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b

ar t ic l e in f o

abs tra ct

Article history:

Introduction: The positive impact of properly performed exercise on the human body is well

Received 20 June 2011
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enzyme, paraoxonase (PON), was determined.
Aim: The aim of this study was to determine the influence of a single bout of maximal
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physical exercise on PON activity and to investigate the correlation of this activity with
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chosen biometric parameters and physical activity levels.
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Materials and methods: In total, 15 subjects participated in this study. The average age of the

Hypercholesterolemia

subjects was 18 years (72.74 years). Participants were subjected to maximum efforts on

Atherosclerosis

a treadmill until complete exhaustion resulted. They had their blood taken for analysis at

Exercise

three time points – before, at the end, and 2 h following the end of exercise. PON activity

Antioxidant

was determined by the ability to dispose of paraoxon. The subjects also filled in
questionnaires in which they determined the amount and form of training carried out.
Basic biometric data were collected from the subjects.
Results and discussion: This study demonstrates that the enzyme activity at the maximal effort is
higher than at rest; however, it does not depend on the level of physical activity. PON activity 2 h
following exercise, though higher than at rest, was not statistically significant. No relationship
was found between PON activity and chosen parameters such as age, weight, BMI, lean,
body mass.
Conclusions: A single bout of maximal exercise increases PON activity. A positive trend was
also observed with respect to the impact of the physical activity level on PON activity at rest.
& 2012 Warmińsko-Mazurska Izba Lekarska w Olsztynie. Published by Elsevier Urban & Partner
Sp. z o.o. All rights reserved.

1.

Introduction

1.1.

Paraoxonase and atherosclerosis

Paraoxonase (PON) is an enzyme associated with a high density
lipoprotein (HDL) fraction in serum. It has a protective effect
against blood vessels, due to its antioxidant properties.

PON activity primarily depends on its genotype; PON1 and
PON2 are found in the blood.12 They exhibit their activity
by different enzymatic paths. Available studies1,6,7 demonstrate that the intake of antioxidant vitamins, saturated fatty
acids, smoking tobacco and the use of hypolipidemic drugs
can modify the antioxidant capacity of PON. Diets rich in
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fruit and vegetables increase the activity of PON1, which is
associated with the presence of antioxidant vitamins in
vegetables (vitamin E and C). Alcohol consumption causes
a moderate increase in PON1 activity, while serum enzyme
activity decreases in patients demonstrating alcohol
addiction.
The activity of PON1 lasts significantly longer than the effect
of antioxidant vitamins. This substance is a better protector
against low density lipoprotein (LDL) peroxidation. Low PON1
activity has been shown in patients with clinically confirmed
myocardial atherosclerosis. PON activity below normal is seen
in: family hypercholesterolemia, systemic and local inflammation, myocardial infarction, stroke, and diabetes.9,11
A correlation exists between PON1 and LDL. PON1 is
inactivated during the formation and accumulation of oxidized LDL (oxLDL). Oxidation of LDL is inhibited in 42–65%
by PON1.
PON is involved in the degradation of hydrogen peroxide
(peroxidase role, mainly PON1) and hydrolyzes esters in
phospholipid peroxides and hydrogen peroxides cholesterol
esters (the role of esterases, especially PON2). Acting as an
esterase, it catalyzes the distribution of aryl esters: phenyl
acetate and paraoxon. It also acts as an aryl esterase,
carbamates hydrolase and ‘‘-oxons’’ (paraoxon, diazoxon,
chlorpyrifoxon, soman and sarin). It can also decompose
peroxides of fatty acids in oxidized phospholipids.7,9
The presence and activity of PON1 has been observed in
various tissues. Its most extensive activity is found in the
liver, where it is synthesized. Then it passes further into the
serum. It is active and is also generated in kidneys, heart,
small intestine, lungs and brain.
LDL oxidative action within the wall of blood vessels
contributes to the development of atherosclerosis. This is
due to an inactivation of the nitric oxide and the formation of
foam cells. These processes, in return, release proinflammatory substances. HDLs inhibit LDL oxidative activity. They
hydrolyze lipid peroxydation products and prevent LDL oxidation. HDLs cause detoxification of oxidized phospholipids
generated during lipid peroxidation. Antioxidant effect is
possible thanks to apolipoprotein A-I properties, the presence
of PON1 enzyme and the platelet activating factor acetylhydrolase (PAF-AH), which all hydrolyze lipid peroxidation
products.
Factors increasing HDL levels are as follows: low body
weight, being female, physical activity (mainly of endurance
type), the consumption of red wine in small quantities,
estrogens and glucocorticoids. Factors causing a decline in
HDL concentration include: obesity, low physical activity,
being male, smoking, high carbohydrate diet, diabetes, kidney disease, and liver failure.4
It is assumed that atherosclerosis is caused by chronic
inflammation of the arteries. Hypercholesterolemia may
promote endothelial dysfunction. These disorders can be
drawn forth by the creation of active oxygen species and
the oxidation of lipids.8
Bearing in mind the risk factors leading to atherosclerosis,
several forms of primary and secondary preventive measures
which could halt the formation of atherosclerosis have been
found. These include: giving up smoking, weight reduction,
control of BMI, regular exercise and diet.8

2.
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Aim

Regular physical activity promotes an increase in PON activity and reduces the risk of atherosclerosis and cardiovascular
diseases. A single bout of physical exercise causes oxidative
stress in the body. Adaptive mechanisms react to this
situation by running a number of antioxidative substances,
including PON. Frequent disturbances of homeostasis lead to
enzymatic activation. The purpose of this study was to
determine the impact of a single bout of exercise on PON
activity and to investigate the quantitative relationships
between chosen biometric parameters and parameters of
the physical fitness and activity of the enzyme.

