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 The Impact of Aspirin Intake on Lactate Dehydrogenase,  
Arterial Stiffness, and Oxidative Stress During High‐Intensity 

Exercise: A Pilot Study 

by 
Sang Ho Lee1, Elizabeth J. Pekas2, Seungyong Lee3, Ronald J. Headid III2,  

Song-Young Park2 

Aspirin is a common nonsteroidal anti-inflammatory drug used to reduce fever, pain, and inflammation. 
However, aspirin’s anti-inflammatory properties may also prevent increased levels of blood lactate dehydrogenase, 
vascular arterial stiffness and oxidative stress induced by high-intensity exercise. The purpose of this study was to 
investigate the effects of 4 weeks of aspirin supplementation on lactate dehydrogenase activity, lactate, arterial stiffness, 
and antioxidant capacity during high-intensity exercise in Taekwondo athletes. Participants were randomly divided 
into two groups: aspirin supplementation (n = 10) and placebo-control (n = 10). Blood levels of lactate dehydrogenase 
(LDH) enzyme activity and lactate were assessed to examine muscle damage and carotid-to-radial pulse wave velocity 
and the augmentation index were measured to examine arterial stiffness. Blood levels of superoxide dismutase, 
malondialdehyde, and glutathione peroxidase were assessed to determine antioxidant capacity and levels of oxidative 
stress. There were significant group × time interactions for enzyme activity of LDH (Δ-60 ± 24.36 U/L) and carotid-to-
radial pulse wave velocity (Δ-1.33 ± 0.54 m/s), which significantly decreased (p < 0.05) following aspirin 
supplementation compared to placebo-control. Superoxide dismutase (Δ359 ± 110 U/gHb) and glutathione peroxidase 
(Δ28.2 ± 10.1 U/gHb) significantly decreased while malondialdehyde (Δ3.0 ± 0.1 mmol/mL) significantly increased (p < 
0.05) in the placebo-control group compared to the supplementation group. However, there were no changes in lactate 
concentration levels or augmentation index. These results reveal that low-dose aspirin supplementation would be a 
useful supplementation therapy to prevent high-intensity exercise training-induced increases in oxidative damage, 
inflammation, skeletal muscle fatigue, and arterial stiffness in elite Taekwondo athletes. 

Key words: antioxidant capacity, high-intensity training, NSAID, pulse wave velocity. 
 
Introduction 

Combat sports such as Taekwondo and 
other martial arts require extremely intense and 
continuous movement with short rest periods 
between rounds. These movements necessitate a 
great amount of anaerobic efforts to change 
direction, kick, and punch during competition 
(Campos et al., 2012). Therefore, combat sport 
athletes typically experience significant fatigue 
during competition. Fatigue results mainly from  

 
increases in metabolic stress-derived oxidative 
damage and inflammatory molecules (Jammes et 
al., 2004; Weseler and Bast, 2010) that occur 
during high-intensity exercise which may hinder 
both performance and recovery (Duarte et al., 
1993). High-intensity exercises such as combat 
sports increase levels of reactive oxygen species 
(ROS) production and inflammation (Pal et al., 
2018). High levels of ROS and inflammation have 
been known to result in an attenuation of skeletal  
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muscle function, sports performance, and chronic 
fatigue, which may collectively cause an increased 
risk of injury in athletes (Jammes et al., 2004).  

Anaerobic metabolism is the primary 
pathway used during high-intensity exercise to 
produce ATP, and the enzyme activity of lactate 
dehydrogenase (LDH) is a critical component for 
rapid generation of NAD+ from NADH in order 
to sustain energy production (Gray et al., 2014; 
Parra-Bonilla et al., 2010). However, chronically 
elevated enzyme activity of LDH and lactate 
levels (van Hall, 2010) have been used as markers 
of muscle cell membrane integrity loss and tissue 
damage, which may attenuate skeletal muscle 
function (Jamurtas et al., 2005; Rodrigues et al., 
2010). LDH does not have the ability to cross the 
sarcoplasmic membrane barrier, which 
contributes to the muscle damage and muscle cell 
membrane integrity loss following high-intensity 
exercise (Callegari et al., 2017). Additionally, 
elevated enzyme activity of LDH is thought to 
contribute to necrosis or the swelling and rupture 
of organelles and cell membrane breakdown in 
the skeletal muscle tissues (Brancaccio et al., 2010; 
Green et al., 2017). Enzyme activity of LDH can 
remain elevated above resting levels for up to 72 
hours after exercise (Rodrigues et al., 2010), which 
may further exacerbate loss of muscle cell 
membrane integrity and tissue damage. 
Therefore, four weeks of high-intensity training 
with limited recovery may exacerbate the enzyme 
activity of LDH and/or exceed the rates of LDH 
clearance in the muscle. This in turn may 
attenuate neuromuscular activity due to muscle 
cell and tissue damage, which may lead to 
insufficient force generation and poor muscular 
performance (Callegari et al., 2017; Verma et al., 
2016). Thus, the ability to efficiently reduce 
enzyme activity of LDH and lactate levels post-
training may be crucial to prevent potential 
muscle damage and improve sports performance.  

