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Abstract
Objective—Exercise is known to improve physical functioning and health status in Chronic
Obstructive Pulmonary Disease (COPD). Recently, disturbances in protein turnover and amino
acid kinetics have been observed after exercise in COPD. The objective was to investigate which
dairy protein is able to positively influence the protein metabolic response to exercise in COPD.

Materials and Methods—8 COPD patients and 8 healthy subjects performed a cycle test on
two days while ingesting casein or whey protein. Whole body protein breakdown (WbPB),
synthesis (WbPS), splanchnic amino acid extraction (SPE), and NetWbPS (=WbPS–WbPB) were
measured using stable isotope methodology during 20 minutes of exercise (at 50% peak work load
of COPD group). The controls performed a second exercise test at the same relative workload.
Exercise was followed by 1 hour of recovery.

Results—In the healthy group, WbPS, SPE, and NetPS were higher during casein than during
whey feeding (p<0.01). WbPS and NetPS were higher during exercise, independent of exercise
intensity (p<0.01). NetPS was higher during casein feeding in COPD due to lower WbPB
(p<0.05). Higher SPE was found during exercise during casein and whey feeding in COPD
(p<0.05). Lactate levels during exercise were higher in COPD (p<0.05) independent of the protein.
Post-exercise, lower NetPS values were found independent of protein type in both groups.
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Conclusion—Casein resulted in more protein anabolism than whey protein which was
maintained during and following exercise in COPD. Optimizing protein intake might be of
importance for muscle maintenance during daily physical activities in COPD.
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Introduction
Physical exercise is an important element in pulmonary rehabilitation of patients with
Chronic Obstructive Pulmonary Disease (COPD). Exercise training, often combined with
nutritional support, has been shown to increase muscle function and exercise capacity (1, 2).
We previously showed that differences exist in the acute response in protein metabolism to
exercise between patients with COPD and healthy elderly (3). Low intensity constant work
rate cycle exercise initiated a significant decrease in muscle and elevated plasma amino acid
levels in normal weight COPD, suggesting enhanced amino acid efflux from muscle. In
addition, we observed reduced protein turnover and urea synthesis rates up to 1 hour after a
short bout of low intensity exercise in patients with emphysema (4). This suggests that low
intensity exercise is able to produce profound disturbances in protein metabolism in COPD.
In order to optimize the metabolic response to exercise, insight in the effects of protein
feeding on protein metabolism during and following exercise is warranted in these patients.

Several studies in healthy subjects found that consumption of different intact proteins can
modulate the anabolic response to feeding at rest and during exercise. We observed that
muscle concentrations of several amino acids including the branched-chain amino acids
(BCAA) changed differently after casein and soy protein feeding in healthy controls (5).
Furthermore, leg amino acid uptake was different without acutely changing muscle protein
kinetics (5). Whey and casein protein, known of its high levels of BCAA, were able to
promote higher whole body nitrogen retention at rest (6, 7) and larger skeletal muscle
accretion after (resistance) exercise than soy protein in healthy subjects (8). BCAA are
known as essential substrates and regulators of synthesis of body proteins (9). Intake of a
single dose of whey protein after resistance exercise resulted in higher muscle protein
synthesis rates than casein protein in young men (8). Studies on the acute of chronic effects
of different proteins during or after exercise in COPD patients are scarce (10).

The anabolic differences found between casein, whey and soy protein in healthy subjects
may largely be related to how quickly the proteins are digested (i.e., fast vs. slow) instead of
the quality of the amino acid composition of the proteins. To eliminate the effect of a
difference in absorption rate, we previously performed studies in COPD in which proteins
were given in a “continuous” way by intake of frequent small meals. We observed that
casein was more anabolic than soy protein in COPD (11, 12). The anabolic response during
casein intake was even higher than during soy feeding to which BCAA were added to reach
similar levels as present in casein (12). This suggests that other factors besides the high
BCAA content are responsible for the high anabolic capacity of casein protein in patients
with COPD. Interestingly, casein feeding was able to induce a higher level of protein
anabolism in COPD than in control subjects (11), which was associated with a significantly
lower splanchnic extraction of amino acids in the COPD group. It is still unclear whether
casein proteinis also more favorable than whey protein in COPD suggesting a disease related
effect as whey protein is often considered as the more favorable protein for increasing
muscle protein synthesis in healthy elderly (8, 13, 14).
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In the present study, we examined whether casein is preferable over whey protein in
optimizing the response in protein metabolism during and following 20 min of constant
cycle exercise in patients with COPD. We chose to provide the proteins via sip feeding
instead of bolus feeding as this method is able to evaluate the effects of the quality of the
amino acid composition of casein and whey protein by eliminating their differences in
digestion rate. Although we realize that this pattern of sip feeding would more reflect an
enteral feeding model, it will give important insight in whether use of casein hydrolysates
might be an option to improve protein metabolism during physical activity in COPD in
future studies.

