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The Effects of Chronic Aerobic and
Anaerobic Exercise on

Blood Nitric Oxide Levels

AABBSSTTRRAACCTT  OObbjjeeccttiivvee::  Nitric oxide (NO) is a gas which has vasodilator, antioxidant and metabolic regula-
tor features. The positive effect of aerobic exercise is well known on the production of NO in healthy men.
However,  the effects of  chronic anaerobic exercise on blood NO levels remain unclear. The aim of the pres-
ent study was to investigate the effects of both chronic aerobic and anaerobic exercise on basal serum ni-
tric oxide (BSNO) levels, and the relationships between BSNO and some aerobic and anaerobic performance
parameters. MMaatteerriiaall  aanndd  MMeetthhooddss:: Three groups participated in the present study, each of them was com-
posed of 11 healthy men with similar physical characteristics. The groups consisted of volleyball players as
the anaerobic group (AnG), swimmers as the aerobic group (AeG) with long-term exercise background and
volunteers who did not exercise regularly as the control group (CG). BSNO (as total nitrite) analysis was de-
termined in fasting venous blood by using Griess method. Mean power and peak power as the criteria of
anaerobic performance were determined by using Wingate test, and lactate minimum speed (LMS) was de-
termined as the criterion of aerobic endurance with the LMS test based on lactate elimination. Finger tip
lactate measurements were taken during certain segments of LMS test. RReessuullttss:: The BSNO value of the AeG
was significantly higher compared to the CG (90.34 vs. 74.39 µM), but it was not different from that of the
AnG (80.02 µM). No significant relationships were observed between the BSNO and LMS values in any
group. The LMS value of the AeG was significantly greater than that in the CG (11.59 vs. 10.27 km/h). Peak
power (13.11 vs. 9.84 w/kg) and mean power (8.55 vs. 7.36 w/kg) were significantly greater in the AnG
compared to the AeG. A positive correlation was found between BSNO in the AeG and peak power (r=0.648,
p=0.031) in the AeG. CCoonncclluussiioonn::  Based on the results of the present study, it is suggested that regular aer-
obic exercise may improve blood NO levels while anaerobic exercise does not; nevertheless, NO may play
a role in both aerobic and anaerobic adaptations to exercise.

KKeeyy  WWoorrddss::  Nitric oxid; lactic acid; exercise; anaerobic threshold 

ÖÖZZEETT  AAmmaaçç::  Nitrik oksit (NO) vazodilaör, antioksidan ve metabolik özelliklere sahip bir gazdır. Aerobik
egzersizin kan NO düzeylerini iyileştirdiği bilinmektedir. Ancak anaerobik egzersizin kan NO düzeyleri
üzerindeki etkisi belirsizdir. Bu çalışmanın amacı; aerobik ve anaerobik egzersiz antrenmanlarının kan NO
düzeyleri üzerindeki kronik etkilerinin ve bazal serum NO (BSNO) düzeyi ile bazı aerobik ve anaerobik per-
formans parametreleri arasındaki ilişkilerin araştırılmasıdır. GGeerreeçç  vvee  YYöönntteemmlleerr::  Çalışmaya benzer fizik-
sel özelliklere ve uzun bir antrenman geçmişine sahip üç grup katılmış olup, grupların herbiri sağlıklı 11
erkek gönüllüden oluşmaktadır. Anaerobik grup olarak (AnG) voleybol, aerobik grup olarak (AeG) yüzme
branşına ait antrene sporcular ve kontrol grubu (KG) ise düzenli egzersiz yapmayan gönüllülerden oluştu-
ruldu. Aerobik dayanıklılık performansının kriteri olarak laktat minimum hızı (LMH) LMH testi ile, anae-
robik performans parametreleri (ortalama ve pik güç vb.) ise Wingate testi ile belirlendi. BSNO düzeyleri
açlık venöz kanlardan Griess metodu ile belirlendi. LMH testi laktat eliminasyonuna dayanır bu nedenle;
LMH testinin belirli kademelerinde parmak ucu kanlarından laktat ölçümleri gerçekleştirildi. BBuullgguullaarr::  Ae-
robik grubun BSNO değeri (90,34 µM) kontrol grubununkinden (74,39 µM) anlamlı olarak daha büyüktü,
ancak anaerobik grubunkinden (80,02 µM) anlamlı olarak büyük değildi. Aerobik grubun LMS değeri (11,59
km/s), kontrol grubuna göre (10,27 km/s)  anlamlı olarak daha büyüktü. Anaerobik grubun zirve güç ve or-
talama güç değerleri (sırasıyla 13,11 ve 8,55 w/kg) aerobik grubunkilere göre (9,84 ve 7,36 w/kg) anlamlı
olarak daha büyüktü. Sadece aerobik grupta BSNO değeri ile zirve güç arasında pozitif korelasyon bulundu
(r=0,648, p=0,031). SSoonnuuçç::  Bu bulgular; düzenli aerobik egzersizin BSNO düzeylerini iyileştirebileceğini,
anaerobik egzersizin ise bunda yeterli olmadığını, bununla birlikte NO’nun aerobik ve anaerobik egzersiz
adaptasyonlarında rol oynayabileceğini gösterir. 

