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Objective: The influence of branched-chain amino acid (BCAA) supplementation on urinary urea nitrogen,
hydroxyproline (HP), and 3-methylhistidine (3MH) concentrations after 25 min of breast stroke exercise
(65–70% maximum heart rate reserved, 65–70% HRRmax) followed by a 600 m crawl stroke competition was
investigated in a double-blind, counter-balanced study.

Methods: Male university students (19–22 years old) majoring in physical education participated in the
study. Based on the previous swimming time of a 600 m crawl stroke, the participants were divided into two
groups: placebo (n � 9, BMI � 24.2 � 2.1 kg/m2; 12 g of glucose/day; in capsules) and BCAA (n � 10, BMI �

22.7 � 1.5 kg/m2; 12 g of BCAAs/day; in capsules: leucine 54%, isoleucine 19%, valine 27%) groups. The
participants maintained a regular dietary intake (except the prescribed breakfast on day 15) and exercise activity
at a moderate/low intensity (60–70% HRRmax, swimming and rowing, �1.5 hour/day) during the 15-day study.
A prescribed exercise program was performed on day 15. Urinary and blood samples were collected before,
during, and after the prescribed exercise for the measurements of the urinary urea nitrogen, HP, and 3MH
concentrations in urine, as well as the glucose, lactate, glutamine, alanine, and BCAA concentrations in plasma.

Results: Two weeks of dietary supplementation did not induce any changes in the plasma glucose and total
BCAA concentrations of either group, nor in the urinary urea nitrogen, HP, and 3MH concentrations in urine.
On day 15, after 25 min of breast stroke exercise and a 600 m crawl stroke competition, plasma glucose
concentration decreased significantly (p � 0.05) whereas plasma lactate concentration increased significantly
(p � 0.05) in both groups. The exercise program prescribed in the study did not affect urinary urea nitrogen, HP,
and 3MH concentrations. Twenty hours after the competition, however, a significant increase in the concentra-
tions of urinary urea nitrogen, HP, and 3MH was found in the placebo group (p � 0.05), but not in the BCAA
group.

Conclusions: The results obtained in this study suggest that swimming induced muscle proteolysis was
prevented by BCAA supplementation. The mechanism could be attributed to the availability of ammonia
provided by the oxidation of supplemented BCAAs during exercise.

INTRODUCTION

A previous study [1] provided the evidence that, with a
very-low-calorie dietary intake, the plasma branched-chain
amino acid (BCAA; leucine, isoleucine, and valine) concentra-
tions of none-obese, male college students decreased signifi-
cantly after a week of daily 30 min moderate/low intensity
(60–80% maximum heart rate) running, as compared with
those of the same dietary treatment nonexercise controls. The
BCAA concentrations in plasma actually reflect the amounts of

BCAAs in muscle, which comprise about 35% of the indis-
pensable amino acids in muscle proteins [2]. As muscle protein
mass decreases, muscle strength is affected. Subsequently, ex-
ercise performance deteriorates. BCAAs have been shown to
suppress muscle protein catabolism [3]. The administration of
BCAAs has been proved useful in reducing both muscle pro-
teolysis and urea nitrogen production in trauma patients with
sepsis [4]. One potential benefit of BCAA supplements during
exercise may be the attenuation of muscle protein degradation
[5,6]. Such an effect may be of greater significance during
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recovery from exercise, since protein synthesis is depressed
during exercise and this change leaves amino acids available
for catabolic processes [7]. Studies have demonstrated that
BCAAs are removed by active skeletal muscle during exercise
[8] and that their oxidation increases as exercise progresses
[9–11].