Methods
Study population

A group of 8 COPD patients with moderate airflow obstruction and 8 healthy age-matched
volunteers were studied. All subjects were men. All patients were in clinically stable
condition and had moderate COPD GOLD stage 2 + 3 (15). The patients were not suffering
from respiratory tract infection or exacerbation of their disease at least 4 weeks prior to the
study. Exclusion criteria were malignancy, cardiac failure, distal arteriopathy, recent
surgery, severe endocrine, hepatic or renal disorder, and use of oral corticosteroids 3 months
preceding the study. The maintenance treatment of the studied COPD patients consisted of
inhaled β2-agonists, inhaled anticholinergics, inhaled corticosteroids and/or oral
theophylline. Written informed consent was obtained from all subjects and the study was
approved by the medical ethics committee of the University Hospital Maastricht.

Study protocol
The protocol started in the early morning after an overnight fast for at least 8 hours. After
insertion of a catheter into an antecubital vein, the first blood sample was taken for baseline
measurements. A primed-constant continuous intravenous infusion of stable isotopes
(80mL/h) was started with the use of a calibrated pump (IVAC Corporation, San Diego, CA)
(L-[ring-2H5]-Phenylalanine: infusion rate= 0.053 μmol/kgFFM/min, priming dose= 2.19
μmol/kgBW; L-[ring-2H2]-Tyrosine: infusion rate= 0.018 μmol/kgFFM/min, priming dose=
0.95 μmol/kgBW). Primed infusion of L-[ring-2H4]-Tyrosine: priming dose= 0.31 μmol/
kgBW was given in addition through the same catheter. L-[1-13C]-Phenylalanine was given
orally with the protein meal in the prandial state every 20 min (prime: 0.88 μmol/kgBW;
infusion: 0.055 μmol/kgFFM* min). The tracers were purchased from Cambridge Isotopic
Laboratories (Woburn, MA, USA).

A second catheter was placed in a superficial dorsal vein of the hand of the contralateral
arm, using the heated box technique (16). After 1.5 h of stable isotope infusion, enteral
nutrition was started by sip feeding every 20 min. Three arterialized venous blood samples
were taken just before start of the exercise bout (at t=−20, −10 and 0) to assure an isotopic
steady state. At 220 min into infusion (t=0 for all groups) all subjects performed a
submaximal exercise test on an electronically braked cycle ergometer (Cornival 400, Lode,
Groningen, The Netherlands) for 20 minutes. Work rate for the COPD group was calculated
as 50% of their own peak workload, as obtained during an incremental cycle exercise test,
and the control group cycled at the average workload used in the COPD group. Pedaling
frequency was between 60 and 70 rpm and held constant throughout the test. An infrared
electrode was placed on a finger to measure oxygen saturation (Fasttrac, Sensor Medics Co.,
Anaheim, California). Heart rate was measured using a sport tester (PE3000, Polar Electro
company, Kempele, Finland). After a recovery period of one hour, the healthy controls
performed an additional cycle ergometer test at the same relative workload (50% of their
own peak workload), followed by 60 minutes of recovery. In this way the control group had
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to cycle at two different workloads: one at the same mean absolute workload as the COPD
group and the second at the same relative workload. The same relative exercise intensity was
chosen as it is places a comparable metabolic strain on COPD patients and control subjects.
The same absolute work rate was done because in real-life situations, subjects perform
absolute work. Arterialized-venous blood was sampled at 10, 15, 20, 40, 60, and 80 minutes
to measure kinetics during and after the exercise bout. In addition, blood was sampled at 85,
90, 95, 100, 120, 140 and 160 min in the healthy control group to measure kinetics during
and after the second exercise bout (see Figure 1).

Body weight was measured using an electronic beam scale with digital readout to the nearest
0.1 kg (model 708; Seca) with the subjects standing barefoot and wearing light indoor
clothing. Body height was measured to the nearest 0.1 cm (model 220, Seca). Body
composition was measured using Bioelectrical Impedance Spectroscopy (BIS Xitron 4000B,
Xitron Technologies, San Diego, USA) in order to express protein metabolism data per kg
of fat-free mass (FFM). FFM was calculated using the regression equation described by Dey
et al. (17). Between-group comparisons were done by adjusting body weight and FFM for
differences in body height. For this purpose, these parameters were divided by squared
height (kg/m2), as suggested by VanItallie (18) to obtain BMI and FFMI. Physical activity
level was assessed by the Physical Activity Scale for the Elderly (PASE). This scale
measures the level of physical activity in elderly individuals. PASE comprises measures of
self-reported occupational, household, and leisure activities during a one week period (19).

