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During exercise, blood levels of several hormones
increase acutely. We hypothesized that consumption
of a specific combination of amino acids (arginine,
alanine, and phenylalanine; A-mix) may be involved
in secretion of glucagon, and when combined with
exercise may promote fat catabolism. Ten healthy
male volunteers were randomized in a crossover
study to ingest either A-mix (3 g/dose) or placebo
(3 g of dextrin/dose). Thirty minutes after ingesting,
each condition subsequently performed workload
trials on a cycle ergometer at 50% of maximal oxy-
gen consumption for 1 h. After oral intake of A-mix,
the concentrations of plasma ketone bodies and
adrenalin during and post-exercise were significantly
increased. The area under the curve for glycerol
and glucagon was significantly increased in the post-
exercise by A-mix administration. These results
suggest that pre-exercise ingestion of A-mix causes a
shift of energy source from carbohydrate to fat
combustion by increasing secretion of adrenalin and
glucagon.

Key words: pre-exercise nutrition; amino acid
supplementation; metabolism; hormones

Obesity is a public health problem worldwide,1) and
a major risk factor for insulin resistance, type 2 dia-
betes, atherosclerosis, stroke, hypertension, and some
types of cancer.2) Obesity results from a chronic imbal-
ance in energy metabolism. The most common strate-
gies used for weight loss and weight control are calorie
reduction and regular physical activity.3)

Regular exercise is one important element in the
approach to prevent obesity.4) According to the exercise
prescription recommended in the American College of
Sports Medicine5) guidelines, 45–60 min of exercise
should be targeted to ensure sufficient energy expendi-
ture in obese people. Exercise increases energy expen-
diture and insulin sensitivity in skeletal muscle,6) and
therefore regular exercise is fundamental for preventing
obesity. Exercise is strongly encouraged and is likely to
be most effective for weight control when combined

with improved eating habits. In particular, the blood
levels of several hormones such as catecholamines,
glucagon, growth hormone, and cortisol are increased
during exercise compared with rest periods.7) We
hypothesize that a combination of exercise and the fac-
tors that affect the secretion of some of these hormones
may be effective for increasing fat catabolism and
energy expenditure.
Recently, it was discovered that amino acids (AAs)

are not only cell signaling molecules but also regulators
of gene expression and the protein phosphorylation
cascade. AAs are also key precursors for syntheses of
hormones and low-molecular weight nitrogenous sub-
stances, with each having considerable biological
importance.8) It has been reported that ingestion or
infusion of some AAs increases insulin or glucagon
concentrations in the blood. For example, Nuttall
et al.9) showed ingestion of phenylalanine increased
both insulin and glucagon concentrations. Intravenous
administration of arginine and lysine has been shown
to increase the circulating concentration of glucagon.10)

Alanine and glycine, but not valine, isoleucine, or leu-
cine, have also been reported to stimulate glucagon
secretion.11–13) A specific combination of AAs may
therefore stimulate the secretion of insulin/or glucagon.
Glucagon is one of the key hormones implicated in fat
catabolism during exercise.14,15) Tan et al. reported that
glucagon infusion acutely increased energy expenditure
in humans.16) We therefore hypothesize that a specific
combination of AAs may acutely promote fat catabo-
lism and energy expenditure during and after exercise.
Earlier, we developed a mixture of 17 AAs that

contained large amounts of arginine, alanine, and
phenylalanine, and then conducted a double-blind, pla-
cebo-controlled, crossover study of this mixture. That
study showed that maximum serum concentrations of
glycerol and acetoacetic acid were significantly higher
following ingestion of the AA mixture, whereas the
area under the curve (AUC) for glucagon remained
unchanged.17) In order to acutely increase glucagon
secretion, we recently developed a new mixture
(A-mix) that contained 42% [mol/mol {m/m}] of
phenylalanine, 38% [m/m] of alanine, and 20% [m/m]
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of arginine. This mixture increased the ratio of alanine
and phenylalanine that are known to affect glucagon
secretion. We conducted a randomized, double-blind,
placebo-controlled crossover trial to investigate gluca-
gon secretion induced by A-mix and fat catabolism
during exercise. The aim of this study was to answer
two questions: (a) Does acute oral administration of A-
mix stimulate glucagon secretion?, and (b) if so, are fat
catabolism and energy expenditure increased by this
potentiation?

