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To test the effects of combined coenzyme Q10 (Q10) and
d-a-tocopheryl acetate supplementation on exercise-
induced oxidative stress and muscular damage we
conducted a double-blind study in 37 moderately
trained male marathon runners. These were randomly
allocated to receive either an antioxidant cocktail:
90mg of Q10 and 13.5mg of d-o-tocopheryl acetate
daily (18 men) or placebo (19 men) for three weeks
before a marathon (42km) run. Just before the run,
plasma Q10 was 282% ( p < 0.0001) and plasma vitamin
E 16% (p < 0.007) higher in the supplemented group,
than in the placebo group. Also the proportion of
plasma ubiquinol of total Q10, an indication of plasma
redox status in vivo, was significantly higher in the
supplemented group. Furthermore, the susceptibility
of the VLDL + LDL fraction, to copper-induced oxida-
tion, was significantly reduced in the supplemented
group, compared to the placebo group. The exercise
increased lipid peroxidation significantly in both study
groups, as assessed by the elevated proportion LDL™ of
LDL and the increased susceptibility of lipoproteins to
copper induced oxidation. However, the supplementa-

tion had no effect on lipid peroxidation or on the
muscular damage (increase in serum creatine kinase
activity or in plasma lactate levels) induced by
exhaustive exercise. Plasma ascorbate, Q10, whole
blood glutathione and serum uric acid concentrations
increased during the exercise, elevating significantly
the TRAP value of plasma by 10.3% and the proportion
of plasma ubiquinol of total Q10 by 4.9%. These results

* suggest that even though exercise increases plasma

lipid peroxidation, it also elevates the antioxidative
capacity of plasma, as assessed by the increased plasma
TRAP and the proportion of Q10H, of total Q10.
However, prior supplementation with small doses of
Q10 and d-o-tocopheryl acetate neither attenuates
the oxidation of lipoproteins nor muscular damage
induced by exhaustive exercise such as encountered
in a marathon run.
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INTRODUCTION

Strenuous exercise has been suggested to increase
oxidative stress and to decrease oxidation resis-
tance in the human body."! In addition to being
an important part of the aerobic energy produc-
ing shuttle in the mitochondria, endogenous
coenzyme Q10 (Q10) is thought to be a major
plasma antioxidant.””! The effect of Q10 supple-
mentation on exercise-induced muscle damage
and oxidative stress has been investigated in
rats and in humans, but the existing data are
sparse and inconsistent. Furthermore, in previous
studies, the number of subjects and the scale of
performed measurements have been small. For
example, intravenous Q10 supplementation has
diminished creatine kinase and lactate dehydro-
genase activities following downhill running in
rats,”®) but similar effects were not observed in
humans following oral supplementation and an
exhaustive cycling session.! Furthermore, daily
oral Q10 supplementation did not reduce serum
lipid peroxidation (TBARS) in trained cyclists.””!
The aim of the present study was to obtain
confirmation of whether exercise-induced oxida-
tive stress or muscular damage can be decreased
by oral Q10 and low dose vitamin E supplemen-
tation. In addition, we investigated both the effect
of antioxidant supplementation and exercise on
the proportion of plasma Q10H, (ubiquinol) of
total Q10, used as an indication of plasma redox
status in vivo. To our knowledge, the present
study is the first placebo-controlled double-blind
clinical trial to assess the effect of moderate Q10
and minor vitamin E supplementation on the
electrochemically measured proportion of plasma
QI10H, of total Q10 as well as on the combined
plasma VLDL + LDL fraction during exercise in
moderately trained, healthy subjects.

