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Abstract
Background & Aims—Muscle wasting commonly occurs in COPD, negatively affecting
outcome. The aim was to examine the net whole-body protein synthesis response to two milk
protein meals with comparable absorption rates (hydrolyzed casein (hCAS) vs. hydrolyzed whey
(hWHEY)) and the effects of co-ingesting leucine.

Methods—Twelve COPD patients (GOLD stage II-IV) with nutritional depletion, were studied
following intake of a 15g hCAS or hWHEY protein meal with or without leucine-co-ingestion,
according to a double-blind randomized cross-over design. The isotopic tracers L-[ring-2H5]-
Phenylalanine, L-[ring-2H2]-Tyrosine, L-[2H3]-3-Methylhistidine (given via continuous
intravenous infusion), and L-[15N]-Phenylalanine (added to the protein meals) were used to
measure endogenous whole-body protein breakdown (WbPB), whole-body protein synthesis
(WbPS), net protein synthesis (NetPS), splanchnic extraction and myofibrillar protein breakdown
(MPB). Analyses were done in arterialized-venous plasma by LC/MS/MS.

Results—WbPS was greater after intake of the hCAS protein meal (P<0.05) whereas the
hWHEY protein meal reduced WbPB more (P<0.01). NetPS was stimulated comparably, with a
protein conversion rate greater than 70%. Addition of leucine did not modify the insulin, WbPB,
WbPS or MPB response.

Conclusions—Hydrolyzed casein and whey protein meals comparably and efficiently stimulate
whole-body protein anabolism in COPD patients with nutritional depletion without an additional
effect of leucine co-ingestion.
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Introduction
Chronic Obstructive Pulmonary Disease (COPD) is considered a systemic disease in which
muscle wasting, as independent co-morbidity, negatively affects mortality (1). The exact
mechanisms underlying muscle wasting in COPD are complex and multifactorial. We have
observed disturbances in protein turnover and intermediary amino acid metabolism on
whole-body and skeletal muscle level (2-5). This suggests that dietary proteins, through
enhancing protein anabolism, could help preserve and increase muscle mass in COPD
patients. In particular the milk proteins casein and whey are of interest as both are high-
quality proteins (6) because of their high essential amino acid (EAA) content. Previous
studies indicate that primarily the EAA stimulate muscle protein synthesis and improve
anabolism in healthy older adults (7, 8), with a specific role for the amino acid leucine (9).

Although casein and whey are both high-quality proteins, studies comparing their anabolic
capacity in healthy individuals show variable results. In young men, several studies report a
better whole-body leucine balance after casein protein intake, despite the higher leucine
content of whey protein (10, 11). In elderly, researchers find a greater stimulation of protein
anabolism in response to whey protein intake (12, 13). A complicating factor in several
recent studies that examine the muscle anabolic response to milk proteins is the lack of
information on muscle protein breakdown. With only information on muscle protein
synthesis, the calculation of net muscle protein gain is not possible (14). In the present study
we chose a protocol that is able to measure net whole-body protein synthesis, can delineate
the underlying mechanisms (i.e. synthesis increase or breakdown decrease) and allowed us
to have the same patient come back four times.

Several factors can influence the anabolic capacity of a protein meal besides the EAA or
leucine content, including the relative proportion of the individual branched-chain amino
acids (BCAA), the mode of administration (sip versus bolus meal) (10), and the presence of
carbohydrates (15) that affects insulin kinetics (16). To exclusively compare protein meals
for differences in amino acid profile, it is of key importance to use comparable amounts of
protein and carbohydrates and to correct for differences in digestion and absorption pattern.

The purpose of the present study was to compare the anabolic properties of a hydrolyzed
casein and whey protein bolus meal with and without co-ingestion of leucine in COPD
patients characterized by nutritional depletion. A bolus meal was chosen as it is a more
physiological approach compared to continuous feeding and thereby the preferred
therapeutic modality to provide supplemental proteins in COPD. All meals contained a
similar amount of proteins and carbohydrates. Hydrolyzed proteins were used to eliminate
possible differences in digestion and absorption rates. Furthermore, we added leucine to the
protein meals to 40% of its EAA content to examine whether leucine addition would further
enhance the anabolic capacity of the meals.

Subjects and Methods
Subjects

The study population consisted of 12 patients (7 male, 5 female) ranging from 43 to 77 yrs.,
with moderate to severe airflow obstruction. Eligible patients were recruited from March
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2010 to June 2011 from Little Rock, AR and surrounding areas and had COPD stage II-IV
according to the established Gold Initiative for Chronic Obstructive Lung Disease (GOLD)
guidelines (17). All patients were in clinically stable condition and not suffering from a
respiratory tract infection or exacerbation of their disease at least 4 weeks prior to the study.
Exclusion criteria were malignancy, cardiac failure, recent surgery and severe endocrine,
hepatic or renal disorders. Also, patients who were using systemic corticosteroids within 1
month prior to the study were excluded. The number of present smokers was 5. For non-
smokers the average time since smoking cessation was 10.4 ± 2.7 yrs. The maintenance
treatment of all but one patient consisted of inhaled β2-agonists, inhaled anti-cholinergics,
inhaled corticosteroids, or a combination and one-third was on long-term oxygen therapy.
We selected patients that were nutritionally depleted based on the following criteria: body
mass index (BMI) ≤ 24 kg/m2 (18) and/or muscle wasting (fat-free mass index (FFMI) ≤ 16
kg/m2 (male) and ≤ 15 kg/m2 (female)) (1) and/or recent involuntarily weight loss (5% in
three months or 10% in six months). Written informed consent was obtained from all
patients and the study was approved by the Institutional Review Board of the University of
Arkansas for Medical Sciences.

