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It has been claimed that coenzyme Q10 (Q10) would be In conclusion, only vitamin E has antioxidative effi-
an effective plasma antioxidant since it can regenerate ciency at high radical flux ex vivo. Attenuation of the
plasma vitamin E. To test separate effects and interac- proportion of plasma ubiquinol of total Q10 in the
tion between Q10 and vitamin E in the change of plasma vitamin E group may represent in vivo evidence of
concentrations and in the antioxidative efficiency, we the Q10-based regeneration of the tocopheryl radicals.
carried out a double-masked, double-blind clinical trial In addition, Q10 might attenuate plasma lipid perox-
in 40 subjects with mild hypercholesterolemia under- idation in vivo, since there was an increased proportion
going statin treatment. Subjects were randomly allo- of plasma ubiquinol of total Q10.

cated to parallel groups to receive either Q10 (200 mg
daily), d-a-tocopherol (700 mg daily), both antioxidants
or placebo for 3 months. In addition we investigated the
pharmacokinetics of Q10 in a separate one-week sub-
study. In the group that received both antioxidants, the
increase in plasma Q10 concentration was attenuated.
Only vitamin E supplementation increased signifi-

cantly the oxidation resistance of isolated LDL. Simul- INTRODUCTION

taneous Q10 supplementation did not increase this

antioxidative effect of vitamin E. Q10 supplementation ~ Vitamin E and coenzyme Q10 (Q10) are two of

increased and vitamin E decreased significantly the the most widely studied 1ipid soluble antioxi-

proportion of ubiquinol of total Q10, an indication of . L [1-4]
plasma redox status in vivo. The supplementations used dants in human plasma. Several in vitro a[?;i]

did not affect the redox status of plasma ascorbic acid. =~ some uncontrolled supplementation studies
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have suggested that Q10 might be an important
plasma antioxidant. Our previous controlled
finding"”! with a battery of lipid peroxidation
measurements, suggested that supplementation
with 90mg of Q10 daily for two months did not
increase the oxidation resistance of isolated lipo-
proteins in healthy smoking men. This finding
was based predominantly on in vitro measure-
ments of oxidation resistance in high radical
flux conditions. In addition to the inconsistency
of those findings, no reliable in vivo lipid perox-
idation measurements have been carried out in
previous Q10 studies.

The antioxidative efficiency of orally supple-
mented vitamin E has been established in isolated
lipoproteins exposed to high radical flux
in vitro.® 1% In addition to vitamin C," also
Q10 may recycle tocopherols, although evidence
for this comes from in vitro studies (partly based
on ex vivo measurements)."? This implies that the
lipid peroxidation inhibiting effect of vitamin E
supplementation would be expected to be greater
if subjects were supplemented simultaneously
with Q10, and furthermore, additional vitamin E
should enhance these effects of Q10. However,
the plasma concentration of Q10 is very low. As
a consequence, the regenerative efficacy of Q10
is highly dependent on the reduction rate of
oxidized Q10. At a tissue level, several enzymes
have been found to have Q10 regenerating
activities."™® It is unclear how Q10 is reduced in
plasma, even though the reduction seems to occur
readily based on the observation that Q10 is
mainly in its reduced form in plasma.”! Never-
theless, there are no previous placebo-controlled
clinical trials evaluating the possible interaction
between plasma Q10 and vitamin E in parallel
study groups.

The purpose of the present study was to assess
in a double-blind and placebo-controlled clinical
oral supplementation trial (1) whether there is an
interaction between Q10 and vitamin E in the
antioxidative efficiency and in the change of
plasma concentrations and (2) whether a high
dose (200mg) of Q10 daily would increase the

antioxidative capacity of plasma and the oxida-
tion resistance of atherogenic plasma lipopro-
teins. This randomized and double-masked
study was conducted in 40 mildly hypercholes-
terolemic subjects. The proportion of plasma
ubiquinol of total Q10, the plasma ascorbate/total
ascorbic acid ratio and, as a post-hoc analysis, the
plasma ascorbyl radical concentration were used
to assess the in vivo interactions between the
antioxidants.