MATERIALS AND METHODS

Description of Subjects

This randomized double-blinded placebo-con-
trolled study was carried out in connection with

the Helsinki City Marathon in July 1995. Thirty-
eight healthy moderately trained non-smoking
male runners, who were not regular users of
antioxidants, acetylsalicylic acid, or other anti-
inflammatory analgesics were recruited via news-
paper advertisements from Finland. These were
randomly allocated to either the antioxidant cock-
tail group, 3 x 30mg of Q10 and 3 x 4.5 mg of d-a-
tocopheryl acetate daily (18 men), or placebo

‘group (19 men) for three weeks before the mara-

thon run. A baseline blood sample was taken just
before therunand thesecond sampletakenassoon
as possible after the competition. Diet was not
restricted before the run, but during the exercise
only antioxidant-free beverage was allowed.
Three subjects interrupted the competition after
running 18, 23 and 34 km, but they were included
in the study. One subject in the placebo group
had to receive an intravenous infusion after the
run and was omitted. Thus, thirty-seven subjects
(aged 40+ 7 years, BMI 23.6£2.1, mean=sd)
were included in the statistical analysis. The
running time of the subjects was 3h58min +
31min (mean+tsd, n=34) the range being
3h9min to 5h21min. The running time of the
interrupters varied from 1h 35 min to 3 h 38 min.
All subjects provided a written informed consent.
The study protocol was approved by the Research
Ethics Committee of the University of Kuopio.

Analytical Procedures

Samples for measurements in batches were fro-
zen on dry ice (—80°C) immediately after plasma
separation.

Thawed EDTA plasma for plasma total Q10
determination was prehandled according to
Grossi et al.!! using hexane extraction, but instead
of solid-phase extraction cartridges, we used
100mg of silica powder (Varian, Harbor City,
CA) in glass tubes (10ml) and 50 mg of C-18
powder (Varian) in polypropylene tubes (1ml)
to remove impurities. Otherwise the measure-
ment was carried out as described previously.”!
Proportion of plasma ubiquinol of total Q10
was determined by a chromatographic method,
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modified from that presented by Finckh et al.
(1994)."®) Coenzyme Q7 (Sigma, St. Louis, MO)
was used as an internal standard and frozen
EDTA plasma pool as a secondary Q10 standard.
The total Q10 concentration of the plasma pool
was determined with a method described pre-
viously.”! EDTA plasma samples were thawed,
extracted (at +4°C) and analyzed one at a time to
ensure as minimal sample oxidation as possible
during the sample preparation. Q10 concentra-
tions were measured using a Coulochem 5200 A
electrochemical detector (ESA, Bedford, MA) with
a model 5020 guard cell after the column for
reducing quinones to quinols, and a model 5011
analytical cell for oxidizing quinols back to
quinones. Ubiquinol and ubiquinone were sepa-
rated with an HPLC system consisting of an HPLC
Pump 420 (Kontron Instruments, Milan, Italy), a
Model 7125 sample injector (Rheodyne, Cotati,
CA) with a 20pl loop, the Personal Chromato-
graph software (System Gold, Beckman, San
Ramon, CA) and a column (LiChroCART, 125 x
4mm, Merck, Darmstadt, Germany). The eluent
was 13.4mM lithium perchlorate in methanol:
ethanol : 2-propanol (880/240/100, v/v) at a flow
rate of 1.2ml/min. The within-batch CV of a
frozen non-supplemented plasma pool was 3.2%
for plasma total Q10 and 2.2% for proportion of
Q10H; of total Q10 (1 = 9). The between-batch CV
was 3.0% for plasma total Q10 -and 1.4% for
proportion of Q10H; of total Q10 (n=7).

Total Glutathione (GSH) of whole blood was
determined by an enzymatic recycling reaction.”
Sulfosalicylic acid (Merck, Darmstadt, Germany)
was used to precipitate proteins and to stabilize
fresh EDTA blood samples. Stabilized samples
were kept at +4°C until determined. Production
of 5-thio-2-nitrobenzoic acid was measured
photometrically at 414 nm in an iEMS microtiter
plate reader (Labsystems, Helsinki, Finland).

Plasma ascorbate and a-tocopherol were mea-
sured from thawed samples by chromatographic
methods.[11!}

Blood hemoglobin and hematocrit were mea-
sured with a blood cell counter (Cell-Dyn 610,
Mountain View, CA).