Enteral protein meals
To avoid metabolic changes due to recent modifications of the diet, the subjects were
instructed to eat their usual diet during at least 3 days preceding the study. The casein test
meal on the experimental day contained 29.5 g sodium caseinate (4.0 g N, DMV
International Veghel, The Netherlands) and 68.5g of maltodextrin (Glucodry 210, Amylum
Europe, Aalst, The Netherlands), dissolved in ultrapure water to 1000 ml fluid at 60°C. The
whey test meal on the experimental day contained 29.5 g whey protein isolate: 4.0 g N,
DMV Campina The Netherlands) and 68.5 g of maltodextrin (Glucodry 210, Amylum
Europe, Aalst, The Netherlands), dissolved in ultrapure water to 1000 ml fluid at 60°C. The
nitrogen content was identical in both meals (4g). Furthermore, NaCl, KCl, CaCl2.H2O and
NaH2OO4.H2O were added to obtain equal amounts of sodium, potassium, calcium and
phosphor in both test meals if necessary. Both the casein and whey protein intakes consisted
of a fluid ingestion of 0.67 mL/kg BW which contained 18 mg protein/kg BW and 46 mg
maltodextrin/kg BW per 20 min. In total, about 553 ml enteral nutrition and 13.5 g protein
(based on 10 ingestions and a 75 kg subject) was supplied to the COPD patients during the 5
h study, and 704 ml enteral nutrition and 18.9 g protein (based on 14 ingestions and a 75 kg
subject) during the 6h 20 min study in the control subjects. When extrapolating to 24h, this
would correspond to 0.9 g protein/kg bw * day which is equal to the previously reported
habitual protein intake in COPD (11). All meals were prepared at least 1 hour before the
start of the experiment and kept at 4°C until use. For amino acid composition of the meals,
see Table 1.

Sample processing
Analysis of arterialized venous blood—Promptly after sampling, blood was
distributed in pre-chilled, heparinized tubes (Becton Dickinson Vacutainer system, Franklin
Lakes, New Jersey, USA) and kept on ice to minimize enzymatic reactions. All analyses
were performed in plasma, obtained by centrifugation of whole blood at 4°C for 10 min at
3120 g. Plasma was deproteinized by mixing it with 20 mg dry sulfosalicylic acid, or with
90 μl of a 500 g/L trichloroacetic acid solution. All samples were stored at −80°C until
further analysis.
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Biochemical analysis—The enrichments (tracer-to-tracee ratios (TTR)) of the amino
acids PHE and TYR in arterialized-venous plasma were analyzed by liquid chromatography
mass spectrometry system (Thermoquest LCQ, Veenendaal, The Netherlands) (20). Plasma
concentrations of amino acids were determined with the use of a fully automated High
Performance Liquid Chromatography (HPLC, Pharmacia, Woerden, The Netherlands (21).
Plasma glucose, lactate, urea and ammonia were analyzed spectrophotometrically on a
COBAS Mira S (Roche Diagnostica, Hoffman-La Roche, Basel, Switserland) by standard
enzymatic methods (22). Plasma insulin concentration was analysed with a commercially
available electrochemiluminescence immunoassay (Hitachi Modular Analyzer; Roche,
Mannheim, Germany).

Intra- and inter individual coefficients of variance (CV%) for isotope ratio measurements
with the used LC-MS system were between 2 and 5% (21). For the measurements of the
plasma amino acids, we reported CV% between 2 and 7% (23). For urea, glucose and lactate
with approved, standardized methods, reported analytical CV% of 1.6% and 2.4%,
respectively (24). For plasma ammonia, we used the technique of Rodger (25) with reported
CV% of 5% and 8%, resp. The biological variation that we observed was larger than the
reported CV% of the measured substances in plasma.

Calculations: All the metabolic data were determined under steady-state conditions. The
sum of BCAA represents the sum of VAL, LEU and ILE. Tracer-tracee ratio of PHE and
TYR reached an isotopic steady state within 1.5 hours of infusion in the post absorptive state
and within 2 hours of feeding (data not shown) in both groups.

(1) Whole body protein synthesis was calculated by subtracting hydroxylation of
PHE to TYR from whole body rate of disappearance (=whole body Ra under
steady-state) of PHE (=infusion rate/TTR-PHE5 in plasma) (26).