Methods
Subjects. Ten healthy young men who exercised

regularly and belonged to a football team were
recruited as study volunteers. The mean baseline char-
acteristics of the participants were as follows: age,
21.1 ± 0.7 yr; height, 170.7 ± 4.9 cm; body mass, 65.6
± 5.0 kg; body mass index (BMI), 22.5 ± 1.4 kg/m2;
maximum oxygen uptake, 45.3 ± 4.4 mL/min/kg. All
the study participants provided written informed con-
sent prior to participation in the study. Each subject
continued his usual diet and refrained from smoking.
The trials were conducted in Japan from February 2015
to March 2015. All the participants underwent physical
examinations and blood tests that included the
following evaluations: platelet, white blood cell,
and red blood cell counts, and the levels of hemoglo-
bin, hematocrit, aspartate aminotransferase, alanine
aminotransferase, lactate dehydrogenase, alkaline phos-
phatase, gamma-glutamyl transferase, total bilirubin,
albumin, total protein, blood urea nitrogen, creatinine,
uric acid, total cholesterol, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, triglyc-
erides, glucose, sodium, potassium, and chloride. The
study was approved by the Institutional Review Board
of the Chiyoda Paramedical Care Clinic and the Meiji
Institutional Review Board. The study was also per-
formed in accordance with the ethical standards of the
1964 Declaration of Helsinki and its later amendments.

Experimental procedures. The study was con-
ducted at the Chiyoda Paramedical Care Clinic. The
subjects visited the clinic a total of three times. During
the first visit, a baseline blood sample (10 mL) was col-
lected and analyzed. Maximal oxygen uptake VO2max

(mL/kg/min) and maximal heart rate (HR) (beats/min)
were measured as described previously.17) Following
incremental exercise (15 W/min) on a cycle ergometer,
the subjects continued cycling until exhaustion, defined
as meeting two or more of the following criteria: (1)
the subjects felt they could no longer continue (>19 on
the Borg scale), (2) the point at which oxygen
consumption plateaued, (3) ratio of respiratory
exchange >1.1, and (4) HR ≥ 200 beats/min. The
results of exhaustion testing were used to calculate the
power output equivalent to 50% VO2max. The remain-
ing two visits were separated by at least six days.
Dietary intake was self-recorded by the subjects from
their first until last visit. The subjects were instructed
to refrain from binge eating, strenuous exercise, or
drinking alcohol for 24 h prior to each trial and were
also instructed to sleep more than eight hours the

evening before each visit. On the days of the second
and third visits, the subjects consumed the meals pro-
vided at least 6 h before each trial. All the meals had
the same carbohydrate:fat:protein ratio (71:16:13) and
contained 612 kcal. The subjects had no food or drink
except water from the last meal to the start of each
trial. Individual trials were performed at a similar time
of the day for each subject (±3 h) to avoid any influ-
ence of circadian rhythm on the results.
During the second and third visits, the subjects par-

