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Summary
L-Arginine is a substance present in the human body. L-Arginine is used as a
dietary supplement ingredient to build muscles by stimulating protein synthesis
through the enhancement of growth hormone secretion and assist in the prevention of weight gain by increasing the basal metabolism. L-Arginine is also known
to have functions in improving blood flow and boosting the body's immune
response.
Kyowa Hakko Kogyo Co., Ltd. produces L-arginine as a pure and safe food
ingredient.
L-Arginine has been widely used as a dietary supplement ingredient.
L-Arginine is regarded as an ingredient that can alleviate problems associated with lifestylerelated diseases. as it has a variety of positive effects such as building muscle. stimulating
the immune system. and promoting the production of nitrogen monoxide (NO).
L-Arginine has been administered orally or by infusion to post-operative patients to promote
the healing of wounds.
L-Arginine has various functions.
An intake of L-arginine is known to cause vasodilation". an improvement in blood flow' 21 . and
the promotion of the secretion of growth hormone 31 . L-Arginine enhances cellular cytotoxicity
and promotes the immune reaction of natural killer cells (NK cells; antibody-independent lymph
cells) and Iymphokine-activated killer cells (LAK cells; lymph cells that have a vigorous cellular
cytotoxicity that is induced by lymphokines)4'.
L-Arginine is known to accelerate the secretion of insulin and is used as a non glucose secretagogue (an agent that causes or stimulates secretion) in measuring the level of insulin
secretion 5 '.
L-Arginine is involved in the detoxification of ammonia as a component of ornithine cycle in
the Iiver61 . and it exhibits an effect in facilitating the detoxification of ammonia 71 . L-Arginine is
converted into L-ornithine. a precursor of polyamines. by the action of arginase 891 . Polyamines
are proven to be involved in the tissue growth 91 .
It is known that L-arginine can be absorbed through oral ingestion 101. and there are many
cases that have shown that oral ingestion of L-arginine is efficacious in animals and
humans 3.11.121.
Kyowa Hakko Kogyo Co., Ltd. offers a safe food ingredient: L-arginine.
L-Arginine is one of the twenty amino acids that make up the proteins in the human body.
The acute toxicity (L0 5o ) of L-arginine orally administered to rats is 16 g/kg (BW.) 131. In a clinical test in which the effects of L-arginine in increasing muscle buildup and improving blood
flow were evaluated in adults. the amount of L-arginine needed to be effective was reported to
be 1-8 g per day'2141. No undesirable side effects resulting from such an intake of arginine
have been reported.
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Properties of L-arginine
Table 1 Physical properties of L-arginine

CAS No.
Structural formula

74-79-3
NH

NH2~)l
N
NH2
COOH

H

Molecular formula
FW

174.2

Solubility

Freely soluble (20"C; 148 giL)

Isoelectric point (pi)

11.15

Hygroscopicity

19.99% at a relative humidity of 75±5%, 40±2"C for 7 days"

Taste

Bitter taste 21

Smell

Almost odorless

Appearance

White powder

I) In-house data at Kyowa Hakko Kogyo Co., Ltd.
2) Shallenberger RS. Taste of amino acids. in Taste Chemistry. Blackie Academic & Professional. London; New York.
226-33, 1993
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Stability of L-arginine
Stability of L-arginine in aqueous solution
Aqueous solutions of L-arginine (0.1 %) were adjusted to pH values of 3. 7. or 9 by using
NaOH or Hel. Each solution was left to stand at room temperature (25"C). 40"C. or 55"C either
with or without light-shielding (100-200 Ix during daytime). These solutions remained stable
during 12 weeks. even at the highest temperature of 55"C (Fig. 1) ".
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Fig. 1 Stability of L-arginine in aqueous solution

Stability of L-arginine as a powder (product)
L-Arginine is stable for at least 3 years when stored at 40±2°C (RH 75±5%) in double
polyethylene bags placed inside a fiber drum ".
I) In-house data at Kyowa Hakko Kogyo Co .• Ltd.
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Biosynthesis, metabolism and pharmacokinetics of L-arginine
L-Arginine, an amino acid that is a constituent of protein, is defined as a semi-essential
amino acid in many mammals, including humans, an intake of which may be required depending on the state of the body".
L-Arginine is an intermediate that participates in the detoxification of ammonia in the
ornithine cycle and is biosynthesized from argininosuccinic acid (Fig. 2). L-Arginine is produced in the liver as a part of the ornithine cycle but is readily hydrolyzed back to urea and
ornithine; thus there is no net synthesis of L-arginine in the liver". Most of the L-arginine in the
body is synthesized through the metabolic cooperation of the small intestine and the kidney".
L-Arginine is a precursor of L-proline, a major amino acid constituent of collagen 12'.
L-Arginine is also a raw material of creatine". Creatine phosphate, a phosphorylated creatine,
functions as a store for high-energy phosphate bond 3 '.
L-Arginine is a precursor of nitrogen monoxide (NO), which is known to have vasodilating
effects; NO synthase acts on L-arginine to generate NO, which relaxes the blood vessels 4 '.