Splanchnic extraction (SPEPHE) represents the fraction (in %) of ingested phenylalanine,
taken up by the gut and liver during its first pass and metabolized via oxidation or protein
synthesis, calculated as (27):

(2)

Ra2H5-PHE and Ra13C-PHE represents whole body rate of appearances of phenylalanine
calculated from I.V. 2H5-PHE en I.G. 13C-PHE isotopes, respectively.

Whole body rate of appearance of phenylalanine, not coming from PHE in protein given by
the diet (endogenous phenylalanine (RaPHE endo)), is calculated by subtracting the
corrected PHE intake from whole body phenylalanine rate of appearance, as represented in
formulas (3) and (4).

(3)

(4)

(5)
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(6)

During exercise and postexercise, whole body Ra PHEendo, the rate of disappearance of
PHE (RdPHE) were calculated using the one-pool model non-steady state equations of Steele
(28), modified for use with stable isotopes.

(7)

(8)

(9) P: correction factor of the pool size for instant mixing (p=0.25 for PHE (plasma
pool). Vd is the volume of distribution (total body water pool = 0.5 l/
kgbody weight). (TTR2−TTR1)/(t2−t1) and (C2−C1)/(t2−t1) is the change in tracer
to tracee ratio, and the change in plasma concentration of the tracee,
respectively, between two time points.

WbPB and (net) WbPS were expressed in nmol kg FFM−1 min−1

Statistical analysis: Results are expressed as mean±standard error (SE). The mean value of
the measures of protein kinetics and the concentrations of amino acids at the time points
−20,−10, and 0 min was used as the fed state (at t=0). If data failed the normality or equal
variance test, they were log-transformed where appropriate. The unpaired Student’s t test
was used to determine differences in general characteristics between the COPD and control
group. Subsequently, a repeated measures (mixed model) analysis of variance (ANOVA)
was performed with a time effect for the two different phases during the experiment
(exercise (t=0–20 min) and recovery (t=20–80 min)) for the COPD group and four different
phases in the control group (exercise low intensity (t=0–20 min), recovery 1 (t=20–80 min),
exercise high intensity (t=80–100 min) and recovery 2 (t=100–160 min). The level of
significance was set at p<0.05, and P values are given for the time effect, protein effect, and
the time × protein interaction.

Results
Age, height, body weight and BMI did not differ significantly between the COPD and
control group and no recent involuntary weight loss was present in any of the subjects
(Table 2). FFMI was significantly lower in the COPD group (p<0.05). The COPD patients
were characterized by moderate airflow obstruction and mildly reduced diffusing capacity
for CO. Furthermore reduced levels were found in the COPD group for FVC, and increased
levels for ITGV and RV (p<0.05). In the control group, all lung function values were within
the normal range. Physical activity level was significantly lower in the COPD than in the
control group (118±18 vs. 148±17, p<0.01) as assessed by PASE questionnaire.

Work rate of the COPD group was set at 50% of the peak work load (Wpeak: 108±12 Watt).
The mean absolute work rate of the COPD group (54 Watt) was used as the workload for the
first exercise bout of the control group and corresponded to 25% of its own peak workload
of the control group (Wpeak: 212±22 Watt). After 1 hour of recovery, the control subjects
performed a second exercise bout at a workload corresponding to 50% of their own peak
workload. Heart rate was significantly higher during exercise in both groups (p<0.01),
independent of the type of protein ingested (data not shown). Heart rate was higher in the
COPD than in the control group during the first exercise bout (p<0.05) and comparable to
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that during the second exercise bout. Transcutaneous O2 saturation was not significantly
different during exercise and between both proteins (data not shown).

Protein turnover and splanchnic extraction
Prandial pre-exercise state—The COPD group had significantly higher values for
WbPS and WbPB (p<0.001) and lower values for SPE (p<0.01) than the control group
during both casein and whey feeding (Figure 2–5). NetPS was higher in the COPD than in
the control during casein (p<0.01) but not during whey feeding. Furthermore, NetPS was
higher during casein than whey feeding in the COPD (p<0.01) and the control group
(p<0.05) but no significant differences were found in WbPB or WbPS.

