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Abstract

The purpose of this study was to determine the changes of oxi-
dative response and exercise—induced muscle damage after two
different resistance exercise protocols. Whether training with
low or high intensity resistance programs cause alterations in the
activities of lipid peroxidation, nitric oxide (NOy), and creatine
kinase (CK) activity in human plasma was investigated. Twenty
untrained males participated into this study. Ten of the subjects
performed high intensity resistance (HR) exercise circuit and the
rest of them performed low intensity resistance (LR) exercise
circuit of 4 different exercises as a single bout. Venous blood
samples were drawn pre-exercise, immediately after the exer-
cise, and at the 6™, 24", 48" and the72 hours of post-exercise.
Samples were analyzed for markers of muscle damage (CK),
lipid peroxidation (MDA) and NO,. NO, production increased
in HR group (p < 0.05). The MDA response to the two different
resistance exercise protocol in this study caused a significant
increase between pre and post-exercise values in both groups (p
< 0.05). Also, there was a significant difference in the MDA
level between the two groups in post-exercise values (p < 0.05)
and higher values were observed in HR group. CK activities
showed a significant increase in all post exercise values (p <
0.05) of both groups but there were no difference between HR
and LR groups. These findings support that high intensity resis-
tance exercise induces free radical production more than low
intensity resistance exercise program.
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Introduction

An increase in macromolecule oxidation has been demon-
strated following both aerobic and anaerobic exercise of
sufficient intensity (Bloomer et al., 2006). The generation
of reactive oxygen and nitrogen species (RONS), such as
singlet oxygen (‘O), superoxide radical (O,7), hydroxyl
radical (OH), and peroxynitrite (ONO,") occur as a con-
sequence of normal cellular metabolism and seem to be
increased under psychological and physical stress condi-
tions (Sen et al., 1994). In anaerobic exercise (e.g., resis-
tance, isometric, eccentric, and sprint training) however,
other pathways of RONS generation exist (Boomer et al.,
2004) including ischemia-reperfusion, xanthine and
NADPH oxidase production, prostanoid metabolism,
phagocytic respiratory burst activity, disruption of iron
containing proteins, and altered calcium homeostasis
(Bloomer et al., 2006). The production of RONS via these
pathways may result partly from eccentric muscle actions,
which cause muscle injury (McHugh et al., 1999).

Resistance training is reported to have many bene-
fits, such as weight control, prevention of osteoporosis,
improvement of cardiovascular risk factors, and preven-
tion of injury (Dinubile, 1991; Verrill and Ribisl, 1996).
However excessive resistance training program may in-
crease oxidative stress and cellular damage (Liu et al.,
2005). There are two theories supporting the concept that
resistance exercise could lead to an increase in the pro-
duction of oxygen free radicals in active muscle sites. A
widely supported hypothesis involves the ischemia-
reperfusion injury (McBride et al., 1998). Intense muscle
contractions can result in a temporary decrease in blood
flow and oxygen availability and subsequent ischemia.
Following contraction (muscle relaxation), reperfusion
produces an abundant reintroduction of O, and results in
the formation of O, radical. Mechanical stress is another
hypothesis used to explain an increase in free radicals
(Viitala et al., 2004). In particular, eccentric exercise,
which includes high levels of force, was shown to result
in muscle tissue damage. This initiates the inflammation
process that eventually produces oxygen free radicals and
lipid peroxidation.

Plasma malondialdehyde (MDA) levels during ex-
ercise have also been correlated with creatine kinase
(CK), a marker of muscle damage (Kanter et al., 1988).
There has been an attempt to establish a relationship be-
tween free radicals and muscle damage (McBride et al.,
1998) Studies have shown that increased lipid peroxida-
tion occurs in patients with muscular dystrophy (Foxley et
al., 1991).

Nitric oxide (NOy) is a free radical produced in
biological systems. While serving in various physiologi-
cal periods such as the control of blood pressure, neuro-
transmission, learning and memory in low concentrations,
it is a defendant cytotoxin at high concentration. Although
the precise mechanism for altered synthesis or activity of
NOy during exercise has not been completely elucidated,
a number of studies have suggested that flow and shear
stress to endothelium activates synthesis and release of
NO, from the endothelial cell (Cooke et al., 1991; Law-
son et al., 1997). Both flow stress and shear stress in-
crease intracellular calcium concentration in the endothe-
lial cell, which, in turn, leads to activation of constitutive
NO, synthase (Node et al., 1997; Ohno et al., 1993).
Flow-mediated release of NO, is also believed to be im-
portant for exercise-induced vasodilatation, as suggested
by the work of Gilligan and co-workers (1994). This
result suggests that shear stress during the exercise may
increase production of NOy in normal subjects.
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Table 1. Programs of the high and low intensity resistance exercises.