Pulmonary function tests
All COPD patients underwent spirometry for determination of FEV1, as a marker of disease
severity, with the highest value from ≥ 3 technically acceptable maneuvers being used. All
values obtained were related to a predicted value (19) and expressed as percentages of the
predicted value. In addition, the most recent pulmonary function test results of each patient
were obtained (when available) from the treating physician.

Study protocol (Figure 1)
On four experimental test days within a timeframe of 2 weeks, patients were studied at the
outpatient clinical research center of the University of Arkansas for Medical Sciences. The
protocol started in the early morning, after an overnight fast from 10:00 pm onwards. All
subjects were in supine position for 5.5 hours. Body weight and vital signs were measured at
the start. After insertion of a catheter into an anticubital vein, the first blood sample was
taken for baseline measurement. A primed-constant continuous infusion of stable isotopes
(70 mL/h) was started with the use of a calibrated pump (CareFusion Corporation, San
Diego, CA). The stable isotopes L-[ring-2H5]-Phenylalanine and L-[ring-2H2]-Tyrosine
were used to determine net whole-body protein synthesis as the primary outcome measure.
L-[2H3]-3-Methylhistidine was infused to measure whole-body myofibrillar protein
breakdown. The following priming doses and infusion rates were used: L-[ring-2H5]-
Phenylalanine: prime = 3.6 μmol/kg body weight (BW), infusion = 3.6 μmol/kg BW/h), L-
[ring-2H2]-Tyrosine: prime = 1.14 μmol/kg BW, infusion = 1.14 μmol/kg BW/h). Moreover,
a bolus dose of L-[ring-2H4]-tyrosine was given to prime the phenylalanine-derived plasma
tyrosine pool (prime = 0.31 μmol/kg BW). L-[15N]-Phenylalanine was given orally (135.7
mg) together with each protein meal to measure splanchnic extraction. The stable isotopes
were purchased from Cambridge Isotopic Laboratories (Woburn, MA, USA). A second
catheter for arterialized venous blood sampling was placed in a superficial dorsal vein of the
hand or lower arm of the contralateral arm. The hand was placed in a thermostatically
controlled heated box, a technique to mimic direct arterial sampling (20). Triple arterialized-
venous blood samples were taken between 70 and 90 min after the start of infusion.
Arterialized-venous blood was sampled throughout the study for analysis of the enrichment
and concentration of amino acids and of insulin. Total blood drawn on each test day was
approx. 70 mL.
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Anthropometric data and body composition
Body weight was measured by a digital beam scale and height by a stadiometer. BMI was
calculated by dividing body weight by squared height. Fat-free mass (FFM) was obtained by
Dual-Energy X-ray Absorptiometry (DXA) (Hologic QDR 4500/Version 11.2 (Bedford,
MA)). FFM was standardized for height.

Protein meals
Patients received four different protein meals, one on each test day, according to a double-
blind randomized cross-over design. Randomization was performed using http://
randomizer.org and the allocation sequence was kept at the UAMS metabolic kitchen where
the protein meals were prepared. The meals contained either 15 g casein protein
hydrolysates (hCAS, CE90STL, 2.2 g N, 20% w/w leucine of EAA content, DMV
International Veghel, The Netherlands), 15 g whey protein hydrolysates (hWHEY, WE90F,
2.4 g N, 28% w/w leucine of EAA content, DMV International Veghel, The Netherlands),
15 g casein protein hydrolysates and 1.5 g leucine (40% w/w leucine of EAA content, hCAS
+LEU) or 15 g whey protein hydrolysates and 2.1 g leucine (40% w/w leucine of EAA
content, hWHEY+LEU). Furthermore, all protein meals contained 15 g of maltodextrin
(Ross Nutrition, Sturgis, MI). The protein hydrolysates and maltodextrin were dissolved in
250 ml water at 60 °C a day before each test day and kept at 4 °C until use. For amino acid
composition of the protein meals, see Table 1.

