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Abstract

This study investigated the effects of BCAA, arginine and carbohydrate combined beverage
(BCAA Drink) on biochemical responses and psychological conditions during recovery after a single
bout of exhaustive exercise. Fourteen healthy males were assigned to drink either BCAA Drink (BA
trial) or placebo (PL trial) on two sessions separated by 2 weeks. Blood samples of each subject were
collected before exercise, 0, 10, 20, 40, 60, 120 min and 24 h after exercise. No significant differences in
the levels of lactate, ammonia, creatine kinase and glycerol between the two groups were observed at any
of the time points. However, the levels of glucose and insulin were significantly higher in the BA trial
as compared to those in the PL trial at the 40 and 60 min recovery points. Furthermore, the testosterone-
to-cortisol ratio at the 120 min recovery point was significantly higher in the BA trial as compared to that
in the PL trial. The results indicate the occurrence of anabolic response during the recovery period. The
benefit of BCAA Drink was also performed by Profile of Mood States to assess the psychological
condition. Fatigue score increased immediately at exhaustion in both groups, but the decrease in the
fatigue score at 120 min recovery point was significant only in BA trial. These data indicate that a single
bout of exhaustive exercise enhanced the feeling of fatigue. The detrimental consequence was reduced

by an ingestion of BCAA Drink.
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Introduction

Branched-chain amino acid (BCAA) Drink is
available in the beverage market for more than a
decade. It is one of the popular drinks in Japan. The
major bioactive ingredients usually are BCAA,
arginine and carbohydrate. The drinks claim to
improve exercise performance, reduce muscle and
mental fatigue, and result in anabolic effects for the
muscle. These claims are in agreement with published
findings on the BCAA supplementation. BCAA in-

cludes leucine, isoleucine and valine. BCAA has
been reported to be used as an energy source in the
skeletal muscle during exercise (9, 10, 29, 31). BCAA
supplementation may effectively increase endurance
exercise capacity (25), increase protein synthesis (1),
decrease rating of perceived exertion and mental
fatigue (2, 32), attenuate muscle protein breakdown
induced by exercise, and promote recovery from the
damage (5, 22, 33). However, the applied amount of
BCAA for these published articles is significantly
higher than that of BCAA Drink in the market. There-
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fore, it is doubtful whether the effect of BCAA Drink
is truly consistent with the claims.

Arginine has been recognized as a potent stimu-
lator of growth hormone and insulin (19). It may
enhance the effects of exercise training on insulin
sensitivity and capillary growth in muscles (26). Our
previous study (37) has shown that arginine supple-
mentation during the exercise recovery period could
increase glucose and insulin concentrations and
decrease free fatty acid availability in the blood. The
study indicates that consuming arginine may benefit
exercise recovery. Furthermore, Matsumoto et al.
(24) reported that BCAA plus arginine supplemen-
tation suppressed exercise-induced skeletal muscle
proteolysis. BCAA Drink also contains carbohydrate,
an important metabolic substrate that releases energy
during both aerobic and anaerobic metabolism (36).

Chan et al. (4) reported that 97% of the profes-
sional baseball players in Taiwan consumed sports
drinks and other reinvigorating beverages. The major
reason for the supplementation usage by the players
was to reduce or eliminate fatigue. Some players
claimed lessening of fatigue after consuming BCAA
Drink. However, the effects of the product on post-
exercise biochemical and psychological responses
have yet to be elucidated. The purpose of this study
is to examine the effects of the BCAA Drink on bio-
chemical responses and psychological conditions
during recovery after a single bout of exhaustive
exercise.

Materials and Methods
Subjects

Fourteen male physical active college students
were recruited in this study. The purpose of the study
and the procedures involved were explained to the
subjects before their written consents were obtained.
Approval for the study was obtained from the Human
Research Ethics Committee of the National Taiwan
Sport University. In a pre-study interview, information
on routine use of vitamins and other nutritional supple-
ments was obtained from each participant. Volunteers
found to be taking regular medication were excluded
from the study.

Two weeks prior to the tests, subjects were
required to cease vitamin and supplement intake.
Subjects were instructed to avoid exercise or strenu-
ous physical activity for 3 days prior to the tests. In
the twenty-four hour period preceding the study,
subjects recorded all food and drink intake and this
dietary pattern was duplicated in the second part of
the cross-over study. Maximum oxygen consumption
(VOZmaX) of each subject was determined two weeks
before the exhaustive exercise tests were conducted.

