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Abstract: The benefits of physical exercise on health are diminished when it is non-planned, strenuous,

or vigorous, which causes an increase in oxygen consumption and production of free radicals, partic-

ularly serious at the muscular level. Ubiquinol could help achieve an antioxidant, anti-inflammatory,

and ergogenic effect. The aim of this study is to evaluate whether a supplementation of ubiquinol

during a short period could have a positive effect on muscle aggression, physical performance, and

fatigue perception in non-elite athletes after high intensity circuit weight training. One hundred

healthy and well-trained men, (firemen of the Fire Department of Granada) were enrolled in a placebo-

controlled, double-blinded, and randomized study, and separated into two groups: the placebo group

(PG, n = 50); and the ubiquinol group (UG, n = 50), supplemented with an oral dose. Before and after

the intervention, data related to the number of repetitions, muscle strength, and perceived exertion,

as well as blood samples were collected. An increase was observed in the UG regarding average

load and repetitions, revealing an improvement in muscle performance. Ubiquinol supplementation

also reduced muscle damage markers, showing a protective effect on muscle fibers. Therefore, this

study provides evidence that ubiquinol supplementation improves muscle performance and prevents

muscle damage after strenuous exercise in a population of well-trained individuals who are not

elite athletes.

Keywords: ubiquinol; muscle damage; intense physical exercise protocol

1. Introduction

The benefits that systematic, regular, moderate, and well-planned physical exercise
has on health are well established [1,2]. This is reflected, for instance, by the fact that
people with sufficient levels of physical exercise present lower risk of suffering from several
chronic diseases [3,4]. These contrasted health benefits are diminished when exercise is
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unplanned, intense or vigorous, and performed sporadically, without prior high-intensity
training, resulting, among other consequences, in increased oxygen consumption in many
tissues such as the heart, lungs, and blood [5]. This situation is particularly serious at the
muscular level, in which oxygen consumption may be 10 to 15 times higher compared to
normal conditions, which would be followed by the consequent increase in the production
of free radicals [6–8]. Moreover, it has recently been shown that the development of a
planned, high-intensity, very low-volume physical exercise protocol can exert a positive
immunomodulatory effect, even in cancer patients [9]. However, unplanned and untrained
strenuous physical exercise, on the contrary, may induce alterations in various hormonal
processes, temporary immunosuppression, and increased susceptibility to infections. It
would also produce an over-expression of pro-inflammatory cytokines which, combined
with the augmented free radicals, could generate structural damage to muscle cells, which
is translated in muscle soreness and swelling, prolonged loss of function, fatigue, and
leakage of muscle proteins into circulation [7,10–12].

As mentioned above, the implications of free radicals and inflammation in muscle
damage and decreased physical performance has been demonstrated, and for this rea-
son, exogenous supplemental antioxidants have received interest as noninvasive useful
substances. They are able to decrease muscle damage and improve exercise performance
due to their ability to prevent or reduce oxidative stress, lowering specific risks for the
pathologic results that strenuous exercise could induce. However, multiple studies on this
subject that intend to clarify this relationship have reached mixed outcomes [12–14]. In
this sense, coenzyme Q would be one of the possible candidates to achieve this antioxidant
and ergogenic effect. Coenzyme Q10 (CoQ10) is a key component in the production of
energy by the mitochondrial electron transport chain [15,16] even though it is located in
all cell membranes, constituting an excellent lipophilic antioxidant [17]. Given its proven
capacities, both antioxidant and anti-inflammatory, as well as its role in energy production
among other functions, it has become a nutritional supplement administered to seek an
improvement in health conditions [18,19].

In the field of sports nutrition, several studies have investigated the effect of CoQ10
on exercise-induced oxidative stress and physical performance, but achieved contradictory
results [20,21]. Several studies have shown a positive effect of supplementation with this
molecule during exercise, attenuating oxidative stress [22,23], inflammatory signaling, and
muscle damage [23,24] and, therefore, improving physical performance [25–28]. However,
other studies show an absence of positive results, and even negative effects related to
both muscle oxidative stress and physical performance [16,17,29–31]. This wide range
of effects may be due to multiple causes, such as the different doses used, the type and
intensity of the exercise studied, the physical state of the athletes and the duration of the
supplementation [20]. It is also important to highlight that most of the studies carried out
to date have used the oxidized form of coenzyme Q10, which has very poor absorption [32].

Currently, it is possible to use the reduced form of coenzyme Q10 (ubiquinol) as a
supplement, as it has shown greater bioavailability and therefore an improved ability to
increase plasma concentrations at the same dose [33]. In addition, ubiquinol is consid-
ered a safe compound, without any side effects, legally authorized, and non-doping [15].
Nevertheless, the optimal plasma level of ubiquinol for athletes is not yet known [34].
Despite this great improvement in the absorption of CoQ10 and considering the advantages
of this fact, there are still few studies which involve ubiquinol supplementation during
exercise. Moreover, the available studies have some disadvantages, such as a small number
of participants or the limited number of parameters determined, leading to controversy
among their results [20].

The majority of the available studies in the scientific Literature have been focused
on the effect of ubiquinol supplementation during physical exercise in relation to pa-
rameters such as oxidative stress, inflammation, muscle damage and, indirectly, physical
performance [15,20,28,34–39], and even though contradictory data are observed, a positive
net effect seems to dominate. Nevertheless, and despite the positive effects discussed
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above, there is practically no study directly investigating the effect of ubiquinol supple-
mentation on physical performance and fatigue in athletes during high intensity exercise.
Consequently, the aim of this study is to evaluate, for the first time, whether a specific
supplementation of ubiquinol (200 mg/day) during a short period (2 weeks) could have
a positive effect on muscle aggression, as well as on physical performance and fatigue
perception, in non-elite athletes after high intensity circuit weight training.

2. Materials and Methods

2.1. Subjects and Study Design

This study was conducted in a placebo-controlled, double-blinded, and randomized
manner. One hundred healthy and well-trained men, (firemen of the Fire Department of
the City of Granada) were enrolled in the study. Prior to starting the study, the subjects
completed a medical and health history and physical activity questionnaire (IPAQ-SF) [40].
In addition, in order to know the participant’s nutritional status, thus avoiding an important
error factor in this type of study, the participants filled out a nutritional questionnaire,
which was later evaluated by nutrition software (Nutriber, v1.1.1.5.r5, FUNIBER, Spain).
Moreover, body composition assessment was conducted using electrical bioimpedance (EBI)
with multifrequency TANITA MC-980MA equipment (Biológica Tecnología Médica S.L.,
Barcelona, Spain) and Suite Biológica 7.1 software (Version 368). Height was determined
using the height contraction measurement method. Participants were instructed to stand
still with feet together and heels, buttocks, and upper back in contact with the scale. The
parameters examined included weight, basal metabolism, lean mass, fat mass, and total
body water. Body mass index (BMI) was calculated by dividing body weight in kilograms
by height in meters squared (BMI = kg/m2).

