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Abstract

This study reports the effects of Q10, coenzyme Q10 or ubiqui-
none, a component of the electron transport chain in mitochon-
dria, on nuclear factor kappa-light-chain-enhancer of activated B
cells (NFkB), inhibitors of kappa B (IkB), nuclear factor
(erythroid-derived 2)-like 2 (Nrf2) and hemeoxygenase 1 (HO-
1) in rats after chronic exercise training for 6 weeks. 8-week old
male Wistar rats were assigned randomly to one of four treat-
ments planned in a 2 x 2 factorial arrangement of two condition
(sedentary vs. exercise training), and two coenzyme Q10 levels
(0 and 300 mg/kg per day for 6 weeks). The expression levels of
the target proteins were determined in the heart, liver and mus-
cle, and biochemical parameters including creatinine, urea,
glucose and lipid profile were investigated in plasma. When
compared with sedentary group, significant decreases in heart,
liver and muscle NFkB levels by 45%, 26% and 44% were
observed in Q10 supplemented rats after exercise training, re-
spectively, while the inhibitory protein IxB increased by 179%,
111% and 127% in heart, liver and muscle tissues. Q10 supple-
mentation caused an increase in Nrf2 (167%, 165% and 90%)
and HO-1 (107%, 156% and 114%) after exercise training in
heart, liver and muscle tissues (p < 0.05). No significant change
was observed in any of the parameters associated with protein,
carbohydrate and lipid metabolism, except that exercise caused a
decrease in plasma triglyceride, which was further decreased by
Q10. In conclusion, these results suggest that Q10 modulates the
expression of NFkB, IkB, Nrf2 and HO-1 in exercise training,
indicating an anti-inflammatory effect of Q10 and emphasizes
its role in antioxidant defense.
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Introduction

Coenzyme Q10 (or 1,4-benzoquinone) is a component of
the electron transport chain in mitochondria which is
linked to the generation of energy in the cell (Bentinger et
al., 2010). The deficiency of Q10 has been reported to
result in poor athletic performance and/or disease patho-
genesis including encephalomyopathy, cerebellar ataxia,
Leigh syndrome and myopathy (Garrido-Maraver et al.,
2014). The Q10 deficiency in skeletal muscle has been
shown to show a spectrum of clinical manifestations and
suggested to lead to a secondary impairment of mitochon-
drial fatty acid oxidation (Schaefer et al., 2009). In a
study, Q10 has been reported to protect skeletal muscles

against exercise-induced injury in rats (Kon et al., 2007).
In its reduced form, Q10 holds electrons rather loosely
and inhibits the peroxidation of lipids, thus acting as an
antioxidant (Mellors and Tappel, 1966; Sarter, 2002), and
protects against oxidative injury.

Interventions including nutrition, pharmacology
and exercise may induce the expression of Nuclear Factor
Kappa-light-chain-enhancer of activated B cells (NFkB)
and cellular antioxidant systems via the Nuclear Factor
(erythroid-derived 2)-Like 2 (Nrf2)-Kelch-like ECH-
associated protein 1 (Keap-1) signaling pathway and play
a role in preventing inflammatory processes (Lee et al.,
2011). The inducible hemeoxygenase (HO-1) is an antiox-
idant stress protein, mainly induced by reactive oxygen
species (ROS), cytokines and hyperthermia that has been
reported to be upregulated in endurance-trained male
subjects after a half marathon run (Niess et al., 1999).

Despite a need of adequate antioxidant levels to at-
tenuate exercise-induced oxidative damage, a debate
exists whether antioxidant supplementations potentiate
health outcomes of physical exercise. In contrast supra-
physiological dosages of antioxidant supplementations
may interfere with ROS-mediated cell signaling and blunt
the positive effects of exercise (Atalay et al., 2006).

We postulate that Q10 supplementation and exer-
cise-induced protection can be a safe tool to control oxi-
dative stress and inflammation. This study reports that
Q10 can modulate the expression of NFkB, IxB, Nrf2 and
HO-1 after exercise training, supporting the role of Q10 in
antioxidant defense and inflammation.

