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METHODS 

Patients and Control Subjects  

Twenty-four Caucasian male patients with stable COPD (8 moderate and 16 severe patients) 

[1] and 10 healthy age-matched sedentary controls were recruited on an out-patient basis. 

Moderate and severe COPD were defined in accordance with the Global Initiative for 

Obstructive Lung Disease (GOLD) guidelines [1]. Following criteria chosen by Levine et al 

and some of us [2, 3] our control individuals were also those with either normal pulmonary 

function or only mild impairment (2 subjects with very mild airway obstruction). All subjects 

underwent thoracotomy for a localized lung neoplasm. All patients were on bronchodilators 

and inhaled corticosteroids. They were clinically stable at the time of the study, without 

episodes of exacerbation or oral steroid treatment in the previous four months. None of them 

presented significant comorbidities. Eight COPD patients (3 moderate and 5 severe) 

participated in another study that was aimed at assessing the associations between oxidative 

stress and respiratory muscle dysfunction in COPD [3]. Exclusion criteria included chronic 

respiratory failure, treatment with oral steroids, bronchial asthma, cardiovascular disease, 

chronic metabolic diseases, suspected para-neoplastic or myopathic syndromes, and/or 

treatment with drugs known to alter muscle structure and/or function. The sample size of both 

patient and control populations was calculated on the basis of formerly published studies by 

our group and other investigators, where similar physiological and biological approaches were 

used in both patients and control subjects [3-7]. The current investigation was designed in 

accordance with both the ethical standards on human experimentation in our institution and 

the World Medical Association guidelines for research on human beings. The Ethics 

Committee on Human Investigation at IMIM-Hospital del Mar in Barcelona approved all 

experiments. Informed written consent was obtained from all individuals.  
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Nutritional and Functional Assessment  

Forced spirometry and determination of static lung volumes, carbon monoxide transfer, 

and arterial blood gases were performed using standard procedures, and reference values by 

Roca et al [8-10] were used. Arterial blood gases were performed using standard procedures. 

All the study subjects performed these tests. Inspiratory muscle strength was assessed through 

determination of maximal inspiratory pressure at the mouth (Sibelmed-163; Sibel, Barcelona, 

Spain) during an occluded maneuver from residual volume. Reference values by Morales et al 

[11] were chosen. Only the COPD patients underwent maximal transdiaphragmatic pressure 

(Pdimax) measurements, which were calculated from the difference between both maximal 

gastric and esophageal pressures obtained during a sniff maneuver from forced residual 

capacity [12]. Two balloon catheters were positioned in the mild oesaphagus and gastric cavity, 

and then coupled to pressure transducers (Transpac II, Abbot, Chicago, IL, USA) connected to 

a digital recorder (BIOPAC Systems Inc, Santa Barbara, CA, USA). Reference values 

previously published for healthy humans were employed [13, 14]. 

Biopsies 

During thoracotomy, because of localized lung lesions, diaphragm biopsy specimens 

were obtained from the anterior costal diaphragm lateral to the insertion of the phrenic nerve 

[3, 15]. The localized lesions were always either peripheral solitary nodes or small lung 

neoplasms not showing major airway obstruction in any case, as assessed by fiberoptic 

bronchoscopy. Muscle samples (30-50 mg) obtained during thoracotomy were either 

immediately frozen in liquid nitrogen and subsequently stored at –80ºC or immersed in an 

alcohol-formol bath for 2h to be thereafter embedded in paraffin. Frozen tissues were used for 

immunoblotting techniques, while paraffin-embedded tissues were used for the assessment of 

myosin heavy chain isoforms (immunohistochemical analysis).   
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Muscle Biopsy Analyses  

Although 8 COPD patients also participated in a previous study conducted by our 

group [3], the muscle biological analyses reported in the present study have all been 

conducted from crude muscle homogenates or paraffine-embedded tissues for the specific 

purposes of the current investigation.  