Sample processing and biochemical analysis
Arterialized-venous blood samples were put in Li-heparinized or EDTA tubes (Becton
Dickinson Vacutainer system, Franklin Lakes, NJ) and immediately put on ice to minimize
enzymatic reactions. The blood was centrifuged (4°C, 3000 × g for 5 min) and a portion of
the plasma was put in 50% sulfosalicyl acid matrices for deproteinization. The plasma was
instantly frozen and stored at −80°C until further analyses. All samples obtained were
analyzed in a batch. Enrichments and concentrations were simultaneously determined on a
LC/ESI/MS/MS system (QTrap 5500 MS (AB Sciex, Foster City, CA) with ExpressHT
Ultra LC (Eksigent Div., AB Sciex, Foster City, CA) after derivatization with 9-
fluorenylmethoxycarbonyl (Fmoc). Fmoc amino acid derivatives were fragmented to obtain
specific and high sensitivity fragments. Enrichments were determined as tracer (labeled
substance) / tracee (unlabeled substance). Details of the isotope enrichment analysis for
amino acids and system precision were described by van Eijk et al (21). The plasma insulin
concentrations were analyzed with a commercially available enzyme-linked immunosorbent
assay (ELx808 Absorbance Microplate Reader; BioTek, Winooski, VT).

Calculations for protein metabolism
EAA represents the sum of the measurable α-amino acids threonine, histidine, valine,
methionine, isoleucine, phenylalanine (PHE), tryptophan, leucine and lysine. BCAA
represents the sum of the three BCAA valine, leucine and isoleucine. The tracer-tracee ratio
of PHE and Tyrosine (TYR) reached an isotopic steady state within 1.5 hours of infusion in
the postabsorptive state.

To assess whole-body protein kinetics in the postabsorptive state, the following calculations
were used:

1. Whole-body rate of appearance (WbRa) PHE and TYR and 3-Methylhistidine = F/
tracer-tracee ratio (TTR) in plasma

2. Whole-body protein breakdown (WbPB) = WbRa PHE
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3. Whole-body protein synthesis (WbPS) is calculated by subtracting hydroxylation of
plasma PHE to TYR from whole-body rate of disappearance (WbRd) (= WbRa
PHE under steady-state) (3)

4. Hydroxylation of PHE into TYR (OHPHE>TYR) = WbRa L-[ring-2H2]-TYR × (TTR
L-[ring-2H4]-TYR/TTR L-[ring-2H5]-PHE)

5. NetPS = WbPS − WbPB

F represents the intravenous tracer infusion rate (μmol · kg ffm−1 ·h−1). Because 3-
Methylhistidine is released from myofibrillar protein breakdown, the WbRa of 3-
Methylhistidine gives an indirect reflection of muscle protein breakdown (22).

From the start of intake, exogenous WbRa PHE (WbRa PHE coming from the protein meal)
and PHE appearance not coming from the protein meal (endogenous WbRa = WbPB) are
calculated using the one-pool non-steady state equations of Steele (23), further modified by
Proietto et al. (24) and described by Boirie et al. (25). Enrichment is expressed as mole
percent excess (MPE).

6. WbRa PHE = [F − pV · ((C1+C2) / 2) · ((MPEiv2 − MPEiv1) / (t2 − t1))] /
(MPEiv1+MPEiv2) / 2

7. Exogenous WbRa PHE = WbRa · ((MPEoral1+MPEoral2) / 2) + [pV · ((C1+C2) / 2) ·
((MPEoral2 −MPEoral1) / (t2 − t1))] / diet PHE MPE

8. Endogenous WbRa PHE = WbRa PHE − exogenous WbRa PHE − F

F is the intravenous tracer infusion rate (μmol · kg ffm−1 ·h−1), pV (0.125) is the distribution
volume of PHE (25), (MPE2 − MPE1) / (t2 − t1) and (C2 − C1) / (t2 − t1) represent the time-
dependent variations of plasma PHE enrichment (derived from the intravenous and oral
tracer) and concentrations, and (MPE1+MPE2) / 2 and (C1+C2) / 2 are the mean plasma PHE
enrichment (from the intravenous and oral tracer) and concentrations between 2 consecutive
time points. The enrichment of the oral tracer is measured for each protein meal.

Splanchnic extraction represents the fraction (in %) of ingested PHE taken up by the gut and
liver during its first pass and metabolized via oxidation or protein synthesis. Splanchnic
extraction is calculated as follows (4):

9. Splanchnic extraction = [Exogenous WbRa PHE/(PHE in protein meal + PHE oral
tracer)] * 100%

According to Steele's equations, WbRd PHE is calculated as follows:

10. WbRd PHE = WbRa PHE − (pV · ((C2−C1) / (t2 − t1))

where (C2−C1) / (t2 − t1) is the time difference in plasma PHE concentration between two
points and WbRa PHE is as in formula [6]. The rate of total (endogenous + exogenous) PHE
utilized for protein synthesis is then calculated as

11. WbPS = WbRd PHE − hydroxylation PHE to TYR in the prandial state for which
we used the calculation as represented in formula [4].

