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Abstract

Objective: The aim of this study was to determine the implication of xanthine oxidase (XO) in the exercise-induced muscle
oxidative stress and muscle dysfunction of these patients.

Methods: A randomized, crossover and double-blind study was conducted in nine severe COPD patients, who performed a
localized quadriceps endurance test after oral treatment with allopurinol, a XO inhibitor or placebo. Redox status was
studied in arterial and venous femoral blood before and after the endurance test.

Results: In placebo condition, muscle exercise resulted in a significant increase in AOPP and isoprostanes, with a significant
increase in the venoarterial difference (v-a) in isoprostanes after exercise as compared with before (p < 0.05). In contrast,
allopurinol treatment prevented the elevation in AOPP levels and v-a isoprostanes after exercise. However, no significant
improvement in quadriceps muscle endurance was observed, but allopurinol treatment seemed to preserve muscle strength
properties.

Conclusion: This study demonstrates that XO is implicated in the exercise-induced muscle oxidative stress of COPD patients.
Allopurinol administration seemed to improve only some muscle properties. Therefore other sources of muscle oxidative
stress should be implicated in muscle dysfunction observed in these patients.

Keywords: COPD, quadriceps exercise, muscle oxidative stress, xanthine oxydase

Introduction . . . .
observed in these patients, as several studies from this

Oxidative stress can be defined as an imbalance group and others have reported [1,3,4]. Moreover, it

between reactive oxygen species (ROS) and antiox-
idant systems. In chronic obstructive pulmonary
disease (COPD) patients, oxidative stress has been
observed in muscle of these patients after exercice
[1,2]. By inducing structural, metabolic and func-
tional alterations in muscle, this oxidative stress is
associated with the peripheral muscle dysfunction

was recently shown that a high dose of an antioxidant
(N-acetylcysteine) prevented exercise-induced oxida-
tive stress and significantly improved COPD quad-
riceps endurance [5]. On the other hand, the
mechanisms underlying oxidative stress have not
been fully elucidated, although they are likely to be
clinically relevant. Of the different sources of ROS
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production implicated in exercise-induced oxidative
stress, xanthine oxidase (XO) plays an important
role. XO, when activated, catalyses the oxidation of
hypoxanthine during purine metabolism and then
generates superoxide radicals [6] and nitric oxide [7].
XO is also present in human skeletal muscle [8] and
is activated (1) by inflammation [8,9], which is a
physiopathologic characteristic of COPD, including
in the muscle compartment; (2) by increased intra-
cellular calcium concentration and ATP breakdown
products, including hypoxanthine and its precursor
inosine monophosphate (IMP), which are exhibited
during exercise; and (3) during the ischemia-reperfu-
sion that occurs during and after exercise [10,11].
The potential role of this enzyme in generating
oxidative stress was substantiated by Pouw et al.
[12], who reported elevated IMP levels in the
quadriceps of COPD patients at rest compared with
healthy subjects. Moreover, during exhaustive physi-
cal exercise, hypoxanthine is released from skeletal
muscle as ATP degradation occurs [13]. Previously,
Heunks et al. [14] demonstrated that systemic
oxidative stress induced by cycling exercise can be
prevented in COPD patients by pre-treating the
patients with allopurinol, a potent XO inhibitor.
However, this study focused on whole body exercise
and therefore did not localize the activated XO at the
muscle level. To investigate the role of XO in
exercise-induced muscle oxidative stress, the metho-
dology was adapted by using (1) highly localized
muscle exercise and (2) the femoral venoarterial
difference. The localized limb exercise has been
reported to induce only moderate cardiac and venti-
latory responses [15]. It is a reliable clinical method
to assess peripheral muscle endurance in patients
with COPD while reducing as much as possible the
sources of oxidative stress that are intrinsic to whole
body exercise. The femoral venoarterial difference
allows the exact quantification of the oxidative
damage (like lipid peroxidation) induced by muscle
oxidative stress in the anterior thigh muscles.

