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ABSTRACT: The purpose of this study was to analyse key enzyme activities of the
deltoid muscle (DM) in chronic obstructive pulmonary disease (COPD) patients.

The activities of one oxidative enzyme (citrate synthase (CS)), two glycolytic
enzymes (lacatate dehydrogenase (LD); and phosphofructokinase (PFK)) and one
enzyme related to the use of energy stores (creatine kinase (CK)) were determined in the
DM of 10 patients with COPD and nine controls. Exercise capacity (cycloergometry)
and the handgrip strength were also evaluated.

Although exercise capacity was markedly reduced in COPD (57¡20% predicted),
their handgrip strength was relatively preserved (77¡19% pred). The activity of LD
was higher in the COPD patients (263.9¡68.2 versus 184.4¡46.5 mmol?min-1?g-1,
pv0.01), with a similar trend for CS (67.3¡33.3 versus 46.0¡17.4 mmol?min-1?g-1,
p~0.07). Interestingly, the activity of the latter enzyme was significantly higher than
controls if only severe COPD patients were considered (81.8¡31.2 mmol?min-1?g-1,
pv0.01). PFK and CK activities were similar for controls and COPD.

Chronic obstructive patients show a preserved or even increased (severe disease)
oxidative capacity in their deltoid muscle. This coexists with a greater capacity in the
anaerobic part of the glycolysis. These findings are different to those previously
observed in muscles of the lower limbs.
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One of the main symptoms in patients with chronic
obstructive pulmonary disease (COPD) is limitation
to exercise [1]. This limitation was classically attri-
buted to ventilatory factors, and the role of peripheral
skeletal muscle dysfunction has only been recognized
in recent years [1–3]. The potential causes of this
functional impairment would include loss in muscle
mass, fibre atrophy, and decreases in the percentage of
oxidative fibres and enzyme activities [4, 5]. However,
it is unclear whether muscle weakness is a generalized
problem, or if it only or predominately affects some
muscle groups. In addition, the causes of skeletal
muscle weakness, and the specific role for each, still
remain controversial. However, it is worth noting that
most of the previous studies were performed in
muscles from the lower limbs, where deconditioning
due to reduction in activity may be particularly
relevant but could coexist with other factors. The
study of muscles from other locations, such as the
deltoid muscle (DM), could contribute not only to
elucidate whether skeletal muscle changes in COPD
are homogeneous, but also to clarify whether systemic
or local aetiological factors play the predominant role
in inducing such changes. The objectives of the study
were, firstly, to evaluate the metabolic capacity of the
DM in COPD patients, and secondly, to investigate
the potential relationships between lung function and
the activity of different key enzymes in DM.

Methods

Population

Ten patients with severe-to-mild COPD were
included (table 1). The COPD diagnosis was based
on smoking history and forced spirometry showing
nonreversible airways obstruction. All patients were
clinically stable, with absence of exacerbations during
the 2 months prior to the study. Recruitment was
carried out consecutively on COPD patients who
consulted the authors9 department and subsequently
agreed to participate in the study. In order to avoid
bias due to hormonal factors, only males were
included. At the same time, individuals with malnu-
trition (body mass index (BMI) v20 kg?m-2), alco-
holism (w80 g?day-1), bronchial asthma, associated
chronic respiratory failure, neuromuscular or meta-
bolic diseases, undergoing chronic treatment with
systemic steroids, systemic b-agonists, Cazz antago-
nists or diuretics, and those undergoing rehabilitation
were excluded. Nine subjects of similar age and
anthropometry, but with normal lung function
(60.8¡9.0 yrs, BMI 25¡4 kg?m-2, forced expiratory
volume in one second (FEV1) 95.3¡12.6) were also
recruited to serve as a control group. The study was
approved by the Research Committee on Human
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Investigation at the authors9 centre, and informed
written consent was obtained from each participant.

Study design

This was a cross-sectional study.

First day. Patients were submitted to a medical
questionnaire, and underwent physical examination,
nutritional evaluation and conventional lung function
testing.

Second day. The strength of respiratory and peripheral
muscles was evaluated and subjects performed a
conventional exercise test.