ticipated in the main experimental trials. After measure-
ment of blood pressure and HR, blood samples were
drawn from the antecubital vein. The subjects were ran-
domized to ingest 50 mL of ordinary tap water and
either a cellulose capsule containing 3 g of A-mix
(Kyowa Hakko Bio Co, Ltd., Tokyo, Japan) as the
active sample or a cellulose capsule containing 3 g of
dextrin (Matsutani Chemical Industry Co., Ltd., Hyogo,
Japan) as the placebo (designated 0 min). The treat-
ments were subsequently switched during the crossover
phase of the study. After sitting for 30 min (rest per-
iod), the subjects mounted a cycle ergometer and com-
menced cycling for 60 min at a constant power output
equivalent to 50% VO2max (Exercise period). After
exercising, the subjects rested for 60 min in the supine
position (post-Exercise period). Blood samples were
collected every 30 min during rest and post-exercise
and every 15 min during exercise. HR was recorded
and exhaled air samples collected throughout the rest,
exercise, and post-exercise phases. Blood pressure and
HR were recorded again at the end of the post-exercise
period. The tests were conducted in a quiet environ-
ment in a controlled room at a temperature of
21 ± 2 °C and humidity of 45 ± 5%. The study design
is summarized in Fig. 1.

Exhaled gas analysis. Exhaled oxygen and carbon
dioxide concentrations were measured by the breath-
by-breath method using a respiration metabolism
monitor system (AE-310s, Minato Medical Science
Co., Ltd., Osaka, Japan). Substrate oxidation rates were
calculated from the respiratory exchange ratio
(RER).18) Substrate oxidation was calculated every
5 min based on the expiratory gas measurements. To
calculate the amount of fat and carbohydrate oxidation,
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Fig. 1. Study design: Study schedule (A) and schedule on
experimental trial days (Visit 2 and Visit 3; B).
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we used Péronnet and Massicotte’s method;
1.695 × VO2 – 1.701 × VCO2 for fat and 4.585 ×
VCO2-3.226 × VCO2 for carbohydrate.

18)

Blood sampling. Whole blood collected in a vacu-
tainer containing sodium fluoride and ethylenedi-
aminetetraacetic acid (EDTA)-2Na was cooled to 4 °C
for later analysis of glucose concentrations. Whole
blood from a EDTA-2Na vacutainer with added apro-
tinin was centrifuged immediately at 1200 g for 10 min
at 4 °C, and the plasma then separated and frozen
immediately at −80 °C for later analysis of glucagon
concentration. Whole blood from an EDTA-2Na vacu-
tainer without added aprotinin was centrifuged immedi-
ately at 1200 g for 10 min at 4 °C, and the plasma then
separated into two vials. One vial was cooled to 4 °C
for later analysis of cortisol concentration, while the
other vial was frozen immediately at −80 °C for later
analysis of adrenalin and noradrenalin concentrations.
Whole blood from a plain vacutainer was allowed to
stand at room temperature for 20 min, and then cen-
trifuged at 1200 g for 10 min at 4 °C, followed by sep-
aration of the serum into two vials. One vial was
cooled to 4 °C for later analysis of FFA, growth hor-
mone, and insulin concentrations, and the other vial
frozen at −80 °C for later analysis of acetoacetic acid,
3-hydroxybutyrate, and glycerol concentrations. Whole
blood from a regular syringe was transferred to a new
vial containing 0.8 N HClO4 to remove protein and
then centrifuged at 1200 g for 10 min at 4 °C. The
deproteinized serum was frozen at −80 °C for later
analysis of lactate concentration.

Glucagon concentrations were measured by a dou-
ble-antibody radioimmunoassay (Glucagon RIA SML,
Euro-Diagnostica AB, Malmö, Sweden) and insulin by
a chemiluminescent immunoassay (Architect Insulin,
Abbott Japan, Japan). Enzymatic methods were used to
measure the levels of blood glucose (Iatoro LQ GLU,
Unitica, Japan), acetoacetic acid, 3-hydroxybutyrate
(Total ketone bodies Kainos, 3-HB Kainos, Kainos Co.,
Ltd., Japan), glycerol (Glycerol Colorimetric Assay Kit,
Cayman Chemical, Ann Arbor, MI, USA), and lactate
(Detamina-LA, Kyowa Medex Co., Ltd., Japan). Blood
FFAs (NEFA-SS Eiken, Eiken Chemical Co., Ltd.,
Japan) were measured by the enzyme-ultraviolet (UV)
method, and growth hormone (Access hGH, Beckman
Coulter, Inc., USA) and cortisol (Access cortisol,
Beckman Coulter, Inc., USA) concentrations by a
chemiluminescent enzyme immunoassay. Adrenalin and