In addition, we studied the pharmacokinetics
of 90 mg of Q10 daily in a separate one-week sub-
study and further assessed the change in the
proportion of plasma ubiquinol (reduced form,
QI10H,) of total Q10 (Q10 ratio) during that time
in 20 healthy subjects. A shortcoming of previ-
ous pharmacokinetic studies"*® has been that
plasma Q10 concentrations have not been cor-
rected with respect to cholesterol in lipoproteins,
which are the carriers of Q10 in plasma.l'¥?
Neither of these studies were placebo-controlled
nor included measurement of the proportion of
plasma ubiquinol of total Q10.

SUBJECTS AND METHODS

Three-Month Supplementation Study

This study was a randomized double-masked
trial with a two by two factorial design, and was
carried out in the spring 1997. Forty subjects,
11 men and 29 postmenopausal women, aged
60.7 £5.7 years, with body mass index 26.9 +
3.6kg/m’ (mean + SD), mild hypercholesterole-
mia (serum cholesterol 5.9040.96 mmol/l,
mean £ SD) and a regular HMG-CoA reductase
inhibitor treatment, were recruited by newspaper
advertisements from Eastern Finland. Exclusion
criteria included regular intake of antioxidants,
any drug with antioxidative properties, acetyl-
salicylic acid or other investigational products
within the last month. Also malabsorption, treat-
ment with oral estrogen, use of anticoagulants,
manifest insulin-dependent diabetes, cancer or
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other severe diseases which would cause difficul-
ties in the participation were exclusion criteria.
The subjects were randomly allocated to receive
either oil-based Q10 (2 x 100 mg daily), oil-based
d-a-tocopherol (2 x 350mg daily), both antiox-
idants or placebo for 3 months (10 subjects in each
group). All the capsules contained soybean oil.
The subjects were advised to take supplements
within meals, two capsules in the morning and in
the evening. Two smokers, randomized to parallel
groups were included in the study. The subjects
were advised to maintain their statin treatment,
smoking and normal exercise and dietary habits
during the study.

One-Week Pharmacokinetic Study

In the placebo-controlled single-blind pharmaco-
kinetic study, a total of 20 healthy male (11 =8) or
female (n=12) 29.8 £5.8 (mean £ SD) years old
subjects (body mass index 22.8+29kg/m’
mean + SD) were recruited from Kuopio, Eastern
Finland. Exclusion criteria included any kind of
malabsorption which could affect the results,
diarrhea, intake of Q10 preparations, other lipid
or water soluble vitamins or other investigational
products within one month. Subjects were ran-
domly allocated to parallel groups to receive
either soybean oil-based, gelatin coated Q10
(3*30mg daily, Pharma Nord, Denmark) or
placebo for 7 days. To confirm the homogeneity
in gender between the study groups, male and
female subjects were randomized separately,
resulting in 4 male and 6 female subjects in each
group. Blood samples were drawn after a fast of
12h at baseline and after 2- and 7-day supple-
mentation. One smoker was included in the study.

In both studies, all of the subjects provided a
written informed consent and the study protocols
were approved by the Research Ethics Committee
of the University of Kuopio.

Analytical Procedures

Plasma total Q10 and the proportion of ubiquinol
of total Q10 (Q10 ratio) were determined by a

chromatographic method, modified from that
presented by Finckh et al. (1995).*"! Coenzyme
Q7 {Sigma, St. Louis, MO) was used as an internal
standard and a frozen EDTA plasma pool as a
secondary Q10 standard. The total Q10 concentra-
tion of the plasma pool was determined with a
method described previously.”) 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 concentrations were measured
using a Coulochem 5200 A electrochemical detec-
tor (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
(reduced form) and ubiquinone (oxidized form)
were separated by an HPLC system consisting of
an HPLC Pump 420 (Kontron Instruments, Milan,
Italy), a Model 7125 sample injector (Rheodyne,
Cotati, CA) with a 20 pl loop, the Personal Chro-
matograph software (System Gold, Beckman,
San Ramon, CA) and a column (LiChroCART,
125 x 4mm, Merck, Darmstadt, Germany). The
eluent was 134mM 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 the frozen non-supplemented plasma
pool was 3.2% for plasma total Q10 and 2.2% for
the proportion of ubiquinol of total Q10 (n=9).
The between-batch CV was 3.0% for plasma total
Q10 and 1.4% for the proportion of ubiquinol of
total Q10 (n =7).