Total protein carbonylation. Total levels of those highly reactive carbonyl groups in the 

protein side chains were detected by reaction with 2,4-dinitrophenylhydrazine (DNPH), 

resulting in the formation of 2,4-dinitrophenylhydrazone (DNP) using the Oxyblot kit 

(Oxyblot kit, Chemicon International Inc., Temecula, CA, USA) following the manufacturer’s 

instructions [3-5, 16]. The DNP-derivatized proteins were subsequently separated by either 1-

D or 2-D electrophoresis and further subjected to immunoblotting with selective antibodies 

against the DNP moieties. 

Immunoblotting of 1-D electrophoresis. The effects of oxidants on muscle proteins and lipids 

were evaluated according to methodologies published elsewhere [3-5]. Frozen muscle 

samples from the diaphragm specimens were homogenized in a buffer containing 20 mM 

Tris, 0.25 M sucrose, 40 mM KCl, 2 mM EGTA, and 1 mg/ml bovine serum albumin, and 

protease inhibitors. Samples were then centrifuged at 1,000 g for 30 min. The pellet was 

discarded and the supernatant was designated as a crude homogenate. Total muscle protein 

level in each sample was spectrofotometrically determined with the Bradford technique using 

different runs of triplicates in each case and bovine serum albumin as the standard (Bio-Rad 

protein reagent, Bio-Rad Inc., Hercules, CA, USA). The final protein concentration in each 

sample was calculated from at least two Bradford measurements that were almost identical. 

Equal amounts of total protein from crude muscle homogenates were always loaded onto the 

gels, as well as identical sample volumes/lanes.  



 5

Immunoblotting experiments were specifically designed in such a way that all the muscle 

homogenates from control subjects and from both severe and moderate COPD patients were 

always run together and kept in the same order in two 25-well gels that run simultaneously. 

Both electrophoresis boxes were connected to the same power supply. Thus, identical 

electrophoresis parameters were applied for both gels. Proteins were then separated by 

electrophoresis and the two gels were transferred at the same time to polyvinylidene 

difluoride (PVDF) membranes, blocked with non-fat milk and incubated overnight with 

selective antibodies. The following antibodies were used to detect the different antigens and 

phenomena: anti-DNP moiety antibody (Oxyblot kit, Chemicon International Inc., Temecula, 

CA, USA), anti-nitrotyrosine antibody (clone 1A6, Upstate, Lake Placid, NY, USA), both 

anti-carbonic anhydrase-III and creatine kinase-M antibodies (Santa Cruz Biotechnology, 

Inc., Santa Cruz, CA, USA), anti-alpha-sarcomeric actin antibody (clone 5C5, Sigma, Saint 

Louis, MO, USA), and antimyosin heavy chain (clone A4.1025, Upstate-Millipore, Temecula, 

CA, USA). Specific proteins from all samples were detected with horseradish peroxidase 

(HRP)-conjugated secondary antibodies and a chemiluminescence kit. For each of the 

antigens, samples from the three groups were always detected in the same film under identical 

exposure times. Negative control experiments, in which primary antibodies were omitted or 

samples were not derivatized (carbonyl groups), and membranes were then probed only with 

secondary antibodies, were also conducted. Immunoblots were scanned with an imaging 

densitometer and optical densities of specific proteins were quantified with Diversity 

Database 2.1.1 (BioRad, Philadelphia, PA, USA). In a given sample, values of total protein 

carbonylation and total protein tyrosine nitration were calculated by addition of optical 

densities of individual protein bands in each case. Final optical densities obtained in each 

specific group of subjects corresponded to the mean values of the different samples (lanes) of 

each of the antigens studied. Although equal amounts of total protein from crude muscle 
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homogenates were always loaded onto each gel, PVDF membranes were also stripped and re-

probed with a mouse anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) HRP 

conjugated antibody (Abcam plc, Cambridge, England, UK) in all cases. Optical densities in 

each histogram were expressed as the ratio of the optical densities of the specific antigen to 

those of GAPDH.  

Identification of carbonylated proteins. 2-D electrophoresis. Carbonylated proteins 

were separated and identified in the diaphragm of 2 control subjects, 4 severe COPD patients, 

and 2 with moderate COPD as previously described [5, 17]. Briefly, 4 volumes of 10 mM 

DNPH were added to crude muscle homogenates (400 μg protein/sample) and incubated for 

30 min at room temperature. The reaction was stopped by adding the neutralization solution, 

and the samples were subsequently prepared for 2-D electrophoresis with the 2D Clean up kit 

(Amersham Biosciences, Piscataway, NJ, USA) following the manufacturer’s instructions.  