Exercise and recovery
Control subjects: In the healthy control group, WbPS (Figure 2) was significantly higher
during casein feeding throughout the study (p<0.05) and independent of the exercise
intensity and recovery phase. There was a protein effect for WbPB (Figure 3) in recovery
from high intensity exercise (p<0.05) indicating that higher values were obtained during
casein feeding. No significant protein by time interactions were observed for WbPS or
WbPB. Higher values for NetPS (p<0.05, Figure 4) during casein feeding were also present
in the healthy control group during and after high intensity exercise. Although no significant
time effect was observed, the average NetPS values were lower at the end of the recovery
period (60 min after exercise) as compared to pre-exercise levels during intake of both
protein meals (casein:−48%, whey: −95%). Due to the fact that pre-exercise levels were
lower during whey as compared to casein feeding, NetPS during whey feeding was not
different from zero during recovery from high intensity exercise. Higher levels for SPE
(Figure 5a) were found during casein feeding only during high intensity exercise (p<0.05)
and recovery from high intensity exercise (p<0.001).

COPD: WbPS during exercise and recovery was not different between casein and whey
protein feeding, and there was a tendency towards a time effect (p=0.07) (Figure 2b). A
protein effect (P<0.05) and a tendency towards a time effect (P=0.06) was present in WbPB
during exercise (Figure 3b) but not in recovery, indicating that exercise increased WbPB in
the COPD group, and higher values were present during whey feeding during exercise.

There was a protein (p<0.001) but no time effect in NetPS (Figure 4b) in the COPD group
during exercise and recovery. Although no significant time effect was observed in the
COPD group, the average NetPS values were lower at the end of the recovery period (60
min after exercise) as compared to pre-exercise levels during intake of both protein meals
(casein: −22%, whey:−46%).

There was a protein (p<0.001) and time (p<0.001) effect for SPE in the COPD group
(Figure 5b) during exercise but not in recovery indicating that exercise increased SPE and
higher values in SPE were found during casein than during whey feeding.

Plasma amino acids and metabolites
There was a protein effect for plasma sum BCAA (Figure 6b), LEU and PHE (data not
shown), indicating higher values for PHE and lower values for sum BCAA and LEU after
casein feeding. Furthermore, there was a time effect for plasma sum BCAA and LEU
(p<0.05), indicating that reduced values were found during exercise which normalized in
recovery in the COPD group. In the control group, there was no protein and time effect for
PHE and Sum BCAA (Figure 6a).
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There was a time but no protein effect for lactate (Figure 7) during exercise and recovery in
the COPD group (p<0.001) and during recovery from high intensity exercise in the control
group indicating that higher lactate levels independent of the protein ingested. However
lactate during exercise was significantly higher in the COPD group than obtained during the
low and high intensity exercise in the control group (p<0.05). There was no protein and time
effect for NH3 (Figure 8) in the COPD group. There was no protein effect for NH3 in the
control group but a time effect during high intensity exercise and recovery from high
intensity exercise (p<0.05), indicating that higher NH3 levels during high intensity exercise
and recovery.

Discussion
The present study shows that net whole body protein anabolism was higher during casein
than during whey protein feeding in both the COPD and control group which remained
during and following exercise. The proteins were provided via sip feeding to evaluate the
effects of the quality of the amino acid composition between casein and whey protein. The
study indicates that the amino acid composition of casein is preferable over whey protein in
inducing and maintaining protein anabolism during and following exercise in COPD.

The COPD patients had higher pre-exercise levels for protein turnover during both casein
and whey protein feeding than the healthy elderly subjects. Enhanced protein turnover in
COPD is an energy consuming process as it is associated with higher levels for resting
energy expenditure (29). This enhanced energy expenditure can be diminished by regular
physical activity as it is able to counteract the increased protein turnover in COPD (30). The
enhanced anabolic response to casein intake in COPD is in line with our previous study also
showing higher levels after intake of soy and a soy meal enriched with BCAAs (12) in
COPD than in healthy subjects. The increase in net protein synthesis after whey intake was
lower than after casein (despite a similar protein and nitrogen load) in the COPD and healthy
groups. This difference in anabolism might be related to differences in BCAA distribution as
LEU level is higher in whey than in casein protein, whereas the concentrations of ILE and
VAL are lower.