Heparin plasma for a-tocopherol, 3-carotene,
retinol and lycopene measurements was
extracted with ethanol and hexane. After centri-
fugation, the top layer was evaporated to dryness
under nitrogen and the residue was dissolved in
the mobile phase, acetonitrile/methanol/chloro-
form (47:47:6, v/v). Samples were injected in
a column (LiChroCART, 125 x4mm, Merck,
Darmstadt, Germany) and detected as previously
described.”>**! Plasma ascorbate and total ascor-
bic acid levels were determined by chromato-
graphic methods.[?4%"!
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For copper induced LDL oxidation, LDL was
separated from frozen EDTA plasma by a short
single-step ultracentrifugation. Plasma was
adjusted to a density of 1.24 g/ml by potassium
bromide and layered underneath a solution with
density of 1.006 g/ml. The tube was centrifuged
for 2.5h at 417000g. EDTA and gradient salts
were removed chromatographically using PD-10
columns (Pharmacia, Uppsala, Sweden). LDL
was diluted with oxygen-saturated PBS to a
protein concentration of 0.05 mg/ml. The forma-
tion of conjugated dienes was started by adding
33.5 ul of 100 uM copper chloride to 2 ml of diluted
LDL fraction and the reaction was assessed
spectrophotometrically at 234nm. The final
Cu®* concentration was 1.65uM and the ratio of
copper to protein (nmol/mg) was 33.0. Lagtime
to the maximum oxidation rate (lagtime), the
maximum oxidation rate (maximum slope) and
a overall measure of oxidation susceptibility
(maximum slope/lagtime) were determined. The
between batch CV for the lagtime was 5.1% and
for the maximum slope 10.8% {1 = 35).

Serum cholesterol and urate (Kone Instru-
ments, Espoo, Finland) and triglycerides
(Boehringer Mannheim, Mannheim, Germany)
were measured with enzymatic colorimetric tests
in an autoanalyzer (Kone Specific, Kone Ltd,
Espoo, Finland). Serum high-density lipoprotein
(HDL) and low-density lipoprotein (LDL) cho-
lesterol were determined with precipitation
methods.*!

Plasma ascorbyl radicals were measured by
Electron Spin Resonance spectroscopy (ESR) in
unthawed EDTA plasma samples, stored for two
years at —80°C. The samples were thawed and
immediately inserted into the ESR spectrometer
cavity using a small volume flat ESR cell. The
spectrometer (X-band Bruker ESP 300, Bruker
Instruments, Karlsruhe, Germany) settings were:
modulation frequency 100kHz, modulation
amplitude 0.991G, microwave power 10mW,
receiver gain 8 X 105, response time 163.9ms,
acquisition by signal averaging two scans. Radical
concentrations were determined by double

integration of the first derivative signal, using an
aqueous solution of 2,2,6,6-tetramethylpiperi-
dine-1-oxyl free radical as a standard. All
spectra were filtered and base corrected before
integration.

Statistical Analysis

Non-parametrical ~ Kruskal-Wallis  one-way
ANOVA test and Wilcoxon rank sum test were
used to compare the heterogeneity in measured
parameters between the groups and Wilcoxon
matched-pairs signed rank test within the groups.
Ninety-five percent confidence intervals and
standard errors were computed based on ¢-
distribution.