The samples were then incubated for 15 min on ice, centrifuged for 5 min at 13,000g and the 

pellets were then washed three times and centrifuged at 13,000g for 5 min. The pellets were 

re-suspended in 2D re-hydration buffer (8M urea, 2% CHAPS, 20 mM DTT, and 0.002% 

bromophenol blue). Each muscle sample was then separated into two portions (200 μg total 

each) and both portions underwent 2-D electrophoresis. First-dimensional protein separation 

was performed with the the Ettan IPGPhor 3 (GE Healthcare Biosciences AB, Uppsala, 

Sweden).  Samples were applied to immobilized pH gradient strips (18-cm nonlinear pH 3-10, 

GE Healthcare Biosciences AB, Uppsala, Sweden) for 30 min at room temperature. The strips 

were then covered with mineral oil overnight and isoelectric focusing was performed at a 

maximum of 10,000 V/ h for up to a total of 35,200 V-h. For the second dimension, the IPG 

strips were equilibrated at room temperature for 30 min in equilibration buffer (6M urea, 2% 

SDS, 50mM tris-HCl, 30% glycerol, and 0.002% bromophenol blue) to which 1% DTT was 

added prior to use.  An additional 30 min equilibration period was then used with 
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equilibration buffer to which 2.5% iodoacetamide was added. The strips were then embedded 

in 0.5 % agarose on the top of 30% acrylamide gels. The second dimension SDS/PAGE was 

performed for 5 h, 70 mA per gel at 250 V.  One of the resulting 2D gels for each muscle 

sample was then stained with silver stain. Gels were fixed overnight in a fixation solution 

(50% acetic acid, 50% methanol), then rinsed twice in water, sensitized for 1min in 0.2% 

sodium thiosulfate, followed by rinsing in water and immersion for 30 min in a silver nitrate 

solution (2% silver nitrate). Gels were then rinsed twice in water and developed in a 

developer solution (20% sodium carbonate, 0.05% formaldehyde, 0.004% sodium 

thiosulfate).  A stop solution (6% acetic acid) was then added for 15 min followed by rinsing 

with water for 5min. Gels were then stored in 1% acetic acid. The second gel derived from a 

given sample underwent electrophoretical transfer to PVDF membrane and immunoblotting 

with anti-DNP antibody as described above.  Gels and PVDF membranes were imaged with a 

digital camera and aligned (Adobe Photoshop 8.0.1, San Jose, CA, USA) so as to identify 

positive carbonylated protein spots on the gels.  

Identification of carbonylated proteins. 1-D electrophoresis. In order to specifically 

identify carbonylation of proteins of high molecular weight such as myosin heavy chain 

(MyHC, > 200 kDa), crude muscle homogenates from control subjects (n=9) and COPD 

patients (9 severe, 8 moderate) were subjected to 1D electrophoresis following similar 

methodologies previously published [3-5, 18]. Gels were always run in duplicates. One of the 

resulting 1D gel was stained with silver stain as described above to undergo further protein 

identification in the Proteomics Laboratory. The second 1D gel underwent electrophoretical 

transfer to a PVDF membrane and immunoblotting with anti-DNP antibody as also described 

above.  Gels and PVDF membranes were imaged with a digital camera and aligned (Adobe 

Photoshop 8.0.1) so as to identify the specific positive carbonylated protein band, ranging 

from 200 to 250 kDa, on the gels. The PVDF membranes were subsequently exposed to x-
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Ray films. All the immunoblots were then scanned with an imaging densitometer and optical 

densities of the specific protein band in each immunoblot were quantified with Diversity 

Database 2.1.1. It should also be mentioned that the carbonylated protein band in the 

diaphragm immunoblots was shown to be MyHC as demonstrated by the proteomic analyses 

conducted on 2 severe and 2 moderate COPD patients, and 2 control subjects.  

