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he utility of amino acids in medicine today continues to
be explored via clinical research and applications. Amino
acids have several roles in the body; as the building
blocks of protein, amino acids are found throughout the body.
Muscle is by far the most protein- and amino acid–rich tissue in
the body.1 Health care practitioners are gaining more knowledge
about amino acids, including their metabolism in the body,
imbalances, and chemical structures.
Therapeutic use of amino acids presents natural medicine
with an important therapeutic option. Some of the most prominent therapeutic applications of amino acids are for treatment of
imbalances of brain metabolism and neurotransmission. Other
primary areas in which amino acids are important include gastrointestinal (GI) health, immune function, and cardiovascular
health.
Amino acids are classified as essential, nonessential, or conditionally essential, according to whether the body is able to synthesize the amount that it needs for metabolic maintenance.
Incomplete intake of amino acids may predispose a patient to
many symptoms, the most obvious of which are growth retardation and weight loss. Overall, amino acids are required daily by
the human body because they are not stored for long periods of
time nor in adequate amounts to sustain health.
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Glutamine
One of the most freely available amino acids in the body, glutamine is derived mainly from skeletal muscles. The liver, kidneys, GI tract, and immune system utilize glutamine readily.
Inside the organs, glutamine transports nitrogen and carbon.1
Regarded mainly as nonessential (the body can manufacture
some amount), glutamine is essential for proper immune system
function and GI integrity (adequate amounts are produced by the
intestinal mucosa, but not in amounts necessary in times of
extreme physiologic stress), and plays a role in maintaining overall amino-acid balance in the body. Because of these essential
roles, glutamine should, more appropriately, be considered a
conditionally essential amino acid.2
Gastrointestinal Health: Oral Mucositis
Oral ingestion of glutamine is useful for treating mucositis, an
inflammatory condition of the mucous membranes that often
results from chemotherapy or radiation therapy. Glutamine treat24

ment can reduce the development and severity of mucositis and
can shorten the duration of mouth pain in patients undergoing
the aforementioned therapies.3
Glutamine supplementation is a highly cost-effective treatment
for patients who undergo cancer treatments.
In addition to chemotherapy-induced anorexia, painful sores
in the oral mucosa can make eating an unpleasant or even intolerable experience for these patients who desperately need good
nutrition during the course of therapy. Providing glutamine for
such patients, and healing their mucositis, can improve their
quality of life at a time when such support is much needed.
It has been demonstrated that glutamine is found in reduced
amounts in certain cancers.4 Coupled with the fact that GI cells
are some of the most rapidly dividing cells in the body, and that
chemotherapy (as a side-effect) targets these rapidly dividing
cells, patients are at an increased risk of developing GI problems.
Glutamine supplementation can help prevent GI toxicity induced
by chemotherapy and radiation, thereby assisting normal GI
function.5
Glutamine is a preferential metabolic substrate for the enterocytes and is thought to play a regulatory role in the intestinal tissue by influencing cellular proliferation and differentiation.6 As a
result, the GI tract is the largest consumer of glutamine in the
body 7 ; suboptimal dietary amounts of glutamine can lead to
atrophic changes, including ulceration and necrosis of the intestinal tissue.
Immune Function
Similar to the cells of the GI system, certain cells of the immune
system also utilize glutamine preferentially during times of
unusual stress. Even at times of relative physiologic normalcy,
lymphocytes and macrophages consume glutamine at high
rates.8
The intricate relationship between skeletal muscle glutamine
stores and plasma levels of this amino acid is thought to influence immune function directly. Muscular overuse can lead to
reduced levels of glutamine in the plasma and, thereby, may
have a negative effect on lymphocyte function.
The “glutamine hypothesis” suggests that, at times when muscular cells are under intense and prolonged physical stress, the
demand for glutamine in the muscle itself and in other organs
may leave the lymphoid system in a state of relative glutamine
scarcity. This is supported by studies that demonstrate a sharp
decline in plasma glutamine concentration following long-term
physical stress.9 Low plasma levels of glutamine are associated
with overtraining as well.10
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Given this evidence, however, some studies11,12 have demonstrated that, even though glutamine supplementation was able to
offset postexercise drops in glutamine levels, postexercise immunodeficiency was not significantly altered. Researchers are still not
certain if the quantitative decline in plasma glutamine is actually
great enough to compromise immune-cell function or if intracellular glutamine concentrations are reduced because of declining
plasma levels postexercise.
Because of this uncertainty, some researchers speculate that the
glutamine hypothesis explains immune function decline in relation
to stressful conditions adequately but low plasma levels following
exercise do not entirely explain postexercise immunodeficiency.13
Despite these findings, the literature is full of evidence that supports the need for exogenous glutamine supplementation in maintaining immune function in very ill patients and the utility of this
amino acid in supporting muscle protein mass.
When given to endurance athletes, glutamine was able to
reduce the incidence of self-reported illness significantly. 14
“Immune function” itself is a hugely broad term and, thus, simply stating that glutamine benefits the immune system is a very
nonspecific claim. More research points to neutrophils as possible immune-system beneficiaries specific to glutamine supplementation. 15 The majority of studies using glutamine for
immunodeficient conditions used doses ranging from 3 to 6 g per
day at a minimum. Other studies have used amounts ranging
from 500 mg/kg per day in patients with radiation mucositis16 to
40 g per day in patients17 with HIV.