Methods

Animals

Twenty-eight male Wistar rats (age: 8 week, weight: 180
+ 20 g) were housed in a controlled environment with a
12:12-h light-dark cycle at 22 °C and were provided with
rat chow and water ad libitum. All experiments were
conducted under the National Institute of Health's Guide-
lines for the Care and Use of Laboratory Animals and
approved by the Ethics Committee of the Firat University.
Animals were randomly divided into the following four
groups: (i) Control [Sedentary, Group 1], (ii) Q10 control
[Control diet + Q10, that is, sedentary, but administered
with Q10, Group 1] (iii) Exercise training [Control diet +
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subjected to chronic exercise training for six weeks,
Group 1117, and (iv) Q10 supplemented [Control diet +
subjected to physical exercise and Q10 treatment, Group
IV]. Q10 was administered daily for six weeks as an oral
supplement by gastric tube at a dose level of 300 mg/kg
body weight. The selection of the dose (300 mg/kg b. wt.)
was based on previous studies where this dosage demon-
strated a significant antioxidant effect in rat (Kon et al.,
2007). Composition of diet fed to animals is shown in
Table 1.

Table 1. Composition of the basal diet.

Ingredient Amount (%)
Yellow corn 30.0
Barley 10.0
Soybean meal 38.0
Sunflower meal 6.0
Wheat bran 10.0
Molasses 3.0
Limestone 15
Salt 0.8
DL-Methionine 0.3
Dicalcium phosphate 0.2
Vitamin and mineral premix * 0.2

Analyses (%)

CP 24.3
Ether extract 34
Crude cellulose 6.9
Ash 8.1
Ca 1.3
P 0.9

The vitamin-mineral premix provides the following (per kg): all-
trans-retinyl acetate, 1.8 mg; cholecalciferol, 0.025 mg; all-rac-a-
tocopherol acetate, 12,5 mg; menadione (menadione sodium bisul-
fate), 1.1 mg; riboflavin, 4.4 mg; thiamine (thiamine mononitrate),
1.1 mg; vitamin B-6, 2.2 mg; niacin, 35 mg; Ca-pantothenate, 10
mg; vitamin B-12, 0.02 mg; folic acid, 0.55 mg; d-biotin, 0.1 mg.
manganese (from manganese oxide), 40 mg; iron (from iron sul-
fate), 12.5 mg; zinc (from zinc oxide), 25 mg; copper (from copper
sulfate), 3.5 mg; iodine (from potassium iodide), 0.3 mg; selenium
(from sodium selenite), 0.15 mg; choline chloride, 175 mg

Exercise protocol

The rats were subjected to treadmill exercise on a motor-
ized rodent treadmill purchased from Commat Limited,
Ankara, Turkey. The treadmill included a stimulus grid at
the back end of the treadmill which provided an electric
shock if the animal placed its paw on the grid. The appa-
ratus consisted of a 5-lane animal exerciser utilizing sin-
gle belt construction with dividing walls suspended over
the tread surface. All exercise tests were performed dur-
ing the same time period of the day to minimize diurnal
effects. All rats were pre-trained in order for the animals
to be exposed to the treadmill equipment and handling for
1 week. For this purpose, animals in the exercise training
groups were habituated by treadmill exercise over a 5-day
period such that: (i) 1 day, 10 m/min, 10 min, (ii) 2™ day,
20 m/min, 10 min, (iii) 3" day, 25 m/min, 10 min, (iv) 4"
day, 25 m/min, 20 min and (v) 5" day, 25 m/min, 30 min.
After 1 week treadmill familiarization to eliminate novel
and stress effects, animals in treadmill exercise groups ran
on the treadmill 25 m/min, 45 min/day and five days per
week for 6 weeks according to the protocol published
earlier (Liu et al., 2008).

Sample collection

Sedentary and exercise rats were sacrificed via cardiac
puncture under ether anesthesia. Exercise groups were
sacrificed 48 h after the last exercise. To minimize diurnal
effects, animals were killed at the same hour. Within 1
min, the blood sample was transferred into EDTA-coated
tube and plasma was separated by centrifugation at 1,750
x g for 10 min. The plasma was stored at -80 °C until the
time of analysis. Heart, liver and muscle tissues were
rapidly collected and frozen at -80 °C for further analyses.

Laboratory analyses

Plasma was used for the determination of urea, glucose
and lipid profile, using an automatic analyzer (Samsung
LABGEO PT10, Samsung Electronics Co, Suwon, Ko-
rea). Repeatability and device/method precision of
LABGEO"™® was established according to the IVR-PT06
guideline.