noradrenalin were measured using high-performance
liquid chromatography (HLC-725CAΠ, Tosoh Corpora-
tion, Tokyo, Japan). The assays used to measure
glucagon, insulin, blood glucose, acetoacetic acid,
3-hydroxybutyrate, lactate, FFAs, growth hormone,
adrenalin, and blood chemistry panels were performed
at the LSI Medience Corporation (Tokyo, Japan), and
the glycerol assay at IMUH Co., Ltd. (Tokyo, Japan).
Statistical analysis. Data were expressed as mean

± standard deviation (SD) and were analyzed using
Microsoft Excel (Microsoft Corp., Redmond, WA,
USA). The time-related AUCs for blood concentrations
of circulating hormones were calculated using the
trapezium rule. Repeated measures two-factor analysis
of variance (ANOVA, time-treatment) was used to
examine differences between the biochemical parame-
ters in the two trials. When the ANOVA showed signif-
icant effects or interactions between factors, Tukey’s
post hoc test was used to detect significant differences
between the two treatments. To specifically compare
the AUCs for each hormone between treatments, we
divided the experiment into three time phases (i.e., rest,
exercise, and post-exercise). All variables were tested
for normal distribution by the F-test using StatView-J
5.0 software (Abacus Concepts, Berkeley, CA, USA).
The statistical significance of differences between the
two trials was analyzed by a paired-sample t test using
Microsoft Excel for normally distributed data and the
Wilcoxon signed-rank test using StatView-J 5.0 soft-
ware for data with a skewed distribution. Statistical
significance was set at a p value < 0.05.

Results
Cardiorespiratory responses
The changes in HR, RER, carbohydrate oxidation,

and fat oxidation are shown in Table 1. No differences
in HR and carbohydrate oxidation were observed
between the A-mix and placebo treatments during rest.
During the rest period, RER was significantly lower
with the A-mix than with placebo treatment
(p = 0.038). Carbohydrate oxidation during exercise
was significantly lower with the A-mix compared with
that measured with placebo treatment (p = 0.041). No
differences in fat oxidation were observed post-exercise
between the A-mix treatment and placebo (p = 0.064).
There was also no difference in total energy expendi-
ture in subjects when they received either A-mix
supplementation or placebo (598.3 ± 45.7 vs. 613.6
± 70.0 kcal/150 min, respectively).

Table 1. Cardiorespiratory responses of participants during rest, exercise, and post-exercise after consuming the treatment.

Rest (0–30 min) Exercise (>30–90 min) Post-exercise (>90–150 min)

A-mix Placebo p* A-mix Placebo p* A-mix Placebo p*

HR (bpm) 58 ± 4 72 ± 25 .075 131 ± 9 126 ± 15 .40 81 ± 9 77 ± 5 .18
RER 0.78 ± 0.04 0.82 ± 0.06 .038 0.92 ± 0.03 0.92 ± 0.04 .76 0.81 ± 0.04 0.81 ± 0.04 .43
Carbohydrate oxidation (g/min) 0.08 ± 0.03 0.10 ± 0.03 .086 1.60 ± 0.25 1.79 ± 0.32 .041 0.23 ± 0.06 0.22 ± 0.06 .52
Fat oxidation (g/min) 0.08 ± 0.02 0.07 ± 0.02 .44 0.19 ± 0.06 0.16 ± 0.09 .35 0.10 ± 0.03 0.08 ± 0.02 .064
Energy expenditure (kcal) 30 ± 2 31 ± 4 .51 462 ± 43 489 ± 61 .092 107 ± 23 94 ± 9 .17

Note: Values are mean ± SD (n = 10).
*p value for the paired-sample t test if data were normally distributed and the Wilcoxon signed-rank test if not.
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Fig. 2. Concentrations of biochemicals assessed during the experimental trials: glycerol (A), FFAs (B), total ketone bodies (C), glucose (D), and
lactate (E).
Notes: Values are M ± SD (n = 10). A = A-mix treatment; FFAs = free fatty acids; P = placebo treatment.