Glycine and Dimethylglycine
Glycine is a nonessential amino acid and is derived (in the
body) from serine. Typically, a person may consume roughly 2 g
of glycine as part of a standard diet (rich in meat, fish, legumes,
and dairy products). Glycine is transported easily into the brain
and acts primarily as an inhibitory neurotransmitter. Brain concentrations of glycine are mainly stable with an adequate diet;
however, supplemental intake can bolster central nervous system
concentrations.18
Glycine binds avidly with receptors in the locus ceruleus, a
group of cell bodies located in the pons of the midbrain. The
locus ceruleus contains mainly norepinephrine neurons and is
considered to be a key brain center for anxiety, arousal, fear, and
vigilance. Norepinephrine released from the locus ceruleus
affects other parts of the brain (namely the nucleus accumbens),
which can then lead to more feelings of anxiety and panic as well
as an increased sense of energy. The locus ceruleus may be
upregulated in addictive states as well.
Addictions, Stress, Anxiety, and Insomnia
Glycine, because of its effects on this one area of the brain, can
be used as an adjunctive treatment in several conditions. In people suffering from drug and alcohol dependency, it is thought
that this area of the brain is periodically upregulated, leading to
excessive norepinephrine release. People who become dependent
on substances may use drugs or alcohol to satisfy the cravings
created by an upregulated locus ceruleus. Other conditions in
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Potentials for Other Amino Acids
The realm of amino acids and their treatments is of course not
limited to those included in this paper. We encourage readers to
investigate the many other amino acids available for treating a
multitude of other medical conditions. Some of these include:
• Alanine—blood-sugar regulation
• Branched chain amino acids (leucine, isoleucine, and valine)—postoperative conditions, liver disease
• Citrulline—cholesterol and cancer; as a precursor to nitric oxide
• Cysteine and glutathione—as detoxification and antiaging agents
• Histidine—for arthritis
• Lysine—herpes and osteoporosis
• Methionine—cystitis and allergy
• Ornithine—as a potential growth-hormone imitator
• Phenylalanine—pain relief
• Proline and hydroxyproline—telopeptides, collagen, and aging
• Serine—psychiatric disorders, mood, and memory
• Threonine—immune system function, precursor to phosphatidyl serine
• Tyrosine—antidepressant
• Tryptophan and melatonin—anxiety, depression, and sleep disorders
• Taurine—antiseizure.