Identification of carbonylated muscle proteins. Mass spectrometry (MS). Identification of 

carbonylated proteins was conducted in the Proteomics Laboratory at Universitat Pompeu 

Fabra following the quality criteria established by ProteoRed standards (Instituto Nacional de 

Proteómica, Spain). Protein carbonylated spots from silver-stained gels were manually 

excised for in-gel digestion in a 96-well ZipPlate placed in a Multiscreen vacuum manifold 

(Millipore, Billerica, ME, USA). Proteins were reduced, alkylated, and digested with 

sequence grade trypsin (Promega, Madison, WI, USA). Peptides were eluted with 15-25 µL 

of 0.1% TFA in 50% ACN. 2.5 µL of tryptic digest were deposited onto Mass·Spec·Turbo 

192 type 1 peptide chips pre-spoted with CHCA (Qiagen, Germantown, MD, USA) and left 

for 3 min for peptide adsorption. Then each spot was washed for 5 s with 1 µl of finishing 

solution (Qiagen, Germantown, MD, USA) and left until dryness. Matrix assisted laser 

desorption/ionization time-of-flight (MALDI-TOF)  MS was performed in a Voyager DE-

STR instrument (Applied Biosystems, Foster City, CA, USA) using a 337-nm nitrogen laser 

and operating in the reflector mode, with an accelerating voltage of 20 kV. Samples were 

analyzed in the m/z 800-3000 range and were calibrated externally using a standard peptide 

mixture (Sequazyme Peptide Mass Standards kit, Applied Biosystems, Foster City, CA, 

USA). Peptides from trypsin autolysis were used for the internal calibration. Protein 

identification from MALDI-TOF results was done with the MASCOT search engine (Matrix 

Science, London, UK) using human proteins available in the NCBI non-redundant database. 

The following parameters were used for database searches: one missed cleavage allowed, plus 
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Cys carbamidomethylation as fixed and Met oxidation as variable modifications selected, 

respectively.  

Creatine kinase activity assay. Total muscle creatine kinase activity was measured with a 

commercially available kit (Diagnostic Chemicals Ltd., PEI, Canada) according to the 

manufacturer’s instructions [5, 17]. Briefly, the assay is based on the conversion of creatine 

phosphate and adenosine diphosphate (ADP) by creatine kinase to creatine and adenosine 

triphosphate (ATP). The ATP and D-glucose are then converted to ADP and D-glucose-6-

phosphate by hexokinase. Glucose-6-phosphate dehydrogenase then reduces nicotinamide 

adenine dinucleotide to NADPH+. The rate of increase in absorbance at 340 nm in a 

spectrophotometer due to the formation of NADPH+ was directly proportional to the creatine 

kinase activity, expressed in U/L. The amount of total muscle protein used in the assay was 

identical for all the muscle samples from both COPD patients and controls. 

Muscle fiber counts and morphometry. On three-micrometer muscle paraffin-embedded 

sections, myosin heavy chain-I and –II isoforms were identified using anti-MyHC-I (clone 

MHC, Biogenesis Inc., Poole, England, UK) and anti-MyHC-II antibodies (clone MY-32, 

Sigma, Saint Louis, MO), respectively, as published elsewhere [3, 4]. The cross-sectional 

area, mean least diameter, and proportions of type I and type II fibers were assessed using a 

light microscope (Olympus, Series BX50F3, Olympus Optical Co., Hamburg, Germany) 

coupled with an image-digitizing camera (Pixera Studio, version 1.0.4, Pixera Corporation, 

Los Gatos, CA, USA) and a morphometry program (NIH Image, version 1.60, Scion 

Corporation, Frederick, MD, USA). At least 100 fibers were measured and counted in each 

muscle specimen. Fiber diameters between 40 and 80 μm were considered normal [15]. 

Furthermore, proportions of hybrid fibers were also counted in all diaphragm specimens from 

both patients and control subjects. The number of hybrid fibers in each individual was 

counted from diaphragm sections corresponding to both type I and type II fibers, which were 
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displayed simultaneously on the computer screen. Only those fibers that stained positively for 

both anti-MyHC I and anti-MyHC II antibodies were identified as the hybrid fibers, while the 

rest of the fibers were classified as either type I or type II exclusively. Corresponding results 

were expressed as percentages of type I, type II, and hybrid fibers for all the diaphragm 

specimens.  