WbPS, WbPB and NetPS are expressed as μmol · kg ffm−1 · h−1 or μmol · kg ffm−1 · 4h−1.
Protein conversion (i.e. efficiency) was calculated as follows:

12. NetPS/PHE in protein meal *100

The amount of PHE is expressed in μmol · kg ffm−1 and NetPS is expressed in μmol · kg
ffm−1 · 4h−1.
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Statistical analysis
The power calculation to determine sample size was based on net whole-body protein
synthesis measurements done in non-depleted COPD patients (4). We used a pooled
standard deviation estimate of approximately 2.4 μmol/kg ffm/h. For nutritionally depleted
COPD patients, to detect a change in the metabolic response to a hydrolyzed casein or whey
protein meal of 1.8 μmol/kg ffm/h or larger, with an approximate power of 80% and a 5% α-
level a sample size of 24 depleted COPD patients was calculated. Due to the high sensitivity
of our new analytical equipment, we anticipated that fewer patients were necessary and that
12 subjects would be sufficient. Results are expressed as means ± standard error (SEM). The
mean value of the measures of protein kinetics at the time points 70, 80 and 90 min was used
as the postabsorptive state and at 105, 120, 135, 150, 180, 210, 240, 270, 300 and 330 min,
expressed as area under the curve (AUC) over 4 h, as the postprandial state. If data failed the
normality or equal variance test, they were log-transformed where appropriate.

Three-way repeated-measures analysis of variance (three-way RM ANOVA) with time,
protein, and leucine addition as factors was used to compare differences between protein
meals, leucine additive, and the two different phases of the experiment (postabsorptive
versus postprandial) as well as all interactions. Bonferroni post hoc test was applied to
evaluate within-time differences between protein meals. Expected mean squares were
initially computed for all error terms, but non-significant error terms were pooled into
residual error, retaining only significant error terms for testing main effects and interactions.
To get insight whether there was a time and/or protein meal effect as well as a time × protein
meal interaction for plasma enrichments, amino acid and insulin concentrations and WbRa,
we used two-way repeated-measures analysis of variance (two-way RM ANOVO) with time
and protein meal as factors, and Bonferroni post hoc test was used when applicable. For
comparison of NetPS and PHE intake data were analyzed with 2-tailed tests of significance
by using Pearson's correlation coefficients and linear regression. The level of significance
was set at p<0.05. The statistical package Statistical Program for the Social Sciences (SPSS
version 21) was used for the three-way RM ANOVA data analysis and the statistical
package within Graphpad Prism (Version 5.04) was used for additional data analysis.
Multiple imputation (MI) with 10 imputed data sets (26) was employed to estimate missing
data for the two patients that did not complete all four study days. Each data set was
analyzed separately and the ten estimates for each effect and its standard error were
averaged according to MI estimation procedures. T-tests for each effect were computed
using the pooled estimates.

Results
Twelve COPD patients whom were nutritionally depleted participated in the study and were
analyzed for the primary outcome. Two out of 12 patients dropped out early (after one and
two study days respectively). Patients (Table 2) had moderate to severe airflow obstruction
(FEV1 predicted: 45±4%). Six patients had one or more exacerbations of their disease in the
past year of which four required hospitalization.

Changes in plasma cTTR and amino acid concentrations
In response to the protein meals there was a time effect for the enrichment of the i.v. tracers
L-[ring-2H5]-PHE (Figure 2a), L-[ring-2H2]-TYR (Figure 2b), L-[ring-2H4]-TYR (Figure
2c) and the oral tracer L-[15N]-PHE (added to the protein meal) (Figure 2d) (P<0.0001). A
time by protein meal interaction was also found for all of the above. Data of the two protein
meals to which leucine was added is not shown as we did not find an effect of leucine
addition. A protein meal effect was found only for the enrichment of the oral tracer L-[15N]-
PHE (P =0.0003).
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In response to the protein meals, there was a time effect for plasma PHE, leucine and EAA
concentrations (Figure 3) (P<0.0001), indicating increases in plasma concentration of these
amino acids after intake of the protein meals. There was also a protein meal effect for all
above mentioned concentrations, indicating the highest plasma PHE concentrations after
intake of the hCAS and hCAS+LEU protein meal (Figure 3a) and the highest plasma leucine
and EAA concentration after intake of the hCAS+LEU meal (Figure 3b and c). A time by
protein meal interaction was found for the concentration of PHE (P=0.0216), leucine
(P<0.0001) and EAA (P<0.0001). We observed a small (not significant) reduction of the
meal-related increase in isoleucine and valine concentration when leucine was added to the
protein meals (data not shown).

Tracer-tracee
Figure 4 shows the mean plasma L-[15N]-Phenylalanine (tracer) and phenylalanine (tracee)
concentration after intake of the hCAS and hWHEY protein meal (corrected for
postabsorptive mean concentrations) (panel a and b respectively). Following intake of both
protein meals tracer and tracee concentrations rapidly increased. The figure indicates that the
tracer and tracee follow a comparable pattern for both meals.

Plasma insulin
Plasma insulin concentrations (Figure 5) rapidly increased after intake of all four protein
meals. A protein effect (P=0.0038), but no leucine effect or protein by leucine interaction
was found for the postprandial (4h) area under the curve (AUC). This indicates a greater
insulin response after intake of the hCAS compared to the hWHEY protein meals.