which glycine can be useful for downregulation of the locus
ceruleus are panic disorders, nervous tension, anxiety, substance
withdrawal, and insomnia (which is marked by awakening with
anxiety).
Glycine also interacts in an inhibitory action with motor neurons in the spinal cord and can have a calming effect on muscle
spasms, muscle twitching, guarding, and rigidity that results from
excessive spinal reflex activity. Glycine can inhibit spasming associated with the urinary and reproductive systems as well.19
Schizophrenia
Glycine works as an agonist at another type of receptor site in
the central nervous system: the N-methyl-D-asparate (NMDA)
receptor. NMDA receptors are associated with memory and
learning20 and are thought to play a role in both the negative and
positive symptoms of schizophrenia.21
Schizophrenia is thought to be associated with underactivity of
glutamatergic receptors, especially the NMDA type. In
schizophrenic patients, those that have demonstrated resistance
to therapy using singular antipsychotic medications have experienced a decreased amount of schizophrenic symptoms with
glycine treatment.22 Glycine was also shown to reduce depressive and cognitive symptoms in these patients.
In the study with the patients who were resistant to singular
antipsychotics, the investigators noted that the greatest symptomatic improvements were made in subjects with the lowest
baseline serum glycine amounts.
However, another investigation revealed that, when used with
the atypical neuroleptic drug clozapine, glycine demonstrated no
statistically significant change in symptoms or cognitive functioning, 23 while another study showed that patients treated with
clozapine without glycine (in comparison to another group treated with both) fared better in terms of symptom reduction.24 These
investigators concluded, based on their findings, that glycine may
interfere with atypical neuroleptics such as clozapine.
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Dosing Review for 5 Amino Acids
Amino acid

Comments

Glutamine

Gastrointestinal-related conditions: Typical doses
are 4 g, swished and swallowed (can be taken
several times per day)
Immune function: Most studies have shown benefit using doses from 3 to 6 g per day.
Typical doses start at 4 g per day and are increased by 4 g per day
Typical dose is 125 mg per day, with food
Alzheimer’s disease: 1500–4000 mg, in divided
doses, per day
Age-related memory impairment: 1500–2000 mg
per day
Stroke recovery: 1500 mg per day
Age-related depression: 1500–3000 mg, in
divided doses, per day.
Typical doses range from 3 to 20 g per day, in
divided doses

Glycine
Dimethylglycine
N-acetyl-carnitine

Arginine

NOTES: There are no Recommended Daily Allowances for any of the amino acids in this
chart.
See Conclusions and Caveats section in the text for information about the importance of
vitamin B6.

Dimethylglycine
Dimethylglycine (DMG) is a methylated form of the amino
acid glycine. DMG is produced in the body, but exists for only a
few seconds before undergoing conversion. (It is formed from
betaine as homocysteine is methylated). 25 Acting as a methyl
group donor, DMG has a reputation for benefiting children with
autism, who have symptomatic improvement within days of taking the supplement.
Other research shows that DMG also has an immune-enhancing effect. Both humoral and cell-mediated immune responses
are increased with DMG supplementation.26 DMG is absorbed in
the small intestine and metabolized in the liver to monomethylglycine or “sarcosine,” which, in turn, is converted into glycine.
DMG has been shown to have anticonvulsant effects in patients
with mixed complex partial and grand mal seizures. 27 Some
research has investigated DMG for improvement of oxygen utilization, liver function, and athletic performance.28

N-Acetyl-Carnitine
Derived from the amino acid carnitine, N-acetyl-carnitine is an
ester form of carnitine; it is sometimes referred to as acetyl-L-carnitine and is structurally similar to the neurotransmitter acetylcholine. Formed in small amounts inside the mitochondria,
N-acetyl-carnitine is a precursor to the molecule acetyl coenzyme
A (which is, in turn, a structural segment of acetylcholine29) and
is thought to enhance the activity of the cholinergic nervous system. In addition, N-acetyl-carnitine assists transportation of
acetyl groups into the mitochondria and enhances production
and release of the neurotransmitter acetylcholine.30

