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Abstract: Introduction: The aim of the current study is to verify the effect of N-acetyl cysteine (NAC)
supplementation on markers of oxidative stress and inflammatory response during a single session of
exhaustive  exercise.  N-acetylcysteine  are capable of stimulating glutathione synthesis, result in  the
elimination of free radicals. Methods: In this experimental study, 20 adult female Wistar rats which were divided
into 2 groups. Control group and the group receiving oral soluble N-acetylcysteinec tablet (600 mg/kg body
weight) that orally to the rats were given 4 hours before exercise. Before starting the supplementation, blood
samples were collected from all the rats. The next blood samples were collected just before the exercise started,
immediately after the exhaustive exercise and after one hour of rest. Malondialdehyde (MDA), total antioxidative
capacity (TAC), CRP were determined. Swim training protocol during a session was implemented as exhaustive.
Average data was analyzed using t-test. Results: After an exhaustive exercise session the concentrations of
malondialdehyde (MDA) immediately after the exhaustive exercise and total antioxidant capacity (TAC), an hour
after exhaustive exercise had a significant reduction. Concentration of C-reactive protein (CRP) did not show
any significant difference. Conclusion: Results of the current study suggest that consumption of n-acetyl
cysteine for 4 h before a single bout of an exhaustive physical exercise could significantly reduce the harmful
effects of oxidative stress.
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INTRODUCTION inflammation and severe damage to tissue [6], resulting in

Exercise causes physical stress that temporarily cytokines such as interleukin-1, interleukin-6, interferon-
disrupts the homeostasis of the body [1] and during gamma, TNF-  and  C-reactive  protein  in  appear in
exercise and physical activity, skeletal muscle of most blood [7]. Although evidence suggests that acute
organs are directly affected [2]. Studies show that exercise exercise-induced increase in ROS production may cause
can induce structural damage to muscle cells [3], produces an imbalance between mediators of oxidative and
metabolic products such as lactate [4] and some of antioxidant systems, increase in fat in muscles, protein
reactive oxygen species [5]. Production of reactive oxygen oxidation   and    the   development   of  oxidative  stress
species increases the production of free radicals during [8, 9]. Given the crucial role of free radicals in the oxidation
irregular and prolonged activities, resulting in fatigue, of fats, proteins and DNA damage, it is not surprising that

injury to a variety of pro-inflammatory and inflammatory
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a series of antioxidant defense mechanisms exist in the MATERIALS AND METHODS
body  to  counteract  the damaging effects of free radicals.
In general, antioxidants have the high capacity to react This Experimental study was done on used 20 adult
with free  radicals  and reactive species that minimizes female Wistar rats weighing approximately 150-300 g.
their actions, resulting in the delay or prevention of These pets were kept in  a  room with the temperature of
oxidative stress [10]. N- acetyl cysteine acetylation, a form 18-22 °C and under 12-hour light and dark having enough
of the amino acid L -cysteine, is an excellent source for food and water access. After a week, they were
production of the sulfide group which is converted in the transferred to the laboratory environment and got familiar
body in to metabolites that are capable of stimulating with the new environment and also a week of swimming
glutathione synthesis and may cause the destruction of exercise;  subjects  were  randomly divided into 2 groups
free radicals [11, 12]. Cysteine can help to maintain the of  10:  1- Control  group.  2-group received 600 mg doses
level of GSH (glutathione is  one  of the main antioxidant of   effervescent   tablets   of   N-acetyl   cysteine
in cellular antioxidant system). Research shows that (Zambon, Srizzera SA, Swiss medics Company), starting
athletes who consumed diets containing low levels of from 4 hours before the exhaustive exercise. Injection of
oxidants and do a session of heavy workout, causes N-acetylcysteine dose of 2 ml solution / kg body weight,
accumulation of ROS and an increase in oxidative stress which was  administered four hours before the test by
that can eventually affect sub maximal contractions [13], gavage to rats. Animals were kept in accordance with the
weak recovery, fatigue, muscle damage [10]. Dodd et al. guidelines of the Inter national Institute of Public Health
[14]  study,  it  seems  that  concluded   that   the  use  of and the study protocol complies with the principles and
N-acetylcysteineas a supplement for the treatment of standards of medical ethics at the University of Medical
rheumatoid arthritis-hardening of the arteries, disorders Sciences, Bushehr (Iran).
mutagenic, such as cancer can be effective and also
prevents of side effects due to an increase in free radicals, The Exercise Protocol: Before conducting  the main
disruption of the integrity of cellular components and can
ultimately result in oxidative stress and lipid peroxidation.