Splanchnic extraction
The splanchnic extraction of PHE for the hCAS, hWHEY, hCAS+LEU and hWHEY+LEU
protein meals were (mean ± SEM): 34±4%, 36±3%, 36±4% and 38±3%, respectively. No
significant protein or leucine effects were observed (data not shown).

Whole-body protein kinetics
In the postabsorptive state, we found no difference for WbPS, WbPB, NetPS, and MPB
(Table 3) between the protein meals. We found a difference in hydroxylation only between
the hCAS+LEU and hWHEY+LEU protein meal (P<0.05). WbPB exceeded WbPS in the
postabsorptive state, indicating net protein breakdown. There were time effects for
endogenous WbRa (=WbPB) (Figure 6a) (P<0.01) and exogenous WbRa (Figure 6b)
(P<0.0001) after intake of the protein meals, indicating a decrease in endogenous WbRa and
an increase in exogenous WbRa. There was also a protein meal effect for endogenous WbRa
(P<0.0001), indicating lower values after intake of the hWHEY compared to the hCAS
protein meal. There was a time by protein meal interaction for endogenous WbRa
(P<0.0001), showing that at t=120 and 135 min endogenous WbRa was significantly lower
in response to the hWHEY vs. the hCAS protein meal and significantly lower in the
response to the hWHEY+LEU vs. the hCAS+LEU protein meal from t=120-150 min. A
time effect, but no protein meal effect or time by protein meal interaction was found for exo
WbRa. Exo WbRa was significantly different from postabsorptive values at t=105-210 min
for all protein meals apart from the hCAS+LEU protein meal at t=105 min. At t=240 min
only for the hCAS and hCAS+LEU protein meal exo WbRa was still above postabsorptive
values.

While lower values for WbPB were found after intake of the hWHEY protein meal
compared to the hCAS protein meal and adversely higher values for WbPS after intake of
the hCAS protein meal, the net anabolic response was comparable (Table 3).
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Relation net whole-body protein synthesis and PHE intake
There was a significant and distinct relationship between netPS and the amount of PHE per
kg FFM provided to the patients (Figure 7). On average (as no significant differences were
found between the meals) postprandial PHE (i.e. protein) utilization was (mean ± SEM) 72
± 2% (data not shown). There was no relationship between age and netPS/amount of PHE
per kg FFM (data not shown).

Discussion
In the present study, we found that a bolus meal of casein vs. whey protein, containing a
similar amount of carbohydrates and with comparable absorption characteristics, stimulated
net whole-body protein synthesis comparably and efficiently in COPD patients characterized
by nutritional depletion. Co-ingestion of leucine did not stimulate the net whole-body
protein synthesis response further.

Use of hydrolyzed proteins
Casein and whey are both complete high-quality milk proteins with high amounts of EAA,
but display very different digestion and absorption characteristics (10, 11). Casein is
considered a “slow” and whey a “fast” protein. This difference in absorption rate is known
to affect postprandial plasma amino acid availability and protein kinetics (10, 11) and can
therefore mask the direct effects of differences in the amino acid composition between the
proteins. We have previously studied the anabolic properties of casein and whey protein in
normal-weight COPD patients (27). In that study, we provided the proteins in a
“continuous” way (through frequent small (sip) feeds) to eliminate absorption differences
between the proteins. The observed higher anabolic response with casein protein intake was
therefore related to differences in the amino acid profile between the proteins. In the present
study, we preferred to examine the anabolic response to a bolus meal of casein and whey
protein as it better represents daily life food intake. Hydrolyzed proteins were used as
hydrolysis converts the proteins into smaller tri- and dipeptides and free amino acids which
increases the absorption rate (13). Furthermore, it made it possible to add free amino acids to
the protein meals (leucine and the oral tracer L-[15N]-PHE), thereby simultaneously
eliminating absorption differences between the proteins, free amino acids and tracer.

Protein kinetic response
The comparable exogenous WbRa of PHE between the hCAS and hWHEY protein meal
indicated that both meals (i.e. proteins) were digested equally fast. This confirms that using
hydrolyzed proteins is a good approach to compare the anabolic properties between milk
proteins based solely on differences in amino acid composition. We observed a different
protein kinetic response to the hCAS and hWHEY protein meal. Whole-body protein
synthesis was stimulated more by the hCAS protein meal, likely related to a greater increase
in plasma amino acid availability, and whole-body protein breakdown was reduced more by
the hWHEY protein meal. Although the hWHEY protein meal contained more EAA, the
lower postprandial plasma EAA concentration after intake of the hWHEY vs. the hCAS
protein meal is likely associated with the higher postprandial reduction in protein breakdown
after intake of the hWHEY protein meal. It would be helpful in development of nutritional
interventions in COPD to have a better understanding of the mechanisms underlying the
different kinetic response to the hCAS and hWHEY protein meal. The greater reduction in
whole-body protein breakdown after the hWHEY protein meal was not similarly reflected
by a reduced 3-methylhistidine production. We hypothesize that myofibrillar protein
breakdown is more slowly affected after a protein meal in comparison to the more labile
protein pools in muscle and that we were not able to find any changes using only a four hour
observation period. In general, when carbohydrates are added to a pure protein meal it
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reduces the increase in postprandial plasma amino acid concentrations and enhances the
retention of dietary amino acids in the splanchnic bed (15). It also reduces urea production
and amino acid uptake by the liver, suggesting a decrease in liver protein breakdown (15).
More research is needed to study the effects of carbohydrate addition on protein kinetics
when added to hydrolyzed milk protein meals.

