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Abstract: The aim of this study was to assess the effects of three warm-up durations on post-exercise oxidative
stress biomarkers, as well as recovery from the Wingate test in 14 amateur handball players. These players
completed the Wingate test three times: after 5-min, after 10-min, and then after 15-min of warm-up, spread
over two weeks with an interval of one week between each session. At the end of each session of the Wingate
test, blood samples were taken: at rest (PR), after warming up (PWU) and immediately at the end of the test
(PO), then after 10-min (P10) and after 20-min (P20) of recovery. The measured parameters are the total
antioxidant status (TAS), superoxide dismutase (SOD), glutathione reductase (GR), glutathione peroxidase
(GPx), malondialdehyde (MDA), protein-bound-carbonyls (PC) and thiobarbituric acid reactive substances
(TBARS). The main findings revealed that anaerobic exercise induces oxidative stress, as evidenced by changes
in antioxidant status and significant increases in concentrations of the majority of oxidative stress indicators (p
< 0.05). At P20, plasma GPx, SOD, GR, TBARS, and PC contents, are lower and significantly different after a
15-min warm-up than after a 10-min or 5-min warm-up. ANOVA showed a significant ““warm-upxrecovery”
effect on plasma GPx, SOD, GR, TBARS, and PC contents [F(8.104)=3.61; p<0.001; n2p=0.22, F(8.104): from 1.88
to 19.97; n2p: from 0.19 to 0.61: 0.05<p<0.001], respectively. We concluded that a 15-min warm-up was more
efficient than the other duration in reducing free radical rise, emphasizing the importance of warm-up length
on plasma oxidative stress biomarkers.
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1. Introduction

Muscle damage is one of the most common issues that today’s athletes face, whether they are
amateurs or pros [1]. Indeed, skeletal muscle injuries account for more than 30% of injuries evident
in sports medicine consultations, according to Kirkendall DT et al. [2]. As a result, it is essential to
employ the most effective methods of preventing these injuries. Several prior studies have suggested
that warming up may play an important role in reducing muscle damage, whereas other
investigations have found no positive effects. In fact, the significance of stretching and warming up
in reducing musculoskeletal injuries has been debated. Some studies found no reduction in injury
risk or the total number of injuries [3], whereas others found positive effects and reduced
neuromuscular injuries after stretching or warming up programs [4]. Therefore, a number of
investigations have found that the justifications supporting the preventive function of warming up
and stretching on muscle damage are insufficient [5,6]. Several studies have found a link between an
increase in free radicals and hence oxidative stress and the development of muscle injury [7].
Furthermore, studies on the effects of anaerobic exercise on oxidative stress are few in comparison to
studies on the effects of aerobic exercise [8,9]. These studies, however, reveal an increase in oxidative
stress following supramaximal exercise. To defend against the potentially harmful effects of oxidative
stress, organisms have anti-free radical defense systems that involve a variety of enzymatic
antioxidants (superoxide dismutase (SOD); glutathione peroxidase (GPX); catalase and non-
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enzymatic antioxidants (Vitamin E and C; Zinc; Selenium; Copper; Uric acid) [10]. In addition to the
role of the body’s anti-free radical system, many strategies for limiting and modalities for preventing
the increase in pro-oxidants have been proposed in the sports field; such as variation in duration,
intensity, and type of exercise [11], the type of recovery [12,13]. Recent research has focused on
proving an increase in total antioxidant status after anaerobic exercise in amateur athletes [14].
Warming up helps prepare the muscles for the exercise by increasing their contractile capacity
[15] and decreasing muscle and tendon viscoelasticity [16]. Warming up has been shown to increase
the energy supply to the muscles, increase the rate of nerve impulse transmission, reduce internal
viscosity, and increase muscle activation, strength, blood supply, and oxygen to the working muscle
[17-19]. The effects of warming up on cardiorespiratory functions [20], the psychological state [21],
and the risk of injury [22] have been well documented. However, its impact on oxidative stress
indicators has received little attention. In this regard, we propose to conduct a study to evaluate the
potential short-term influence of varied warm-up durations on muscle injury prevention and the
evolution of oxidative stress biomarkers after anaerobic exercise in young amateur handball players.