AAnnaahhttaarr  KKeelliimmeelleerr:: Nitrik oksit; laktik asit; egzersiz; anaerobik eşik  
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itric oxide (NO) is produced endogenously
from a number of sources such as vascular
endothelium and skeletal muscle in the

body using the nitric oxide synthase enzymes
(NOS) as a catalyst. The primary source of NO is L-
arginine in mammals. There are three isoforms; en-
dothelial NOS (eNOS), neuronal NOS (nNOS) and
inducible NOS ((iNOS). eNOS is active primarily in
the endothelial tissue of blood vessels, where NO
mediates vasodilation and relaxation of soft tissue.
eNOS is a constitutively active isoform that pro-
duces low levels of NO at a steady rate over long
periods to achieve its functional roles. nNOS is
active primarily in the central and peripheral
neurons where NO serves as an important neuro-
transmitter. Similar to eNOS, nNOS is constitu-
tively active and produces low levels of NO over
long periods. iNOS is active primarily in immune
cells and glial cells, and is activated by pathogen
recognition and cytokine release. 

NO is important for both coronary and periph-
eral hemodynamic control and metabolic regulation
during the performance of exercise. Skeletal muscle-
derived NO is an important regulator of muscle con-
traction and metabolism.1,2 Exercise training in
healthy individuals promotes adaptations in various
NO systems, which can increase NO bioavailability
through a variety of mechanisms, including in-
creased NOS enzyme expression and activity. Such
adaptations are likely to contribute to the increase
in exercise capacity and the protection from cardio-
vascular events.1 An enhanced inactivation and/or
reduced synthesis of NO is seen in conjunction with
risk factors for cardiovascular disease. This condition
is referred to as endothelial dysfunction. 

An increased production and/or impaired in-
activation of reactive oxygen species (ROS), i.e., ox-
idative stress, leads to reduced bioactivity of NO.
Cardiovascular risk factors, including hypercholes-
terolemia, hypertension, diabetes and smoking, as
well as established diseases are associated with im-
pairment of various NO systems.3 Exercise has par-
ticular efficacy in restoring dysfunction of the
vascular endothelial NO system and exercise train-
ing in individuals with elevated cardiovascular risk
or established disease can increase NO bioavail-

ability, and may represent an important mecha-
nism by which exercise training provides benefit
in the setting of secondary prevention.1,3 

Nitrite is the main oxidation product of NO in
plasma and sensitively reflects acute and chronic
changes in eNOS activity in healthy fasting volun-
teers. It has been shown that most of the circulat-
ing plasma nitrite is derived from eNOS activity in
humans and other mammals.4 In cardiovascular
system, nitrite can be reduced under hypoxic con-
ditions to NO via its reaction with deoxyhemoglo-
bin and deoxymyoglobin, regulating vascular tone
and myocardial function.5

It is reported that exercise stress increases
plasma nitrite concentration in healthy subjects;
the increase in nitrite is NOS-dependent; the rela-
tive increase in nitrite correlates with endothelial
function, and post-exercise nitrite concentration
and age are independent predictors of stress dura-
tion and power. Nitric oxide synthase-derived
plasma nitrite predicts exercise capacity, and im-
paired increase in plasma nitrite may limit exercise
capacity. These results suggest a role for plasma ni-
trite in the adaptation of hemodynamics during ex-
ercise. Physical fitness and formation of NO at rest
are positively linked to each other. This positive re-
lation may help to explain the beneficial effects of
physical exercise on cardiovascular health.6