Although ROS production is critical for 
cell signaling and is a natural result of ATP 
production during high-intensity exercise, when 
produced in excess, ROS causes oxidative stress 
and induces vascular damage (Thannickal and 
Fanburg, 2000), especially when ROS production 
exceeds ROS clearance. It is well documented that 
high-intensity exercise drastically increases 
cellular ROS production, which can cause 
oxidative stress damage in both skeletal muscle  
 

 
and vascular smooth muscle cells (Bessa et al., 
2016). Chronically elevated levels of ROS and 
improper redox balance are thought to contribute 
to endothelial dysfunction, inflammation, and 
vascular remodeling (i.e. arterial stiffness) (Bir et 
al., 2012; Lugrin et al., 2014). If excessive ROS is 
not properly cleared following high-intensity 
exercise, oxygen delivery to skeletal muscle can be 
attenuated, which impairs muscle oxygenation 
and clearance of metabolic by-products from ATP 
production that can eventually reduce muscular 
contraction and sports performance. Additionally, 
it has been documented that increased enzyme 
activity of LDH is associated with increased levels 
of ROS (Mokwatsi et al., 2016), and excessive ROS 
has also been documented to attenuate muscle cell 
membrane integrity (Davies et al., 1982). 
Therefore, proper by-product removal and ROS 
clearance is crucial for maintaining muscle cell 
membrane integrity and preventing muscle cell 
damage. 

Superoxide dismutase (SOD) is the first 
line of the endogenous antioxidant defense 
system which protects against mitochondrial and 
NADPH oxidase-produced superoxide (Fukai and 
Ushio-Fukai, 2011; Michalczyk et al., 2019). In 
addition to SOD, glutathione peroxidase (GPx) is 
another endogenous antioxidant enzyme that 
scavenges hydrogen peroxide (Lubos et al., 2011). 
Both SOD and GPx are critical for normal cell 
function and vascular tone. High-intensity 
exercise has been reported to increase ROS levels 
and decrease the endogenous antioxidant capacity 
that results in lipid peroxidation and cell damage, 
which is indicated by increased levels of 
malondialdehyde (MDA), a marker of lipid 
peroxidation (Ayala et al., 2014). Since high-
intensity exercise has been shown to drastically 
increase ROS production, and potentially result in 
oxidative damage, this oxidative damage may 
also play a role in increasing cellular 
inflammation (Lugrin et al., 2014). It may be 
necessary to examine an intervention that protects 
against the negative effects of excessive exercise-
induced ROS production, increased enzyme 
activity of LDH, and inflammation, and the 
utilization of an anti-inflammatory medication 
may be a viable option (Kotur-Stevuljevic et al., 
2007).  

Aspirin, also known as acetylsalicylic 
acid, is a nonsteroidal anti-inflammatory drug  
 



