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Abstract – Smoking is known to adversely affect many organs and systems in human, where 
the cardiovascular system is one of the important targets. However, the exact mechanisms by which 
cigarette  smoke  alters  myocardial  and  endothelial  cells  function  and  induces  cardiovascular 
pathology are  not  clear.  There  are  no  reports  especially  with  nitric  oxide  (NO•),  uric  acid  and 
hemodynamics after acute exercise in smokers up to date. This study is designed to investigate the 
role of oxidative stress, NO• and uric acid in the pathophysiologic mechanisms of smoking- induced 
cardiovascular diseases.

40  apparently  healthy  subjects  were  studied.  Depending  on  their  previous  physical 
conditioning  status  subjects  were  divided  into  equal  four  groups  (n=10),  physically  active 
nonsmokers,  physically  active  smokers,  sedentary  nonsmokers  and  sedentary  smokers.  Exercise 
tolerance was evaluated for each subject by using a running race (3 kilometers) after a worming up 
period of 5 minutes.

The  obtained  data  revealed  that  regular  exercise  significantly  decreased  the  plasma 
malonaldehyde, total cholesterol, LDL and uric acid levels below sedentary levels. Pre and post race 
plasma  level  of  malonaldehyde  and  uric  acid  levels  were  significantly  increased,  while,  plasma 
glutathione  and  NO•  were  decreased  in  sedentary  smokers  than  the  sedentary  non  smokers, 
physically active smokers and physically active non smokers.

These findings point to the role of NO•, uric acid and lipid peroxide in the pathophysiologic 
mechanisms  of  smoking  induced cardiovascular  diseases. Sedentary smokers  may be at  an even 
greater risk of oxidative stress-related cardiovascular diseases. Finally, every body should include in 
a regular exercise.
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Abstract – Smoking is known to adversely affect many organs and systems in human, 
where  the  cardiovascular  system  is  one  of  the  important  targets.  However,  the  exact 
mechanisms  by which cigarette  smoke  alters myocardial  and endothelial  cells  function and 
induces cardiovascular pathology are not clear. There are no reports especially with nitric oxide 
(NO•), uric acid and hemodynamics after acute exercise in smokers up to date. This study is 
designed to investigate the role of oxidative stress, NO• and uric acid in the pathophysiologic 
mechanisms of smoking- induced cardiovascular diseases.

40  apparently  healthy  subjects  were  studied.  Depending  on  their  previous  physical 
conditioning  status  subjects  were  divided  into  equal  four  groups  (n=10),  physically  active 
nonsmokers, physically active smokers, sedentary nonsmokers and sedentary smokers. Exercise 
tolerance was evaluated for each subject by using a running race (3 kilometers) after a worming 
up period of 5 minutes.

The  obtained  data  revealed  that  regular  exercise  significantly  decreased  the  plasma 
malonaldehyde, total cholesterol, LDL and uric acid levels below sedentary levels. Pre and post 
race plasma level of malonaldehyde and uric acid levels were significantly increased, while, 
plasma  glutathione  and  NO•  were  decreased  in  sedentary smokers  than  the  sedentary non 
smokers, physically active smokers and physically active non smokers.

These  findings  point  to  the  role  of  NO•,  uric  acid  and  lipid  peroxide  in  the 
pathophysiologic mechanisms of smoking induced cardiovascular diseases. Sedentary smokers 
may be at an even greater risk of oxidative stress-related cardiovascular diseases. Finally, every 
body should include in a regular exercise.
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Cigarette smoking is a well known risk factor for 

cardiovascular  diseases.  This  may  be  result  of 

structural  and  functional  changes  in  cardiovascular 

and pulmonary system (Lopez et al., 2008). There is 

a  mechanistic  link  between  increased  levels  of 

oxidative  stress  associated  with  smoking  and  the 

onset  and  progression  of  cardiovascular  diseases 

(Bloomer  et  al.,  2007).  Moreover,  smokers  were 

associated  with  decreased  of  antioxidant  capacity 

(Kemal  et  al.,  2005).  Supplementation  with 

antioxidants can reduce symptoms and indicators of 

oxidative  stress  as  a  result  of  smoking  (Gomez-

Cabrera et al., 2006). 

Free  radicals  are  present  in  both  tar  and  gas 

phases of cigarette smoke. The tar phase of cigarette 

contains  semiqinone  radical  which  can  react  with 
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oxygen  to  produce  superoxide  anion,  hydroxyl 

radical  and  hydrogen  peroxide  (Janet  et  al.,  2003). 

The gas phase contains alkyl and peroxyl type (Pryor 

et al., 1998). In one puff of cigarette, the smoker is 

exposed to more than 1015  free radicals in gas phase 

alone, with addition exposure in the tar phase equal to 

more  than 1017 free  radicals  per  gram  (Pryor  and 

Stone, 1993).

Smoking  is  associated  with  increased  of  lipid, 

protein and DNA oxidation (Kirkham et  al.,  2004). 