Anabolic capacity of milk proteins
The present study showed that COPD patients defined as nutritionally depleted are still
capable of producing a high anabolic response to a high-quality milk protein meal. A
comparable anabolic response to casein and whey protein is in contrast with our previous
study in normal-weight COPD patients, which showed higher anabolism during
“continuous” (sip) feeding of casein protein (27). Differences in the nutritional status of
COPD patients, and the mode of administering protein meals (bolus versus sip feeding),
resulting in different peak levels for plasma amino acid and insulin concentrations might be
potential factors explaining the differences between the studies. Further research studying
the dose-response curve between hydrolyzed casein and whey protein meals in relation to
net whole-body protein synthesis is therefore warranted. Furthermore, we found a higher
insulin response after casein protein compared to whey protein. It is unclear whether the
higher plasma amino acid availability after casein protein intake is responsible for the
greater insulin response and in this way contributed to a greater stimulation of whole-body
protein synthesis, or if other intrinsic factors may play a role.

No anabolic effect of leucine co-ingestion
Adding leucine to the protein meals did not improve the whole-body net protein synthesis
response. Therefore, we hypothesize that the use of hydrolyzed high-quality milk proteins
and the addition of carbohydrates to the protein meals makes additional leucine to be of no
benefit. A recent review discusses that a saturating dose of whey protein, containing 2-3 g
leucine is sufficient to stimulate muscle protein synthesis in healthy young adults and that
greater amounts of leucine do not result in a greater synthetic response (28). Our data, on
whole-body level, suggest that 1.28 g of leucine is already sufficient to optimally stimulate
protein anabolism in older adults with COPD when it is part of a hydrolyzed high quality
protein meal with carbohydrates. That we did not observe a leucine effect on the insulin
response is most likely associated with the already highly stimulated insulin response both
by the rapid postprandial increase in plasma amino acids and the addition of carbohydrates.
Some studies that found an anabolic effect of leucine did not add carbohydrates to the
protein/amino acid meals (9, 13, 29). Recent research show that the effects of leucine are
almost comparable to the effects of adding carbohydrates (29, 30), while it is unknown
whether adding both leucine and carbohydrates is of additional benefit. We conclude based
on our study that this is not the case and that protein anabolism is optimally stimulated when
you use a high quality hydrolyzed milk protein meal with added carbohydrates. However, it
remains to be determined whether adding carbohydrates alone is as effective as adding
leucine. Some of the studies describing a protein anabolic effect of leucine co-ingestion in
older adults also have the limitation that muscle protein breakdown is not measured (9, 13),
making calculation of net muscle protein balance impossible (14) and thus the effect on
protein anabolism of leucine cannot be established.

Previously, we observed an increase in WbPS in normal-weight COPD patients after adding
BCAA to a soy protein meal (31). This positive effect on protein synthesis without affecting
protein breakdown might be related to the fact that by adding the BCAA, the overall amount
of EAA became higher and probably more balanced. Previous studies show that selective
leucine administration reduces plasma valine and isoleucine concentrations (32, 33), related
to an enhanced splanchnic bed uptake (32) and that therefore all three BCAA are needed to
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obtain additional protein anabolism. Therefore, it is unclear whether the addition of leucine
alone in our study prohibited additional anabolism, due to the mild observed BCAA
antagonism.

Relation between protein intake and net whole-body protein synthesis
The amount of muscle mass was variable in the studied patients, but the amount of protein
that was provided to each patient was equal. Therefore, more dietary amino acids were
available to the periphery of those with a low FFM. It appears that there is a strong
correlation between the amount of PHE per kg FFM given to the patients in this study and
the net whole-body protein synthesis response. The higher the PHE intake the higher the
response is. PHE is one of the EAA of which the amount is present in a fixed proportion to
the other EAA in casein and whey protein. Therefore the amount of EAA in high-quality
milk proteins directly relates to net whole-body protein synthesis. With these results we
must conclude that the amount of EAA that is available in the protein meal determines the
protein anabolic effect of a high-quality protein meal in COPD patients with nutritional
depletion. This is in line with the results of arecent study we performed in children with
Cystic Fibrosis (34). The efficiency of the studied milk protein meals was very high in this
study (conversion rate of PHE was >70%) and much higher than observed after continuous
(sip) feeding of a low-quality soy protein meal in a group of normal weight COPD patients
(conversion rate of PHE is approx. 40%) (31). The lower and less balanced EAA and BCAA
content of soy protein is likely associated with this lower conversion rate. The mode of
administration might be a contributing factor as well, since a rapid increase in extracellular
plasma amino acids as seen after a bolus meal is an important stimulus for protein synthesis
(11).

