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Abstract
Blood flow is carefully distributed during exercise to support oxygen delivery to working muscles. This is accomplished
by sympathetic vasoconstriction of metabolically inactive tissue, with a blunting of this vasoconstriction in metabolically active
tissue, often accomplished through nitric oxide production. The supplement L-arginine has been reported to elevated nitric oxide
levels and may impair the careful distribution of blood flow during exercise. The purpose of this study was to determine the
impact of L-arginine supplementation on vascular stiffness of metabolically inactive regions following sympathetic activation.
Young healthy males (N = 15) were studied on two separate study days. On day one, a resting Pulse Wave Velocity (PWV) was
measured from the carotid and radial sites at rest and immediately following an ischemic Hand Grip Protocol (IHG). On day two,
subjects rested for 40 minutes following a dose of 70 mg of L-arginine per kg of lean mass and PWV was again measured from
the same two sites at rest and immediately following an IHG. There was no difference in PWV between control and supplemented
states at rest (6.33±0.81 m/s and 6.09±0.96 m/s; p = 0.32) or immediately following IHG (6.96±0.75 m/s and 6.53±0.97 m/s; p =
0.07). In conclusion, L-arginine supplementation did not enhance impair vasoconstriction of inactive regions during sympathetic
activation.

Introduction
At the onset of exercise, muscular oxygen demand rises
sharply. To meet this demand, the baroreflex operating point rises
with exercise intensity [1], which results in augmented blood
pressure and flow to working muscles. This elevated blood flow
and pressure is accomplished by an outflow of muscle Sympathetic
Nerve Activity (SNA) is directed at all vascular beds [2,3], which
causes vasoconstriction via α1 adrenoreceptor activation [4].
However, metabolically active tissue releases metabolites that
oppose this sympathetic stimulation, which opposes this signal
and results in vasodilation. This process results in an efficient
distribution of oxygen to working muscles while avoiding a drop
in blood pressure and is termed “functional sympatholysis”.
The circulatory system can simplistically be divided into
compliant (metabolically active muscle) and non-compliant
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(visceral, renal, and skin) regions during exercise. Compliant
muscle regions have been referred to as the “sleeping giant”; if a
significant amount of vascular tissue vasodilates fully, a syncopal
episode may occur [5]. Indeed, there is evidence that during whole
body exercise, vasodilation to muscle is restrained [6,7], which
is an important adaptation to upright exercise in a temperate
environment. Maintaining arterial blood pressure to these compliant
regions requires a vasoconstriction of inactive areas with a graded
vasodilation in metabolically active tissue. This vasodilation is
appropriate only in metabolically active muscles.
One of the mechanisms used to blunt sympathetically
mediated vasoconstriction to active muscles is release of the
substance Nitric Oxide (NO). NO is an ephemeral but powerful
vasodilator substance, which relies on the enzyme nitric oxide
synthase [8] to form of NO using the substrate L-arginine in the
presence of oxygen [9]. Athletes and physically active people
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often take L-arginine supplements to increase blood flow, improve
endurance, prevent osteoporosis, and promote muscle hypertrophy
[10,11,12]. While increasing blood flow to active muscle beds
could certainly be advantageous to aerobic exercise performance,
a supplement that non-specifically blunts vasoconstriction in
metabolically inactive tissue would be deleterious to oxygen
delivery to working muscles. While it is clear that L-arginine can
support endothelium dependent vasomotion in select populations, it
is not currently known if L-arginine could blunt the vasoconstrictor
effect in metabolically inactive tissue beds during exercise in a
young active population.
Therefore, the purpose of this study was to establish the
effects of oral L-arginine supplementation on vascular stiffness
of inactive tissue during rest and sympathetic activation in young
healthy men. To complete this aim, we measured the peripheral
PWV of inactive tissue in young healthy males at rest and
immediately following ischemic Hand Grip Exercise (IHG) in
a control and L-arginine supplemented state. We hypothesized
L-arginine would decrease arterial stiffness of inactive vascular
beds in both conditions.

Methods
Participants
A total of 15 subjects were studied. All subjects were
normotensive, reported abstinence from smoking tobacco during
the previous 6 months, were non-diabetic and without any history
of heart disease, blood clotting, or recent infection or illness. The
research protocol was explained thoroughly, and subjects provided
written informed consent. The study was approved in advance
by the Institutional Review Board at California State University,
Chico. Inclusion criteria were: 1) males under 40 years of age, and
2) moderately physically active as classified by the Paffenberger
physical activity questionnaire [13].