3.

Materials and methods

3.1.

Material

In total, 15 subjects participated in this study with an average
age of 18 years (72.74 years). The majority (10 subjects) were
school pupils attending a sport profile class. The remaining
(5 subjects) were students born in the years 1983–1986 from
the universities located in Łódź. The study group comprised
13 men and 2 women.

3.2.

Methods

Maximum effort was achieved in an exercise test carried out
on a Trackmaster treadmill. The exercise intensity was
regulated by increasing treadmill speed and inclination
according to the Bruce protocol modified to meet the requirements of the experiment. Subjects’ fitness expressed by
maximal oxygen consumption (VO2max) was assessed directly
by measuring the respiratory gases. Heart rate was also
recorded. Subjects ran until they refused to exercise due to
fatigue. Maximum heart rates (HRmax), VO2max and the maximal
carbon dioxide excretions (VCO2max) were recorded employing
the VO2000 MedGraphics Cardiorespiratory Diagnostic Systems
(Medical Graphics Corporation, USA), which worked compatibly
with Breeze suite 6.2A MedGraphics software.
Blood samples were collected at three time points: T1 – before
exercise, T2 – at the end of exercise, and T3 – 2 h following
exercise. Blood samples were taken from the antecubital vein
into Vacutainer tubes containing lithium heparin.
Blood samples were centrifuged (3000 rpm) for 20 min.
Isolated plasma was frozen in 0.5 mL tubes at 801C.
Questionnaires were completed in order to assess the level
of physical activity concerning the examined subjects. The
level of physical activity was rated utilizing a 5-point scale
depending on the number of trainings performed per week,
time of training, the type of activity involved and the loads
that were undertaken (Table 1).

3.3.

Chemicals

The majority of chemicals were purchased from SigmaAldrich Chemical (St Louis, MO, USA). Trizma base was
purchased from Fluka Chemie (Buchs, Switzerland).
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Table 1 – Assessment of the level of physical activity.
Type of activity

Number of trainings
per week

Training time [min]

Total points

Corresponding
level of activity

0.5
1
2
3
4

30
45
60
90
120

1–3
4–6
7–9
10–12
13–15

1
2
3
4
5

Weight lifting or relaxation
Endurance and strength
Speed
Endurance and speed
Endurance

Comments: corresponding level of activity: 1 – low, 2 – medium-low, 3 – average, 4 – medium-high, 5 – high.

1.6
Median
25–75%
Min–Max

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0

T1

T2

T3

Fig. 1 – Distribution of PON activity in the study group. Comments: T1 – PON activity before exercise (at rest), T2 – at the end of
exercise, T3 – 2 h following the end of exercise.

Table 2 – Changes of PON activity in time calculated employing Friedman ANOVA.
Time point
T1
T2
T3

Average rank of PON activity

Sum of ranks

Average PON activity

Standard deviation

1.466667
2.600000
1.933333

22
39
29

0.381394
0.424992
0.422992

0.369008
0.366791
0.357958

Comments: Friedman ANOVA and Kendall concordance coefficient for w2 ¼9.733333, p ¼0.00770 (n ¼ 15, df ¼2); Kendall’s W ¼0.32444; mean rank
r¼ 0.27619.

3.4.

Measurement of PON activity in plasma

PON activity was measured following the procedure described
by Nakanishi et al.5: 10 mL of serum samples were added to
1 mL of freshly prepared Tris/HCl buffer (100 mM, pH 8.5)
containing 1 mM CaCl2, 2 M NaCl and 1.2 mM paraoxon. PON1
activity was determined by measuring the initial rate of
substrate hydrolysis to p-nitrophenol, the absorbance of
which was monitored continuously at 405 nm and at 371C
for 5 min. The assay was performed in Ultrospec III (Pharmacia LKB) spectrophotometer using the Spectro-Kinetics
software. PON1 activity of 1 U/L was defined as 1 mmol
p-nitrophenol formed per minute in the described assay

conditions and PON1 activity was calculated from the extinction coefficient for p-nitrophenol (18.05 L mM1 cm1). Blanks
were included to correct for spontaneous hydrolysis of
a paraoxon solution.
Blood was collected at three time points. PON values are
specified in Fig. 1.

3.5.

Statistical analysis

To determine the presence of statistically significant changes
in PON activity the Friedman ANOVA test was applied for
multiple repetitions in time. To determine the existence of
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a statistically significant increase in enzyme activity at
specific time points the post-hoc Friedman test was used.
Correlations between chosen parameters with respect to the
subjects (age, weight, height, BMI, lean body mass, HRmax,
VO2max, and VCO2max) and PON activity at different time points
were calculated using the Spearman rank correlation test.