An earlier study [12] indicated that a high carbohydrate
(CHO) diet would enhance the exercise performance of Chi-
nese elite swimmers. Recently, however, Tang and Lee [13]
found that muscle homeostasis is still affected by high-intensity
exercise even if the energy (�84% CHO) provided was suffi-
cient. Their report [13] showed significantly high concentra-
tions in urinary hydroxyproline (HP) and 3-methylhistidine
(3MH) following exhaustive running after a pre-exercise CHO
feeding. Urinary HP is almost exclusively associated with
collagen, the most abundant protein of mammalian tissues.
During collagen degradation, the HP that is not reused is then
discharged into the urine [14]. Hence, it has been used as a
reliable index of collagen degradation [15] and bone resorption
[16]. For the same purpose and mechanism, urinary 3MH has
been used as a marker of skeletal muscle protein breakdown
[17]. Young and Munro [18] indicated that 3MH is an amino
acid formed by the methylation of specific histidine residues in
the muscle contractile proteins. Since it is not reutilized by the
body and is excreted quantitatively in the urine, 3MH excretion
is assumed to be an index of contractile protein degradation.
Furthermore, amino acid degradation is linked with urea for-
mation; increases in blood, urine, or sweat urea also indicate an
increase in protein degradation [19]. Thus, the measurements of
urinary urea nitrogen, HP, and 3MH excretions can help to
clarify the effect of exercise on protein and/or amino acid
degradation.

As a result of endurance exercise, gluconeogenesis is sig-
nificantly enhanced. During such a situation, skeletal muscle
becomes largely responsible for providing substrates for this
metabolic reaction by increasing its release of amino acids [20].
Among the amino acids released by the muscle, alanine and
glutamine by far exceed the others [20]. Together, alanine and
glutamine represent 60–80% of the amino acids released from
skeletal muscle while they account for only 18% of the amino
acids in muscle protein [21,22]. Harper et al. [22] stated that
amino groups from BCAAs are being used for synthesis of
alanine and glutamine in muscle metabolism. In turn, these two
amino acids provide a shuttle for transfer of BCAA nitrogen
from muscle to liver for urea formation [23]. Alanine and
glutamine are also the major amino acid precursors for glu-
coneogenesis in the liver and kidney, respectively [24,25].
Thus, the measurements of plasma alanine and glutamine con-
centrations can help in understanding the effect of exercise on
muscle homeostasis. Swimming is one type of whole body
muscle exercise; and muscle, which makes up 35–40% of total
body weight [22], should contribute substantially to total body

BCAA utilization. The study, therefore, was designed to inves-
tigate the protective effect of BCAA supplementation from
proteolysis induced by swimming exercise.

METHODS

Participants

Nineteen healthy male university physical education stu-
dents (19–22 years old) enrolled in swimming course level II
(familiar with breast stroke and crawl stroke but not highly
trained competitive athletes) were recruited for this double-
blind, counter-balanced study. All participants (swimmers)
were asked not to take any medication that would affect de-
pendent variables. Prior to their participation, a verbal and
written explanation of the procedure and potential risks were
provided. In turn, the swimmers gave their written informed
consent to participate in this investigation and were instructed
to maintain their regular dietary intake and exercise activity of
moderate/low-intensity (60–70% maximum heart rate re-
served, 60–70% HRRmax; swimming and rowing, �1.5
h/day), and to avoid vigorous exercise, alcohol and caffeine
consumption as well as smoking during the entire study. Swim-
mers were grouped based on their previous swimming time for
600 m of a crawl stroke (score before supplementation): pla-
cebo (n � 9; body mass index, BMI � 24.2 � 2.1 kg/m2; 12 g
of glucose/day; in capsules) and BCAA (n � 10; BMI �

22.7 � 1.5 kg/m2; 12 g of BCAAs/day; in capsules, leucine
54%, isoleucine 19%, valine 27%) groups. The composition of
BCAAs was prescribed based on our previous study [26],
which did not cause any side effects in our participants. The
Human Experiment Review Board of National Taiwan Normal
University approved this study.