The increased risk of cardiopulmonary diseases and 

atherosclerosis  in  cigarette  smokers  has  been 

attributed in part to increased oxidation of lipid and 

protein (Ambrose and Barua, 2004). Oxidized DNA 

has  been  implicated  in  lung,  breast  and  colorectal 

cancer (Cavalieri et al., 2000). 

 Nitric oxide (NO•) is a small molecule which has 

been  implicated  in  a  variety  of  physiological 

processes.  One  of  its  more  important  functions 

involves the dilatation of blood vessels.  NO•  is also 

involved in the thinning of the blood by decreasing 

the  stickiness  of  blood  platelet  cells.  This  process 

decreases  the  chance  of  atherosclerosis  and strokes 

(Guo et al., 2006).

Regular physical activity such as walking, aerobic 

exercise,  running  and  sports  are  associated  with 

beneficial  changes  in  hemodynamic,  metabolic, 

hormonal,  neurological  and  cardiopulmonary 

functions. Body weight, lipid profiles, blood pressure, 

insulin  sensitivity  and  coagulation  parameters  are 

examples  of  these  changes  (Ming  et  al.,  1999). 

Despite of many health benefits of exercise, there are 

a lot  of evidences  suggesting that  acute exercise is 

100 folds increase in maximal oxygen consumption 

(Villa- Caballero et al., 2007).

Each  of  physical  performance  and  plasma  uric 

acid level is an important predictor of cardiovascular 

mortality  (Niskanen  et  al.,  2004  and  Mora  et  al., 

2007). 

The association  between  cigarette  smoking  and 

vascular diseases is well documented, and there is a 

general  consensus  that  it  targets  the  vascular 

endothelial cells. However, the exact mechanisms by 

which  cigarette  smoke  alters  endothelial  cells 

function  and  induces  cardiovascular  pathology  are 

not clear.

To  my  knowledge,  only  two  investigators  has 

been performed to date to study the combined effects 

of cigarette smoking and exercise on oxidative stress 

(Surmen-Gur et al., 1999 and Bloomer et al., 2007). 

These  investigators  were  used  other  mode  of 

exercise,  other  personal  selection  and  other 

methodology.  There  are  no  reports  especially  with 

nitric oxide, uric acid and hemodynamics after acute 

exercise in smokers up to date. Therefore, this study 

was designed to; 1) investigated the effects of single 

acute exercise on hemodynamics and oxidative stress 

in  smokers,  2)  estimation  of  physical  and 

cardiopulmonary fitness (by duration of exercise and 

hemodynamic  response)  after  acute  exercise  in 

sedentary  and  physically  active  smokers  and  3) 

estimation of vascular fitness (by NO•, lipid profiles, 

lipid  peroxidation  and  uric  acid  levels)  after  acute 

exercise in sedentary and physically active smokers. 

SUBJECTS AND METHODS 

40  apparently  healthy  subjects  were  studied. 

They  were  selected  for  age  (20-  26  years),  sex 

(males), weight (60-70 kg) and height (165-175 cm). 

All  subjects  complete  a  detailed  medical  history 

questionnaire and underwent a physical examination 

[weight,  height,  heart  rate  (HR),  systolic  blood 

pressure (SBP),  diastolic blood pressure (DBP) and 

respiratory  rate  (RR)].  Exclusion  criteria  were  the 

presence  of  cardiac  diseases,  pulmonary  diseases, 

renal  impairment,  hypertension  or  diabetes 

documented  from  medical  history  and  /  or 

examination. Additionally, medical history indicated 

that  participants  did not  use medications  (e.g.  anti-

inflammatory or cardiovascular drugs) or nutritional 

supplements  (e.g.  antioxidants).  This  was  an 

important  consideration,  as  intake  of  antioxidant 

agents could have impacted my outcome measures. 
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Men were  labeled  as  physically  active  if  they 

exercised for at least 30 minutes twice weekly up to 

the  level  of  dyspnea  and  sweating.  They  were 

sedentary  if  they  not  performing  regular  exercise 

during the prior year (Villa- Caballero et al., 2007). 

In addition, to qualify for smoker status, participants 

needed to regularly smoke at least five cigarettes/day 

for  minimum  of  six  months  immediately  before 

experiment  without  interruption.  Participants  were 

eligible to be enrolled as nonsmokers only if they had 

not  smoked  within  the  past  year  (Bloomer  et  al., 

2007). All subject provided both verbal and writing 

informed  consent  prior  to  participating.  Depending 

on  their  previous  physical  conditioning  status 

subjects were divided into equal four groups (n=10) 

as followings:

1-Group I: Physically active nonsmokers.

2-Group II: Physically active smokers.

3-Group III: Sedentary nonsmokers.

4-Group IV: Sedentary smokers.