High intensity resistance exercise

Low intensity resistance exercise

Load (%) Repetitions Set Load Repetition Set
95 2 3 %35 20 3
90 4 3 %30 23 3
85 6 3 %25 26 3
80 8 3 %20 30 3

The aim of this study was to examine the effects of
two different resistance exercise protocols in terms of
volume and intensity on the markers of oxidative stress
and muscle damage in the plasma of healthy, sedentary
males.

Method

Subjects

Twenty healthy and untrained voluntary males (with an
average age of 27.8 + 2.8 yrs, height of 1.79 + 0.07 m and
a body weight with 75.9 £ 9.7 kg) participated in this
study. They were randomly assigned to a high intensity
resistance exercise group (HR, n: 10) and a low intensity
resistance exercise group (LR, n: 10). All experimental
procedures were approved by the ethical committee of
Gazi University. All subjects were asked to give both
verbal and written consent prior to participation.

Exercise protocol
The subjects were acquainted to 4 different exercises of
the resistance exercise circuit (squat and leg extension for
the lower extremities, latissimus dorsi pull and chest press
for the upper extremities) and their single repetition
maximum (1-RM) for each exercise was evaluated one
week before the start of study. The intensities of the tests
subjected to the two groups were defined in Table 1.
Subjects participated to the resistance exercise cir-
cuit at 8.30 a.m. after an overnight fast and they had made
no exercise for two days before this experiment. After a
warm up on a cycle ergometer (15 min, 75 W) HR and
LR groups performed their resistance circuit exercises.
The recovery times between the different exercise stations
were set as one minute.

Collection of blood samples

Venous blood samples were drawn by antecubital
venipuncture before the bout, immediately after the bout
(within 1 min.), and at the 6™, 24™ 48™ and 72" hours
after training. The blood was immediately centrifuged at
1500 RCF for 10 min at 4°C, and the plasma was sepa-
rated and stored in Eppendorf tubes at -70°C for subse-
quent use. Plasma samples were used for measurements
of MDA, NO, level and CK activity.

Biochemical analysis

NO, Measurement: The NOy levels were measured in
plasma as nitrites using the modified Griess reaction after
converting nitrates to nitrites with vanadium chloride.
Standard curves for sodium nitrite were prepared. Values
were calculated with standard calibration plots for NaNO,
and NaNOj; as previously described (Green et al., 1982;
Miranda et al., 2001).

Lipid peroxidation. Lipid peroxidation was quantified by
measuring the formation of thiobarbituric acid reactive
substances as described previously by Kurtel et al (1992).
Aliquots (0.5 ml) were centrifuged, and the supernatants
were added to 1 ml of a solution containing 15 % (wt/vol)
tricarboxylic acid, 0.375 % (wt/vol) thiobarbituric acid,
and 0.25 N HCL. Protein precipiate was removed by
centrifugation and the supernatants were transferred to
glass test tubes containing 0.02 % (wt/vol) butylated hy-
droxytoluene to prevent further peroxidation of lipids
during subsequent steps. The samples were then heated
for 15 min at 100 °C in a boiling water bath, cooled and
centrifuged to remove the precipitant. The absorbance of
each sample was determined at 532 nm. Lipid peroxide
levels were expressed in terms of MDA equivalents using
an extinction coefficient of 1.56x10° mol ™.

Creatine Kinase (CK): Plasma CK activity was tested
from blood samples using Hitachi 912 biochemical device
with Roche Diagnostic kit.

Statistics

Values are expressed as the mean + SE. and were com-
pared with ANOVA for repeated measures. Bonferroni
test was used in order to learn which measurement time
the difference comes from. Independent samples t-test
was used for comparison of corresponding values be-
tween the groups. Pearson correlation was used for corre-
lation among variables. Statistical significance was set at
p <0.05.

