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Abstract

L-arginine, a semi-essential amino acid, has garnered significant attention for its

potential to enhance athletic performance, particularly within endurance sports. Recognized

for its multifaceted roles in cardiovascular, immune, and metabolic functions, L-arginine

serves as a precursor to biologically active molecules, including nitric oxide (NO), creatine,

and polyamines, which are integral to muscle function and recovery. Through its ability to

stimulate NO production, L-arginine promotes vasodilation, enhancing blood flow and

oxygen delivery to active muscles, thereby improving exercise efficiency and endurance.

Additionally, L-arginine influences muscle protein synthesis (MPS) via activation of the

mTOR signaling pathway, aids in ammonia detoxification within the urea cycle, and supports

cellular energetics by facilitating ATP production. These mechanisms collectively underscore

its potential to support prolonged physical exertion, reduce muscle fatigue, and expedite post-

exercise recovery. This systematic review examines current evidence on L-arginine

supplementation in endurance athletes, focusing on its physiological impacts, mechanisms of

action, and potential to enhance recovery and performance. Despite promising findings,

variability in individual responses and mixed results across studies highlight the need for

refined dosing strategies and further research into long-term safety and efficacy. This review
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provides a comprehensive overview of L-arginine's potential as a supplement in sports

nutrition, aiming to inform evidence-based recommendations for its application in endurance

training and recovery strategies.

Introduction

L-arginine is a semi-essential amino acid recognized for its extensive roles in cellular

metabolism, with particular interest for its implications in athletic performance, especially

within endurance sports. This amino acid, vital for cardiovascular, immune, and metabolic

functions, is naturally present in a variety of foods. Key sources include poultry and meats

like turkey and pork, as well as seafood such as salmon and tuna. Nuts and seeds, including

pumpkin seeds and almonds, legumes like chickpeas and lentils, whole grains, and dairy

products also provide this nutrient along with other health-supporting components. Each of

these foods contributes additional valuable nutrients beneficial to overall health. (1). Arginine

serves not only as a building block for proteins but also as a precursor to a range of

biologically significant molecules, including nitric oxide (NO), urea, polyamines, proline,

glutamate, creatine, and agmatine. Among these, nitric oxide is particularly notable for its

function as a vasodilator, enhancing blood flow and, consequently, the oxygen supply to

active muscles, which is a fundamental mechanism that may improve exercise performance

and endurance. (2).

The metabolism of arginine involves complex enzymatic pathways regulated by

enzymes such as argininosuccinate synthase, the arginase isoenzymes, nitric oxide synthase

(NOS) isoforms, and arginine decarboxylase. These enzymes govern key steps in both the

synthesis and degradation of arginine, determining its metabolic fate within the body. (3) For

endurance athletes, the ability to modulate nitric oxide levels through L-arginine

supplementation presents a promising avenue for enhancing blood flow, nutrient delivery, and

oxygen availability, all of which are critical for prolonged physical exertion. (4).

The interest in L-arginine supplementation in sports is driven by its potential to

improve performance through the expansion of vascular function, as well as its roles in the

synthesis of creatine and polyamines, which contribute to muscle performance and repair.

Research has highlighted that the manipulation of arginine metabolism could support recovery

post-exercise, decrease muscular fatigue, and even support immune function—factors

particularly relevant to endurance athletes. (5).
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Thus, this review aims to systematically evaluate the literature regarding L-arginine's

effects on endurance performance and recovery, offering a nuanced understanding of its

physiological roles, the regulatory mechanisms involved in its metabolism, and the potential

for its strategic application in sports nutrition and endurance training. Through a rigorous

synthesis of current findings, this work seeks to provide evidence-based insights into how L-

arginine supplementation may support enhanced athletic performance and recovery.

