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endurance training, trained athletes. comment upon the levels of NO and MDA after acute moderate
exercise. Therefore, we planned this study to compare the levels of NO
and MDA in trained athletes and untrained healthy controls at rest and
after 30 minutes of acute moderate exercise.

Materials And Methods: Study was conducted on fifty athletes who
do regular sports activities and are healthy. Blood was collected before
and immediately after acute exercise for estimation of NO and MDA by
Griess reaction and Thiobarbituric acid reactive species (TBARS)
method respectively. Data was analyzed by student’s paired t test.
Results And Observations:Research findings indicate that there were
statistically significant differences in the levels of TG, TC, LDL-C,
HDL-C, NO and MDA post-exercise as compared to the pre-exercise
levels in athletic group (p= 0.02, 0.03, 0.03, 0.02, 0.005, and 0.03,
respectively). There was no significant change in the levels of these
variables in the control group before and after exercise. Pre-exercise
values of TG, TC, LDL-C, HDL-C and MDA in trained athletes were
lower than pre-exercise values in untrained group and the difference
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was significant statistically (p=0.03, 0.02, 0.04, 0.02 and 0.03
respectively).

Conclusion: Acute moderate exercise in untrained individuals
produces increased oxidative stress but after endurance training it has
beneficial effects.
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Introduction:-

Exercise causes an imbalance between oxidant and antioxidant system of our body. Exercise is a stress like
condition resulting in increase in reactive oxygen species (ROS) but if done regularly it may strengthen the
antioxidant system of the body. [1] During the past few decades, information about the biological implications of
exercise-induced oxidative stress has expanded rapidly. Both resting and skeletal muscles produce ROS and reactive
nitrogen species (RNS) which produce damage to both proteins and lipids in skeletal muscles. These might also play
a role in regulating the expression of various genes responsible for antioxidant enzymes, DNA (deoxy ribonucleic
acid) repair proteins, mitochondrial electron transport chain proteins, stress proteins etc. [2]

Nitric oxide (NO) is a lipophilic, highly diffusible physiological messenger with very short half life. It is synthesized
by 3 different nitric oxide synthase (NOS) - neuronal NOS (nNOS or NOS-1), inducible NOS (iNOS or NOS-2) and
endothelial NOS (eNOS or NOS-3) [3]. The increase in NO results in vasodilatation occurring during exercise and
may prove beneficial for patients with vascular diseases. On the other hand, it being a free radical acts as a marker of
oxidative stress also. Increased production of NO when react with different oxygen metabolites induces the
synthesis of RNS [1].

Malondialdehyde (MDA) is the most frequently used marker of lipid peroxidation. It is a 3-carbon, low molecular
weight aldehyde produced by free radical-mediated chain of reactions. Studies have shown increased levels of MDA
after exercise as a state of increased oxidative stress. [4] The exercising muscles undergo ischemia reperfusion
phenomenon resulting in generation of free radicals. This might differ in persons who are on regular athletic training
programme as compared to untrained ones. No studies are available in literature to comment upon the levels of NO
and MDA after acute moderate exercise. Therefore, we planned this study to compare the levels of NO and MDA in
trained athletes and untrained healthy controls at rest and after 30 minutes of acute moderate exercise.

Material And Methods:-

The study was conducted in the Department of Biochemistry, Pt B D Sharma, University of Health Sciences, Rohtak
in collaboration with Department of Physical Education, Maharishi Dayanand University, Rohtak. Fifty healthy
athletes who do regular sports activities were enrolled in this study. All of them were studying in different colleges
affiliated under the University. For comparison 50 age and sex matched healthy untrained adults from general
population were enrolled as controls. Subjects with history of previous surgery or any chronic illness were
excluded. Subjects suffering from any acute illness, with family history of any chronic illness or who were on any
type of drug treatment were also excluded from the study. An informed consent was signed by each one of them.
Detailed history including height, weight and waist circumference, duration of training, blood group and diet was
taken. A digital weighing scale that could measure to the nearest 0.1kg was used to record weight, and height was
measured to the nearest centimeter using a measuring tape. Blood pressure was recorded using mercury
sphygmomanometer with the subject in sitting posture. Blood was collected for baseline parameters from all of them
in plain red colored vacutainers. Subjects were then asked to perform moderate exercise in the form of running on
400m racing track for a duration of 30 minutes. Another blood sample was collected along with blood pressure
measurement immediately after acute moderate exercise. Serum was separated after keeping the samples for 20
minutes. Serum was analyzed for estimation of lipid profile, NO and MDA. The NO level (measured as nitrite-plus-
nitrate (NO(X)) concentration) was estimated by Griess reaction. In this method nitrite reacts under acidic conditions
with sulfanilic acid (HO3SCsH,NH,) to form a diazonium cation (HO3SCsH,— N N+) which subsequently couples to
the aromatic amine 1-naphthylamine (CyoH;NHy,) to produce a red— violet coloured (Amax ~ 540 nm), water-soluble
azo dye (HO3;SCgH4—N N-CygHgNH,) [5]. MDA was assayed by colorimetric method using the principle that 2-
thiobarbituric acid (TBA) reacts with MDA when heated at acid pH. The optical density of the complex TBA-MDA
was then recorded spectrophotometrically at 535 nm. [6].
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All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 20 for
windows. Values shown in the text, tables and figures are mean +SD. Paired student’s t test was applied for
comparison of means of study groups. p value < 0.05 was considered significant and <0.01 as highly significant.
Correlations between groups were analyzed using Pearson correlation coefficient (r) formula.