Experimental Design

As shown in Fig. 1, before any treatment, urinary samples
(urine 0, baseline) and 10 hour overnight fasting blood samples
(blood 0, baseline) were collected at �7:30 am of day 0.
During the mealtime, placebo or BCAA supplements were
given directly to each swimmer, three times (4 g/time) per day,
by the same investigator for 14 days. During this time, the
swimmers were also asked if they had fully complied with the
instructions, and all reported full compliance. Urinary and
fasting blood samples were also taken on day 7 (urine 1 and
blood 1) and day 14 (urine 2 and blood 2). During the entire
experimental period, swimmers were required to maintain their
regular dietary intake. Three days prior to the onset of exercise
and the day of competition (day 15), swimmers were instructed
to avoid meat consumption in order to eliminate exogenous
3MH and creatinine contributions [17]. On day 15, after urinary
and fasting blood samples (urine 3 and blood 3) were taken, the
swimmers consumed a prescribed breakfast (prepared by the
research team: carbohydrate 58.5%, protein 14.4%, lipid
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27.1%; �11 kcal/kg body weight, slightly less than 1/3 of their
daily caloric intake to avoid gastrointestinal distress during
exercise) along with the placebo or the BCAA supplements at
�7:30 am. Two and a half hours later (�10:00 am), the
swimmers were required to continuously perform a 25 min
breast stroke exercise at an intensity of 65–70% HRRmax, and
their heart rates were recorded with heart rate monitors (Polar
AccurexPlus™, Polar Electro Oy, Kempele, Finland). Urinary
and blood samples (urine 4 and blood 4) were obtained imme-
diately after swimmers left the pool (�10:30 am) and placebo
or BCAA supplements were then given again. According to the
heart rate monitor record, all swimmers maintained their exer-
cise intensity within 65–70% HRRmax during the 25 min
breast stroke exercise. Following a one hour rest (�11:30 am),
the 600 m crawl stroke competition (score after supplementa-
tion) was initiated. The exercise protocol was designed to
investigate the effect of BCAA supplements on recovery (ex-
amined by the heart rate recorded) after exercise (breast stroke)
induced fatigue. Before the competition, the swimmers were
informed that the best six competitors would be rewarded.
During the competition, all swimmers were also verbally en-
couraged by the investigators to achieve their highest level of
performance. After the competition, a urinary sample (urine 5),
along with the blood sample (blood 5), was taken immediately
after each swimmer was out of the pool, and the third dosage of

the supplements was then given. After breakfast, the swimmers
were allowed to consume only water until their urinary and
blood samples, on day 15, were taken. In order to measure the
urinary protein metabolite concentrations after each swimming,
a total of three urinary samples (urine 3–5) were separately
collected from each swimmer on the day of competition. Since
measurements of 24 hour urinary excretion would be very
difficult and improper in this study, ‘spot checks’ were then
used. Urinary creatinine concentration was determined and
used to standardize all other urinary constituents [27]. On day
16, the last sample (urine 6 and blood 6, recovery) of this study
was collected (�7:30 am) after a 10 hour overnight fast (Fig.
1). Between the collection of each urinary sample and blood
sample, body composition was also measured (SBIA, InBody
3.0, Biospace Co., Ltd., Seoul, Korea), and this data has been
published elsewhere [28].

Assessment

All blood samples were collected by a registered nurse from
a forearm antecubital vein and centrifuged (150 � g, 4°, 20
min). Plasma was immediately separated from cells and then
stored at �70°C to assess the concentrations of glutamine,
alanine, valine, isoleucine, and leucine (HPLC, AccQ TAG
method, Waters Co., Milford, MA, USA), glucose (Beckman,
ASTRA system, Brea, CA, USA), and lactate (Kodak Ek-
tachem 500, Eastman Kodak Co., Rochester, NY, USA). Uri-
nary samples were analyzed to measure HP and 3MH concen-
trations (HPLC, AccQ TAG method, Waters Co., Milford, MA,
USA), creatinine and urea nitrogen concentrations (alkaline
picrate and urease methods, respectively; Beckman, ASTRA
system, Brea, CA, USA), and pH value (Ion analyzer M-3000,
Suntex Co., Indianapolis, IN, USA). Before HPLC analysis,
plasma was deproteinized with 20mMHCl, then, filtered (ul-
trafree-MC, UFC3LGC00, Millipore, USA) and centrifuged;
urine was hydrolyzed with 6NHCl, at 110°C for 3.5 hours, in
order to determine the concentrations of free HP and 3MH. All
data were subjected to an analysis of variance using the gen-
eralized linear model procedure of SAS (Version 8e for Win-
dows, SAS Institute Inc., Cary, NC, USA) and expressed as
mean � SD. Duncan’s new multiple range test was used for all
comparisons of mean values at a significant level of p � 0.05;
within each measurement and each group, data with different
letters are significantly different (Table 1 and Fig. 2). The
difference between the placebo and BCAA groups in swim-
ming time (sec) changes of 600 m crawl stroke (score after
supplementation � score before supplementation) was tested
by a Student’s t-test, to investigate the effect of BCAA sup-
plementation on exercise performance.