Previously, we observed an increase in whole body protein breakdown during a comparable
exercise study but without feeding in COPD and healthy subjects (3). Furthermore, amino
acid levels were reduced in muscle and elevated in plasma after exercise in the COPD group
(3), suggesting an increased amino acid efflux from muscle. To avoid exercise induced
catabolism, insight in the effects of protein feeding during exercise in COPD is therefore
warranted. In the present study, an exercise-induced increase in whole body protein
breakdown was observed in COPD during both casein and whey protein feeding. Evidence
exists that besides muscle, the gut is a site of protein catabolism and acts as a source of the
increased rate of appearance during exercise (31, 32) via releasing α-amino nitrogen as a
result of increased gut protein degradation (31). BCAAs are released from splanchnic tissues
at an elevated rate during exercise (32) and serve as energy source for the contracting
skeletal muscle. Furthermore, breakdown of labile gut protein will provide essential amino
acids that may also be used for the attenuation of muscle protein catabolism at a later stage.
In this way the gut sacrifices itself so that skeletal muscle protein may be spared (33). The
increased gut proteolysis during exercise is likely related to the change in the distribution of
the blood flow from the splanchnic bed to skeletal muscle and decreased splanchnic
perfusion (34). Nicotine use and certain medications are factors known to reduce splanchnic
blood flow (35, 36). It is unlikely that the presence of hypercapnia or hypoxia during
exercise in COPD will significantly alter splanchnic blood flow or indices of perfusion (37,
38). The increased SPE confirms the important role of the gut during exercise and suggests
that the exercise induced proteolysis in the gut may be diminished by supplementing the
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most optimal amino acid composition to the gut. In line, we observed that the type of protein
actually mattered as SPE was higher during casein than during whey feeding in the COPD
group during exercise, suggesting that casein protein stimulates gut anabolism more than
whey protein. It could well be that the amino acid requirements of the gut during exercise
are better matched by casein than by whey protein in COPD.

Whey as well as casein protein did not modify the previously observed exercise induced
response in protein synthesis in COPD (4). The elevated protein synthesis during casein
feeding in the control group could be explained by the elevated free intracellular amino acid
pool of amino acids coming from protein intake, protein breakdown in the gut (31), and
possibly from skeletal muscle proteolysis immediately after exercise (39, 40). The
importance of the transfer of amino acids from gut to muscle and vice versa remains unclear.
Immediately after exercise, the gut will restore its prior exercise-induced losses by using a
portion of the protein meal for its own anabolism before releasing whatever is left to the
peripheral tissues. If the high SPE of casein indicates that this protein is a more anabolic
protein for the gut (11) and thus can restore gut protein pools quicker after exercise, it is
likely that more essential amino acids will become available for muscle anabolism early in
recovery.

The average NetPS values were lower at the end of the recovery period as compared to pre-
exercise levels during intake of both protein meals. As pre-exercise levels were already
lower during whey feeding, NetPS levels during recovery from high intensity exercise did
not reach positive values during whey feeding anymore in the control group, reflecting
absence of protein anabolism, and less protein anabolism in the COPD group at 60 minutes
postexercise. These data suggest that casein is able to better maintain protein anabolism than
whey protein after exercise.

Recently it has been shown that more of the ingested protein-derived amino acids were
incorporated in newly synthesized muscle protein when exercise was performed before food
intake (14). Another study showed that consumption of a protein drink after aerobic exercise
(at 50% VO2max) increased whole body protein turnover in older adults during the third and
fourth hour of postexercise recovery (41). The several fold increase in the uptake of LEU
across muscle during exercise remained elevated hours after exercise, which likely is due to
an accelerated amino acid transport into cells and increase blood flow which increases
substrate availability of free amino acids for protein synthesis (42, 43). Unraveling the
optimal combination of exercise, type of protein feeding, and timing of feeding in relation to
exercise is therefore important when trying to achievemaximal protein anabolism in COPD.

In the present study, higher lactate levels were found during exercise in COPD, indicating
early lactic acidosis (44). This and the recently observed enhanced glucose turnover (45),
indicates an increased exercise induced metabolic stress in COPD. Epiphenomena of COPD
such as reduced skeletal muscle oxidative capacity, relative hypoxemia, and sympathetic
activation may contribute to this observation (46). The lactate levels during exercise were
comparable during casein and whey feeding, suggesting no difference in aerobic power.
Also NH3, which accumulates when there is excessive anaerobic and reduced oxidative
energy production during exercise, was not different between both proteins. Acute
differences in physical capacity after casein and whey intake are therefore not expected.
Interestingly, a recent study showed that supplementation of pressured whey but not casein
protein, in combination with 8 weeks of exercise training was able to increase endurance
tolerance in COPD but did not improve quadriceps strength and muscle mass or the
occurrence of quadriceps contractile fatigue (10). However, highly enriched pressured whey
(47) was compared to regular casein protein on a per gram basis (10), but not given
isonitrogenously as in our study, and significantly more men were studied during whey than
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casein feeding. The increased tolerance after pressured whey feeding was attributed to
reduced central but not contractile fatigue.