RESULTS

Three-Month Supplementation Study

Baseline characteristics of the subjects are pres-
ented in Table I. Due to differences in serum
cholesterol concentration both within and
between the groups, the serum cholesterol cor-
rected plasma values of the supplemented vita-
mins were calculated (Tables I and II). Neither
baseline plasma Q10 nor vitamin E concentrations
differed significantly between the groups. Three-
month supplementation with 200mg of Q10
daily increased the plasma Q10/cholesterol ratio
by 522% (95% CI, 412-632%, P =0.005) and the
daily dose of 700 mg of d-a-tocopherol elevated
the plasma vitamin E/cholesterol ratio by 127%
(95% CI, 99-155%, P=0.005) (Table II). In the
group that received both antioxidants, the
increase in plasma Q10/cholesterol ratio was
221% (95% Cl, 168-274%, P =0.005) and that in
plasma vitamin E was increased by 127% (95% CI,
102-152%, P = 0.005). The elevation of plasma Q10
concentration was significantly attenuated in the
group which received both supplements, com-
pared to the Q10 group (P < 0.001 for cholesterol
corrected values, Figure 1). Plasma concentrations
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TABLE I Baseline characteristics of the subjects in the 3-month study (mean + SE)

a-Tocopherol Q10 (n=10) Q10+ a-tocopherol Placebo P for
(n=10) (n=10) (n=10) difference*
Serum cholesterol (mmol/1) 5.82+0.25 5.4140.35 5974031 6.40+0.26 0.083
Serum LDL cholesterol (mmol/1) 3.67+£0.21 3.38+0.37 3.74+0.32 423+0.23 0.068
Serum HDL cholesterol (mmol/1) 1.44+0.12 1.33+0.11 1.324+0.10 1.33+£0.10 0.856
Serum triglycerides (mmol/1) 1.62+£0.36 1.73+£0.20 2.16+0.54 220+0.38 0.504
Copper induced LDL oxidation
Lagtime (min) 7442 7812 77 £2 7442 0.676
Maximum slope (mabs /min) 12.02+0.23 11.02+£0.50 11.04 £0.49 11.34+0.31 0.138
Oxidation susceptibility (uabs/min®) 164+7 143+7 146 +10 156 +8 0.235
Antioxidants
Plasma Q10 (umol/I) 0.99+0.11 0.83+0.04 0.97 +£0.07 1.07+0.10 0.182
Plasma Q10 (mmol/mol chol.) 0.17+£0.01 0.16 £0.01 0.17+0.01 0.17+0.01 0.891
Plasma Q10H,/total Q10 (%) 87.8+0.7 87.9+0.6 87.7+0.2 87.2+0.8 0.917
Plasma a-tocopherol {(umol /1) 344+1.3 335+1.6 353+3.0 37.1+29 0.863
Plasma a-tocopherol 5.93+0.14 6.32+0.36 6.05+0.58 5.75+0.27 0.629
(mmol/ mol chol.)
Plasma S-carotene (umol/1) 0.47+0.09 0.35+0.07 0.30£0.06 0.31+0.05 0420
Plasma retinol (umol/1) 1.95+0.12 1.86 +0.10 1.99+0.14 2.11+0.15 0.646
Plasma lycopene (umol/I) 0.26 £0.07 0.16 £ 0.04 0.14+0.04 0.114+0.01 0477
Serum urate (pmol/I) 253+ 21 267 + 14 264+£17 296 +29 0.441
Plasma ascorbate (umol/1) 73.4+11.3 721+£74 85.9+69 85.4+£11.6 0.481
Plasma ascorbate/total 942+1.8 88.3+3.1 92.0+£21 93.8+1.7 0.328
ascorbic acid (%)
Plasma ascorbyl radical (nmol/1) 100£34 (n=7) 88+ 15 119+21 83+18 0.585

*Heterogeneity in baseline values between groups was tested with Kruskal-Wallis one-way ANOVA test for independent samples.
Oxidation susceptibility = maximum slope/lagtime.

TABLE II Three-month changes in the measured variables {mean % SE)