Mechanism of action

The mechanism of action of arginine encompasses multiple physiological pathways,

primarily through its role as a precursor for nitric oxide (NO) synthesis. (6) Arginine is

metabolized by nitric oxide synthase (NOS) to produce NO, a potent vasodilator that plays a

crucial role in vascular function. This biochemical pathway leads to improved blood flow,

which consequently enhances nutrient transport and metabolic waste removal.(7) The NO-

mediated vasodilation also contributes to increased blood flow to various tissues, including

the placenta, potentially improving fetal development.(6) Arginine stimulates growth

hormone (GH) release by inhibiting somatostatin secretion and potentially stimulating growth

hormone-releasing hormone neurons. This increased GH secretion enhances protein synthesis,

lipolysis, and anabolic activity. Consequently, arginine-induced GH elevation may improve

muscle growth, fat metabolism, and tissue repair, with significant implications for exercise

physiology and metabolic health.(8)

Furthermore, arginine influences energy metabolism by serving as a substrate for the

synthesis of creatine, an important molecule in cellular energy transfer. The physiological

effects of arginine extend beyond vascular function, as it is involved in protein synthesis and

cell proliferation through the mammalian target of rapamycin (mTOR) signaling pathway. (9)

This multifaceted mechanism of action underscores arginine's potential to modulate

trophoblast cell function, placental development, and overall fetal growth. (10)

L-arginine serves as a key precursor for nitric oxide (NO) synthesis, a process

catalyzed by nitric oxide synthase (NOS). NO acts as a potent vasodilator, relaxing vascular

smooth muscle cells and thereby enhancing blood flow and oxygen delivery to tissues. This

effect is particularly advantageous under conditions where increased tissue perfusion is

needed, such as during physical exertion or in states of compromised circulation. Through its
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vasodilatory action, L-arginine supports improved cardiovascular function and nutrient

delivery to active tissues, optimizing both performance and recovery.(11)

Within the urea cycle, L-arginine plays an essential role in the detoxification of

ammonia, a byproduct of protein metabolism. By facilitating the conversion of ammonia into

urea, which is then excreted in the urine, L-arginine helps prevent the buildup of toxic

nitrogenous waste. This detoxifying function is particularly important in high-protein diets

and intense physical activity, where ammonia production may increase, making L-arginine

crucial for maintaining nitrogen balance and metabolic health. (12)

L-arginine significantly contributes to cellular energetics by enhancing mitochondrial

function and ATP production. It supports mitochondrial respiration through NO-mediated

pathways, which regulate bioenergetics and improve ATP synthesis. This increase in cellular

energy availability is critical for sustaining high metabolic demands, particularly in muscle

cells during prolonged physical activity. The enhanced ATP production associated with L-

arginine supplementation aids in cellular function and endurance, highlighting its value in

energy-intensive physiological states. (13)

L-arginine also demonstrates protective effects against oxidative stress by modulating

levels of reactive oxygen species (ROS). It enhances the activity of key antioxidant enzymes,

including superoxide dismutase (SOD) and glutathione peroxidase (GPx), which act to

neutralize ROS and prevent oxidative damage to cellular components. Through these

antioxidant mechanisms, L-arginine supports cellular resilience, reduces oxidative injury, and

contributes to overall tissue health, particularly under conditions of heightened oxidative

stress such as intense physical exertion. (14)

L-arginine and performance in endurance sports

Key findings from the study indicate that acute supplementation with 6 g of L-arginine

enhances nitric oxide (NO) synthesis, resulting in reduced oxygen consumption (VO2) during

moderate-intensity exercise and a decreased VO2 slow component during severe-intensity

exercise. Additionally, it improves exercise efficiency and tolerance, likely through increased

muscle oxygen supply and direct effects on muscle contractile efficiency and mitochondrial

function. (15)

The investigation revealed that supplements containing arginine (1.5 or 3.0 g) led to

notably higher PWCFT values post-supplementation compared to the placebo group. This
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improvement is likely linked to decreased levels of metabolic byproducts, such as lactate and

ammonia, as well as enhanced blood circulation due to increased nitric oxide synthesis and

reduced endothelin production following the supplementation with arginine and grape seed

extract.(16)

L-arginine may contribute to delayed fatigue by influencing blood lactate levels and

respiratory metabolic indices. It has been commonly reported that supplementation with L-

arginine can enhance athletic performance during sports activities (17). Additionally, Yaman

et al. observed that L-arginine supplementation led to a significant reduction in blood pressure

and an increase in VO2 max, suggesting a positive impact on athletic performance capacity

(18) .