RESULTS

Body composition, including BMI, fat-free mass, and fat
mass, was affected neither by the supplementation nor the

Fig. 1. Experimental Diagram. HRRmax, maximum heart rate reserved.
No meat consumption on day 12–15. *Fasting blood sample. **Placebo
group: 12 g of glucose/day. BCAA group: 12 g of BCAAs/day
(BCAAs: branched-chain amino acids; leucine 54%, isoleucine 19%,
valine 27%). ***Carbohydrate 58.5%, protein 14.4%, lipid 27.1%;
�11 kcal/kg body weight.
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exercise prescribed [28]. After the swimming competition, no
significant difference was found in any of time scores (score
before supplementation: placebo vs. BCAA � 942.8 � 365.0
sec vs. 1014.1 � 204.3 sec; score after supplementation: pla-
cebo vs. BCAA � 836.6 � 202.5 sec vs. 884.3 � 160.2 sec)
recorded between the two groups either, although the improve-
ment (placebo vs. BCAA � �101.3 � 188.3 sec vs. �129.8 �

91.2 sec) in the time score of the 600 m crawl stroke was
numerically higher in the BCAA group.

Blood Analysis

Table 1 shows the concentrations of plasma glucose, lactate,
and selected amino acids (glutamine, alanine, and BCAAs).
Plasma glucose and lactate concentrations were not affected by
the 14 days of supplements. After the breast stroke and the
crawl stroke sequences (blood 3–5), the plasma glucose con-
centrations in the placebo group (p � 0.05) and BCAA group
(p � 0.05) decreased significantly, whereas the plasma lactate
concentrations in the placebo and BCAA groups increased
significantly (p � 0.05). After twenty hours (blood 6), the
plasma glucose and lactate concentrations of both groups re-
turned to their respective baselines. However, there was no
difference between the two groups at each corresponding in-
terval. The plasma glutamine concentrations of both groups
were slightly affected by the supplementation, but the only
significant difference found between the two groups (p � 0.05)
was after the 600 m crawl stroke competition (blood 5). After
recovery, the plasma glutamine concentration of the placebo
group was significantly higher than that of its baseline (blood 6
vs. blood 0, p � 0.05). However, this phenomenon was not
observed in the BCAA group.

When comparing the plasma alanine concentration, the pla-
cebo group showed slight variation, whereas the BCAA group
remained in the same range (Table 1). After recovery, the
plasma alanine concentration of the placebo group decreased
significantly (p � 0.05) while that of the BCAA group re-
mained constant (blood 6 vs. blood 5). Before the onset of
exercise (blood 0–3), there was no difference found in plasma
BCAA concentrations between the two groups, although a
dosage of 12 g of BCAAs/day was consumed by the subjects in
the BCAA group for more than two weeks. However, after
exercise—either breast stroke 25 min (blood 4) or crawl stroke
600 m (blood 5), the plasma BCAA concentrations of the
BCAA group increased significantly (p � 0.05), whereas the
plasma BCAA concentrations of the placebo group decreased
significantly (p � 0.05). Therefore, the main differences be-
tween the two groups were found in the plasma BCAA con-
centrations after breast stroke (p � 0.05) and crawl stroke (p �

0.05). After twenty hours, this concentration returned to its
baseline for each group.

Urinary Analysis

Fig. 2 shows the concentrations of urinary urea nitrogen,
HP, and 3MH as well as the urinary pH value. Before exercise
(urine 0–3), supplements did not affect the concentrations of
these excretions except urinary HP (placebo group only) ex-
creted on day 7 (urine 1). After exercise (urine 4–5), the
urinary urea nitrogen concentration of the placebo group de-
creased slightly while that of the BCAA group remained con-
stant. Meanwhile, the urinary HP and 3MH concentrations of
the placebo group remained constant while those of the BCAA
group decreased slightly. After recovery, however, the urinary