Third day. Open biopsies from DM were obtained and
subsequently processed.

Lung function tests

Forced spirometry with bronchodilator response
(Datospir 92, Sibel, Barcelona, Spain) as well as
intrathoracic gas volume, airways resistance and
carbon monoxide diffusing capacity of the lung
(Masterlab, Jaeger, Würzburg, Germany) were meas-
ured in each individual. Reference values were those
for a Mediterranean population [6–8]. Blood samples
were obtained from the radial artery and were
analysed using standard polarographic techniques
(ABL 330, Radiometer, Copenhagen, Denmark).

Respiratory muscle function tests

Respiratory muscle strength was assessed through
maximal inspiratory and expiratory pressures
obtained at the mouth (PI,max and PE,max, respect-
ively) using a mouthpiece (Sibelmed-163, Sibel,
Barcelona, Spain) connected to a pressure transducer
(Transpac II, Abbott, Chicago, IL, USA). Reference
values were those reported by WILSON et al. [9].

Peripheral muscle strength

The upper limb strength was approximated using a
hand dynamometer (Biopac Systems Inc., Santa
Barbara, CA, USA). Peak handgrip force (dynes)
was measured at the nondominant side, with the
elbow in a 90u flexion, and the underarm and wrist in
neutral position. At least three attempts were per-
formed, and the highest value was taken in each case.
Data were related to those published by MATHIOWETZ

et al. [10].

Exercise capacity

A maximal incremental exercise test was performed
on a cycloergometer (Ergofit 6780, Rheisland,
Germany) and the load increased stepwise, 25 Watts
every 2 min. Electrocardiagram, transcutaneous oxy-
gen saturation (Sa,O2) (Ohmeda 3700 Biox, Chicago, IL,
USA) and expired gases were continuously recorded
(Oxycon 3.2, Jaeger, Würzburg, Germany).

Muscle biopsy

Percutaneous biopsies of the nondominant DM
were obtained from its central region. Biopsy sites
were anaesthetized previously with 2% lidocaine
and 1–1.5 cm skin incisions were made. Muscle
samples were divided into two parts. One was
embedded in ornithyl carbamyl transferase (Tissue-
Tek, Thousands, Elkhart, IN, USA), frozen in
isopentane and cooled in liquid nitrogen for use in
fibre-typing procedures. The other was immediately
allocated in a tube, frozen and stored at -70uC until
needed.

Percentage of different fibre types

Muscle sections were obtained in a cryostat and
type I and II fibres were identified using the standard
adenosine triphosphatase stain at different pHs.

Table 1. – Individual and mean values of the main general and functional variables obtained in chronic obstructive
pulmonary disease patients

Patient Age BMI FEV1 FEV1/FVC RV/TLC DL,CO Pa,O2 VO2,max PI,max PE,max Handgrip
No. yrs kg?m-2 % pred % % % ref mmHg % pred % pred % pred % pred

1 53 28 60 62 50 78 83 89 90 77 61
2 74 24 59 59 53 70 76 ND 131 144 97
3 52 20 74 59 49 94 89 69 95 83 56
4 78 22 50 53 68 56 91 33 64 52 73
5 40 20 62 59 ND ND 95 40 89 85 81
6 63 21 50 49 51 55 92 50 62 57 51
7 67 22 49 55 63 61 84 74 68 58 87
8 71 30 22 47 69 67 74 53 88 78 112
9 58 20 35 50 67 38 65 33 25 ND 65
10 69 23 49 60 69 73 77 68 87 ND 87
Mean 63 23 51 55 60 66 83 57 80 79 77
¡SD 12 3 15 5 9 16 10 20 28 29 19

BMI: body mass index; FEV1: forced expiratory volume in one second; FEV1/FVC: ratio of FEV1 to forced vital capacity;
RV/TLC: ratio of residual volume to total lung capacity; DL,CO: carbon monoxide diffusion capacity or the lung; Pa,O2;
VO2,max: maximal oxygen consumption; PI,max: maximal inspiratory mouth pressure; PE,max: maximal expiratory mouth
pressure.
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At least 100 fibres were counted and measured in each
case (Videoplan-2, Zeiss, Konton Electronics,
Bremen, Germany).