Neurologic Function
N-acetyl-carnitine is also thought to have neuroprotective
effects, assisting the serotonin neurotransmitter pathways,
enhancing transmission of nerve impulses in the brain, and
decreasing loss of age-related glucocorticoid receptors in the hippocampus. In conditions of compromised cerebrovascular blood
flow, N-acetyl-carnitine may increase blood flow to the brain in
patients with cerebrovascular disease.31
N-acetyl-carnitine is also beneficial for people with vascular
dementia and those who are recovering from strokes. 32 This
amino acid has improved cerebral blood flow in people with
chronic brain ischemia after only one dose.33 The supplement can
improve memory and visual–spatial orientation skills in individuals with cognitive impairment who are recovering from alcohol
dependency.34
Similarly, N-acetyl-carnitine may improve cognitive function
and memory in people with age-related cognitive decline and
memory impairment.35 Much research has been done, using this
compound, to help people with Alzheimer’s disease, which is
marked by a significant decrease in acetylcholine and cholinergic
neurons.36
AIDS, Energy, Fertility
Other uses of this amino acid include impeding the decline of
CD4 lymphocytes in patients with acquired immunodeficiency
syndrome (AIDS).37 N-acetyl-carnitine is also used for treating
HIV medication-related neuropathy.38 Similar to carnitine, Nacetyl-carnitine improves energy production and is included in
formulas designed for weight loss, as this compound assists in
the transport of long-chain fatty acids into the mitochondria,
where they are used for energy production.36 N-acetyl-carnitine
is found in the seminal fluid and sperm and is used to improve
sperm motility; this compound has been found to be low in infertile and low-motility sperm samples.39

Arginine
Arginine is a conditionally essential amino acid because it can
be synthesized from the amino acids glutamine, glutamate, and
proline. Despite this, dietary intake remains the preferred means
of obtaining this amino acid because the rate of arginine synthesis in the body is not altered in response to depletion or low supplies.41 Arginine exerts many positive effects in the body, not all
of which are covered here. One area where arginine has significant use and effect is on the endocrine system, specifically
adrenal and pituitary function. Arginine is well known for its
ability to stimulate catecholamine release, insulin and glucagon,
prolactin, and growth hormone. 41 The mechanism of action
behind these effects is not well-understood at present.
Immune Function
A potent immune system modulator, arginine is useful for
treating suboptimal immune responses and can reduce the occurrence of postsurgical infections. Supplemental arginine can
decrease the amount of cell-adhesion molecules (useful for preventing viral and bacterial entry) and lowers proinflammatory
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cytokines; arginine’s effects on these molecules are thought to
alter the balance of cytokines positively. In one study, arginine
(30 g per day, for 3 days) upregulated natural killer–cell activity,
lymphocyte reactivity, and lymphokine activation of natural
killer cells in patients with breast cancer.42 Conversely, arginine
may promote tumor growth by providing a source of nitrogen.43

synthesis of gamma-aminobutyric acid in the brain, and the
conversion of tryptophan to niacin. Vitamin B6 plays a critical
role in healthy brain function because of the vitamin’s role in
producing amino-acid based neurotransmitters (serotonin,
dopamine, melatonin, epinephrine, and norepinephrine). Finally, vitamin B6 is needed for the metabolism of the amino acid
homocysteine, which is an independent risk factor for cardiovascular disease.
More amino acids than the ones covered in this article have
potential for addressing a range of conditions either for prevention or treatment (see box entitled Potentials for Other Amino
Acids).
■

Cardiovascular System
Arginine is best known for its effects on the cardiovascular system. It is a precursor for nitric oxide synthase, which converts arginine into nitric oxide (NO) in the vascular endothelial cells. NO is
also known as endothelium-derived relaxation factor that causes
vasodilation in the vasculature. Many of arginine’s effects are
thought to be the result of this effect. NO itself is a vastly important
molecule in several vascular-related conditions including maintenance of blood pressure44 and proper myocardial function.45
Angina Pectoris
Arginine has been shown to reduce the symptoms of angina
pectoris and increase exercise tolerance and improve quality of
life in people with various grades (class II, III, and IV) of the condition.46 In patients with class IV angina pectoris, who do not
benefit from standard antianginal medications, arginine was
thought to provide a significant clinical benefit.47 Not all investigations of arginine and angina pectoris have shown a benefit,
however.
Congestive Heart Failure
Patients with congestive heart failure (CHF) experience
reduced peripheral blood flow at rest and exercise. NO derived
from arginine can assist regulation of blood flow in these
patients. In a double-blinded trial, investigators demonstrated a
significant improvement in blood flow, arterial compliance, and
functional status in patients who received doses ranging from 5.6
to 12.6 g of arginine, 3 times a day, for 6 weeks, over patients on
placebo.48 Another study demonstrated positive effects on kidney function (important in CHF) as evidenced by increased
glomerular filtration rate, creatinine clearance, and elimination of
sodium and water following saline loading.49
Other Uses
Arginine has demonstrated usefulness for addressing several
other vascular-related conditions, including erectile dysfunction,50
peripheral artery disease,51 and renal transplants.52 Other conditions include AIDS-related wasting syndrome,53 interstitial cystitis,54 necrotizing enterocolitis,55 and postsurgical recovery.56

