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Abstract 
Incorporating plyometric exercises (PE) into soccer players' con-
ditioning routines is vital for boosting their performance. Never-
theless, the effects of PE sessions with diverse volume loads on 
inflammation, oxidative stress, and muscle damage are not yet 
clearly understood. This study aimed to examine the effects of 
altering the volume-loads of PE on indicators of oxidative muscle 
damage and inflammation. The study involved forty young male 
soccer players who were randomly assigned to three different vol-
ume-loads of PE (Low volume-load [100 jumps]: LVL, n = 10; 
Moderate volume-load [150 jumps]: MVL, n = 10; and High vol-
ume-load [200 jumps]: HVL, n = 10) and a control group (CON 
= 10). The levels of various biomarkers including delayed onset 
muscle soreness (DOMS), serum lactate dehydrogenase (LDH), 
creatine kinase (CK), 8-hydroxy-2-deoxyguanosine (8-OHdG), 
malondialdehyde (MDA), protein carbonyl (PC), leukocytes, 
neutrophils, interleukin-6 (IL-6), and C-reactive protein (CRP) 
were measured at different time points. These measurements were 
taken at rest, immediately after completion of PE, and 24-, 48-, 
and 72-hours post-PE. The CK, LDH, DOMS, 8-OHdG, MDA, 
and PC levels were significantly increased (p < 0.05) after the PE 
protocol, reaching their peak values between 24 to 48 hours post-
PE for all the volume-loaded groups. The levels of leukocytes, 
neutrophils, and IL-6 also increased after the PE session but re-
turned to resting values within 24 hours post-PE. On the other 
hand, CRP levels increased at 24 hours post-PE for all the treat-
ment groups (p < 0.05). The changes observed in the indicators of 
muscle damage and inflammation in response to different vol-
ume-loads of PE was not significant. However, the HVL and 
MVL indicated significant differences compared to LVL in the 8-
OHdG (at 48-hour) and MDA (at 72-hour). Athletes engaging in 
higher volume-loads demonstrated more pronounced responses in 
terms of biochemical variables (specifically, LVL < MVL < 
HVL); however, these changes were not statistically significant 
(except 8-OHdG and MDA). 
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Introduction 
 
Soccer is a team sport characterized by intermittent activ-
ity, often involving explosive movements such as jumping, 
accelerating, and short-distance sprints (Helgerud et al., 
2001; Douchet et al., 2023; Mitrousis et al., 2023). Plyom-
etric training (PT) is commonly used to improve the per-
formance of soccer players by enhancing their vertical 
jump, strength, agility, and sprint performance (Ramirez-
Campillo et al., 2018). The PT method, commonly referred 
to as the stretch-shortening cycle, entails expeditious ec-
centric movement succeeded by swift concentric move-
ment within the identical muscle-tendon unit, which is 

highly beneficial for training soccer players (Ramirez-
Campillo et al., 2018). However, it is important to note that 
eccentric actions during PT can lead to skeletal muscle 
trauma, increased muscle soreness, elevated levels of crea-
tine kinase activity and C-reactive protein, as well as an 
increase in circulating neutrophils, and myeloperoxidase 
(Arazi et al., 2016; 2019). These factors contribute to pro-
ducing free radicals, oxidative stress, and inflammation. 

The magnitude of inflammation, oxidative stress, 
and muscle damage is contingent upon a multitude of train-
ing variables, including type of exercise, training load, rep-
etition, intensity of training, and allocation of rest periods 
(Nikolaidis et al., 2008; Margonis et al., 2007; Mirzaei et 
al., 2014; Rasouli mojez et al., 2021, Sayevand et al., 
2022). Regarding exercise training volume-load, estab-
lished guidelines suggest that a suitable volume-load for 
producing positive effects in performance adaptations is 
100 jumps per training session (Ramirez-Campillo et al., 
2020; Asadi et al., 2016). In contrast, strength and condi-
tioning coaches design various PT regimens during train-
ing sessions in soccer players conditioning schedule, 
wherein athletes may experience varying biochemical re-
actions based on the different volume-loads assigned in 
their training program. It is critical to closely monitor indi-
cators of muscle damage and oxidative stress to prevent the 
symptoms associated with overreaching or overtraining 
(Margonis et al., 2007; Nikolaidis et al., 2008). While the 
optimal design of PT sessions has the potential to enhance 
the performance of soccer players (Ramirez-Campillo et 
al., 2018), a substantial augmentation in volume-load with-
out sufficient recovery can induce mild trauma, thereby in-
creasing inflammation and the onset of overtraining syn-
drome (Arazi et al., 2016; Nikolaidis et al., 2008). In a 
comprehensive experimental investigation conducted by 
Margonis et al. (2007), the authors revealed a significant 
correlation between an augmented resistance training vol-
ume-load and a decline in performance, accompanied by 
an elevation in oxidative stress biomarkers. Furthermore, 
this increase in biomarkers was found to be directly asso-
ciated with the rise in training volume-loads. Conse-
quently, the monitoring of biochemical variables at varying 
volume-loads of training is essential, and enables coaches 
to modify the training program, ultimately leading to the 
optimization of athletic performance (Sheykhlouvand et 
al., 2022). 

To date, little is known about the effects of plyom-
etric exercise (PE) volume-loads on the symptoms of mus-
cle damage, especially in male soccer players, wherein PT 
plays  an essential  role in improving their performance ad- 
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aptations. As far as our knowledge, numerous studies have 
investigated the implications of various elements of PE 
(i.e., intensity, rest interval, and PT surface) on inflamma-
tion and muscle damage (Nikolaidis et al., 2008; Twist and 
Eston, 2005; 2007; 2009; Chatzinikolaou et al., 2010). 
However, there have been no recent studies that have ex-
plored the impact of various PE volume-loads (i.e., sets × 
repetitions × intensity) on indicators of muscle damage, ox-
idative stress, inflammation, and leukocytes in soccer play-
ers. Therefore, the primary aim of the present study was to 
evaluate the impact of low-, moderate, and high volume-
loads of PE on markers of muscle damage, oxidative stress, 
and inflammation in young male soccer players. This in-
vestigation sought to clarify the influence of PE volume-
loads on the monitoring of inflammation and muscle dam-
age and clarify time-course changes during the following 
days in this specific population. 