Exercise  Protocol  and  Hemodynamic 

Measurements:  Participants  were  instructed  not  to 

perform  any  activity  during  the  48  hours  period 

preceding  the  experiment.  Nonsmokers  were 

instructed  to  avoid  smoking  locations  and  direct 

contact with smokers during last 48 hours before the 

experiment  (Bloomer  et  al.,  2007).  Active  smokers 

had refrained from smoking for more than 12 hours 

before this study in order to minimize effects of acute 

smoking  on  study  measurements  (Otsuka  et  al., 

2001).  Exercise  tolerance  was  evaluated  for  each 

subject  by  using  a  running  race  (three  kilometers) 

after  a  worming  up  period  of  five  minutes. 

Participants  were  instructed  and  encouraged  to 

exercise until  exhaustion. Heart  rate and respiratory 

rate  were  estimated  by  stethoscope  directly  on  the 

chest  five  minutes  before  and  after  race.  Blood 

pressure  was  measured  by  mercury 

sphygmomanometer 5 minutes before and after race. 

Blood  Sampling:  Venous  blood  sample  (five 

ml)  was  obtained  -in  heparinized  tubes- from  all 

groups  five  minutes  before  and  after  exercise after 

fasting  for  at  least  12  hours.  No  hypoglycemia  or 

secondary  effects  were  observed  in  any  participant 

after exercise and blood sampling. The concentration 

of  glutathione  is  negligible  in  human  plasma. 

Therefore,  studies  have  predominantly  measured 

glutathione in whole blood or red blood cells (Hughes 

et al., 1990). Samples were analyzed for whole blood 

glutathione as an indication of antioxidants using the 

method of Androson (1985). The remainder of whole 

blood was separated immediately by centrifugation at 

1500 rpm for 15 minutes to plasma and  stored at – 

800C until used for measurements. Malonaldehyde, a 

measure of lipid peroxidation was analyzed using the 

method  of  Okhawa  et  al.,  (1979).  Uric  acid,  a 

predictor  of  cardiovascular  mortality  and  functions 

was  measured  by enzymatic  cooler  test  (Grootveld 

and  Halliwell,  1987).  Assay  of  triglyceride,  total 

cholesterol,  HDL  and  LDL  cholesterol  were 

performed  using  plasma  following  standard 

enzymatic  procedures  as  described  by  the  reagent 

manufacturer  (Bio  Merieux,  France) (Laura  et  al., 

2007). 

The  measurement  of  plasma  NO•  is  difficult 

because this radical is poorly soluble in water and has 

a short half-life (10–60 s), but its half-life may be as 

long as 4 min. in the presence of oxygen (Bakan et 

al.,  2002). For these reasons,  the NO• itself can be 

determined  only  with  difficulty  and  requires  the 

handling  of  radioisotopes.  In  spite  of  this,  the  end 

products  of  the  phenomena,  nitrate  and  nitrite,  are 

preferentially  used  in  clinical  biochemistry.  Plasma 

nitrite plus nitrate levels were measured with use of 

the Griess reagent as described previously (Green et 

al., 1982).

Statistical  Analysis  of  Experimental  Data 

(Wister,  2000):  Statistical  analysis  was  done  using 

the computer program (prism). The quantitative data 

were presented in the form of mean ± standard error 

(mean ± SE). The significance of differences between 

mean values was determined using Student's " t " test. 
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Also correlation coefficients  (r-value)  were done. A 

P<0.05 was considered significant for all analyses. 

RESULTS

Characteristics of subjects are presented in  table 

1. The subjects of the four groups were similar in age, 

weight and height.  No other statistical demographic 

differences were detected between groups.  Duration 

of smoking per year and number of cigarettes per day 

were  similar  in  physically  active  and  sedentary 

smokers. 

There  were  differences  in  the  hemodynamic 

response  before  and  after  exercise  among  the 

subjects. During the exercise, subjects of group I, II 

and III had a longer time on the race, in comparison 

to group IV subjects (16 ± 5.5, 21 ± 2.3 and 15 ± 1.9 

min.  versus  9  ±  1.3  min.  respectively).  Most  of 

persons of group IV are not completed the race.  In 

addition, group IV subjects had a higher  heart  rate, 

respiratory rate and arterial blood pressure than other 

group subjects. Mean heart rate was 148.2 ± 10 beat/

min. in sedentary smokers after exercise, whereas it 

was 99.5 ± 8, 115.1 ± 6 and 136.4 ± 2.3 in groups I, 

II  and  III  respectively  (table  2).  Heart  rate  and 

systolic  blood  pressure  levels  were  significantly 

increased  after  acute  exercise  in  sedentary 

nonsmokers and sedentary smokers groups above pre 

acute exercise levels in the same group. There was a 

significant  difference  between  pre  and  post 

respiratory  rates  in  physically  active  smokers  and 

sedentary groups.

Table 1: Demographic characteristics of subjects in the different groups:

Groups
Parameters

Group I Group II Group III Group IV

Number 10 10 10 10
Age (year) 23.6± 1 22.2± 0.1 21.2 ± 0.8 23±1
Weight (kg) 62.7 ± 0.8 68.2± 2 60.3± 5 63.2± 0.5
Height (cm) 169± 0.8 167.4± 0.5 162.2± 2 161.1± 4
Duration of smoking (year) 7.4 ±1.1 NA 6.6 ±1 NA
Number of cigarettes (day) 12± 5 NA 8±2 NA

Each value represents the mean ± SE. NA, not applicable. 
No statistical differences were noted between groups for any of the above variables (p< 05).