2. Materials and methods:

2.1. Participants:

Fourteen male handball players belonging to the regional selection of Sfax-Tunisia were
recruited to participate in this study. The anthropometric characteristics of all participants are shown
in Table 1.

Table 1. The anthropometric characteristics of the participants (Means+SD).

Parameters Means+SD
Age (yrs) 22.6+0.3
Weight (kg) 74.2+0.5
Height (cm) 183+6.4
BMI (kg.m?) 24614
FEM (%) 19.4+1.3
LBM (kg) 63.8+3

Note: BMI, body mass index; FFM, fat free mass; LBM, lean body mass.

After receiving a verbal description of the protocol, study risks and benefits, all players gave
their written consent before participating in our experimental protocol, which was approved by the
Research Ethics Committee of the Faculty of Medicine, University of Sfax, Tunisia (protocol number
IRB00008931-03). None of the participating players took antioxidant supplements or medications
during the study.

2.2. Experimental design:

In order to reduce the influence of exogenous factors on biomarkers of oxidative stress,
participants were asked to stop eating at least two to three hours before the experiment, not to take
alcohol, caffeine, or any other energizing drug, and not to engage in strenuous physical activities
during the 24 hours prior to the experiment. Participants performed three sessions, in random order,
with a week of rest between each session. Each session consists of a warm-up of 5-min, 10-min or 15-
min of pedaling, followed by a Wingate test for 30s on an ergocycle (Monark type 894 E) with an
imposed load of 75g/kg of body mass.

Prior to the start of the experiment, the subjects performed an incremental peak test on the
ergometer to determine the intensity of the warm-up. To do this, the participant pedaled for 3-min at
50 W, then an increase in the intensity of 25 W every 2-min until exhaustion.
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The warm-up intensity was chosen on the basis of the output power recorded in the last step of
the incremental test (50% of this power). To neutralize the chrono-biological effects, all sessions were
carried out at 9 a.m.

2.3. Anthropometric measurements and body composition:

Body mass was measured with an electronic scale (TANITATBF.350), and standing height was
measured with a measuring rod. BMI was calculated using the formula: BMI = Mass (kg) / Height2
(m2).

2.4. Dietary program

The meal should be similar 72 hours before each blood test in order to avoid changes in
postprandial oxidative stress. To do this, the participants were present in the dining hall of the Sports
Institute of Sfax, -Tunisia, during the three meals. In addition, the participants maintained their usual
diet during the training period.

2.5. Blood Sampling and Biochemistry:

The experimental protocol consists of taking several samples: At rest (PR), immediately after the
warm-up (PWU), immediately after the Wingate test (P0), and after 10-min and 20-min of stopping
the exercise, respectively (P10) and (P20) (Figure 1). Analyses were performed in the Laboratory of
Pharmacology of the Faculty of Medicine of Sfax.

Warm-up Wingate test
(5,10,15min) (30s)

¢ ¢
= 2

"' ’ " After
Rest
._ )| warm-up |

Figure 1. Study design.

Blood samples were taken under basal conditions (8 a.m.) after 10 hours of fasting and 9 hours
of sleep. They were taken from an antecubital vein and immediately centrifuged at 4000 rpm to obtain
plasma, then stored in aliquots at -80°C until analysis. Analysis of oxidative stress biomarkers was
performed using dosage kits (Randox Laboratories, place-country-region UK). Standard colorimetric
dosages were used to measure plasma concentrations of glutathione reductase (GR), glutathione
peroxidase (GPx), superoxide dismutase (SOD), and total antioxidant status (TAS). Malondialdehyde
(MDA) concentrations were measured by the formula: Sample = (sample peak height x calibrator
concentration)/peak height calibrator, and analyzed via HPLC malondialdehyde procedure.