Table 1. Plasma Metabolite Concentrations as the Functions of Branched-Chain Amino Acid Supplementation
and/or Swimming*

Measurement Blood 0 Blood 1 Blood 2 Blood 3 Blood 4 Blood 5 Blood 6

Glucose (mg/dL)
placebo 75.4 � 10.6abc 78.2 � 6.5ab 76.4 � 8.0abc 82.3 � 12.0a 76.9 � 7.4abc 67.0 � 10.0c 71.4 � 11.5bc

BCAA 83.0 � 5.8a 79.9 � 7.0a 75.5 � 6.8ab 83.6 � 14.8a 75.6 � 7.9ab 66.9 � 6.6b 74.9 � 13.2ab

Lactate (mmole/L)
placebo 1.74 � 0.32bc 1.73 � 0.28bc 1.76 � 0.46bc 2.19 � 0.71b 2.23 � 0.38b 3.40 � 1.29a 1.48 � 0.32c

BCAA 1.75 � 0.27bcd 1.82 � 0.27bcd 1.57 � 0.50cd 2.00 � 0.53bc 2.23 � 0.36b 3.57 � 1.02a 1.35 � 0.32d

Glutamine (�mole/L)
placebo 720 � 102b 694 � 99c 767 � 102abc 795 � 148ab 850 � 101ab 835 � 81ab 869 � 179a

BCAA 676 � 173b 739 � 86abc 705 � 94bc 766 � 73ab 826 � 141a #744 � 99ab 792 � 105ab

Alanine (�mole/L)
placebo 472 � 104ab 400 � 55b 444 � 86ab 472 � 100ab 464 � 56ab 510 � 77a 398 � 57b

BCAA 398 � 70a 423 � 94a 379 � 110a 427 � 70a 435 � 68a 441 � 89a 370 � 83a

Branched-Chain Amino Acids (�mole/L)
placebo 585 � 60ab 599 � 101ab 519 � 55bc 655 � 204a 551 � 56abc 461 � 68c 530 � 78bc

BCAA 590 � 135bc 586 � 185bc 515 � 56c 617 � 87bc #876 � 106a #657 � 145b 537 � 120c

* See legend for Fig. 1. Placebo group, n � 9; BCAA group, n � 10. Within each measurement and each group, data (mean � SD) with different letters significantly differ,

p � 0.05, as determined by ANOVA.

Blood 0: day 0 (baseline); Blood 1: day 7; Blood 2: day 14; Blood 3: day 15 (competitive day); Blood 4: day 15 (after breast stroke); Blood 5: day 15 (after crawl stroke);

Blood 6: day 16 (recovery).
# Within same measurement, BCAA group significantly different from the placebo group performed at the same time, p � 0.05.
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urea nitrogen, HP, and 3MH concentrations of the placebo
group increased significantly (p � 0.05) whereas those of the
BCAA group remained constant (urine 6 vs. urine 5). The
urinary pH value of the placebo group was not affected by the
supplements at all and exercise did not affect the urinary pH
value either. However, the urinary pH value of the BCAA
group was affected by the supplements, regardless of exercise.
Furthermore, exercise tended to increase the urinary pH value
of the BCAA group. After twenty hours (urine 6), the urinary
pH value returned to its baseline for each group. The significant
differences between the two groups were found in the urinary
urea nitrogen concentration after breast stroke (p � 0.05), and
urinary pH value after breast stroke (p � 0.05) and crawl stroke
(p � 0.05).

DISCUSSION

The purpose of this study was to examine the effect of 15
days of BCAA supplementation on protein homeostasis after

25 min of 65–70% HRRmax breast stroke exercise followed by
a 600 m crawl stroke competition. The supplements of BCAAs
did not make any impact in plasma glucose and lactate con-
centrations, which is in line with the findings of MacLean and
Graham [29] and MacLean et al. [6]. During the exercise
period, plasma lactate concentration increased as plasma glu-
cose concentration decreased; after the crawl stroke competi-
tion, the plasma glucose concentration reached the lowest level
and the plasma lactate concentration reached the highest level
of the entire study, regardless of the supplementation. After 14
days of supplements, the plasma glutamine and alanine con-
centrations of the BCAA group were consistently lower than
those of the placebo group, but only the glutamine concentra-
tion of the BCAA group after the crawl stroke competition was
significantly lower. Similarly, the alanine concentration in the
plasma of the BCAA group after the crawl stroke competition
was also lower but it did not reach a significant level. The
higher glutamine concentration in the plasma of the placebo
group indicated significant amounts of amino acids released by