by Sang Ho Lee et al. 103 

© Editorial Committee of Journal of Human Kinetics 

 
(NSAID) used for controlling pain, fever, and 
inflammation (Morris et al., 2009). Due to the 
pain-relieving effects of aspirin, athletes in 
combats sports commonly use it during and after 
training. However, previous studies have 
suggested that high-dose NSAIDs or prolonged 
use of NSAIDs can reduce mitochondrial function 
and vascular function (Mingatto et al., 1996; 
Moreno-Sanchez et al., 1999), which may impair 
recovery and exercise performance. However, 
recent studies have also suggested that NSAIDs 
can act as a cardioprotective drug (Berger et al., 
2006; Morris et al., 2009), reducing the risks of 
heart disease and stroke when used at a low-dose 
(75-160 mg) regularly (Dalen, 2006). Additionally, 
studies have shown that regular dose NSAIDs do 
not negatively affect mitochondrial function 
(Uppala et al., 2017), and may in fact increase 
mitochondrial biogenesis (Kamble et al., 2013). 
Previous literature demonstrated that aspirin in a 
low-dose may be beneficial for reducing systemic 
inflammation without causing harmful effects at 
the cellular level. To our knowledge, no studies 
have addressed the impact of low-dose aspirin 
during high-intensity exercise. Therefore, there is 
a need to examine the effects of low-dose aspirin 
supplementation during high-intensity training 
on muscle fatigue, vascular function, and 
antioxidant capacity/oxidative stress. Thus, we 
sought to examine the effects of low-dose aspirin 
supplementation on the enzyme activity of LDH, 
lactate concentration, arterial stiffness, antioxidant 
capacity, and oxidative stress following four 
weeks of high-intensity exercise training in 
college-aged, elite male Taekwondo athletes. We 
hypothesized that aspirin supplementation would 
have protective effects against high-intensity 
exercise-induced increases in LDH enzyme 
activity and lactate concentration, arterial 
stiffness, and oxidative stress. 

Methods 
Participants 

Twenty healthy, elite male Taekwondo 
athletes (age: 21 ± 1 years, BMI: 22.5 ± 1.5 kg/m2) 
participated in this study. They were free from 
diabetes, cancer, cardiovascular, and renal 
diseases. Participants abstained from caffeinated 
drinks and alcohol 48-72 hours prior to the pre 
and post measurements during the study. All 
participants were restricted from taking any  
 

 
medications or nutraceutical products during the 
supplementation period. Athletes had no history 
of using chronic supplementation of antioxidants, 
aspirin or other NSAIDs in the last 2 years. All 
participants provided written informed consent, 
and study protocols were approved by the 
Institutional Review Board of Kosin University 
and carried out in accordance with the 
Declaration of Helsinki. Participant characteristics 
are presented in Table 1A. 
Study Design 

A parallel experimental design was used. 
After an initial screening, eligible participants 
were randomly assigned to either the aspirin 
supplementation group (AS) or the placebo-
controlled group (PL). Participants were asked to 
complete two visits to collect measurements 
before and after four weeks of supplementation 
and training. Measurements were collected at the 
same time of the day (±1 hour) following an 
overnight fast. Body height, mass, BMI, and blood 
pressure were measured, and venous blood 
samples were taken to measure the enzyme 
activity of LDH, lactate concentration, antioxidant 
capacity, and oxidative stress. Arterial stiffness 
was measured using carotid-to-radial pulse-wave 
velocity (crPWV) in the carotid-radial segment 
and the augmentation index (AIx) was assessed in 
the carotid artery pressure waveform.  
Diet and lifestyle control 

The participants’ lifestyle was controlled 
during the study period. The study was 
conducted at a training camp where food intake, 
physical activity, and the daily lifestyle were 
supervised by trained instructors. Participants 
were instructed not to change their regular caloric 
intake (maintain ~2.400 kcal per day) during the 
study. Food logs were obtained throughout the 
training period to ensure there were no changes in 
caloric intake. Participants’ body mass was 
measured before and after each training session. 
Training program 

High-intensity Taekwondo training was 
performed five days per week for four weeks. 
Training intensity was set at 70-90% heart rate 
reserve (HRR = [% intensity desired * (HRmax – 
HRrest)] + HRrest) for the 4 weeks. The heart rate 
(HR) during training sessions was measured by a 
Polar RS400 heart rate monitor (Polar Electro, 
Kempele, Finland). There were four coaches 
supervising the training sessions, each specifically  
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assigned to five participants. The HR monitors 
were checked every 5 min during the 100-min 
training session. If the HR was below or above the 
training intensity level, participants were 
encouraged to increase or decrease their effort 
during the training session.  
 A training day included 40 min of 
kicking, tactical movement, and sparring training, 
30 min of running and circuit training, and 30 min 
of weight lifting (Table 1B). All training sessions 
included various kicking, punching, and tactical 
movement variations. These variations were 
performed with a partner. The circuit training 
component included callisthenic exercises such as 
push-ups, pull-ups, abdominal exercises, and 
body weight squats. The weight lifting component 
included multi-joint movements such as Olympic 
lifts (clean and jerk, snatch) and core lifts (squat, 
bench, dead lift).  
Supplementation 