 

Methods 
 
Participants 
Using the G*Power software, the estimated sample size for 
each group was determined to be 10 participants, based on 
an alpha level of 0.05 and a beta of 0.8 (Gonzalez et al., 
2014). The study involved the participation of forty young 
male soccer players who had similar soccer training habits 
(Table 1). The players were matched based on their playing 
position and were subsequently assigned to one of four 
groups: Low volume-load (LVL, n = 10), Moderate vol-
ume-load (MVL, n = 10), High volume-load (HVL, n = 
10), or a control condition (CON, n = 10). All participants 
were familiar with PT but had not engaged in this training 
for at least six months before the study. Participants were 
excluded if they had experienced upper or lower body in-
juries within three months prior to their inclusion or any 
medical or orthopedic issues that could impact their partic-
ipation or performance. The participants were instructed to 
abstain from engaging in any physical exercise for a mini-
mum of seven days prior to the commencement of the ex-
periments. The participants were instructed on the study 

protocol and provided with comprehensive information 
concerning the nature of the study and its objectives. All 
participants provided informed consent and volunteered to 
participate. The study was conducted by the principles of 
the Declaration of Helsinki and was approved by the Ethics 
Committee of the Chuzhou University. 
 
Experimental design 
This study employed a randomized-control design. Partic-
ipants attended the laboratory on five separate occasions to 
assess the impact of different volume-loads of PE on symp-
toms related to muscle damage, oxidative stress, and in-
flammation. During the initial visit, the subjects' height 
was measured using a wall-mounted stadiometer 
(Bodymeter, Seca, Germany), and their body mass was 
measured using a digital scale (Ironman Body Composition 
Monitor, USA). Additionally, the participants were in-
structed on the proper technique for performing plyometric 
vertical jumps (i.e., to achieve 90° of knee flexion), and the 
maximal vertical jump was assessed (Arazi et al., 2019; 
Twist and Eston, 2007). One week following the initial 
visit, the players were recruited to the laboratory (Shey-
khlouvand et al., 2016) and performed PE (see more details 
in the Plyometric exercise section). The CON group re-
mained in the laboratory without engaging in any physical 
exercise (Fereshtian et al., 2017). Blood samples were col-
lected before and after the PE session. Subsequent visits to 
the laboratory occurred at 24 hours (24 h-post), 48 hours 
(48 h-post), and 72 hours (72 h-post) post-PE to evaluate 
delayed onset muscle soreness (DOMS), levels of lactate 
dehydrogenase (LDH), creatine kinase (CK), 8-hydroxy-2-
deoxyguanosine (8-OHdG), malondialdehyde (MDA), 
protein carbonyl (PC), leukocytes, neutrophils, interleukin-
6 (IL-6), and C-reactive protein (CRP) (Figure 1). Partici-
pants were asked to avoid rigorous physical activity (Shey- 
khlouvand et al., 2018a), adhere to their regular diet 24 
hours before the test (Sheykhlouvand and Forbes 2017), 
and abstain from caffeine and alcohol (Gharaat et al., 2020; 
Barzegar et al., 2021). 

 

Table 1. Subject characteristics (mean ± SD). 
Groups N Age (y) Weight (kg) Height (cm) Training age (y) Maximal vertical jump (cm) 
LVL 10 20.1 ± 0.9 79.1 ± 3.5 178.9 ± 3.6 5.3 ± 1.1 48.3 ± 3.9 
MVL 10 20.9 ± 0.8 78.9 ± 2.7 179.1 ± 3.2 5.6 ± 1.6 45.6 ± 4.7 
HVL 10 20.7 ± 0.6 78.1 ± 4.8 179.6 ± 3.4 5.4 ± 1.3 47.4 ± 4.8 
CON 10 20.5 ± 0.8 79.4 ± 2.2 180.4 ± 5.1 5.9 ± 0.9 47.9 ± 4.2 

LVL: low volume-load plyometric exercise, MVL: moderate volume- load plyometric exercise, HVL: high volume-load plyometric exercise, CON: 
control condition. 
 

 

 

 
 

Figure 1. Experimental design.   Blood samples and muscle soreness measurements at pre, 30-min post, 24-h post, 48-h post and 72-h post 
plyometric exercise (PE).  
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Table 2. Evaluation of dietary consumption in the three days prior to the exercise session (mean ± SD). 
Groups Energy intake (Kcal) Carbohydrate (g) Fat (g) Protein (g) Vitamin E  (mg) Vitamin C (mg)
LVL 2660 ± 341 353 ± 35 83 ± 17 125 ± 12 8.4 ± 1.8 68 ± 27
MVL 2495 ± 348 328 ± 27 79 ± 20 118 ± 15 8.5 ± 1.7 65 ± 24
HVL 2580 ± 366 349 ± 38 78 ± 18 120 ± 13 7.7 ± 1.4 67 ± 28
CON 2730 ± 317 378 ± 22 85 ± 21 117 ± 10 7.9 ± 1.6 67 ± 21

LVL: low volume-load plyometric exercise, MVL: moderate volume- load plyometric exercise, HVL: high volume-load plyometric exercise, CON: 
control condition. 

 
Diet control 
To control any potential interference from diet, the partici- 
pants were required to provide a detailed account of their 
dietary intake for three days before their inclusion in the 
study. Using the Nutritionist IV diet analysis software, the 
participants' total calorie, protein, carbohydrate, fat, vita-
min C, and vitamin E intake were analyzed using SAS 9.4 
software (SAS Institute, Cary, NC, USA), as presented in 
Table 2. 
 

DOMS measurement 
Each participant in the study assessed the soreness of their 
leg muscles by performing 1 active squat exercise until 
their knees reached an approximate angle of 90°. Subse-
quently, participants were requested to indicate the degree 
of muscular soreness experienced in their knee extensors 
using a visual analog scale. This scale ranged from 1 to 10, 
with 1 representing no muscle soreness and 10 indicating 
extreme soreness. A picture of the muscle was inserted to 
enhance the scale's accuracy. This method has proven ef-
fective in previous research (Naughton et al., 2018). The 
reliability coefficient for repeated measurements of muscle 
soreness was 0.98. 
 