Plasma total antioxidative capacity (TRAP)
was measured from thawed EDTA plasma as
previously described,"? using Bio-Orbit 1251
luminometer (Turku, Finland).

Copper-mediated VLDL + LDL oxidation was
assessed in isolated VLDL 4 LDL fraction using
sample handling and methods presented pre-
viously,™" except that fresh EDTA plasma sam-
ples were frozen at —80°C in 0.6% sucrose (BDH,
Poole, England). VLDL + LDL fraction was iso-
lated from thawed sucrose plasma using ultra-
centrifugation. For copper-induced oxidation,
EDTA was removed chromatographicaily using
PD-10 columns (Pharmacia, Uppsala, Sweden).
VLDL + LDL was diluted with oxygen-saturated
PBS to a protein concentration of 0.05mg/ml.
Formation of conjugated dienes was started by
adding 33.5 ul of 100 uM copper chloride (Merck)
(final concentration 1.65 M) to 2ml of diluted
VLDL+LDL fraction and the reaction was
assessed spectrophotometrically at 234nm. Lag-
time to the maximum oxidation rate, the maxi-
mum oxidation rate (maximum slope) and the
oxidation susceptibility (maximum slope/
lagtime) were determined by Pharmacia LKB
Biochrom 4060 spectrophotometer (Uppsala,
Sweden).

Electronegatively charged LDL (LDL™) was
measured from thawed EDTA plasma samples
using ion exchange chromatography."*®

Serum total cholesterol and uric acid were
measured enzymatically (Kone Instruments,
Finland). Also serum creatine kinase activity and
thawed samples for plasma lactate were deter-
mined enzymatically (Boehringer Mannheim,
Mannheim, Germany).

Statistical Analysis

Wilcoxon rank sum test for independent samples
was used to compare heterogeneity in baseline
values and in changes between the groups. t-test
for paired samples and Wilcoxon matched-pairs
signed rank test were used to analyse change
within subjects. The change in plasma volume
during the exercise was taken into account by
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correcting the values received after the run as
suggested by Dill and Costill.™ Ninety-five
percent confidence intervals were computed
based on t-distribution.

RESULTS

Effect of Exercise on Lipid Peroxidation
and on Plasma Antioxidative Capacity

The effect of exercise was to increase the percent-
age of LDL™ present in LDL by 22.4% (95% ClI,
16.8-27.9%) and to increase lipoprotein suscep-
tibility to copper-induced oxidation by 11.4%
(95% CI, 6.5-16.2%) (Table I), reflecting elevated
plasma lipid peroxidation. The exhaustive exer-
cise increased significantly both serum creatine
kinase by 137% (95% CI, 113-162%) and plasma
lactate by 31% (95% CI, 18-44%). On the other
hand, at the same time there was an increase in
plasma ascorbate, total Q10, whole blood gluta-
thione and serum uric acid concentrations

resulted in a 10.3% (95% Cl, 6.5-14.1%) elevation
in the TRAP value of plasma, and a 4.9% (95% CI,
3.2-6.5%) increase in the proportion of plasma
Q10H; of total Q10, indicating increased plasma
antioxidative capacity.

Effect of Supplementation on
Lipid Peroxidation and on
Plasma Antioxidative Capacity

After the three-week supplementation the plasma
Q10 concentration was 282% (95% ClI, 230-333%)
and the plasma vitamin E 16% (95% CI, 4-29%)
higher in the supplemented group compared
with the placebo group. Also the proportion
of plasma ubiquinel of total Q10, an indica-
tion of plasma redox status in vivo, was 6.9%
(95% CI, 3.6-10.2%) higher in the supplemented
group. In addition, the lipoprotein suscep-
tibility to copper-induced oxidation, was 17%
(95% CI, 3-31%) lower in the supplemented
group, compared with the placebo group.