The AS group ingested a low-dose (100 
mg, Bayer, Leverkusen, Germany) of aspirin, and 
the PL group ingested a placebo (same 
appearance flour tablet) daily for four weeks, 30 
min after training (Colwell, 2004). On the two 
non-training days each week, participants arrived 
to take either aspirin or the placebo at about the 
same time of day (±1 h) as they would do so on a 
training day. The aspirin or the placebo was taken 
with food and water (500-750 mL) to ensure safety 
and proper digestion.  
Descriptive measurements 

Body height was measured using a 
standard stadiometer, and body mass was 
measured using the X-SCAN PLUS II (Jawon 
Medical, Seoul, South Korea). Participants then 
rested in an upright seated position for 5 min, and 
resting brachial BP was measured twice with an 
automatic sphygmomanometer (Jawon Medical, 
Seoul, South Korea). The average of the two 
measurements was recorded for further analysis 
(Son et al., 2017).  
Blood sampling 

Participants were asked to report to the 
laboratory fully rested and fasted from 8:00 PM 
the day prior to blood sampling. Venous blood 
samples (10 mL) were obtained from an 
antecubital vein using a vacutainer and a needle 
before and after the four weeks at the same time 
of the day (±1 h). Samples were immediately  
centrifuged at 3,000 rpm for 10 min at 4°C and  
 

 
stored at -80°C for later analysis.  
Lactate dehydrogenase and lactate 

Serum enzyme activity of lactate 
dehydrogenase (LDH) was determined using an 
LDH assay kit (Cat. No.  ab102526, Abcam, 
Cambridge, MA) following the manufacturer’s 
instructions. Lactate concentrations were 
measured using a lactate assay kit (MAK064, 
Sigma-Aldrich Corp., St. Louis, MO) according to 
the manufacturer’s instructions.  
Antioxidant capacity and oxidative stress 

Plasma levels of superoxide dismutase 
(SOD) were obtained using SOD Assay Kit-WST 
(Cayman Chemical, Ann Arbor, MI, USA). 
Samples were mixed with WST working solution 
and enzyme working solution. The samples were 
then incubated for 20 min at 37℃. The absorbencies 
of the incubated samples were acquired at 450 nm 
by a plate reader. SOD activity was determined by 
a Cobas Mira chemistry analyzer (Roche, Basel, 
Switzerland).  

Plasma levels of glutathione peroxidase 
(GPx) were acquired by a GPx Assay Kit (Cayman 
Chemical, Ann Arbor, MI, USA). Samples were 
incubated for 20 min at 37℃. The absorbances of 
the incubated samples were acquired at 450 nm 
by a plate reader. The GPx activity was 
determined using a Cobas Mira chemistry 
analyzer (Roche, Basel, Switzerland). The plasma 
samples were incubated with reagent diluent for 5 
min at room temperature. The incubated samples 
were stimulated by Ran-Cell total antioxidant 
control (Randox, Crumlin, County Antrim, UK), 
and then analyzed at 340 nm by a plate reader. 

Plasma malondialdehyde (MDA) was 
measured by a BIOXTECHLPO-586 kit (OXIS 
Health Products, Inc, OR, USA). The plasma 
samples were incubated with reagent diluent for 5 
min at room temperature. The incubated samples 
were stimulated by Ran-Cell total antioxidant 
control (Randox, Crumlin, County Antrim, UK), 
and then analyzed at 340 nm by a plate reader.  
Arterial stiffness 

Arterial stiffness was tested using arterial 
tonometry with SphygmoCor (AtCor Medical, 
New South Wales, Australia) according to the 
Clinical Application of Arterial Stiffness, Task 
Force III (Van Bortel et al., 2002). Palpation was 
used to detect the strongest pulse on both the 
carotid and radial arteries for tonometer  
placement. Carotid-to-radial pulse wave velocity  
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(crPWV) was measured in the carotid-radial 
segment using the difference in the carotid-to-
radial path length (l) divided by the time 
difference (Δt) between pulse arrivals from the 
carotid artery to the radial artery (crPWV = l/Δt) 
(Kelly et al., 1989). The augmentation index (AIx) 
was assessed in the carotid artery pressure 
waveform. The AIx was calculated by the 
difference between the forward waveform (P1) 
and reflected waveform (P2) divided by pulse 
pressure and expressed as a percentage of pulse 
pressure (Kelly et al., 1989).   
Statistical Analysis 