Blood sampling and analysis 
The participants were instructed to arrive at the laboratory 
after a 12-hour fast, and 8 hours of sleep, specifically be-
tween the hours of 9 and 11 A.M. This was confirmed 
through a personal interview prior to the commencement 
of measurements. Blood samples were collected from the 
antecubital vein using plain evacuated test tubes with a vol-
ume of 10 cc (Sheykhlouvand et al., 2018b). The blood was 
allowed to clot at room temperature for 30 minutes and 
then centrifuged at 1500 × g for 10 minutes. The serum 
layer was extracted and stored in multiple aliquots at a tem-
perature of -20 ◦C for further analysis. The serum CK (Mil-
ton Roy, NY, USA) and LDH (MAK, Sigma Diagnostics, 
USA) were determined using a commercially available kit 
through spectrophotometry in duplicate. The CRP (DBC, 
Austria) was determined using the enzyme-linked im-
munosorbent assay (ELISA) method. The serum 8-OHdG, 
MDA, and PC levels were measured using commercially 
available ELISA kits (ZellBio, Germany). Using an auto-
mated hematology analyzer (PocH100i, Kobe, Japan), 
complete blood cell analyses were conducted to count leu-
kocytes and neutrophils. The IL-6 (R&D Systems Inc. UK) 
was determined using a commercially available ELISA kit 
with a spectrophotometric plate reader (Dynex Technolo-
gies 268 Inc. USA). Pre-exercise (Pre) blood samples were 
collected following a 15-minute equilibration period, while 
post-exercise (Post) blood samples were taken 30 minutes 
after exercise cessation in the supine position. Blood sam-
ples were also collected at 24, 48, and 72-h post-PE, fol-
lowing a 1-minute equilibration period (Townsend et al., 

2013). The coefficient of variation for all blood measure-
ments was less than 7%. 
 
Plyometric exercise 
Following a 10-minute warm-up (i.e., 5 minutes of cycling 
and 5 minutes of stretching movements), players in each 
group performed their exercise programs. The LVL group 
performed a total of 100 jumps, divided into 10 sets of 10 
repetitions, during their maximal-effort vertical counter-
movement jumps. On the other hand, the MVL group com-
pleted 150 jumps, spread across 15 sets of 10 repetitions. 
Lastly, the HVL group accomplished 200 jumps, split into 
20 sets of 10 repetitions. Meanwhile, the CON group 
stayed in the laboratory and did not participate in any phys-
ical exercise. The participants assigned to the experimental 
groups were provided with explicit instructions to exert 
their utmost effort during each jump, aiming to attain the 
highest possible height. Following the landing phase, par-
ticipants were directed to flex their knee joint to an angle 
of 90° (Twist and Eston, 2007). A one-minute rest interval 
was implemented between each set to allow for recovery. 
Throughout the exercise session, participants received ver-
bal encouragement. An experienced strength and condi-
tioning coach monitored all exercise protocols. The labor-
atory maintained a temperature and humidity level of 27-
28° and between 40 to 50% during all visits, respectively. 
 

Statistical analysis 
The data are presented as mean ± standard deviation (SD). 
Before statistical comparisons, all data were checked by 
the Shapiro-Wilk test to assess normal distribution. To de-
termine the existence of significant differences between the 
four groups, a 4 × 5 (group × time) repeated-measures anal-
ysis of variance (ANOVA) was performed for each varia-
ble tested. In cases where a significant F value was ob-
tained, the Bonferroni post-hoc test was utilized to identify 
differences between the groups. Additionally, a one-way 
ANOVA was conducted to compare the area under the 
curve (AUC) for all assessments (Gonzalez et al., 2014). 
The significance level was set at 0.05. 

 

Results 
 

There were significant increases in serum CK and LDH 
levels and DOMS following the PE protocol in all treat-
ment groups, with the highest values observed at 24-h post-
PE (p < 0.05). A significant group × time interaction was 
observed for CK (F = 44.52, p = 0.001), LDH (F = 6.26, p 
= 0.001), and DOMS (F = 46.55, p = 0.001), indicating a 
greater increase in CK, LDH, and DOMS for the treatment 
groups compared to the CON group after the PE. Although 
the HVL indicated a higher level of changes in muscle 
damage indicators in comparison to the MVL and LVL, 
these  differences  did  not  reach  statistical   significance 
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Figure 2. Time course changes in muscle damage (mean ± SD). LVL: low volume-load plyometric exercise, MVL: moderate volume-load 
plyometric exercise, HVL: high volume-load plyometric exercise, CON: control condition. * Significant differences compared to pre and CON for all 
experimental groups (p ≤ 0.05), ** Significant differences compared to post for all experimental groups (p ≤ 0.05). In AUC, * denotes significant 
differences compared to CON for all experimental groups (p ≤ 0.05).  
 

(p > 0.05). The analysis of the AUC for CK, LDH, and 
DOMS demonstrated greater increases in the treatment 
groups compared to the CON group (p = 0.001) (Figure 2; 
A, B, and C). There was a significant increase in serum 8-
OHdG levels following the PE protocol in all treatment 
groups, with the highest values observed at 24-h post-PE 
(p < 0.05). However, at 48-h post-PE, the MVL and HVL 
groups still exhibited higher 8-OHdG levels compared to 
the pre-treatment levels (p < 0.05). A significant group × 
time interaction was observed for 8-OHdG (F = 22.06, p = 
0.001), indicating a greater increase in 8-OHdG for the 
treatment groups compared to the CON group at post and 
24-h post-PE. In addition, the MVL and HVL indicated 
significant differences compared with LVL and CON 
groups at 48-h post-PE. The analysis of the AUC for 8-
OHdG demonstrated only greater increases for the MVL 
and HVL groups compared to the CON group (p = 0.02) 
(Figure 3, A). 