Protocol
Subjects reported to the lab on two separate days, both days
beginning at 0700 AM following an 8-hour overnight fast.
Day one: Subjects arrived at the human performance
laboratory and rested for 5 minutes in a seated position. A resting
heart rate, followed by resting blood pressure using manual
sphygmomanometer of the brachial artery was obtained with the
subject in a seated position at the end of the 5-minute rest period.
Percentage body fat was measured using the Bod Pod airdisplacement plethysmography system (Life Measurements
Instruments, Concord, CA) [14]. Prior to measurement, a system
volume calibration using a cylinder of a known volume (49.794
L) and calibration of the scale using two 10 kg weights was
performed. Fasting-state body weight was measured to the nearest
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0.1 kg on a calibrated electronic scale and subjects entered the
Bod Pod chamber wearing only a tight fitting swimsuit and swim
cap. Body volume measurements were taken in duplicate and
repeated if measures were not within 150 mL of each other [15].
Body density was calculated as mass/body volume, and body fat
percentage was calculated by using Siri’s formula [16]. Body
Mass Index (BMI) was calculated as kg body mass divided by
height in meters squared. A measure of lean mass was obtained for
determining dosage of L-arginine for consumption on day two.
Subjects then rested for 20 minutes in the supine position
and a peripheral Pulse Wave Velocity (PWV) measurement was
obtained from the carotid and radial sites using arterial tonometry.
Briefly, two pressure sensitive probes (Millar SPT-301) were placed
over the arteries of the non-dominant arm to obtain arterial pressure
wave tracings. The distance between each probe was measured as
the difference from the suprasternal notch to the radial and carotid
sites [17-19]. Pressure wave tracings were recorded at 250 Hz for 1
full minute of rest. Recordings were saved for later analysis using
Windows Data Acquisition Software (DATAQ, Akron, OH). The
time difference between the foot of each waveform was measured,
and this time component was divided into the measured distance
between the probes to calculate PWV.
To measure the effects of L-arginine during sympathetic
activation, an IHG protocol was used. Prior to IHG exercise, a
maximum voluntary handgrip test was performed and a target of
40% of this maximum was calculated. Then, a blood pressure cuff
was placed on the dominant arm and inflated to supra-systolic levels
(220 mmHg) for two minutes. During that time the subject engaged
in 40% max voluntary hand grip contractions every two seconds
for 2 minutes to stimulate activation of the sympathetic nervous
system [20]. A metronome was provided to assist the subject in
timing muscle contractions and visual feedback provided by either
a computer digital graph displays or digital numerical display.
Immediately after the pressure in the cuff was released, arterial
stiffness was assessed by probe measurements at the carotid and
radial sites on the non-dominant arm.
Day two: Subjects again arrived at the human performance
laboratory at Chico state and then ingested an L-arginine dose
equivalent to 70 mg/kg of lean body mass (Piping Rock Health
Products, Ronkonkoma, NY). A resting heart rate and blood pressure
measurement was obtained with subjects in a seated position, after
5 minutes of quiet rest. Subjects rested quietly for a total of 40
minutes, with at least 20 minutes of rest in a supine position prior
to obtaining a PWV measurement during sympathetic activation.
Again, subjects completed another IHG test. A blood pressure cuff
was used to occlude blood flow for two minutes while subjects
rhythmically contracted at 40% of max every two seconds. Another
one-minute recording of PWV was made immediately following
the cuff release.
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Statistical Analysis
Data Analysis: A two-way repeated measures ANOVA was
used to test for differences between the control and L-arginine
supplemented states for resting and IHG conditions. Paired-T tests
were used to establish baseline characteristics between testing days.
Statistical significance was set at p<0.05. Coefficient of Variation
(CV) for our PWV measurements was calculated as the standard
deviation of each condition divided by the mean multiplied by 100
(CV=(SD/Mean) × 100).

Control

L-arginine

P value

Resting PWV
(m/s)

6.33±0.81

6.09±0.96

0.32

Ischemic handgrip
PWV (m/s)

6.96±0.75

6.53±0.97

0.07

Mean±SD
Table 3: PWV at Rest and During Ischemic Handgrip.