Data were analyzed using a 2 x 2 analysis 
of variance (ANOVA) with repeated measures 
(group [AS and PL] * time [before and after 4 
weeks]) and Bonferroni adjustments were used to 
determine the effects of low-dose aspirin on 
enzyme activity of LDH, lactate concentration, 
arterial stiffness, antioxidant capacity, oxidative 
stress, and the AIx. If a significant main effect or 
interaction was noted, a paired t-test was used for 
post hoc comparisons. Analyses were performed 
using SPSS 21.0 (IBM SPSS Analytics, Armonk, 
NY). Data are presented as Mean ± SD. Statistical 
significance was set at p < 0.05. A power analysis 
calculation determined using G*Power 3.1 power 
analysis software (Universität Kiel, Germany)  
 
 

 
found that a minimum sample size of 20 (10 each 
group) would allow for the observation of a 
difference of 3 to 5% between groups (AS vs. PL) 
on the primary study outcome variable of crPWV 
with a power of 80% (Pietri et al., 2014). 

 
RESULTS  

Participants’ characteristics including age, 
body height, body mass, BMI, and resting BP 
were not significantly different (p > 0.05) between 
groups (Table 1A). Baseline measurements 
between the AS and PL groups were not 
significantly different (p = 0.15). There were 
significant group x time interactions (p < 0.05) for 
LDH (Figure 1A), crPWV (Figure 1C), and SOD, 
GPx, and MDA (Table 1C). Enzyme activity of 
LDH and crPWV significantly decreased 
following training in the AS group (p < 0.05), but 
showed no significant change in the PL group. 
After 4 weeks, SOD and GPx both significantly 
decreased (p < 0.05) in the PL group compared to 
the AS group. Additionally, MDA significantly 
increased (p < 0.05) in the PL group, but not in the 
AS group following supplementation and 
training. There was no significant change (p = 
0.21) in lactate (Figure 1B) concentrations or the 
AIx between AS and PL groups following four 
weeks of supplementation and training. 

 

 

 
 
Table 1A 

Physical characteristics of the study participants 
 

Group Age (yrs) 
Body height   

(cm) 
BMI   

(kg/m²) 

Body mass 
 (kg) 

SBP (mmHg) DBP (mmHg) 

Pre Post Pre Post Pre Post 

AS (n = 10) 21.2 ± 0.63 175.7 ± 4.02 20 ± 1 68.3 ± 5.36 64.2 ± 6.34 120 ± 2 118 ± 2 78 ± 2 77 ± 2 

PL (n = 10) 21.6 ± 0.52 177.1 ± 5.27 21 ± 1 70.6 ± 6.21 66.4 ± 5.84 118 ± 2 119 ± 2 79 ± 3 77 ± 3 

Values are Mean ± SD. 
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Table 1B  
Daily Taekwondo training program 

 
Order Exercise Intensity 

Warm-up 
(10 min) 

Stretching - 

Training 
(100 min) 

 

·Tube kicks 
·Kicks 

·Tactical kicking 
·Forward and backward steps 

·Step sparring 
·Sparring 
·Running 

·Circuit training 
·Weight lifting 

70-90% 
HRR 

(159-185 bpm) 

Cool-down 
(10 min) 

Stretching - 

 
 
 
 
 
 
 
  
 
 

Table 1C 
Levels of superoxide dismutase (SOD), malondialdehyde (MDA), and glutathione peroxidase 

(GPx) before and after the Taekwondo training program 
 

  Placebo (n = 10) Aspirin (n = 10) 

  Pre   Post Pre   Post 
SOD 
(U/gHb) 1230 ± 96 980 ± 121*† 1200 ± 120 1240 ± 100 
MDA 
(mmol/mL) 9.2 ± 0.3 11.2 ± 0.2*† 8.4 

  
± 0.1 7.2 ± 0.2 

GPx 
(U/gHb) 89.2 ± 9.1   62.2 ± 11.2*† 75.4 ± 8.1   79.2 ± 8.2 

Values are Mean ± SD 
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Figure 1A 
Enzyme activity of lactate dehydrogenase (U/L) pre- and post-supplementation between the 
aspirin (AS) and placebo (PL) groups: Post lactate dehydrogenase (LDH) enzyme activity 

decreased in the AS group and did not change in the PL group. Additionally, LDH enzyme 
activity was lower in the post AS group compared to the post PL group.  