There was a significant increase in serum MDA lev-
els following the PE protocol in all treatment groups, with 

the highest values observed for the LVL group at 24-h post-
PE and for the MVL and HVL groups at 48-h post-PE (p < 
0.05). However, at 72-h post-PE, the LVL indicated           
declines until pre-value; the MVL and HVL groups still ex-
hibited higher MDA levels compared to the pre-test levels 
(p < 0.05). A significant group × time interaction was ob-
served for MDA (F = 8.44, p = 0.001), indicating a greater 
increase in MDA for the treatment groups compared to the 
CON group at 24-h and 48-h post-PE. In addition, the MVL 
and HVL groups indicated significant differences com-
pared to LVL and CON groups at 72-h post-PE. The anal-
ysis of the AUC for MDA demonstrated only greater in-
creases for the MVL and HVL groups compared to the 
CON group (p = 0.001) (Figure 3, B). 

There was a significant increase in serum PC levels 
following the PE protocol in all treatment groups, with the 
highest values observed at 48-h post-PE and remained ele- 
vated until 72-h post-PE (p < 0.05). A significant group × 
time interaction was observed for PC (F = 13.16, p = 
0.001), indicating a greater increase in PC for the treatment 
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Figure 3. Time course changes in oxidative stress (mean ± SD). LVL: low volume-load plyometric exercise, MVL: moderate volume-load 
plyometric exercise, HVL: high volume-load plyometric exercise, CON: control condition. * Significant differences compared to pre and CON for all 
experimental groups (p ≤ 0.05), # Significant differences between MVL and HVL with LVL (p ≤ 0.05). In AUC, * denotes significant differences 
compared to CON for all experimental groups (p ≤ 0.05). 

 
groups compared to the CON, whereas no significant dif-
ferences were observed between the treatment groups at 
any time point (p = 0.32). The analysis of the AUC for PC 
demonstrated greater increases in the treatment groups 
compared to the CON group (p = 0.001) (Figure 3, C). 

There were significant increases in leukocytes and 
neutrophils following the PE protocol in all treatment 
groups, with the highest values observed post-PE (p < 
0.05). A significant group × time interaction was observed 
for leukocytes (F = 11.68, p = 0.001) and neutrophils (F = 
13.51, p = 0.001), indicating greater increases in leuko-
cytes and neutrophils for the treatment groups compared to 
the CON group at post-PE. There were no significant dif-
ferences between the treatment groups in the leukocytes 
and neutrophils at any time point post-PE. The analysis of 

the AUC for leukocytes (p = 0.125) and neutrophils (p = 
0.238) demonstrated no significant differences between the 
groups (Figure 4; A and B). 

There were significant increases in IL-6 and CRP 
levels following the PE protocol in all treatment groups, 
with the highest values observed at post-PE and 48-h post-
PE for each group (p < 0.05), respectively. Significant 
group × time interactions were observed for IL-6 (F = 
25.62, p = 0.001) and CRP (F = 34.96, p = 0.001), indicat-
ing greater increases in IL-6 and CRP for the treatment 
groups compared to the CON group at post-PE and 48-h 
post-PE. The analysis of the AUC for IL-6 (p = 0.001) and 
CRP (p = 0.004) demonstrated greater increases in the 
treatment groups compared to the CON group (Figure 5; A 
and B).  
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Figure 4. Time course changes in leukocytes and neutrophils (mean ± SD). LVL: low volume-load plyometric exercise, MVL: moderate 
volume-load plyometric exercise, HVL: high volume-load plyometric exercise, CON: control condition. * Significant differences compared to pre and 
CON for all experimental groups (p ≤ 0.05).  
 

 
 

 
 

Figure 5. Time course changes in inflammation (mean ± SD). LVL: low volume-load plyometric exercise, MVL: moderate volume-load 
plyometric exercise, HVL: high volume-load plyometric exercise, CON: control condition. * Significant differences compared to pre and CON for all 
experimental groups (p ≤ 0.05), ** Significant differences compared to post for all experimental groups (p ≤ 0.05). In AUC, * denotes significant 
differences compared to CON for all experimental groups (p ≤ 0.05). 

 
Discussion 
 
The results of the present study indicated that a session of 
PE induced increases in the CK, LDH, DOMS, 8-OHdG, 
MDA, and PC levels with peaking values between 24 to 48 

hours post-PE for all the volume-loaded groups. The levels 
of leukocytes, neutrophils, and IL-6 also increased after the 
PE session but returned to resting values within 24-h post-
PE. In addition, CRP levels increased at 24-h post-PE for 
all the treatment groups. In relation to differences between 
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the treatment groups, the HVL and MVL indicated signifi-
cant differences compared to LVL in the 8-OHdG (at 48-
hour) and MDA (at 72-hour). To the best of our knowledge, 
this study is the first to investigate the effects of incorpo-
rating plyometric exercise (PE) with diverse volume loads 
into soccer players' conditioning routines on inflammation, 
oxidative stress, and muscle damage. 

In the present study, symptoms of muscle damage 
such as CK, LDH, and DOMS increased significantly after 
PE, peaking values at 24-h post-PE in soccer players. The 
alterations in CK levels persisted at an elevated state until 
72-h post-PE across all groups. In addition, the LDH re-
mained only elevated for the MVL and HVL groups at 72-
h post-PE. In DOMS, all treatment groups exhibited simi-
lar responses, with increases observed at 24-h and 48-h 
post-PE. The observed symptoms of muscle damage at 24 
to 72-h post-PE are consistent with previous studies that 
measured CK, LDH, and DOMS (Twist and Eston, 2005; 
Tofas et al., 2008; Byrne and Eston 2002; Marginson et al., 
2005). Furthermore, it has been observed that a higher vol-
ume-load of training (i.e., resistance training) results in a 
greater degree of muscle damage compared to a lower vol-
ume-load (Margonis et al., 2007; Chatzinikolaou et al., 
2010). The underlying cause of this phenomenon may be 
attributed to the presence of muscle microtrauma (Twist 
and Eston, 2009). Previous studies have indicated that the 
forces generated during ground impact and the associated 
eccentric contractions during PE may lead to muscle dam-
age, particularly in type II muscle fibers and the Z-line 
(Marginson et al., 2005; Cho et al., 2022). To resolve land-
ing force, the quadriceps muscles execute an eccentric ac-
tion that entails a counter-extension movement to dissipate 
kinetic energy (Byrne et al., 2004). In the negative phase 
of PE, eccentric activation generates greater tension per 
unit of active muscle mass than concentric actions, leading 
to notable structural muscle injury as well as elevations in 
markers of DOMS, CK, and LDH (Byrne and Eston 2002; 
Byrne et al., 2004). There were no statistically significant 
differences observed when comparing the treatment 
groups. Nevertheless, it was observed that soccer players 
who underwent higher PE volume-loads experienced more 
changes compared to those who underwent lower or mod-
erate PE volume-loads (i.e., LVL < MVL < HVL). It is cru-
cial to take this into account for better recovery after an 
intense and high volume of training sessions. These find-
ings provide additional information that supports the ef-
fects of manipulating volume-loads during PE, which have 
minimal impact on symptoms of muscle damage in soccer 
players. However, these slight increases during the period-
ization of training could affect the ability of soccer players 
and should be considered for optimal recovery post-PE. 