The basal release of endothelium-derived NO
is increased with 4 weeks of home based training in
hypercholesterolemic patients, independently of
lipid profile modification. This may contribute to
the cardiovascular protective effects of exercise
training, including reduced blood pressure, which
may show that exercise conveys benefit beyond
lipid profile modification via elevation in basal NO
production.7

It was found that only moderate-intensity
aerobic exercise augments endothelium-depen-
dent vasodilation through the increased produc-
tion of nitric oxide, but not mild or high and that
high-intensity exercise possibly increases oxida-
tive stress.8 In another study, it has been shown
that long term different training strategies estab-
lish different basal nitrites and lipid peroxidation
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levels in sportsmen. However, progressive exercise
does not influence basal nitrite and the level of ox-
idative stress parameters neither at maximal load
nor during the first 10 min of recovery in the
sportsmen studied. For example, nitrite concen-
trations in rest were the lowest in taekwondo
fighters, while rowers had the highest levels
among the examined groups.9

The extent of oxidative stress induced by acute
bout of exercise depends on many factors, as well
as, exercise mode, intensity and duration, because
different modes of exercise differ in energy de-
mands, oxygen consumption and mechanical stress
to tissues.10

Therefore, exercise intensity is clinically also
quite important to select the appropriate kind of
exercise, because an intense exercise can be haz-
ardous to human vessels. However it is unclear
how chronic anaerobic exercise like volleyball af-
fects BSNO levels in healthy young men.

The lactate minimum speed (LMS) has been
considered to be a hallmark of aerobic fitness,11 LMS
test is based on lactate elimination.12 Lactate must
be removed from the blood after intense exercise.
In addition to inactive and active muscles, the liver
and heart eliminate lactate during exercise.13,14

Some studies have demonstrated that L-argi-
nine, a precursor of nitric oxide, lowers lactate values
in humans during submaximal exercise, while a rise
in NO production increases work capacity.15,16 Long
distance runners, cyclists, swimmers and triathletes
have higher lactate threshold values, whereas in ex-
ercise types which apply high work loads on a short-
term basis, lactate threshold values are low.17

Trained endurance athletes, who have greater
endothelium-dependent vasodilator reserves, are
expected to metabolize lactate more rapidly than
the anaerobically trained athletes.1 Thus, the LMS
may be higher in aerobically trained compared to
anaerobically trained athletes. Physiological needs
and activities in aerobic and anaerobic exercise are
different.

It is reported that NO may play a role in the
adaptations that occur with training.1 Hence, the

role of NO in aerobic and anaerobic exercise adap-
tations may be different. For example, it has been
found that there are relationships between aerobic
power (VO2max) and BSNO levels and aerobic ex-
ercise increases basal blood NO levels.1,18,19 How-
ever, the relationships between anaerobic exercise
and BSNO remain largely unclear.

Furthermore, a correlation was found between
BSNO production and the subjects’ training his-
tory. It was shown that the athletes who trained
professionally more than 3 years without longer
cessations in the training process (more than 6
weeks) had greater basal production of NO2 com-
pared to subjects who trained less or had training
cessations. Therefore long-term training may in-
duce the increase in NO bioavailability, whilst
training cessations, i.e. physical inactivity, have a
negative effect.19 Thus, training history may also
modify the effects of chronic exercise training on
BSNO levels and the relationships between BSNO
and anaerobic and aerobic performance parameters
in volleyball players and swimmers with long-term
exercise background. 

Therefore, the aim of the present study was to
investigate the chronic effects of aerobic and anaer-
obic exercise on BSNO levels, and the relationships
between BSNO and aerobic (LMS) and anaerobic
performance parameters (as peak power and mean
power)  in volleyball players as an anaerobic group
and swimmers as an aerobic group.

MATERIAL AND METHODS

PARTICIPANTS

Thirty three healthy subjects with similar physical
characteristics voluntarily enrolled in the study. Of
the 33 participants, 11 male athletes (volleyball
players; average age 21.7±1.1 years) were chosen as
the anaerobic group (AnG), 11 male athletes
(swimmers; average age 21±1.4 years) as the aero-
bic group (AeG), and 11 males (average age 21.7±1
years) who had not exercised regularly for at least
3 months served as the control group (CG) (Table
1). On average, the anaerobic and aerobic groups
respectively had 10 and 12 years of athletic back-
ground with all athletes in current training.
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All subjects underwent an anamnesis for
health history for control of anemia and acute in-
fections. Those considered healthy according to the
results were included in the study. Using this in-
clusion criterion, at least 60 people were screened
to find suitable individuals for the study. On a spec-
ified date, participating volunteers were informed
of the purpose and benefits of the study, including
the tests that would be performed and potential
risks. University School of Medicine’s Ethics Com-
mittee approved the study and the subjects pro-
vided written consent to participate in the study.
The subjects were cautioned to maintain a stable
diet for at least one week prior to the initial meas-

urements and to refrain from intense exercise for
at least two days in advance of testing. 