Conclusions
Physical activity plays an important role in daily life and during pulmonary rehabilitation in
patients with COPD. This study in a relatively small number of COPD patients shows that
casein protein is able to enhance protein anabolism at rest and maintain it during and
following exercise in COPD. This suggests that optimization of dietary habits during a
physical active lifestyle in COPD might have an important impact on muscle maintenance in
daily life of these patients. In the present study, the casein and whey protein supplements
were provided as small sip feeds to adjust for a digestion difference between the proteins.
Although we realize that this pattern of protein feeding represents more an enteral feeding
model instead of a daily life bolus meal, it shows that use of protein hydrolysates might be
an option to improve protein anabolism in COPD. Future studies are needed in a larger
group of COPD patients to examine whether chronic bolus supplementation of casein
hydrolysates in combination with exercise training will increase muscle mass, induce
functional changes and enhance physical capacity in COPD.
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Figure 1.
Overview of study design for the healthy controls and the COPD group. The COPD group
(lower panel) performed one exercise bout during 20 minutes at 50% of their own peak
workload, followed by 60 min recovery. To get the same absolute workload for the control
group, the control group (upper panel) cycled at a work rate corresponding to the average of
the workload used in the COPD group (exercise bout 1). After a recovery period of one
hour, the healthy controls performed an additional cycle ergometer test during 20 minutes at
the same relative workload as the COPD subjects (50% of their own peak workload,
exercise bout 2) followed by 60 minutes of recovery.

Engelen et al. Page 14

Metabolism. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Changes in whole body protein synthesis of the healthy control group (upper panel, n=8)
during 20 minutes of low and high intensity exercise both followed by 1 hour of recovery,
and the COPD group (lower panel, n=8) during 20 minutes of exercise and 1 hour of
recovery, during intake of a casein protein meal (circles) vs. a whey protein meal (squares)
provided every 20 min until the end of the test day. Mean values ± 1 SE are shown.
Repeated measures mixed model ANOVA: there was a significant protein effect during
exercise and recovery in the healthy control group (p<0.05), independent of the work
intensity, but not in the COPD group. There was no significant time effect and no significant
protein by time interaction during exercise and recovery in the COPD and control group.
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Figure 3.
Changes in whole body protein breakdown of the healthy control group (upper panel, n=8)
during 20 minutes of low and high intensity exercise both followed by 1 hour of recovery,
and the COPD group (lower panel, n=8) during 20 minutes of exercise and 1 hour of
recovery, during intake of a casein protein meal (circles) vs. a whey protein meal (squares)
provided every 20 min until the end of the test day. Mean values ± 1 SE are shown.
Repeated measures mixed model ANOVA: there was a significant protein effect during
exercise (p<0.05) in the COPD group and a tendency towards a significant time effect
during exercise (P=0.06). In the control group, there was a protein effect during recovery
from heavy exercise (P<0.05) and a tendency towards a protein effect during heavy exercise
(p=0.09). There was no time effect in the healthy control group. There was no significant
protein by time interaction during exercise and recovery in the COPD and control group.
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Figure 4.
Changes in Net whole body protein synthesis of the healthy control group (upper panel, n=8)
during 20 minutes of low and high intensity exercise both followed by 1 hour of recovery,
and the COPD group (lower panel, n=8) during 20 minutes of exercise and 1 hour of
recovery, during intake of a casein protein meal (circles) vs. a whey protein meal (squares)
provided every 20 min until the end of the test day. Mean values ± 1 SE are shown.
Repeated measures mixed model ANOVA: there was a significant protein effect during
exercise and recovery in the COPD and control group (p<0.01). There was a significant time
effect during both exercise and recovery in the COPD group (p<0.001) but during heavy
exercise and recovery in the control group (p<0.05). There was no significant protein by
time interaction during exercise and recovery in the COPD and control group. The absolute
response in Net PS during intake of the whey protein meal was different from 0 (NetPS=0)
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during exercise and recovery in the COPD group (P<0.05) and during the whole study
period in the healthy control group (P<0.01) with the exception of recovery from heavy
exercise.
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Figure 5.
Changes in splanchnic extraction of the healthy control group (upper panel, n=8) during 20
minutes of low and high intensity exercise both followed by 1 hour of recovery, and the
COPD group (lower panel, n=8) during 20 minutes of exercise and 1 hour of recovery,
during intake of a casein protein meal (circles) vs. a whey protein meal (squares) provided
every 20 min until the end of the test day. Mean values ± 1 SE are shown. Repeated
measures mixed model ANOVA: there was a significant protein effect during exercise in the
COPD group (p<0.001) and during high intensity exercise and recovery (p<0.05) in the
healthy control group. Furthermore, there was a significant time effect (p<0.001) during
exercise but not in recovery in the COPD group. There was no significant time effect in the
control group and no significant protein by time interaction in the COPD and control group.
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Figure 6.
Changes in BCAA concentration of the healthy control group (upper panel, n=8) during 20
minutes of low and high intensity exercise both followed by 1 hour of recovery, and the
COPD group (lower panel, n=8) during 20 minutes of exercise and 1 hour of recovery,
during intake of a casein protein meal (circles) vs. a whey protein meal (squares) provided
every 20 min until the end of the test day. Mean values ± 1 SE are shown. Repeated
measures mixed model ANOVA: there was a significant protein effect during exercise in the
COPD group (p<0.05). Furthermore, there was a significant time effect (p<0.05) during
exercise and recovery in the COPD group. There was no significant protein or time effect
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during exercise and recovery in the control group, and there was no significant protein by
time interaction in the COPD and control group.
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Figure 7.
Changes in lactate concentration of the healthy control group (upper panel, n=8) during 20
minutes of low and high intensity exercise both followed by 1 hour of recovery, and the
COPD group (lower panel, n=8) during 20 minutes of exercise and 1 hour of recovery,
during intake of a casein protein meal (circles) vs. a whey protein meal (squares) provided
every 20 min until the end of the test day. Mean values ± 1 SE are shown. Repeated
measures mixed model ANOVA: there was a significant time effect during exercise and
recovery in the COPD group (p<0.001) and during recovery from high intensity exercise in
the control group (p<0.05). There was no significant protein or protein by time interaction in
the COPD and control group.
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Figure 8.
Changes in NH3 concentration of the healthy control group (upper panel, n=8) during 20
minutes of low and high intensity exercise both followed by 1 hour of recovery, and the
COPD group (lower panel, n=8) during 20 minutes of exercise and 1 hour of recovery,
during intake of a casein protein meal (circles) vs. a whey protein meal (squares) provided
every 20 min until the end of the test day. Mean values ± 1 SE are shown. Simple factorial
ANOVA: there was a significant time effect during exercise and recovery during high
intensity exercise in the control group (p<0.05). There was no significant protein or protein
by time interaction in the COPD and control group.
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Table 1