Another important finding of this study was that ox-
idative damages significantly increased following PE in 
soccer players, with varying peak values (e.g., 8-OHdG at 
24-h post-PE, MDA and PC at 48-h post-PE). The findings 
support that a session of PE has a significant impact on en-
hancing oxidative damage, which is consistent with previ-
ous studies that have reported an increase in 8-OHdG, 
MDA, and PC in the human population during PE involv-
ing stretch-shortening cycle actions (Arazi et al., 2019; 
Chatzinikolaou et al., 2010). The possible explanations for 

the increase in 8-OHdG following eccentric exercise could 
be attributed to the anoxic state experienced by the exercis-
ing muscle after eccentric (i.e., plyometric) exercise, the 
activation of neutrophils, or the involvement of xanthine 
oxidase, which is a source of superoxide anions during ec-
centric exercise (Chatzinikolaou et al., 2010; Suzuki, 2017; 
Rahimi et al., 2011). Furthermore, the increase in MDA 
and PC following PE can be attributed to the disruption of 
cell membranes and proteasome pathways, respectively 
(Margonis et al., 2007; Chatzinikolaou et al., 2010; Rahimi 
et al., 2011; Ramel et al., 2004; Street et al., 2011). In fact, 
cellular membranes contain fatty acids, and the act of en-
gaging in eccentric exercise has the potential to disrupt 
these cell membranes (Nikolaidis et al., 2008). This disrup-
tion can subsequently lead to an increase in the concentra-
tion of polyunsaturated fatty acids in the bloodstream, ulti-
mately resulting in lipid peroxidation and subsequent en-
hancements in MDA levels (Nikolaidis et al., 2008; Ramel 
et al., 2004). Similarly, the elevation in muscle damage 
caused by eccentric exercise is consistent with the activa-
tion of proteolytic events and muscle disruption, including 
intracellular protein degradation and ubiquitin-proteasome 
proteolysis pathways leading to increased PC (Atashak et 
al., 2014). 

After comparing the volume-loads of PE, it was 
found that players who performed more volume-loads 
showed greater responses in 8-OHdG and MDA. Notably, 
the HVL and MVL showed significant differences com-
pared to LVL in the 8-OHdG at 48-h post-PE and MDA at 
72-h post-PE. However, no differences were observed be-
tween the MVL and HVL. It appears that the response of 
8-OHdG and MDA to volume-load of PE is dependent on 
dose responses. These results suggest that the extent of 
stimulation of the oxidative system following plyometric 
activity has a specific range, and an additional load cannot 
cause a greater response. Hence, the oxidative stress re-
sponse to different PE volumes exhibits a stimulation 
threshold, which, in this particular study, was observed to 
be moderate volume. This could be attributed to various 
factors, such as the heightened generation of ROS through 
the augmentation of mitochondrial metabolic rate during 
the moderate and high volume-loads, increased oxidative 
DNA damage, and greater tissue damage and cell mem-
brane disruption (Peak et al., 2017). Consequently, this dis-
covery implies that the activity of oxidative stress in soccer 
players can be influenced by varying volume-loads of PE. 
However, further research is necessary to elucidate the spe-
cific biochemical changes that occurred following moder-
ate and high volume-loads, which contributed to the exac-
erbation of oxidative damage symptoms. 

Another observation of this study was that leuko-
cytes and neutrophils increased significantly post-PE for 
all the treatment groups. In line with these findings, Arazi 
et al. (2019) reported that a session of moderate-load of PE 
could induce increases in leukocytes and neutrophils in 
male subjects. The initial stage of immune function is typ-
ically marked by the response of the white blood cell count 
(i.e., neutrophils and leukocytes) (Suzuki, 2018). Upon in-
fection, these cells swiftly migrate to the site of inflamma-
tion and engulf microbes and cellular debris within phago-
somes (Suzuki, 2017; 2018). Notably, the production of 
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ROS occurs, which plays a role in both microbe elimina-
tion and tissue damage (Suzuki, 2017). The present study 
suggests that the observed increase in leukocytes and neu-
trophils following PE may be attributed to the up-regula-
tion of oxidative mechanisms and inflammatory cytokines 
(Arazi et al., 2019; Margonis et al., 2007), which aligns 
with our findings. 

In the present study, IL-6 indicated peaking value at 
post-PE, and the CRP increased with peaking value at 24-
h post-PE, which aligns with previous studies that reported 
PE is a training method for enhancing inflammation. Dur-
ing the process of inflammation, CRP, which is an acute-
phase protein, is synthesized and subsequently released by 
the liver following stimulation by IL-6 (Steensberg et al., 
2003). Furthermore, IL-6, functioning as a pro-inflamma-
tory cytokine present in the plasma, serves as an indicator 
of chronic low-grade inflammation and exhibits significant 
predictive capabilities for future damage (Coffey and 
Hawely, 2007). The physiological stimulus of exercise has 
been observed to elicit an inflammatory response that 
aligns with intra-cellular substrate replenishment (Donges 
et al., 2010). Previous studies have suggested that eleva-
tions in circulatory IL-6 and CRP are correlated with exer-
cise-induced muscle damage (Chatzinikolaou et al., 2010; 
Marginson et al., 2005). There is evidence that connects the 
stress load of training and the subsequent response of these 
markers in the bloodstream, indicating a relationship be-
tween the volume-load of training and the magnitude of 
their increase (Tofas et al., 2008; Neubauer et al., 2008). 
Additionally, CRP rise has been associated with the activa-
tion of recruit leukocytes (Suzuki, 2017). These findings 
suggest that exercise-induced activation of muscle trauma 
increases cytokine and inflammation (Suzuki, 2017). How-
ever, further research is necessary to examine the impact of 
exercise training volume-load on possible acute mecha-
nisms involving CRP and other cytokine and inflammation 
markers to identify muscle damage pathways following ex-
ercise. 