TABLEI Values (mean =+ sd) measured before and after running the marathon

Mean + sd (n=37) p for change**

Before After t-test Wilcoxon
Hemoglobin (g/1) 148+9 153+ 10 <0.001 < 0.0001
Hematocrit 0.44+0.03 0.46 £0.03 < 0.001 <0.001
Plasma lactate (mmol/1)* 1.341+0.34 1.76 £0.58 <0.001 <0.0001
Serum creatine kinase (U/1)* 135456 319+126 <0.001 <0.0001
Serum cholesterol (mmol/1)* 5.45+0.86 5.39+0.82 0.134 0.163
VLDL + LDL oxidation by copper:
Lagtime to oxidation (min) 79+10 79+£10 0.524 0.614
Maximum slope (mabs/min) 104422 11.7+19 <0.001 < 0.0001
Oxidation susceptibility (uabs/min?) 135£32 15032 <0.001 <0.001
LDL™ (%) 11.3+3.2 13.9+3.5 <0.001 < 0.0001
Plasma TRAP (pmol/1)* 1366 +181 1507 + 229 <0.001 < 0.0001
Plasma Q10 (pmol/H* 1.96+1.34 2.03+£1.36 0.293 0.040
Plasma Q10 (mmol/mol chol.) 0:36+0.25 0.38£0.24 0.131 0.003
Proportion of Q10H, of total Q10 (%) 82047 86.0+3.5 (n=236) <0.001 0.0001
Plasma a-tocopherol (pmol/1)* 31.1+59 304+54 0.031 0.017
Plasma a-tocopherol (mmol/mol chol.) 5.73+0.84 5.67 +0.75 0.272 0.712
Blood total GSH (umol/1)* 8174103 8424114 0.046 0.069
Serum uric acid (umol/1)* 283142 324 +50 <0.001 < 0.0001
Plasma ascorbate (umol/D* 89.24+25.3 102.8+33.3 < 0.001 < 0.001

*Value obtained after the run is corrected for the change of hematocrit and hemoglobin as suggested by Dill and Costill."!
**Changes within group were tested with t-test for paired samples and with Wilcoxon matched-pairs signed rank test. Plasma
TRAP, total antioxidative capacity of plasma; LDL™ electronegatively charged LDL; oxidation susceptibility, maximum slope/

lagtime.
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TABLE Il Baseline characteristics and changes (mean +sd) in different variables measured before and after running the

marathon

CoQ10 + a-tocopherol Placebo (n=19) p for difference**

(n=18)

Baseline Change Baseline Change Baseline  Change
Hemoglobin (g/1) 148110 6t6 14848 415 0.831 0.593
Hematocrit 0.4410.03 0.01 +£0.02 0.44 £0.02 0.01+0.02 0.866 0.963
Plasma lactate (mmol/H)* 1.29+0.41 0.58 4+ 0.59 1.39+025 0273041 0.162 0.078
Serum creatine kinase (U/1)* 127 +41 173498 141+ 68 196 99 0.796 0.466
Serum cholesterol (mmol/1)* 539+0.65 -0.08+0.31 550+1.04 —0.05+0.18 0.927 0.903
VLDL + LDL oxidation by copper:
Lagtime to oxidation (min) 83411 1+5 75+7 145 0.012 0.641
Maximum slope (mabs/min} 99424 14+13 109+1.8 1.0+£1.1 0.207 0.429
Oxidation susceptibility (pabs/min?) 122432 1818 147 £27 13+19 0.045 0.447
LDL™ (%) 11.7+29 29120 11.0+£35 22418 0.331 0.248
Plasma TRAP (umol/D)* 1391 +174 129+ 183 1342 +189 1524127 0.605 0.671
Plasma Q10 (pmol/1)* 3.16+£0.89 0.04 :0.55 0.83+020 0.09+0.08 < 0.0001 0.584
Plasma Q10 (mmol/mol chol.) 0.59+0.15 0.01 £0.09 0.15+0.04 0.02+0.01 <0.0001 0.952
Proportion of Q10H; of total Q10 (%) 84.7+41 3.1+4.0 79.2+3.6 49+38 <0.001 0.114

(n=18) (n=18)