Protein carbonyls after their derivatization with 2,4 dinitrophenylhydrazine (DNPH), were
detected by spectrophotometry at 370 nm referring to the basic methods described by Levine RL et
al. [23]. Using tetramethoxypropane as a standard, plasma TBARS were measured using the method
of Yagi [24].

do0i:10.20944/preprints202307.2061.v1
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2.6. Statistical analyses:

All statistical tests were processed using STATISTICA Software 20 (Stat-Soft, France). Following
normality confirmation was assessed using the Shapiro-Wilk’s W-test, and analysis of the results for
each parameter is performed using a two-factor analysis of variance (ANOVA). These ANOV As took
the following form: 3 "warm-up durations" (5-min warm-up; 10-min warm-up and 15-min warm-up)
x 5 "blood samples" (PR; PWU; P0O; P10; P20) with repeated measurements on both factors. When
ANOVA showed significant effects, Bonferroni-type post-hoc tests were applied to make two-by-two
comparisons of the experimental data. All the observed differences are considered to be statistically
significant for a probability threshold less than 0.05 (p <0.05).

3. Results:

The differences in concentrations of plasma oxidative stress biomarkers for the three warm-up
times are summarized in Table 2.

Concerning the TAS concentrations, the ANOVA showed a significant "warm-up" effect (F (2,
26) =10.17; p <0.01; n2p = 0.44), and a significant "recovery" effect (F (4, 52) = 246.96; p <0.001; n2p =
0.95). Statistical analysis showed a significant difference (p <0.05) between PR and PO for the three
warm-up durations performed and a significant difference between PWU and PO for the 3 warm-up
durations performed.

do0i:10.20944/preprints202307.2061.v1
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Table 2. Concentrations (Means + SD) of oxidative stress markers as a function of recovery and duration of warm-up. E

Variables Moyennesz écarts types Echauffement Récupération Elilziz;fzgtizix Z'

Rest PWU PO P10 P20 F226) P np2 F@452) P np2 FG104) P  np2 <

Echl5 1.51+£0.05 1.53+0.05 1.75+£0.05ab  1.79+0.04ab 1.8+0.04ab 10.17 <0.001 044 24696 <0.001 095 0.87 0.544 0.06 ;

SAT (mmol/L) Echl0 1.53+0.04 1.57+0.03 1.77+0.05ab  1.8+0.05ab 1.82+0.04ab =

Ech05 1.54+0.09 1.58+0.05 1.79+0.07ab  1.83+0.07ab  1.87+0.07abc* m

Echl5 1316+49 1363+41 1528+70a 1491+70 1386+60 18.49 <0.001 059 216 0.037 rl:g

SOD (U/g Hg) Echl0 1375£131 1468+177  1593+177a  1672+198ab  1687+210ab* E

Ech05 1409+151 1456181 1557£192 1601£155 1662+173ab* m

Echl5 352+1.5 37.01£1.71 40.32+2.32a  39.22+1.67a 36.97+1.62 59.52 <0.001 0.82 3.61 <0.001 ﬁ

GPx (U/gHg) Echl0 34.81£3.84 35.55£3.95 41.19+4.49ab 42.4+4.3ab  41.55+2.59ab* E

Ech05 34+3.88  35.24+3.78 39.73+5.24ab  40.6+5.36ab  40.87+3.75ab* o

Echl5 9.64+0.57 10.08+0.52  12.17+0.59 10.78+0.45 9.76+0.5 13.13 <0.001 050  1.88 0.071 %

GR (U/gHg) Echl0 943059 9.94+0.56  12.73+0.52 12.6+0.82 12.21+0.94 :

Ech05 9.56x049 9.99+048 13.38+0.29ab 13.61+0.3lab 13.67+9.76ab* .