Table 2: Hemodynamic response to acute exercise in physically active and sedentary smokers and 
nonsmokers:

Groups
Parameters

Group I Group II Group III Group IV
Pre 
race

Post 
race

Pre 
race

Post 
race

Pre race Post race Pre race Post race

Duration of 
exercise (min) 16 ± 5.5 21 ± 2.3 15 ± 1.9 9 ± 1.3

Heart rate 
(beats/ minute 72.3 ± 

7.1
99.5 ± 
8.0≠●

80.6 ± 
5.5

115.1 ± 
6.0* 85 ±8.0†

136.4 ± 
2.3*

102± 
9.7*†

148.2 ± 
10.0*≠

Systolic blood 
pressure 
(mmHg)

110.3 ± 
9.0

134.5 ± 
10.2≠●

122.2 ± 
11.9

153.5 ± 
15.5*

110.9 
±18.0†

160.8 ± 
15.7*

134.1 ± 
17.4*†

180 ± 
13.4*≠

Diastolic blood 
pressure 
(mmHg)

74.2 ± 
8.1

78.9 ± 
10.0≠●

70.6 ± 
10.6

85.1± 
18.9* 80.6 ± 12

90 ± 
18.6*

85.4 ± 
14.4*

100.1 ± 
12.2*≠

Respiratory rate 
(beats/ minute) 12.0 

±2.0
25.6 ± 
2.0≠●

14.0 
±3.0†

28.9 ± 
2.0*

15.0 ± 
5.0†

30.2 ± 
2.0*

18.0 ± 
3.0*†

38.7 ± 
2.0*≠

Each value represents the mean ± SE.
* Significantly different from group I.
≠ Significantly different from group II.
● Significantly different from group III. 
† Significantly different from post race in the same group.
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Fig. (5): Plasma triglyceride
levels (mg %) (mean ± SE) in the

four different groups.
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Fig. (6): Plasma total
cholesterol levels (mg %)

(mean ± SE) in the four different
groups.
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Fig. (7): Plasma HDL levels
(mg%) (mean ± SE) in the four

different groups.
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Fig. (8): Plasma LDL levels (mg
%) (mean ± SE) in the four

different groups.
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Fig. (3): Diastolic blood
pressure (mmHg.)(mean + SE)

in the four different groups.
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Fig. (4): Respiratory rate
(beat/min.)(mean + SE) in the

four different groups.
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Fig. (1): Heart rate
(beat/min.)(mean ±  SE) in the

four different groups.
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Fig. (2): Systolic blood
pressure (mmHg.)(mean ±   SE)

in the four different groups.

0

100

200

#
* *

*

*

#

†
†•

Groups

Sy
st

ol
ic

 b
lo

od
pr

es
su

re
 (m

m
Hg

.)

19



Abdel-Sater 

Fig. (9): Plasma malonaldehyde
levels (µmol/ml)(mean ±  SE) in

the four different groups.
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Fig. (10): Plasma glutathione
levels (n mol/ml) (mean ±  SE) in

the four different groups.
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Table 3: Plasma lipid profile levels (mg %) after acute exercise in physically active and 
sedentary smokers and nonsmokers:

Groups

Parameters

Group I Group II Group III Group IV
Pre 
race

Post 
race

Pre
race

Post 
race

Pre
race

Post 
race

Pre 
race

Post 
race

Triglyceride 190.4 ± 
9.28#●

206 ± 
17.2#●

123 ± 
11.38*†

141 ± 
9.02*

112 ± 
15.9*

124 ± 
16.61*

60 ± 
14.1*#●

68 ± 8.6*#●

Total 
cholesterol

107.8 ± 
3.32#●

109.2 ± 
11.6#●

162 ± 
18.28*†

174 ± 
13.6*

186.4 ± 
20.07*

190.4 ± 
22.9*

292.2 ± 
9.91*#●

304.2 ± 
14.75*#●

HDL 75.21 ± 
2.61#

71 ± 
3.2#

48.40 ± 
6.69*●

42.6
 ± 5.5*●

78.40 ± 
3.4#

72 ± 4.8# 42 ± 
2.58*●†

41 ± 2.58*●

LDL 91.8 ± 
7.18●

101.3 ± 
8.04●

127.20 ± 
10.5●†

103.1 ± 
9.32●

120.2 ± 
10.5*#†

135 ± 
10.2*#

154 ± 
16.9*#

155 ± 
16.9*#

Table 4: Oxidative stress profiles, nitric oxide and uric acid levels after acute exercise in 
physically active and sedentary smokers and nonsmokers:

Groups

Parameters

Group I Group II Group III Group IV
Pre 
race

Post 
race

Pre 
race

Post 
race

Pre 
race

Post 
race

Pre race Post race

Malonaldehyde 
(µmol/ml)