According to the research by Viribay et al. (2020), supplementation with arginine may

positively influence physical performance outcomes in both anaerobic and aerobic tests. An

acute dosage of approximately 0.15 g/kg (around 10–11 g) taken 60–90 minutes prior to

exercise is suggested for enhancing performance across various disciplines. Furthermore, a

chronic intake of 1.5–2 g/day for 4–7 days, or 10–12 g/day over 8 weeks, also showed

beneficial effects on athletic performance. (19)

L-arginine supplementation has been studied for its potential to enhance endurance

performance, particularly in competitive cycling. This research specifically focused on the

acute effects of L-arginine on a 20 km time trial, emphasizing real-world performance rather

than just physiological markers. While the exact outcomes were not disclosed, the potential of

L-arginine to increase nitric oxide production may improve blood flow and oxygen delivery

during exercise, although results can vary based on dosage, timing, and participant fitness

levels.(20)

The results of the recent investigation highlight the substantial impact of short-term

sprint interval training (SIT) on skeletal muscle adaptations over a two-week period.

Specifically, there was a significant increase in muscle glycogen content by approximately

50%, coupled with enhanced oxidative capacity indicated by a notable rise in citrate synthase

activity (21). Additionally, the training regimen elevated the active form of pyruvate

dehydrogenase, improving the muscle’s ability to oxidize pyruvate. Importantly, reductions in

net glycogenolysis and lactate accumulation were observed, alongside a 9.6% improvement in

cycling performance during time trials.(22)

A supplement containing L-arginine and antioxidants has been shown to enhance the

anaerobic threshold and the work performed at this threshold in older cyclists over a period of
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three weeks, with no observed changes in VO2 max. These results suggest that L-arginine and

antioxidant supplementation may play a significant role in improving exercise performance

among the elderly (23). Using high-intensity interval training in combination with L-Arginine

lead to improvement of aerobic and anaerobic fitness in women futsal players (24). A well-

balanced diet rich in L-arginine is crucial for maintaining overall health, as this amino acid

supports nitric oxide production, vascular health, and immune response. Foods high in

bioavailable L-arginine include meats like turkey breast, chicken, and pork loin, as well as

seafood varieties such as salmon, shrimp, and tuna, which also provide omega-3 fatty acids.

Plant-based sources like nuts, legumes, whole grains, and dairy products offer alternative

options, providing fiber, micronutrients, and moderate levels of L-arginine. Together, these

food groups facilitate the integration of L-arginine into one's diet, promoting metabolic and

cardiovascular well-being. (25)

Effect of L-arginine supplementation on regenerative mechanisms

1. Nitric oxide synthesis

L-arginine functions as a pivotal precursor for the synthesis of nitric oxide (NO)

during muscle regeneration. NO, produced by nitric oxide synthases (NOS), is fundamental

for the activation of satellite cells, myogenesis, and angiogenesis in the process of muscle

repair (26). It regulates multiple factors involved in the regeneration of skeletal muscle

following eccentric contractions, impacting muscle damage, leukocyte infiltration, and the

expression of regenerative gene markers such as MyoD and myogenin (27). Supplementation

with L-arginine can augment NO synthesis, thereby enhancing blood flow to tissues,

including skeletal muscle (28). This increased production of NO may potentially support

muscle recovery, immune function, and overall exercise performance. However, the efficacy

of L-arginine supplementation in promoting NO synthesis and subsequent improvements in

exercise performance has demonstrated mixed results in some studies (29). Nonetheless, L-

arginine remains a crucial component in NO-mediated mechanisms of muscle regeneration.