STUDY DESIGN

Physiological tests performed for all volunteers in-
cluded the LMS test as an indicator of aerobic en-
durance, the Wingate test of anaerobic power, and
physical measurements. NO concentrations in fast-
ing venous blood were determined using the Griess
Method, with cadmium as the reducing agent.
BSNO measurements were performed two days be-
fore the Wingate test, and lactate measurements
were performed before and after the Wingate test
and in the intervening 1 min rest period between
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TABLE 1: Physical characteristics and comparison of the groups (n=11).

BMI: Body mass index; 1: Aerobic group; 2: Anaerobic group; 3: Control group.

Variables 1 2 3 p Groups comparison p (groups)

1-2 0.171

Age (years) 21.00±1.41 21.72±1.19 21.72±1.00 0.284 1-3 0.171

2-3 1.000

1-2 0.017

Height (cm) 178.45±7.04 185.36±5.62 182.27±6.54 0.048 1-3 0.174

2-3 0.269

1-2 0.293

Body mass (kg) 75.54±9.82 79.10±6.74 77.27±6.26 0.570 1-3 0.606

2-3 0.587

1-2 0.443

BMI (kg/m2) 23.73±2.99 23.01±1.67 23.26±1.55 0.735 1-3 0.615

2-3 0.790

FI GU RE 1: Study de sign. 
Ba sal se rum nit ric oxi de and he ma to lo gi cal me a su re ments we re per for med from fas ting ve no us blo od samp les in the two day rest be fo re the Win ga te test, and lac tic acid me a su re -

ments we re per for med be fo re and af ter the Win ga te test and at va ri o us sta ges of the lac ta te mi ni mum spe ed test. BSNO: Basal serum nitric oxide; HR: Heart rate; LA: Lactate; RLA:

Resting lactate; BS: Blood sample; WLA: Lactate after Wingate test; LMLA: Lactate at lactate minimum point; THR: Threshold heart rate; EndLA: Lactate at the end of the test.



each 4 min period of running during the LMS test
(Figure 1).

COLLECTION, PRESERVATION, AND ANALYSIS OF
BLOOD SAMPLES

Two days prior to the exercise test, the subjects ar-
rived at the laboratory at 8:30 am following at least
12 h of fasting, and initially rested sitting down for
about 10 min. Without over-tightening the tourni-
quet, 10.0 mL of venous blood was then collected
in a Vacutainer tube from an arm vein. Blood in the
10.0 mL tube was held at room temperature for 30
min and then centrifuged for 15 min at 1500 g. The
acquired serum was distributed into plastic-capped
Eppendorf tubes and transferred to a freezer at -80
°C. Nitric oxide (total nitrite) measurements were
performed on these samples within 10-15 days. As
indicated in the protocol,15 subjects returned to the
laboratory 2 days later for the LMS test. At certain
stages during the LMS test, 3-4 tubes of blood col-
lected in capillary tubes containing heparin were
transferred into lactate protective tubes and mixed,
and were kept refrigerated until analysis. 

NITRIC OXIDE ANALYSIS 

NO has a half-life of a few seconds and in blood and
soon oxidizes into nitrite containing vasoinactive
and stable metabolites. Nitrite in whole blood is
quickly transformed into nitrate. Therefore, the
stable metabolites of NO, nitrite and nitrate, are
measured to analyze blood NO.1,18

Plasma nitric oxide analyses for the study were
performed using Oxis kits (Oxis International Inc.,
Beverly Hills, CA, USA). The method is based on
spectrophotometric determination of the absorbance
of pink azo dye derived from exposure of nitrite to
the Griess reagent. Nitrite (NO2), on the other hand,
is generated by reduction of nitrate (NO3) the basic
metabolite of nitric oxide using cadmium (Cd2+).
Using this method, nitrite inherent in the sample and
nitrite reduced from nitrate were measured cumu-
latively. Thus, total nitrite levels were used in the
current study as the representative of the BSNO.