All participants were non-smokers, did not use nutritional supplements that might
affect the measures, did not present febrile/inflammatory clinical symptoms or chronic
diseases, and did not use immunosuppressive or nephrotoxic drugs. They were separated
into two groups: the ubiquinol group (UG, n = 50) and the placebo group (PG, n = 50).
For two weeks, the subjects of the ubiquinol group were supplemented with an oral dose
of 200 mg (two brown liquid-filled hard gelatin capsules of 100 mg each in the morning,
with a glass or water and under fasting conditions). Subjects from the control group took
a placebo using the same dose regimen. The capsules, Kaneka QH ubiquinol (Kaneka
Corporation, Osaka, Japan), contained 100 mg of ubiquinol solubilized in a matrix of canola
oil, diglycerol monooleate, beeswax, and soy lecithin. The placebo capsules contained the
same components without ubiquinol and were also supplied by the same company. Weekly
supplementation for both groups was prepared through the use of pill boxes that contained
a week’s worth of doses. At the end of the week, the participants handed in the empty
pillboxes and they were returned refilled with the new doses.

The study was approved by the Commission of Ethics in Human Research of the
University of Granada (Ref. 804), and was registered at ClinicalTrials.gov, with registration
number NCT01940627. Written informed consent was obtained from each participant, who
was free to withdraw from the study at any time in accordance with the Declaration of
Helsinki. The flowchart for participant enrolment and dropout is shown in Figure S1.

2.2. High Intensity Circuit Weight Training Protocol

Although the physical activity protocol has been previously published [20], we con-
sider that this publication needs to provide a protocol as complete as possible. In the first
place, and so as to discriminate the minimum load that every participant can lift in each
position of the circuit of the protocol, a pre-training session was carried out a week before
the start of the study, based on two parameters: OMNI-RES Scale [41] values of perceived
exertion between 6 and 7 and 10 repetitions. After completing the supplementation with
ubiquinol for two weeks and before performing the strenuous exercise protocol, the partici-
pants performed a two-phase warm-up: a general low-intensity activation phase for 5 min
and a specific phase of the exercise protocol to be performed (values 4–5 on the OMNI-RES
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Scale [41]). The first phase consisted of articular mobility exercises, 5 min low intensity
in a cicloergometer and muscle stretching, whereas the second phase corresponded with
self-loading exercises and a turn doing the same exercises of the circuit with soft intensity
(value 4–5 on the OMNI-RES Scale). Once finished with the warm-up and after a total rest
of 5 min, the exercise test was begun.

Our physical activity protocol (Figure 1) consists of two strenuous physical exercise
tests, exercise test 1 (ET1) and exercise test 2 (ET2), with a 24-h rest period between tests.
Each test is divided into two sessions, session 1 (S1) and session 2 (S2), with a 5 min
rest period between sessions to allow recovery and complete the designed workout [42].
Therefore, the firemen performed two exercise tests with two sets each (S1ET1, S2ET1,
S1ET2, and S2ET2). Each of the indicated sessions consists of performing Circuit Weight
Training (CWT) composed of 10 bodybuilding exercises: 1, athletic press; 2, chest press
in Smith Machine; 3, seated oar; 4, shoulder press; 5, femoral bicep flexion; 6, chest
press in Smith Machine; 7, step with weight; 8, surveyor’s pole chest; 9, shove with
weight; and 10, quadricep extension. Each exercise was performed for 20 s trying to
achieve the maximum number of repetitions and load and always considering a minimum
workload corresponding approximately to 60–70% of the Dynamic Maximum Force (DMF
or 1RM) [43]. Between each exercise, there was a break of 40 s.

                   
 

             
                     

                               
                               
                               

                             
                         

                         
                   

                                   
                           

                     
                             

                           
                       

                       
                                 
                                     
                       

                         
                         
                           

                               
                               

                           
                     
                         
                   

 
                     

   

Figure 1. Exercises developed at the high intensity weight training circuit.

2.3. Exercise Tests Data

During the 40 s of rest, an investigator recorded the load and the total number of
repetitions in each bodybuilding exercise on an individual record sheet. Additionally, the
participants were asked to rate their perceived exertion immediately after the completion
of each exercise in the circuit using the OMNI-RES Scale [41] as reference.

2.4. Assessment of Muscle Strength

During the performance of the CWT, in bodybuilding exercises 2 and 6, a dynamic
system was used to evaluate muscle strength and power. In the case of the bench press in
the Smith machine, a linear position transducer device (T-Force System; Ergotech, Murcia,
Spain) was used. The system consists of a linear speed transducer cable connected to a
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computer with specific software that calculates, in real time, different kinematic and kinetic
parameters of each repetition. The following variables were measured: maximum speed
power (vertical movement of the bar/time (cm/s)), maximum force (ratio of the displaced
mass and acceleration manifested throughout movement (Newtons)), and maximum peak
power (ratio of the strength and speed recorded during movement (Watts)). The reliability,
precision, and validity of this system to measure force, power, and movement velocity has
been demonstrated [44].

2.5. Blood Sampling

Five blood samples were taken from each participant: before starting ubiquinol sup-
plementation (T1); after completing the ubiquinol supplementation and before starting
the first strenuous exercise test (T2); after finishing the first strenuous exercise test (T3);
after the end of the 24-h rest and before the second strenuous exercise test (T4); and after
finishing the second strenuous exercise protocol (T5).

2.6. Biochemical Analyses

Skeletal Muscle Creatine Kinase (CK-MM): An ELISA kit (Cloud-Clone Corp., Hous-
ton, TX, USA) was used to measure skeletal muscle injury, using Sandwich enzyme im-
munoassay for in vitro quantitative measurement in plasma. The assay was performed
according to the manufacturer’s protocol. Concentrations were determined by comparison
with standards provided by the kit.

Troponin I Type 1, Slow Skeletal (TNNI1): TNNI1 was measured using a commer-
cial kit (Cloud-Clone Corp., Houston, TX, USA). The test principle applied in this kit is
Sandwich enzyme immunoassay. Assays were performed according to the manufacturer’s
protocols and concentrations were determined by comparison with standards provided by
the kit.

Troponin I Type 2, Fast Skeletal (TNNI2): An ELISA kit (USCN Life Sciences, Wuhan, China)
was used to determine the concentrations of TNNI2, using Sandwich enzyme immunoassay
for in vitro quantitative measurement in plasma following the instructions of the man-
ufacturer. Concentrations were determined by comparison with standards provided by
the kit.

Myoglobin (Mb): The quantitative determination of myoglobin in plasma was mea-
sured using an ELISA kit (Oxis International Inc., Tampa, FL, USA) following the in-
structions of the manufacturer, based on the principle of a solid phase enzyme-linked
immunosorbent assay.