Experimental Design

This study was carried out as a randomized
double-blind placebo-controlled cross-over trial. All
14 subjects participated in two trials, separated by 2
weeks. They were assigned to ingest 2 different test
drinks, a BCAA Drink (provided by Otsuka Pharma-
ceutical Co., Ltd. Osaka, Japan) or a placebo (PL).
The BCAA Drink contained valine (0.5 g), leucine
(1.0 g), isoleucine (0.5 g), arginine (0.5 g), carbohy-
drate (12.1 g), flavors and color in 100 ml water. The
placebo drink comprised of citric-flavored water with
10 mg of sweetener. The two test drinks had similar
taste and color. The volume of all the drinks was
200 ml.

On the day of the experiment, subjects reported
to the laboratory at 7-9 a.m. following a 10-h overnight
fast. Subjects were instructed to consume 240 ml of
water to increase hydration when they arrived at the
laboratory (34). After 15 min of seated rest, a catheter
was placed in an antecubital vein, and blood samples
of each subject were collected before a single bout of
exhaustive exercise (Pre-Ex), exhaustion, and 10, 20,
40, 60, 120 min during the recovery period. Fingertip
blood samples were also collected from each subject
for determination of activity of creatine kinase (CK)
at 24 h. The levels of glucose, insulin, lactate, ammo-
nia, CK, free fatty acid (FFA), glycerol, testosterone,
cortisol, BCAA and tryptophan in the blood samples
were then determined.

Exercise Protocol

\./OZmax was determined in the pre-experimental
period. Each subject came to the laboratory 14 d
before the start of the actual study, and performed an
incremental running test on a motor-driven treadmill
(Quinton Instruments, Model 18-60, Seattle, WA,
USA) according to the Bruce protocol until exhaustion.
In order to determine the baseline exhaustive perfor-
mance time, Vogmax was determined by the automated
system (Model 29C, SensorMedics, Yorba Linda,
CA, USA). The \}OZmax was defined as the attain-
ment of at least two of the three following criteria:
[1] no longer maintaining the required speed; [2]
heart rate within 10 beats of age-predicted maximum;
and [3] rating of perceived exertion (RPE) greater
than 18 using the modified Borg scale (3). Heart rates
(HR) measured by the Sport Tester (PE 3000, Polar
Electro, Kempele, Finland) were monitored during
the treadmill exercise. Exercise performance time
was also recorded at the end of the test for each
subject.

Baseline physiological data were collected prior
to the beginning of the single bout of exercise. Subjects
then commenced a 5-min warm-up at a running speed
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equivalent to 55% \./OZmax- The treadmill speed was
then increased to a pace equivalent to 75% VOZmaX,
and the subjects ran for 30 min. After 30 min, the
intensity (incline) was incrementally increased by 1%
every minute until exhaustion was reached. The heart
rate and RPE were recorded throughout. On com-
pletion of the exercise test the subjects sat and con-
sumed either 200 ml of BCAA Drink or PL within 5
min of exercise cessation.

Blood Collection and Analysis

The plasma glucose, lactate, ammonia and CK
levels were measured immediately with an Ektachem
DT60 II chemistry analyzer (Johnson and Johnson,
Rochester, NY, USA). The commercial kits were
obtained from Ortho-Clinical Diagnostics, Inc.
(Rochester, NY, USA). Plasma free fatty acid and
glycerol were determined by a commercial kit (Randox
laboratories Co., Ltd., Ardmore, UK), and analyzed by
a Shimadzu UV-1201 spectrophotometer (Shimadzu
Corporation, Analytical Instruments Division, Kyoto,
Japan).

Serum insulin, serum testosterone and plasma
cortisol were determined with an ELISA analyzer
(Tecan Infinite M200, Grodig, Austria) using com-
mercially available ELISA kits (Diagnostic Systems
Laboratories, Webster, TX, USA) according to the
manufacture’s instructions (insulin, DSL-10-1600;
testosterone, DSL-10-4000; cortisol, DSL-10-2000).