0.28 ± 
0.01#●†

0.32 ± 
0.02#●

0.49 ± 
0.01*●

0.52 ± 
0.07*●

0.41 ± 
0.02*#

0.45 ± 
0.09*#

0.67 ± 
0.03*#●†

0.72 ± 
0.04*#●

Glutathione (n 
mol/ml)

7.2 ± 
0.6#●

7 ± 0.2#●
4 ± 0.6*

4.12 ± 
0.39*

4.4 ± 
0.3*

4.3 ± 
0.2*

2.5 ± 0.2*# 

●

2.42 ± 
0.20*#●

Uric acid (mg %) 1.6 ± 
0.6#●

1.97 ± 
0.27#●

2.83 ± 
0.24*●

3 ± 
0.17*●

4.33 ± 
0.56*#†

5.16 ± 
0.24*#

7.50 ± 
0.85*#●†

8.36 ± 
0.43*#●

NO• (µmol/ml) 183.3 ± 
3.68#●

178.3 ± 
5.15#●

160 ± 
8.5*●†

153.3 ± 
8.81*●

129.4 ± 
11.5*#†

122.8 ± 
8.30*#

77 ± 8.95* 

#●

76 ± 
7.31*#●

Each value represents the mean ± SE. 
* Significantly different from group I. 
# Significantly different from group II. 
● Significantly different from group III.
† Significantly different from post race in the same group.

The  obtained  data  revealed  that  regular  exercise 

significantly  decreased  the  plasma  malonaldehyde, 

total  cholesterol,  LDL  and  uric  acid  levels  below 

sedentary levels.  Pre and post race plasma levels of 

malonaldehyde  and  uric  acid  were  significantly 

increased,  while,  plasma glutathione and NO• were 

significantly decreased in sedentary smokers than the 
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sedentary non smokers, physically active smokers and 

physically active non smokers (tables 3 and 4).

Plasma  malonaldehyde,  uric  acid  and  total 

cholesterol levels of sedentary smokers pre and post 

race  were  significantly  increased  above  physically 

active  nonsmokers,  physically  active  smokers  and 

sedentary non smokers levels. Significant increase of 

plasma  LDL level  was  observed  between  sedentary 

smokers pre and post race and physically active non 

smokers and physically active smokers levels.

Sedentary  smokers  pre  and  post  race  produce 

significant  decrease  of plasma glutathione,  NO• and 

triglyceride  levels  below  physically  active 

nonsmokers, physically active smokers and sedentary 

non  smokers  levels.  Significant  decrease  of  plasma 

HDL level was observed between sedentary smokers 

pre  and  post  race  levels  and  physically  active 

nonsmokers and sedentary non smokers levels.

The  obtained  data  in  the  present  work  clearly 

demonstrated that the post race plasma malonaldehyde 

and  uric  acid  levels  in  sedentary  smokers  were 

significantly increase above levels of pre race  in the 

same  groups.  There  was  a  significant  difference 

between  pre  and  post  malonaldehyde  levels  in 

physically  active  nonsmokers.  Physically  active 

smokers  after  acute  exercise  produce  significant 

increase  of  plasma  triglyceride  and  total  cholesterol 

levels above pre race levels in the same group. While, it 

produces significant decrease of plasma NO• and LDL 

levels  below pre  race  in  the  same group  also.  After 

acute  exercise,  sedentary  nonsmokers  produce 

significant increase of plasma LDL and uric acid above 

before  exercise  levels  in  the  same  groups.  While,  it 

produces  significant  decrease  of  plasma  NO•  levels 

below pre race levels in the same group also. 

There was a positive correlation between plasma 

cholesterol  level  and  each  of  uric  acid  level  and 

malonaldehyde  level  in  sedentary  smokers  (r=0.89; 

p<0.042 and r=0.92; p<0.022 respectively). Moreover, 

a  significant  positive  correlation  was  observed 

between  serum  NO· and  triglyceride  in  sedentary 

smokers (r= 0.92; p<0.027). 

DISCUSSION

The  present  study  confirms  numerous  positive 

effects  of  regular  exercise  over  cardiovascular 

conditioning  in  smokers  (William  et  al.,  2002; 

Jonathan,  2003;  Viitala  et  al.,  2004;  Kerry  et  al., 

2005;  Magkos  et  al.,  2006;  Raul,  2006;  Villa- 

Caballero et al.,  2007; Gomez-Cabrera et al.,  2008; 

Radak et al., 2008 and Sachdev and Kelvin, 2008).

Individuals who were engaged in regular physical 

activity  demonstrated  lower  cholesterol,  LDL  and 

uric  acid  levels  and  better  general  hemodynamic, 

triglyceride, HDL and nitric oxide levels pre and post 

race than sedentary individuals. This is the first study 

to  my knowledge  to  report  lipid profiles,  uric  acid 

and  nitric  oxide  after  acute  exercise  in  physically 

active and sedentary smokers.  The present  findings 

provide  additional  insight  into  another  possible 

mechanism  associating  cigarette  smoking  with  ill 

health and disease. 