Creatine

IFuma,;c ac;d

NO+Cit4
Glu~

NOS

Arg~A'

~ '-----f

"'d

rginOSUCClnlc aCI

.
Argmase

IOrnithine cycle I

~ Asp

Urea

~

r r5C~4----+, °lrn
1

Cit

ProJ

carbafOYIPhOSPhate

Polyamines
Fig. 2

NH3+C02

Metabolic pathway of L-arginine

Arg: L-Arginine. Orn: L-Ornithine. Cit: L-Citrulline. Asp: L-Asparatic acid. Pro: L-Proline.
Glu: L-Glutamic acid. NO: Nitrogen monoxide. NOS: Nitric oxide synthase. P5C: l-pyrroline-5-carboxylic acid

L-Arginine is converted into L-ornithine, a precursor of polyamines, by the action of arginase
(EC 3.5.3.1 )561, and it facilitates the synthesis of polyamines (putrescine, spermidine and spermine), which are vital for growing cells and tissues.
Orally administered L-arginine has been shown to enter the blood system following its
absorPtion in the intestinal tract".
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Concentration of L-arginine in tissues and foods
L-Arginine concentration in tissues
Table 2 Concentration of L-arginine in tissues

Tissue

Concentration

Animal

Plasma"

39-82 nmollmL
('" 6.8- 14.3 f-/ g/mL)

Humans (healthy individuals)
25-50 (28.8 ± 7.2) years old

Plasma 2 )

143±8.5 nmol/mL
("'24.9± 1.5 f-/g/mL)

SO' rats (male) "'280 g

Cortex2 )

123± 14 nmol/g
("'21.4±2.4 f-/g/g)

SO rats (male) "'280 g

Cerebellum 2 )

190± 14 nmol/g
("'33.1 ±2.4 f-/g/g)

SO rats (male) '" 280 g

Midbrain 2 )

151 ± 14 nmol/g
("'26.3±2.4 f-/g/g)

SO rats (male) ",280 g

Brainstem 2 )

203±28 nmol/g
("'35.4±4.9 f-/g/g)

SO rats (male) '" 280g

, Sprague-Dawley

L-Arginine content in foods
L-Arginine is an amino acid that is found in many foods. Foods that have a particularly high
L-arginine content are peanuts (3,200 mg/100 g), Japanese spiny lobster raw (2,200
mg/1 00 g). and chicken-breast meat (1 ,500 mg/1 00 g)3).
1) Ravaglia G. Forti P. Maioli F. Bianchi G. Sacchetti L.

Talerico T. Nativio V. Mariani E. Macini P. Plasma

2) Buchmann I. Milakofsky L. Harris N. Hofford JM.
Vogel WHo Effect of arginine administration on plasma

amino acid concentrations in healthy and cognitively

and brain levels of arginine and various related amino

impaired oldest-old individuals: associations with
anthropometric parameters of body composition and
functional disability. British Journal of Nutrition.
88(5):563-72, 2002

compounds in the rat. Pharmacology. 53(3): 133-42,
1996
3) Kagawa Y. ed. Standard tables of food composition in
Japan. 5th revised edition. Kagawa Nutrition University
Publishing Division. 2005
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Mechanisms of action of L-arginine
The following have been reported as mechanisms of action of L-arginine:
CD Acceleration of the secretion of growth hormone and protein synthesis
It is known that an intake/administration of L-arginine accelerates the secretion of growth
hormone1.2'. In vitro experiments using anterior pituitary cells indicate that L-arginine acts
directly on growth hormone-secreting cells 3 '.
Growth hormone accelerates the synthesis of proteins 4 ' and is expected to support build-up
of muscles and facilitate wound healing. In an experiment involving rats. the promotion of protein synthesis in a wounded area was observed following an ingestion of L-arginine hydrochloride. whereas in the case of rats whose pituitary glands were ablated. no such positive effect
of L-arginine was observed 5 '. This indicates that arginine could accelerate protein synthesis
by promoting the secretion of growth hormone.