Results:-

The physical characteristics of all the subjects are presented in table 1. All athletes were undergoing training for a
duration ranging from 6 months to 3 years. Comparison of within group differences of research variables are
presented in Table 2. Research findings indicate that there were statistically significant differences in the levels of
TG (Triglycerides), TC (Total cholesterol), LDL-C (Low density cholesterol), HDL-C (High density cholesterol),
NO and MDA post-exercise as compared to the pre-exercise levels in athletic group (p= 0.02, 0.03, 0.03, 0.02,
0.005, and 0.03, respectively). There was no significant change in the levels of these variables in the control group
before and after exercise. Pre-exercise values of TG, TC, LDL-C, HDL-C and MDA in trained athletes were lower
than pre-exercise values in untrained group and the difference was significant statistically (p=0.03, 0.02, 0.04, 0.02
and 0.03 respectively).

Discussion:-
The objective of this study was to determine the effect of acute moderate exercise on MDA and NO levels in trained
athletes and to see the relationship with healthy untrained controls.

In this study, it was observed that the baseline serum MDA levels in trained athletes were significantly lower as
compared to untrained athletes. This result is consistent with the previous study in which yoga exercise over a period
of 12 weeks decreased plasma MDA levels reflecting reduced oxidative stress levels. [7] The MDA levels remained
almost same in trained athletes but increased in untrained healthy control groups after acute 30 minutes running
which indicates increased lipid peroxidation in untrained group. First confirmation for this was provided in 1970s by
Brady et al. [8] and Dillard et al. [9] who reported an increased lipid peroxidation during exercise in both rats and
humans which was further confirmed by many studies. [10-13] The degree of oxidation is determined by the type,
duration and intensity of exercise. Respiration of mitochondria is increased with intensity of exercise producing
oxygen free radicals which causes oxidation of PUFAs (Polyunsaturated fatty acids) of membrane. Therefore, after
acute exercise the lipid peroxidation products determined by serum MDA levels were found increased in untrained
healthy controls. But with long term aerobic training, the antioxidant capacity of our body increases thereby
maintaining the balance between oxidant and antioxidant system and thereby decreasing the lipid peroxidation. [7]

A decrease in blood pressure was observed after aerobic training exercise showing antihypertensive role of training.
This is due to decreased activity of rennin angiotensin system and sympathetic system. Also, increased NO levels
(vasodilation) and decreased peripheral resistance are responsible for decrease in blood pressure as compared to
control group. [14]

During endurance training repetitive contraction and relaxation of muscles leads to a variety of physiological and
phenotypic changes like activation of mitochondrial biogenesis, fiber type transformation and angiogenesis. All
these factors results in increased capacity of muscles to aerobic metabolism and its resistance to fatigue. Exercise
induced increase in catecholamine levels also play a role in generation of ROS. [15] Although ROS and RNS
produced during exercise produce several deleterious effects to tissues but regular exercise might have positive
effects too by altering cellular processes to increase antioxidant production. [16]