In our study, the blood total antioxidant capacity of
the subjects was decreased significantly in the control
group. However, it, s elevation has seen in the treated
group during the experiment. This is in agreement with the
results from some studies but not all [15]. There is an
overall inferred from damage during intense workouts and
exhaustive performance resulted in weakened antioxidant
system and the immunity of body against the generated
oxidative stress. However, aerobic exercise with moderate
intensity can strengthen and activate the anti-oxidation
and immune systems and have a protective effect against
these damages [16, 17]. On the other hand, Medved et al.
[1] reported concluded that the use of N- acetylcysteine
orally in untrained subjects reduces serum lipid per
oxidation (MDA) that agrees with the results of the
present study. Given the potential role of exercise in
increasing free radicals and oxidative stress and lack of
enough research on the influence of exercise, especially
swimming  exercise  along  with taking N- acetylcysteine
on  anti-oxidant  and  inflammatory markers, thus the aim
of the present study was to investigate the effects of
exhaustive exercise and supplements N- acetyl cysteine
on  the  concentration of TAC, MDA and CRP in the
female rat.

phase of this research, given that this study was
conducted in the country for the first time, the
investigator built a especial pool with a fiberglass
reservoir  of  water  with  the  size  of  70 × 90 ×  150cm.
The water temperature was considered 28°C. Before
conducting the training program and in order to getting
familiar with water and reducing swim-induced stress and
adaptation during two-day training, the rats were put in
the pool. Subsequently, threats in the exercise groups had
a session of extreme exhaustion (when it was considered
that the rats were drowning) began to swim. After an
exhaustivesession1.5ml blood samples were from the
venous plexus of the eye rats.

After taking blood samples and placing it in a water
bath at 37° C. The samples were immediately centrifuged
(at the speed of 3000 RPM for 10 min) and the obtained
serum was maintained in a freezer at -80° C till the
experiment time. An improved thiobarbituric acid reactive
substance (TBARS) based method was used for the
measurement of malondialdehyde Manciet and Copeland
[18].

Assay of  TBARS measures  malondialdehyde
(MDA) present in the sample, as well as malondialdehyde
generated from lipid hydroperoxides by the hydrolytic
conditions of the reaction [19]. Total antioxidant capacity
was measured by   FRAP   assay according to the method
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of Benzie and Strain [20]. At low pH, when a ferric RESULTS
tripyridyltriazine  (Fe  III-TPTZ)  complex  is reduced to
the ferrous (Fe II) form, an intense blue color with an Concentration  of  total  antioxidant capacity (TAC)
absorption maximum at 593 nm develops. The CRP in group N-acetylcysteine before and immediately after
concentrations in serum and pleural fluid were determined exhaustive exercise reduced but there are no significant
using a high sensitivity enzyme linked immunosorbent differences (p-value successively equals to 0.15 and 0.16),
assay (ELISA) which based on the principle of a solid but one hour after exhaustive exercise showed a
phase  enzyme    linked   immunosorbent   assay  [21]. significant decrease in the  control group (P=0.006)
After confirming the data normal distribution using (Figure 1).
Kolmogorov-Smirnov test, raw data were analyzed using Concentration of malondialdehyde (MDA) in Group
SPSS version 18 (version 18, SPSS Inc., Chicago, IL) and N- acetylcysteine time before exhaustive exercise
average data were analyzed using sample t-test increased, but there was no significant difference (P=0.48).
independent at a significance level of P<0.05 was One hour after exhaustive exercise compared to the
considered. control  group  decreased,  but  there was  no  significant

Fig 1: The differences between TAC levels between experimental groups and control groups at different times (before
and immediately after and an hour after exercise).* Inter a group difference at P 0.05.

Fig 2: MDA concentration difference between the experimental group and control group at different times (before and
immediately after and an hour after exercise). * Inter a group difference at P 0.05.