® Vasodilation and the improvement of blood flow
L-Arginine is a precursor of nitrogen monoxide (NO). which is known to have a vasodilatory
action 6 '. NO inhibits platelet aggregation 7 '. In addition. it is likely that NO relaxes the smooth
muscle of the cavernous body of the penis (one of the two columns of erectile tissue that
form the dorsum and sides of the penis). giving rise to an erection through an increase in
blood flowS'.
Immunostimulation
L-Arginine enhances cellular cytotoxic activity (the ability to destroy cancer cells) and
enhances the immune reaction of natural killer cells (NK cells: antibody-independent lymph
cells). and Iymphokine-activated killer cells (LAK cells: lymph cells that are induced by Iymphokine and that have vigorous Cytotoxicity against cancer cells)9'. L-Arginine generates NO.
which is a compound that plays an important role in the immune system in that it activates
neutrophils (phagocytic cells that consume bacteria and other harmful agents) and participates in an attack on exogenous substances as a factor of the cellular immunology of
macrophages.
@

Acceleration of insulin secretion
L-Arginine is known to accelerates the secretion of insulin. L-Arginine is used as a nonglucose secretagogue in determining the amount of insulin released'O'.

@

Activation of the ornithine cycle
L-Arginine participates in the detoxification of ammonia as a component of the ornithine
cycle"'.

@

® Promotion of polyamine synthesis
L-Arginine is converted into L-ornithine by the action of arginase'2'. L-Ornithine is then converted into polyamines. which are factors for cell growth and participate in the growth of tissues l3 '.
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Recommended intake of L-arginine
Human clinical tests have shown that an oral intake of L-arginine (1-8 g/day) has positive
effects '.5'.
In terms of the acceleration of protein synthesis, an oral intake of 2 g of a mixture of equal
amounts of L-arginine and L-ornithine by healthy males produced an increase in lean body
mass II and a reduction in the body weight and percentage of body fat 2 '.
In an experiment. patients with hypercholesterolemia were given 8.4 g/day of L-arginine
hydrochloride (approximately 6.9 g/day as L-arginine) orally for 2 weeks. Their collageninduced platelet aggregation decreased significantly3l. In another experiment. patients with
chronic heart failure given 8 g of L-arginine orally each day for four weeks showed a significantly increased endothelium-dependent vasodilation response by acetylcholine 4 ,.
In addition, when L-arginine L-aspartate was orally administered at 250 mg/kg (BW.) /day
(approximately 140 mg/kg (BW.) /day as L-arginine) to healthy males, high levels of growth
hormone were observed in their serum during the night 5 '.

I) Elam RP. Hardin DH. Sutton RA. Hagen L. Effects of
arginine and ornithine on strength, lean body mass and
urinary hydroxyproline in adult males. lournal of Sports
Medicine & Physical Fitness. 29(1 ):52-6. 1989
2) Elam RP. Morphological changes in adult males from
resistance exercise and amino acid supplementation.
lournal of Sports Medicine & Physical Fitness.
28(1 ):35-9, 1988
3) Wolf A. Zalpour C. Theilmeier G. Wang BY. Ma A.
Anderson B. Tsao PS. Cooke lP. Dietary L-arginine
supplementation normalizes platelet aggregation in
hypercholesterolemic humans. lournal of the American
College of Cardiology. 29(3):479-85, 1997
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Safety information about L-arginine
L-Arginine is present in animals and plays many important roles. In an experiment. healthy
males were given 1 g/day of L-arginine five times a week over 5 weeks, and showed an
increase of lean body mass 1) and a decrease of body weight and body fat 2 ), while no side
effects were reported, In another experiment in which patients with hypercholesterolemia were
orally given 8.4 g/day of L-arginine hydrochloride (approximately 6.9 g/day as L-arginine) for 2
weeks, a significant decrease in collagen-induced platelet aggregation was observed in the
patients two weeks after the intake, while no side effects were identified 3 ). In addition, when
healthy males were orally given 250 mg/kg (BW.) /day of L-arginine L-aspartate (approximately 140 mg/kg (BW.) /day as L-arginine), they showed raised serum levels of growth hormone
during the night. While no side effects were reported 4 ), Furthermore, after ten healthy subjects
were given L-arginine orally or intravenously (10 and 30 g, respectively), a pharmacokinetic
examination of L-arginine was conducted and no side effects were identified5).
In an experiment in which 24 healthy subjects were given 30 g/day of L-arginine
L-aspartate (17 g/day as L-arginine) or 30 g/day of L-arginine hydrochloride (24.8 g/day as
L-arginine) for 2 weeks and the immunostimulatory effect was investigated, some side effects
on the gastrointestinal tract such as bloating, mild anorexia, or diarrhea were found in several
subjects 6 ). There is a report that among five patients with hypercholesterolemia who were orally given 21 g/day of L-arginine (7 g per dose, three times a day), two of the patients developed slight gastrointestinal distress 7 ); however, when the arginine intake was reduced to 15
g/day (5 g per dose, 3 times a day) for the two patients who had problems, and 15 g/day of
L-arginine were continually administered over 12 weeks to another five patients and 21 g/day
of L-argninine to the remaining three patients, respectively, no undesirable side effects were
observed 7 '. Namely, some side effects have been reported when an oral intake has been more
than 21 g/day of L-arginine, whereas no side effects have been reported in the case of an oral
intake of 15 g/day of L-arginine or less.
L-Arginine is one of the amino acids present in the human body and is a highly safe ingredient. Its acute toxicity (L0 5o) for oral administration to rats is 16 g/kg (BW.)8),
I) Elam RP. Hardin DH. Sutton RA. Hagen L. Effects of