Conclusions and Caveats
When using amino acids for treatment, a highly important
dietary consideration should be kept in mind. Vitamin B 6
(pyridoxine) is necessary for the metabolism of amino acids,
lipids, and carbohydrates in the body. Converted into the coenzymes pyridoxal phosphate and pyridoxamine phosphate,
vitamin B 6 is involved in the function of approximately 60
enzyme systems including transamination of amino acids, the

References
1. Griffiths RD. Glutamine: Establishing clinical indications. Curr Opin
Clin Nutr Metab Care 1999;2:177–182.
2. Kusumoto I. Industrial production of L -glutamine. J Nutr 2001;131:
255(suppl.):2S–5S.
3. Anderson PM, Schroeder G, Skubitz KM. Oral glutamine reduces the
duration and severity of stomatitis after cytotoxic cancer chemotherapy.
Cancer 1998;83:1433–1439.
4. Yoshida S, Kaibara A, Ishibashi N, et al. Glutamine supplementation in
cancer patients. Nutrition 2001;17:766–788.
5. Anderson PM, Ramsay NK, Shu XO. Effect of low-dose oral glutamine
on painful stomatitis during bone marrow transplantation. Bone Marrow
Transpl 1998;22:339–344.
6. Reeds PJ, Burrin DG. Glutamine and the bowel. J Nutr 2001;131
(suppl.):2505S–2508S.
7. Miller AL. Therapeutic considerations of L-glutamine: A review of the
literature. Altern Med Rev 1999;4:239–248.
8. Newsholme EA, Parry Billings M. Properties of glutamine release from
muscle and its importance for the immune system. J Parenteral Enteral
Nutr 1990;14(suppl.):63S–67S.
9. Keast D, Arstein D, Harper W, et al. Depression of plasma glutamine
concentration after exercise stress and its possible influence on the
immune system. Med J Aust 1995;162:15–18.
10. Rowbottom DG, Keast D, Morton AR. The emerging role of glutamine
as an indicator of exercise stress and overtraining. Sports Med 1996;
21:80–97.
11. Rohde T, Asp S, MacLean DA, et al. Competitive sustained exercise in
humans, lymphokine activated killer cell activity, and glutamine: An
intervention study. Eur J Appl Physiol 1998;78:448–453.
12. Rohde T, MacLean D, Pedersen BK. Effect of glutamine on changes in
the immune system induced by repeated exercise. Med Sci Sports Exerc
1998;30:856–862.
13. Hiscock N, Pedersen BK. Exercise-induced immunodepression: Plasma glutamine is not the link. J Appl Physiol 2002;93:813–822.
14. Castell L. Glutamine supplementation in vitro and in vivo, in exercise
and in immunodepression. Sports Med 2003;33:323–345.
15. Castell LM. Can glutamine modify the apparent immunodepression
observed after prolonged, exhaustive exercise? Nutrition 2002;18:371–375.
16. Rubio IT, Cao Y, Hutchins LF. Effect of glutamine on methotrexate
efficacy and toxicity. Ann Surg 1998;227:772–778.
17. Shabert JK, Winslow C, Lacey JM, et al. Glutamine-antioxidant supplementation increases body cell mass in AIDS patients with weight loss:
A randomized, double-blind controlled trial. Nutrition 1999;15:860–864.
18. Heresco-Levy U, Javitt DC, Ermilov M. Efficacy of high-dose glycine
in the treatment of enduring negative symptoms of schizophrenia. Arch
Gen Psychiatry 1999;56:29–36.
19. Mitchell WA. Foundations of Natural Therapeutics: Biochemical Apologetics of Naturopathic Medicine. Tempe: Southwest College Press, 1997.
20. File SE, Fluck E, Fernandes C. Beneficial effects of glycine (bioglycin)
on memory and attention in young and middle-aged adults. J Clin Psychopharmacol 1999;19:506–512.