All proteins (NFxB, IkB, Nrf2 and HO-1) in the
signal transduction pathway were analyzed by Western
blot methods in heart, liver and slow-twitch muscles (so-
leus and gastronemius deep portion). Proteins were ex-
tracted from heart, liver and muscle tissues for Western
blots (Sahin et al., 2013). For protein analyses an accu-
rately weighed heart, liver or muscle tissues were homog-
enized in 1:10 (w/v) in 10 mM Tris-HCI buffer at pH 7.4,
containing 0.1 mM NaCl, 0.1 mM phenylmethylsulfonyl
fluoride and 5 pM soybean (soluble powder; Sigma, St.
Louis, MO, USA) as trypsin inhibitor. After centrifuga-
tion at 15,000 g at 4°C for 30 min supernatant was trans-
ferred into fresh tubes for be assayed at once.

Supernatants were mixed with Laemmli’s sample
buffer and boiled for 5 min. Aliquots containing 20 pg of
protein were subjected to 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and subsequently
transferred to nitrocellulose membrane (Schleicher and
Schuell Inc., Keene, NH, USA). Nitrocellulose blots were
washed twice for 5 min in phosphate buffered saline
(PBS) and blocked with 1% bovine serum albumin in
PBS (Phosphate Buffered Saline) for 1 h prior to the ap-
plication of primary antibody. Antibodies against NFxB,
IxB, Nrf2 and HO-1 (Abcam, Cambridge, UK) were di-
luted (1:1000) in the same buffer containing 0.05%
Tween-20. The nitrocellulose membrane was incubated at
4°C with protein antibody at overnight. The blots were
washed and incubated with horseradish peroxidase-
conjugated goat anti-rat 1gG (Abcam). Specific signals
were detected using diaminobenzidine and hydrogen
peroxide as substrates. Protein loading was controlled
using B-actin antibody (Sigma). Samples were analyzed in
quadruplicates for each experimental condition and pro-
tein levels were determined densitometrically using an
image analysis system (Image J; National Institute of
Health, Bethesda, USA).

Statistical analyses

Rats were assigned randomly to one of four treatments
planned in a 2 x 2 factorial arrangement of two condition
(sedentary vs. exercise training), and two coenzyme Q10
levels (0 and 300 mg/kg). Given that assumption, a sam-
ple size of seven per treatment was included in the study.
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Table 2. The Effect of Q10 supplementation on biochemical parameters including creatinine, urea, glucose and

lipid profile in plasma after exercise training in rat.

Data are means (xSD).

Groups

Variables Sedentary Exercise

None Q10 None Q10
Urea, mmol/L 19.64 (1.43) 19.28 (2.30) 19.79 (1.77) 19.43 (2.63)
Creatinine, pumol/L 38.90(2.93) 41.93 (5.30) 40.29 (2.10) 37.38 (3.63)
Glucose, mmol/L 4.61 (.50) 4.56 (.35) 4.52 (.44) 4.49 (.30)
Cholesterol, mmol/L 1.52 (.15) 1.41 (.28) 1.43 (.24) 1.32 (.30)
HDL, mmol/L .86 (.10) .87 (.07) .88 (.06) .84 (.23)
LDL, mmol/L .27 (.07) .26 (.06) .25 (.06) .23 (.06)
Triglyceride, mmol/L .94 (.11) .87 (.13) .69 (.10) *** .59 (.12) ***

*** p < 0.001, difference due to exercise, two way ANOVA.

The sample size was calculated based on a power of 85%
and P value of 0.05. The data were analyzed using the
two-way ANOVA procedure of SPSS (IBM SPSS. 2012
Version 21.0); p < 0.05 was considered as statistically
significant. All data are represented as Mean + Standard
Deviation (SD).

Results

Liver and kidney functions tests and plasma glucose
and lipid profile in exercise and Q10 supplemented
rats after exercise training

Table 2 shows the results of biochemical parameters in-
cluding creatinine, urea, glucose and lipid profile in
trained rats. Except for plasma creatinine and triglyceride,
biochemical variables were not affected by exercise, co-
enzyme Q10 (q10) supplementation and exercise x Q10
interaction. Plasma creatinine was not affected by exer-
cise and Q10 supplementation, but there was 3.9% de-

creases in physical exercise and Q10 treatment group’s
plasma creatinine levels compared to sedentary untreated
rats (exercise x Q10 interaction; p < 0.05). Exercised rats
had less plasma triglyceride (0.64 vs. 0.91 mg/dL) con-
centration than sedentary rats (p < 0.001). Neither there
was a main effect of supplemental Q10 nor exercise by
Q10 interaction effect on plasma triglyceride levels in rat.

