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ABSTRACT: Dietary supplements containing arginine are among the most popular ergogenics intended to enhance
strength, power and muscle recovery associated with both anaerobic and aerobic exercise. The aim of the present
study was to evaluate the possible effect of pre-exercise acute intake of arginine on performance and exercise
metabolism during incremental exhaustive exercise in elite male wrestlers. Nine volunteer elite male wrestlers
(24.7+3.8 years) participated in this study. The test-retest protocol was used on the same subjects. The study was
conducted using a cross-over design. A single dose of arginine (1.5 g- 10 kg™ body weight) or placebo was given
to the subjects after 12 hours fasting (during the night) for both test and retest. Subjects were allowed to drink
water but not allowed to eat anything between arginine or placebo ingestion and the exercise protocol.
An incremental exercise protocol was applied and oxygen consumption was measured during the exercise. Heart
rate and plasma lactate levels were measured during the exercise and recovery. Results showed that in the same
working loads there was no significant difference for the mean lactate levels and no difference in maximum oxygen
consumption (arginine 52.47+4.01 mL-kg™-min™, placebo 52.07+5.21 mL-kg™'- min"") or in maximum heart rates
(arginine 181.0913.57 bpm, placebo 185.89+7.38 bpm) between arginine and placebo trials. Time to exhaustion
was longer with arginine supplementation (1386.869.8 s) compared to placebo (1313+90.8 s) (p<0.05). These
results suggest that L-arginine supplementation can have beneficial effects on exercise performance in elite male
wrestlers but cannot explain the metabolic pathways which are responsible from these effects.
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Amino acids are among the most common nutritional supplements
taken by athletes. They are involved in numerous metabolic pathways
that affect exercise metabolism [7]. Dietary supplements containing
arginine are among the most popular ergogenics intended to enhance
strength, power and muscle recovery associated with both anaero-
bic and aerobic exercise [2]. Arginine administration has been
claimed to promote an increase in blood perfusion in the active
muscle [22], increasing substrates necessary for improving muscu-
lar recovery and protein synthesis during and/or after exercise. Ar-
ginine supplementation could also improve exercise capacity by
decreasing lactate accumulation, which has been shown to be in-
volved in the development of muscular fatigue by increasing mus-
cular acidity [4,14,25].

Despite the potential positive effects of arginine supplementation
on exercise metabolism, it is still premature to recommend dietary
supplements containing arginine as an ergogenic aid for healthy
physically active subjects as several review analyses have empha-
sized [2,8,17,211].

There are only a few acute studies regarding arginine supplemen-
tation and exercise performance, some of which showed positive
effects of arginine supplementation on exercise metabolism [3,6,26]
while the others showed no effect [19,20]. As emphasized by
McConnel [21], interpretation of these controversial results is difficult,
since oral supplementation of arginine was used in combination with
various other metabolites/salts in several studies. Therefore, there is
a need for further research, especially to understand the mechanisms
of how arginine affects exercise metabolism.

Since arginine could increase exercise-induced vasodilatation and
remove the metabolites that may inhibit exercise performance, we
asked whether the pre-exercise acute intake of arginine enhances
performance during incremental exhaustive exercise in elite male
wrestlers.

MATERIALS AND METHODS I
Subjects. Nine male national and international level wrestlers were
included in the study. Wrestling is a sport that requires strength and
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power and improved time to exhaustion may increase the actual
performance. Since the resting times are limited between consecutive
matches it could be beneficial if the recovery is improved. Key exclu-
sion criteria included consuming any ergogenic supplement in the
last 2 months, smoking, a history of coronary heart disease, or any
prior or current medical problems that would limit the subject’s
physical performance. The participants were apparently healthy and
free of any significant medical problems. They were also not taking
any medications during the time of the study.

Written informed consent was obtained from each subject, and
the study protocol was approved by the Human Ethical Committee
of Hacettepe University, Ankara, Turkey. All procedures followed in
this study were in accordance with the Helsinki Declaration of 1975,
as revised in 2008.

Study design

The study was carried out according to a crossover design and last-
ed two weeks including a wash-out period of one week. The athletes
performed an incremental bicycle ergometer test to exhaustion. Half
of the athletes ingested the placebo before the first, and the other
half before the second exercise protocol (test-retest protocol). The
athletes followed their habitual eating and training patterns during
the whole study. The subjects were advised to eat qualitatively the
same carbohydrate-rich meals for dinner the day before the test and
not to eat during the night (overnight fasting). Caffeine, alcohol, and
dairy products were not allowed in the evening before the testing
day. No physical activity was allowed the day prior to the tests. All
exercises were done in the same laboratory and same temperature
and humidity conditions. Water intake was not allowed during the
exercise protocol. Subjects were randomly assigned to the arginine
or placebo trial separated by a 7-day washout period. Arginine trial
subjects consumed a single dose of 1.5 g-10 kg body weight ar-
ginine capsules (General Nutrition, Pittsburgh, PA, USA) after an
overnight fast and waited for sixty minutes for the arginine peak in
plasma [15]. Placebo trial subjects consumed an equal number of
capsules containing starch. Subjects were not allowed to eat anything
between arginine or placebo ingestion and the exercise protocol but
were allowed to drink water.