Fig. 2. Urinary metabolite concentrations as the functions of branched-chain amino acid supplementation and/or swimming. See legend for Fig. 1 and
footnote for Table 1. Filled symbol, bold error bar and letters represent BCAA group. Urine 0: day 0 (baseline); Urine 1: day 7; Urine 2: day 14; Urine
3: day 15 (competitive day); Urine 4: day 15 (after breast stroke); Urine 5: day 15 (after crawl stroke); Urine 6: day 16 (recovery).
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the muscle [30] as compared with the BCAA group. Further-
more, after twenty hours, the urinary urea nitrogen, HP, and
3MH concentrations in the urine of the placebo group increased
significantly, but these changes were not observed in the urine
of the BCAA group. BCAAs appeared to be important energy
substrates for exercising muscle. Immediately after breast
stroke exercise and/or the crawl stroke competition, however,
the changes in the urinary metabolite concentrations were in-
significant for both groups, which could be due to the fact that
renal clearance is reduced during exercise [30].

As exercise intensity increased, plasma glucose concentra-
tion decreased while lactate increased. During intense exercise,
the increased demand for glucose and energy enhanced glu-
coneogenesis, lipolysis, and proteolysis. The increased plasma
lactate concentration, however, inhibited free fatty acids re-
leased from adipose tissues [31]. Hence, proteolysis was in-
creased in order to provide the substrates for gluconeogenesis
and replenish the intermediates of the tricarboxylic acid cycle.
Therefore, during the crawl stroke competition, amino acids
(e.g. BCAAs) released from proteolysis were utilized to meet
this demand, and subsequently plasma BCAA concentrations
decreased in both groups. Moreover, due to the supplements
and oxidation induced by exercise, the plasma BCAA concen-
trations of the BCAA group immediately after breast stroke
exercise and the crawl stroke competition were significantly
higher than those of the placebo group. This phenomenon,
however, did not occur before the onset of exercise. A possible
explanation is that the supplemented BCAAs were uptaken by
the tissues (mainly muscle), and then, after utilization, dis-
charged into the urine in the form of urea. This assumption is
based on the observation that the urinary urea nitrogen concen-
tration and urinary pH value of the BCAA group were consis-
tently higher than those of the placebo group. Further studies
are required in this area.

In contrast, the HP and 3MH concentrations in the urine of
the BCAA group were consistently lower than those of the
placebo group, but these were not found to be significant. After
recovery, however, all the metabolite concentrations (urinary
urea nitrogen, HP, and 3MH) increased significantly in the
urine of the placebo group, but not in the BCAA group. The
significantly high proteolysis in the subjects of the placebo
group might be due to ammonia being required to facilitate the
energy production during intense exercise. According to the
findings of MacLean et al. [6], BCAA supplementation results
in significantly greater muscle ammonia production during
exercise. Lowenstein [32] has suggested that the purine nucle-
otide cycle (PNC) might function catalytically in the conver-
sion of amino groups from amino acids to ammonia. The
primary function of the PNC is to help maintain the energy
state of the cell by removing AMP and allowing the adenylate
kinase reaction to move in the direction of ATP production.
Hence, during the competition, the inhibited or reduced prote-
olysis observed in the subjects of the BCAA group might be
due to the contribution of PNC.

In conclusion, although the 15 days of BCAA supplemen-
tation did not affect the body composition nor the exercise
performance of the swimmers, it might prevent or reduce
muscle proteolysis induced by intense exercise. The mecha-
nism might be due to the availability of ammonia provided by
supplemented (exogenous) BCAA oxidation during exercise.
Without the supply of exogenous BCAAs, muscle might have
to rely on endogenous BCAAs to fulfill the energy demands
due to exercise. Further studies are needed in the investigation
of the duration and dosage of BCAA supplementation in rela-
tion to the protein homeostasis during exercise.
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