LACTATE ANALYSES

To perform the lactic acid analysis, the subject’s
fingertip was first wiped with alcohol and then

dried with a piece of cotton wool. The fingertip was
then pierced with a lancet and squeezed gently. For
each subject, blood was collected in two hematocrit
capillary tubes with heparin, and later transferred
into blood lactate-preserving tubes. Samples were
stored in a refrigerator until the analysis com-
menced. Lactate samples were analyzed on the
same day using a YSI 1500 sport lactate analyzer
(YSI, Inc., Yellow Springs, Ohio, USA). Daily cali-
bration of the analyzer was carried out with 5 and
15 mM standard lactate calibration solutions. The 5
mM standard calibration solution was used for an-
alyzer calibration prior to measuring each subject’s
samples. A lactate membrane, a tampon to prepare
the reactive substance, and erythrocyte-breaking
lysing agent were used for measurements with the
device.

WINGATE ANAEROBIC POWER AND CAPACITY TEST 

A 30-s Wingate anaerobic cycle test was used with
model 824E Monark cycle ergometer (Monark,
Stockholm, Sweden). Following a general warm-
up limited to 15 minutes, subjects performed a 5
min long special warm-up exercise in laboratory
conditions on another Monark Ergometer cycle in-
volving 2-3 sets of 2-3 second long maximal speed
pedaling. After the warm-up, subjects used the
cycle ergometer dedicated for measurement and
pedaled at supramaximal speed for 30 seconds
against a load equivalent to 75 g/kg body mass. Ped-
aling speed in the first 5 seconds and the power cal-
culated from the load gave peak power (W). Mean
power was calculated as the overall pedaling speed
for 30 seconds and the power calculated from the
load.20 Peak power and mean power were deter-
mined using an online data-acquisition system
(Monark Wingate Ergometer Test, Monark Body
Guard, AB, Version 1.0).

LACTATE MINIMUM SPEED 

The LMS test was performed for the first time to
predict running speed at maximal lactate steady
state.11 The LMS test begins with intense exercise
resulting in metabolic acidosis. A 5-min rest period
follows the exercise period to allow for a rise in lac-
tate. Later, a standard anaerobic threshold test is
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initiated with blood lactate collected at each step.
Under these conditions, the LMS test begins with
high lactate values (~8 mM) and produces a U-
shaped blood lactate curve during the test (Figure
2). Blood lactate removal begins at the start of the
lactate minimum test. The lactate concentration
continues falling until an aerobic-anaerobic tran-
sition balance is reached. The decline in blood lac-
tate values is termed the active recovery phase. The
reduction ends once a balance is reached and the
lactate concentration begins to rise again because
the test is still in progress (the speed is rising). The
subsequent rise in the blood lactate value is termed
the reloading phase. The point of inflection is
termed the lactate minimum (LM), also known as
the aerobic-anaerobic balance and maximal lactate
threshold value.11,12,21,22 An advantage of the LMS
test is that it is a single test that can determine both
anaerobic power and the anaerobic threshold.
However, the test is not suitable for all individuals
as it involves short-term, high-intensity loads.23

In accordance with the protocol, the subjects
underwent 3 acute exercise-loading phases during
the LMS test.24 The first phase was a supramaximal
Wingate cycle exercise test. Following the exercise
phases, the subjects had 5-min passive resting peri-
ods. Blood lactate was analyzed to determine the
degree of metabolic acidosis after 5 min. 

The initial speed for the active recovery phase
of the LMS test was taken in the present study as
70% of the time each athlete runs 3000 meters .
The speed increase for each step was set to 0.5-1
km/h. This step took place on the treadmill to

buffer metabolic acidosis occurring after maximal
exercise and to eliminate rising lactate values. This
phase was carried out in the form of 3 different
submaximal intermittent treadmill tests that in-
tensified gradually and lasted 4 min for each step.
This phase encompassed the balance point between
lactate production and elimination and continued
until the lactate minimum point. The blood lactate
value at this point was termed lactate at the lactate
minimum point (LMLA). 

This phase was followed by a reloading phase
that continued until the maximal level was
reached, in the form of three gradually increasing
speeds each lasting four minutes. The load increases
continued until the subjects were exhausted; the
majority of the subjects ended the test at step 6. The
subjects’ heart rates at the end of the test reached or
exceeded age predicted maximum heart rates. At
the end of the test, the exercise load at the mini-
mum lactate level was considered to be the LMS.24 

HEART RATE MEASUREMENTS

A heart rate monitor (RS 400; Polar Electro Oy,
Kempele, Finland) was used to continuously meas-
ure heart rate during the tests. Real-time heart rate
data were sent to the monitor from the chest strap
by radio waves. 