Plasma amino acids were determined using the
Water AccQ * Fluor™ kit (Waters Ltd., Mildford,
MA, USA). The kit consisted of the derivatization
reagent AQC, borate buffer, eluent A and amino acid
standards. oa-Aminobutyric acid (Sigma Chemicals,
St. Louis, MO, USA) was used as the internal standard.
An LC-10AT HPLC pump system (Shimadzu, Kyoto,
Japan) equipped with a column oven L-7300 (Hitachi,
Tokyo, Japan), an autosampler L-2200 (Hitachi) and
a fluorescence detector L-7485 (Hitachi) was used to
analyze the derivatized samples. Separation was
achieved by using a 4 um AccQ * Tag C;g column
(150 x 3.9 mm L.D.) with a Sentry™ Nova-Pak® C g
guard column (20 X 3.9 mm I.D.). All blood samples
were run in triplicates and the mean of the three
assays was used for statistical analysis.

Profile of Mood States (POMS) Assay

The short form of POMS, which consisted of
30 items of the original 65-item questionnaire, was
used to evaluate the psychological conditions of the
subjects (27, 39). The overall mood including tension,
depression, anger, vigor, fatigue and confusion was
assessed. The score provided the information on
how the subjects felt. The subjects were asked to

Table 1. Characteristics of the subjects

Characteristics Values

Age (y) 23.4+0.8
Height (cm) 173.3£0.1
Weight (kg) 702+ 1.6
Body mass index (kg/m?) 233+0.4
VOoumax (ml-kg™-min’") 554+1.6

Values are the means = SE (n = 14)

self-evaluate their feeling at Pre-Ex, exhaustion and
120 min during the recovery period.

Statistical Analyses

Data from the BA trial and the PL trial were ex-
pressed as means * standard error (SE). Comparisons
between the means of two trials were performed by
the paired Student’s 7-test. Comparisons between the
BA and PL trials for each matched time point were
analyzed by a one-way ANOVA with repeated
measures. Tukey’s post hoc test was used to detect
the differences between each time point. A level of
P < 0.05 was used as the criterion for statistical sig-
nificance.

Results

Table 1 presents the basic physical charac-
teristics of the subjects. Blood glucose and insulin
concentrations at the 40 and 60 min recovery points in
the BA trial were significantly higher than in the PL
trial (Table 2). Glucose and insulin levels increased
in both trials after exercise. The BA trial resulted in
significant suppression in plasma FFA concentration
at the 10, 20, 60 and 120 min recovery points. FFA
concentrations showed a marked elevation in the PL
trial when compared with those observed at the 40 and
60 min recovery points (Table 2). The T/C ratio at the
120 min recovery point in the BA trial was significantly
higher than that in the PL trial (Table 2).

During recovery from exhaustive exercise, heart
rate, plasma concentrations of lactate, ammonia and
glycerol decreased significantly over time (P < 0.05,
Table 2) in both the BA and PL trials. However, there
were no differences in heart rate, plasma lactate,
ammonia and glycerol between trials. Plasma CK
activity increased in response to exercise. During
recovery from exhaustive exercise, there were no
differences in CK activity over time or between trials
(Table 2).

Fig. 1 shows the changes in plasma BCAA con-
centrations over the experimental period. Plasma
BCAA concentrations at 20, 40, 60, and 120 min
recovery points in the BA trial were significantly
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Table 2. Heart rate and biochemical parameter over the experimental period in the BA and PL trials

Parameter ~ Trial Pre-Ex. Exhaustion Recovery phase

10 min 20 min 40 min 60 min 120 min 24 h

Heartrate  BA  724+19% 191.0+22 1109+33" 1024+2.7" 92.8+2.4% 94.1+2.8% 89.9 +2.2% -
(beats/min) PL  70.6+ 1.7 1913+20 111.0+3.0" 1025+22%  951+23" 87.9+ 1.7 70.6 + 1.7% -