Table 2. Effects of amino acid mixture on the AUC for biochemical parameters.

Rest (0–30 min) Exercise (>30–90 min) Recovery (>90–150 min)

A-mix Placebo p* A-mix Placebo p* A-mix Placebo p*

Glycerol (min mg/L) 167 ± 46 155 ± 47 .39 729 ± 320 599 ± 234 .11 760 ± 379 552 ± 159 .047
FFAs (min mEq/L) 14.1 ± 4.9 13.1 ± 4.3 .49 36.5 ± 16.7 29.0 ± 11.2 .058 60.2 ± 31.4 43.8 ± 11.2 .074
Total ketone bodies (min mmol/L) 3.91 ± 3.79 2.60 ± 3.87 .24 9.36 ± 7.93 4.29 ± 5.44 .010 34.9 ± 29.4 17.1 ± 16.2 .022
Glucose (min g/L) 23.5 ± 1.8 25.0 ± 1.5 .049 45.0 ± 4.9 46.7 ± 3.2 .27 42.1 ± 7.4 46.0 ± 3.0 .039
Lactate (min g/L) 2.97 ± 0.96 3.25 ± 0.68 .41 9.81 ± 1.87 10.7 ± 3.1 .42 6.56 ± 1.60 6.92 ± 1.34 .59

Notes: FFA = free fatty acids.
Values are mean ± SD (n = 10).
*p value for the paired-sample t test if data were normally distributed and the Wilcoxon signed-rank test if not.
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Fig. 3. Concentrations of circulating hormones during the experimental trials: glucagon (A), insulin (B), adrenalin (C), noradrenalin (D), growth
hormone (E), and cortisol (F).
Notes: Values are M ± SD (n = 10). A = A-mix treatment; P = placebo treatment.

Acute effects of A-mix combined with aerobic exercise 1421



Biochemical parameters
The biochemical parameters measured with the two

treatments are summarized in Fig. 2 and AUC for each
condition during rest, exercise, recovery is summarized
in Table 2. A two-factor ANOVA showed a significant
treatment-time interaction for serum total ketone bodies
concentration (treatment, p = 0.128; time, p < 0.0001;
interaction, p = 0.0126), with Tukey’s post hoc test
revealing significant differences between treatments at
75, 90, 120, and 150 min (p < 0.05). And post-exercise
AUC for ketone bodies was significantly higher follow-
ing supplementation with the A-mix compared with
that measured with placebo. In the case of the concen-
trations of serum glycerol and blood glucose, a two-
factor ANOVA revealed significant main effect of time,
and no significant interaction. However, the post-
exercise AUC for glycerol was significantly higher, and
the post-exercise AUC for glucose was significantly
lower following supplementation with the A-mix com-
pared with that measured with placebo.

Circulating hormones
The concentration of circulating hormones during

each treatment is summarized in Fig. 3 and AUC for
each condition during rest, exercise, recovery is sum-
marized in Table 3. A two-factor ANOVA showed a
significant treatment–time interaction for plasma adre-
nalin concentration (treatment, p = 0.220; time,
p < 0.0001; interaction, p = 0.047), with Tukey’s post
hoc test revealing significant differences between treat-
ments at 60, 75, 90, 120, and 150 min (p < 0.05).
However, the AUC for adrenalin did not significantly
differ between the two treatments. In the cases of the
plasma/serum concentrations of glucagon, insulin, nora-
drenalin, and cortisol, a two-factor ANOVA revealed
significant main effect of time, and no significant inter-
action. However, the post-exercise AUC for glucagon
was significantly higher following supplementation
with the A-mix treatment compared with that measured
with placebo (p = 0.042). Insulin, noradrenalin, growth
hormone, and cortisol concentrations did not differ sig-
nificantly between the two treatments throughout the
experimental period.