Values are Mean ± SD; *p < 0.05 vs. Pre; †p < 0.05 vs. PL 
 
 
 
 
 
 
 
 
 
 

 
Figure 1B 

Changes in lactate concentration (mmol/L) pre- and post-supplementation between the 
aspirin (AS) and placebo (PL) groups: No significant difference in lactate concentration 

was seen in aspirin or placebo supplementation in the AS or PL groups.  
Values are Mean ± SD. 

 
 
 
 
 
 
 
 
 

 
Figure 1C  
Changes in carotid-to-radial pulse wave velocity (m/s) pre- and post-supplementation 
between the aspirin (AS) and placebo (PL) groups: Post carotid-to-radial pulse wave 

velocity (crPWV) decreased in the AS group and showed a trend to be higher in the PL 
group. Also, crPWV was lower in the post AS group compared to the post PL group. 

Values are Mean ± SD; *p < 0.05 vs. Pre; †p < 0.05 vs. PL 
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Discussion 

The purpose of this study was to examine 
the effects of four weeks of aspirin 
supplementation on blood levels of enzyme 
activity of LDH, lactate concentration, arterial 
stiffness, antioxidant capacity, and oxidative 
stress during high-intensity exercise in elite 
Taekwondo athletes. There were a number of 
novel findings. First, enzyme activity of LDH was 
significantly reduced following aspirin 
supplementation (Figures 1A). Second, aspirin 
supplementation reduced crPWV, which implies 
that aspirin may be a useful pharmaceutical aid to 
protect against the negative effects of high-
intensity exercise on arterial function (Figure 1C). 
Finally, antioxidant capacity and oxidative stress 
levels were maintained in the AS group, but 
antioxidant capacity was significantly reduced 
and oxidative stress was significantly increased in 
the PL group (Table 1C). These findings reveal 
that aspirin supplementation may reduce high-
intensity exercise-induced skeletal muscle damage 
and oxidative stress by reducing the enzyme 
activity of LDH and improving both antioxidant 
capacity and ROS clearance. Additionally, aspirin 
may also have protective effects against high-
intensity exercise-induced arterial stiffness. 

 Aspirin reduces low-grades of systemic 
inflammation (Morris et al., 2009). Fatigue or the 
attenuation of body functionality can be evoked 
by low-grades of systemic inflammation, 
metabolic by-products, and accumulation of H+ 
ions, increased enzyme activity of LDH, and 
elevated lactate that are induced by high-intensity 
exercise (Louati and Berenbaum, 2015; Rodrigues 
et al., 2010; van Hall, 2010). Anaerobic metabolism 
is the most dominant energy system during high-
intensity exercise. It includes repeated movements 
with a high muscle force production and typically 
results in excessive amounts of H+ ions, increased 
enzyme activity of LDH, and increased lactate 
(Karamizrak et al., 1994; Rodrigues et al., 2010). 
High-intensity training seen in Taekwondo 
primarily depends on anaerobic metabolism 
(Campos et al., 2012), which leads to elevated 
amounts of anaerobic metabolic stress and 
systemic inflammation that may result in 
attenuated muscular contraction and poor 
muscular contractile performance. Therefore, the 
anti-inflammatory properties of aspirin may play 
a role in reducing fatigue due to exercise.  
 

However, inflammatory markers were not 
directly examined in this study and further 
investigation is warranted. 