2.7. Statistical Analysis

The data shown in this publication are presented as the mean ± standard error of the
mean (SEM). To check if the variables followed the criteria of normality and homogeneity
of variance, the Kolmogorov–Smirnoff and Levene tests were used, respectively. The
general characteristics of both groups were compared using an unpaired Student’s t test.
A general linear model of variance for repeated measures with an adjustment by means
of Bonferroni’s test was used in order to study the effect of the supplementation and the
evolution of time in each studied variable. Bonferroni’s test allowed us to study intra- and
inter-subject differences (effect of time in each group and supplementation in each period,
respectively). A value of p < 0.05 was considered significant. For data analysis, we used the
SPSS version 20.0 (SPSS Statistics for Windows, 20.0.0. SPSS, Inc., Chicago, IL, USA).

3. Results

No statistically significant differences between groups were found for age, height,
weight, body mass index, basal metabolism, percentage and kg of fat mass, lean mass, and
total body water at baseline, when the UG and PG were compared (Table 1). Subjects were
catalogued as health enhancing physical activity (HEPA active: CATEGORY 3), a high
active category, revealing no significant differences between groups. Nutritional intake
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analyses for the ubiquinol and placebo groups were assessed and previously published [20],
revealing that the analysis of a 4-day diet record showed no variations between groups
regarding the consumption of macro and micronutrients.

Table 1. Subjects Baseline Characteristics.

UG PG

Age (y) 38.9 ± 1.4 38.2 ± 1.2
Height (cm) 175.4 ± 0.8 174.4 ± 1.2
Weight (Kg) 76.8 ± 1.4 76.3 ± 2.0

Body mass index (Kg/m2) 25.0 ± 0.4 25.0 ± 0.5
Basal metabolism (kcal) 1741.8 ± 37.9 1777.8 ± 53.6

Fat mass (%) 18.1 ± 0.9 17.8 ± 1.2
Fat mass (kg) 13.7 ± 0.9 14.2 ± 1.6

Lean mass (kg) 61.6 ± 1.5 62.6 ± 2.0
Total Body water (kg) 45.1 ± 1.1 45.9 ± 1.4

Values are means ± SEM. UG (Ubiquinol group); PG (Placebo group).

3.1. Exercise Test Data

Load, Repetitions, and Perceived Exertion. The effect of the intervention on load, repeti-
tions, and perceived exertion in each one of the bodybuilding exercises during the protocol,
expressed in mean values of both the UG and PG, are shown in Table S1.

Muscle strength. In exercises 2 and 6 of both tests, maximum speed power, maximum
force, and power were measured to assess the muscle strength developed in the bench press
in a Smith Machine (Figure 2). According to the results obtained in maximum speed power
(Figure 2A), the highest values in both groups were recorded in the second exercise of the
first set belonging to ET1. In this point, the UG presented a significant increase (p < 0.05) in
maximum speed power compared to the PG. No more statistically significant differences
were noted among the UG and PG during exercise tests, although results obtained for the
UG were always higher than the PG, in all sets and in both bench press exercises (2 and
6) of both exercise tests. The lowest values of maximum speed power for the UG and PG
were found in exercise six of the second set included in ET2. This decrease was statistically
significant (p < 0.05) in the UG compared to the rest of data, except for the results obtained
in exercise six of set two in ET1. Meanwhile in the PG the decrease was statically significant
(p < 0.05) compared to the rest of records obtained, except for data registered in exercise six
of set one in ET2.

With regard to maximum force (Figure 2B), there was a significant increase (p < 0.05) in
the UG compared to the PG in the results recorded for exercises two and six in the second
set, belonging to ET1, and in exercise two in the first set of ET2. These values were the
highest ones found in the UG. The lowest results for the UG and PG were recorded in
exercise six of set two included in ET2, which in the PG was only statistically significant
(p < 0.05) compared to exercise two of set two in ET1, while in the UG no significant
differences were noted in comparison to any other record.

As for power data obtained (Figure 2C), as occurred in maximum speed power, the UG
showed higher values than the PG, although these values were only statistically significant
(p < 0.05) in exercise six of the second set of ET1 and in exercise six in both sets of ET2. No
statistical differences were found across the UG. The lowest significant value (p < 0.05) in
the PG was recorded in exercise six of set two belonging to ET2, compared to the results
obtained in exercise two of set one in ET2, and compared to all values obtained in ET1.
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Figure 2. Effects of exercise and ubiquinol supplementation on data obtained in the bench press

in Smith machine using a device of linear displacement (T-Force System). * Statically differences

between groups. (A): Maximum speed power (m/s); (B): Maximum Force (Newtons); (C): Power

(Watt). Values are expressed as means ± SEM. Asterisk means statistically significant differences

between groups (p < 0.05). Different letters in every group indicates significant differences due to

the time (Ubiquinol Group (UG) (A, B, C, D, E); Placebo Group (PG) (a, b, c, d) (p < 0.05). S1ET1E2

(Session1—test1-exercise2); S1ET1E6 (Session1—test1-exercise6); S2ET1E2 (Session2—test1-exercise2);

S2ET1E6 (Session2—test1-exercise6); S1ET2E2 (Session1—test2-exercise2); S1ET2E6 (Session1—test2-

exercise6); S2ET2E2 ((Session2—test2-exercise2); S2ET2E6 (Session2—test2-exercise6).

3.2. Biochemical Analyses

Table 2 shows the effects of exercise and ubiquinol supplementation on muscle
damage biochemical parameters. These muscle damage markers included are Crea-
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tine Kinase-MM (CK-MM), Troponin I Type 1 (TNNI1), Troponin I Type 2 (TNNI2), and
Myoglobin (Mb), respectively.

Table 2. Effect of exercise and ubiquinol supplementation on plasmatic biomarkers of aggression or

muscle damage.

PLASMATIC

T1 T2 T3 T4 T5

Creatine
Kinase-MM (ng/mL)

UG 2.02 ± 0.33 A 2.27 ± 0.34 AB 2.67 ± 0.32 ABC 3.06 ± 0.46 BC 3.15 ± 0.31 C*
PG 2.01 ± 0.35 a 2.31 ± 0.40 ab 3.20 ± 0.51 bc 3.42 ± 0.36 c 4.00 ± 0.33 c

Troponin I Type 1
(pg/mL)

UG 3303.30 ± 203.84 A 3106.79 ± 126.70 A* 4363.31 ± 155.31 B 3396.56 ± 173.22 A 4898.35 ± 228.67 C

PG 3448.02 ± 183.10 a 3438.54 ± 130.72 a 4198.44 ± 204.28 b 3426.90 ± 164.11 a 4957.48 ± 321.38 c

Troponin I Type 2
(pg/mL)

UG 3328.90 ± 213.11 A 3306.89 ± 201.46 A 3508.95 ± 214.02 AB* 3215.17 ± 241.83 A 3898.65 ± 178.68 B

PG 3447.39 ± 205.37 a 3515.20 ± 174.21 a 4217.46 ± 236.69 b 3423.63 ± 255.46 a 4050.33 ± 226.49 c

Myoglobin (ng/mL)

UG 24.46 ± 2.30 AC 20.91 ± 1.55 A* 78.74 ± 7.85 B 26.90 ± 2.07 C 80.43 ± 7.55 B*
PG 25.09 ± 4.00 a 26.18 ± 2.78 a 92.16 ± 10.21 b 29.43 ± 3.13 a 99.29 ± 8.27 b

* Values are expressed as means ± SEM. An asterisk means statistically significant differences between groups
(p < 0.05). Different letters in every group indicates significant differences due to the time (Ubiquinol group
(UG) (A, B, C); Placebo group (PG) (a, b, c) (p < 0.05). T1: before starting ubiquinol supplementation; T2: after
completing the ubiquinol supplementation and before starting the first strenuous exercise test; T3: after finishing
the first strenuous exercise test; T4: after the end of the 24-h rest and before the second strenuous exercise test;
T5: after finishing the second strenuous exercise protocol.