Glucose BA 805+ 1.7 107.9+58 99.9+6.3 98.9+4.6 94.4+45%*% 852+42%%  78.1+24" -

(mg/dl) PL  80.7+13" 1146+52 1047+44%  968+4.0" 83.5+28%  754+13" 77.4+1.5% -
Insulin BA 70+06"  106+1.8 137426 203+3.7 31.6+56%%  30.1+7.0%* 8.6+ 1.1 -
(uU/ml) PL 78+05%  11.0£28 146+1.9 20.7 +3.0* 154+2.6 10.6+ 1.1 8.1+0.7 -
Lactate BA 1.0+0.1%  106+13 82+ 1.1% 57+0.7" 3.6 +0.3" - - -
(UM) PL L1+0.1*  119+13 8.4+1.1% 6.0 +0.8" 3.2+ 04" - - -
NH; BA 78+£19% 1015495  622+7.7%  401+48%  200+22% 18.1 +2.0¢ 11.2+2.9* -
(UM) PL  112+24% 111.6+94 71.9+7.1%  427+45% 2364297 193 +2.6* 10.8+3.7% -
CK BA 117.6+10.8"% 154.1+13.9 15024133 140.8+127 134.0+11.8 1325+113 131.0+13 133.6+11.9
) PL 1149+95% 151.6+10.5 1444+93 1389+92  131.0+88  1304+92 127.9+8.7 1453 +10.8
FFA BA 305.6+32.0 335.0+35.6 486.5+324% 443.0+37.0% 2949+298 177.6+22.6"* 481.3+57.9"% -
(UM) PL 311.8+482 362.1+70.0 546.7+935 5393+92.6" 3820+66.8 337.1+493  559.6+76.4 -
Glycerol BA  63.7+27% 1672+80 146.6+9.0 1252+90%  759+57%  598+4.8" 793+7.7% -
(UM) PL  61.8+37% 1564+112 1454+108 1245+104% 834+69%  746+45" 753+7.5% -
T/C ratio BA 619+144 51.0+72  47.7+69 442454 441+6.8 448+59 66.1 +8.3%* -

PL  492+49 57.5+8.5 452+50%  413+5.0" 42.4+6.6" 46.0 + 6.3" 55.7+5.7 -

Values are expressed as means + SE (n = 14). On completion of the exhaustive exercise, the subjects consumed either a branched-chain amino acid,
arginine and carbohydrate combined beverage (the BA trial), or a drink with similar taste and color (the PL trial). CK: creatine kinase; FFA: free fatty
acid; T/C ratio: total testosterone to cortisol ratio. Ellipses indicate parameter not measured at this point. *Significantly different from exhaustion (P <
0.05). *Significantly different from the other trial (P < 0.05).
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Fig. 1. Plasma BCAA level observed over the experimental period in the BA and PL trials. Each point represents the means + SE.
#Significantly different from exhaustion (P < 0.05). *Significantly different from the other trial (P < 0.05).

higher than in the PL trial. Plasma BCAA concen- remained high at 60 min recovery point, and returned
tration did not change over the experimental period to the baseline level at 120 min.
in the PL trial. However, the BCAA concentration in Fig. 2 shows plasma free tryptophan/BCAA

the BA trial significantly increased at 40 min and ratio observed over the experimental period in the
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Fig. 2. Plasma tryptophan/BCAA ratio observed over the experimental period in the BA and PL trials. Each point represents the
means + SE. *Significantly different from exhaustion (P < 0.05). *Significantly different from the other trial (P < 0.05).

BA and PL trials. The tryptophan/BCAA ratios at 40
and 60 min recovery points in the BA trial were sig-
nificantly lower than in the PL trial. The tryptophan/
BCAA ratio did not change over the experimental
period in the PL trial. However, the BA trial resulted
in significant decreases in the tryptophan/BCAA ratio
at the 10, 20, 40, 60 and 120 min recovery points.
POMS scores were performed to evaluate the
psychological conditions. Table 3 shows the changes
in POMS after supplementation. Fatigue score in-
creased immediately at exhaustion in both trials, but
the decrease in the fatigue score at 120 min recovery
point was significant only in the BA trial. Vigor score
decreased immediately at exhaustion and increased at
120 min recovery in both trials, and there was no
significant difference between the two trials. Anger,
confusion and depression scores did not change sig-
nificantly during the study period in either trial.

Discussion

In our study, a BCAA Drink is a combination
of BCAAs, arginine and carbohydrate. These com-
pounds are typically marketed as sports energy drinks.
Most BCAA-related studies were performed prior or
during the exercise (5, 21, 22, 35); however, our study
is unprecedented in that BCAA Drink was given
post-exercise. Our major finding is that ingestion of
a BCAA Drink after exercise can increase anabolic
response and reduce the feeling of fatigue.