STATISTICAL ANALYSES

The data are presented as means±standard devia-
tions. The Kolmogorov-Smirnov test was used to
determine whether the data were normally dis-
tributed. Levene’s test was employed for homo-
geneity of the variances of the groups. The
normality and homogeneity tests determined that
the data were normally distributed and the vari-
ances of the groups were homogeneous. Thus, para-
metric analysis methods were used. Relationships
between blood NO levels and LMS, peak power,
mean power, minimum power and fatigue index
were investigated using correlation analysis (Pear-
son correlation coefficient). One-way analysis of
variance (ANOVA) and the post-hoc least signifi-
cant difference (LSD) test were used to compare av-
erage differences between the exercise and control
groups. SPSS 11.0 (SPSS Inc., Chicago, IL, USA) was
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FIGURE 2: The lactate minimum point. 
The point of inflection is termed the lactate minimum (LM), also known as the aerobic-

anaerobic balance and maximal lactate threshold value.11,21,22,24



used analyze the data. Statistical significance was
defined as p<0.05. 

RESULTS

There was a significant difference in BSNO levels
between the AeG (90.34±21.57 µM) and the CG
(74.39±14.03 µM) (p=0.048). However, there was
no difference between the AnG (80.02±20.98 µM)
and the CG nor between the AnG and the AeG.

Significant differences for peak power output
were found between all three groups. AnG and CG
values for minimum power were also significantly
greater than those of the AeG (Table 2). Fatigue
index (FI) value (52±2.9%) for the AnG was signif-
icantly greater than that of the AeG (47±8.5%)
(p=0.030). AeG LMS (11.59±1.17 km/h) value was
significantly greater than that of the CG
(10.27±0.68 km/h) (p=0.003), however there was
no difference between the AnG (10.95±0.96 km/h)
and the AeG nor between the AnG and the CG
(Table 2).

A positive relationship was found between
BSNO levels and peak power (r=0.648, p=0.031) in
the AeG, but not for other measures of anaerobic
power in the AeG nor for any of the anaerobic per-
formance criteria and BSNO values for the other
groups. 

There was no relationship between BSNO and
LMS for any group (r=0.001/p=0.998 in AeG,
r=0.035/p=0.919 in AnG, r=-0.241/p=0.476 in CG).

DISCUSSION

The results showed that the BSNO value of the
AeG was significantly higher than that of the CG,
but not significantly different from that of the
AnG. The BSNO level of the AnG  was also 7.1%
greater than that of the control group, but not sig-
nificantly.  In addition, a positive relationship was
found between the BSNO and the peak power in
the AeG, but no significant relationships were
found between anaerobic (Wingate) performance
parameters and BSNO values in the other groups. A
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TABLE 2: Anaerobic and aerobic performance data and comparison of the groups (n=11).

FI: Fatigue index; LMS: Lactate minimum speed; 1: Aerobic group; 2: Anaerobic group; 3: Control group. 

Variables 1 2 3 p Groups comparison p (groups)

1-2 0.000

Peak power (W/kg) 9.84±1.43 13.11±0.96 11.62±1.22 0.000 1-3 0.002

2-3 0.009

1-2 0.001

Mean power (W/kg) 7.36±0.84 8.55±0.43 8.16±0.86 0.003 1-3 0.018

2-3 0.219

1-2 0.030

Minimum power (W/kg) 5.11±0.63 5.91±0.91 5.85±0.88 0.035 1-3 0.041

2-3 0.883

1-2 0.030

FI (%) 47±8.5 52±2.9 51±8.4 0.047 1-3 0.326

2-3 0.210

1-2 0.261

Lactate (mM) 4.38±0.78 4.66±0.67 4.63±0.62 0.458 1-3 0.307

2-3 0.915

1-2 0.132

LMS (km/h) 11.59±1.17 10.95±0.96 10.27±0.68 0.012 1-3 0.003

2-3 0.107

1-2 0.382

Threshold heart rate (beat/min) 171.25±7.28 169.36±5.21 170.90±5.24 0.795 1-3 0.888