Echl5 1.56+0.05 1.59+0.06 1.8+0.07ab  1.85+0.03ab  1.85+0.04ab 83.95 <0.001 0.87 1.01 0.435 :—

MDA (umol/L) Echl0 1.57+0.08 1.62+0.06  1.8£0.07ab  1.82+0.05ab 1.8+0.05ab S

Ech05 1.61+0.23 1.65+0.22 1.81+0.09ab  1.83+0.08ab  1.82+0.05ab e

Echl5 0.29+0.05 0.32+0.06 0.37+0.05ab  0.35+0.05a 0.31+0.05¢cd 161.52 <0.001 093 1224 <0.001
TBARS (mmol/L) Ech10 0.28+0.06 0.31+0.05  0.4+0.07ab  0.4+0.05ab*  0.4+0.03ab*
Ech05 0.28+0.05 0.32+0.05 0.39+0.04ab 0.43+0.02ab* 0.42+0.02ab*
PC (nmol/mg Echl5 0.48+0.07 0.52+0.07 0.64+0.07ab  0.6+0.07ab 0.5+0.06cd <0.001 0.51 306.36 <0.001 0.96 19.97 <0.001

protéine) Echl0 0.49+0.06 0.53x0.06 0.71+0.04ab* 0.69+0.03ab* 0.67+0.05ab*
Ech05 0.49+0.07 0.54+0.07 0.72+0.04ab* 0.74+0.03ab* 0.73+0.03ab*#

Note: a: significant difference compared to rest at p<0.05; b: significant difference compared to PWU at p<0.05; c: significant difference compared to P0 at p<0.05; d: significant difference compared
to P10 at p<0.05; *: significant difference compared to Warm-up 15 min at p<0.05; #: significant difference compared to Warm-up 10-min at p<0.05.
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Following a 15-min warm-up and after 20-min of the effort, the SAT concentrations are
significantly different (p <0.05) from those found after 5-min of warm-up. (Figure 2)
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Figure 2. Evolution of the TAS at recovery after the three warm-up durations. *: significant difference

compared to 15-min warm-up at p <0.05.

The 5-min, 10-min or 15-min warm-up durations induced variable changes in plasma SOD
concentrations during recovery. Figure 3 shows that 20-min after exercise following a 15-min warm-
up, SOD concentrations are lower and significantly different from those found after a 10 or 5-min
warm-up (Figure 3). Statistical analysis revealed that SOD concentrations increased immediately
after the Wingate test (p <0.05).

1800

*
1700 % ________ ;
1600 I i .
B 1500 f 0% 2tl I
%0 " b ) ’ B
S 1400 i - \{ - = WU15
=1 - v =Y e
9 1300 ; m--WU 10
WU 05
1200
1100
1000
Rest PWU PO P10 P20
Recovery

Figure 3. Evolution of SOD at recovery after the three warm-up durations. *: significant difference

compared to 15-min warm-up at p <0.05.

Concerning GPx concentrations, ANOVA showed a significant "Recovery" effect (F (4, 52) =
59.52; p <0.001; n2p = 0.82) and a significant "Warm up x Recovery" interaction (F (8, 104) = 3.61; p
<0.001; n2p = 0.22). (Figure 4)
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Figure 4. Evolution of GPX at recovery after the three warm-up durations. *: significant difference
compared tol5-min warm-up at p <0.05.

In addition, a significant difference was recorded between the concentrations of GPx at rest and
the concentrations measured after exercise for the 15-min warm-up period.

After 20-min of recovery, the GPx concentrations are higher following a warm-up of 10-min and
5-min compared to those recorded after a 15-min warm-up (p <0.05; Table 2).

With regard to the concentrations of the GR, the ANOVA showed a significant "Warm up" effect
(F (2, 26) = 5.65; p <0.01; 2p = 0.30), a significant "Recovery" effect (F (4, 52) = 13.13; p <0.001; n2p =
0.50) and an insignificant "Warm up x Recovery" interaction (F (8, 104) = 1.88; p >0.05; n2p = 0.13).
Statistical analysis showed a significant difference (p <0.05) of GR at PO compared to PR and PWU
for the 5-min warm-up time (Table 2). Furthermore, a significant difference was recorded in the
plasma GR contents after 20-min of stopping the exercise test between the two warm-up times (5-min
and 10-min), the values GR of which are respectively 13.67+9.76 (U/g Hg) and 9.76+0.5 (U/g Hg)

(Figure 5).
16
*
14 I T T
12 ,?\\E """""" é
= 10 I cumeng” -l -3
x , s I b d
CI - = WU15
2
g & --m--WU 10
WU 05
4
2
0
Rest PWU PO P10 P20
Recovery

Figure 5. Evolution of GR at recovery after the three warm-up durations. *: significant difference
compared to15-min warm-up at p <0.05.