NFxB, IkB, Nrf2 and HO-1levels in Q10 treated rats
after exercise training

Changes of the levels of NFkB, IxB, Nrf2 and HO-1 of
heart, liver and muscle tissues after exercise training in
Q10 treated rats are shown in the Figures 1-4. Exercised
rats had greater IxB (p < 0.001), Nrf2 (p < 0.001) and
HO-1 (p < 0.01) levels in heart than sedentary rats (Fig-
urel). However, exercised rats had less the level of NFkB
(p < 0.05) in heart than sedentary rats. Overall, there
were52.4%, 54.8% and 20.6% increases in IxkB, Nrf2 and
HO-1 of heart in response to exercise and there was
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Figure 1. The Effect of Q10 on NFkB (Panel A), IkB (Panel B), Nrf2 (Panel C) and HO-1 (Panel D) protein expression levels
of heart tissue after exercise training in rat. The intensity of the bands was quantified by densitometric analysis. Data are ex-
pressed as a ratio of normal control (sedentary untreated rats) value (set to 100 %). The bar represents the standard deviation of the mean. Blots were
repeated at least 3 times (n=3) and a representative blot is shown. * p<0.05, ** p<0.01, *** p<0.001, difference due to exercise, two way ANOVA.

### p<0.001, difference due to Q10 supplementation, two-way ANOVA.
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Figure 2. The Effect of Q10 on NFkB (Panel A), IkB (Panel B), Nrf2 (Panel C) and HO-1 (Panel D) protein expression levels
of liver tissue after exercise training in rat. The intensity of the bands was quantified by densitometric analysis. Data are ex-
pressed as a ratio of normal control (sedentary untreated rats) value (set to 100 %). The bar represents the standard deviation of the mean. Blots were
repeated at least 3 times (n=3) and a representative blot is shown. ** p<0.01, *** p<0.001, difference due to exercise, two way ANOVA. ##

p<0.001, difference due to Q10 supplementation, two-way ANOVA.

12.3% a decrease in NFkB of heart. Q10 treated rats had
greater IxB (p < 0.001), Nrf2 (p < 0.001) and HO-1 (p <
0.001) levels in heart than untreated rats. However, Q10
treated had lower levels of NFxB (p < 0.001) in heart than
untreated rats. Namely, there were increases in levels of
heart IxB, Nrf2 and HO-1 by 69.2%, 63.8% and 65.8%,
respectively and decreases in heart NFxB level by 36.4%
in Q10 treated rats (p < 0.001 for all). There was no exer-
cise by Q10 supplementation interaction effect on levels
of NFxB, IxB, Nrf2 and HO-1 in heart tissue (p > 0.05).
Exercised rats had greater the levels of hepatic IkB
(p < 0.001), Nrf2 (p < 0.001) and HO-1 (p < 0.001) than
sedentary rats (Figure 2). However, exercised rats had less
the level of NFxB (p < 0.05) in liver than sedentary rats.
Overall, there were 24.2%, 33.5% and 40.2% increases in
hepatic IxB, Nrf2 and HO-1 in response to exercise, alt-
hough there was 9.5% a decrease in NFkB of liver. Q10
treated rats had greater hepatic IxB (p < 0.001), Nrf2 (p <
0.001) and HO-1 (p < 0.001) levels than untreated rats.
Nevertheless, Q10 treated rats had less the level of NFxB
(p < 0.01) in liver than untreated rats. Namely, there were
increases in levels of hepatic kB, Nrf2 and HO-1 by
63.9%, 105.5% and 85.5%, respectively (p < 0.001) and
decreases in levels of hepatic NFkB by 18.7% in Q10
treated rats (p < 0.01). There was no interaction by exer-
cise and Q10 supplementation on the levels of NFkB and
IkB in liver tissue (p > 0.05), but there was interaction
between exercise and Q10 supplementation on the Nrf2

level (p < 0.01) and HO-1 (p < 0.05) in liver tissue. The
hepatic Nrf2 and HO-1 levels increased more exercised
rat than sedentary rat when supplemental Q10.

