidative stress in
these subjects. Smokers develop increased
plasma protein oxidation as shown by
decrease in thiol and increased carbonyl
values in the present study. Future
epidemiological studies to identify genes
whose expression can be altered by smoking
are warranted.

ACKNOWLEDGEMENTS

This work was supported by an intramural
grant from JIPMER, Pondicherry.



420 Hemalatha et al

10.

11.

Indian J Physiol Pharmacol 2006; 50(4)

REFERENCES
World Health Organization (WHO). The peroxidase activities in erythrocytes of active
millennium development goals and tobacco and passive smokers. Clin Chem Lab Med 2002;

control: An opportunity for global partnership.
Executive Summary, Geneva: WHO Publication;
2005.

Tashkin DP, Altose MD, Connett JE, Kanner
RE, Lee WW, Wise RA. Methacholinc reactivity

predicts changes in lung function over time
in smokers with early chronic obstructive
pulmonary disease. The Lung Health Study

Research Group. Am J Respir Crit Care Med

1996; 153: 1802-1811.

Hecht SS. Tobacco carcinogens, their biomarkers
and tobacco-induced cancer. Nat Rev Cancer
2003; 3: 733-744.

Robertson D, Tseng CJ, Appalsamy M. Smoking

and mechanisms of cardiovascular control. Am
Heart J 1988; 115: 258-263.
Church DF, Pryor WA. Free radical chemistry

smoke
Eniron

of cigarette
implications.
111-126.

and its toxicological
Health Persp 1985; 64:

Doelman CJA.
Am J

Bast A, Haenen Guido RMM,
Oxidants and antioxidants: State of art.
Med 1991; 91: 2S-22S.

Reilly M, Delanty N, Lawson JA, Filtzgerald GA.
Modulation of oxidant stress in vivo in chronic
cigarette smokers. Circulation 1996; 94: 19-25.

Reznick AZ, Cross CE, Hu ML, et al. Modification
of plasma proteins by cigarette smoke as
measured by protein carbonyl formation.
Biochem J 1992; 286: 607-611.

Zhou JF, Yan XF, Guo FZ, Sun NY, Qian ZJ,
Ding DY. Effects of cigarette smoking and
smoking cessation on plasma constitutes and
enzyme activities related to oxidative stress.
Biomed Environ Sci 2000; 13: 44-55.

Kocyigit A, Erel Q, Gur S. Effects of tobacco
smoking on plasma selenium, zinc, copper and

iron concentartions and related antioxidative
enzyme activities. Clin Biochem 2001; 34:
629-633.

Yildiz L, Kayaoglu N, Aksoy H. The changes of
superoxide dismutase, catalase and glutathione

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

40: 612-615.

Toth KM, Berger EM, Beehler CJ, Repine JE.

Erythrocytes from cigarette smokers contain
more glutathione and catalase and protect
endothelial cells from hydrogen peroxide better
than do erythrocytes from non smokers. Am
Rev Respir Dis 1986; 134: 281-284.

Durak I, Yacin S, Burak Cimen MY,
Buuyukkocak S, Kacmaz MDA, Ozturk HS.

Effects of smoking on plasma and erythrocyte
antioxidant defense system. J Toxicol Environ
Health 1999; 56: 373-378.

Beutle E, Duron O, Kelly BM. Improved method
for the determination of blood glutathione.
J Lab Clin Med 1963; 61: 882-888.

Rotruck JT, Pope AL, Ganther HE, et al.
Selenium: Biochemical roles as a component of
glutathione peroxidase. Science 1973; 179: 585-—
590.

Beers RFJ, Sizer JW. A spectrophotometric
method for measuring the breakdown of
hydrogen peroxide by catalase. J Biol Chem 1952;
195: 33-4.

McCormick DB, Greene HL. Vitamins. In: Bums
CA, Ashgneres PF, Editors. Tietz textbook of
clinical chemistry. Singapore: Harcourt Brace
and Company Asia 1999; pp.999-1028.

Hu ML, Louie S, Motchik P, Halliwell B.
Antioxidant protection against hypochlorous acid
in human plasma. J Lab Clin Med 1993; 121:
257-262.

Reznick AZ, Packer L. Oxidative damage to
proteins: Spectrophotometric method for
carbonyl assay. Methods in Enzymology 1994;
233: 357-363.

Chow KK, Thackei RR, Changchit C et al. Lower
levels of vitamin C and carotenes in plasma
of cigarette smokers. J Am Coll Nutr 1986; 5:

305-312.

Marangon K, Herbeth B, Lecomte E, et al. Diet,
antioxidant status, and smoking habits in French
men. Am J Clin Nutr 1998; 67: 231-239.