5) Tangphao O. Grossmann M. Chalon S. Hoffman BB.

arginine and ornithine on strength, lean body mass and
urinary hydroxyproline in adult males. Journal of Sports
Medicine & Physical Fitness. 29(1 ):52-6, 1989
2) Elam RP. Morphological changes in adult males from

Blaschke TF. Pharmacokinetics of intravenous and oral
L-arginine in normal volunteers. British Journal of
Clinical Pharmacology. 47(3):261-6, 1999
6) Barbul A. Lazarou SA. Efron DT. Wasserkrug HL.
Efron G. Arginine enhances wound healing and lymphocyte immune responses in humans. Surgery.
108(2):331-6; discussion 336-7, 1990
7) Tangphao O. Chalon S. Moreno H Jf. Hoffman BB.
Blaschke TF. Pharmacokinetics of L-arginine during
chronic administration to patients with hypercholesterolaemia. Clinical Science. 96(2): 199-207,1999
8) Amino Acid Data Book I. The Japan Essential Amino
Acids Association. Revised Edition. 2004

resistance exercise and amino acid supplementation.

Journal of Sports Medicine & Physical Fitness.
28(1 ):35-9, 1988
3) Wolf A. Zalpour C. Theilmeier G. Wang BY. Ma A.
Anderson B. Tsao PS. Cooke JP. Dietary L-arginine

supplementation normalizes platelet aggl'egation in
hypercholesterolemic humans. Journal of the American
College of Cardiology. 29(3):479-85, 1997
4) Besset A. Bonardet A. Rondouin G. Descomps B.
Passouant P. Increase in sleep related GH and Prl secretion after chronic arginine aspartate administration in
man. Acta Endocrinologica. 99(1): 18-23, 1982
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II