The three warm-up times induced significant increases in MDA concentrations upon stopping
exercise (P0) at P10 and P20 up to 20-min of recovery. By comparing MDA concentrations during
recovery versus P resting and PWU, ANOV A showed significant differences for the different warm-
up times. (Table 1). The statistical analysis noted that following the three warm-up times, the MDA
concentrations increased, from the stop of the Wingate test until 20-min of recovery without
significant differences recorded to reach 1.85+0.04 (umol / L), 1.8+0.05 (umol /L) and 1.82+0.05 (umol
/ L) following 15-min warm-up; 10-min and 5-min respectively. (Figure 6)
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Figure 6. Evolution of the MDA at recovery after the three warm-up durations.

By examining TBARS evolution, ANOVA showed a significant "Warm-up" effect (F (2, 26) = 3.59;
p <0.05; n2p = 0.22), a significant "Recovery" effect (F (4, 52) = 161.52; p <0.001; n2p = 0.93) and a
significant "Warm-up x Recovery" interaction (F (8, 104) = 12.24; p <0.001; n)2p = 0.48) (Table 2). Figure
7 shows that after 10-min and 20-min of stopping anaerobic exercise, following a 15-min warm-up,
the TBARS concentrations are significantly lower than those recorded after 5 or 10-min warm-ups (

p <0.05).
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Figure 7. Evolution of PC at recovery after the three warm-up durations. *: significant difference
compared tol5-min warm-up at p <0.05; #: significant difference compared to10-min warm-up at p
<0.05.

PC concentrations continue to increase until 20-min of recovery, except under the effect of the
15-min warm-up there was a significant drop and a decreasing trend under the effect of the 10-min
warm-up, but without statistical significance (Table2). ANOVA showed that the duration of warm-
up, recovery, and the "warm-up x recovery" interaction have significant effects on PC concentrations
at p <0.001 after the Wingate test. PC concentrations were significantly lower under the effect of the
15-min warm-up. (Figure 8).
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Figure 8. Evolution of TBARS at recovery after the three warm-up durations. *: significant difference
compared tol5-min warm-up at p <0.05.

4. Discussion

In addressing this topic, it is evident that there was a lack of studies investigating the effects of
warm-up on oxidative stress. besides the role of warming up in minimizing the risk of injury
[22,25,26], it also aims to improve physical performance to prepare players for competitions under
the best possible conditions [27]. Muscle damage is one of the main problems met by today's athletes,
whether they are amateurs or professionals [1]. Therefore, it is imperative to use the most effective
means to prevent these lesions [2].

There are a lot of controversies and multiple debates over the effects of warming up. . Therefore,
an appropriate warm-up protocol should have an optimal duration without inducing fatigue [6].
Several studies have highlighted the importance of the duration of the warm-up, [28,29]. The duration
of the warm-up protocols used for team sports in previous studies varies between 5-min and 40-min
[22,28,30-33]. However, few or no studies have evaluated the effect of warming up on oxidative stress
in amateur or professional athletes. In this context, the purpose of this study was to determine the
effects of three warm-up durations on the markers of oxidative stress after exercise and on recovery
following anaerobic exercise in amateur handball players.

Our results are consistent with the conclusions of several other studies which have demonstrated
an increase in the concentration of plasma MDA and SAT and blood concentrations of GPx, SOD and
GR immediately following a 30s Wingate test in trained judokas [34]. An increase in lipid
peroxidation (MDA), following sprints, strength exercises, and the Wingate test [35-37] and increased
plasma concentrations of MDA, SOD, GPX, and GR after the 30s Wingate test in young adults [38].
The increase in SOD was statistically significant after the two warm-up protocols (5-min and 10 min).
On the other hand, a downward trend is observed, during recovery, under the effect of the 15-min
warm-up, although the difference is not significant. Nevertheless, our findings are in contrast to those
of [9] in whom a Wingate test causes a decrease in SOD activity without modification of GPX activity.
This divergence could be explained, in part, by the diversity of the three protocols carried out, the
level of physical aptitude which differs between the subjects as well as the individualized response
to exercise which could bring exaggerated reactions of oxidative stress during recovery.