Plasma a-tocopherol (pmol/1)* 335+43 -11+21 288+63 —-03x1.6 0.007 0.202
Plasma a-tocopherol (mmol/mol chol.) 6.26+0.82 -0.13+0.40 523+048 0.01+0.26 <0.001 0.378
Blood total GSH (umot/1}* 8014113 26+ 85 831+93 26 169 0.288 0.927
Serum uric acid (pmol/1)* 280 + 40 37+ 36 286+ 45 44436 0.616 0.523
Plasma ascorbate (umol/1)* 89.5+30.6 1294158 89.0+199 1424193 0.638 0.761

*Value obtained after the run is corrected for the change of hematocrit and hemoglobin as suggested by Dill and Costill."¥!
** Differences at baseline and in change between groups were tested with Wilcoxon rank sum test for independent samples.
LDL", electronegatively charged LDL; oxidation susceptibility, maximum slope/lagtime.

However, the supplementation had no effect
on the exercise-induced oxidative stress (increase
in electronegatively charged LDL, parameters
of copper-induced VLDL+LDL oxidation)
(Table II). The supplementation neither spared
water soluble antioxidants (ascorbate and uric
acid in plasma or total glutathione in whole
blood) during the run nor had any effect on the
plasma TRAP. Furthermore, there was no differ-
ence in the increase of muscular damage (serum
creatine kinase activity) or muscle metabolites
(plasma lactate) between the supplemented and
placebo groups (Table II).

DISCUSSION

In the present study, the oxidative stress in-
creased during the exercise, whether this was

assessed by parameters of copper induced oxida-
tion or by increase of LDL"™ in the LDL fraction
(Table I). As noted in previous studies, the human
body can adapt to the oxidative stress encoun-
tered during exhaustive exercise by increasing
activities of important defense enzymes, such as
glutathione peroxidase, superoxide dismutase
and catalase and by elevating the amount of
different antioxidants in plasma.’™® Also in the
present study, serum uric acid, plasma ascorbate,
plasma Q10 and blood total GSH concentrations
increased during the exercise, elevating not only
plasma total antioxidative capacity, but also the
proportion of plasma Q10H, of total Q10. In
previous studies, the proportion of Q10H, of
total Q10, an indication of plasma redox
status in vivo, has been decreased in several
pathological conditions such as hyperlipidemia
and coronary artery disease.["¢'”] However, no
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exercise-induced change in this ratio has been
observed with UV-detection methods.!'®'* Thus,
the present study is the first trial to suggest that
exercise can elevate this ratio, possibly reflecting
the beneficial effects of exercise on the circulation.
However, it is possible that the elevation of the
concentrations of different antioxidants in plasma
may be due to tissue damage, as well as increased
synthesis or active release from the tissues. The
aim of the present study was to provide addi-
tional information about whether the exercise-
induced oxidative stress and/or muscular
damage could be decreased by oral Q10 and
low dose vitamin E supplementation.

Even though vitamin E and Q10 may have
synergistic effects on antioxidative function,?”!
our results suggest that 90mg of Q10 daily in
combination with a low vitamin E dose neither
reduces the exercise-induced plasma lipid per-
oxidation nor elevates the total antioxidative
capacity of plasma in healthy, moderately trained
subjects. Muscular damage and exhaustion due
to exercise were assessed by CK and lactate
measurements. The changes in these parameters
were also not affected by the antioxidant supple-
mentation. These results are in accordance with
small-scale supplementation studies in healthy
trained or untrained men with similar daily
doses.*” Braun and coworkers"™ measured the
exercise-induced change in serum malondialde-
hyde (TBARS) concentration before and after a
two-month Q10 supplementation (100 mg daily)
in ten male bicycle racers. As compared with the
placebo group (n=>5), no significant change in
the increase of TBARS concentration was de-
tected in the supplemented group (n = 5). Zuliani
et al™ studied the effect of one-month Q10
supplementation (100mg daily) on the change
of different parameters induced by prolonged
work on an ergometer bicycle, measured before,
at the end of aerobic work, at the end of
exhaustive work, and after 30 and 60 min of the
recovery phase. Their finding was that the
supplementation had no influence on the change
of free glycerol, lactate, glucose insulin or CK