With regard to CK-MM, a significant decrease (p < 0.05) was found in the UG compared
to PG in T5. The highest values of CK-MM were obtained in T5 in both groups, with this
increase being statistically significant in the PG (p < 0.05) in comparison to values obtained
in T1, T2, and T4, while in the UG it was only significant (p < 0.05) in comparison to T1.

Regarding TNNI1 levels, a significant decrease (p < 0.05) was found in the UG with
respect to the PG in T2. However, higher levels were obtained in T3, although this trend
changed after T4 and T5, respectively, where TNNI1 levels were lower, though not sta-
tistically significant. The highest level in both groups was obtained in T5, which was
statistically significant (p < 0.05) compared to levels obtained in the remaining data across
each group.

As for TNNI2, the highest level in the UG was registered in T5, being statistically
significant (p < 0.05) compared to T1, T2, and T4. Nevertheless, in the PG, the highest level
was found in T3, being significant (p < 0.05) compared to the remaining data across groups.
A significant decrease (p < 0.05) was noted in the UG compared to the PG in T3.

With regard to data obtained in Mb, the highest values were found in T3 and T5 in
both groups. A significant decrease (p < 0.05) was found in the UG compared to the PG
after the supplementation period (T2) and T5. Significant differences (p < 0.05) in Mb across
groups were found in T3 and T5, each point being compared with the remaining data.

4. Discussion

Oxidative stress and inflammation related to strenuous exercise are two of the key
factors that induce muscle damage and decrease muscle performance [7,10,21]. Antioxidant
supplementation, which has been postulated as an alternative to prevent or decrease these
undesirable effects carried out by reactive oxygen species, could promote an increase in
endurance and lead to exercise performance improvements [13,28].

In the present study, we tried to assess the effect of ubiquinol (the reduced form of
CoQ10) as a short term supplementation in healthy and well-trained subjects so as to
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evaluate muscle damage induced by strenuous exercise, together with muscle performance.
The exercise protocol performed has previously been reported as a high intensity protocol,
with an elevation of lactate and nitric oxide levels, as well as a high oxidative aggression and,
therefore, muscle damage [20]. In addition, our ubiquinol supplementation has provided a
significant increase in plasma CoQ10 levels, as it has been previously documented [20].

Subject baseline characteristics do not show statistical differences between the UG and
PG when it comes to age, height, weight, body mass index, basal metabolism, percentage
and kg of fat mass, lean mass, and total body water. Moreover, as we previously pub-
lished [20], both groups presented similar nutrition, so they constituted two homogeneous
groups. As for physical activity, the results obtained from the evaluation of the Short
International Physical Activity Questionnaire (IPAQ-short) reveals a high physical activity
profile with a total PAscore > 3000 MET 3 min/week, according to the Physical Activity
Classification Criteria [40].

Immediately after the onset of exercise, afferent inputs from contracting skeletal
muscles, and in other organs, fine-tuned hemodynamic responses occur to meet the in-
creased metabolic needs produced by exercise. To facilitate oxygen delivery, there is a
slight increase in arterial hemoglobin and, in humans, this increase occurs primarily as a
result of hemoconcentration due to fluid extravasation. This is why vasodilation occurs
in order to increase blood supply and thus oxygen levels, exerting a positive ergogenic
effect [45]. Therefore, the higher blood supply could explain some results related to the
muscle performance parameters. One objective of this study was to evaluate if ubiquinol
supplementation could improve physical performance in healthy trained subjects. Results
related to the average load (Figure 3A), as well as to the average repetitions carried out
during the sessions (Figure 3B), indicate a positive effect of this intervention. In both ET,
the UG delivered a better physical performance; it was observed that the UG lifted more
weight in ET2 in comparison to ET1. In this sense, the UG experienced an increased average
load and increased repetitions as a general trend—not in all the sets or exercise tests, but
in the majority of them—which is in agreement with other studies previously reported
by Alf et al. [34]. However, the participants of this study were elite athletes, whereas our
study included physically active but non elite athletes, subjects in which this type of high
in-tensity activity could cause more damage, fatigue, and less physical performance.

Physical performance is affected by fatigue, and it is important to remark that fatigue
has a physical and psychological component [36,46]. Therefore, in this study we tried
to analyze this psychological component evaluating the perceived exertions through the
OMNI-RES Scale [41]. In most cases, the perceived exertion was similar in both groups.
Even so, it must be taken into account that the effort made was not the same in both groups,
as the load and repetitions were higher in the UG. Thus, if the values of perceived exertions
are adjusted in relation to the number of repetitions in ET2, a reduction in the perceived
exertions of 8–10% could be observed in the UG. If the values of perceived exertions are
adjusted in relation to the load in ET1, the perceived exertions would be reduced by 6–8%
in the supplemented group.

This effect of ubiquinol supplementation on subjective perception is similar to what
was observed by Mizuno et al. [26], who demonstrated that oral administration of CoQ10
improved subjective fatigue sensation and physical performance during fatigue-inducing
workload trials on a bicycle ergometer. In addition, parameters related to muscle strength
and exercise performance presented an increasing trend in the values of maximum speed
power, maximum force, and power in the UG in comparison to the PG, although significant
differences were noted only in some points. In this sense, there is controversial information
regarding CoQ10 supplementation. Some studies noted an improvement in exercise perfor-
mance in both untrained and trained subjects. Gökbel et al. [27] concluded that 100 mg/day
during 8 weeks of CoQ10 supplementation increases exercise performance, especially
anaerobic capacity, during repeated bouts of supramaximal exercises in sedentary men.
Furthermore, Alf et al. [34] also reported that a supplementation of 300 mg of ubiquinol for
6 weeks enhanced physical performance.
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Figure 3. Effect of exercise and ubiquinol supplementation on Average Load (A), Average

Repetitions (B), and Average Perceived Exertion (C) obtained from CWT during the exercise proto-

col. Values are expressed as means ± SEM. An asterisk means statistically significant differences

between groups (p < 0.05). Different letters in every group indicates significant differences due to

the time (Ubiquinol group (UG) (A, B, C); Placebo group (PG) (a, b, c) (p < 0.05). S1ET1 (Session

1—Exercise test 1); S2ET1 (Session 2—Exercise test 2); S2ET2 (Session 1—Exercise test 2); S2ET2

(Session 2—Exercise test 2). * Significant differences between groups.