a-Tocopherol Q10 (n=10) Q10+ a-tocopherol  Placebo P for
(n=10) (n=10) (n=10)  difference*
Serum cholesterol {(mmol/1) 0.41+0.16 0.33+0.14 —0.08 +£0.31 —-0.43+0.19 0.013
Serum LDL cholesterol (mmol/1) 0.18+0.17 0.12+0.12 —0.07 £0.30 —0.45+0.15 0.045
Serum HDL cholesterol (mmol/1) 0.18+0.04 0.21+£0.04 0.12+0.04 0.09+0.06 0.169
Serum triglycerides (mmol/1) -0.07+0.16 -0.30+£0.14 —0.36 £0.28 —0.54+£0.22 0.365
Copper induced LDL oxidation
Lagtime (min) 33+5 342 3614 0+3 < 0.0001
Maximum slope (mabs/min) —2.31+0.35 0.73+0.43 —-1.97+£0.29 048+041 <0.0001
Oxidation susceptibility (uabs/min®) —71+8 3x7 —63+6 6+6 < 0.0001
Antioxidants
Plasma Q10 (umol/1) 0.14 £0.06 4.58+0.35 2.18+0.27 —0.11+0.05 <0.0001
Plasma Q10 (mmol/mol chol.) 0.01+0.01 0.81+0.08 0.37 £0.04 —-0.01£0.01 <0.0001
Plasma Q10H,/total Q10 (%) -32+£12 3.0+£0.7 11402 01+08 <0.001
Plasma a-tocopherol (umol/1) 49.6 £5.6 2609 455+59 —44+14 < 0.0001
Plasma a-tocopherol (mmol/ mol chol.) 7.53+0.74 0.04+0.14 7.69 +0.68 —-026+£0.12 <0.0001
Plasma f-carotene (umol/D) —-0.10£0.05 —0.11 £0.05 —0.02+0.03 0.03 £0.02 0.022
Plasma retinol (pmol/1) -0.23+0.11 0.06 +£0.11 —-0.09+0.11 —0.23+0.11 0.238
Plasma lycopene (pmol/I) —-0.01+£0.04 —0.04+£0.03 0.05+0.04 0.06 £0.04 0.214
Serum urate (umol/D -16+10 ~-1x15 3+16 -19+19 0.814
Plasma ascorbate (pmol/1) —-4.7 4.6 74+93 41+81 -74%6.1 0.597
Plasma ascorbate/total 47+2.1 81+£34 69+22 6.0f£16 0.857
ascorbic acid (%)
Plasma ascorbyl radical (nmol/1) -3+16 (n=6) -1+£13 —17+19 —4+24 0.964

*Differences inchange between groups were tested by Kruskal-Wallis one-way ANOVA test for independent samples. Oxidation

susceptibility maximum slope/lagtime.
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FIGURE 1 Effect of 3-month Q10 (200mg daily) and
vitamin E (700 mg daily) supplementation on the plasma
total Q10 and vitamin E levels in placebo (@), Q10 (A),
vitamin E (@) and Q10+ vitamin E (W) groups.

of the supplemented vitamins did not change to
any major extent in the placebo group.

Vitamin E supplementation increased signifi-
cantly the oxidation resistance of isolated LDL
(Table II). The lagtime to copper induced oxida-
tion was prolonged by 43.9% (95% CI, 29.5-58 4%,
P=0.005) and the maximal oxidation rate
was decreased by 19.2% (95% CI, 12.6-25.8%,
P =0.005). In the group receiving both antiox-
idants, the lagtime to oxidation was lengthened
by 46.1% (95% (I, 33.1-59.1%, P =0.005) and the
maximal oxidation rate was attenuated by 17.8%
(95% CI,12.0-23.7%, P = 0.005) indicating that the
simultaneous Q10 supplementation did not
increase the antioxidative efficiency of vitamin E.
Also the overall index of oxidation susceptibility
is presented in Table II. Q10 supplementation
alone did not attenuate the oxidation suscep-
tibility of isolated LDL. No change in this index
of oxidation susceptibility was observed in the
placebo group, either.

Proportion of plasma Q10H; of total Q10, an
indication of plasma redox status in vivo, was

increased by 3.4% (95% CI, 2.5-4.3%, P =0.007) in
the Q10 group, decreased by 3.6% (95% CI, 2.2—-
5.0%, P=0.028) in the vitamin E group and
elevated by 1.3% (95% CI, 0.7-1.8%, P =0.005)
in the group of both antioxidants (Table II). All
of these changes were statistically significant
(P<0.05), compared with the placebo
group. The Q10 ratio did not change in the
placebo group.