Results

8.5
8.0

Subjects

N= 15

Age (Years)

24.07±3.28

Weight (Kg)

81.28±13.71

Height (m)

1.79±0.08

Body Fat %

16.00±5.25

Table 1: Subject Characteristics.
Control

L-arginine

p

Heart Rate (bpm)

63.47±2.94

61.87±3.20

0.54

Systolic Blood
Pressure (mmHg)

115.40±3.17

115.47±1.94

0.34

Diastolic Blood
Pressure (mmHg)

74±2.33

71.33±1.88

0.98

Table 2: Baseline Characteristics.
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Figure 1: Pulse Wave Velocity (PWV) at rest and immediately following
ischemic handgrip exercise in un-supplemented (control) and L-arginine
supplemented subjects. No statistical differences were found between
control and L-arginine at rest or immediately following reactive hyperemia.
Expressed as means±SD.

Discussion

Mean±SD

Mean±SE

7.5

PWV (m/s)

All subjects in the study were male university students between
18 and 30 years of age (Table 1). At rest, there were no significant
differences between control days and L-arginine supplementation
for heart rate, systolic or diastolic blood pressure (Table 2). The
average coefficient of variation for all PWV measurements was
14.4%. On day one, subjects had an average resting PWV of
6.33±0.81 m/s and 6.09±0.96 m/s 40 minutes following L-arginine
supplementation on day two. During IHG exercise, there was a
slight but statistically insignificant drop of PWV from 6.96±0.75
in the control state to 6.53±0.87 m/s while supplemented with
L-arginine (Table 3). While the p value comparing the resting
conditions of the control vs L-arginine supplemented state were
not statistically significant (p=0.32), the p value comparing the
IHG conditions of control vs L-arginine trended towards statistical
significance (p=0.07). In both conditions, a decrease in each mean
is observed but large variance and small sample size prevent the
rejection of the null hypothesis and no statistical significance was
found (Figure 1).