Exercised rats had greater IxkB (p < 0.01), Nrf2 (p
< 0.001) and HO-1 (p < 0.001) levels in muscle than
sedentary rats (Figure 3). However, exercised rats had less
the level of NFxB (p < 0.001) in muscle than sedentary
rats. There were 22.3%, 25.8% and 41.2% increases in
IxB, Nrf2 and HO-1 levels of muscle in response to exer-
cise and there was 23.0% a decrease in NF«xB of muscle
of in exercised rats. Q10 treated rats had greater IkB (p <
0.001), Nrf2 (p < 0.001) and HO-1 (p < 0.001) levels in
muscle than untreated rats. Nevertheless, Q10 treated had
less the NFxB level (p < 0.001) in muscle than untreated
rats. There were increases in levels of muscle IxkB, Nrf2
and HO-1 by 73.9%, 52.3% and 53.6%, respectively and
decreases in muscle NFxB level by 27.9% in Q10 treated
rats (p < 0.001 for all). Except for IkB level, all protein
levels in muscle tissue altered by exercise by Q10 sup-
plementation interaction effect (p > 0.05). There were
43.8% decreases in exercise and Q10 treatment groups
NF«B levels whereas, 90.3% and 114.1 increases in Nrf2
and HO-1 levels compared to sedentary untreated rats in
muscle tissue.

Discussion

This study reports the effect of Q10 on the levels of bio-
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Figure 3. The Effect of Q10 on NFKB (Panel A), IkB (Panel B), Nrf2 (Panel C) and HO-1 (Panel D) protein expression levels
of muscle tissue after exercise training in rat. The intensity of the bands was quantified by densitometric analysis. Data are
expressed as a ratio of normal control (sedentary untreated rats) value (set to 100 %). The bar represents the standard deviation of the mean. Blots
were repeated at least 3 times (n=3) and a representative blot is shown. ** p<0.01, *** p<0.001, difference due to exercise, two way ANOVA. ###

p<0.001, difference due to Q10 supplementation, two-way ANOVA.

chemical parameters in serum and levels of NF«B, IkB,
Nrf2 and HO-1 of the heart, liver and slow-twitch muscles
(soleus and gastronemius deep portion) in rats after exer-
cise training. There were no significant change plas-
malevels of urea, creatinine or glucose in any of the
groups; exercise, however, caused a significant decrease
in triglyceride, which was further reduced in Q10 sup-
plemented rats. These data suggest that Q10 does not
directly interfere in protein, carbohydrate or lipid metabo-
lism. An increase in energy expenditure caused by exer-
cise training and possible metabolic alterations might be
the major cause behind the improvements in the triglycer-
ides profiles and a better aerobic capacity with enhanced
utilization of lipids. Additionally, Alleva et al. (1995)
reported that coenzyme Q10 is an intracellular antioxidant
that protects the membrane phospholipids and mitochon-
drial membrane protein. Moreover, Q10 supplementation
significantly affected the protein levels of NF«kB, IkB,
Nrf2 and HO-1 in exercise group when compared with the
sedentary-untreated groups. The protein level of NF«B
was considerably low in all three tissues analyzed in exer-
cised and Q10 treated rats compared with sedentary un-
treated rats. The expression of IkB, which is an inhibitory
protein that keeps NFkB in an inactive state, however,
increased significantly in these tissues. Earlier, Q10 has
been reported to decrease oxidative stress by acting as an
antioxidant and free-radical scavenger (Zhang et al.,
2013) and hence it can suppress the level of NFkB. Exer-
cise enhances the redox-regulation involving NF«B and
Nrf2 which contribute to control oxidative stress (George

et al., 2008). It has previously been reported that exercise
training induces expression of antioxidant enzymes, HO-1
and superoxide dismutase and increased NFxB-DNA
binding activity in rat tissues (George et al., 2008). NF«xB
is a transcription factor which plays a critical role in in-
flammatory responses, cellular growth, and apoptosis (Ali
and Mann, 2004).