It was hypothesized that if XO was implicated in
muscle exercise-induced oxidative stress, allopurinol,
as an inhibitor of XO, would diminish it and as a
result improve peripheral muscle endurance. This
hypothesis was tested in a randomized, double-blind
and cross-over placebo study by investigating the
effects of acute allopurinol supplementation on
muscle oxidative damage evaluated from the femoral
venoarterial difference after localized muscle exercise.

Materials and methods
Subjects

This study included nine ex-smokers with stable
severe COPD as defined by the Global Initiative for
Chronic Obstructive Lung Disease guidelines [16]
(Table I). Exclusion criteria were unstable COPD

Table I. Population characteristics.

Sex (f/m) 1/8
Age, years 59.9+2.8
Weight, kg 68.44+5.1
BMI, kg/m? 24.1+1.3
FEV,, L 1.340.2
FEV,, % predicted 46.446
FEV,/FVC, % 52.4+4.1
PaO, (mmHg) 76+2.6

(i.e. exacerbation in the last 2 months), long-term
supplemental oxygen, allopurinol treatment, neuro-
muscular, cardiac, renal and metabolic disease and
psychiatric and addictive pathologies. None of these
patients had taken systemic oral steroid medication in
the 6 months before the study and all medication
regimens remained unchanged during the study
period. During an individual interview, patients
were questioned on their dietary habits to exclude
supplementation with antioxidants, vitamins or anti-
aggregates. Informed written consent was obtained
from all patients and the research protocol was
approved by the institutional ethics committee of
Montpellier and conducted in accordance with the
Helsinki declaration and the European guidelines for
‘good clinical practice’.

Study protocol

Pulmonary function test. All subjects underwent spiro-
metry including measurements of FVC and FEV;.
The FEV,/FVC ratio was also calculated. The results
of pulmonary function testing were related to the
normal values of Quanjer et al. [17].

Localized muscle exercise. The maximal voluntary
contraction (MVC) and endurance of the quadriceps
were assessed on an exercise bench (Banc de Koch,
Genin Medical, France) according to the technique
of Andersen et al. [18], as modified by Serres et al.
[19] and recently described by Couillard et al. [20].
Briefly, the exercises were performed with all patients
in a seated position at 90° knee and hip flexion, with
arms crossed in front of the chest. The dominant leg
of each patient was determined as the leg that
developed the highest value of MVC. Then, quad-
riceps endurance of the dominant leg was assessed by
having the patients repeat maximal knee extensions
against weights corresponding to 30% of MVC until
exhaustion. The duration of the endurance test was
called the endurance limit time (TLim) (expressed in
seconds). Two minutes after the end of the endurance
test, a second maximal voluntary contraction test
[MVC(2)] was performed to measure quadriceps
fatigue. The sensation of muscle fatigue was also
measured at rest and immediately after exercise on a
10 cm visual analogic scale. The same investigator
supervised the endurance tests and gave standardized
verbal encouragement to all participants. Neither this
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investigator nor the patients knew the test condition
(allopurinol or placebo).

Allopurinol supplementation. Each patient was ran-
domly and blindly assigned to allopurinol-supplemen-
ted (Allop) and placebo exercise trials separated by at
least 7 days. The supplementation consisted of two
capsules of 300 mg Allop or placebo (lactose, magne-
sium stearate, amidon). The first capsule was taken 24
h prior to the localized muscle exercise and the second
was taken 1 h before. The Allop and placebo doses
were prepared and conditioned in blind capsules
(Clinical packaging, Pharmacy, Lapeyronie Hospital,
Montpellier, France) in accordance with French
regulations for clinical trials. This was a crossover
study as each patient underwent the two trials (Allop
and placebo) serving as a self-control to eliminate
biological variability in the response to the treatment.