The objective of this study was to investigate the role
supplemental L-arginine may have in blunting sympathetically
mediated vasoconstriction of metabolically inactive vascular beds.
We hypothesized L-arginine supplementation would result in an
augmented vasodilation of peripheral arteries as measured by a
decrease in PWV at rest and during IHG exercise. Since both p values
were greater than our a priori p value of significance set to p<0.05,
neither of our experimental hypotheses were supported. This may
have resulted from our subject population, as L-arginine seems to
have little effect in healthy active humans with a presumably healthy
endothelium. To the best of our knowledge, this is the first study
to examine the effects of L-arginine supplementation on functional
sympatholysis. L-arginine has many physiological functions,
including the conversion of L-arginine to NO via NO synthases. In
the case of exercise, an increase in shear stress across the vascular
endothelium activates NO synthase enzymes, and in the presence
of oxygen and L-arginine, NO is produced [21]. It then binds to
guanylate cyclase and creates the second messenger cGMP, which
ultimately causes the relaxation of vascular smooth muscle and
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the subsequent vasodilation found in vessels feeding metabolically
active tissue. NO production also blunts vasoconstriction in active
muscles [22-24] by decreasing α1 adrenoreceptor responsiveness
[25], which ultimately causes vasodilation in this tissue. This
vasodilation reduces resistance to blood flow and if cardiac output
is held constant, the tissue in question will see an increase in
oxygen perfusion. Other exercise induced factors that may blunt
α1 adrenergic receptor mediated vasoconstriction include low pH
[26], hypoxia [27] and ischemia [28].
Constricting inactive circulatory beds during exercise is essential
to maintain venous return to the heart. Releasing vasoconstriction
would redirect blood and oxygen away from metabolically active
tissues at best, and could cause syncope at worst. In trained
subjects, muscle blood flow can reach as high as 4 L kg-1min-1 in the
quadriceps muscle [29]. If this same hyperemia were elicited in the
majority of muscle groups, venous return would be compromised
and the pumping capacity of the heart would not be able to meet
blood flow demand. For example, when leg cycling is added to
arm ergometry exercise, blood flow to arm muscles is reduced by
10% [30].
To establish the efficacy of supplemental L-arginine in increasing
blood flow, an ingestion of L-arginine must at least lead to a
rise of serum L-arginine or other reservoir for NO production,
like NO2-. Some studies found an increase in serum L-arginine
following consumption of L-arginine [31,32], however, other
studies report no change to plasma nitrite [20,31,33,34], again
leaving doubt as to the efficacy of supplemental L-arginine. While
we did not measure plasma NO in our study, our use of arterial
tonometry would have detected changes in peripheral resistance
presumably mediated through its pathway. Our lack of statistical
significance and small effect size suggests that L-arginine was not
an effective agent for the augmented production of NO at rest or
during sympathetic activation. This finding is positive from the
perspective that L-arginine does not appear to unfavorably impact
functional sympatholysis in young healthy males during exercise.
Despite our lack of supportive data for role of exogenous
L-arginine in vasorelaxation, some studies found a positive role
for L-arginine as an ergogenic aid. For example, L-arginine
has a favorable effect on cultured human osteoblasts [35], and
NO can inhibit osteoclastic bone resorption [36]. L-arginine
supplementation in rats decreased oxidative stress and improved
exercise performance [37]. In rats with myocardial infarction,
exercise coupled with L-arginine increases indices of cardiac
systolic function to a greater degree than exercise alone [38].
There are also positive findings in humans. For example, in
postmenopausal women, L-arginine plus aerobic exercise
decreased diastolic blood pressure, whereas aerobic exercise
without supplementation did not [39]. Curiously, this observation
was not supported by a concomitant change in nitric oxide pathway
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or redox status changes. This indicates there may be another yet
undiscovered effect of L-arginine on blood flow regulation during
exercise.
Studies supporting the use of L-arginine as an ergogenic aid
in young, healthy human populations during physical activity are
not favorable. In elite male wrestlers, time to exhaustion on an
incremental cycle ergometer test increased following a dose of
L-arginine (1.5g per 10 kg of bodyweight), but metabolic markers
such as lactate and oxygen consumption remained similar between
supplemented and controlled states [32]. In healthy subjects,
6 g of L-arginine did not influence plasma nitrite [33], oxygen
consumption, strength [33] or exercise tolerance [40]. The same
dosage in a group of highly trained cross-country skiers (.VO max:
2
69.3±5.8 ml ⋅ min-1. kg-1) also did not increase nitrite concentration
or exercise economy [34]. In trained cyclists, 0.075 g/kg body
weight of L-arginine had no effect on lactate, glucose, oxygen
consumption, carbon dioxide production, respiratory exchange
ratio, and blood nitrates during exercise [20]. Even after 4 weeks
of regular L-arginine supplementation (6 g daily) and a significant
increase of L-arginine concentration in the blood of trained runners,
no increases of nitrate, nitrite, insulin, growth hormone, insulin
growth factor-1 or decreases in lactate or ammonia during exercise
were found [31]. Our findings fit with these observations, as we
did not find a role for L-arginine in vasomotion in either active or
inactive circulatory beds.
In conclusion, L-arginine did not enhance vasodilation
at rest or oppose vasoconstriction in active muscle beds during
sympathetic activation in healthy young males. Our findings do not
support the concept of L-arginine supplementation as a substrate
for NO production. Furthermore, L-arginine did not demonstrate
any attenuation of vasoconstriction in metabolically inactive tissue,
indicating it does not impair functional sympatholysis and oxygen
delivery. While L-arginine has documented and consistent benefits
in aging, bone health, and in sedentary clinical populations, we
were not able to confirm these same benefits are extended to an
already healthy and active population.
(Figure 1) Pulse wave velocity (PWV) at rest and immediately
following ischemic handgrip exercise in un-supplemented (control)
and L-arginine supplemented subjects. No statistical differences
were found between control and L-arginine at rest or immediately
following reactive hyperemia. Expressed as means±SD.

References
1.

Gallagher KM, Fadel PJ, Stromstad M, Ide K, Smith SA, et al. (2001)
Effects of partial neuromuscular blockade on carotid baroreflex function during exercise in humans. The Journal of physiology 533: 861870.

2.

DiCarlo SE, Chen CY, Collins HL (1996) Onset of exercise increases
lumbar sympathetic nerve activity in rats. Medicine and science in
sports and exercise 28: 677-684.
Volume 2018; Issue 01

Citation: Wells A, Swanson G, Fahey TD, Smith MM (2018) L-Arginine does not Blunt Sympathetic Vasoconstriction in Metabolically Inactive Regions During Ischemic
Handgrip Exercise in Young Healthy Males. J Osteopor Bone Res: JOBR-101. DOI: 10.29011/JOBR-101. 100001

3.

Ray CA, Rea RF, Clary MP, Mark AL (1993) Muscle sympathetic nerve
responses to dynamic one-legged exercise: effect of body posture.
The American journal of physiology 264: 1-7.

4.

Buckwalter JB, Mueller PJ, Clifford PS (1997) Sympathetic vasoconstriction in active skeletal muscles during dynamic exercise. Journal of
applied physiology 83: 1575-1580.