 LDH is a critical enzyme for ATP 
production via NADH/NAD+-mediated anaerobic 
energy metabolism (Gray et al., 2014; Parra-
Bonilla et al., 2010). Additionally, the enzyme 
activity of LDH has been used as a biomarker of 
muscle damage, and the enzyme activity is 
typically elevated after exercise (Rodrigues et al., 
2010; van Hall, 2010). Previous studies have 
suggested that increased enzyme activity of LDH 
in the blood negatively affects pH, cellular ATP 
production, muscle cell membrane integrity, and 
is associated with increased levels of ROS 
production that can further exacerbate cellular 
damage (Callegari et al., 2017; Lippi et al., 2008; 
Mokwatsi et al., 2016). Furthermore, decreased 
muscle cell and mitochondrial membrane 
integrity has been known to increase ROS 
production due to the attenuated membrane 
potential and greater proton leak (Park et al., 2014, 
2018). One of the novel findings of this study is 
that the enzyme activity of LDH was significantly 
decreased following four weeks of aspirin 
supplementation during high-intensity training. A 
previous study reported normal resting enzyme 
activity of LDH to be approximately 243.4 ± 43.5 
U/L (Kanter et al., 1988). Following aspirin 
supplementation, the AS group went from 333.3 ± 
54.56 U/L to 288.7 ± 31.71 U/L, suggesting that 
aspirin may help maintain normal enzyme 
activity of LDH during training and/or may help 
with clearance of LDH. However, the PL group 
had elevated enzyme activity of LDH above this 
normal range. Exercise is known to increase LDH 
enzyme activity, as a previous study reported that 
high-intensity sprint training significantly 
increased the enzyme activity of LDH in collegiate 
soccer players, and it remained elevated for 72 
hours post-exercise (Verma et al., 2016). The 
elevated LDH enzyme activity could negatively 
affect speed, agility, and power in athletes (Verma 
et al., 2016). The Taekwondo training program in 
this study consisted of high-intensity exercise, and 
our preliminary data (unpublished) showed that 
enzyme activity of LDH was elevated after one 
acute bout of exercise training at the same 
intensity used in this study. This result helped us 
speculate that the four weeks of high-intensity 
training without adequate recovery would cause  
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chronically elevated enzyme activity and poor 
clearance of LDH in these athletes, and that this 
long-term increase in enzyme activity of LDH 
may result in muscle cell membrane and tissue 
damage (Brancaccio et al., 2010; Callegari et al., 
2017). Taekwondo requires high levels of speed, 
agility, and power, and chronically elevated 
enzyme activity of LDH may attenuate athletic 
performance. Considering that the AS group had 
significantly decreased enzyme activity of LDH, 
aspirin may be a beneficial supplement for 
Taekwondo athletes to reduce training-induced 
muscle cell membrane damage, muscle cell 
membrane integrity, tissue damage, and excessive 
ROS accumulation as a result of high-intensity 
training (Brancaccio et al., 2010; Mokwatsi et al., 
2016). This may be particularly relevant for in-
season training, especially if athletes train at high 
intensity on a daily basis with inadequate time for 
recovery. However, the mechanism(s) underlying 
aspirin supplementation and reduced enzyme 
activity of LDH warrant further study.  

 It is well known that lactate 
concentrations increase during exercise, resulting 
in decreased muscle pH. High concentrations of 
lactate have also been used as a marker of fatigue 
(Hultman et al., 1986). Interestingly, post 
measurements of blood lactate levels did not 
differ between the AS and PL groups in this 
study. This may be because our participants were 
at the elite level and had several years of training 
experience. It has been reported that highly-
trained and elite-level athletes have a greater post-
exercise lactate removal capacity (Favier et al., 
1986). It is possible that these elite-level 
Taekwondo athletes already had a sufficient 
lactate removal capacity. Therefore, they have 
better efficiency for lactate clearance during 
training.   

 In addition to the increase in enzyme 
activity of LDH and lactate concentrations, high-
intensity exercise also produces substantial 
amounts of ROS, which may ultimately lead to 
oxidative stress (Weseler and Bast, 2010). Low 
levels of ROS are required for cell signaling, 
muscular adaptations, and energy production, but 
exposure to chronically elevated ROS can cause 
muscle contractile dysfunction, fatigue, and 
cardiovascular dysfunction in athletes (Anh et al., 
2019; Cortez-Cooper et al., 2005). The effects of 
ROS depend on the individual athlete’s training  
 

 
level; although, when exercise intensity is high 
without proper recovery time, ROS can cause 
muscle contractile dysfunction that can attenuate 
muscular performance even in highly trained 
populations (Michalczyk et al., 2015; Ahn et al., 
2019). Two antioxidant capacity markers, SOD 
and GPx, were both significantly reduced in the 
PL group after four weeks of high-intensity 
training, while the AS group showed no 
significant change. MDA, a marker of lipid 
peroxidation and oxidative stress (Ayala et al., 
2014), was significantly increased in the PL group 
after the training program, but there was no 
change in the AS group. These findings reveal 
that aspirin supplementation was beneficial for 
maintaining antioxidant capacity while reducing 
oxidative stress in the AS group. Increased 
antioxidant capacity would allow for better 
clearance of ROS, likely resulting in both reduced 
cellular damage and beneficial effects on skeletal 
muscle performance. Additionally, the improved 
antioxidant capacity from aspirin 
supplementation may result in less H+ ion and 
free radical accumulation, which may reduce the 
acidity in the working skeletal muscle, allowing 
for improved muscle function during training.  