Catheter placement. After the groin of the dominant
leg was disinfected and anaesthetized with Xilocaine
(Xylocaine® 2%, AstraZeneca, Monts, France), the
catheter (Central venous catheterization set, model
CV-04701, ARROW®, USA) was inserted into the
femoral vein 2 cm below the external femoral artery.
Another catheter (Arterial leader cath, model
5115.098, Vygon®, Ecouen, France) was then placed
in a radial artery after local anaesthesia with cream
(EMLA 5%, lidocaine-prilocaine cream, AstraZe-
neca, Sodertalje, Sweden).

Blood analysis

Arterial and venous blood was sampled in standard,
sterile, heparinized, ethylenediaminetetraacetic acid-
containing and clot-activator tubes. Immediately
after sampling, serum and plasma were removed by
centrifugation (2500 rpm for 10 min at 4°C), put into
500 pl aliquots and stored at — 80°C until analysis.

Markers of oxidative stress. Plasma-free and esterified
isoprostanes (F,-IsoP) as markers of lipid peroxida-
tion were determined. Lipids were first extracted
from samples (1 ml of plasma containing [?H,]-15-
F,-IsoP as internal standard) with Folch solution
(chloroform/methanol 2:1; v/v) and then subjected to
alkaline hydrolysis. The pH of the extract was
adjusted to 2.2 with HCI and diluted in water to 10
ml. Samples were then treated with two extraction
procedures using successively an inverse-phase and
an aminopropyl-phase cartridge (Sep-Pak Vac RC
C,;s and Vac RC NH,, Waters S.A., Guyancourt,
France) as previously described [21,22]. After the last
step of purification, samples were derivatized
as pentafluorobenzylester and trimethylsilyl ethers.
The derivatized samples were analysed by gas chro-
matography-negative ion chemical ionization mass

spectrometry. Quantification was achieved by relating
the peak area of the F,-IsoP to the internal standard.

Levels of protein oxidation were determined in
plasma by assessment of advanced oxidation protein
product (AOPP) using a semi-automated method
previously described by Witko-Sarsat et al. [23].
Briefly, AOPP were measured in duplicate by spec-
trophotometry on a microplate reader (Model MR
500, Dynatec, Paris, France) and were calibrated
with chloramine-T solutions (Sigma, St Louis,
France), which absorb at 340 nm in the presence of
potassium iodide. The chloramine-T absorbance at
340 nm is linear within the range of 0-100 pmol/l.
AOPP were expressed as micromoles per litre of
chloramine-T equivalents.

Markers of the antioxidant level. Plasmatic vitamin E
was measured by high-performance liquid chromato-
graphy according to Cachia et al. [24]. Plasma
triglycerides and cholesterol, as strongly correlated
with plasma vitamin E, were determined using
commercially available test kits (Konelab™, Thermo
Electron Corporation) and a Coulter CPA analyser
(Coultonics, France SA). Total antioxidant status
(TAS) was measured in plasma. The TAS assay
(Randox) is based on the reaction between metmyo-
globin and hydrogen peroxide, which generates
fenylmyoglobine, which in turn reacts with a chromo-
gen to form a stable colour radical cation. This kit can
measure concentrations at 600 nm on automated
analysers. Plasma uric acid was assessed with the
enzymatic colour test on Olympus analysers. Plasma
GPx activity was measured using a Pentra 400
autoanalyser (Pentra 400, ABX, France) with re-
agents from Randox. Results were expressed per litre
of plasma [25].

Study design

Subjects were instructed to abstain from strenuous
physical activity during the study. During the first
morning visit, they underwent spirometry and per-
formed localized muscle exercise (MVC, quadriceps
endurance test and MVC(2)) in order to familiarize
themselves with the endurance test procedure. Six
days later, the investigator visited the patients to give
them the capsules corresponding to their first ran-
domly assigned trial. The day after Allop or placebo
supplementation, the patients returned to the labora-
tory without breakfasting at ~ 8 am and the last single
dose of 300 mg was then taken. Catheters were placed
and 1 h later resting arterial and venous blood samples
were collected (T0). Then, localized muscle exercise
(i.e. MVC, quadriceps endurance test and MVC(2))
was performed with the dominant leg. Arterial and
venous blood samples were collected 1 h 30 min
after the end of quadriceps endurance (T1). For
ethical reasons, the arterial and venous catheters
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were removed following this sample. A last systemic
venous sample was however collected 6 h after the
quadriceps endurance test (T'6). After an interval of at
least 7 days, the patients received the capsules corre-
sponding to the second randomly assigned trial and
then returned to the laboratory for a third visit. The
quadriceps endurance test was performed at the same
absolute intensity of 30% of the MVC determined
during the first morning visit. The protocol was strictly
identical to that of the initial trial.