Exercise protocol

Subjects started to warm up at 60 rpm on a Monark cycle ergom-
eter (894E, Monark, Varberg, Sweden) without any load, and after
3 minutes the exercise protocol started at 90 watts and the load was
increased by 30 watts every 3 minutes. Subjects were asked to
maintain 60-70 rpm during the whole protocol. Exercise was con-
tinued until the subjects could not go on cycling 60-70 rpm at the
desired working loads or the subjects wanted to stop. Gas exchange
was continuously measured by an online automatic breath-by-breath
gas analyser (Quark b2, Cosmed, Rome, Italy). At the end of each
stage, 25 uL of blood was drawn from the ear lobe, and immedi-
ately analysed to determine blood lactate concentration (YSI 1500
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Sport, Yellow Springs Instruments, Yellow Springs, Ohio). The meta-
bolic unit and the lactate analyser were regularly calibrated accord-
ing to the manufacturer’s instructions. At the end of each testing
session, the data stored in the Cosmed Quark b2 unit were down-
loaded to a laptop using the manufacturer’s software (Cosmed, Data
Management Software, Version 7.3a). Breath-by-breath data were
averaged over 5-s time intervals and subsequently imported into an
Excel spreadsheet for further analyses. A wireless chest strap telem-
etry system (Polar Electro T31, Kempele, Finland) continuously re-
corded heart rate during the exercise test and in the recovery period.
Lactate analysis and heart rate monitoring were continued in the
recovery period until the measured lactate levels decreased to 50%
of the initial lactate levels of recovery. Lactate levels and heart rates
were measured immediately after the exercise (O minute of recovery),
1 minute after exercise, 3 minutes after exercise and at every
3 minutes after that.

Statistics

The statistical comparison of the ratios between placebo and arginine
trials was made using the T-test for dependent samples. The level
of significance was set at p < 0.05. Data in text and figures are
presented as mean and 95% confidence interval of the mean.

RESULT S |
Effects of arginine supplementation on the lactate metabolism, oxy-
gen consumption and heart rate were measured during the incre-
mental exercise to exhaustion and during recovery of nine elite male
wrestlers; the age, height and weight means of the subjects were as
follows: 24.7+3.8 years old, 174.2+5.2 cm and 80.4+4.1 kg.
Time to exhaustion increased by 5.8% in the arginine trial
(1386.8+69.8 s) compared to the placebo trial (1313+90.8 s)
(p<0.001) (Figure 1).

There was no significant difference in lactate concentrations be-
tween arginine and placebo trials either for any working load or at
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FIG. I. TIME TO EXHAUSTION IN INCREMENTAL EXERCISE FOR
ARGININE AND PLACEBO TRIALS
Note: * significantly different at p<0.001
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FIG. 2. LACTATE CONCENTRATIONS AT DIFFERENT WORKING LOADS DURING INCREMENTAL EXERCISE AND LACTATE CONCENTRATIONS AND %
CHANGE IN LACTATE CONCENTRATIONS DURING RECOVERY AFTER EXERCISE IN ARGININE AND PLACEBO TRIALS
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FIG. 3. HEART RATES AT DIFFERENT WORKING LOADS DURING INCREMENTAL EXERCISE AND HEART RATES DURING RECOVERY AFTER EXERCISE

IN PLACEBO AND ARGININE TRIALS
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FIG. 4. OXYGEN CONSUMPTIONS AT DIFFERENT WORKING LOADS
DURING INCREMENTAL EXERCISE IN PLACEBO AND ARGININE TRIALS

any point during recovery (Figure 2). Lactate concentrations taken
immediately before the exercise (during resting) were also similar for
placebo and arginine trials (0.89+0.18, 1.01 +0.31; respectively).
Although it was not statistically significant (p>0.05), the lactate

level measured immediately after the exercise (O minute during
recovery) was slightly higher in the arginine trial (12.26+2.27
mmol) than in the placebo trial (11.29+2.53 mmol). Therefore
we decided to compare the % change in lactate concentrations
during recovery and did not find any difference at any point of
recovery (Figure 2).

There was also no statistically significant difference in maximum
heart rate (placebo, 181.1+13.6; arginine, 185.9+7.4) or maximum
oxygen consumption (placebo, 52.07+5.21 mL-kg'- min’; arginine,
52.47+4.01 mL-kg'-min!) between the two trials (p>0.05).

No difference was found in heart rates during the exercise proto-
col or during recovery (Figure 3).

Oxygen consumption did not show any difference between pla-
cebo and arginine trials (Figure 4).