The results of our study showed that plasma

glucose and serum insulin increased after an acute
bout of exercise. Furthermore, the BA trial showed a
significant increase in plasma glucose and serum
insulin concentrations at 40 and 60 min after BCAA
Drink supplementation during the recovery period.
Arginine is an extremely effective amino acid that
stimulates insulin and glucagon secretions (12).
Previous studies have shown that glucose possibly
transport positively charged arginine into cells by de-
polarizing the glucose-induced signal in the pancreatic
B-cell membrane, thus, amplifying insulin secretion
(18). We recently investigated the effects of arginine
supplementation on acute metabolic responses during
recovery after a single bout of exhaustive exercise in
trained athletes (37). Results showed that glucose
and insulin concentrations of the arginine group were
significantly higher than those of the placebo trial 15
min after arginine oral ingestion, similar to the results
in the current study. The BCAA Drink contains 24.2
g of carbohydrate which may have enhanced the in-
sulin response during the recovery period. Increase
in blood glucose and insulin concentrations with
BCAA Drink appeared to reflect the BCAAs and car-
bohydrate contents of the supplement.

Researches have shown that insulin and essential
amino acids, especially leucine, can stimulate protein
synthesis (7, 14). In the BA trial, the leucine concen-
tration at 20, 40, 60, and 120 min was 127.5 + 14.3,
217.6 £28.3,243.5 +39.9, and 139.9 £ 12.4 umol/ml
respectively, as compared to 92.6 + 7.4, 93.2 + 14.9,
104.7 £ 21.6, and 69.1 £ 7.4 umol/ml in the PL trial.
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Table 3. Mood state before and after exercise

BA PL

Fatigue

Pre-Ex 2.0+0.7* 2.9+0.8"

Exhaustion 6.4+0.8 74109

120- min recovery 20+0.5"* 4.6+0.7"
Vigor

Pre-Ex 10.7 £ 0.8* 11.5+1.2*

Exhaustion 6.7+14 5713

120- min recovery 9.9+ 1.4 9.1+ 1.2
Tension

Pre-Ex 1.6 £ 0.5 2.1+£0.7

Exhaustion 1.6 £0.6 22+0.6

120- min recovery 09+04 0.6 +0.3"8
Anger

Pre-Ex 1.0£0.5 1.1£0.6

Exhaustion 1.1+£0.7 1.0+ 0.6

120- min recovery 1.1+£0.5 04102
Confusion

Pre-Ex 34£0.6 32105

Exhaustion 32+0.6 29+0.6

120- min recovery 29+0.7 2.7+£0.6
Depression

Pre-Ex 1.0£0.5 1.0+ 0.5

Exhaustion 1.1+£0.6 1.3+£0.6

120- min recovery 0.6+0.3 0.8+0.4

Values are expressed as means = SE (n = 14). On com-
pletion of the exhaustive exercise, the subjects consumed
either a branched-chain amino acid, arginine, and carbo-
hydrate combined beverage (the BA trial), or a drink with
similar taste and color (the PL trial). *Significantly dif-
ferent from exhaustion (P < 0.05). §Significantly different
from pre-exercise. *Significantly different from the other
trial (P < 0.05).

Thus, the leucine concentration significantly in-
creased at 20, 40, 60, and 120 min recovery points in
the BA trial and was significantly higher than in the
PL trial (P < 0.05). Moreover, we found the T/C ratio
at 120 min recovery point in the BA trial was sig-
nificantly higher than that in the PL trial (Table 2).
The T/C ratio is used as an indication of the anabolic/
catabolic balance (38). We suggest that the BCAA
Drink enhances anabolic responses during recovery.

Flynn et al. (13) reported that arginine regulated
the metabolism of glucose, lactate and fatty acid
during the recovery period. The study compared the
arginine group with the placebo group during the
recovery period and found that they two groups had
similar glycerol levels, but the arginine group had a
lower FFA level in the blood (37). Moreover, it has
been reported that glucose plus BCAA supplemen-
tation before exercise decreased the plasma FFA