Statistical analysis

Data were analysed with Statistica 6.0 (Statsoft,
France, 2003). Values are reported as mean + SEM.
A one-way repeated measures analysis of variance (or
a one-way repeated measures analysis on ranks when
normality test failed) was used to test the effects of
the supplementation on the exercise parameters. A
two-way analysis of variance followed by Tukey’s
pairwise multiple comparison procedure determined
the effects of the treatment and the localized muscle
exercise on the biological markers. Significance was
set at the 0.05 level.

Results
Redox status in severe COPD patients

The data at rest in placebo condition are summarized
in Table II. After exercise, redox status was modified.
Indeed, in the venous compartment in placebo
condition, a significant increase was found in venous
AOPP levels at T6 as compared with TO (29.6+ 1.7
vs 134+ 0.1 um/L of chloramine-T equivalents, re-
spectively; p<0.05) (Figure 1) and a significant
increase in venous F,-IsoP levels at T1 compared
with TO (491.7+56.2 pg/mL vs 394.5 + 33 pg/mL,
respectively; p < 0.05) (Figure 2).

No increase in arterial F,-IsoP levels was observed
after exercise in placebo condition (385.9 + 33 pg/ml
vs 354.5+46.8 pg/ml, respectively). Then, a signifi-
cant increase in venoarterial (v-a) F,-IsoP was
observed after exercise in placebo condition ((v-a)
Fy-IsoP at T1 = 142.4 + 34.8 pg/mL; (v-a) F,-IsoP at
TO0=2+28.6 pg/mL; p<0.05) (Figure 3). For the
antioxidant system, no modification in venous vita-
min E was observed after exercise and GPx activity
significantly increased at T6 as compared with TO

(694.24+28.1 U/L vs 624+ 39.6 U/L, respectively;
p<0.05).

Allopurinol effects on redox status in severe COPD
patients

At rest, venous blood AOPP levels were not signifi-
cantly modified by Allop treatment (Figure 1). In
arterial and venous blood, we observed no change in
F,-IsoP levels between placebo and Allop conditions.
Allop significantly decreased venous uric acid at rest
as compared with placebo condition (p < 0.05). TAS
also decreased in Allop condition as compared with
placebo condition (1.74 + 0.03 mmol/l vs 1.86+ 0.05
mmol/l, respectively; p <0.05). We did not observe
any change in plasma vitamin E levels or GPx activity.

After exercise, Allop treatment prevented the
elevation in venous AOPP levels at T6 (Figure 1)
and in venous F,-IsoP levels at T1 (Figure 2).
Indeed, Allop treatment decreased the increase in
venous F,-IsoP levels observed at T1 in placebo
condition by 31.5% (p<0.05) (Figure 2). No in-
crease in arterial F,-IsoP levels was observed after
exercise in Allop condition (367.4430.5 pg/ml vs
344.7+ 38 pg/ml, respectively). Thus, Allop treat-
ment prevented the elevation in (v-a) F,-IsoP after
exercise observed in placebo condition (Figure 3). No
modification in venous vitamin E was observed. GPx
activity significantly increased in Allop condition at
T6 as compared with TO (688.8+41.9 U/L vs
647.6 +35.5 U/L, respectively; p<0.05). We also
observed a significant difference between GPx activ-
ity at T6 in placebo and Allop condition, as the
increase in GPx activity is less important in Allop
condition (p < 0.05).