2-3 0.462



previous study also found that BSNO levels of both
young and older athletes involved in regular aero-
bic exercise were significantly greater than that in
the control group, consistent with the present
study results. The same study also suggested a rela-
tionship between greater microcirculatory function
and maximal oxygen consumption (VO2max) po-
tentially due to increased NO levels.25

Another study conducted on healthy groups
with different fitness levels determined that phys-
ical fitness levels and resting NO production were
positively related and the plasma nitrate levels of
athletes were significantly greater than those of
sedentary individuals,6 which is consistent with the
present study results. However, no significant re-
lationship was observed between the BSNO value
and LMS in any group in the present study. NO
plays a role in hemodynamic adaptations through
exercise. It has been reported that post-exercise ni-
trite concentrations are related to exercise per-
formance and a decline in nitrate levels can limit
exercise capacity.26

A study conducted on middle aged (n=32) peo-
ple reported that after 12 weeks of aerobic exercise
in the form of 30 min rapid walking (repeated 5-7
times per week), endothelium-dependent vasore-
laxation in both hypertensive and normotensive in-
dividuals improved together with an increase in
NO production.27

It was found that, although not statistically
significant, the NO levels of a group playing foot-
ball for health were greater than groups either par-
ticipating in jogging or living a sedentary life.18

Another study found that BSNO levels in profes-
sional male football players were significantly
greater than those in the control group.28 These dif-
ferences were attributed to the greater anaerobic
qualities of football (e.g. multiple sprints) and the
higher number of repeated stimuli compared to
running, as NO production is induced by hypoxia
and muscle contractions.1 Hence, these results sug-
gest that the specific movement dynamics of foot-
ball may affect NO levels. The movement dynamics
and differences in energy metabolism between the
volleyball group (considered the anaerobic group)

in the present study and the football group in the
previous study may partially explain the differ-
ences between the findings of these studies.

All isoforms of NO can be regulated by tran-
scription with hypoxia. nNOS expression increases
with contusion, severe injury, and muscular activ-
ity. Vascular and muscle nNOS are upregulated
with chronic exercise.1,29 It has been demonstrated
that both fast and slow contracting fibers of skele-
tal muscle express both NOS proteins. However,
nNOS levels are related to fast contracting, gly-
colytic muscles while eNOS levels are mostly re-
lated to oxidative muscles. Therefore, it is expected
that muscles participating in aerobic or anaerobic
exercise should produce different levels of NO in
different sport activities such as swimming and vol-
leyball. 

In healthy subjects, only moderate-intensity
aerobic exercise augments endothelium-dependent
vasodilation through the increased production of
nitric oxide, but not mild or high. A 12-week-
period of exercise of high aerobic intensity (at 70-
80% of VO2max) increased the indices of oxidative
stress, such as plasma concentration of 8-hydroxy-
2-deoxyguanosine and serum concentration of mal-
ondialdehyde-modified low-density lipoprotein,
and decreased endothelium-dependent vasodila-
tion in healthy young men.8 It has been reported
that oxidized LDL inhibit NO production, directly
inactivating NO.1 In another study, it has been
shown that long term different training strategies
establish different basal nitrites and lipid peroxida-
tion levels in sporstmen. For example, nitrite con-
centrations in rest were the lowest in taekwondo
fighters, while rowers had the highest levels among
examined groups.9

It is thought that ROS are not produced exces-
sively under physiological conditions in healthy
subjects. It has been reported that the massive in-
crease in oxygen uptake that occurs in skeletal
muscle during exercise is associated with an in-
crease in the generation of ROS (as superoxide).27

Oxidant concentrations exceeding a certain limit
inhibit the bioeffectiveness of NO.30 The balance
between inherent superoxide and NO levels plays
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an important role in the normal endothelium in
maintaining its function. Oxidative stress reduces
the amount of bioactive NO by chemical inactiva-
tion to form toxic peroxynitrite. Peroxynitrite in
turn can “uncouple” endothelial NO synthase to
become a dysfunctional superoxide-generating en-
zyme that contributes to vascular oxidative stres.1,3

It is thought that regular aerobic exercise in-
creases nitric oxide production with up-regulation
of eNOS gene expression and vascular endothelial
growth factor (VEGF)-induced angiogenesis and
decreases NO inactivation with augmented antiox-
idant system, such as superoxide dismutase (SOD)
and glutathione peroxidase (GPx), and attenuation
of nicotinamide adenine dinucleotide/nicotinamide
adenine dinucleotide phosphate oxidase activity,
leading to an increase in NO bioavailability.27 It has
been shown that biological antioxidative potential
decreased after a 6-week training period in female
volleyball players.31 Thus, long-term anaerobic
training for activities such as volleyball can deteri-
orate endothelium-related vasodilation and an-
tioxidant system. Therefore, these data may help to
explain the reasons for lower serum NO levels in
anaerobic volleyball group compared to aerobic
swimming group.