Supplementation with either Q10 or vitamin
E was unable to change plasma water-soluble
antioxidants, urate and ascorbate. Furthermore,
no effects on the proportion of plasma ascor-
bate of total ascorbic acid or on the ascorbyl
radical concentration, used as indicators of
vitamin C redox status in wvivo, were noted
following the treatments. No difference in the
plasma ascorbyl radical/total ascorbic acid ratio
was observed between the groups, either (not
presented).

All of these findings were confirmed by using
covariance analysis, adjusted for the baseline
levels of serum cholesterol and serum triglycer-
ides and for their change during the study.
Changes in lipid peroxidation variables were
further adjusted for their baseline levels. These
adjustments did not change the results presented
in Table IL

Pharmacokinetic Study

Baseline characteristics and comparisons of 2-and
7-day changes in plasma QI0 and in serum
cholesterol are presented in Table III. Plasma
Q10 concentration increased unequally between
the subjects (Figure 2). Ninety mg of Q10 daily
elevated plasma Q10 concentration in 2 days by
153% (95% CI, 117-190%, P = 0.005} and in 7 days
by 231% (95% CI, 193-269%, P =0.005). Corre-
spondingly, the increase in plasma Q10/choles-
terol ratio (mmol/mol cholesterol) was 154%
(95% CI, 109-199%, P =0.005) in two and 236%
(95% CI, 152-321%, P=0.005) in seven days
(Figure 2). No significant change in either plasma
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TABLE III Baseline characteristics and two and seven day changes in the pharmacokinetic sub-study (mean + SE)

Q10 (n=10) Placebo (n =10) P for difference*
Ba 2-day 7-day Ba 2-day 7-day Ba 2-day 7-day

Plasma Q10 0.65+0.07 1.00£0.11 151011 070+0.05 011+010 -0.00+£0.03 0545 <0.001 <0.001
(umol/D

Plasma total Q10 0.15+0.01 0.22+0.03 0.34+£0.03 0.15+0.01 0.03+0.03 -0.01+0.01 0545 0.002 <0.001
(mmol/mol chol.)

Plasma Q10H,/ 882+09 1.59+1.16 256+054 875109 1.17+£1.02 040+1.16 0545 0.762 0.082
total Q10 (%)

Serum cholesterol 4.43+0.26 0.14+£0.12 001+£013 457+£017 0.04+£0.13 022+0.09 0406 0.385 0.273
(mmol/1)

Serum LDL 245+020 0.13+0.14 0.00+£0.07 2.38=+0.15 —0.03+0.13 021+0.07 0940 0.940 0.075
cholesterol
(mmol/1)

Serum HDL 1.34+0.11 —-0.02+0.06 0.01+£0.06 1.49+0.09 —0.05+0.06 0.06+0.04 0450 0.880 0.650
cholesterol
(mmol/D)

Serum 0924+0.17 -007+£011 -0.09+0.17 0.73+0.05 0.05+0.07 0.04+0.07 049 0412 0.496
triglycerides
(mmol/1)

*Differences in baseline values and in change between groups were tested with Wilcoxon Rank Sum W Test.
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FIGURE 2 Absorption of 90mg of Q10 daily in a one-week pharmacokinetic study in placebo (A) and in Q10 (B) groups.
Means and standard errors are presented both for plasma Q10 (C) and plasma Q10/cholesterol ratio (D) in placebo (white
bars) and Q10 (black bars) groups at different time points.
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Q10 or in the plasma Q10/cholestero] ratio was
observed in the placebo group.

Also in the pharmacokinetic study, the propor-
tion of plasma ubiquinol of total Q10 increased
during one-week supplementation by 2.9% (95%
CL 1.5-4.3%, P =0.005) in the Q10 group. How-
ever, that change was not statistically significant,
compared with the placebo group (P=0.082,
Table III).

DISCUSSION

This study was carried out to examine the
separate effects and interaction between Q10
and vitamin E in the change of plasma concentra-
tions and antioxidative capacity.

The assessment of oxidative stress and lipid
peroxidation in humans is problematic. In addi-
tion to the lipid peroxidation method used, the
sample preparation and storage may affect the
results, especially with respect to Q10. Some loss
of reduced Q10 may occur during sample pre-
paration and storage.””! As a consequence, the
lipid peroxidation measurements were carried
out as soon as possible after blood collection, or in
samples frozen at —80°C, immediately after the
samples were thawed. A rapid ultracentrifuga-
tion procedure was used to separate LDL.

