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Abstract

Open Access Introduction: To further understand the effects of L-arginine on both its ability to
enhance lactate clearance and increase overall blood flow before, during, and after
exhaustive anaerobic exercise.

Methods: Twelve healthy male subjects between the ages of 18-25 first completed
an initial visit where baseline data was recorded. Subjects completed three additional
Published: January 13, visits, in which they ingested either a placebo, two-gram or four-gram dose of L-

2022 arginine. Blood flow (BF) and lactate were recorded before ingestion of the treatment,
5 and 15-minutes post-ingestion prior to performing a push-up test to volitional

@ ® fatigue. Immediately following the push-up test, BF and lactate were assessed and
again 15-minutes post exercise.
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increased with ingestion of the four-gram dose while at rest (the 15-minute mark).
Blood flow was also enhanced in the four-gram dose immediately after exercise at the
25-minute mark.

Conclusions: The data suggests that a four-gram dose of L-arginine plays a more
significant role in blood flow than the clearance of lactate after exercise compared

of this license, visit to a two-gram dose or placebo.
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5 (Issue 1): 4 Introduction

Lactate accumulation during exercise is a key limiting factor during exhaustive
ISSN: 2640-2572 ex.ercise, this especially true in high—in?ensity actiyities. These high—intepsity activities
will especially rely heavily on anaerobic glycolysis, and subsequently yields lactate as
a byproduct!. Exaggerated high-intensity exercise lends itself to the production of
lactate due to the energy demands of the activity and an oxygen insufficiency. The
increase in lactate will also coincides with increased hydrogen (H+) ion
concentration. Lactate accumulation, along with the increase H+ can disrupt the
intracellular environment, resulting in reductions of force generation by the skeletal muscle and ensuing fatigue?3.

L-arginine is a traditional non-essential amino acid that has consistently been recognized as a vasodilator and acts as a
precursor for nitric oxide (NO)*>. Much research involving L-arginine has centered around its effects within clinical
populations*%7. However, research has emerged into L-arginine as an ergogenic aid in healthy populations8. L-arginine
is a vital component in the L-arginine-nitric oxide pathway* This pathway describes the metabolism of L-arginine via
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nitric oxide synthase into NO. NO is a vasoactive substance that when released from the endothelium will illicit an
inhibitory response upon the smooth muscle of the vascular system, the resultant is a vasodilatory response.
Furthermore, the metabolism of L-arginine by way of nitric oxide synthase has also been demonstrated to yield 1-
citrulline?. At the cellular level within the cytoplasm, L-arginine can be converted into I-citrulline which may in turn
play an important role in the diminishment of lactate by “buffering ammonia through the urea cycle, thereby enhancing
the aerobic utilization of pyruvate™.

It has been accepted that increased perfusion to skeletal muscle enhances lactate clearance through the increasing
metabolism of the citric acid cycle’. As previously stated, lactate accumulation, along with H+ increases have been
linked to decreasing anaerobic power and subsequent fatigue. The proposition that the increasing blood flow response
with exogenous L-arginine intake, subsequent NO, and I-citrulline production will provide an ergogenic effect.
Research in this area remains equivocal'’. The augmented NO via L-arginine intake “before resistance training does
not change the hemodynamic and vascular responses to resistance exercise”!l.  Other research also supports the
augmented NO does not improve blood flow with exercise!?!3. Still, it has also been reported that inhibition of NO
did reduce blood flow to skeletal muscle during exercise!#1¢. It also has been observed that intravenous L-arginine
administration reduced exercise induced lactate and ammonia concentrations!”.

The purpose of this study was to examine the effect of exogenous L-arginine supplementation and its potential impact
as an ergogenic aid by specifically examining muscular endurance, lactate concentration, and blood flow. Investigators
hypothesized that with L-arginine supplementation, muscular endurance would be enhanced in conjunction with an
increased blood flow and clearance of lactate.

Scientific Methods

Participants

Twelve male subjects aged 18-25 were recruited for participation in the study via direct contact with one of the
members of the research team. All subjects read and signed an IRB-approved informed consent before their
participation in the study. All methods and forms were approved by the Institutional Review Board at Grand Valley
State University.

All subjects were non-smokers and free of any cardiovascular, respiratory, or metabolic disease. Additionally, the
subjects were excluded if they had any previous experienced syncope or other relative contraindication of exercise.