Physiological responses during exercise

We did not observe any difference between MVC
performed on the first morning (i.e. without catheter)
and on the day corresponding to placebo condition
(i.e. with catheter) (23.1+2.7 kg vs 22.7+ 2.8 kg,
respectively).

In both conditions, the endurance test significantly
increased perceived muscle fatigue (placebo condi-
tion: 0.3+ 0.2 vs 4.4+ 0.6, p < 0.05; Allop condition:
0.44+0.2 vs 4.9+0.5, p<0.05, before and after
exercise, respectively). Despite the absence of increase

Table II. Redox status at rest.

Oxidant system
F,-IsoP (pg/mL)

Antioxidant system Vit E/(Chol+TG)
TAS (mmol/L)
Uric acid (umol/L)

GPx activity (U/L)

AOPP (um/L of chloramine-T equivalents)

13.02+0.99

Venous level 394.54+29.1
Arterial level 385.94+33

(v-a) F,-IsoP 2+28.6
5.4+0.4

1.86+0.05

338.8+26.3

624+39.6

Vit E/(Chol+TG) =ratio plasmatic vitamin E/(cholesterol +triglycerides); (v-a)F,-IsoP =venoarterial difference in F,-IsoP.
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Figure 1. Effects of exercise on venous AOPP at rest (T0), 1 h 30 min after exercise (T'1) and 6 h after exercise (T6) in placebo and Allop

condition. *p <0.05: T6 vs TO.

in (v-a) F,-IsoP in Allop condition, peripheral muscle
function was not enhanced. Indeed, we did not
observe any significant improvement in MVC or
Tlim in Allop condition. The endurance test induced
a clinically and statistically significant decrease in
MVC(2) in both placebo and Allop conditions
(Table III) (p<0.05). Moreover, the decrease in
MVC(2) is more important in placebo condition as
compared with Allop condition (p < 0.05).

Discussion

These experiments demonstrate that localized intense
exercise-induced oxidative stress in patients with
severe COPD can be prevented by XO inhibition.
Moreover, given the venoarterial difference and our
use of localized muscle exercise, we can assert that
XO inhibition with allopurinol led to a decrease in
oxidative damage arising from the anterior thigh
muscles. This decrease in muscle oxidative damage
resulted in a partial improvement in peripheral
muscle function.

Methodological considerations

XO-pathway  wmhibition.  Allopurinol [1H-pyra-
zolo(3,4-d)pyrimidin-4-o0l] is an oxypurine base
widely used in clinical medicine for the treatment of

600 4
5504
500 A
4504
400
350 A

Venous F,-1soP (pg/ml)

TO T1 T6 TO T1 T6
Placebo Allopurinol

Figure 2. Effects of exercise on venous F,-IsoP at rest (T0), 1 h
30 min after exercise (T1) and 6 h after exercise (T'6) in placebo
and Allop condition. *p <0.05: T1 vs TO.

hyperuricemia. The major pharmacological action of
allopurinol is mediated by its metabolite, oxypurinol.
Both are structural analogues of the purine bases
hypoxanthine and xanthine and competitively bind to
XO. Therefore, they inhibit the XO-mediated con-
version of hypoxanthine to xanthine and xanthine to
uric acid and thus the generation of free radicals
[6,7]. Our treatment consisted of 300 mg of allopur-
inol twice prior to exercise. This dosage was used in a
previous study [14]. In both cases, the treatment was
well tolerated: none of the patients complained of any
side effects. Both in Heunks et al.’s [14] paper and in
our case this dosage successfully inhibited the XO-
pathway, as we observed a significant decrease in
venous uric acid concentrations.

Localized muscle exercise and venoarterial difference.