Physiological activities of L-arginine
L-Arginine accelerates the secretion of growth hormone
The intake of L-arginine is known to accelerate the secretion of growth hormone'·4'. The
action of growth hormone includes the acceleration of protein synthesis, glucose metabolism,
and lipid metabolism 5 '. Intravenous administration of L-arginine accelerates the secretion of
growth hormone by the hypophysis cerebri 4'. The concentrations of growth hormone were compared between a group of five subjects who were given L-arginine L-aspartate and a control
group given a placebo: the growth hormone concentration increased during the night in the
L-arginine L-aspartate-administered group".
L-Arginine is effective in building muscles and facilitating wound healing
It is known that an intake of L-arginine facilitates the release of growth hormone'·4). Growth
hormone has the effects of building muscles, as well as having facilitating effects on protein
assimilation 5 ), An increase of lean body mass 6 ) and a decrease of body weight and body fat
percentages 7 , were observed in healthy males after they were given both L-arginine and
L-ornithine. In another study the back skin of a rat had been ablated, an intake of L-arginine
hydrochloride accelerated the synthesis of collagen (an indicator of facilitated wound healing)
and enhanced the tensile strength in the wounded area 9 ). In an experiment on wound healing,
wild-type mice administered L-arginine showed a wound-healing effect. but this effect was not
observed in genetically manipulated mice in which the gene for inducible nitric oxide synthase
(iN OS) had been knocked out. This indicates that nitrogen monoxide (NO) participates in the
mechanism of enhanced wound healing resulting from of an intake of L-arginine'O),
L-Arginine is effective in reducing blood pressure and improving blood flow
L-Arginine is a precursor of nitrogen monoxide (NO) and is known to have a vasodilating
effect. L-Arginine is converted into NO by the action of NO synthase 2"; the NO produced relaxes the blood vessels. Therefore. an intake of L-arginine is expected to increase the amount of
NO produced in the body and to dilate the blood vessels. reducing the blood pressure as a
result. Experiments conducted have reported a vasodilating effect II) and an inhibitory effect of
L-arginine on blood pressure 14) in humans and animals. In addition. it has been reported that an
ingestion of L-arginine reduced platelet aggregation activity in patients with hypercholesterolemia who had elevated platelet aggregation activities'2'.
It is accepted that NO serves to relax the smooth muscle of the cavernous body of the
penis. increasing blood flow and resulting in erection. When 5 g/day of L-arginine was administered for six weeks to male patients diagnosed as suffering from erectile dysfunction and who
exhibited low concentrations of nitrogen oxides (NOx) in their urine, their urinary concentrations of NOx increased and their sexual functions improved 22'.
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L-Arginine is effective in immunostimulation
L-Arginine is a vital substance within the body as a precursor of proteins, polyamines, and
nitrogen monoxide (NO). NO is a vital compound in the immune system, since it helps in the
activation of neutrophils, a type of phagocyte, and works as a factor in the cellular immunity of
macrophages in cases of attacks by foreign substances,
There is a report of a positive effect of L-arginine on immunity in healthy humans. In healthy
adults who were given L-arginine, an enhanced division potential of T cells (one of the indicators of the activation of immunocytes) was observed in the blood24261. NK cells exhibit cytotoxicity to certain types of virus-infected cells, tumor cells, and transplanted marrow cells. The
administration of L-arginine to patients with breast cancer caused an enhancement in the
immune activity of lymph cells in the peripheral bloodstream and a significant increase in the
cellular cytotoxicity of NK cells 271 .
With regard to the effect of L-arginine on cancers, however, contradictory results have been
reported 321 , and thus it is necessary to be careful regarding the intake of L-arginine in the case
of highly metastatic malignant cancers. No adverse effects of L-arginine on the immune system have been reported,
L-Arginine promotes the secretion of insulin
L-Arginine is generally known for its function in promoting the secretion of insulin and it is
used as a non glucose secretagogue in determining the amount of insulin released 34} In an
experiment. different types of amino acids were intravenously administered to healthy male
and female subjects, and their plasma concentrations of insulin were measured one hour after
the administration. The results showed that the insulin secretory was stimulated most vigorously when L-arginine was administered to the subjects 33}
L-Arginine is effective in the activation of the ornithine cycle
L-Arginine participates in the detoxification of ammonia as a component of the ornithine
cycle 36>. In one study, the detoxification of ammonia by L-arginine was investigated. An
increase in arnmonia in the blood was suppressed more effectively in cases in which
L-arginine was administered intravenously together with ammonium chloride to patients with
liver cirrhosis, compared with the case in which only ammonium chloride was administered 351 .
L-Arginine is inVOlved in the synthesis of polyamines
L-Arginine is converted into L-ornithine by the action of arginase 381 , L-Ornithine is a precursor
of polyamines such as putrescine, spermidine, and spermine 381 . The polyamine group is a
growth factor of mammals, bacteria, and cultured cells. The administration of L-arginine is
expected to activate polyamine synthesis via L-ornithine.
It was reported that after L-arginine was intestinally administered to rats with burns at a
dose of 2.3 g/kg (B,W) for 7 days, the urinary excretion of polyamines increased significantly 3".
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I. L-Arginine and growth hormone secretion
1) Five healthy males orally ingested a placebo for one week and 250 mg/kg (BW.) Iday
L-arginine L-aspartate (approximately 140 mg/kg (BW.) Iday as L-arginine) for one week,
separately, Then, the concentrations of growth hormone during the day and during the
night were compared. The concentration of growth hormone in serum during the night was
2.82±0.58 ng/mL after the ingestion of the placebo, whereas it was as high as 4.45±
0.98 ng/mL after the ingestion of L-arginine L-aspartate.
Besset A. Bonardet A. Rondouin O. Dcscomps B. Passouant P. Increase in sleep related GH and PrJ secretion after chronic arginine
aspartate administration in man. Acta Endocrinoiogica. 99( I): 18-23, 1982