Discussion

This study in physically active, healthy young men
investigated the acute effects of A-mix supplementation

combined with exercise on glucagon secretion, fat cata-
bolism, and energy expenditure. The study showed that
compared with ingestion of placebo, ingestion of the
A-mix supplement significantly increased the concen-
trations of glycerol (post-exercise) and ketone bodies
(during exercise and post-exercise). The rate of lipoly-
sis in adipose tissue can be estimated from the glycerol
production since glycerol formed by lipolysis cannot be
reutilized in this tissue due to low concentrations of
α-glycerokinase.19) In accordance with this lipolysis
phenomena, the A-mix supplement significantly low-
ered carbohydrate oxidation during exercise, while fat
oxidation tended to increase compared with that mea-
sured with placebo during the post-exercise period.
These results suggested that ingestion of A-mix caused
a shift of energy source from carbohydrate to fat com-
bustion during and after exercise.
Previous reports suggested that several widely diver-

gent effects of adrenalin and glucagon appear to be
mediated by a common effector, adenosine 3′,5′-cyclic
monophosphate.20) The cyclic AMP cascade plays cru-
cial roles in the activation of hormone-sensitive triacyl-
glycerols lipase (HSL) and subsequent hydrolysis of
triacylglycerols in adipose tissues.21) Our study showed
that the blood level of adrenalin during and post-
exercise and the AUC for glucagon post-exercise were
significantly higher after subjects received the A-mix
treatment compared with administration of placebo.
These results suggested that lipolysis via c-AMP-
dependent phosphokinase activity and HSL activity
induced by exercise may be increased by administration
of A-mix combined with exercise compared with exer-
cise alone. A further in vivo trial is necessary to inves-
tigate whether or not HSL is related to this cascade.
We observed a significant increase not only in the

blood levels of glycerol, but also in total ketone bodies
in the A-mix group compared with the placebo group.
The increase in blood ketone body levels suggested
increased hepatic ketogenesis. These results also sug-
gested that the A-mix increased utilization of fat as a
substrate. Abe et al. reported that serum free fatty acid
and blood ketone body concentrations were increased
in swimming mice following p.o. administration of a
Vespa Amino Acid Mixture (VAAM) compared to
those that received a casein amino acid mixture.22)

Sasai et al. also reported that regular exercise combined
with ingestion of VAAM appeared to slightly increase
aerobic fitness and decrease intra-abdominal fat in
sedentary older women.23) These results suggest that
continuous administration of A-mix combined with

Table 3. Effects of amino acid mixture on the AUC for circulating hormones.

Rest (0–30 min) Exercise (>30–90 min) Recovery (>90–150 min)

A-mix Placebo p* A-mix Placebo p* A-mix Placebo p*

Glucagon (min μg/L) 3.20 ± 0.34 3.10 ± 0.29 .19 7.19 ± 1.01 6.87 ± 1.02 .36 7.97 ± 1.24 7.15 ± 0.80 .042
Insulin (min mU/L) 57.5 ± 32.1 80.9 ± 78.9 .36 98.3 ± 63.1 102.3 ± 49.7 .63 99.5 ± 95.7 106.8 ± 64.8 .56
Adrenalin (min μg/L) 1.16 ± 0.55 1.20 ± 0.47 1.0 7.79 ± 3.60 6.43 ± 2.46 .25 7.50 ± 6.16 4.66 ± 1.78 .31
Noradrenalin (min μg/L) 11.3 ± 3.1 10.9 ± 2.8 .54 51.2 ± 13.3 49.0 ± 9.5 .45 30.5 ± 7.3 29.6 ± 5.6 .46
Growth hormone (min μg/L) 21.7 ± 25.4 28.5 ± 31.4 .52 343 ± 191 345 ± 224 .89 248 ± 154 195 ± 97 .19
Cortisol (min mg/L) 3.74 ± 1.04 3.22 ± 1.37 .12 7.87 ± 1.62 7.25 ± 1.93 .52 8.19 ± 3.73 6.66 ± 1.39 .51