The regulatory impact of Q10 on basic molecular
mechanism is controversial: in an earlier study NFkB has
been shown to be up regulated, while the mitochondrial
complex-1 down regulated in response to Q10 supple-
mentation (Ebadi et al., 2004). It would be pertinent to
mention that in the inner mitochondrial membrane, Q10
functions as an electron carrier from enzyme complex |
and complex 11 to complex I11. Nevertheless, in this study,
the levels of NFkB in the heart, liver and muscle de-
creased after exercise training and Q10 supplementation;
levels of NFkB, however, were lower in exercised and
exercised supplemented groups when compared with the
sedentary untreated group. There was a significant in-
crease in IkB, the small inhibitory protein that engages
NF«kB in exercised and exercised+supplemented groups
when compared with the respective the sedentary untreat-
ed group, indicating a decrease in the level of NFkB. The
increase was the highest in the exercise group supple-
mented with Q10. A similar pattern was observed with the
levels of Nrf2 and HO-1 in the heart, liver and muscle.
The levels of Nrf2 and HO-1 increased significantly in all
groups over sedentary untreated group, but the increase
was the highest in Q10 supplemented exercise group. The
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Nrf2 is a transcription factor that binds to the antioxidant
response element (ARE), thus increasing the transcription
of a variety of cytoprotective genes. It is released from its
sequestering protein Keapl by distinct mechanisms. In the
absence of Keapl, Nrf2 translocates into the nucleus,
binds to the ARE and drive the expression of Nrf2 target
genes which includes HO-1 and other genes such as
NAD(P)H quinone oxidoreductase 1, glutamate-cysteine
ligase, and glutathione S transferases (Kansanen et al.,
2013). This study demonstrates an increase in Nrf2 with a
concomitant increase in HO-1 in all groups, including the
Q10 sedentary and exercise groups. Inducible HO-1 is an
antioxidant stress protein, mainly induced by ROS, cyto-
kines and hyperthermia, which has been reported to in-
crease in exercise (Paine et al., 2010; Park and Kim,
2014). Consistent with our and others results exercise
training stimulates transcription factors (Nrf2 and NF«B),
decreases oxidative stress and increases the antioxidant
defenses (George et al., 2008).
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Figure 4. The Effect of Q10 on NFkB, 1kB, Nrf2 and HO-1
protein expression levels (Western Blots strips) of heart
(Panel A), liver (Panel B) and muscle (Panel C) tissues after
exercise training in rat.

Nevertheless, the regulatory pathways leading to
an increased expression of HO-1 after exercise has not
fully been understood, but a causal involvement of a cy-
tokine-mediated generation of ROS has been proposed
(Niess et al., 1999). Wang et al. (2015) showed that anti-
oxidant supplementation exhibits protection from alcohol-
ic myopathy due to oxidative stress by regulation of HO-
1 and Nrf2 pathways. Oxidative stress contributes to cel-
lular dysfunction (Noh et al., 2013), although the biologi-
cal basis of the precise functional role of mitochondria in
this dysfunction is not completely understood. Q10,
which is an essential cofactor of the electron transport
chain and a potent antioxidant, might protect the cell
against oxidative stress by scavenging ROS. In our study
supplementation with Q10 further increased the level of
HO-1. Consistent with our results, in a previous study, in
H411E hepatoma cells, Q10 inhibited DMN-induced liver
fibrosis through Nrf2/ARE activation, while protective
effects of Q10 was abolished in Nrf2-null MEF cells
(Choi et al. 2009). The authors postulated that Q10-
mediated Nrf2 activation may result from the sustained
auto-oxidation of the quinone moiety of Q10 (Choi et al.
2009). Therefore, this study provides further evidence to
support that exercise training caused an increase in Nrf2,
which was more evident in Q10 supplemented rats. Mod-
ulation of Nrf2 by exercise and Q10 supplementation
points out the potential therapeutic role of Q10 in meta-
bolic stress, when the requirement for energy is increased.

Conclusion

Taken together, this study implies that exercise training
provides beneficial adaptations on the activity of NF«B,
IxB, Nrf2 and HO-1, which is further enhanced by Q10
supplementation.
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Key points

e Coenzyme Q10 is a component of the electron
transport chain in mitochondria which is linked to the
generation of energy in the cell.

e Coenzyme Q10 may inhibit the peroxidation of li-
pids, thus acting as an antioxidant and protects tissue
against oxidative injury.

e Using of coenzyme Q10 can significantly elevate
IxB, Nrf2 and HO-1 and reduce NF«xB during exer-
cise training.
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