Table 1. Subject Characteristics

Age (yrs) 20.7 + 1.1
Height (cm) 178.6 +7.9
Weight (kg) 76.8 +9.7
Body Fat % 11.2+ 3.1
Resting HR (bpm) 67.1£11.9
Resting Mean Arterial Pressure 90.8 + 4.6
VO2 max (ml.kg.min) 473+7.1

n= 12. Data listed as mean + SD.

Protocol
Subjects completed four total visits to the Human Performance Lab at Grand Valley State University.

Introduction and baseline measurements (Visit 1)

These procedures included a completion of the informed consent and health history questionnaire. Resting measures
were also recorded that included heart rate and blood pressure. In addition to the resting measures, anthropomettic
measurements were also taken that included height, weight, and body fat percentage, which was calculated via a 7-site
skinfold measurement.

Lastly, all subjects completed a VO3 may test via a Parvo metabolic cart to volitional fatigue using a progressing cycle
ergometer test.
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Experimental Procedure (Visits 11, 11T and I1/)

Treatments

The procedure for Visits II, III and IV were all identical apart from the treatment that was administered. The
treatments included the administration of a 1) two-gram dose of L-arginine, 2) a four-gram dose of L-arginine or 3) a
taste-matched placebo. All treatments were given to subjects in a manner that they would not be able to discern any
variance across the treatments. Ensuring this, all treatments were mixed with eight ounces of water and a commercially
available non-nutritive lemonade flavored drink mix. To limit bias, the investigator who administered the treatments
was blinded as to which treatment was provided to subjects. All treatments were administered in a counterbalanced
order using a Latin square to provide equal distribution across Visits II, III and IV.

Measurements

Participants reported to the Human Performance Lab at Grand Valley State in the mornings following a minimum of
a 12-hour fast and in the post-absorptive state. Upon entry to the lab and after a five-minute (min) rest period (-5-
min), resting baseline measurements (0-min) were recorded that included blood flow (blood velocity and vessel
diameter) and blood lactate level. Following the collection of the resting measurements, the subjects ingested one of
the three treatments (0-min) as previously described. After ingestion of the treatment, the subjects remained in a
resting and seated position for 15-minutes. Following this resting time, the same resting measurements were again
taken and recorded (15-min). Following collection of the resting measures, subjects then completed a push-up test to
exhaustion. At the conclusion of the push-up test, recovery measurements (lactate and blood flow) were collected and
recorded (25-min). Subjects then remained in a resting state while in recovery for a duration of 10-min. After
completing this 10-min recovery, the final series of recovery measurements were collected and recorded (40-min).

0-min 15-min 25-min 40-min
(Baseline resting) (Resting) (Recovery) (Recovery)
Measurements: Measurements: Measurements: Measurements:
-Lactate -Lactate -Lactate -Lactate
-Blood flow _Blood flow -Blood flow -Blood flow
(Blood velocity and (Blood velocity and (Blood velocity and (Blood velocity and
vessel diameter) vessel diameter) vessel diameter) vessel diameter)

s || I _ f | f
vooa | | }

Muscular
Endurance Test:

0-min
Treatment:
-two gram of l-arg
-four gram of l-arg
-placebo

10 min Rest
Period

-Push-up test to
volitional
exhaustion

Figure 1. Schematic of timeline for experimental procedures.

Instrumentation and Description of Measurements

Doppler Ultrasound

The doppler ultrasound procedures and calculations of blood flow was in accordance with guidelines that have been
published!”!8.  Doppler ultrasound was utilized to assess blood velocity and vessel diameter of the brachial artery
simultaneously using a linear array transducer operating in duplex mode with imaging frequency of 13 MHz and
Doppler frequency of 5 MHz (Acuson X3000, Siemens Medical Solutions USA, Malvern, PA). The measurements
wete obtained with the probe in the appropriate position to maintain an isonation angle of <60°. The brachial artery
was isonated at the approximate center region of the antecubital and axillary regions. A longitudinal image of the
brachial artery was found to assess blood velocity (Vmen) and arterial diameter were attained while resting and for a
duration of 1 min. Vessel diameters were determined by averaging the perpendicular distance between the superficial
and deep walls of the brachial artery at three locations along the brachial artery.

Blood flow was calculated via the standard equation of:

Blood flow (ml/min) = Velocity mean (Vmen) X 7 x [vessel diameter (Vq/2]? x 60
Lactate
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The lactate plus test meter (Nova Biomedical, Waltham MA) was used for analyses. Lactate was collected and analyzed
using the highest of safety measures. A small finger prick was used to draw the blood needed for collection and analyses.