28

ALTERNATIVE & COMPLEMENTARY THERAPIES—FEBRUARY 2005

21. Javitt DC, Balla A, Sershen H, et al. A.E. Bennett Research Award:
Reversal of phencyclidine-induced effects by glycine and glycine transport inhibitors. Biol Psychiatry 1999;45:668–679.
22. Heresco-Levy U, Javitt DC, Ermilov M. Double-blind, placebo-controlled, crossover trial of glycine adjuvant therapy for treatment-resistant
schizophrenia. Br J Psychiatry 1996;169:610–617.
23. Evins AE, Fitzgerald SM, Wine L. Placebo-controlled trial of glycine
added to clozapine in schizophrenia. Am J Psychiatry 2000;157:826–828.
24. Potkin SG, Jin Y, Bunney BG, et al. Effect of clozapine and adjunctive
high-dose glycine in treatment-resistant schizophrenia. Am J Psychiatry
1999;156:145–147.
25. Freed WJ. N,N-dimethylglycine, betaine and seizures [letter]. Arch
Neurol 1984;41:1129–1130.
26. Reap EA, Lawson JW. Stimulation of the immune response by
dimethylglycine, a nontoxic metabolite. J Lab Clin Med 1990;115:481–486.
27. Roach ES, Carlin L. N,N dimethylglycine for epilepsy [letter]. N Engl J
Med 1982;307:1081–1082.
28. Gray ME, Titlow LW. The effect of pangamic acid on maximal treadmill performance. Med Sci Sports Exerc 1982;14:424–427.
29. Pettegrew JW, Levine J, McClure RJ. Acetyl-L-carnitine
physical–chemical, metabolic, and therapeutic properties: Relevance for
its mode of action in Alzheimer’s disease and geriatric depression. Mol
Psychiatry 2000;5:616–632.
30. Mayeux R, Sano M. Treatment of Alzheimer’s disease. N Engl J Med
1999;341:1670–1679.
31. Micromedex Healthcare Series. Englewood, CO: Micromedex, Inc.
32. Kidd PM. A review of nutrients and botanicals in the integrative management of cognitive dysfunction. Altern Med Rev 1999;4:144–161.
33. Postiglione A, Soricelli A, Cicerano U. Effect of acute administration
of L-acetyl carnitine on cerebral blood flow in patients with chronic cerebral infarct. Pharmacol Res 1991;23:241–246.
34. Tempesta E, Troncon R, Janiri L. Role of acetyl-L-carnitine in the treatment of cognitive deficit in chronic alcoholism. Int J Clin Pharmacol Res
1990;10(1-2):101–107.
35. Cucinotta D, Passeri M, Ventura S. Multicenter clinical placebo-controlled study with acetyl- L -carnitine (ALC) in the treatment of mildly
demented elderly patients. Drug Development Res 1988;14:213–216.
36. Thal LJ, Carta A, Clarke WR. A 1-year multicenter placebo-controlled
study of acetyl-L-carnitine in patients with Alzheimer’s disease. Neurology 1996;47:705–711.
37. Di Marzio L, Moretti S, D’Alo S. Acetyl-L-carnitine administration
increases insulin-like growth factor 1 levels in asymptomatic HIV-1infected subjects: Correlation with its suppressive effect on lymphocyte
apoptosis and ceramide generation. Clin Immunol 1999;92:103–110.
38. Famularo G, Moretti S, Marcellini S. Acetyl-carnitine deficiency in
AIDS patients with neurotoxicity on treatment with antiretroviral nucleoside analogues. AIDS 1997;11:185–190.
39. Golan R, Weissenberg R, Lewin LM. Carnitine and acetyl-carnitine in
motile and immotile human spermatozoa. Int J Androl 1984;7:484–494.
40. Castillo L, Ajami A, Branch S, et al. Plasma arginine kinetics in adult
man: Response to an arginine-free diet. Metabolism 1994;43:114–122.
41. Appleton J. Arginine: Clinical potential of a semi-essential amino.
Altern Med Rev 2002;7:512–522.
42. Brittenden J, Park KGM, Heys SD, et al. L-arginine stimulates host
defenses in patients with breast cancer. Surgery 1994;115:205–212.