5.

Calbet JA, Jensen-Urstad M, van Hall G, Holmberg HC, Rosdahl H,
et al. (2004) Maximal muscular vascular conductances during whole
body upright exercise in humans. The Journal of physiology 558: 319331.

6.

Buckwalter JB, Clifford PS (1999) alpha-adrenergic vasoconstriction in
active skeletal muscles during dynamic exercise. The American journal of physiology 277: 33-39.

7.

Joyner MJ, Nauss LA, Warner MA, Warner DO (1992) Sympathetic
modulation of blood flow and O2 uptake in rhythmically contracting human forearm muscles. The American journal of physiology 263: 10781083.

8.

9.

Hord NG, Tang Y, Bryan NS (2009) Food sources of nitrates and nitrites: the physiologic context for potential health benefits. The American journal of clinical nutrition 90: 1-10.
Schmidt HH, Nau H, Wittfoht W, Gerlach J, Prescher KE, et al. (1988)
Arginine is a physiological precursor of endothelium-derived nitric oxide. Eur J Pharmacol 154: 213-216.

10. Camic CL, Housh TJ, Zuniga JM, Hendrix RC, Mielke M, et al. (2010)
Effects of arginine-based supplements on the physical working capacity at the fatigue threshold. Journal of strength and conditioning research 24: 1306-1312.
11. El-Maraghy SA, Mehana NA (2015) Modulatory effects of l-arginine
and soy enriched diet on bone homeostasis abnormalities in streptozotocin-induced diabetic rats. Chemico-biological interactions 229:
9-16.
12. Fricke O, Baecker N, Heer M, Tutlewski B, Schoenau E (2008) The
effect of L-arginine administration on muscle force and power in postmenopausal women. Clinical physiology and functional imaging 28:
307-311.
13. Nowak Z, Plewa M, Skowron M, Markiewicz A, Kucio C, et al. (2010)
Paffenbarger Physical Activity Questionnaire as an additional tool in
clinical assessment of patients with coronary artery disease treated
with angioplasty. Kardiol Pol 68: 32-39.
14. Biaggi RR, Vollman MW, Nies MA, Brener CE, Flakoll PJ, et al. (1999)
Comparison of air-displacement plethysmography with hydrostatic
weighing and bioelectrical impedance analysis for the assessment of
body composition in healthy adults. The American journal of clinical
nutrition 69: 898-903.
15. Dempster P, Aitkens S (1995) A new air displacement method for the
determination of human body composition. Medicine and Science in
Sports and Exercise 27: 1692-1697.
16. Siri WE (1993) Body composition from fluid spaces and density: analysis of methods. 1961 Nutrition 9: 480-491; discussion 92.
17. Kaess BM, Harris WS, Lacey S, Larson MG, Hamburg NM, et al.
(2015) The relation of red blood cell fatty acids with vascular stiffness,
cardiac structure and left ventricular function: the Framingham Heart
Study. Vasc Med 20: 5-13.
5