Muscular Endurance Test

The protocol for the push-up test was developed to incorporate the American College of Sports Medicine standards'.
Push-ups were performed by using a standard starting “up” position, which includes the hands slightly wider than
shoulder width with fingers pointing forward and in line with the level of the shoulder with the head, neck and back
in line. The participant lowered the body by bending the elbows until his sternum was approximately 3-4 inches from
the ground. Participants completed the push-ups at their respective self-pace, without a time limit and were allowed to
rest in the “up” position. The self-pacing and no time limit were in accordance with LaChance & Hortobayi that
reported total repetitions completed and duration until fatigue?. Only pushups that incorporated correct technique
were tallied in the total count. Total push-ups were recorded and timed until volitional fatigue or until the subject
could not maintain proper technique on two consecutive repetitions.

Statistical Analysis

All statistical analyses were performed with IBM SPSS Statistics24 or Graphpad Prism Version 9. The use of three
treatments (two grams of L-arginine, four grams of L-arginine and a control) was utilized. Additionally, four time
points (0 min, 15 min, 25 min, and 40 min) were collected to be analyzed for the variables of blood flow (blood velocity
and diameter of vessel) and blood lactate level. As such, a three-treatment x four time points repeated-measures
ANOVA was utilized to determine any main effects of treatments and time points. Mauchly’s test of sphericity was
used to determine sphericity. When the sphericity assumption was violated, Greenhouse-Geisser corrections were
applied, and was applied in the lactate and blood flow analyses. Effect sizes are expressed as Partial Eta Squared (n?),
where 12 >0.01 indicates a small effect, N2>0.06 indicates a medium effect and n?>0.14 indicates a large effect. Paired-
samples T-test were utilized to assess any difference at specific time points. A one-way ANOVA applied in the analysis
of the muscular endurance test (push-ups to volitional fatigue). Statistical significance was set at 2 95% significant
level (p< 0.05).

Results

Lactate

A Repeated Measures ANOVA with a Greenhouse-Geisser correction determined that the main effect for time
differed for mean lactate concentrations F(2.056, 67.852) = 93.615, p < 0.001, n2=0.050, but did not for condition-
by-time interaction (p=.569). Area under curve (AUC) analysis was also conducted to better illustrate clearance kinetics
(see Table 2A). No significant differences where observed with the AUC (see Table 2B).

Lactate
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Figure 2. Blood lactate concentration across time.
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Table 2A. Area under curve of Lactate (mmol/L).
Treatment
Placebo 13.24+ 2.6
Two-gram  13.74 2.7
Four-gram 14.0+ 2.3
Data listed as mean + SD.

Table 2B. Statistical P-values Between Area Under Curve.
Comparisons P-values
Placebo/Two-gram .366
Placebo/Four-gram 227
Two-gtam/Four-gram  .182

Blood Flow
A Repeated Measures ANOVA with a Greenhouse-Geisser correction determined that the main effect for time

differed for mean blood flow (F(1.324, 43.7) = 32.217 p < 0.001, 12=.060).

Paired samples T-tests identified a significant difference at the 15-min mark (post-treatment, while resting) between
the four-gram dose as compated to both the placebo (69.05 £17.46 vs 49.46 £18.05 ml/min, respectively, where a p-
value= .022) and two-gram treatment (69.05+ 17.46 vs 53.87 + 20.57 ml/min, respectively, whete p=.013).
Additionally, significance was also determined at the 25-min mark (25-min post-treatment and immediately after
exercise) between the two-gram and four-gram treatments (96.20 + 40.44 vs 133.35 +47.21 ml/min, respectively)
where p= 0.006. No other significance was determined, see Figure 3.
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Figure 3. Blood flow across time and condition. Significance indicated by “*,” where p=0.022 between four-gram and
placebo & p=.013 between four-gram and two-gram treatments at the 15-min mark. Significance was also determined
between four-gram and two-gram where p=0.006 at the 25-min mark.

Muscular Endurance Test

Table 3 provides representation of treatments for the a) push-up test to volitional fatigue, b) time to exhaustion and c)
push-ups per second. No statistical significance was revealed when a One-way ANOVA was performed, in which p-
values yielded were push-ups= 0.969; exhaustion time 0.884; and push-ups per second 0.600.
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Table 3. Comparison of push-ups, exhaustion time and push-ups per second.

Treatment Push-ups Exhaustion Time (seconds) Push-ups/sec
a. Placebo 61.7 + 8.9 87.5 + 14.6 13+ .12
b. Two-gram  61.0 + 6.2 80.1 + 14.7 793 + .21
c. Four-gram  58.8 + 9.0 82.9 + 16.5 748 + .21

Data listed as mean + SD.