The possible mechanisms through which our ubiquinol supplementation could im-
prove physical performance and decrease subjective perception may be several. On the one
hand, as we previously mentioned, muscle contraction, which acts upon skeletal levers,
produces movement. This movement relies on the availability of energy to power it. In
vertebrates, movement in general is achieved through the recruitment of motor units in
skeletal muscles and the subsequent contraction of muscle fibers, resulting in coordinated
limb movement. This energy is provided by adenosine triphosphate (ATP), which can
be sourced from high-energy phosphate stores, anaerobic metabolism, or the aerobic pro-
duction of ATP by mitochondria. These fuels can be supplied to the muscles through the
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bloodstream in the form of glucose and free fatty acids derived from other tissues and
oxygen [45]. Therefore, a higher blood, oxygen, and nutrient supply in the muscle tissue
coincides with an increase in nitric oxide (NO) with vasodilator potential at the muscle level
and a decrease in oxidative aggression [20]. On the other hand, the improvement could
be due to an increase in ATP and creatine phosphate synthesis, which implies anaerobic
output. Ubiquinol supplementation could work via a direct increase in muscular Q10
levels, contributing to a rise in ATP synthesis in the mitochondria, and that aerobic energy
conversion might be improved by inhibiting ammonia production from AMP [34]. With
regard to investigations involving trained subjects, Ylikoski et al. [47] conducted a study
with elite cross-country skiers, and concluded that CoQ10 supplementation (90 mg/day
during 6 weeks) improved all measured indexes of physical performance (aerobic and
anaerobic threshold and VO2max). In this sense, Cooke et al. [25] determined whether an
acute single dose of 200 mg and/or chronic (14-days) supplementation of CoQ10 improved
anaerobic and aerobic exercise performance, concluding that CoQ10 tended to increase the
duration of exercise to exhaustion in healthy untrained and trained individuals.

Previously, and as an indicator of the intensity of the exercise protocol, we have
evaluated the lactate levels and its increase during the execution of the exercise (plasma
lactate levels ins mmol/L for Placebo Group: T1 = 2.95 ± 0.15 and T5 = 10.45 ± 0.60. For
ubiquinol Group: T1 = 2.74 ± 0.14 and T5 = 10.30 ± 0.55) [20]. According to the results
obtained, the physical activity performed was strenuous [48], which could lead to muscle
damage [39,49].

Muscle damage in exercise could be characterized by the levels of serum markers such
as creatine kinase, myoglobin, or troponin (TNNI1 and TNNI2 isoforms) [50]. In relation to
CK, the muscle isoform (CK-MM) is one of the most commonly used indirect indicators, as
it is an abundant muscle-specific isoenzyme of creatine kinase [51]. This isoform is found
in myofibrils, where ATP consumption is high. In this sense, we can observe that there was
a trend in CK-MM to progressively increase in the subsequent experimental time points
in both groups, revealing the cumulative damage of our strenuous exercise protocol in
the muscle fibers, as described in other studies that, however, determined serum CK (mix
isoforms) [52]. Nevertheless, ubiquinol supplementation led to a decrease in this parameter
in all time points, especially in T5, which could be attributed to the stimulating effect of
ubiquinol in mitochondrial biogenesis [53] and the reducing effect of oxidative stress [20].
This would improve ATP synthesis and muscle regeneration and prevent ROS damage,
thus reducing the output of secondary metabolites such as CK-MM.

In the case of Mb, exercise promotes a noteworthy increase after the exercise [54]. As
previously described [20], ubiquinol features a muscle-protective effect due to its bioen-
ergetic and antioxidant activity. It is involved in energy production [38], preventing
peroxidative damage to membrane phospholipids and reducing free-radical-induced ox-
idative damage to proteins and mitochondrial DNA. This results in lower peroxidation
of the muscle membrane and the subsequent release of Mb after strenuous exercise in the
supplemented groups. With regard to TNNI1, both exercise tests increased its levels in
both groups, revealing the physical challenge of strenuous exercise for the slow skeletal
muscle fibers. These fibers are unable to cope with the oxidative phosphorylation demand
to supply ATP for the metabolism of the cells during intense physical exercise. As for Mb,
although there is a trend to decrease in all time points, being statistically significant in
T3, this reduction can be due to the ergogenic potential of ubiquinol [20], which improves
energy supply and metabolic capacities in the muscle fibers avoiding the damage. These
results are in agreement with other studies [24,37], where CoQ10 supplementation reduced
serum markers of muscle damage indicating that muscular injury was attenuated by the
intervention. However, in these studies, the oxidized form of CoQ10 was used, and the
participants were elite athletes.

Although this protective effect on muscle damage observed for ubiquinol supplemen-
tation has not been described in other studies [31,35], there are important factors to consider.
Firstly, the intensity of the exercise; secondly, the training degree of the participants; and
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mainly, the dose and form of CoQ10 administered. Kizaki et al. [35] carried out the only
previous study which used ubiquinol, indicating that the lack of positive results seems
to be owing to the low intensity exercise performed, which did not cause the desired
muscular damage.

This study features some strengths and limitations that should be taken into account.
Regarding the strengths, despite the strong evidence of the detrimental effect of oxidative
stress during physical exercise, to date there are very few studies in the scientific Literature
evaluating the effect of ubiquinol supplementation during strenuous physical exercise.
Furthermore, this study focuses on short-term supplementation to deal with possible one-
off oxidative stress, for which the athlete is unprepared, avoiding the detrimental effects
of long-term supplementation with antioxidants. Under the heading of limitations, the
following should be noted; the study has focused on healthy and well-trained men, but
more population groups of athletes could be included, among which elite athletes could be
included, with whom to establish a comparison of the possible beneficial effects that the
proposed ubiquinol supplementation may have. In addition, different doses of ubiquinol
could be tested in order to analyze whether it is necessary to include different intake
recommendations depending on the type of athlete. In our study only men are included
as healthy and well-treated athletes, because the population group on which the effect of
ubiquinol supplementation was evaluated were firefighters, and men predominate in this
profession. Therefore, it would be necessary to include women in future studies.

5. Conclusions

Our study reveals the effect of a short term ubiquinol supplementation (200 mg/day
for 2 weeks) on muscle performance and muscle damage in healthy, moderately trained
subjects. In the UG, there is an increase in average load and repetitions and a decrease in
perceived exertions as a general trend, revealing an improvement in muscle performance.
Ubiquinol supplementation also reduces muscle damage markers, showing a protective
effect on muscle fibers after strenuous exercise.

Therefore, this study firstly provides evidence pointing out that short term ubiquinol
supplementation improves muscle performance and prevents muscle damage after stren-
uous exercise, especially in trained but non-elite athletes, or participants with a high
training routine.