2) L-Arginine L-aspartate (Arg-Asp) was given orally to seven healthy elderly persons ages 70
to 86 at a dose of 8 g. The secretory reaction of growth hormone-releasing hormone was
promoted from 1 1.4±3.4 Ilg/L without ingestion of Arg-Asp to 31.0±5.3 Ilg/L following
its ingestion. In addition, an intravenous administration of 109 Arg-Asp to six healthy
elderly persons ages 70 to 86 enhanced the secretory reaction of growth hormone-releasing hormone. In this study, it was observed that the faCilitating effect of Arg-Asp on the
secretion of growth hormone was similar for an oral administration of 8 g Arg-Asp and an
intravenous administration of 109 Arg-Asp.
Ghigo E. Ceda OP. Valcavi R. Gaffi S. Zini M. Mucci M. Valenti O. Cocchi D. Muller EE. Camanni F. Low doses of either intravenously or orally administered arginine are able to enhance growth hormone response to growth hormone releusing hormone in elderly subjects.
lournal of Endocrinoiogicallnvestigation. 17(2): 113-7, 1994

3) Ten healthy postmenopausal women were given 9 g/day of L-arginine for 4 weeks, and
their blood was collected in the early morning after the subjects had fasted to determine
the concentration of growth hormone. Whereas the concentration of growth hormone was
0.6±0.6 Ilg/L after an ingestion of a placebo, it increased to 1.5± 1.8 Ilg/L after the
ingestion of L-arginine.
Blum A. Cannon RO 3rd. Costello R. Schenke WHo Csako O. Endocrine and lipid effects of oral L-arginine treatment in healthy postmenopausal women. Journal of Laboratory & Clinical Medicine. 135(3):231-7, 2000

4) To compare the blood concentrations of growth hormone before and after the administration of L-arginine, L-arginine was administered intravenously at a dose of 30 g to healthy
subjects who had fasted overnight. The growth hormone concentration in the blood
increased from 0.5-2 ng/mL before the administration to 13-51 ng/mL 60 minutes after
the administration of L-arginine.
Knopf RF. Conn JW. Fajans SS. Floyd Jc. Rull JA.Guntsche EM. Rull JA. Plasma growth hormone response to intravenous administration of amino acids. Journal of Clinical Endocrinology & Metabolism. 25: 1140-4, 1965

5) An increase in growth hormone acts to accelerate protein synthesis, glucose metabolism
and lipid metabolism.
Granner DK. Chapter 45: Pituitary and Hypothalamic Hormones. in Harper's Biochemistry 25th Edition. Murray RK. Mayes PA. Rodwell
VW. Granner DK cds. McGraw-HilI/Appleton & Lange. NY. USA. 550-60, 1999
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IT. L-Arginine; protein synthesis, build-up of muscles,
and body fat reduction
6) Twenty-two adult males were divided into two groups, The first group was given L-arginine
and L-ornithine at a dose of 1 g (ARG + ORN group), and the other group was given 1 g of
vitamin C and 600 mg of oyster shell calcium (placebo group) five days a week for five
weeks, amounting to 25 administrations, In addition, the subjects undertook 15 sessions
of weight training during this period, The ARG + ORN group eXhibited the following features
compared with the placebo group: higher values of total loading in weight training (placebo
group: 468, 18±76,20 kg; ARG + ORN group: 563,00± 123,52 kg); higher values of lean
body mass (plac.ebo group: 64,55±5,21 kg; ARG+ORN group: 72,97±6.46 kg); and lower
values of urinary excretion of L-hydroxyproline, an indicator of the breakdown of collagen tissue (placebo group: 16,89±8,60 mg/L; ARG + ORN group: 10,63±5,50 mg/L),
Blam RP. Hardin DH. Sutton RA. Hagen L. Effects of arginine and ornithine on strength, lean body mass and urinary hydroxyproline in
adult males. lournal of Sports Medicine & Physical Fitness. 29( I):52~6, 1989

7) Eighteen adult males ages 27 to 57 were divided into two groups, The first group was
given a placebo (placebo group), and the other group was given L-arginine and L-ornithine
at a dose of 1 g (ARG + ORN group) five days a week for five weeks, amounting to 25
administrations, In addition, the subjects undertook 15 sessions of exercise by weight
training during this period, The ARG + ORN group exhibited a reduction in body weight
(placebo group: -0,81 kg; ARG + ORN group: - 1,30 kg) and in body fat percentage (placebo
group: -0,20%; ARG + ORN group: -0,85%), compared with the placebo group,
Elam RP. Morphological changes in adult males from resistance exercise and amino acid supplementation. lournal of Sports Medicine &
Physical Fitness, 28(1 ):35-9, 1988

m.