Discussion

Results of this study indicate that L-arginine may play a significant role in the increase of blood flow while at rest and
immediately after exhaustive exercise. This increase in blood flow did not seem to offer any enhanced lactate clearance
that has previously been reported, most notably by Schaefer et al. that indicated that L-arginine reduced exercise-
induced plasma lactate?!. The reduction in exercise-induced lactate discussed by Schaefer et al. could be in part due to
the delivery method of L-arginine. Their delivery of L-arginine was done via intravenously, rather than orally.
Intravenous delivery could provide a greater bioavailability as compared to oral administration, although the
pharmokinetics of L-arginine is largely not understood?.

It has also been reported that an increased L-arginine load also increased I-citrulline and nitric oxide, producing a
vasodilatory effect. Nitric oxide has also been demonstrated to enhance guanylate cyclase and cGMP in the vascular
smooth muscle cells, resulting in the inability to contract?®. Increasing vasodilation augments blood flow due to the
decreased vascular pressure. Hyperaemia through skeletal muscle also enhances the removal of lactate via an increased
Cori Cycle activity?. Although, blood flow was augmented, data from the current investigation does not support an
increased lactate clearance.

Again, blood flow data from the current investigation indicates an increased blood flow after ingestion of the four-
gram dose of L-arginine as compared to the placebo and two-gram dose. There is supporting evidence that the
hyperemic response being reported is dependent on endothelial detived nitric oxide (EDNO). This is evidenced in
both human and animal models, as exercise hyperemia is curtailed when EDNO is minimized?>%. Although it is well-
supported that L-arginine plays a vital role in the production of nitric oxide and in vasodilation, other research provides
uncertainty to the efficacy of this mechanism within healthy populations.

As such, there is opposing research that suggests that L-arginine may have no significant effect on vasodilation in
people, void of any vascular disorders?’-?. Peripheral artery stiffness and blood flow increases after resistance exercise,
but a seven-gram dose of L-arginine in conjunction with resistance exercise did not provide a substantial increased
hemodynamics!!. As outlined above, there is conflicting data as to the efficacy of L-arginine in enhancin,

) ) g y g g
hemodynamics after exetcise, especially in a healthy population.

Again, L-arginine has recently been touted as an ergogenic aid that will improve muscular performance. Despite these
claims, there is little scientific evidence that supports exogenous L-arginine will increase muscular performance.
Campbell et al. states that males who consumed 12 grams of L-arginine/day for eight weeks did increase their 1-RM
bench press and anaerobic power in the Wingate test’®. However, much of the literature suggest that no ergogenic
effect is found with L-arginine supplementation?.

Information from this investigation is reinforced with much of the work in L-arginine and muscular performance. The
outcome from this study is there was not a positive, differential response when examining total push-ups or time to
volitional exhaustion with consumption of L-arginine. Most similatly, Alvares et al. reported that Larginine increased
blood volume at the level of the muscle but failed to enhance muscular strength or endurance after ingestion of a six-
gram dose of L-arginine3!. The lack of efficacy is not supportive of an ergogenic effect after exogenous L-arginine
ingestion®?34. As these suggest, muscular power, muscular endurance, or recovery are not increased with L-arginine
supplementation.

Future Research

It could be advantageous to use a dose of L-arginine that is relative to body mass or lean body mass, especially since
body weight is often going to predicate a dose of drugs administered clinically®. Other considerations would include
but may not be limited to researching a chronic dosing, rather than the acute dose used in this study; the inclusion of
a muscular endurance or power post-test to assess if L-arginine influences recovery because of lactate clearance.

Journal of Exercise and Nutrition 6
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Furthermore, investigating I-citrulline or nitric oxide synthase would also provide information that could better explain
the results and lead to more concrete information.

Limitations

Limitations within this project would lend itself to additional research. These limitations include a relatively small
sample size; a larger sample size would yield a more vigorous investigation into the effects of L-arginine
supplementation. The muscular endurance test, while standardized, did allow for self-pacing, which resulted in
momentary resting in between repetitions for some subjects, while others did not take any rest periods.

Media-Friendly Summary

L-arginine is publicized as an ergogenic aid to improve lactate clearance, blood flow dynamics, and improve muscular
endurance and/or power. Results from this project are suggestive that a four-gram dose of L-arginine will enhance
blood flow. Muscular endurance and lactate clearance were not improved with consumption of L-arginine.
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