Regular  exercise  has  several  protective 

mechanisms including decreased myocardial oxygen 

demand,  increased  myocardial  oxygen  supply, 

reduced  propensity  toward  ventricular  arrhythmias, 

reduced platelet aggregation, improved lipid profile, 

and  increased  plasma  fibrinolytic  activity 

(Leeuwenburgh and Heinecken, 2001).

Most of cardiovascular  effects of smoking were 

due to stimulation of sympathetic and generation of 

oxidative  stress.  The  acute  effects  of  smoking  are 

caused  mainly by nicotine,  which is  absorbed  very 

rapidly and enter the circulation. It stimulates directly 

the  sympathetic  nervous  system,  increasing  the 

secretion of catecholamines from the medullary area 

of  the  suprarenal  glands,  stimulates  the  cerebral 

cortex and the hippocampus, the chemoreceptors of 

the  aorta  and  the  carotid  arteries.  The  produced 

effects are vasoconstriction, reduced oxygen tension, 
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Table 5:  Correlation between tested parameters levels in sedentary smokers group:
Tested 
parameter

Triglycerides Total cholesterol Malonaldehyde Uric acid NO• 

Triglycerides R= 0.92 p<0.027
Total cholesterol R=0.92 p<0.022 R=0.89 p<0.042
Malonaldehyde r=0.92  p<0.022
Uric acid R=0.89  p<0.042
NO• R= 0.92  p<0.027
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 Fig. (13): Correlation between
plasma  total cholesterol level

and malonaldehyde level in
sedentary smokers
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Fig. (14): Correlation between
plasma  total cholesterol level

and uric acid  level in
sedentary smokers
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Fig. (15): Correlation between
plasma  triglyceride level and

NO•  level in sedentary smokers
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Fig. (11): Plasma uric acid
levels (mg %) (mean ±  SE) in

the four different groups.
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Fig. (12): Plasma nitrite plus
nitrate levels (µmol/ml)  (mean ±
SE) in the four different groups.
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EFFECTS OF EXERCISE ...
 increase of the arterial blood pressure and increase of 

the cardiac output (Antonio et al., 2008). The smaller 

stroke volume at all levels of exercise despite of the 

sympathetic  stimulation  caused  by  smoking,  could 

represent  an  added  negative  inotropic  effect  on 

myocardium or be due to decrease in venous return, 

causing  a  compensatory  increase  in  heart  rate 

(William et al., 2002).

Regardless  the  mechanism,  the  net  effect  of 

smoking  is  to  decrease  the  efficiency  of  the  heart 

during exercise in the upright position by causing a 

smaller stroke volume and higher  rate at any given 

level  of  exercise.  Since  the  major  hemodynamic 

effects of physical training are to increase the stroke 

volume over pre training levels, cigarettes can thus to 

said to produce change in opposite direction of those 

of physical conditioning. So, the stopping from acute 

exercise in smokers is due to inability of the heart to 

increase its stroke volume and cardiac out put volume 

up  to  need  in  normal  fashion.  After  smoking,  the 

heart becomes less efficient as a pump and requires 

more energy to do the same amount of work in non 

smokers (Kerry et al., 2005).

Decreased  of  exercise  performance  in  smokers 

may be also due to rapid dyspnea that may be due to 

1)  constriction  of  the  terminal  bronchioles  of  the 

lungs, which increases the resistance of airflow into 

and out of the lungs. 2) The irritating effects of the 

smoke itself cause increased fluid secretion into the 

bronchial  tree,  as  well  as  some  swelling  of  the 

epithelial  linings and 3) nicotine paralyzes  the cilia 

on the surfaces of the respiratory epithelial cells that 

normally beat continuously to remove excess fluids 

and  foreign  particles  from  the  respiratory 

passageways (Guyton and Hall, 2006). 

The primary mechanism for the increase of blood 

pressure  and  heart  rate  during  acute  exercise  is 

thought to be central neural output to cardiovascular 

control centers (Nathan et al., 2008). The difference 

between  physically  active  smokers  and  sedentary 

smokers  can  be  explained  by  high  reactivity  in 

parasympathetic  tone caused  by regular  exercise  in 

physically  active  subjects.  This  effect  is  known  as 

post exercise hypotension and it may persistent up to 

16 hours after an exercise bout (Villa- Caballero et 

al., 2007). 

There  are  several  interacting  homeostatic 

regulators  of  blood pressure,  including  the  rennin-

angiotensin  system,  the  autonomic nervous  system, 

and  local  mediators.  The myogenic  tone  and  flow-

dependent vasodilatation are of major importance for 

the  regulation  of  blood  pressure  under  various 

physiological circumstances. The increase of arterial 

pressure in smokers may be due to decrease of NO• 

production.  (Guo et  al.,  2006).  Another  mechanism 

may be due to decrease the blood insulin level and 

improve the insulin sensitivity by exercise that is one 

of important cause of hypertension in smokers (Peter 

et al., 1995). 