Muscle enzyme activity determinations

Samples were homogenized in a buffer solution
(Tris-HCl 50 mM, ethylenediamine tetraacetic acid
(EDTA) 4 mM, potassium fluoride 30 mM and
2-b-mercaptoetphanol 30 mM) (pH 7.0) using a
Teflon/glass homogenizer, held in an ice bath. This
was centrifuged and aliquots were used for measuring
the activities of phosphofructokinase (PFK) (common
part of the glycolytic pathway), lactate dehydrogenase
(LD) (anaerobic part of glycolosis), citrate synthase
(CS) (citric acid cycle) and creatine kinase (CK) (use
of the energy stored in phosphocreatine). These were
measured at 25uC using the spectrophotometric
technique as previously described [11–13]. Each
assay was performed in duplicate and the mean is
reported. Data are expressed in mmol?min-1?g-1 of
muscle wet weight.

Statistical analysis

Data are expressed as mean¡SD. The Mann-
Whitney test was used to compare the control with
either COPD or severe COPD groups. Pearson9s coeffi-
cient was employed to assess correlations between two
different variables and the linear regression analysis
was used where appropriate. A value of p#0.05 was
considered statistically significant.

Results

General and functional assessment

Individual and mean data from the main general
and functional variables appear in table 1. Age,
height, weight, BMI and protein levels were within
normal ranges and similar for COPD and control
groups. Patients with COPD had mild-to-severe air-
ways obstruction, associated in most of the cases to air
trapping. Although some were hypoxaemic, oxygen
tension in arterial blood (Pa,O2) was always above
60 mmHg, without hypercapnia. The strength of
respiratory muscles was lower in COPD (PI,max,
79.9¡27.6 versus 102.1¡20.5% predicted; and PE,max,
79.2¡29.0 versus 92.0¡9.7% pred, pv0.05 each), but
PI,max was markedly reduced only in one patient. As
expected, exercise tolerance was reduced in COPD
(load, 80.6¡30.0 versus 162.5¡41.1 Watts, pv0.01;
maximal oxygen consumption (VO2,max), 57¡20 versus
85¡12% pred, p~0.01) but interestingly Sa,O2 did not
decrease significantly (96.3¡2.7–95.3¡2.2%). Finally,
handgrip strength was relatively preserved (77¡19%
pred, 87¡29% pred in our controls).

Structural and metabolic assessment

Results for fibre size and percentages, as well as for
the four enzyme activities, appear in figures 1–3. Fibre

characteristics were similar between controls and
COPD (fig. 1). The same was observed when the
former were compared with severe COPD. However,
there was a trend to increase type I fibres with
increased air trapping, although this did not reach
statistical significance (with residual volume/total lung
capacity (RV/TLC), r~0.483, p~0.06). With refer-
ence to enzyme activities, LD activity was higher in
COPD than in controls (263.9¡68.2 versus 184.4¡
46.5 mmol?min-1?g-1, pv0.01, respectively) and a
similar trend was observed for CS (67.3¡33.3 versus
46.0¡17.4 mmol?min-1?g-1, p~0.07) (fig. 2). If only
those patients with severe COPD (FEV1 #50% of
reference values, n~6) were considered, they showed
significantly higher activities for both enzymes
(296.1¡56.3 mmol?min-1?g-1, p~0.001, and 81.8¡
31.2 mmol?min-1?g-1, pv0.01, for LD and CS, respect-
ively) than controls. No significant differences were
found for PFK and CK. Interestingly, a significant
relationship was observed between oxidative capacity,
represented by CS enzyme, and either airways
obstruction (with FEV1, r~-0.664 for all subjects,
pv0.01; r~-0.721 for COPD only, p~0.02) or air
trapping (with RV/TLC, r~0.563 for ill individuals
p~0.01; r~0.423 for COPD only, NS) (fig. 3). A
similar phenomenon was observed for LD in the
overall population (with FEV1, r~-0.593, pv0.01;
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Fig. 1. – Comparisons among different subgroups for: a) fibre
size; and b) the percentage of type I fibres. Controls are repre-
sented by circles whereas chronic obstructive pulmonary disease
(COPD) patients are represented by triangles. Bars represent mean
values. No significant statistical difference was observed for either
comparison.
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with RV/TLC, r~0.590, p~0.01), although this did
not achieve statistical significance when only COPD
patients were considered. Finally, the capacity for
using energy stored in phosphocreatine, represented
by the CK activity, was directly related to static lung
volumes (with functional residual capacity (FRC),
r~0.569 for all individuals, pv0.05; r~0.615 for
COPD, p~0.05).