Results

NOy levels were siginificantly increased 6 hours after the
exercise in HR group (p < 0.05). Such increase insisted on
24™ and 48"™ hours (p < 0.05 for both), and then returned
to the preexercise level at 72" hour. However, NO, levels
did not chanced after exercise in LR group (Figure 1).

MDA levels also rised immediately after cessation
of the exercise in both HR and LR groups (p < 0.05 for
both), but then, sharply declined through to the preexer-
cise levels in 6 hours. MDA levels were not different
from preexercise level in 6™, 24", 48" and 72™ hours in
both groups (Figure 2). Such sudden increase in MDA
was significantly higher in HR group than LR group (p <
0.05) (Figure 2).

CK levels in HR group increased significantly im-
mediately after the exercise and this increase continued
for 48 hours (p < 0.05 for all). Then, CK levels returned
to preexercise values in 72™ hour. A similar pattern was
observed for CK also in LR group. There was no signifi-
cant difference between corresponding CK values of two
groups (Figure 3).
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Figure 1. NO, (nmol/L) values before and after low (LR) and high resistance (HR) exercise.
* difference from value measured pre-exercise in HR group (p <0.05)
# difference from corresponding value of LR group (p < 0.05)

A striking correlation was observed between CK
and NOy levels in HR group (r = 0.557 p < 0.05). There
was no correlation between other variables.

Discussion

This study examined the effects of different resistance
exercise protocols on markers of muscle damage, lipid
peroxidation and nitric oxide response in the plasma of
the sedentary men. One of the primary findings of this
investigation was the increase of NO, production in high
resistance exercise (HR) group (p < 0.05). The response
of the MDA to the two different resistance exercise proto-

cols showed a significant increase between the values
obtained before and immediately after the exercise in both
groups (p < 0.05). Also there was a significant difference
in the MDA level between the two groups in the values
obtained immediately after cessation of the exercise (p <
0.05). CK activity increased significantly (p < 0.05) for
all post exercise values in both HR and LR groups but
there was no difference between them.

Vascular formation of NO is directly facilitated by
increased shear stress (Cooke et al.,, 1991; Miller and
Burnett, 1992). During a session of physical exercise,
cardiac output increases and blood redistribute to the
exercising muscles. The exercise-induced increase of
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Figure 2. MDA (nmol/L) values before and after low (LR) and high resistance (HR) exercise.
* difference from value measured pre-exercise in HR group (p <0.05)

f difference from corresponding value of LR group (p < 0.05)

# difference from value measured pre-exercise in LR group (p < 0.05)
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Figure 3. CK (IU/L) values before and after low (LR) and high resistance (HR) exercise.
* difference from value measured pre-exercise in HR group (p < 0.05)
# difference from value measured pre-exercise in LR group (p < 0.05)

blood flow elicits an increase in shear stress (Van Citters
and Franklin, 1969), thereby providing a possible cou-
pling between exercise and endogenous NO, formation.
Although the role of endothelium-derived NOy in acute
exercise has not been fully resolved, exercise training
involving repetitive bouts of exercise over weeks or
months up-regulates endothelial NO, bioactivity (Maio-
rana et al., 2003). We saw that NO, production increased
in HR group (p < 0.05). There was a significant increase
after the 6 hours of the exercise according to NOy results
in HR group and this increase continued after 24 and 48
hours (Figure 1). In agreement with these findings, it has
also been reported that NOjy is increased in venous plasma
after prolonged running, cycling (Jungersten et al., 1997)
and after incremental cycling exercise to VO, max (Node
et al., 1997). In contrast, some other studies have also
shown no change of NO, metabolism following an incre-
mental treadmill test to exhaustion in healthy human
subjects (Komiyama et al., 1997; Poveda et al., 1997; St
Croix et al., 1999). In our study, there was no significant
difference between measurement times in LR group (Fig-
ure 1). Our results suggest that the intensity of the resis-
tance exercise increase NOy production, only when it was
performed at high intensities. According to result of the
correlations comparing the same measurement times,
there was a positive correlation between CK and NOy in
HR group (r=0.557 p <0.05)