In the present study, the proportion of plasma
ubiquinol of total Q10 and the plasma ascor-
bate/total ascorbic acid ratio were used as in vivo
indicators of lipid peroxidation. Previously, these
two measurements have not been carried out in
studies with combined Q10 and vitamin E
supplementation. The Q10 ratio is an in vivo
indicator (measurement at low radical flux) and
probably a very sensitive index of plasma redox
status or lipid peroxidation. According to pre-
vious studies, the proportion of ubiquinol of total
Q10 is lowered in several pathological conditions
including hyperlipidemia®?*! and coronary
artery disease.®”!

The copper induced LDL oxidation was used as
a high radical flux measurement in vitro. This

assay is a widely used lipid peroxidation mea-
surement where the accumulation of conjugated
dienes is to be assessed.

Our previous finding suggested that 90 mg of
Q10 daily is not enough to increase lipoprotein
oxidation resistance.”! On the other hand, it has
been proposed that regular statin treatment can
decrease the plasma QI0 concentration.!*"!
Thus, to maximize the effects, we carried out
the 3-month study in subjects having elevated
serum cholesterol concentrations (accelerated
lipid peroxidation was expected) and a regular
HMG-CoA-reductase inhibitor treatment (lower
baseline concentrations of plasma Q10 were
expected).

Changes in Plasma Q10 and Vitamin E
Concentrations following
Supplementation

In the one-week pharmacokinetic study, supple-
mentation with 90 mg of Q10 daily resulted in a
3.3-fold increase in plasma Q10 whether or not
the plasma concentrations were corrected for
cholesterol. Correspondingly, in the 3-month
study, the Q10 supplementation with 200 mg of
Q10 daily resulted in 6.1-fold increase in plasma
Q10 and 700mg of a-tocopherol daily corre-
spondingly 2.3-fold elevation in plasma vitamin
E (based on cholesterol corrected values). In the
group receiving both antioxidants, the increase in
plasma Q10 was only half of that observed in the
Q10 group. Simultaneous Q10 supplementation
did not affect the plasma concentration of vitamin
E. On thebasis of these data, we propose that there
may be a pharmacokinetic interaction between
Q10 and vitamin E. However, confirmation of this
mechanism will require further investigation.
Also in rabbits, supplementation with ubiqui-
none-10 has been observed to reduce the plasma
concentration of a-tocopherol and vice versa
(Kontush, A. et al., University of Hamburg,
Germany, personal communication).

LDL is a major lipoprotein containing Q10,
and furthermore, most of the supplemented Q10
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also accumulates into LDL and to a lesser extent
into HDL, VLDL and IDL fractions.’?”! We have
observed recently that following supplementa-
tion, Q10 and vitamin E concentrations are
elevated to a similar extent in plasma and in
atherogenic plasma lipoproteins (VLDL +
LDL)."! Thus, it can be claimed that the elevation
of the concentrations of these antioxidants in
atherogenic lipoproteins can be estimated by
measuring the corresponding change in their
plasma levels.

Antioxidative Efficiency of Plasma Q10
and Vitamin E

Copper-induced Oxidation

Only vitamin E increased significantly the oxida-
tion resistance of LDL. The present finding
confirms previous observations” % that vitamin
E increases the oxidation resistance at high
radical flux ex vivo, but Q10 does not have any
effect, even when supplemented with as high a
dose as 200 mg daily.