43. Park KG. The immunological and metabolic effects of L-arginine in
human cancer. Proc Nutr Soc 1993;52:387–401.
44. Umans JG, Levi R. Nitric oxide in the regulation of blood flow and
arterial pressure. Annu Rev Physiol 1995;57:771–790.
45. Hare JM, Colucci WS. Role of nitric oxide in the regulation of myocardial function. Prog Cardiovasc Dis 1995;38:155–166.
46. Ceremuzynski L, Chamiec T, Herbaczynska-Cedro K. Effect of supplemental oral L -arginine on exercise capacity in patients with stable
angina pectoris. Am J Cardiol 1997;80:331–333.
47. Blum A, Porat R, Rosenschein U. Clinical and inflammatory effects of
dietary L-arginine in patients with intractable angina pectoris. Am J Cardiol 1999;15:1488–1490.
48. Rector TS, Bank A, Mullen KA. Randomized, double-blind, placebo
controlled study of supplemental oral L-arginine in patients with heart
failure. Circulation 1996;93:2135–2141.
49. Watanabe G, Tomiyama H, Doba N. Effects of oral administration of
L-arginine on renal function in patients with heart failure. J Hypertens
2000;18:229–234.
50. Chen J, Wollman Y, Chernichovsky T, et al. Effect of oral administration
of high-dose nitric oxide donor L-arginine in men with organic erectile dysfunction: Results of a double-blind, randomized, placebo-controlled study.
BJU Int 1999;83:269–273.
51. Boger RH, Bode-Boger SM, Thiele W, et al. Restoring vascular nitric
oxide formation by L -arginine improves the symptoms of intermittent
claudication in patients with peripheral arterial occlusive disease. J Am
Coll Cardiol 1998;32:1336–1344.
52. Andres A, Morales JM, Praga M, et al. L-arginine reverses the antinatriuretic effect of cyclosporin in renal transplant patients. Nephrol Dial
Transplant 1997;12:1437–1440.
53. Clark RH, Feleke G, Din M, et al. Nutritional treatment for acquired
immunodeficiency virus-associated wasting using beta-hydroxy betamethylbutyrate, glutamine, and arginine: A randomized, double-blind,
placebo-controlled study. J Parenter Enteral Nutr 2000;24:133–139.
54. Ehren I, Lundberg JO, Adolfsson J, et al. Effects of L-arginine treatment on symptoms and bladder nitric oxide levels in patients with interstitial cystitis. Urology 1998;52:1026–1029.
55. Amin HJ, Zamora SA, McMillan DD, et al. Arginine supplementation
prevents necrotizing enterocolitis in the premature infant. J Pediatr
2002;140:425–431.
56. Daly JM, Lieberman MD, Goldfine J, et al. Enteral nutrition with supplemental arginine, RNA, and omega-3 fatty acids in patients after operation: Immunologic, metabolic and clinical outcome. Surgery 1992;112:
56–67.

Chris D. Meletis, N.D., is a naturopathic doctor at Wellness Matters, an
integrative medicine clinic in Portland, Oregon, and a senior science officer at the National College of Naturopathic Medicine, also in Portland.
Jason E. Barker, N.D., practices at Healthmax, an integrative sports
medicine clinic in Portland, Oregon.

To order reprints of this article, write to or call: Karen Ballen, ALTERNATIVE & COMPLEMENTARY THERAPIES, Mary Ann Liebert, Inc., 2
Madison Avenue, Larchmont, NY 10538-1961, (914) 834-3100.