The same finding, concerning blood GR concentrations, was observed experimentally, under the
effect of warming up for 10-min and 15-min. However, after 20-min from the end of the exercise, this
parameter’s concentrations find their initial values under the effect of the 15-min warm-up with
statistically significant differences with those recorded under the effect of 5-min and 10-min warm-
up. The present study showed that a Wingate test, preceded by a three-duration warm-up protocol
(5-min, 10-min, or 15-min), resulted in an increase in SAT and MDA concentrations up to 20-min
recovery. In addition, following the 15-min warm-up protocol and after 20-min of recovery, the
decrease in SAT concentrations was statistically significant, although the difference is not significant
compared to the other two warm-up times.

The 5-min and 10-min warm-up protocols showed a significant effect on GPx kinetics during
recovery. Indeed, its concentrations continue to increase until 20-min of recovery. In contrast, the 15-
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min warm-up resulted in a partial drop in GPx concentrations from the cessation of anaerobic exercise
until 20-min of recovery, although it was not significant relative to P0. The difference in
concentrations at P20 after the 15-min warm-up compared to the other two warm-up protocols (5-
min and 10-min), was statistically significant (36.97+1.62; 40. 87+3.75 and 41.55+2.55 respectively).

A number of explanations could be presented to explain the wide range of responses. The first
is connected to the duration of the warm-up, which varies from protocol to protocol. An inadequate
warm-up period appears to impair physical performance and thus have varied impacts on oxidative
stress during recovery. The second explanation would be related to the subjects’ varying physical
abilities. Conditioned athletes will almost certainly require a longer warm-up to attain an appropriate
rise in body temperature that results in a significant increase in muscle fiber conduction velocity.
Changes in antioxidant concentrations were shown at the end of the three warm-up procedures
administered to our individuals. These are characterized by an increase in TBARS and PC from the
cessation of anaerobic exercise up to 20-min of recovery, with a substantial difference compared to
the 15-min warm-up. The complete drop in concentrations of these two parameters as soon as the
activity is finished, to return to their basal value after 20-min of recovery, on the other hand, would
be linked to the warm-up duration of 15-min.

It is well accepted that there is a relationship between muscle damage and increased free
radicals, which leads to oxidative stress [39]. The study by Maughan et al. [40], which discovered a
delayed rise in lipid peroxidation produced in plasma during eccentric running exercise, has been
proposed as evidence for the involvement of ROS in the muscle injury process. Furthermore, a
relationship has been shown between muscle damage and the extent of neutrophil immigration,
which can result in the generation of excess ROS during inflammatory processes [41]. In our study,
the results obtained after the 15-min warm-up show the contribution of free radicals, as evidenced
by the tendency of antioxidant concentrations to return to their baseline values. This can be explained
by the beneficial effects of warm-up, which allows for an increase in temperature, which improves
blood flow to active tissues and facilitates oxygen dissociation from hemoglobin [6], an increase in
the rate of nerve transition [42,43], and an increase in the speed and strength of muscle contraction.
However, the current study’s relatively small sample size may be considered as a limitation. This
may have reduced our capacity to detect group differences in our biomarkers of choice. This is a
limitation of this investigation that should be evaluated in light of our findings.

5. Conclusion

The two warm-up regimens (5-min and 10-min) were not related to positive modifications in
antioxidant capacity during recovery in all of our individuals, according to our findings. A 15-min
warm-up regimen, on the other hand, may favorably regulate and lessen the negative effects of
oxidative stress, potentially reducing muscle damage after anaerobic activity. This 15-min warm-up
program appears to boost antioxidant levels and thus lessen oxidative stress during recovery. The
enhancement of a warm-up program (duration and intensity) combined with stretching immediately
after the effort is stopped may have greater consequences on the various parameters assessed, in
order to remedy the known adverse effects of oxidative stress on muscle damage after anaerobic
exercises.
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