4.

Results

The Friedman ANOVA test showed a statistically significant
change concerning PON activity in time (Table 2).
A statistically significant increase of enzyme activity was
noticed between points T1 and T2 (between the start and the
end of exercise) (po0.006). At the T3 time point, there were no
statistically significant changes in enzyme activity (Table 3).
Table 3 – Differences between the average rank of the
total activity of PON (post-hoc test).
Time point
T1
T2
T3

T1

T2

T3

–
1.133333
0.466667

1.133333
–
0.666667

0.466667
0.666667
–

Comments: The value was estimated significant when smaller
than 1.12839329467955, po0.006.

It was found that the basal PON activity (activity in the first
minute of measurement, T1) correlated with the level of
regular physical activity (p¼ 0.0483). The correlation between
the enzyme activity at the T3 time point and the level of
physical activity was close to significance (p¼ 0.0564). The
enzyme activity at the T2 time point did not correlate with the
level of physical activity (p ¼0.1244). There were no correlations between the parameters of HRmax, VO2max and VCO2max
and PO activity (p40.05) (Table 4).

5.

Discussion

PON activity at rest is directly proportional to the level of
physical activity. A similar finding was observed in a study by
other authors,1 in which higher levels of PON activity in welltrained rugby players were found. An opposite conclusion,
however, was drawn from a similarly designed study.10 It was
observed that 4 months of regular aerobic training does not
increase the resting activity of PON.
This study demonstrates that the enzyme activity at the
maximal effort is higher than at rest; however, it does not
depend on the level of physical activity. Similarly, other
authors10 found increased PON activity at a bout of maximal
exercise. They additionally proved that this increase depends
on the degree of fitness exhibited by the tested subjects.

Table 4 – PON activity depending on n parameters, Spearman rank correlation test.
Time
point

Parameters

N
results

Rank correlation
coefficient r

Student Schedule t
(n2)

Level of
significance p

T1

Age (years)
Weight (kg)
Height (cm)
BMI
Lean body mass (kg)
Heart rate HRmax
VO2max (mL/kg/min)
VCO2max (mL/min)
Level of physical activity
number
Age (years)
Weight (kg)
Height (cm)
BMI
Lean body mass (kg)
Heart rate HRmax
VO2max (mL/kg/min)
VCO2max (mL/min)
Level of physical activity
number
Age (years)
Weight (kg)
Height (cm)
BMI
Lean body mass (kg)
Heart rate HRmax
VO2max (mL/kg/min)
VCO2max (mL/min)
Level of physical activity
number

15
15
15
15
14
13
13
13
15

0.132550
0.105550
0.075473
0.187670
0.072607
0
0.264464
0.008250
0.517170

0.48218
0.38269
0.27290
0.68888
0.25218
0
0.90951
0.02737
2.17866

0.637694
0.708135
0.789216
0.503006
0.805166
1.000000
0.382577
0.978652
0.048353

15
15
15
15
14
13
13
13
15

0.257530
0.141324
0.152743
0.025022
0.257426
0.184570
0.283748
0.016506
0.414590

0.96096
0.51472
0.55726
0.09025
0.92285
0.62286
0.98142
0.05475
1.64265

0.354108
0.615390
0.586815
0.929466
0.374268
0.546071
0.347478
0.957318
0.124410

15
15
15
15
14
13
13
13
15

0.356000
0.261181
0.194074
0.218052
0.367437
0.038570
0.162535
0.071527
0.502210

1.37356
0.97556
0.71331
0.80558
1.36857
0.12801
0.54633
0.23784
2.09396

0.192802
0.347086
0.488265
0.434972
0.196209
0.900452
0.595745
0.816379
0.056427

T2

T3
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PON activity 2 h following exercise, though higher than at
rest, was not statistically significant. Other authors reported10
that the enzyme activity was lower after exercise than at rest,
but returned to baseline levels within 24 h.
No relationship was found between PON activity and
chosen parameters such as age, weight, BMI, lean, and body
mass as in a study by Tomas et al.10
A single bout of maximal effort results in oxidative stress
to the body, which in turn mobilizes defense substances
such as PON. The more often a body is forced to exercise,
the more resistant it becomes to the effects of oxidative
stress.1,2,3,4,5,6,7,8,9,10,11,12

6.

Conclusions

PON is an enzyme which has the protective property of counteracting the effects of oxidative stress. Changes in its activity
under the influence of physical exercise result from oxidative
stress caused by this effort. Individuals engaged in regular
physical activity have a higher PON activity while at rest.
This study demonstrates that systematic physical activity
is beneficial to one’s health. Higher PON activity at rest
prevents atherosclerosis, and this is one of the reasons why
regular exercise has such a positive impact on its prevention.

Conflict of interest
None declared.

references

[1] Britez F, Travacio M, Gambino G. Regular exercise improves
lipid and antioxidant profile. Atherosclerosis. 2000;151:261.
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