2. Muscle protein metabolism + MPS

L-arginine (L-Arg) plays a pivotal role in enhancing muscle protein metabolism and

stimulating muscle protein synthesis (MPS) through the activation of the mechanistic target of



8

rapamycin (mTOR) signaling pathway. Research has demonstrated that L-Arg

supplementation significantly increases protein synthesis while simultaneously reducing

protein degradation across various cell types, including C2C12 muscle cells, porcine

trophectoderm cells, and chicken intestinal epithelial cells (30). This anabolic effect is

mediated by the phosphorylation of key components of the mTOR pathway, namely mTOR

itself, p70S6K, and 4E-BP1, which are critical regulators of protein synthesis and muscle

hypertrophy (31). Additionally, L-Arg facilitates the activation of mTOR through both nitric

oxide (NO)-dependent and independent mechanisms, further promoting anabolic processes

and cellular proliferation (32). In C2C12 muscle cells, for instance, L-Arg-induced activation

of the mTOR/p70S6K pathway was shown to be NO-dependent, highlighting the multifaceted

role of L-Arg in muscle metabolism (33). Beyond protein synthesis, L-Arg also enhances

mitochondrial bioenergetics and DNA synthesis via the PI3K-Akt pathway, contributing to

improved cellular energy metabolism and overall muscle function (34).

3. Reduction of inflammation

L-arginine supplementation has shown promising antioxidant effects in various studies.

In skeletal muscle cells, L-arginine reduced superoxide production and improved antioxidant

enzyme activity and expression (35). In rat heart tissue, L-arginine intake increased

glutathione peroxidase (GPX) and total antioxidant capacity (TAC) (36). Human studies with

ischemic heart disease patients demonstrated that L-arginine supplementation increased

superoxide dismutase (SOD) activity, total thiols, and plasma ascorbic acid levels while

decreasing lipid peroxidation, carbonyl content, and xanthine oxidase activity (37). These

effects were attributed to L-arginine's role as a free radical scavenger and its ability to inhibit

pro-oxidant enzymes, mediated by nitric oxide production.

4. Removal of metabolic products

Arginine supplementation has shown promising effects on exercise performance and

recovery. Studies indicate that it can reduce ammonia levels during high-intensity exercise

(38), potentially delaying fatigue. Arginine also appears to modulate lymphocyte levels,

suggesting a link between ammonia metabolism and immune function (39). In fish, arginine

plays roles in ureagenesis, immune function, and ammonia detoxification (40). For athletes,

arginine supplementation may accelerate lactic acid removal, decrease body fat, and improve
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anaerobic performance. It has been shown to reduce resting heart rate and recovery heart rate,

as well as decrease levels of certain enzymes associated with muscle damage (41) While

these findings are promising, more research is needed to fully understand arginine's effects on

antioxidant systems, immune responses, and ammonia detoxification mechanisms across

different species and conditions (40).

5. Regeneration of muscle tissue

L-arginine plays a crucial role in cell proliferation and tissue regeneration. It enhances

fibroblast and endometrial cell proliferation while reducing apoptosis (42). This amino acid

stimulates cell growth through various signaling pathways, including GPRC6A-ERK1/2,

PI3K/Akt, and NF-κB (43). L-arginine serves as a substrate for nitric oxide (NO) synthesis,

which is essential for wound healing. Additionally, it can be metabolized to produce proline

and polyamines, supporting collagen synthesis and cellular proliferation (44). In wound

healing, L-arginine supplementation enhances fibroblast survival and proliferation, crucial for

new tissue formation (45). Its effects on increasing the Bcl2/Bax ratio and modulating

various kinases further support its role in promoting cell survival and proliferation (46).

These findings highlight L-arginine's potential in regenerative medicine and wound healing

applications.

6. Subjective indicators of physical recovery

Recovery assessment encompasses both objective and subjective indicators, with

growing emphasis on patient-centered perspectives (47). Objective indicators include

symptom severity, level of functioning, and performance measures, while subjective

indicators focus on patient-reported outcomes such as quality of life, empowerment, and

personal confidence (48). Research shows that objective and subjective recovery measures are

not always directly correlated, suggesting they are complementary rather than synonymous

(49). Subjective indicators of recovery identified by patients, family members, and clinicians

include returning to work, resuming family roles, achieving independence, and recapturing

normality (50). Factors such as social support, loneliness, and quality of life can influence

subjective recovery perceptions (51). While patient-reported outcomes prioritize the

individual's perspective, they may be susceptible to response shift and recall bias (47). Ideally,
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recovery assessment should combine both objective and subjective measures for a

comprehensive evaluation.

