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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 enrol led for
th i s  s tudy .  The  p ro te in  ca rbony l  l eve l s  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
susceptibil i ty towards oxidative stress in these subjects.
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INTRODUCTION

Cigare t te  smoking  i s  a  se r ious  hea l th
problem wor ldwide  (1) .  Smoking has  been
s t rongly  impl ica ted  as  a  r i sk  fac tor  fo r
chron ic  obs t ruc t ive  pu lmonary  d i sease ,
cancer ,  and  a therosc leros is  (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
cel ls  that  generate  react ive  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  g lu ta th ione
reduc tase  and  ca ta lase  ac t  as  impor tan t
endogenous  an t iox idan ts .  Ant iox idan t
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  c igaret te
smokers  (7–9) ,  wi th  the  focus  p laced  on
quant i fy ing  an t iox idan t  dep le t ions  o r
measur ing  ox ida t ive ly  a l t e red  pro te ins ,
l ip ids ,  and  DNA;  s tudying  the  e f fec t s  o f
an t iox idan t  supplementa t ion  on  these
indexes; and studying perturbations in these
indexes after smoking cessation (8,  9).

In spite of the circumstantial  data from
in  v i t ro  s tud ies  and  measurements  o f
antioxidant levels in smokers suggesting that
cigarette smoke may cause oxidative injury,
the l i terature is  controversial ,  as i l lustrated
by  the  d i scordance  over  the  e ry throcy te
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  countr ies ,  in India smokers
requ i re  par t i cu la r  a t t en t ion  in  t e rms  of
publ ic  hea l th  in te rven t ions .  S ince ,  wide
in te r ind iv idua l  var ia t ions  may  ex is t
regarding antioxidant capacity, thus affecting
individual  suscept ibi l i ty  against  deleter ious
oxidative reactions, the purpose of our study
was to examine the activities of erythrocyte
g lu ta th ione  perox idase  and  ca ta lase
and  p lasma concent ra t ions  o f  indexes
of  an t iox idan t  defenses  and  ox ida t ive
s t ress  in  a  sample  popula t ion  of  hea l thy
men cons i s t ing  of  cur ren t  smokers  and
n o n s m o k e r s .

MATERIALS AND METHODS

Four teen  males  who had  smoked  more
than  10  c igare t tes  for  more  than  10  years
and 11 indiv iduals  who had never  smoked
par t i c ipa ted  in  the  s tudy .  Al l  sub jec t s
were  hea l thy  ind iv idua ls  who were  no t
receiv ing current  medica t ion  or  nut r i t ional
supplements  and  who had  no  h i s to ry  of
cardiovascular, endocrine, or gastrointestinal
d i sorders .

Overn igh t  fas t ing  b lood  samples  were
taken  by  venipunc ture  in  tubes  conta in ing
EDTA. One milliliter of the collected sample
was  used  for  the  es t imat ion  of  reduced
glutathione (GSH) and hemoglobin (Hb). The
rest of the sample was centrifuged (2500 × g
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 est imation of
protein  carbonyl .

Whole  b lood  reduced  g lu ta th ione  was
es t imated  wi th  E l lman’s  reagent  and  the
resul t s  were  expressed  as  mg per  gram of
hemoglobin (4) .  The glutathione peroxidase
ac t iv i ty  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  i s  based  on
monitoring the rate of decomposition of H2O2.
The  decrease  in  op t ica l  dens i ty  a t  240 nm
was  measured .  P lasma to ta l  ascorb ic  ac id
concent ra t ion  was  de te rmined  us ing  2 ,4-
d in i t rophenyl  hydraz ine  (7)  P lasma f ree
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Protein carbonyl content in the smokers was
increased  s ign i f ican t ly  when  compared  to
tha t  in  cont ro l .  The  pro te in  th io l  l eve l  in
smokers  was  decreased  s ign i f ican t ly  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  s t ress  and per turbs
the antioxidant defense systems in blood and
tissue of smokers (7).  Among the elaborate
ant iox idant  defense  sys tem of  e ry throcyte ,
ca ta lase  and  g lu ta th ione  perox idase  p lay
an  impor tan t  ro le  in  neu t ra l i z ing  the
deleterious effects of H2O2 and other peroxides.

Even  though  there  i s  fa i r ly  i r re fu tab le
ev idence  fo r  ox ida t ive  s t ress  in  c igare t t e
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 act ivi ty (10),  others have recorded
an  increase  in  g lu ta th ione  perox idase
activity with a decrease in catalase activity
in  the  e ry throcy tes  o f  smokers  when
compared  wi th  non-smoking  hea l thy
individuals  (11) .  I t  has  a lso  been repor ted
that  the  act iv i ty  of  cata lase  in  erythrocyte
of  smokers  i s  inc reased  wi th  una l te red
glutathione peroxidase act ivi ty  (12) .  Durak
e t  a l  have  repor ted  tha t  the  enzymat ic
act ivi ty of  both glutathione peroxidase and
catalase in erythrocyte of smokers are similar
to  hea l thy  con t ro l  (13) .  The  s imul taneous
decrease  in  ac t iv i t i es  o f  bo th  these
an t iox idan t  enzymes  as  observed  in  the
presen t  s tudy  may be  de t r imenta l  to  the
body as this can lead to the accumulation of
H 2O 2 in  the i r  e ry throcy tes ,  making  them

sulfhydryl group was estimated according to
the method of Hu et al  (18).  Carbonylation
of  p lasma pro te in  were  es t imated  by  the
method according to Reznick and Packer (19).