Discussion

The present results show that oxidative capacity
appeared to be preserved or even increased in DM of
COPD patients. In the same sense, CK activity was
found to be greater in subjects with higher lung
volumes. Finally, the increase observed in LD activity
suggests a simultaneous improved capacity to oxidise
lactate to pyruvate.

Peripheral muscle dysfunction is involved in exer-
cise limitation in COPD patients [1–3]. This functional
deterioration consists of the decrease in muscle
strength and resistance [3, 14], along with impaired
bioenergetics during exercise [15] and appears to be
associated to different structural changes, such as
reductions in fat-free mass, muscle cross-sectional
area [16, 17], capillarity [18], percentages of oxidative
fibres [18] and myosin heavy chain (MyHC) isoforms
[19] and a reduced activity of different oxidative
enzymes [4, 5]. Many of these changes would lead to a
lower muscle aerobic capacity and thus, a reduced
functional efficiency. In turn, glycolytic capacity
appears to remain, on the whole, preserved [4] in the
peripheral muscles of COPD, although some authors
have observed occasional decreases in the activity of
PFK [5].

A point that is not totally clear is whether these
changes are common and homogeneous for different
muscle groups. The results of this study support the
notion that the findings previously reported in the
quadriceps muscle would be present only in some
muscle groups, and could be different or even absent
in other locations. This would explain the relative
preservation of muscle function in the upper limbs
[2, 3] of COPD patients, as well as the functional
adaptation of their respiratory muscles to hyperinfla-
tion [20]. In addition, maintenance of some structural
properties, such as percentages of oxidative fibres and
MyHC isoforms have been previously observed in
biceps brachi [21], another muscle of the upper limb.

Another point of interest has to do with the causes
presumably involved in the changes observed in the
peripheral muscles of COPD patients. These causes
can be classified as either local or systemic. Decondi-
tioning due to reduction in daily activities [18] appears
to be the most important local factor. In addition,
local inflammation together with imbalance in the
redox system [22] have also been proposed. In turn,
systemic factors would include malnutrition [16],
treatment with systemic steroids [23], hypoxaemia
and/or hypercapnia [24], lung inflammation and
comorbidity. Many of these factors can coexist and
interact in different ways.

An interesting element is that most of the preceding
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studies have been performed in muscles of the lower
limbs, mainly the vastus lateralis [4, 15, 18, 25]. This
approach is probably logical as these muscles are
directly involved in the exercise capacity. However,
different local and systemic causes can be simulta-
neously present in this location, acting in different
qualitative and quantitative ways than in other muscle
territories. The study of other muscle groups, such as
respiratory muscles or those situated in the upper
limbs, can contribute in clarifying the relative role
played by some of these factors in each location. In
this regard, this study9s results suggest that local
factors, such as the level and type of activity of a
specific muscle group, play a key role in determining
its final structure and metabolic characteristics.

The DM, the muscle chosen for this study, is
located in the shoulder area and is a postural muscle
in healthy individuals. It is responsible for arm
elevation and abduction, as well as fixation of the
shoulder joint. As with many other muscles in the
upper limbs, DM does not directly participate in
activities such as walking or running. For this reason,
DM is not usually considered relevant in exercise
limitation. Interestingly, this muscle is involved in
activities such as the isometric contraction of the hand
[26], which can be easily tested in a clinical laboratory
(handgrip test).

As a whole, the present findings can be classified

into two groups. On one hand, those which can be
considered adaptive and are substantially different
from those previously reported in the quadriceps
muscle. The trend towards a greater CS activity
observed in the DMs of this study9s COPD patients
(significant for severe COPD) can be included in this
group, and can well be explained by both the
maintenance of an appropriate level of daily muscle
activity and/or the recruitment of the muscle under
increased respiratory loads. In this regard, the authors
have recently demonstrated that DM is progressively
recruited by severe COPD patients breathing against
incremental loads [27]. Similar results have been
observed in the DM from paraplegic patients who
use their upper limbs to increase their mobility [28].