Side effects of Arginine

Gastrointestinal Disorders

Oral supplementation of arginine is associated with gastrointestinal (GI) effects,

particularly when administered at high, single doses. Arginine and citrulline increase local

nitric oxide (NO) production in the small intestine, which can disrupt normal intestinal

physiology and lead to gastrointestinal toxicity under specific conditions.(52). Unlike other

dibasic amino acids like lysine or ornithine, L-arginine specifically induces water and

electrolyte secretion via NO, acting as an absorbagogue at low concentrations but a

secretagogue at high concentrations. This NO-mediated action is also linked to the laxative

effects observed with certain substances, and there are documented cases of diarrhea

following oral arginine administration. (53). Clinical data report a wide range of arginine

intakes, from 3 g/d to more than 100 g/d, with variable standards in reporting adverse GI

effects, including nausea, vomiting, and diarrhea. (54). Single doses of 3–6 g seldom cause

side effects, although doses above 9 g have induced gastrointestinal symptoms, particularly in

healthy athletes, who appear more susceptible than individuals with diabetes.(55). For most

adults, arginine-related side effects tend to manifest at doses exceeding 140 mg/kg in single

intakes and are more pronounced when part of a daily regimen exceeding approximately 30

g/d. Adverse effects such as diarrhea often diminish when arginine doses are divided

throughout the day, unlike other substances like lactitol, a non-absorbed disaccharide alcohol

with a similar laxative threshold. (56). Overall, these findings indicate that the

gastrointestinal tolerability of arginine supplementation is highly dose-dependent.

Effects on BP and cardiovascular system,

Recent studies have investigated the impact of L-arginine supplementation on post-

exercise hypotension in hypertensive individuals. A single dose of 8g L-arginine before

aerobic exercise induced significant post-exercise systolic hypotension in hypertensive

patients (57). This effect was observed in most participants, highlighting inter-individual

responsiveness (58). In elderly women, L-arginine supplementation combined with exercise

led to significant decreases in systolic blood pressure at various time points post-exercise (59).
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While L-arginine alone did not significantly change blood pressure, it improved diastolic

post-exercise hypotension when combined with exercise in hypertensive individuals (60).

These studies suggest that L-arginine supplementation may enhance post-exercise

hypotension effects, particularly when combined with aerobic exercise, potentially offering a

beneficial strategy for blood pressure management in hypertensive patients.

Electrolyte disorders

L-arginine supplementation has shown both beneficial and potentially adverse effects

on electrolyte balance. In rats with myocardial injury, L-arginine reversed electrolyte

imbalances, increasing serum levels of Na+, Cl-, and HCO3- (61). While it can increase nitric

oxide production in the small intestine, potentially causing water and electrolyte secretion

(62) , its impact on sodium balance is not directly addressed in these papers. In critically ill

patients, disorders of sodium balance are common and often iatrogenic, potentially

contributing to increased morbidity and mortality (63) . The effectiveness of arginine

supplementation may depend on endogenous levels of asymmetric dimethylarginine (ADMA),

with benefits observed in subjects with high ADMA levels (64) .

Allergic reactions and immune system

Adverse effects on the immune system from L-arginine supplementation appear

minimal, with evidence supporting its role in enhancing immune responses, particularly by

promoting CD4+ lymphocyte proliferation and reducing infection rates in

immunocompromised individuals. Clinical trials reviewed indicate no significant adverse

effects on the immune system, suggesting that L-arginine acts as an immunomodulator (65).

This modulation is primarily achieved through the regulation of nitric oxide (NO) pathways,

which may exert beneficial or neutral effects depending on the physiological context. In terms

of allergic reactions, meta-analyses found no evidence of allergies associated with L-arginine

supplementation. Reported side effects primarily involve gastrointestinal disturbances, such as

diarrhea, rather than immunologically driven allergic responses.(66). These findings suggest

a favorable safety profile for L-arginine in immunological applications, with no apparent risk

of immune hypersensitivity.