Note: Values are mean ± SD (n = 10).
*p value for the paired-sample t test if data were normally distributed and the Wilcoxon signed-rank test if not.
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exercise may have beneficial effects on fat metabolism
if administrated continuously over a long term with
regular exercise. Future studies such as long-term
prospective studies are necessary to determine whether
this acute response induced by administration of A-mix
is sustained if the supplement is ingested for several
months.

Several reports have suggested that increasing blood
glucagon levels may accelerate whole body energy
expenditure. For example, Tan et al. reported that glu-
cagon infusion acutely increased energy expenditure in
humans,16) while isolated brown fat cells from rats
have been shown to respond thermogenically to gluca-
gon.24) There is also evidence that glucagon administra-
tion to rodents increases BAT mass and activity.25) In
our study, although glucagon secretion was significantly
higher with A-mix ingestion compared with placebo,
total energy expenditure and energy expenditure after
exercise were not different. However, fat catabolism
induced by exercise continues for one hour after exer-
cise. A further study is necessary to measure daily
energy consumption using a metabolic chamber.

The balance of several hormones including glucagon,
insulin, catecholamine, growth hormone, and cortisol
reportedly plays a critical role in fat catabolism, both at
rest and during exercise.14,15) We found that ingestion
of the A-mix caused a significant increase in cate-
cholamine concentration, especially adrenalin, during
and after exercise. Catecholamine is synthesized from
tyrosine in the human body. Phenylalanine, a tyrosine
precursor, is a substrate for tyrosine hydroxylase, the
enzyme that catalyzes the rate-limiting step in cate-
cholamine synthesis.26) Several reports have suggested
that a mixture of AAs lacking tyrosine and phenylala-
nine rapidly depletes blood tyrosine and phenylalanine
concentrations in both rodents and humans,27–29) and
reduces brain tyrosine concentration in rats.30) Several
reports have also shown that administration of a mix-
ture of AAs lacking tyrosine and phenylalanine lowers
the ratio of plasma catecholamine precursors to other
competing AAs.27,28,30,31) The current data therefore
imply that ingestion of the A-mix, especially the
phenylalanine content, plays an important role in
increasing the concentration of adrenalin in blood.

Several AAs when combined with resistance exercise
are known to accelerate fat oxidation by increasing the
levels of growth hormone and insulin-like growth
factor-1.32,33) In particular, ingestion of 1.5 g of arginine
stimulated secretion of growth hormone.34) However, in
the current study, growth hormone levels remained chan-
ged indicating that the A-mix stimulates fat catabolism
via a growth hormone-independent pathway. Isidori
et al.35) reported that oral ingestion of a mixture of argi-
nine and lysine stimulated secretion of insulin and
growth hormone, whereas ingestion of either AA alone
did not elicit the same effect. We therefore speculate that
stimulation of growth hormone by arginine may be
affected by the composition of the AAs administered.

In conclusion, pre-exercise ingestion of the A-mix
supplement significantly accelerated secretion of
adrenalin during a period of exercise and secretion of
glucagon during the post-exercise phase. Furthermore,
lipolysis and fat catabolism—especially hepatic

ketogenesis—during and after exercise increased signif-
icantly, indicating a shift toward fat catabolism. Taken
together, these results indicate that ingestion of a com-
bination of specific AAs efficiently stimulates fat cata-
bolism during exercise. A major limitation of this study
was that we only investigated 10 young men. Future
clinical trials are necessary in humans with obesity,
especially in older adults.
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