Measurement of superoxide anion radicals by lucigenin-derived chemiluminescence. 

Lucigenin-derived chemiluminescence signals were determined in all muscle samples using a 

luminometer (Lumat LB 9507, Berthold Technologies GmbH, Bad Wildbad, Germany) as 

formerly described [19, 20]. The reagents employed in these methodologies were all 

purchased from Sigma (Sigma, Saint Louis, MO, USA).  

Preparation of a calibration curve. Increasing levels of xanthine, ranging from 1 to 50,000 

nM, were incubated with 80 μM cytochrome c and 0.002 units of xanthine oxidase at 37ºC in 

the presence and absence of 0.5 U/ml superoxide dismutase. The changes in absorbance at 

550 nm were determined in a spectrophotometer (Ultrospec 2000, Amersham Pharmacia 

Biotech, Piscataway, NJ, USA). Total levels of superoxide dismutase-inhibitable superoxide 

anion radicals produced by that reaction were calculated according to the following equation:  

Δ Absorbance (550 nm) = 21.1 x concentration O2
- [19, 20]. The yield of O2

- was 19.1 % of the 

total xanthine present in the reaction. This amount of O2
- was used to calibrate the lucigenin-

derived chemiluminescence (250 μM lucigenin) signals obtained during reactions between 

increasing concentrations of xanthine (1-50,000 nM) and 0.002 units of xanthine oxidase in a 

luminometer (Lumat LB 9507, Berthold Technologies GmbH, Bad Wildbad, Germany) in the 

presence and absence of 0.5 U/ml superoxide dismutase. Total luminescence was quantified 

by integration of the areas under the curves representing 5 min of recording output. A highly 

linear relationship was obtained between the luminometer output and the amount of O2
- 

produced during the standard curve in the spectrophotometer (r= 0.90) (Figure 1A, online data 
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supplement). Likewise, the luminometer output was linearly related to the increasing 

concentrations of xanthine used during the calibration curve (r=0.99) (Figure 1B, online data 

supplement).  

Detection of superoxide anion radicals in diaphragm muscles. Frozen diaphragm specimens 

from both COPD patients and controls were all fractionated into cytosolic, membrane, and 

mitochondria compartments following the methodologies of Rock et al [21] and previous 

reports by some of us [19]. The entire procedure was done at 4°C. In brief, frozen muscle 

samples were homogenized in 6 v/w ice-cooled homogenization buffer A (50 mM HEPES, 

0.1 mM DTT, 2 μg/ml leupeptin, 100 μg/ml PMSF, 2 μg/ml aprotinin, 1 mg/100 ml pepstatin 

A, 5% glycerol, pH 7.4). Samples were then centrifuged at 1,000g for 10 min. The pellet (P1) 

was discarded, whereas the supernatant (S1) was designated as crude homogenates.  These 

homogenates were then centrifuged at 12,000g for 20 min to yield supernatant (S2) and pellet 

(P2). Pellet (P2) was then re-suspended in buffer B (10 mM tris-maleate, 0.1 mM EDTA, and 

135 mM KCl) and then centrifuged at 12,000g for 20 min to yield S3 and P3. The resulting 

pellet (P3) was re-suspended in buffer A and designated as the mitochondrial fraction. Both 

S2 and S3 fractions were pooled and were used to separate the membrane and cytosolic 

fractions by centrifugation for 1 hr at 100,000g. The resulting supernatant (S4) was 

designated as the cytosolic fraction, whereas the pellet (P4) was re-suspended in buffer C (10 

mM HEPES, 300 mM sucrose, pH 7.2), treated for 1 hr with 600 mM KCl and then 

centrifuged again at 100,000g for 1 hr. Pellet was re-suspended in buffer A and designated as 

the membrane fraction.   