Supplementary Materials: The following supporting information can be downloaded at: https:

//www.mdpi.com/article/10.3390/antiox12061193/s1, Figure S1: Flowchart showing participant

progress and dropouts in the study. Table S1: Effect of exercise and ubiquinol supplementation on

load, repetitions and perceived exertion data obtained from each bodybuilding exercises in CWT

during the exercise protocol.

Author Contributions: J.M.T., J.D.-C., M.P.-M. and J.M.-F. designed the study; J.M.T., N.K., I.C. and

J.M.-F. performed the literature search; R.G., J.D.-C., J.M.-F. and I.M.G., screened the articles; M.P.-J.,

J.J.O., R.G. and L.J.C., validated the screened articles; J.M.T., J.D.-C., I.C. and J.M.-F. wrote original

review; J.M.-F., L.J.C. and J.J.O. carried out the statistics; M.P.-J., I.M.G., N.K. and J.J.O. reviewed and

edited the manuscript. All authors interpreted the data, wrote the paper, and have read and approved

the final manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: Juan M. Toledano was supported by a FPU contract with grant reference FPU21/04865

funded by the Ministry of Education of Spain.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration

of Helsinki, and approved by the Human Research Ethics Committee of University of Granada

(ref. code 804).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The raw data supporting the conclusions of this article will be made

available by the authors, without undue reservation.

https://www.mdpi.com/article/10.3390/antiox12061193/s1
https://www.mdpi.com/article/10.3390/antiox12061193/s1


Antioxidants 2023, 12, 1193 13 of 15

Acknowledgments: M.P.-J. and J.M.T. are grateful to the Ph.D. Excellence Program, “Nutrición y

Ciencias de los Alimentos” from the University of Granada. The authors also thank Susan Stevenson

for her efficient support in the revision of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Haskell, W.L.; Lee, I.M.; Pate, R.R.; Powell, K.E.; Blair, S.N.; Franklin, B.A.; Macera, C.A.; Heath, G.W.; Thompson, P.D.; Bauman,

A. Physical activity and public health: Updated recommendation for adults from the American College of Sports Medicine and

the American Heart Association. Med. Sci. Sports Exerc. 2007, 39, 1423–1434. [CrossRef] [PubMed]

2. Kramer, A. An Overview of the Beneficial Effects of Exercise on Health and Performance. Adv. Exp. Med. Biol. 2020, 1228, 3–22.

[CrossRef] [PubMed]

3. Loef, B.; de Hollander, E.L.; Boot, C.R.; Proper, K.I. Physical activity of workers with and without chronic diseases. Prev. Med. Rep.

2016, 3, 30–35. [CrossRef] [PubMed]

4. Mora, J.C.; Valencia, W.M. Exercise and Older Adults. Clin. Geriatr. Med. 2018, 34, 145–162. [CrossRef]

5. O’Keefe, J.H.; O’Keefe, E.L.; Eckert, R.; Lavie, C.J. Training Strategies to Optimize Cardiovascular Durability and Life Expectancy.

Mo. Med. 2023, 120, 155–162.

6. Wagner, K.H.; Reichhold, S.; Neubauer, O. Impact of endurance and ultraendurance exercise on DNA damage. Ann. N. Y. Acad.

Sci. 2011, 1229, 115–123. [CrossRef]

7. Powers, S.K.; Nelson, W.B.; Hudson, M.B. Exercise-induced oxidative stress in humans: Cause and consequences. Free Radic. Biol.

Med. 2011, 51, 942–950. [CrossRef]

8. Danese, E.; Lippi, G.; Sanchis-Gomar, F.; Brocco, G.; Rizzo, M.; Banach, M.; Montagnana, M. Physical Exercise and DNA Injury:

Good or Evil? Adv. Clin. Chem. 2017, 81, 193–230. [CrossRef]

9. Reljic, D.; Herrmann, H.J.; Jakobs, B.; Dieterich, W.; Mougiakakos, D.; Neurath, M.F.; Zopf, Y. Feasibility, Safety, and Preliminary

Efficacy of Very Low-Volume Interval Training in Advanced Cancer Patients. Med. Sci. Sports Exerc. 2022, 54, 1817–1830.

[CrossRef]

10. Radak, Z.; Chung, H.Y.; Koltai, E.; Taylor, A.W.; Goto, S. Exercise, oxidative stress and hormesis. Ageing Res. Rev. 2008, 7, 34–42.

[CrossRef]

11. Suzuki, K.; Yamada, M.; Kurakake, S.; Okamura, N.; Yamaya, K.; Liu, Q.; Kudoh, S.; Kowatari, K.; Nakaji, S.; Sugawara, K.

Circulating cytokines and hormones with immunosuppressive but neutrophil-priming potentials rise after endurance exercise in

humans. Eur. J. Appl. Physiol. 2000, 81, 281–287. [CrossRef]

12. Higgins, M.R.; Izadi, A.; Kaviani, M. Antioxidants and Exercise Performance: With a Focus on Vitamin E and C Supplementation.

Int. J. Environ. Res. Public Health 2020, 17, 8452. [CrossRef]

13. Pingitore, A.; Lima, G.P.; Mastorci, F.; Quinones, A.; Iervasi, G.; Vassalle, C. Exercise and oxidative stress: Potential effects of

antioxidant dietary strategies in sports. Nutrition 2015, 31, 916–922. [CrossRef]

14. Mason, S.A.; Trewin, A.J.; Parker, L.; Wadley, G.D. Antioxidant supplements and endurance exercise: Current evidence and

mechanistic insights. Redox Biol. 2020, 35, 101471. [CrossRef]

15. Bloomer, R.J.; Canale, R.E.; McCarthy, C.G.; Farney, T.M. Impact of oral ubiquinol on blood oxidative stress and exercise

performance. Oxid. Med. Cell. Longev. 2012, 2012, 465020. [CrossRef]

16. Ostman, B.; Sjödin, A.; Michaëlsson, K.; Byberg, L. Coenzyme Q10 supplementation and exercise-induced oxidative stress in

humans. Nutrition 2012, 28, 403–417. [CrossRef]

17. Littarru, G.P.; Tiano, L. Clinical aspects of coenzyme Q10: An update. Nutrition 2010, 26, 250–254. [CrossRef]

18. Hernández-Camacho, J.D.; Bernier, M.; López-Lluch, G.; Navas, P. Coenzyme Q(10) Supplementation in Aging and Disease.