during exercise (8, 23). Our results are consistent
with these studies. We found that the administered
BCAA drink did not stimulate an increase of glycerol,
lactate, ammonia concentration or creatine kinase
activity (as shown in Table 2) when compared with
the placebo trial during the recovery period, but a
decrease in plasma FFA concentration was observed.
Glycerol cannot be reused in the adipose tissue after
lipolysis, so glycerol can easily diffuse into the blood.
Both trials having similar glycerol levels suggest that
BCAA Drink did not increase lipolysis in the adipose
tissue. Rather, the BCAA Drink must have increased
the re-esterification of the FFA into triacylglycerols,
or inhibited FFA of the adipose tissue from entering
the blood, as reflected from lower FFA level in blood
in the BA trial. FFA may be taken up by muscle and
liver for either oxidation to ketone bodies or re-
esterification to triacylglycerols. In this study, we
also observed that insulin concentrations increased
in the BA trial. Insulin is the most potent antilipolytic
hormone (6). It indicates that BCAA Drink would in-
hibit hormone-sensitive lipase activity and enhance
FFA esterification in the adipose tissue.

The levels of CK depend on sarcomeric damage
arising from exercise. Strenuous exercise damages
skeletal muscle cell structure resulting in an increase
in total CK activity (11, 24). Several studies indicated
that BCAA supplement reduced muscle damage (5,
16, 24). Our study showed that plasma CK level
increased in response to exercise. However, during
recovery from exhaustive exercise, there were no
differences in CK levels over time or between trials
(Table 2). The reason to explain the controversial
results might attribute to the different administration
doses. In our study, each subject ingested 5.0 g of
BCAA which was lower than the amount (10-12 g
BCAA per day) used by most of the studies (5, 16,
24). The market claim for promoting recovery from
exercise damage by BCAA Drink may not be sub-
stantial.

Hamada et al. (17) have found that healthy
subjects in a resting condition did not increase the
plasma BCAA concentration until 30 min after a
single ingestion of 2 g of BCAA, and significantly
maintained higher levels at 120 min after the ingestion.
In the BA trial of this study, the participants ingested
5.0 g of BCAA within 5 min of exercise cessation.
The BCAA concentrations in the plasma significantly
rose after the 40 min recovery point, similar to the
report by Hamada et al. (17) except for the 120 min
recovery point. BCAA may serve as a substrate for
muscle metabolism resulting in the decrease of BCAA
concentration at the 120 min recovery point.

The status of mood, evaluated by the protocol of
the POMS scores, revealed that BCAA Drink supple-
mentation led to a significant decline of the fatigue
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score at 120 min recovery. Keith et al. (20) indicated
that low carbohydrate diet (72 g/d) intake in conjunc-
tion with training and exercise resulted in greater
negative scores (tension, depression, and anger) in
POMS test when compared with medium (258 g/d) or
high (386 g/d) carbohydrate diet intake. However,
there was no significant difference in mood state
of fatigue in terms of the amount of carbohydrate
diet intake. In our study, BCAA was given with a low
amount of carbohydrate (24.2 g) so that the psycho-
logical effect could not be attributed to carbohydrate
metabolism. Previous researches have shown that
BCAA supplementation improves mood vigilance and
reduces central fatigue by competing with tryptophan
for uptake into the brain via the same transport
mechanism (2, 32). It has been suggested that reducing
the plasma ratio of tryptophan/BCAA through the
provision of exogenous BCAA may be a way to
attenuate the development of central fatigue (15, 28).
Since our exercise was not a prolonged exercise mode,
concentration of BCAA and the ratio of tryptophan/
BCAA did not alter at exhaustion when compared
with Pre-Ex (Figs. 1 and 2). However, a single inges-
tion of BCAA Drink after the exercise increased the
plasma BCAA concentration and maintained it at a
significantly higher level in the BA trial during the
recovery period (Fig. 1). Moreover, the ratio of
tryptophan/BCAA gradually decreased in the BA trial
(Fig. 2). The decrease in the ratio may cause a
decrease in the amount of tryptophan entering the
brain, which led to a decrease in the effects of sero-
toninergic transmission (30). The final effect appeared
to decrease the feeling of fatigue.

In conclusion, results of this study indicate that
consuming BCAA Drink during exercise recovery
period may provide the muscle with an anabolic
environment by stimulating insulin secretion and
increasing T/C ratio. Moreover, the lower ratio of
tryptophan/BCAA in the blood decreases the amount
of tryptophan entering the brain which may reduce
the feeling of fatigue. We suggest that an ingestion
of BCAA Drink may be of benefit in exercise re-
covery.
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