Several different exercise models have been con-
ducted to study the effect of acute physical activity on
various oxidative stress indices and tissue damage mark-
ers and different results have been reported on different
models (Alessio et al., 2000; Atalay et al., 1996; Khanna
et al., 1999; Lovlin et al., 1987; McBride et al., 1998;
Viitala et al., 2004; Simpson et al., 2005). Resistance
training consists of repetitive, static muscle actions. These
include concentric and eccentric muscle actions, which
are considered as respectively, a low- or high- intensity
resistance exercise protocol (Liu et al., 2005). Based on
previous investigations, it was determined that the inten-

sity of the exercise protocol used is a primary factor in
creating a physiological environment for increased free
radical production (Sahlin et al., 1992; Saxton et al.,
1994). Few studies have assessed oxidative stress result-
ing from resistance exercise (McBride et al., 1998; Sur-
men-Gur et al., 1999). An increase in blood MDA was
noted in 2 days following a full body resistance training
protocol (McBride et al., 1998), whereas no change was
reported in blood MDA 6 min following the performance
of 20 eccentric/concentric actions with the knee extensors
(Surmen-Gur et al., 1999). No change was also noted for
TBARS following heavy full-body resistance exercise
performed to failure. The differences in the protocols may
have contributed to the discrepancy in the results. In this
study both high and low intensity resistance exercise
bouts resulted in significant increase in lipid peroxidation
immediately after exercise (p < 0.05). But higher values
were observed in HR group (Figure 2). Maughan et al.
(1989) states that peak changes in MDA occur at 6 hours
post exercise, while some studies have only examined
immediate post exercise MDA values. Some of the inves-
tigations, which have examined resistance type exercise
and free radical formation reported no increase in free
radical formation (Ortenblad et al., 1997; Sahlin et al.,
1992; Saxton et al., 1994). This may be a result of lighter
loads and smaller amount of muscle tissue activation.
Intense muscle contractions associated with resis-
tance exercise may result in ischemia-reperfusion at the
site of the active muscles. The free radicals act as media-
tors of ischemia-reperfusion injury in skeletal muscles
and result in muscle injury accompanied by increased
amounts of CK. Kanter et al. (1993; 1988) have also
shown that plasma MDA measurements correlate with
CK activity during exercise. In this study, plasma MDA
reached peak values immediately after the exercise in
both groups, but plasma CK activity reached peak values
at 24" hrs post exercise in HR group, 6™ hrs post exercise
in LR group and higher values were observed in HR
group. But no difference was found between both groups
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according to same measurement times (Figure 3). The
creatine kinase activity observed in this investigation
showed that muscle tissue damage occurred well after the
exercise in both resistance exercise protocols. The fact
that the two types of exercise protocols predominantly
used to study muscle damage, downhill running and high-
force muscular contractions, show very different CK
responses. For example, after downhill running, CK peaks
about 12-24 hrs post-exercise, with increases in range
from 100 to 600 IU (Byrnes et al., 1985; Clarkson and
Hubal, 2002; Schwane et al., 1983), whereas after high-
force eccentric exercise the increase does not begin until
about 48 hrs post exercise, with peak activity (generally
2000-10000 IU) occurring about 4 to 6 days post exercise
(Clarkson et al., 1992). The current findings confirm that
the high-intensity whole body resistance exercise can
result in the formation of free radicals. These free radicals
may play a role in adaptation of the muscle tissues to the
physiological stress caused by resistance exercise (Liu et
al., 2005; Ramel et al., 2004). Ischemia-reperfusion dur-
ing resistance exercise at the site of muscle, and post-
exercise production of free radicals via oxidative burst
from neutrophils, are key factors that must be taken to
account while trying to decrease the muscle injury during
this type of exercise (Pyne, 1994).

Conclusion

In conclusion, HR exercise caused increases in NO,,
MDA and CK levels. Also, LR exercises increased MDA
and CK levels but did not affect NO, levels. Damage
arose during resistance exercises may be related to the
level of resistance applied. More work is needed to aid
our understandings of the potential role of resistance
exercise in generating increased oxidative stress, espe-
cially since this form of anaerobic exercise is the one
most widely prescribed as a component of a well rounded
fitness program.
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Key points

e High intensity resistance exercise caused increases
in NO,, MDA and CK levels.

e Light intensity resistance exercises increased MDA
and CK levels but did not affect NO, levels.

e Damage arose during resistance exercises may be
related to the level of resistance applied.
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