Front. Physiol. 2018, 9, 44. [CrossRef]

19. Gutierrez-Mariscal, F.M.; Arenas-de Larriva, A.P.; Limia-Perez, L.; Romero-Cabrera, J.L.; Yubero-Serrano, E.M.; López-Miranda,

J. Coenzyme Q(10) Supplementation for the Reduction of Oxidative Stress: Clinical Implications in the Treatment of Chronic

Diseases. Int. J. Mol. Sci. 2020, 21, 7870. [CrossRef]

20. Sarmiento, A.; Diaz-Castro, J.; Pulido-Moran, M.; Moreno-Fernandez, J.; Kajarabille, N.; Chirosa, I.; Guisado, I.M.; Javier Chirosa,

L.; Guisado, R.; Ochoa, J.J. Short-term ubiquinol supplementation reduces oxidative stress associated with strenuous exercise in

healthy adults: A randomized trial. Biofactors 2016, 42, 612–622. [CrossRef]

21. Chis, B.A.; Chis, A.F.; Muresan, A.; Fodor, D. Q10 Coenzyme Supplementation can Improve Oxidative Stress Response to Exercise

in Metabolic Syndrome in Rats. Int. J. Vitam. Nutr. Res. 2020, 90, 33–41. [CrossRef] [PubMed]

22. Niklowitz, P.; Sonnenschein, A.; Janetzky, B.; Andler, W.; Menke, T. Enrichment of coenzyme Q10 in plasma and blood cells:

Defense against oxidative damage. Int. J. Biol. Sci. 2007, 3, 257–262. [CrossRef]

23. Díaz-Castro, J.; Guisado, R.; Kajarabille, N.; García, C.; Guisado, I.M.; de Teresa, C.; Ochoa, J.J. Coenzyme Q(10) supplementation

ameliorates inflammatory signaling and oxidative stress associated with strenuous exercise. Eur. J. Nutr. 2012, 51, 791–799.

[CrossRef] [PubMed]

24. Kon, M.; Kimura, F.; Akimoto, T.; Tanabe, K.; Murase, Y.; Ikemune, S.; Kono, I. Effect of Coenzyme Q10 supplementation on

exercise-induced muscular injury of rats. Exerc. Immunol. Rev. 2007, 13, 76–88. [PubMed]

https://doi.org/10.1249/mss.0b013e3180616b27
https://www.ncbi.nlm.nih.gov/pubmed/17762377
https://doi.org/10.1007/978-981-15-1792-1_1
https://www.ncbi.nlm.nih.gov/pubmed/32342447
https://doi.org/10.1016/j.pmedr.2015.11.008
https://www.ncbi.nlm.nih.gov/pubmed/26844183
https://doi.org/10.1016/j.cger.2017.08.007
https://doi.org/10.1111/j.1749-6632.2011.06106.x
https://doi.org/10.1016/j.freeradbiomed.2010.12.009
https://doi.org/10.1016/bs.acc.2017.01.005
https://doi.org/10.1249/MSS.0000000000002989
https://doi.org/10.1016/j.arr.2007.04.004
https://doi.org/10.1007/s004210050044
https://doi.org/10.3390/ijerph17228452
https://doi.org/10.1016/j.nut.2015.02.005
https://doi.org/10.1016/j.redox.2020.101471
https://doi.org/10.1155/2012/465020
https://doi.org/10.1016/j.nut.2011.07.010
https://doi.org/10.1016/j.nut.2009.08.008
https://doi.org/10.3389/fphys.2018.00044
https://doi.org/10.3390/ijms21217870
https://doi.org/10.1002/biof.1297
https://doi.org/10.1024/0300-9831/a000301
https://www.ncbi.nlm.nih.gov/pubmed/30887903
https://doi.org/10.7150/ijbs.3.257
https://doi.org/10.1007/s00394-011-0257-5
https://www.ncbi.nlm.nih.gov/pubmed/21990004
https://www.ncbi.nlm.nih.gov/pubmed/18198662


Antioxidants 2023, 12, 1193 14 of 15

25. Cooke, M.; Iosia, M.; Buford, T.; Shelmadine, B.; Hudson, G.; Kerksick, C.; Rasmussen, C.; Greenwood, M.; Leutholtz, B.;

Willoughby, D.; et al. Effects of acute and 14-day coenzyme Q10 supplementation on exercise performance in both trained and

untrained individuals. J. Int. Soc. Sports Nutr. 2008, 5, 8. [CrossRef]

26. Mizuno, K.; Tanaka, M.; Nozaki, S.; Mizuma, H.; Ataka, S.; Tahara, T.; Sugino, T.; Shirai, T.; Kajimoto, Y.; Kuratsune, H.; et al.

Antifatigue effects of coenzyme Q10 during physical fatigue. Nutrition 2008, 24, 293–299. [CrossRef]

27. Gökbel, H.; Gül, I.; Belviranl, M.; Okudan, N. The effects of coenzyme Q10 supplementation on performance during repeated

bouts of supramaximal exercise in sedentary men. J. Strength Cond. Res. 2010, 24, 97–102. [CrossRef]

28. Orlando, P.; Silvestri, S.; Galeazzi, R.; Antonicelli, R.; Marcheggiani, F.; Cirilli, I.; Bacchetti, T.; Tiano, L. Effect of ubiquinol

supplementation on biochemical and oxidative stress indexes after intense exercise in young athletes. Redox Rep. 2018, 23, 136–145.

[CrossRef]

29. Littarru, G.P.; Tiano, L. Clinical aspects of coenzyme Q10: An update. Curr. Opin. Clin. Nutr. Metab. Care 2005, 8, 641–646.

[CrossRef]

30. Littarru, G.P.; Tiano, L. Bioenergetic and antioxidant properties of coenzyme Q10: Recent developments. Mol. Biotechnol. 2007,

37, 31–37. [CrossRef]

31. Okudan, N.; Belviranli, M.; Torlak, S. Coenzyme Q10 does not prevent exercise-induced muscle damage and oxidative stress in

sedentary men. J. Sports Med. Phys. Fit. 2018, 58, 889–894. [CrossRef]

32. Beg, S.; Javed, S.; Kohli, K. Bioavailability enhancement of coenzyme Q10: An extensive review of patents. Recent Pat. Drug. Deliv.

Formul. 2010, 4, 245–255. [CrossRef]

33. Hosoe, K.; Kitano, M.; Kishida, H.; Kubo, H.; Fujii, K.; Kitahara, M. Study on safety and bioavailability of ubiquinol (Kaneka QH)

after single and 4-week multiple oral administration to healthy volunteers. Regul. Toxicol. Pharm. 2007, 47, 19–28. [CrossRef]

34. Alf, D.; Schmidt, M.E.; Siebrecht, S.C. Ubiquinol supplementation enhances peak power production in trained athletes: A

double-blind, placebo controlled study. J. Int. Soc. Sports Nutr. 2013, 10, 24. [CrossRef]

35. Kizaki, K.; Terada, T.; Arikawa, H.; Tajima, T.; Imai, H.; Takahashi, T.; Era, S. Effect of reduced coenzyme Q10 (ubiquinol)

supplementation on blood pressure and muscle damage during kendo training camp: A double-blind, randomized controlled

study. J. Sports Med. Phys. Fit. 2015, 55, 797–804.