In turn, although no changes were observed in the
CK activity of the COPD patients as a group, those
subjects with higher lung volumes showed greater
activity for this enzyme. Briefly, CK is the enzyme
involved in the use of energy stored as phosphocrea-
tine, and its increase would allow for sufficient
metabolic reserve to cope with increased energy
demands (i.e. during exercise or exacerbations).
Interestingly, the CK activity has been previously
observed to be increased in skeletal muscles after
endurance training [29].

The activity of PFK was preserved in the DM of
COPD. This finding is similar to that previously
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observed in the quadriceps muscle [4] and is probably
related to the weak influence of the level of activity in
the regulation of this enzyme.

Lastly, the increase in the activity of LD, an enzyme
acting in the anaerobic part of the glycolysis, could
reflect other mechanisms. The LD activity appears to
be modulated by the level of activity as well as by
chronic hypoxia. Endurance training and exercise
appear to result in a decrease in LD capacity, whereas
power training induces the opposite phenomenon [13].
As far as COPD is concerned, an increase in the
activity of this enzyme was observed in the quadriceps
muscle of patients with severe airways obstruction and
chronic hypoxia [5] but not in those with normal Pa,O2

[4]. One hypothesis for the changes observed in the
present study is that the LD induction would be
related to repeated deteriorations in pulmonary gas
exchange during exacerbations or exercise. Whatever
the cause may be, the increase in LD activity suggests
that the muscle would have an enhanced capacity to
oxidise lactate to pyruvate, which can then be used in
the tricarboxylic acid cycle. Alternatively, the increase
in LD capacity would allow the muscle to improve the
use of the anaerobic pathway when necessary.

Limitations of the study

A potential limitation of the present and former
studies is the relatively small number of enzymes
tested, and their "arbitrary" selection. However, this
is inherent to the design: the number of enzymes is
limited by the size of the samples, which in turn is
subject to ethical factors. The selection was carried
out on the basis of the role played by each enzyme in
the main pathways.

Another possible criticism is the inclusion of only
one skeletal muscle from each individual. In fact, a
control group was used rather than a control muscle
design. Reasons for this were ethical, as this was the
authors9 first study using an open muscle biopsy in
outpatients suffering from COPD. In a more recent
study, samples of both the vastus lateralis and DM
were obtained from another group of COPD patients.
Interestingly, structural changes appeared to be
specific for each one of these muscles: fibres were
smaller and type II were predominant in the vastus
lateralis, whereas no changes in mean cross-sectional
area and fibre relative percentages were observed in
DM. However, and interestingly, fibres from this
latter muscle evidenced a trimodal distribution, with
normal as well as "atrophic" (smaller fibres) and
"hypertrophic" (larger) subpopulations.

Finally, the use of handgrip to approximate the
overall function of the upper limb muscles can also be
criticized. The best option for specifically evaluating
the strength of DM is to use dynamometry during
isometric shoulder adduction. However, this tech-
nique has not been well standardized, shows bad
reproducibility when testing patients and no reference
values are currently accepted. The authors choose
handgrip dynamometry, the simplest and most
extended technique for assessing peripheral muscle

function in the clinical setting, which, in addition,
offers reference values.

In summary, the activity of the citrate synthase
enzyme, an expression of the oxidative pathways,
appears to be preserved and even increased in the del-
toid muscle of chronic obstructive pulmonary disease
patients. In the same way, subjects with higher lung
volumes exhibited higher creatinine kinase activity.
Finally, lactate dehydrogenase capacity was also
increased in chronic obstructive pulmonary disease
patients. These findings are different and can even be
considered to move in the opposite direction to those
previously observed in muscles from the lower limbs.
This suggests that although systemic effects can not be
excluded, local factors are essential in determining the
phenotype of each skeletal muscle in patients suffering
from chronic obstructive pulmonary disease.
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