Amino acid composition of the casein (Na-Caseinate) and whey protein (WPI) meal

Casein protein Whey protein

g/100 g protein

ASP 2.91 5.76

ASN 4.07 3.50

GLU 12.43 8.87

GLN 10.46 4.78

SER 6.88 3.24

GLY 1.82 1.53

THR 4.43 4.09

HIS 2.92 1.72

ALA 3.16 4.39

ARG 3.73 1.99

TYR 5.98 3.27

VAL 6.96 4.18

MET 2.98 1.89

ILE 6.06 5.17

PHE 5.24 3.08

TRP 1.21 2.25

LEU 9.33 11.11

LYS 7.98 9.15

CYS 0.27 3.31

PRO 11.23 3.13

Sum BCAA 22.36 20.46

Sum EAA 38.96 37.85

ASP: aspartate, ASN: asparagine, GLU: glutamate, GLN: glutamine, SER: serine, GLY: glycine, THR: threonine, HIS: histidine, ALA: alanine,
ARG: arginine, TYR: tyrosine, VAL: valine, MET: methionine, ILE: isoleucine, PHE: phenylalanine, TRP: tryptophan, LEU: leucine, LYS: lysine,
CYS: cysteine, PRO: proline. Sum BCAA: sum of LEU, VAL, and ILE. Sum EAA: sum of all essential amino acids.
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Table 2

General characteristics of the COPD and control group

Control (n=8) COPD (n=8) P values

Age y 63.1 ± 2.8 68.1 ± 2.2 0.186

Height m 1.74 ± 0.02 1.74 ± 0.03 0.812

Weight kg 77.5 ± 3.4 81.8 ± 3.3 0.376

BMI kg/m2 25.4 ± 0.8 27.2 ± 0.7 0.141

FFMI kg/m2 19.1 ± 0.5 17.1 ± 0.3 0.011

FEV1 % pred 110 ± 4 50 ± 4 0.000

Dlco % pred 104 ± 6 78 ± 6 0.010

FVC % pred 116 ± 4 93 ± 8 0.026

ITGV % pred 111 ± 7 146 ± 11 0.018

TLC % pred 106 ± 5 115 ± 6 0.281

RV % pred 98 ± 5 145 ± 19 0.047

Values are means ± SEM, n = 8/group. COPD: Chronic Obstructive Pulmonary Disease, BMI: body mass index, FFMI: Fat-free mass index,
FEV1: forced expiratory volume in one second, Dlco: diffusing capacity for carbon monoxide, FVC: forced vital capacity; ITGV: intrathoracic gas

volume; TLC: total lung capacity. There were no significant differences between the groups.
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