Cigarette smoke–induced endothelial dysfunction 

is multifactorial may be secondary to oxidative stress 

generated  by  xanthin  oxidase,  increased  of  bad 

lipoprotein,  and  /or  decrease  of  nitric  oxide  levels. 

Xanthin  oxidase  uses  molecular  oxygen  as  the 

electron acceptor, generating the superoxide radicals 

as a by product likely contributing to oxidative stress 

during exercise (Nishino et al., 2005). Acute exercise 

may  require  an  increase  in  activity  of  adenylate 

cyclase  and  myokinase  in  muscle  (Brooks  et  al., 

2000)  acting  an  additional  source  of  energy  by 

producing 1 ATP and 1 AMP while ATP is used for 

energy;  the  AMP  is  degraded  to  1  MP.  1MP  is 

catabolized to hypoxanthin to xanthin and finally to 

uric acid (Shlomit et al., 2003). Increased of uric acid 

is  also  associated  with  cardiovascular  diseases 

(Niskanen et al., 2004). Recently, Anoop et al. (2008) 

reported  that  the  association  between  plasma  uric 

acid and cardiovascular disease and mortality may be 

mediated by its effect on subclinical atherosclerosis. 

There is a general consensus that smoking targets 

the  vascular  endothelial  cells.  NO•  is  primarily 

responsible  for  vasoregulatory  and  homeostatic 
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functions  of  endothelial  cells.  In  the  vitro  model, 

cigarette smoking was associated with reduced NO• 

synthases activity  as  well  as  decreased  NO• 

production  (Wang  et  al.,  2000).  Components  of 

cigarette smoke can react with L-arginine to form an 

L-arginine  adduct.  This  reaction  may  have  two 

possible effects. First, it may decrease the amount of 

L-arginine in the body and thus, less NO• is produced 

since  there  is  less  of  its  precursor.  Secondly, 

the adduct  formed may bind to  the  NOS itself  and 

inhibit its function (Wong, 1999).  Another possible 

mechanism is reactive oxygen  species  depress  NO• 

synthesis  through  their  inhibitory  effect  on 

endothelial  receptors  for  acetylcholine  and  other 

vasodilators,  while  they  directly  react  with NO• to 

form  peroxynitrite,  decreasing  in  this  way  NO• 

bioavailability (Laursen et al., 2001). 

Raveendran et  al.,  (2005) reported that  cigarette 

smoke can induce excessive apoptosis in endothelial 

cells  and  other  cell  types.  This  apoptosis  may  be 

mediated by the activation of p38 MAPK (mitogen 

activated  protein  kinase),  JNK/SAPK  (Jun  kinase 

kinase/ stress activated protein kinase) and caspases. 

Endogenous  NO•  production  may  be  an  important 

protective  mechanism  against  smoking-induced 

endothelial  damage.  The decrease  in  NO• 

bioavailability  in  vessel  wall  stiffness  may explain 

why smoking is an important risk factor for coronary 

artery disease (Guo et al., 2006).

Numerous authors have reported increased resting 

oxidative stress in cigarette smokers (Leeuwenburgh 

and Heinecken, 2001; Dietrich et al., (2003); Polidori 

et  al.,  2003;  Kirkham  et  al.,  2004;  Muscat  et  al., 

2004; Aycicek et al., 2005 and Bloomer et al., 2007). 

Likewise,  an  equal  or  greater  number  of 

investigations  have  reported  elevations  in  protein, 

lipid  and  DNA  oxidation  following  acute  exercise 

(Shlomit et al., 2003; Orhan et al., 2004; Fatouros et 

al.,  2004;  Kemal  et  al.,  2004;  Viitala  et  al.,  2004; 

Nishino  et  al.,  2005;  Russell  et  al.,  2005;  Gomez-

Cabrera  et  al.,  2006;  Bloomer  et  al.,  2007  Villa- 

Caballero et al., 2007 and Packer et al., 2008). Some 

studies (Surmen-Gur et al., 1999 and Alessio et al., 

2000) have found little, or no, change in detectable 

malonyldialdehyde  values  in  smoking  and  acute 

exercise. The exact reason for this is unknown but its 

may be due to methodical variation between studies 

or  even  the  very  nature  of  malonyldialdehyde 

detection. It may also be due to the rapid clearance of 

malonyldialdehyde from plasma (Dixon et al., 2006) 

and which can make it difficult to obtain accurate in 

vivo  measurements  of  malonyldialdehyde  (Sachdev 

and Kelvin, 2008). 

Free  radicals  were  generated  in  smokers  from 

several  source;  1)  the  mitochondria,  from  which 

oxygen  radicals  that  have  escaped  scavenging 

enzymes present  in mitochondria may leak into the 

sarcoplasm, 2) the capillary endothelium by xanthin 

oxidase, where a hypoxia or reoxygenation process is 

created during exercise (Kemal et al., 2004) and 3) an 

oxidative  burst  from  inflammatory  cells  mobilized 

and  activation  of  xanthin  oxidase  as  a  result  of 

muscle or tissue ischemia and damage. Smoking was 

associated with the influx of neutrophils into the air 

spaces and alterations in oxidant antioxidant balance 

in the plasma and in air space, suggesting increased 

oxidant stress (Bloomer et al., 2007).