The levels of NO tended to increase after endurance training. The levels further increased after running for 30
minutes in both the trained athletes and the untrained healthy controls. Results of this study are supported by various
other studies who demonstrated an increase in NOS activity by, the indirect indices such as increased NO
concentration in expired air [17] and increased urinary nitrates and cGMP (cyclic guanosine monophosphate)
production. [18-20] NO is generated continuously by skeletal muscles and its synthesis further increases with
exercise by increasing NOS activity. Skeletal muscles normally express eNOS (localized to muscle mitochondria)
and nNOS (mainly expressed by fast twitch muscle fibers). [2] Roberts and Barnard reported 40% increase in NOS
levels after exercise. [21] Hirschfield W demonstrated by his experiment that nNOS is the prime source of increased
NO in exercising skeletal muscles. [22] Passive stretching of muscles has also been shown to increase NO levels in
rat skeletal muscles in vitro. [23] But animal studies have reported increased eNOS mRNA in dog aorta and eNOS
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protein in rat aorta. [24, 25] Even the study done by Tanabe et al also reported an increase in eNOS [26]. The exact
mechanisms by which NO levels are increased are still not known. Many people have given different hypothesis.
Maeda S and colleagues proposed that regular training in healthy older humans decreases the concentration of
plasma endothelin-1 (ET-1) which is a potent vasoconstrictor peptide produced by endothelial cells. Decrease in ET-
1 production contributes to increase NO levels as the two pathways engage in cross talk [27]. Also, endurance
training leads to stretching of endothelial cells which may enhance sheer stress induced production of eNOS thereby
enhancing the production of NO after chronic exercise. Lipid parameters also indirectly affect NO levels. LDL and
TG have been shown to decrease NO dependent vasodilatation whereas HDL-C enhances eNOS protein expression
in cultured human vascular endothelial cells. [27] In the present study TG and LDL-C levels decreased significantly
with increased HDL-C levels after endurance training as compared to healthy untrained controls. So, metabolic
changes also indirectly affect NO levels.

Endurance training results in homesis- paradoxical situation in which potentially harmful agents produce beneficial
results. So, exercise induced oxidative stress in addidtion to providing adaptation to ROS provides improved
physiological response and improved quality of life. Regular and continuous exercise training would effectively
improve body composition by decreasing MDA and increasing NO levels in the body. Early studies focused on only
oxidative damage produced by raised NO and MDA levels but increased free radicals do have many beneficial
biological roles by controlling numerous redox sensitive transcription factors and modulating antioxidant status of
body. But without regular exercise the raised ROS may prove harmful.

There are some limitations of this study. Firstly, we didn’t measure other parameters of lipid peroxidation in
particular 4-hydroxynonenal which is involved on one side in DNA damage and on other side regulates cell
proliferation, growth and gene expression. Secondly, antioxidant levels were not analyzed.

Conclusion:-
Acute moderate exercise in untrained individuals produces increased oxidative stress but produces beneficial effects
after endurance training.

Table 1:-Participant characteristics of the athletes and control group

Parameter Athlete group Control group
Age (years) 17.6 + 3.08 18+2.1

M:F 14:1 14:1

Height (meter) 170+ 7.16 171+3.2
Weight (Kg) 57.23 + 8.63 56.76 + 2.7
Waist circumference (cm) 29.64 £ 1.48 35.4+2.12
BMI (Kg/m?) 19.8+1.98 19.4+1.81
Veg: Non-veg 20:30 21:29

Table 2:-The results of paired t test in athletes and control group before and after the acute moderate exercise.

Parameter Phase Athlete group p value Control group p value

SBP (mmHg) Pre-exercise 110 + 1.20* 0.61 128.5+9.9 0.82
Post-exercise 112 +0.45 122,52 £9.9

DBP (mmHg) Pre-exercise 70 +0.91* 0.03 81.65+5.0 0.56
Post-exercise 65 £+ 0.25 76.5+£5.2

TG (mg/dL) Pre-exercise 128.08 + 23.8* 0.02 160.8 £24.6 0.65
Post-exercise 113.0£22.8 160.3 +17.2

TC (mg/dL) Pre-exercise 169.10 + 23.8* 0.03 194.8 £ 27.6 0.75
Post-exercise 156.86 + 24.3 197.3 £ 23.7

LDL-C (mg/dL) Pre-exercise 100.05 + 13.1* 0.03 120.7 + 134 0.93
Post-exercise 94.29 +£ 14.25 119.3 £13.1

HDL-C (mg/dL) Pre-exercise 35.04 £ 3.21* 0.02 34.56 £6.7 0.87
Post-exercise 45.86 +4.2 35.23 £3.2

NO (umol/L) Pre-exercise 17.15 £ 3.03* 0.005 13.33+£0.21 0.68
Post-exercise 18.30 £ 3.54 18.0+1.21

MDA (mmol/L) Pre-exercise 3.24+1.17* 0.056 5.04 +£0.12 0.76
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| Post-exercise | 3.67£0.21 | | 75+0.81 |

*Significant results when compared to pre exercise values in control group.
SBP: Systolic blood pressure; DBP: Diastolic blood pressure
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Figure 1:-Graph showing NO levels in trained athletes before and after exercise.
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