L-Arginine and healing of skin wounds

8) Catheters were fixed beneath the skin of the deltoid muscles in healthy subjects ages 65
year-old and older to evaluate the fibrosis potency and epithelium potency two weeks later,
The cumulative amount of L-hydroxyproline present in wounds increased to 26.49±2,39
nmol/cm in a group that ingested L-arginine L-aspartate at 30 g/day (17 g/day as
L-arginine) for two weeks, whereas in the control group it was 17.41 ±2,04 nmol/cm, In
addition, the intake of L-arginine caused an increase in the total content of protein,
Kirk S1. Hursan M. Regan Me. Holt DR. Wasserkrug HL. Barbul A. Arginine stimulates wound healing and immune function in elderly
human beings. Surgery. 114(2):155-9; discussion 160. [993

9) The skin on the backs of Sprague-Dawley rats was ablated and then a polyvinyl alcohol
sponge was implanted under the skin, The rats were fed for ten days with food and water
containing 0,5% L-arginine hydrochloride, In the L-arginine group, the accumulation of collagen (an indicator of the acceleration of wound healing) and an increased tensile strength
at the wound site were observed, On the other hand, no such beneficial effects of
L-arginine intake were identified in rats whose pituitary glands had been ablated, This indicates that wound healing is accelerated through the action of growth hormone,
Barbul A. Rettura G. Levenson SM. Seifter E. Wound healing and thymotropic effects of arginine: a pituitary mechanism of action.
American Journal of Clinical Nutrition. 37(5):786-94. 1983
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10) A wound-healing model was prepared by implanting polyvinyl alcohol sponges under the
skin of 20 inducible nitric oxide synthase knockout (iNOS-KO) mice and 20 wild-type (WT)
mice, all mice on a C57BL/6 background. Ten iNOS-KO mice and ten WT mice were each
given 0.5% L-arginine hydrochloride added to both food and drinking water for 14 days.
Fourteen days later, the tensile strength, the amount of L-hydroxyproline (HYP) in the
sponge (an indicator of collagen synthesis), the amount of effusion in the wound area,
and plasma NOx (an indicator of the production of NO), were measured. There were significant increases in tensile strength (control group: 191.1 ±25.0 g; arginine group: 296.9±
34.1 g) and in the level of HYP (control group: 502.9±89.2 /lg HYP/1 00 mg sponge;
arginine group: 1027.5 ±99.3 /lg HYP/1 00 mg sponge) in WT mice administered arginine, whereas in iNOS-KO mice, no significant differences were observed in the tensile
strength in the wound areas and the level of HYP as a result of ingesting arginine. The
NOx concentration of effusion in the wound areas and of plasma in WT mice were 1.5
times the corresponding values in iNOS-KO mice, indicating the participation of NO in the
mechanism of the wound-healing effect of arginine.
Shi HP. Efron DT. Most D. Tantry US. Barbul A, Supplemental dietary arginine enhances wound healing in normal but not inducible
nitric oxide synthase knockout mice. Surgery. 128(2):374-8,2000

IV, L-Arginine; NO production (vasodilation), alleviation of platelet
aggregation (improvement of blood flow), and improvement of the
stress experienced by blood vessels (anti-arteriosclerosis)
11) L-Arginine was orally administered daily at 8 g/day for four weeks to a group of ten
patients with chronic heart failure. The endothelium-dependent vasodilation in response
to acetylcholine and the blood flow in the radial artery were significantly enhanced in this
group compared with a placebo group (ten subjects). This improvement may be related to
the production of NO. In a similar experiment. after ten patients with chronic heart failure
were given L-arginine and subjected to exercise, the endothelium-dependent vasodilation
in response to acetylcholine and the blood flow in the radial artery were significantly
enhanced in the group given L-arginine and exercise compared with groups given
L-arginine alone (ten subjects) and exercise alone (ten subjects).
Hambrecht R. Hilbrich L. Erbs S. Gielcn S. Fichn E. Schoene N. Schuler G. Correction of endothelial dysfunction in chronic heart failure: additional effects of exercise training and oral L-arginine supplementation. Journal of the American College of Cardiology.