Acute  exercise  is  postulated  to  generate  free 

radicals  by  following  mechanisms,  1)  by 

mitochondria,  electron  leak  from the  mitochondrial 

electron  transfer  chain  results  in  the  production  of 

superoxide anions (Cadenas and Davies, 2000). 2) By 

xanthine  oxidase,  with  intensive  exercise,  certain 

regions  of  the  body can  face  temporary  periods  of 

hypoxia- and ischemia-like conditions. In  this state, 

xanthine dehydrogenase (an enzyme that functions by 

reducing  NAD+)  can  be  converted  to  xanthine 

oxidase,  which  functions  by  reducing  molecular 

oxygen.  ATP  catabolism  results  in  production  of 

hypoxanthine,  thereby  producing  substrate  for 

xanthine  oxidase.  When  oxygen  is  reintroduced 

(reperfusion)  xanthine  oxidase  produces  superoxide 

and hydrogen  peroxide as by-products,  contributing 

to overall oxidant and free radical formation (Nishino 
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et al., 2005). 3- By neutrophils and other phagocytes 

as  part  of  a  heightened  and  extensive  immune 

response  to  tissue  injury  with  the  subsequent 

production  of  free  radicals  by  NADPH  oxidase 

(Morozov  et  al.,  2006).  4)  By  increases  of 

catecholamines  that  can  produce  oxygen  radicals 

when they are metabolically inactivated (Manuela et 

al.,  2007).  5)  By  muscle  mitochondria  undergo 

increased uncoupling and superoxide generation with 

increasing temperatures.  Therefore  exercise-induced 

hyperthermia may cause oxidative stress (Christopher 

and David, 2003). 6) By production of lactic acid that 

converts a weakly damaging free radical (superoxide) 

into strongly damaging one (hydroxyl) (Clarkson and 

Thomposon, 2000). 7) By depletion of thiols and an 

increase  of  intracellular  Ca++  may  potentate  free 

radical  generation  in  acute  exercise  (Willium  and 

Donald,  2000).  8)  By  auto-oxidation  of 

oxyhemoglobin  to  methemoglobin  results  in  the 

production  of  superoxide  (Willium  and  Donald, 

2000).

Ji et  al.  (1993) examined the mechanism of the 

change  in  glutathione  in  the  blood  in  response  to 

exercise.  They found that  when subjects  performed 

the  same  exercise  but  ingested  carbohydrate, 

sufficient to increase blood glucose and insulin over 

the  control  condition,  there  was  no  increase  in 

glutathione. The increased of glutathione by regular 

exercise may be due to hepatic glutathione efflux by 

glucagon.

It  is  very  clear  that  regular  exercise  training 

induces  adaptive  responses  that  permit  improved 

exercise  performance  (Sachdev  and  Kelvin, 

2008).These  adaptive  responses  include  reduced 

basal production of oxidants, reduction of radical leak 

during  oxidative  phosphorylation,  increased  the 

activity  of  antioxidant  enzymes  and  increased 

oxidative  damage  repair  systems  to  improved 

physiological  function  and  enhanced  resistance  to 

oxidative stress (Radak  et  al.,  2008).  Exercise  also 

has a large impact on the availability and bioactivity 

of endothelial-derived nitric oxide. The stimulus for 

endothelial  NO•  production  is  the  increased  flow 

through the vessels, which results in shear stress and 

increased  activation  of  endothelial  nitric  oxide 

synthase (Kojda and Hambrecht, 2005). 

CONCLUSION AND RECOMMENDATIONS:

These findings point to the role of NO·, uric acid 

and  lipid  peroxide  in  the  pathophysiologic 

mechanisms  of  smoking  induced  cardiovascular 

diseases.  The free  radicals  are  formed in excess  in 

smokers  especially  after  acute  exercise.  Sedentary 

smokers may be at an even greater risk of oxidative 

stress-related  cardiovascular  diseases.  The 

significance  of  information  obtained  though  this 

study  is  not  only  elucidation  of  the  mechanism of 

smoking  induced  cardiovascular  disease,  but  also 

provide  a  possible  better  method  of  treatment  and 

diagnosis  for  smokers  who  have  developed 

cardiovascular  disease  symptoms  through  the 

possibility  of  L-arginine,  antioxidants,  xanthine 

oxidase  inhibitor  replacement  therapies.  There  is  a 

need of more prospective studies regarding oxidative 

stress  and  diverse  exercise  types  and  regimens  in 

smokers.  Because  the  risk  of  cardiovascular 

morbidity  and  mortality  appears  greater  within  an 

aging population, future investigations should focus 

on  older,  more  established  smokers,  while  giving 

specific  attention  to  the  number  and  method  of 

cigarettes  smoked  per  day,  to  determine  if  more 

robust findings are noted. Finally, every body should 

include in a regular exercise.
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