18. Kamran H, Salciccioli L, Ko EH, Qureshi G, Kazmi H, et al. (2010)
Effect of reactive hyperemia on carotid-radial pulse wave velocity in
hypertensive participants and direct comparison with flow-mediated
dilation: a pilot study. Angiology 61: 100-106.
19. Torrado J, Bia D, Zocalo Y, Valls G, Lluberas S, et al. (2009) Reactive hyperemia-related changes in carotid-radial pulse wave velocity
as a potential tool to characterize the endothelial dynamics. Conf Proc
IEEE Eng Med Biol Soc 2009: 1800-1803.
20. Forbes SC, Harber V, Bell GJ (2013) The acute effects of L-arginine
on hormonal and metabolic responses during submaximal exercise
in trained cyclists. International journal of sport nutrition and exercise
metabolism 23: 369-377.
21. Bode-Boger SM, Boger RH, Schroder EP, Frolich JC (1994) Exercise
increases systemic nitric oxide production in men. Journal of cardiovascular risk 1: 173-178.
22. Chavoshan B, Sander M, Sybert TE, Hansen J, Victor RG, et al.
(2002) Nitric oxide-dependent modulation of sympathetic neural control of oxygenation in exercising human skeletal muscle. The Journal
of physiology 540: 377-386.
23. Thomas GD, Sander M, Lau KS, Huang PL, Stull JT, et al. (1998)
Impaired metabolic modulation of alpha-adrenergic vasoconstriction
in dystrophin-deficient skeletal muscle. Proc Natl Acad Sci USA 95:
15090-15095.
24. Thomas GD, Victor RG (1998) Nitric oxide mediates contraction-induced attenuation of sympathetic vasoconstriction in rat skeletal muscle. The Journal of physiology 506: 817-826.
25. Buckwalter JB, Taylor JC, Hamann JJ, Clifford PS (2004) Role of nitric oxide in exercise sympatholysis. Journal of applied physiology 97:
417-423; discussion 416.
26. McGillivray-Anderson KM, Faber JE (1990) Effect of acidosis on contraction of microvascular smooth muscle by alpha 1- and alpha 2-adrenoceptors. Implications for neural and metabolic regulation. Circulation research 66: 1643-1657.
27. Tateishi J, Faber JE (1995) Inhibition of arteriole alpha 2- but not alpha 1-adrenoceptor constriction by acidosis and hypoxia in vitro. The
American journal of physiology 268: 2068-2076.
28. McGillivray-Anderson KM, Faber JE (1991) Effect of reduced blood
flow on alpha 1- and alpha 2-adrenoceptor constriction of rat skeletal
muscle microvessels. Circulation research 69:165-173.
29. Richardson RS, Kennedy B, Knight DR, Wagner PD (1995) High muscle blood flows are not attenuated by recruitment of additional muscle
mass. The American journal of physiology 269: 1545-1552.
30. Secher NH, Clausen JP, Klausen K, Noer I, Trap-Jensen J (1977)
Central and regional circulatory effects of adding arm exercise to leg
exercise. Acta physiologica Scandinavica 100: 288-297.
31. Alvares TS, Conte-Junior CA, Silva JT, Paschoalin VM (2014) L-arginine does not improve biochemical and hormonal response in trained
runners after 4 weeks of supplementation. Nutr Res 34: 31-39.
32. Yavuz HU, Turnagol H, Demirel AH (2014) Pre-exercise arginine supplementation increases time to exhaustion in elite male wrestlers. Biology of sport 31: 187-191.
33. Meirelles CM, Matsuura C (2018) Acute supplementation of L-argin-

Volume 2018; Issue 01

Citation: Wells A, Swanson G, Fahey TD, Smith MM (2018) L-Arginine does not Blunt Sympathetic Vasoconstriction in Metabolically Inactive Regions During Ischemic
Handgrip Exercise in Young Healthy Males. J Osteopor Bone Res: JOBR-101. DOI: 10.29011/JOBR-101. 100001
ine affects neither strength performance nor nitric oxide production. J
Sports Med Phys Fitness 58: 216-220.
34. Sandbakk SB, Sandbakk O, Peacock O, James P, Welde B, et al.
(2015) Effects of acute supplementation of L-arginine and nitrate on
endurance and sprint performance in elite athletes. Nitric oxide: biology and chemistry 48:10-5.

37. Silva EP, Borges LS, Mendes-da-Silva C, Hirabara SM, Lambertucci
RH (2017) l-Arginine supplementation improves rats’ antioxidant system and exercise performance. Free radical research 51: 281-293.
38. Ranjbar K, Nazem F, Nazari A (2016) Effect of Exercise Training and Larginine on Oxidative Stress and Left Ventricular Function in the Postischemic Failing Rat Heart. Cardiovascular toxicology 16: 122-129.

35. Torricelli P, Fini M, Giavaresi G, Giardino R, Gnudi S, et al. (2002)
L-arginine and L-lysine stimulation on cultured human osteoblasts.
Biomedicine & pharmacotherapy = Biomedecine & pharmacotherapie
56: 492-497.

39. Puga GM, de PNI, Katsanos CS, Zanesco A (2016) Combined effects
of aerobic exercise and l-arginine ingestion on blood pressure in normotensive postmenopausal women: A crossover study. Life Sci 151:
323-329.

36. Riancho JA, Zarrabeitia MT, Fernandez-Luna JL, Gonzalez-Macias J
(1995) Mechanisms controlling nitric oxide synthesis in osteoblasts.
Mol Cell Endocrinol 107: 87-92.

40. Vanhatalo A, Bailey SJ, DiMenna FJ, Blackwell JR, Wallis GA, et al.
(2013) No effect of acute L-arginine supplementation on O(2) cost or
exercise tolerance. Eur J Appl Physiol 113: 1805-1819.

6

Volume 2018; Issue 01