 Blood pressure is regulated in-part by 
arterial smooth muscle tone (Touyz et al., 2018). 
Arterial smooth muscle tone is determined by the 
arterial elasticity, smooth muscle contractility, and 
endothelial function within the artery (Brozovich 
et al., 2016). As blood pressure rises, recruitment 
of elastic collagen fibers in the arterial smooth 
muscle increases (Quinn et al., 2012). Chronically 
increased blood pressure can result in increased 
levels of arterial stiffness (Quinn et al., 2012). The 
AIx and crPWV are clinical measurements of 
arterial stiffness that have been used to determine 
the structural and functional health of the 
vasculature (McEniery et al., 2006). Arterial 
smooth muscle contractility/elasticity and crPWV 
are inversely related, therefore a higher crPWV 
accompanied by decreased arterial elasticity 
results in higher arterial stiffness, and a higher 
crPWV has been shown to be an indicator of 
atherosclerotic risk (Park et al., 2006). When 
crPWV is lower, arterial structure and function 
are at a more optimal level. Proper arterial 
function and compliance are important for both 
blood pressure regulation and oxygen delivery 
capacity (Tomiyama and Yamashina, 2010), and  
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this is particularly important during exercise. 

 During high-intensity exercise, blood 
pressure and mean arterial pressure rise and both 
contribute to arterial stiffness (Miyachi et al., 
2004). The increase in systolic blood pressure 
specifically during high-intensity exercise may 
further contribute to increased arterial stiffness 
(Cortez-Cooper et al., 2005; Miyachi et al., 2004). 
The PL group in this study showed a tendency of 
increased arterial stiffness, indicating that high-
intensity training may have detrimental effects on 
arterial compliance, which can impair blood flow 
and vascular function.  In contrast to the PL 
group, we found that low-dose aspirin 
supplementation demonstrates protective effects 
against the high-intensity exercise-induced 
increases in arterial stiffness. To our knowledge, 
this is the first study to examine the beneficial 
effects of aspirin supplementation on high-
intensity exercise training and arterial stiffness. 
However, we do not have clear evidence 
regarding the mechanism(s) responsible for the 
reduced arterial stiffness in the AS group. 
Nevertheless, we found that aspirin 
supplementation may play a role in reducing 
exercise-induced inflammation and oxidative 
stress, both of which are thought to be key players 
that cause damage to the vascular endothelial 
cells and smooth muscle cells, therefore they may 
play a role in reducing levels of arterial stiffness. 
These mechanisms underlying the effect(s) of 
aspirin on reducing arterial stiffness warrant 
further research.  

 The AIx is another commonly utilized 
clinical measurement of arterial stiffness, which is 
derived from the ascending aortic pressure 
waveform (Kelly et al., 1989). Unlike crPWV, the 
AIx was not significantly changed following four  

 
weeks of aspirin supplementation with high-
intensity exercise. One possible explanation for 
this is that the AIx is mainly influenced by the 
heart rate (HR), meaning that changes in the HR 
are critical for determining the AIx (Wilkinson et 
al., 2000). Participants in both groups were similar 
in age and training status, which indicates that 
they may have had similar resting HRs and HR 
responses to the exercise intensity, and thus may 
not have experienced noticeable differences in the 
AIx. Additionally, all participants were relatively 
young and healthy; therefore, the beneficial effects 
of aspirin on the AIx may be masked in those with 
already-healthy AIx measures (Chung et al., 
2010).  

 Our findings demonstrate that four weeks 
of high-intensity exercise with low-dose aspirin 
supplementation reduces the enzyme activity of 
LDH, reduces arterial stiffness, and helps 
maintain proper systemic redox balance. Aspirin 
has typically been used to reduce exercise-
induced pain, muscle soreness, and minor levels 
of inflammation. However, these results show 
that aspirin can also provide beneficial effects on 
exercise performance and recovery by 1) limiting 
exercise-induced muscle cell membrane and 
tissue damage by improving LDH and ROS 
clearance, and 2) by increasing oxygen delivery 
capacity to the skeletal muscle through reduced 
arterial stiffness following chronic high-intensity 
exercise. Therefore, aspirin supplementation 
during high-intensity training with limited time 
for recovery may be useful for improving exercise 
performance and recovery in elite Taekwondo 
athletes and in athletes of other combat sports.   
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