Several studies have demonstrated that this exercise
protocol is highly specific to the quadriceps muscle, as
it greatly minimizes the cardiac and respiratory re-
sponses to exercise [5,15,19]. In our study, we also
determined the venoarterial difference in the biologi-
cal markers of oxidative damage. Thus, we can assume
that the presence or absence of these biological

400

==~ Allopurinol
—@— Placebo

N w
o o
o o
1 f

100 -

(v-a)F, -IsoP (pg/ml)
<

-100

-200- TO T3

Figure 3. Effects of exercise on venoarterial (v-a) Fj-IsoP
difference in placebo and Allop conditions. Bold lines represent
the mean in placebo (black squares) and allopurinol (grey triangles)
conditions. *p <0.05: Allopurinol vs Placebo.
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Table III. Localized muscle exercise in placebo and Allopurinol
conditions.

Localized muscle exercise Placebo Allop
MVC, kg 22.7+2.8 23.9+2.5
Tlim, second 431.3+48.1 404.8+45.5
MVC(2), kg 17.541.9,%% 20+1.3%
% of decrease between MVC 22.8** 16.5

and MVC(2)
Muscle fatigue before exercise 0.3+0.2 0.4+0.2
Muscle fatigue after exercise 4.440.6* 4.9+40.5*

*p <0.05: after vs before exercise; **p <0.05: Allop vs placebo.

markers of oxidative damage depended for the most
part on the redox status of the quadriceps muscle.

Biological markers of oxidative stress. Isoprostanes are
generated in wvivo by peroxidation of membrane
phospholipids by free radicals and reactive oxygen
species [26]. These prostaglandin-like compounds
are the most reliable markers of oxidative damage
m vivo [27] and F,-IsoP is the most studied class of
isoprostanes due to its stability [28]. This marker,
for the first time used in plasma in COPD disease,
is reproducible, as we observed no change in the
arterial and venous blood levels of F,-IsoP at rest.
Moreover, this marker confirms that oxidative stress
appeared in COPD patients at rest. In the litera-
ture, the range of isoprostane levels in healthy
subjects is between 239+ 21 pg/ml and 310+ 13
pg/ml [29-31]. In our group, the isoprostane level
observed in 60 healthy elderly volunteers (age=
67.8+3.3 years, IMC=25.4+3 kg/mz) was 312.3
+ 12.6 pg/ml (unpublished data). In this study, the
isoprostane level at rest under placebo condition
was significantly higher (394.5+29.1 pg/ml) (p<
0.05) than in the healthy elderly subjects. This new
marker in plasma of COPD patients is relevant to
determine oxidative stress.

The detection of oxidized amino acids in biological
systems also provides a fingerprint of oxidative
damage. To assess oxidant-mediated protein damage,
we measured advanced oxidation protein product
(AOPP). Numerous studies have used AOPP as a
sensitive marker to assess oxidant-mediated protein
damage after oxidative stress [32,33], including in
COPD patients [5].

Allop treatment and muscular oxidative stress during
exercise

In this study, localized quadriceps endurance induced
a clinically and statistically significant increase in
muscle fatigue. Indeed, we observed a decrease of at
least 15% in MVC after exercise as compared with
before exercise [4], associated with an increase in
muscle fatigue sensation measured on a visual analogic
scale. In placebo condition, the substantial increase in
venous levels of F,-IsoP and AOPP after exercise