The Proportion of Plasma Ubiquinol of
Total Q10

On the basis of in vitro studies, it has been
claimed that not only vitamin C, but also
ubiquinol can regenerate «-tocopherol radi-
cals." 123! The decrease in the proportion of
plasma ubiquinol of total Q10 in vitamin E
group can be best explained by these in vitro
studies. The vitamin E radical concentration
possibly increases in lipoproteins as a conse-
quence of high dose vitamin E supplementation.
If plasma ubiquinol acts as a regenerator of
these radicals, it would be consumed when
vitamin E is supplemented, leading to a
decrease in the proportion of plasma ubiquinol
of total Q10. This finding may be the first in vivo
evidence of the QI0-based regeneration of
plasma vitamin E. However, we observed no
synergism in the antioxidative efficiency
between Q10 and vitamin E ex vivo, suggesting

that Q10 is not a major regenerator of plasma
vitamin E. Another less likely possibility for this
finding is that high dose supplementation with
vitamin E has harmful prooxidative effects
in vivo, which are reflected in the decrease in
the proportion of ubiquinol of total Q10. Pre-
vious studies have shown that this can possibly
occur in vitro.®***" One shortcoming of this
study was that the plasma tocopheryl radical
concentration was not assessed.

Q10 supplementation increased the proportion
of plasma ubiquinol of total Q10, even though no
effect was observed at high radical flux-based
LDL oxidation. As an in vivo assay, the Q10 ratio
is perhaps a more sensitive measurement than
copper oxidation. On the other hand, vitamin E
did not confound this finding, because there was
no difference in its levels between Q10 and
placebo groups. This finding suggests that Q10
supplementation can possibly decrease plasma
lipid peroxidation at a low radical flux in vivo. Our
present finding that even a one-week supplemen-
tation with 90 mg of Q10 daily tended to elevate
the Q10 ratio supports that observation.

Plasma Ascorbate/Total Ascorbic Acid
Ratio and Plasma Ascorbyl Radicals

Previously, the ascorbate-based regeneration of
tocopherol has been described in plasma and in
lipoproteins in vitro.®%*! These findings suggest
that vitamin C is consumed also in the circulation,
for tocopheryl radical regeneration rather than
directly by pro-oxidants. However, in contrast to
ubiquinol, the increase in plasma vitamin E
concentration did not affect plasma ascor-
bate/total ascorbic acid ratio in the present study,
i.e. there was no evidence for consumed vitamin
C in vivo. This result suggests that, at the molec-
ular level, ubiquinol seems to be a proportionally
more important regenerator of a-tocopherol than
vitamin C. However, at the body level, vitamin C
is considered to be the major regenerator of
a-tocopherol due to the high concentration of
vitamin C in plasma.®® It is also possible that
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dehydroascorbate molecules are recycled very
effectively, which could explain why no increase
in their levels were observed.

Plasma ascorbyl radical concentration was
measured later to determine whether it could be
used as an in vivo indicator of oxidative stress in
long term clinical supplementation trials. Until
this study, ascorbyl radicals have been examined
only in acute conditions.”**'" Due to the fact
that plasma samples were kept for two years at
—80°C before their analysis, the priority of
ascorbyl radical measurement is low in our
study. Ascorbyl radical levels differed clearly
between subjects (range 0-255nmol/1), but they
were not dependent on the plasma total ascorbic
acid concentration. It remains unclear whether
this finding was real or simply caused by the
long-term sample storage. Baseline and three-
month ascorbyl radical levels correlated strongly
(r=0.6 in Spearman correlation), indicating a
good reproducibility of the assay. Vitamin E
supplementation did not affect the plasma ascor-
byl radical concentration.

SUMMARY

In conclusion, our present results suggest that
d-a-tocopherol supplementation attenuates the
elevation of plasma Q10 concentration in sub-
jects given that coenzyme. Secondly, under high
radical flux in vitro, vitamin E supplementation
can significantly increase LDL oxidation resis-
tance, whereas Q10 supplementation does not
appear to have any effect. However, Q10 supple-
mentation can significantly elevate the propor-
tion of plasma ubiquinol of total Q10, which
may indicate that there is decreased plasma lipid
peroxidation in vivo. Thirdly, vitamin E supple-
mentation decreases this proportion, which
could be considered as in vivo evidence of the
Q10-based regeneration of tocopheryl radicals.
In contrast, a-tocopherol supplementation does
not increase the oxidation of plasma ascorbate,
the recognized major regenerator of vitamin E.

On the basis of these data, we suggest that,
following vitamin E supplementation, ubiquinol
is consumed proportionally more effectively
than vitamin C.
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