 
Conclusion 
 
The present study revealed that a single session of PE re-
sults in an increase in symptoms related to muscle damage, 
oxidative stress, and inflammation among soccer players. 
Although engaging in plyometric activity during a session 
led to higher levels of inflammation and muscle damage, 
there were no statistically significant differences observed 
between the groups that were studied. However, when 
comparing the HVL and MVL groups to the LVL group, 
significant differences were found in the levels of 8-OHdG 
(at 48 hours) and MDA (at 72 hours). Therefore, it can be 
concluded that athletes who participate in higher volume-
loads exhibit more noticeable responses in terms of bio-
chemical variables (specifically, LVL < MVL < HVL). In 
addition, these changes were not statistically significant, 
except for 8-OHdG and MDA, in soccer players, which in-
dicated greater oxidative stress for the MVL and HVL 
groups. 
 
Acknowledgements  
The experiments comply with the current laws of the country in which 
they were performed. The authors have no conflict of interest to declare. 

The datasets generated and analyzed during the current study are not pub-
licly available, but are available from the corresponding author who was 
an organizer of the study. 
 

References 
 
Arazi, H., Eston, R., Asadi, A., Roozbeh, B. and Saati Zarei, A. (2016) 

Type of ground surface during plyometric training affects the se-
verity of exercise-induced muscle damage. Sports 4(1), 15.  
https://doi.org/10.3390/sports4010015  

Arazi, H., Hosseini, Z., Asadi, A., Ramirez-Campillo, R. and Suzuki, K. 
(2019) β-hydroxy-β-methylbutyrate free acid attenuates oxida-
tive stress induced by a single bout of plyometric exercise. Fron-
tiers in Physiology 10, 776.  
https://doi.org/10.3389/fphys.2019.00776 

Asadi, A., Arazi, H., Young, W. B. and de Villarreal, E. S. (2016) The 
effects of plyometric training on change-of-direction ability: A 
meta-analysis. International Journal of Sports Physiology and 
Performance 11(5), 563-573.  
https://doi.org/10.1123/ijspp.2015-0694 

Atashak, S., Peeri, M., Azarbayjani, M. A. and Stannard, S. R. (2014) 
Effects of ginger (Zingiber officinale Roscoe) supplementation 
and resistance training on some blood oxidative stress markers 
in obese men. Journal of Exercise Science & Fitness 12(1), 26-
30. https://doi.org/10.1016/j.jesf.2014.01.002 

Barzegar, H., Arazi, H., Mohsebbi, H., Sheykhlouvand, M. and Forbes, 
S.C. (2021) Caffeine co-ingested with carbohydrate on perfor-
mance recovery in national level paddlers: a randomized, double-
blind, crossover, placebo-controlled trial. Journal of Sports Med-
icine and Physical Fitness 62, 337-342.  
https://doi.org/10.23736/S0022-4707.21.12125-5 

Byrne, C. and Eston, R. (2002) The effect of exercise-induced muscle 
damage on isometric and dynamic knee extensor strength and 
vertical jump performance. Journal of Sports Sciences 20(5), 
417-425. https://doi.org/10.1080/026404102317366672 

Byrne, C., Twist, C. and Eston, R. (2004) Neuromuscular function after 
exercise-induced muscle damage: theoretical and applied impli-
cations. Sports Medicine 34, 49-69.  
https://doi.org/10.2165/00007256-200434010-00005 

Chatzinikolaou, A., Fatouros, I.G., Gourgoulis, V., Avloniti, A., Jamurtas, 
A.Z., Nikolaidis, M.G., Douroudos, I., Michailidis, Y., Beneka, 
A., Malliou, P., Tofas, T., Georgiadis, L., Mandalidis, D. 
and Taxildaris, K. (2010) Time course of changes in perfor-
mance and inflammatory responses after acute plyometric exer-
cise. The Journal of Strength & Conditioning Research 24(5), 
1389-1398. https://doi.org/10.1519/JSC.0b013e3181d1d318 

Cho, S. Y., Chung, Y. S., Yoon, H. K. and Roh, H. T. (2022) Impact of 
exercise intensity on systemic oxidative stress, inflammatory re-
sponses, and Sirtuin levels in healthy male volunteers. Interna-
tional Journal of Environmental Research and Public 
Health 19(18), 11292. https://doi.org/10.3390/ijerph191811292 

Coffey, V. G. and Hawley, J. A. (2007) The molecular bases of training 
adaptation. Sports Medicine 37, 737-763.  
https://doi.org/10.2165/00007256-200737090-00001 

Donges, C., Duffield, R. O. B. and Drinkwater, E. (2010) Effects of re-
sistance or aerobic exercise training on interleukin-6, C-reactive 
protein, and body composition. Medicine and Science in Sports 
and Exercise 42(2), 304-313.  
https://doi.org/10.1249/MSS.0b013e3181b117ca 

Douchet, T., Paizis, C., Roche, H. and Babault, N. (2023) Positional Dif-
ferences in Absolute vs. Relative Training Loads in Elite Acad-
emy Soccer Players. Journal of Sports Science and Medi-
cine, 22(2), 317-328. https://doi.org/10.52082/jssm.2023.317 

Fereshtian, S., Sheykhlouvand, M., Forbes, S., Agha-Alinejad, H. and 
Gharaat, M. (2017) Physiological and performance responses to 
high-intensity interval training in female inline speed skaters. 
Apunts Medicina de l'Esport 52, 131-138.  
https://doi.org/10.1016/j.apunts.2017.06.003 

Gharaat, M.A., Sheykhlouvand, M., Eidi, L.A. (2020) Performance and 
recovery: effects of caffeine on a 2000-m rowing ergometer. 
Sport Sciences for Health 16, 531-542.  
https://doi.org/10.1007/s11332-020-00643-5 