Fig 3: The difference in CRP concentrations between experimental groups and control groups at different times (before
and immediately after and an hour after exercise).
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difference (P=0.3) but immediately after exhaustive fitness and CRP [28]. Talebi et al. [9] examined the effect
exercise  showed  a  significant  decrease compared  to the of resistance exercise on inflammatory markers in diabetic
control group (P=0.014) (Figure 2). rats have indicated that in response to 4 weeks of

Concentration of C-reactive protein (CRP) in Group resistance training amounts of CRP, TNF-  and IL-6 are
N-acetylcysteine  before  and immediately after exhaustive reduced. The researchers found that exercise with the
exercise decreased compared to the control group, but proper intensity and duration of exercise as well as taking
showed no significant difference (p-value is successively enough rest has anti-inflammatory effects in the diabetic
equal to 0.25, 0.13 and 0.14) (Figure 3). rats. On the other hand, Janas Anderson et al. in a study

DISCUSSION athletic people  extreme  endurance training [29].

Preliminary results of the study showed that the relationship between physical activity and reduction of
concentration of MDA immediately after the exercise and CRP is unknown. This process directly improves
total antioxidant capacity were significantly reduced one endothelia by increasing the nitric oxide due to
hour after exhaustive exercise. Preliminary findings of this endothelial  function    and    increases  antioxidant
study, the results of previous studies confirmed the agents-resulting in the reduction of systemic and local
relationship between physical activity with reducing the inflammation reduces production of inflammatory cytokine
concentration of MDA [1, 22]. from smooth muscle wall endothelial and the ultimate

Nakhostin-Roohi  et  al.   reported  a  decrease in impact it may reduce production of CRP inflammatory
lipid full oxidation within  two weeks of L-carnitine- markers [30].
supplementation in exercise-induced oxidative stress [22] The findings of the present study confirmed the
showed a decrease in lipid per oxidation following a results of previous studies on the relationship between
session of exhaustive exercise with supplementation with physical activity and reduced blood antioxidant
N- acetylcysteine orally. However, Yan-A et al. [23] concentrations  [15, 10]. Gomez  et  al.  [14]   stated   that
reported an increase in levels of malondialdehyde after the  activities  of  moderate  intensity    exercise   can
acute aerobic exercise on a treadmill in obese women. boost antioxidant enzymes, while conducting a training
However, these contradictions can be related to program with a high volume and long periods can cause
nutritional status, exercise intensity, level of training, oxidative damage cell and disrupt its homeostasis and
physical fitness and methods used to measure oxidative especially if exogenous antioxidant drug use by athletes
stress. However, the low amount of MDA in the present is not enough [22, 32, 33]. TAC concentration
study can be derived from the reduction of free radical measurement may give more information than a single
production or enhanced effectiveness of antioxidant measurement of its components, as TAC is an outcome of
supplementation [24]. Explanation of this issue is based the total activity of antioxidant enzymes and antioxidants
on the fact that use of N- acetylcysteine (acetylated amino in the blood and plasma [28]. The suggested protective
L-cysteine forms and an is an excellent source for mechanism for the protective effect of N-acetyl cysteine
producing Group sulfide) which in the body is converted can be related to increase glutathione levels / cysteine in
into metabolites that are capable of stimulating the the blood and tissues that this will lead to the elimination
synthesis of glutathione and by increasing the levels of of free radicals [34] and coordinate with the findings of
glutathione/cysteine and bond with the active metabolite the present study.
results in minimizing the negative effects of free radicals Finally,  we  concluded  that oral  administration  of
on  muscle   contraction  and  reduces cellular  damage N-acetyl cysteine starting  from  4 h before a single
[11, 12]. session of exhaustive exercise program can significantly

The findings of this study confirm the results of reduce the harmful effects  of  oxidative stress, but not
previous studies on the relationship between physical time to fatigue. Malondialdehyde concentration in the
activity with no change  in  CRP concentration [25, 27]. experimental group showed a significant decrease
The results of this study showed that CRP concentrations immediately after exhaustive exercise. The final results
between the groups receiving NAC had no significant showed that consuming N-acetyl cysteine four hours
difference to control groups. However, studies have before performing exhaustive exercise can significantly
shown an inverse relationship between physical activity, reduce antioxidant capacity.

reported an increase in inflammatory factors in non

Although the general mechanism of the actual
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