Drug interactions
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The research papers discuss various aspects of drug interactions and formulations

involving arginine and other compounds. Perindopril arginine, when combined with

amlodipine in a fixed-dose tablet, showed no significant pharmacokinetic interactions in

healthy volunteers (67). This combination demonstrated effectiveness in lowering blood

pressure and reducing cardiovascular risks, with common side effects including peripheral

edema and cough (68). Arginine, as an amino acid, can form co-amorphous mixtures with

poorly water-soluble drugs like carbamazepine and indomethacin, potentially stabilizing the

amorphous form and enhancing dissolution through specific molecular interactions (69).

Research on drug interactions between arginine and spironolactone reveals complex effects on

cardiovascular function. Spironolactone, an aldosterone receptor antagonist, inhibits the

activation of the L-arginine/iNOS/NO pathway in aortic adventitia of hypertensive rats (70).

Both spironolactone and eplerenone increase endothelial arginine transport and nitric oxide

generation by modulating the cationic amino acid transporter-1 (CAT-1) in endothelial cells

(71). In L-NAME-induced hypertension, spironolactone and L-arginine can reverse left

ventricular hypertrophy and aortic remodeling (72). However, while L-arginine treatment

normalizes protein concentrations in the left ventricle, spironolactone treatment results in

persistently elevated levels of metabolic, contractile, and insoluble collagenous proteins

compared to controls (73). These findings suggest that spironolactone and arginine have

distinct but potentially complementary effects on cardiovascular remodeling and function in

hypertensive conditions.

Safety of chronic dietary arginine supplementation

Research on the safety and efficacy of chronic arginine supplementation presents

mixed findings. While some studies suggest that arginine supplementation is generally safe

and well-tolerated in various populations, with potential benefits for metabolic health (6),

others raise concerns about long-term use, particularly in older individuals. (14), found that

chronic arginine supplementation may accelerate kidney aging and increase mortality in older

mice. Safety thresholds have been proposed with (6). estimating that humans could tolerate up

to 15 g/day of enteral arginine supplementation. However, (74) found little evidence

supporting arginine's benefits for athletic performance or recovery. Short-term use may cause

gastrointestinal and cardiovascular side effects. The conflicting results highlight the need for
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further research, especially regarding long-term safety and efficacy in different age groups

and health conditions.

Conclusion

L-arginine supplementation shows promising potential for enhancing performance and

recovery in endurance athletes through multiple physiological mechanisms, including

increased nitric oxide (NO) production, improved vascular function, and support of muscle

regeneration. This systematic review highlights L-arginine’s role in stimulating NO synthesis,

which promotes vasodilation, enhancing blood flow and oxygen delivery to active muscle

tissues. Such effects contribute to greater exercise efficiency, reduced muscle fatigue, and

enhanced endurance, which are essential for athletes engaging in prolonged physical exertion.

Additionally, L-arginine serves as a precursor in the synthesis of creatine, polyamines, and

proline, supporting protein synthesis, cellular repair, and energy production pathways integral

to muscle recovery. The regulatory role of L-arginine in cellular energetics and the urea cycle

underscores its ability to facilitate ammonia detoxification and ATP production, both critical

in managing metabolic demands during intense exercise. Moreover, L-arginine exhibits

antioxidant properties, modulating reactive oxygen species (ROS) and promoting the activity

of antioxidant enzymes, thus protecting against exercise-induced oxidative stress and

potentially improving immune resilience in athletes.However, despite these positive findings,

the review also identifies limitations and conflicting results within the literature. While L-

arginine appears to support athletic performance and recovery, some studies report minimal

impact or variability in individual responses, highlighting the need for personalized dosing

strategies. Gastrointestinal side effects, particularly at high single doses, emphasize the

importance of dosage regulation and the potential benefit of divided intakes. In conclusion, L-

arginine holds substantial promise as a supplement to enhance endurance performance and

recovery, though further research is essential to refine dosage protocols, assess long-term

safety, and confirm its efficacy across varied athletic populations. These insights can inform

evidence-based recommendations for L-arginine’s strategic application in sports nutrition,

contributing to optimized training outcomes and supporting the health and performance goals

of endurance athletes.
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