indicated that exercise induced oxidative damage. The
kinetic of these markers is different as we observed
the increase in F,-IsoP venous levels at T1 and the
increase in AOPP venous levels at T6. This result is in
accordance with many other studies that have reported
systemic oxidative stress induced by exercise in pa-
tients with COPD [5,20,34]. Moreover, the muscular
origin of exercise-induced oxidative stress in these
patients was supported by the rise in (v-a) F,-IsoP after
exercise. Unfortunately, on account of the absence of
arterial sample at T6, venoarterial difference in AOPP
was not achieved. The muscular origin of oxidative
stress in COPD patients has been previously described
[1,35]. However, the interesting result was in the Allop
condition: after exercise, we did not observe any rise in
(v-a) F,-IsoP. This suggests that exercise-induced
muscle oxidative stress was prevented by XO inhibi-
tion. And it strongly supports the hypothesis that XO is
involved in this exercise-induced muscle oxidative
stress. Prolonged exhaustive exercise subjects the
active muscle to a marked level of metabolic stress
and local ischemia/reperfusion phases may occur. A
recent study [36] using near-infrared spectroscopy
(NIRS) showed that a period of re-oxygenation occurs
during the immediate recovery phase after exercise in
COPD patients. In 1981, Granger et al. [37] proposed
an ischemia-reperfusion injury hypothesis: the is-
chemic phase causes a burst of reactive oxygen species
that are formed in the XO-catalysed reaction. More-
over, Vina et al. [38] found that oxygen supplementa-
tion attenuates exercise-induced oxidative stress in
patients with COPD by decreasing metabolic stress to
tissue. It thus seems that ischemia-reperfusion may
play an important role in XO-mediated muscle ex-
ercise-induced oxidative stress. We speculate that
Allopurinol, by inhibiting the XO-pathway, could
then avoid ROS formation during the reperfusion
phase which occurs during recovery. After oral admin-
istration, allopurinol is well absorbed from the gastro-
intestinal tract. Peak plasma concentrations of
allopurinol and its metabolite oxypurinol are reached
after ~ 1 and 3 h, respectively [39]. The half-life times
after oral administration of allopurinol and oxypurinol
are >1 and ~ 20 h, respectively. Allopurinol and
oxypurinol can act as scavengers of both the hydroxyl
radical and hypochlorous acid [40]. One and a half
hours after local exercise, muscle oxidative stress was
nearly avoided in Allop condition. This could be
explained by (1) the scavenging power of oxypurinol
or (2) the role of ischemia-reperfusion in XO-
mediated oxidative stress. Indeed, the isoprostane
half-life is 16 min [41]. Therefore, 1 h 30 min after
exercise, we observed oxidative damage induced only
by reperfusion and, in a wider sense, by XO-mediated
oxidative stress. Concerning the antioxidant compart-
ment, we observed an increase in GPx activity after
exercise. This increase is however less important in
Allop condition as compared with Placebo condition,
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suggesting that Allop, by preventing muscle oxidative
burden, mitigate the response of the antioxidant
defenses.

Redox starus and peripheral muscle function of patients
with COPD

Allop treatment did not modify exercise endurance. In
COPD patients, a study has shown that 4 days of NAC
treatment improved exercise endurance time by pre-
venting exercise-induced oxidative stress [5]. NAC is
able to restore intracellular GSH levels [42], which is a
major antioxidant especially present in muscle fibre
consumed in the first place during exercise [43]. Our
treatment did not explore the same pathway of cellular
protection as allopurinol is above all use to prevent
ROS production. So, its antioxidative power is not
comparable to GSH. Nevertheless, many studies
report that long-term allopurinol administration im-
proves cardiac structure and function [44-48] and
Ca®™ responsiveness of myofilaments, thereby im-
proving contractility. In our study, we found that in
Allop condition, the decrease in MVC(2) is less
important than in placebo condition. This may be
suggesting some effects of allopurinol in preserving
contractile strength after an exhaustive endurance
exercise. Further studies are thus now needed to
determine whether long-term allopurinol administra-
tion could improve muscle function

Conclusions

It is widely acknowledged that exercise induces muscle
oxidative stress in COPD patients, which is implicated
in the physiopathology of the disease. However, no
study has elucidated the sources of this oxidative stress
within the muscle. This study demonstrates that
xanthine oxidase is an important source of muscle
oxidative stress induced by exercise in these patients.
Short-term allopurinol administration nevertheless
did not improve exercise endurance even if it seemed
to play a role in preserving muscle strength properties,
suggesting that (1) the effects of long-term allopurinol
administration should be studied in COPD patients
and (2) other mechanisms and other sources of ROS
within the muscle may explain the muscle dysfunction
observed in these patients.
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