It has been reported that a 10-day treadmill
exercise program increases vascular eNOS gene ex-
pression, which in turn increases acetylcholine-in-
duced NO production. Furthermore, it was noted
that an increase in shear stress increases vascular
structure and function, and induces histological
changes.8 Shear stress occurring during physical ex-
ercise is an important factor in NO production.
During exercise, shear stress increases in the vein
endothelium, which results in vasodilation.32,33 In-
creased transport of blood and substrate to active
muscles including the myocardium has a pro-
nounced effect on exercise performance. Over the
long term, this can result in metabolic enzyme
changes and restructuring of veins.1,29 In addition
to regulating vascular tone, NO plays an important
role in maintaining a balance between vasodilators
and constrictors. Although the mechanisms by
which chronic aerobic exercise affects BSNO levels
remain largely unknown, they may be related to

the reported positive effects of regular exercise, in-
cluding blood pressure regulation, lipid and glucose
metabolism, neuronal and neurohormonal factors,
decrease in body weight and increases in shear
stress.8 Similarly, the manner in which regular aer-
obic exercise has a healing effect on endothelium
dysfunction remains largely unknown; however, it
has been reported that acute and chronic exercise-
induced endothelium-dependent vasodilatation re-
sults from an increase in NO production.8 All of the
factors discussed above may play differentiating
roles in the effects aerobic and anaerobic exercise
have on BSNO levels and LMS.

Previous studies found significant relation-
ships between blood NO levels and VO2max al-
though no significant relationships between NO
levels and LMS were found in the present
study.6,18,19,25 Many factors may have influenced this
outcome, including the study design, small num-
ber of subjects, and NO measurement methods.
Nonetheless, LMS, a value representing aerobic en-
durance, and BSNO levels were found to be greater
in the AeG than in the AnG and CG. It has been
demonstrated that NO levels increase with exercise
in animal studies, resulting in both capillarization
and arteriogenesis.34

The positive effects aerobic training has on
the central and vagal nervous systems are well
known. Athletes have a greater heart rate vol-
ume, a larger arteriovenous O2 difference, and
greater venous return, related to activation of the
nervous system.1 Endurance training also in-
creases lactate clearance. This reflects increased
hepatic capacity for gluconeogenesis as well as in-
creased lactate transport capacity and oxidative ca-
pacity and reduced glycogenolysis in muscle.
Therefore endurance performance can be pre-
dicted from the plasma lactate versus exercise in-
tensity.35 In consequence, higher LMS and BSNO
levels observed in the present study for the AeG
compared to the CG may indicate a potential in-
teraction between LMS and BSNO. 

The positive relationship observed between
the anaerobic performance parameter (peak power)
and BSNO in the AeG suggests that NO may also
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play a role in anaerobic training adaptations. It is
known that, independent of blood circulation, NO
increases muscle glucose uptake and inhibits gly-
colysis and creatine phosphate depletion, thereby,
preserving intracellular muscle energy reserves.1

Therefore, it is interesting that we observed a posi-
tive relationship between NO levels and peak power
in the aerobic group, though the reason for this re-
lationship is not known. However, this relationship
may be due to specific activity patterns in swimming
as well as the volume and frequency of swim train-
ing, which are greater than those encountered in
volleyball, which depends much more on anaerobic
power. Thus, more research is required to under-
stand the reason for this relationship. 

CONCLUSION

This study investigated the effects of chronic aero-
bic and anaerobic exercise on blood NO levels as
well as the relationship between NO levels and lac-
tate minimum speed, as a criterion measure of aer-
obic endurance, together with Wingate perfor-
mance parameters. However, the direct relation-
ships among these parameters, except peak power,
could not be determined. It is interesting that we

observed a positive relationship between NO and
anaerobic peak power in the aerobic group. Future
research may be carried out to explore the reasons
for this relationship in sprint versus endurance
trained men and women. The results suggest that
regular aerobic exercise may improve blood NO
levels, but not anaerobic exercise, nevertheless NO
may play a role in both aerobic and anaerobic adap-
tations to exercise.
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