Gonzalez, A.M., Stout, J.R., Jajtner, A.R., Townsend, J.R., Wells, A.J., 
Beyer, K.S., Boone, C.H., Pruna, G.J., Mangine, G.T., Scanlon, 
T.M. and Bohner, J.D. (2014) Effects of β-hydroxy-β-methyl-
butyrate free acid and cold water immersion on post-exercise 



Tian and Miao 

 
 

 

105

markers of muscle damage. Amino Acids 46, 1501-1511. 
https://doi.org/10.1007/s00726-014-1722-2 

Helgerud, J., Engen, L. C., Wisløff, U. and Hoff, J. A. N. (2001) Aerobic 
endurance training improves soccer performance. Medicine & 
Science in Sports & Exercise 33(11), 1925-1931.  
https://doi.org/10.1097/00005768-200111000-00019 

Marginson, V., Rowlands, A. V., Gleeson, N. P. and Eston, R. G. (2005) 
Comparison of the symptoms of exercise-induced muscle dam-
age after an initial and repeated bout of plyometric exercise in 
men and boys. Journal of Applied physiology 99(3), 1174-1181. 
https://doi.org/10.1152/japplphysiol.01193.2004 

Margonis, K., Fatouros, I.G., Jamurtas, A.Z., Nikolaidis, M.G., Dourou-
dos, I., Chatzinikolaou, A., Mitrakou, A., Mastorakos, G., Papas-
sotiriou, I., Taxildaris, K. and Kouretas, D. (2007) Oxidative 
stress biomarkers responses to physical overtraining: implica-
tions for diagnosis. Free Radical Biology and Medicine 43(6), 
901-910. https://doi.org/10.1016/j.freeradbiomed.2007.05.022 

Mirzaei, B., Asghar Norasteh, A., Saez de Villarreal, E. and Asadi, A. 
(2014) Effects of six weeks of depth jump vs. countermovement 
jump training on sand on muscle soreness and performance. Ki-
nesiology 46(1), 97-108.  

Mitrousis, I., Bourdas, D. I., Kounalakis, S., Bekris, E., Mitrotasios, M., 
Kostopoulos, Ν., Ktistakis, I. E. and Zacharakis, E. (2023) The 
Effect of a Balance Training Program on the Balance and Tech-
nical Skills of Adolescent Soccer Players. Journal of Sports Sci-
ence and Medicine 22(4), 645-657.  
https://doi.org/10.52082/jssm.2023.645 

Naughton, M., Miller, J. and Slater, G. J. (2018) Impact-induced muscle 
damage: Performance implications in response to a novel colli-
sion simulator and associated timeline of recovery. Journal of 
Sports Science & Medicine 17(3), 417.  
https://pubmed.ncbi.nlm.nih.gov/30116115/ 

Neubauer, O., König, D. and Wagner, K. H. (2008) Recovery after an 
Ironman triathlon: sustained inflammatory responses and muscu-
lar stress. European Journal of Applied Physiology 104, 417-
426. https://doi.org/10.1007/s00421-008-0787-6 

Nikolaidis, M. G., Jamurtas, A. Z., Paschalis, V., Fatouros, I. G., 
Koutedakis, Y. and Kouretas, D. (2008) The effect of muscle-
damaging exercise on blood and skeletal muscle oxidative stress: 
magnitude and time-course considerations. Sports Medicine 38, 
579-606. https://doi.org/10.2165/00007256-200838070-00005 

Peake, J. M., Neubauer, O., Walsh, N. P. and Simpson, R. J. (2017) Re-
covery of the immune system after exercise. Journal of Applied 
Physiology 122(5), 1077-1087. https://doi.org/10.1152/jap-
plphysiol.00622.2016  

Rahimi, R. (2011) Creatine supplementation decreases oxidative DNA 
damage and lipid peroxidation induced by a single bout of re-
sistance exercise. The Journal of Strength & Conditioning Re-
search 25(12), 3448-3455.  
https://doi.org/10.1519/JSC.0b013e3182162f2b 

Ramel, A., Wagner, K. H. and Elmadfa, I. (2004) Plasma antioxidants and 
lipid oxidation after submaximal resistance exercise in men. Eu-
ropean Journal of Nutrition 43, 2-6.  
https://doi.org/10.1007/s00394-004-0432-z 

Ramirez-Campillo, R., Alvarez, C., García-Pinillos, F., Sanchez-Sanchez, 
J., Yanci, J., Castillo, D., Loturco, I., Chaabene, H., Moran, J., & 
Izquierdo, M. (2018) Optimal Reactive Strength Index: Is It an 
Accurate Variable to Optimize Plyometric Training Effects on 
Measures of Physical Fitness in Young Soccer Players? Journal 
of Strength and Conditioning Research 32(4), 885–893. 
https://doi.org/10.1519/JSC.0000000000002467 

Ramírez-Campillo, R. andrade, D.C., Álvarez, C., Henríquez-Olguín, C., 
Martínez, C., Báez-SanMartín, E., Silva-Urra, J., Burgos, C. and 
Izquierdo, M. (2014) The effects of interset rest on adaptation to 
7 weeks of explosive training in young soccer players. Journal 
of Sports Science & Medicine 13(2), 287-296. 
https://pubmed.ncbi.nlm.nih.gov/24790481/ 

Ramirez‐Campillo, R., Moran, J., Chaabene, H., Granacher, U., Behm, D. 
G., García‐Hermoso, A. and Izquierdo, M. (2020) Methodologi-
cal characteristics and future directions for plyometric jump 
training research: A scoping review update. Scandinavian Jour-
nal of Medicine & Science in Sports 30(6), 983-997.  
https://doi.org/10.1111/sms.13633 

Rasouli Mojez, M., Gaeini, A. A., Choobineh, S. and Sheykhlouvand, M. 
(2021) Hippocampal oxidative stress induced by radiofrequency 

electromagnetic radiation and the neuroprotective effects of aer-
obic exercise in rats: a randomized control trial. Journal of Phys-
ical Activity and Health 18(12), 1532-1538.  
https://doi.org/10.1123/jpah.2021-0213 