DISCUSSION I
The present study was designed to determine the effect of a single
dose of arginine supplementation on exercise metabolism and per-
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formance during an incremental exercise bout to exhaustion. The
results of this study did not show any significant difference in
oxygen consumption during the exercise, lactate concentrations
and heart rate during and after the exercise between trials. How-
ever, compared to placebo, time to exhaustion increased with ar-
ginine supplementation. Recent reports suggest that dietary L-ar-
ginine supplementation does not influence the steady-state O, cost
of moderate-intensity cycle exercise [18] or submaximal treadmill
running [5]. On the other hand, Bailey et al. [3] reported that acute
arginine supplementation resulted in a reduced O, cost of moder-
ate-intensity cycle exercise, along with reduced VO, slow compo-
nent amplitude and improved time to task failure during severe-
intensity exercise. Nevertheless, maximum VO, did not show any
difference between arginine and placebo. We did not observe any
statistically significant difference either in maximum VO, or the
oxygen consumptions for any given work load in arginine and pla-
cebo trials; and the study was not designed to determine the VO,
slow component amplitude.

No statistically significant difference in lactate concentrations was
observed at any given workload during exercise between arginine
and placebo groups. Although these results differ from some published
studies [12,13,24], they are consistent with those of Stevens et
al. [26], Buford et al. [6], Abel et al. [1], Liu et al. [19], Koppo et
al. [18], Tsai et al. [27] and Bailey et al. [3]. The differences between
the studies may have resulted from the way of administration of
arginine or the combination of arginine with other components. Ar-
ginine was given intravenously in the study of Schaefer et al. [24]
and combined with aspartate [12] and glutamate [13] in different
studies. We also measured the lactate concentrations during post
exercise recovery. Since the time to exhaustion is longer in the argi-
nine trial, the lactate levels measured immediately after the exercise
(O minute during recovery) was slightly higher in the arginine trial,
even though it was not statistically significant. That is why we com-
pared the % change in lactate concentrations during recovery and
did not find any difference at any point of recovery between arginine
and placebo groups. This finding is in agreement with previous find-
ings which showed no difference between arginine or placebo inges-
tion in lactate levels after a single bout of exercise at 75% of max
VO, for 60 minutes [27] and after simulated wrestling match per-
formance [16].

The results of studies with arginine supplementation on perfor-
mance are rather inconsistent. Stevens et al. [26] showed that oral
glycine-arginine-alpha-ketoisocaproic acid (GAKIC) increased muscle
torque and work sustained during intense acute anaerobic dynamic
exercise and increased overall muscle performance by delaying
muscle fatigue during the early phases of anaerobic dynamic exercise.
Buford and Koch [6] observed a statistically significant increase in
peak power output in repeated cycling sprints with glycine-arginine-
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alpha-ketoisocaproic acid supplementation. Campbell et al. [9] re-
ported an increase in 1RM bench press and peak power performance
with arginine alpha-ketoglutarate (AAKG) in trained adult men.
Bailey et al. [3] observed an increased time to task failure during
intense exercise with 3 consecutive days of arginine supplementation
which also contained trace amounts of vitamins, other amino acids
and fructose at a dose supposedly that would not be expected to
elicit performance gains. This is in accordance with our finding of an
increased time to task failure with arginine supplementation. On the
other hand, there are studies showing no difference in intermittent
anaerobic exercise performance [19], marathon running perfor-
mance [11], cycling exercise performance [20] and time to exhaus-
tion [23] with arginine supplementation. Despite the increasing
number of studies in arginine supplementation, the effect on exercise
metabolism and performance is still unclear. Many studies have
shown different results and there are several possible factors that
may cause this variability of the results. The shorter [3,19,20,23,271
or the longer period of supplementation [1,10,11,18]; combination
of arginine with different components [1,6,9-13,26]; different doses
of arginine; different exercise protocols; different fitness levels of
subjects (endurance trained athletes [1,10,11,20], physically active
healthy men [3,18,23], combat sports athletes [16,27], etc. ) are
some of the factors that may cause inconsistent results of the stud-
ies.

A limitation of the present study was that the markers of nitric
oxide bioavailability were not measured. NO was supposed to improve
exercise efficiency and exercise tolerance in healthy humans and
increased with arginine supplementation [3].

CONCLUSION S /55
Acute dietary supplementation with 1.5 g-10 kg (body weight)
of arginine did not change the oxygen consumption during maximal
incremental exercise and did not change lactate concentration and
heart rate during exercise and post-exercise recovery in elite male
wrestlers. However, it caused a 5.8% increase in time to exhaustion
during maximal incremental exercise. Due to the nature of maximal
incremental exercise, even a relatively small change in time to
exhaustion is likely to be meaningful for athletic performance. These
results suggest that L-arginine supplementation can have beneficial
effects on exercise performance in elite male wrestlers. The precise
mechanisms responsible for the increase in time to exhaustion
remain to be elucidated. Further research is needed to understand
the role of arginine supplementation in different types of exercise
performance in athletes before definitive conclusions can be drawn
regarding its potential ergogenic value.
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