Limitations of the study
The current study focused on whole-body protein turnover in relation to muscle wasting in
COPD. Although determining muscle protein synthesis and breakdown rate is the preferred
method to investigate muscle loss in COPD, it was not feasible to obtain muscle biopsies on
the four test days for the subjects. Therefore, we studied whole-body myofibrillar protein
breakdown using the WbRa of 3-methylhistidine, which represents muscle myofibrillar
protein breakdown for ≈ 90% (22). The inclusion of a healthy control group would have
improved our study design, because we could have compared the effectiveness of the protein
meals between COPD patients with nutritional depletion and healthy older adults. This
would have helped us to better determine the clinical relevance of the protein meals tested in
this study. However, even if the response in COPD patients was less compared to healthy
controls, the protein meals induced an increase in net protein synthesis and we therefore
consider them effective. Other protein meals, with e.g. other proteins could still be more
anabolic, have a lower splanchnic extraction and have an even higher net conversion rate.

In conclusion, the results of the present study show that after elimination of absorption
differences, a bolus meal of casein and whey protein with added carbohydrates comparably
and efficiently stimulate whole-body protein anabolism in COPD patients with nutritional
depletion and that co-ingestion of leucine does not stimulate the whole-body anabolic
response further. Therefore, we suggest that hydrolyzed milk proteins are powerful anabolic
proteins that can be used in rehabilitation programs to achieve muscle protein accretion over
time and can improve overall outcome and physical performance in COPD patients.
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List of abbreviations