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

RESULTS

Table I shows the erythrocyte antioxidant
enzyme ac t iv i t i es  and  g lu ta th ione  leve l s
along with oxidative stress indices of plasma
in  smokers  and  hea l thy  con t ro l s .  Ca ta lase
ac t iv i ty  was  s ign i f ican t ly  decreased  in
smokers  when  compared  wi th  con t ro l s .
Ery throcy te  f rom smokers  showed a
decreased  g lu ta th ione  perox idase  ac t iv i ty
than that of control subjects. When the level
of  reduced  g lu ta th ione  was  compared
be tween  smokers  and  nonsmokers ,  a
significant decrease in the levels of reduced
glu ta th ione  was  observed  in  smokers .  The
concentration of total ascorbic acid in plasma
was lower  in  smokers  than in  nonsmokers .

TABLE I : Levels of oxidants and antioxidant
parameters in healthy smokers and
n o n s m o k e r s . a

N o n s m o k e r s S m o k e r s

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/I)

aData are expressed as mean±S.D.
*P<0.01 compared to controls subjects.
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association has been found to persist despite
cor rec t ion  fo r  fac tors  tha t  independent ly
affects plasma ascorbic acid concentrations,
such as alcohol and vitamin intakes (21). This
observa t ion  sugges ts  tha t  smoking d i rec t ly
lowers  plasma vi tamin C concentrat ions by
mechanisms that  do  not  depend on die tary
vitamin C intake,  such as impaired vitamin
C absorption or decreased turnover (20, 21).
For protein – SH groups in plasma (Table I),
our data are consistent with previous report
tha t  c igare t te  smoking causes  oxidat ion  of
protein – SH groups in plasma.

Reactive oxygen species can damage all
types  o f  b io log ica l  molecu les .  Oxida t ive
damages to proteins, lipids or DNA may all
be  se r ious ly  de le te r ious  and  may be
concomi tan t  (6 ) .  However ,  p ro te ins  a re
poss ib ly  the  mos t  immedia te  veh ic le  fo r
inflicting oxidative damage. Protein carbonyls
are considered as markers of oxidative stress
induced  pro te in  damage .  Our  resu l t  o f
increased  pro te in  ca rbonyl  in  p lasma of
smoker’s  was  in  accord  wi th  tha t  repor ted
previously (8).

In conclusion,  the concomitant  decrease
in  the  ac t iv i t i es  o f  bo th  ca ta lase  and
glu ta th ione  perox idase  in  the  e ry throcy tes
of  smokers  ra i ses  ra t iona l  g rounds  fo r
express ing  concern  over  the  increased
suscep t ib i l i ty  towards  ox ida t ive  s t ress  in
these  sub jec t s .  Smokers  deve lop  increased
plasma pro te in  ox ida t ion  as  shown by
decrease  in  th io l  and  increased  ca rbonyl
va lues  in  the  p resen t  s tudy .  Fu ture
ep idemio log ica l  s tud ies  to  iden t i fy  genes
whose expression can be altered by smoking
are  war ran ted .

ACKNOWLEDGEMENTS

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

prone to damage by iron-mediated formation
of oxyradicals. Cigarette are said to be good
source  of  ox idan ts  inc lud ing  i ron  in  good
quanti ty (5).

Al though  we  cannot  exp la in  th i s
contradictory finding,  but as these enzymes
arc found to be influenced by genetic factors
i t  can  be  hypothes ized  tha t  Ind ians  a re
more  suscep t ib le  fo r  such  changes .  These
paradoxical findings among smokers recorded
by various investigators may also be due to
the  fac t  tha t  some smokers  do  no t  inha le
the  smoke  f rom the i r  own c igare t tes .  As
smokers are often exposed for longer periods
to cigaret te smoke from other smokers,  the
recorded number of cigarettes smoked by an
individual  may be  a  poor  es t imate  for  the
actual  exposure  to  the  smoke toxins .

The  resul t s  f rom other  oxidat ive  s t ress
parameters  reemphasizes  the  f indings  f rom
a la rge  body  of  ev idence  tha t  has  been
marshaled in the past decade, to support the
presence of oxidative stress in smokers. This
a rgument  i s  bu t t ressed  by  the  fac t  tha t
c igare t te  smoke  conta ins  a  p le thora  o f
po ten t ia l  r eac t ive  oxygen  and  n i t rogen
species (5).

As reported by other invest igators (13),
th i s  s tudy  has  a l so  demons t ra ted  reduced
levels of GSH in erythrocyte of smokers. The
reduced  form of  the  t r ipep t ide  th io l ,
g lu ta th ione  (GSH)  i s  one  of  the  major
endogenous  defense  mechanism aga ins t
ox ida t ive  s t ress .  Thus ,  GSH deple t ion  can
fur ther  hamper  ce l lu la r  defenses  aga ins t
oxidat ive  s t ress .

Our estimate of the effect of smoking on
c i rcu la t ing  concen t ra t ions  o f  v i tamin  C
genera l ly  agrees  wi th  the  conc lus ions  o f
other  s tudies  of  lowered plasma vi tamin C
concent ra t ions  in  smokers  (20 ,  21) .  This
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