After a preincubation period of 10 min at 37ºC of the samples, baseline measurements 

(5 min) in the muscle fractions from both COPD (severe and moderate) patients and controls 

were made in the luminometer by adding 250 μM lucigenin. Moreover, in order to identify 

the contribution to superoxide anion production of each muscle compartment, additional 
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groups of muscle fractions were further incubated for 20 min at 37ºC with 250 μM rotenone 

(inhibitor of mitochondrial complex I activity) in the mitochondrial fraction, 200 μM 

apocynin (specific inhibitor of NADPH oxidase) in the membrane fraction, and 300 μM 

oxypurinol (inhibitor of xanthine oxidase) in the cytosolic fraction. Incubation with the 

corresponding inhibitors significantly reduced the luminometer output in each muscle fraction 

of all the samples (Figure 1C, online data supplement). Furthermore, an additional group of 

membrane fractions from control muscles were preincubated with either 100 μM NADH or 

100 μM NADPH in order to confirm that NADH rather than NADPH is also the preferred 

substrate of NADPH oxidase in the human diaphragm as had been formerly demonstrated in 

other muscles [19].  

The specificity of the method was tested by preincubation of a group of muscle 

fractions (mitochondria, membrane, and cytosol) from both patients and controls with 0.33 

U/ml superoxide dismutase for 20 min at 37ºC, to which 250 μM lucigenin was added and 

luminometer output recorded for 5 min. Preincubation of the samples with superoxide 

dismutase significantly diminished the production of O2
- in all the muscle fractions compared 

to baseline measurements in both patients and controls. Intra-assay coefficients of variation 

for these methodologies ranged from 2.2% to 4%, while inter-assay coefficients of variation 

ranged from 6.9% to 10.4%.  

 

DISCUSSION 

The multimeric NADPH oxidase enzyme complex was shown to contribute 

significantly to superoxide anion production in limb and ventilatory muscles of endotoxemic 

rats [19]. As shown by the significant increase in superoxide anion generation in the 

membrane compartment of diaphragms in the severe COPD patients, it would be possible to 

conclude that muscle NADPH oxidase enzyme complex was also a likely contributor to 
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superoxide anion production in these muscles. Clearly, future studies will shed light on the 

specific role of NADPH oxidase within the diaphragm fibers of COPD patients. Eventually, it 

could also be hypothesized that NADPH oxidase from inflammatory cells might have also 

contributed to superoxide anion generation within the diaphragm fibers in the severe patients. 

We believe, however, that this is an unlikely mechanism, since recent observations from our 

group have revealed no significant differences in the number of inflammatory cell counts in 

either limb or diaphragm muscles between COPD patients and control subjects.  

Study limitations 

Diaphragm muscle biopsies from our study subjects were obtained during thoracotomy 

because of localized lung lesions, the gold standard technique to obtain diaphragm specimens 

from different populations. Although lung volume reduction surgery also makes it possible to 

obtain diaphragm specimens, only very severe COPD patients undergo that type of surgery. 

Therefore, diagnostic-therapeutic thoracotomy is the only approach available for studying 

moderate and mild COPD and normal lung function subjects. Accordingly, the population of 

our study shares a common morbidity: the presence of a small and localized lung neoplasm. 

Nevertheless, we do not believe that this condition has made any significant contribution to 

the development of oxidative stress in these diaphragms, since extremely restrictive criteria 

were employed to properly select our population, and subjects showing either nutritional 

abnormalities, signs of chronic inflammation, or paraneoplastic syndromes, were 

systematically excluded. Therefore, we consider all the findings reported in this present study 

to be rather associated with COPD.   

Another limitation encountered in our study is directly related to the methodologies 

involved in the direct measurement of muscle superoxide anion, which have been challenged 

on the basis of the potential production of superoxide anion by the redox recycling of 

lucigenin [22]. We do not believe, however, that lucigenin redox recycling has made any 
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substantial contribution to the superoxide anion concentrations detected in the diaphragms of 

our study subjects. Corresponding explanations to account for this are summarized as follows. 