BCAA branched-chain amino acids

COPD Chronic Obstructive Pulmonary Disease

EAA essential amino acid

FEV1 forced expiratory volume in one second

FFM fat-free mass

FFMI fat-free mass index

hCAS hydrolyzed casein protein

hCAS+LEU hydrolyzed casein protein with added leucine

hWHEY hydrolyzed whey protein

hWHEY+LEU hydrolyzed whey protein with added leucine

MPE mole percent exces

NetPS net protein synthesis

PHE phenylalanine

SEM standard error of the mean

TTR tracer-tracee ratio

TYR tyrosine

WbPB whole-body protein breakdown

WbPS whole-body protein synthesis

WbRa whole-body rate of appearance

WbRd whole-body rate of disappearance
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Figure 1.
Overview of study design. Patients received four different protein meals (hydrolyzed casein
versus hydrolyzed whey protein meal with or without added leucine), one on each
experimental test day, according to a double-blind randomized cross-over design.
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Figure 2.
Mean (±SEM) plasma L-[ring-2H5]-Phenylalanine (L-[ring-2H5]-PHE, panel a), L-
[ring-2H2]-Tyrosine (L-[ring-2H2]-TYR, panel b), L-[ring-2H4]-Tyrosine (L-[ring-2H4]-
TYR, panel c), and L-[15N]-Phenylalanine (L-[15N]-PHE (panel c) enrichments expressed as
tracer-tracee ratio corrected for background enrichment (cTTR) before and after intake of a
hydrolyzed casein (hCAS) and hydrolyzed whey (hWHEY) protein meal (t=90 min). Plasma
L-[ring-2H5]-PHE enrichment: time effect, P<0.0001; time × protein meal interaction,
P<0.0001. Plasma L-[ring-2H2]-TYR: time effect, P<0.0001; time × protein meal
interaction, P<0.0001. Plasma L-[ring-2H4]-TYR: time effect, P<0.0001; time × protein
meal interaction, P<0.0001. Plasma L-[15N]-PHE enrichment: time effect, P<0.0001;
protein meal effect, P=0.0003; time × protein meal interaction, P<0.0001. Significance of
difference between hCAS and hWHEY: *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 3.
Mean (±SEM) plasma phenylalanine (pPHE, panel a), leucine (pLEU, panel b) and essential
amino acid (pEAA, panel c) concentrations before and after intake of a hydrolyzed casein
(hCAS), hydrolyzed casein with leucine addition (hCAS+LEU), hydrolyzed whey
(hWHEY), and hydrolyzed whey with leucine addition (hWHEY+LEU) protein meal. pPHE
concentration: time effect, P<0.0001; protein meal effect, P<0.0001; time × protein meal
interaction, P=0.0216. pLEU concentration: time effect, P<0.0001; protein meal effect,
P<0.0001; time × protein meal interaction, P<0.0001. pEAA concentration: time effect,
P<0.0001; protein meal effect, P<0.0001; time × protein meal interaction, P<0.0001.*hCAS
significantly different from hWHEY, P<0.05. **hCAS+LEU significantly different from
hWHEY+LEU, P<0.05. #hCAS significantly different from hCAS+LEU, P<0.05. $hWHEY
significantly different from hWHEY+LEU, P<0.05.
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Figure 4.
Mean (±SEM) plasma L-[15N]-Phenylalanine concentration (pL-[15N]-PHE) and
phenylalanine concentration (pPHE) after intake of a hydrolyzed casein (hCAS) (panel a)
and hydrolyzed whey (hWHEY) (panel b) protein meal.
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Figure 5.
Plasma insulin concentration after intake of a hydrolyzed casein protein (hCAS), hydrolyzed
casein with leucine addition (hCAS+LEU), hydrolyzed whey (hWHEY), and hydrolyzed
whey with leucine addition (hWHEY+LEU) protein meal. Data are also expressed as the 4h
postprandial peak area under the curve (AUC). AUC insulin: protein meal effect, P=0.0038.
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Figure 6.
Mean (±SEM) endogenous (endo) (panel a) and exogenous (exo) (panel b) whole-body rate
of appearance of phenylalanine (WbRa PHE) after intake of a hydrolyzed casein protein
(hCAS), hydrolyzed casein with leucine addition (hCAS+LEU), hydrolyzed whey
(hWHEY), and hydrolyzed whey with leucine addition (hWHEY+LEU) protein meal. Endo
WbRa: time effect, P=0.0013; protein meal effect, P<0.0001; time × protein meal
interaction, P<0.0001. Exo WbRa: time effect, P<0.0001. *hCAS significantly different
from hWHEY, P<0.01. **hCAS+LEU significantly different from hWHEY+LEU, P<0.05.
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Figure 7.
Correlation between net protein synthesis (NetPS) expressed as the total amount over four
hours and phenylalanine intake (PHE intake) of a hydrolyzed casein (hCAS) (r = 0.88;
NetPS = 0.93 · PHE intake − 18.3), hydrolyzed casein with leucine addition (hCAS+LEU)
(r=0.83; net NetPS = 0.88 · PHE intake − 15.1), hydrolyzed whey (hWHEY) (r=0.92; NetPS
= 0.84 · PHE intake − 16.4), and hydrolyzed whey with leucine addition (hWHEY+LEU)
(r=0.94; NetPS = 1.02 · PHE intake − 24.0) protein meal. All correlations were statistically
significant (P<0.01) and linear regression showed no significant difference between the
slopes (P=0.9374).
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Table 1
Amino acid composition of the hydrolyzed casein (hCAS), hydrolyzed whey (hWHEY),
hydrolyzed casein with added leucine (hCAS+LEU) and hydrolyzed whey with added
leucine (hWHEY+LEU) protein meals

hCAS hCAS+LEUa hWHEY hWHEY+LEUa

HIS (g) 0.38 0.29

ILE (g) 0.78 0.90

LEU (g) 1.28 3.38 1.97 3.47

LYS (g) 1.23 1.32

MET (g) 0.36 0.32

PHE (g) 0.60 0.57

THR (g) 0.65 0.59

TRP (g) 0.11 0.24

VAL (g) 0.96 0.90

ALA (g) 0.47 0.89

ARG (g) 0.53 0.62

ASP (g) 1.05 1.65

CYS (g) 0.05 0.18

GLU (g) 3.45 2.58

GLY (g) 0.26 0.36

PRO (g) 1.38 0.59

SER (g) 0.83 0.24

TYR (g) 0.68 0.54

Total AA (g) 15.00 17.10 14.72 16.22

Sum BCAA (g) 3.02 5.12 3.77 5.27

Sum EAA (g) 6.33 8.43 7.08 8.58

ALA: alanine, ARG: arginine, ASP: asparagine, CYS: cysteine, GLU: glutamine, GLY: glycine, HIS: histidine, ILE: isoleucine, LEU: leucine,
LYS: lysine, MET: methionine, PHE: phenylalanine, PRO: proline, SER: serine, THR: threonine, TRP: tryptophan, TYR: tyrosine, VAL: valine.
BCAA: branched-chain amino acids, sum of LEU, VAL, and ILE. EAA: essential amino acids. AA; amino acids. The amino acid composition of
the protein meals is based on the manufacturer factsheet.

a
Only differences are shown from the equivalent protein meal without the addition of leucine.
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Table 2
Characteristics of the study population

a

Range

Gender (m/f) 7 / 5

Age (y) 60.9 ± 2.9

Height (m) 1.71 ± 0.03 1.55 - 1.94

Weight (kg) 64.7 ± 3.9 46.9 - 98.8

BMI (kg/m2) 22.0 ± 0.7 18.1 - 26.3

FFMI males (kg/m2) 16.7 ± 0.8 14.2 - 19.6

FFMI females (kg/m2) 13.3 ± 0.5 12.4 - 15.1

FEV1 (% of predicted) 45 ± 4 20 - 66

Pack years (y) 33 ± 3 20 - 52

a
Values are means ± SEM. FFMI: fat-free mass index (fat-free mass/height2), FEV1: forced expiratory volume in one second.
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