Sayevand, Z., Nazem, F., Nazari, A., Sheykhlouvand, M. and Forbes, S.C. 
(2022) Cardioprotective effects of exercise and curcumin supple-
mentation against myocardial ischemia–reperfusion in-
jury. Sport Sciences for Health 18(3), 1011-1019.  
https://doi.org/10.1007/s11332-021-00886-w 

Sheykhlouvand, M., Arazi, H., Astorino, T. A. and Suzuki, K. (2022) Ef-
fects of a new form of resistance-type high-intensity interval 
training on cardiac structure, hemodynamics, and physiological 
and performance adaptations in well-trained kayak sprint ath-
letes. Frontiers in Physiology 13, 850768.  
https://doi.org/10.3389/fphys.2022.850768 

Sheykhlouvand, M., Khalili, E., Gharaat, M., Arazi, H., Khalafi, M. and 
Tarverdizadeh, B. (2018a) Practical model of low-volume pad-
dling-based sprint interval training improves aerobic and anaer-
obic performances in professional female canoe polo athletes. 
Journal of Strength and Conditioning Research 32, 2375-2382.  
https://doi.org/10.1519/JSC.0000000000002152 

Sheykhlouvand, M., Gharaat, 5, Khalili, M., Agha-Alinejad, E., Rah-
maninia, H. and Arazi, H. (2018b) Low-volume high-intensity 
interval versus continuous endurance training: effects on hema-
tological and cardiorespiratory system adaptations in profes-
sional canoe polo athletes. Journal of Strength and Conditioning 
Research 32, 1852-1860.  
https://doi.org/10.1519/JSC.0000000000002112  

Sheykhlouvand, M. and Forbes, S.C. (2017) Aerobic capacities, anaerobic 
power, and anthropometric characteristics of elite female canoe 
polo players based on playing position. Sport Sciences for 
Health. 14, 19-24. https://doi.org/10.1007/s11332-017- 0395-0 

Sheykhlouvand, M., Gharaat, M., Khalili, E. and Agha-Alinejad, H. 
(2016) The effect of high-intensity interval training on ventila-
tory threshold and aerobic power in well-trained canoe polo ath-
letes. Science and Sports 31, 283-289.  
https://doi.org/10.1016/j.scispo.2016.02.007 

Steensberg, A., Fischer, C. P., Keller, C., Møller, K. and Pedersen, B. K. 
(2003) IL-6 enhances plasma IL-1ra, IL-10, and cortisol in hu-
mans. American Journal of Physiology-Endocrinology and Me-
tabolism 285(2), 433-437.  
https://doi.org/10.1152/ajpendo.00074.2003 

Street, B., Byrne, C. and Eston, R. (2011) Glutamine supplementation in 
recovery from eccentric exercise attenuates strength loss and 
muscle soreness. Journal of Exercise Science & Fitness 9(2), 
116-122. https://doi.org/10.1016/S1728-869X(12)60007-0 

Suzuki, K. (2017) Exhaustive exercise-induced neutrophil-associated tis-
sue damage and possibility of its prevention. Journal of Nano-
medicine & Biotherapeutic Discovery 7(2), 156.  
https://doi.org/10.4172/2155-983X.1000156 

Suzuki, K. (2018) Involvement of neutrophils in exercise-induced muscle 
damage and its modulation. General Internal Medicine and Clin-
ical Innovations 3, 1-8.  
https://doi.org/10.15761/GIMCI.1000170 

Tofas, T., Jamurtas, A.Z., Fatouros, I., Nikolaidis, M.G., Koutedakis, Y., 
Sinouris, E.A., Papageorgakopoulou, N. and Theocharis, D.A. 
(2008) Plyometric exercise increases serum indices of muscle 
damage and collagen breakdown. The Journal of Strength & 
Conditioning Research 22(2), 490-496.  
https://doi.org/10.1519/JSC.0b013e31816605a0 

Townsend, J.R., Fragala, M.S., Jajtner, A.R., Gonzalez, A.M., Wells, 
A.J., Mangine, G.T., Robinson IV, E.H., McCormack, W.P., 
Beyer, K.S., Pruna, G.J. and Boone, C.H. (2013) β-Hydroxy-β-
methylbutyrate (HMB)-free acid attenuates circulating TNF-α 
and TNFR1 expression postresistance exercise. Journal of Ap-
plied Physiology 115(8), 1173-1182.  
https://doi.org/10.1152/japplphysiol.00738.2013  

Twist, C. and Eston, R. G. (2009) The effect of exercise-induced muscle 
damage on perceived exertion and cycling endurance perfor-
mance. European Journal of Applied Physiology 105(4), 559-
567. https://doi.org/10.1007/s00421-008-0935-z 

Twist, C. and Eston, R. G. (2007) The effect of muscle-damaging exercise 
on maximal intensity cycling and drop jump performance. Jour-
nal Exercise Science Fitness 5(2), 79-87.  



Plyometric exercise volume-load and muscle damage 

 
 

 

106 

Twist, C. and Eston, R. (2005) The effects of exercise-induced muscle 
damage on maximal intensity intermittent exercise perfor-
mance. European Journal of Applied Physiology 94, 652-658. 
https://doi.org/10.1007/s00421-005-1357-9 

 

 
Key points 
 
 The extent of muscle damage and inflammation varies min-

imally between different volume-loads of plyometric exer-
cises. Understanding such divergent outcomes has practical 
implications for coaches, trainers, and sports practitioners 
involved in designing and implementing training programs 
for soccer players.  

 Athletes who engage in higher volume-loads tend to exhibit 
more noticeable changes in biochemical variables, with the 
order of response being LVL < MVL < HVL. This finding 
highlights the importance of individualized training plans, 
strategic periodization, monitoring and adjusting intensity, 
and balancing intensity for desired adaptations. 

 In terms of oxidative stress, both the HVL and MVL inter-
ventions impose greater changes compared to the LVL 
group in the levels of 8-OHdG (at 48 hours) and MDA (at 
72 hours). By implementing strategies mentioned above, 
sports professionals can enhance the effectiveness of train-
ing programs while safeguarding athletes against the poten-
tial negative effects of oxidative stress. 
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