36. Chen, H.C.; Huang, C.C.; Lin, T.J.; Hsu, M.C.; Hsu, Y.J. Ubiquinol Supplementation Alters Exercise Induced Fatigue by Increasing

Lipid Utilization in Mice. Nutrients 2019, 11, 2550. [CrossRef]

37. Diaz-Castro, J.; Moreno-Fernandez, J.; Chirosa, I.; Chirosa, L.J.; Guisado, R.; Ochoa, J.J. Beneficial Effect of Ubiquinol on

Hematological and Inflammatory Signaling during Exercise. Nutrients 2020, 12, 424. [CrossRef]

38. Diaz-Castro, J.; Mira-Rufino, P.J.; Moreno-Fernandez, J.; Chirosa, I.; Chirosa, J.L.; Guisado, R.; Ochoa, J.J. Ubiquinol supple-

mentation modulates energy metabolism and bone turnover during high intensity exercise. Food Funct. 2020, 11, 7523–7531.

[CrossRef]

39. Suzuki, Y.; Nagato, S.; Sakuraba, K.; Morio, K.; Sawaki, K. Short-term ubiquinol-10 supplementation alleviates tissue damage in

muscle and fatigue caused by strenuous exercise in male distance runners. Int. J. Vitam. Nutr. Res. 2021, 91, 261–270. [CrossRef]

40. Papathanasiou, G.; Georgoudis, G.; Georgakopoulos, D.; Katsouras, C.; Kalfakakou, V.; Evangelou, A. Criterion-related validity of

the short International Physical Activity Questionnaire against exercise capacity in young adults. Eur. J. Cardiovasc. Prev. Rehabil.

2010, 17, 380–386. [CrossRef]

41. Robertson, R.J.; Goss, F.L.; Rutkowski, J.; Lenz, B.; Dixon, C.; Timmer, J.; Frazee, K.; Dube, J.; Andreacci, J. Concurrent validation

of the OMNI perceived exertion scale for resistance exercise. Med. Sci. Sports Exerc. 2003, 35, 333–341. [CrossRef] [PubMed]

42. Bird, S.P.; Tarpenning, K.M.; Marino, F.E. Designing Resistance Training Programmes to Enhance Muscular Fitness: A Review of

the Acute Programme Variables. Sports Med. 2005, 10, 841–851. [CrossRef] [PubMed]

43. American College of Sports Medicine Position Stand. Progression models in resistance training for healthy adults. Med. Sci.

Sports Exerc. 2009, 41, 687–708. [CrossRef] [PubMed]

44. Garnacho-Castaño, M.V.; López-Lastra, S.; Maté-Muñoz, J.L. Reliability and validity assessment of a linear position transducer. J.

Sports Sci. Med. 2015, 14, 128–136. [PubMed]

45. Joyner, M.J.; Casey, D.P. Regulation of increased blood flow (hyperemia) to muscles during exercise: A hierarchy of competing

physiological needs. Physiol. Rev. 2015, 95, 549–601. [CrossRef]

46. Ament, W.; Verkerke, G.J. Exercise and fatigue. Sports Med. 2009, 39, 389–422. [CrossRef]

47. Ylikoski, T.; Piirainen, J.; Hanninen, O.; Penttinen, J. The effect of coenzyme Q10 on the exercise performance of cross-country

skiers. Mol. Asp. Med. 1997, 18, S283–S290. [CrossRef]

48. Bird, S.R.; Linden, M.; Hawley, J.A. Acute changes to biomarkers as a consequence of prolonged strenuous running. Ann. Clin.

Biochem. 2014, 51, 137–150. [CrossRef]

49. Emami, A.; Tofighi, A.; Asri-Rezaei, S.; Bazargani-Gilani, B. The effect of short-term coenzyme Q10 supplementation and

pre-cooling strategy on cardiac damage markers in elite swimmers. Br. J. Nutr. 2018, 119, 381–390. [CrossRef]

50. Brancaccio, P.; Lippi, G.; Maffulli, N. Biochemical markers of muscular damage. Clin. Chem. Lab. Med. 2010, 48, 757–767.

[CrossRef]

51. Koch, A.J.; Pereira, R.; Machado, M. The creatine kinase response to resistance exercise. J. Musculoskelet. Neuronal Interact. 2014,

14, 68–77.

https://doi.org/10.1186/1550-2783-5-8
https://doi.org/10.1016/j.nut.2007.12.007
https://doi.org/10.1519/JSC.0b013e3181a61a50
https://doi.org/10.1080/13510002.2018.1472924
https://doi.org/10.1097/01.mco.0000171123.60665.16
https://doi.org/10.1007/s12033-007-0052-y
https://doi.org/10.23736/S0022-4707.17.07146-8
https://doi.org/10.2174/187221110793237565
https://doi.org/10.1016/j.yrtph.2006.07.001
https://doi.org/10.1186/1550-2783-10-24
https://doi.org/10.3390/nu11112550
https://doi.org/10.3390/nu12020424
https://doi.org/10.1039/D0FO01147A
https://doi.org/10.1024/0300-9831/a000627
https://doi.org/10.1097/HJR.0b013e328333ede6
https://doi.org/10.1249/01.MSS.0000048831.15016.2A
https://www.ncbi.nlm.nih.gov/pubmed/12569225
https://doi.org/10.2165/00007256-200535100-00002
https://www.ncbi.nlm.nih.gov/pubmed/16180944
https://doi.org/10.1249/MSS.0b013e3181915670
https://www.ncbi.nlm.nih.gov/pubmed/19204579
https://www.ncbi.nlm.nih.gov/pubmed/25729300
https://doi.org/10.1152/physrev.00035.2013
https://doi.org/10.2165/00007256-200939050-00005
https://doi.org/10.1016/S0098-2997(97)00038-1
https://doi.org/10.1177/0004563213492147
https://doi.org/10.1017/S0007114517003774
https://doi.org/10.1515/CCLM.2010.179


Antioxidants 2023, 12, 1193 15 of 15

52. Machado, M.; Pereira, R.; Willardson, J.M. Short intervals between sets and individuality of muscle damage response. J. Strength

Cond. Res. 2012, 26, 2946–2952. [CrossRef]

53. Tian, G.; Sawashita, J.; Kubo, H.; Nishio, S.Y.; Hashimoto, S.; Suzuki, N.; Yoshimura, H.; Tsuruoka, M.; Wang, Y.; Liu, Y.; et al.

Ubiquinol-10 supplementation activates mitochondria functions to decelerate senescence in senescence-accelerated mice. Antioxid.

Redox Signal. 2014, 20, 2606–2620. [CrossRef]

54. Lindsay, A.; Carr, S.; Draper, N.; Gieseg, S.P. Urinary myoglobin quantification by high-performance liquid chromatography: An

alternative measurement for exercise-induced muscle damage. Anal. Biochem. 2015, 491, 37–42. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1519/JSC.0b013e318243fdb5
https://doi.org/10.1089/ars.2013.5406
https://doi.org/10.1016/j.ab.2015.09.001

	Introduction 
	Materials and Methods 
	Subjects and Study Design 
	High Intensity Circuit Weight Training Protocol 
	Exercise Tests Data 
	Assessment of Muscle Strength 
	Blood Sampling 
	Biochemical Analyses 
	Statistical Analysis 

	Results 
	Exercise Test Data 
	Biochemical Analyses 

	Discussion 
	Conclusions 
	References