Electron spin resonance and cytochrome c reduction have confirmed the accuracy of the 

lucigenin-derived chemiluminescence signals in measuring the superoxide anion produced in 

different models [23]. Moreover, a linear relationship was found between the lucigenin-

derived chemiluminescence signals in the luminometer and those obtained in the 

spectrophotometer as a result of cytochrome c reduction in the presence of xanthine-xanthine 

oxidase (Figure 1A, online data supplement). Finally, measurements of the concentrations of 

the superoxide anion species in human blood vessels were not substantially modified by the 

use of different concentrations of lucigenin (5-250 μM) [24]. In our study, after a specific 

titration of different lucigenin concentrations, that of 250 μM was the best correlating with the 

spectrophotometer output, at the same time that gave the more accurate signals in the 

luminometer.  

Furthermore, it should also be mentioned that all superoxide measurements have been 

conducted on frozen muscle specimens. As above-mentioned diagnostic-therapeutic 

thoracotomy is the only approach available for studying moderate and mild COPD and 

normal lung function subjects. This surgical procedure can only be applied when it is 

clinically justified, in this case because of small localized lung lesions. Aside from these 

considerations, the patient must also meet the required criteria for undergoing a thoracic 

surgery, which unfortunately is not quite a frequent situation. Thus, several months may have 

elapsed among the different biopsies obtained for the purpose of the study. Therefore, in this 

investigation, both patients and controls were recruited over several years. In order to avoid 

unnecessary methodological concerns due to analyses conducted sequentially rather than 

simultaneously (which would have added enormous unnecessary variability to the analyses), 

all muscle specimens from both patients and controls were always stored frozen at -80ºC until 



 15

further use in our molecular biology laboratory. Although we acknowledge that freezing and 

fractionation of the muscle samples might have somehow influenced the superoxide anion 

measurements, especially those from the mitochondria compartment, we do not believe that, 

in our study, this has had any substantial effects on the muscle samples for the following 

reasons. First, all superoxide anion analyses have been conducted simultaneously for both 

patients and controls under identical laboratory conditions and by the same investigator. This 

reduced variability enormously and enabled us to compare the results among the three study 

groups. Second, all sample specimens from both patients and controls have been treated the 

same throughout the entire study period: stored at -80ºC and fractionated only when used in 

the laboratory, therefore, freezing and fractionation may have equally affected all study 

muscles. Third, from the beginning of the molecular biology experiments, a fragment of the 

muscle specimens from both patients and controls was always kept frozen in our -80ºC 

freezer until further analyses of the superoxide anion experiments were conducted. Therefore, 

muscle specimens used for the purpose of these experiments had not been subjected to any 

previous freezing-thawing cycle. Fourth, fractionation of the muscle samples using specific 

buffers (see above) that do not destroy the different cell compartments has already been 

demonstrated to yield reliable lucigenin-derived chemiluminescence signals [19]. Fifth, 

storage at -80ºC for several months or year will have equally affected all the muscle 

specimens employed in the current investigation.  
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FIGURE LEGENDS: 

Figure 1:  

A) Linear relationship (r= 0.90) between the luminometer output (ordinate axis) and the 

amount of O2
- produced (abscissa axis) during the generation of the standard curve in the 

spectrophotometer. 

B) Luminometer output as a function of time (abscissa axis) in response to increasing 

concentrations of xanthine (top panel). Linear relationship (r=0.99) between the 

luminometer output (ordinate axis) and the increasing concentrations of xanthine 

(abscissa axis) during the calibration curve (bottom panel).  

C) Mean values (SD) of superoxide anion production in the diaphragms of control subjects, 

and both moderate and severe COPD patients after incubation of the samples with 250 

μM rotenone (inhibitor of mitochondrial complex I activity) in the mitochondrial fraction 

(top panel), with 200 μM apocynin (specific inhibitor of NADPH oxidase) in the 

membrane fraction (middle panel), and with 300 μM oxypurinol (inhibitor of xanthine 

oxidase) in the cytosolic fraction (bottom panel). Incubation with the corresponding 

inhibitors (grey bars) significantly (*: p<0.05, **: p<0.01, ***: p<0.001) reduced the 

luminometer output in each muscle fraction of all the study groups compared to baseline 

measurements (white bars).  
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