concentrations measured at these different time
points in 12 healthy untrained men. Also some
harmful effects of Q10 supplementation have
been reported. Malm and coworkers®! found
that Q10 supplementation (120mg daily) in
healthy male subjects possibly caused cellular
damage during intense short-term anaerobic
exercise (a cycling session), as reflected as an
increase in plasma CK activity in the supple-
mented group (n =9), compared with the placebo
group (n =6).

On the other hand, some findings suggest that
oral Q10 supplementation (90-100 mg daily for
one to six months) might increase the physical
working capacity (heart function, maximal oxy-
gen consumption) in healthy subjects./**"?>! How-
ever, Porter and.coworkers?®® stated that Q10
supplementation with doses, as high as 150 mg
daily for two months, had no effect on the
working capacity of middle-aged, untrained
men. Also Laaksonen and coworkers'?”! reported
in a double-blind placebo-controlled study that
120mg of oral Q10 daily for 6 weeks neither
increased working capacity nor had any effect on
lipid peroxidation (serum malondialdehyde) in
trained young or older men (n=9). The vari-
ability in the results of different exercise studies
may be due to the ability of supplemented Q10
to act as an antioxidant, but at the same time to
elevate maximal oxygen consumption, which
probably leads to an increased free radical flux
in the body. Also differences in subjects and in the
bioavailability of the supplements used may
account for some of the variation in the results.
It may be that oral Q10 supplementation (90—
100mg daily) has beneficial antioxidative or
protective effects during exercise only in persons
with pathological conditions leading to low Q10
status or when there is an elevated requirement of
Q10.%2*1 Alternatively intravenous administra-
tion of massive doses might also be capable of
reducing muscular damage, as observed in a
previous rat study.”® Due to its limited absorp-
tion,"?® the extensive concentration gradient in
Q10 between plasma and tissues'® and possible
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down-regulated synthesis, it may be difficult to
elevate tissue (muscle) Q10 concentrations by
oral supplementation in healthy subjects. The
supplementation time was only three weeks in
our study, but that should be enough to elevate
the plasma lipoprotein concentration to its maxi-
mum level. However, to increase the tissue
(muscle) Q10 concentrations by oral dosing, both
larger doses and longer supplementation times
may be needed.

Even though no response to antioxidants was
observed during the exercise, our results suggest
that combined moderate Q10 and minor vitamin
E supplementation may elevate the proportion of
plasma Q10H, of total Q10 and also increase the
oxidation resistance of isolated plasma lipopro-
teins. However, we emphasize that for practical
reasons, no baseline measurements of oxidation
susceptibility were carried out before starting the
antioxidant supplementation. Furthermore, our
previous finding in smoking men suggested that
90 mg of Q10 daily is not enough to increase the
oxidation resistance of isolated lipoproteins ex-
posed to in vitro high radical flux.”! On the other
hand, even a one week supplementation with
90 mg of Q10 daily tended to elevate the propor-
tion of plasma Q10H, of total Q10 in our previous
study, possibly indicating an attenuated plasma
lipid peroxidation in vivo.*? That result was
confirmed in the present study.

In conclusion, in addition to increasing the
TRAP value of plasma, exercise elevates the
proportion of plasma Q10H of total Q10, prob-
ably a reflection of its beneficial effects on
circulation. Oral Q10 supplementation of 90 mg
daily, alone or combined with low doses of
a-tocopherol might elevate the proportion of
plasma Q10H, of total Q10 and improve the
oxidation resistance of LDL + VLDL in sedentary
conditions, but it does not appear to attenuate
either the oxidation of lipoproteins or the mus-
cular damage induced by exhaustive exercise in
healthy, moderately trained subjects. This obser-
vation should be retested in further larger trials
with higher doses of antioxidants.
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