35(3):706-13, 2000

12) Patients with hypercholesterolemia showed higher levels of enhanced collagen-induced
platelet aggregation activity (68.6%) than did a control group (54.5%). Fifteen patients
with hypercholesterolemia ingested 8.4 g/day of L-arginine hydrochloride and 8 other
patients ingested a placebo for two weeks. Two weeks after the ingestions, blood plasma
was collected to compare the collagen-induced platelet aggregation activity. It was
72.7% in the placebo group, whereas it was 52.6% in the L-arginine group, showing that
the collagen-induced platelet aggregation activity was significantly reduced by the intake
of L-arginine.
Wolf A. Zalpour C. Theilmeier O. Wang BY. Ma A. Anderson B. Tsao PS. Cooke JP. Dietary L-arginine supplementation normalizes
platelet aggregation in hypercholesterolemic humans. Journal of the American College of Cardiology. 29(3):479-85, 1997
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13) Angiostenosis (narrowing of the blood vessels) can be observed in patients with atherosclerosis. When L-arginine was administered to patients with atherosclerosis at 50 f.1
mol/min or 150 f.1 mol/min by injection into the coronary artery, an expansion of the coronary artery was identified. Following fasting, the administration of arginine caused a
vasodilatory response both in healthy subjects, who had serum total cholesterol levels of
200 mg/dL or less, and in patients who had serum cholesterol values of over 200 mg/dL.
Nevertheless, subjects who had lower cholesterol levels showed better responses to the
administration of L-arginine. Vasodilation was observed as a result of the administration
of L-arginine at 150 f.1mol/min to both smokers and nonsmokers (smokers: 1.43±0.06
mm to 1.54±0.08 mm: nonsmokers: 1.50±0.06 mm to 1.59±0.06 mm).
Tentolouris C. Tousoqlis D. Davies GJ. Stefanadis C. Toutouzas P. Serum cholesterol level, cigarette smoking, and vasomotor responses to L-arginine in narrowed epicardial coronary arteries. American Journal of Cardiology. 85(4):500-3, 2000

14) Salt-sensitive hypertension model rats (Oahl-Rapp rats) were fed for four weeks and given
an 8% saline solution containing 1.25 gil of L-arginine. A control group of rats that were
not given L-arginine showed elevated blood pressures as a result of the high-salt diet. In
contrast. in the L-arginine group, the elevation in blood pressure was significantly inhibited after the first week of the experiment. and no elevated blood pressure or renal complications arising from an elevated blood pressure were identified during four weeks.
Chen PY. St John PL. Kirk KA. Abrahamson DR. Stmders PW, Hypertensive nephrosclerosis in the DahllRapp rat. Initial siles of
injury and effect of dietary L-arginine supplementation. Laboratory Investigation. 68(2): 174-84, 1993

15) New Zealand White rabbits were given a diet containing 1% cholesterol for 4 weeks as a
model of hypercholesterolemia. The diet was then changed to one containing 0.5% of
cholesterol and this was given together with drinking water containing 2% of L-arginine
for 12 weeks. The decreased vasodilatory response arising from the cholesterol-containing diet was inhibited following the administration of L-arginine in the drinking water.
Boger RH. Bode-Boger SM. Phivthong-ngam L. Brandes RP. Schwed helm E. Mugge A. Bohme M. Tsikas D. Frolich Jc. Dietary
L-arginine and alpha-tocopherol reduce vascular oxidative stress and preserve endothelial fUJl(.:tion in hypercholesterolemic rabbits via
ditTerent mechanisms. Atherosclerosis. 141 (J ):31-43, J998

16) A diet containing 1% cholesterol was given to New Zealand White rabbits for 12 weeks
to prepare a model of hypercholesterolemia. A decreased vasodilation response was
observed in these rabbits. In another group given drinking water containing 2.25%
L-arginine together with high-cholesterol diets (arginine group), the decrease in the
vasodilation response resulting from the high-cholesterol diet was significantly reduced
compared with that in a control group not given L-arginine. In this control group, as a
result of taking the high-cholesterol diet. an increase in the production of 02- in the aorta
was observed after the addition to the diet of an accelerator of leukocyte respiratory
burst. whereas in the group that received arginine, the production of 02- was significantly
inhibited. 02- is a major NO-inactivating agent in the vascular wall and is believed to have
adverse effects on it. such as promoting the adhesion of leukocytes.
Boger RH. Bode-Boger SM. Mugge A. Kienke S. Brandes R. Dwenger A. Frolicb Jc. Supplementation of hypercholeslcrolaemic rabbits with L-arginine reduces the vascular release of superoxide anions and restores NO production. Atherosclerosis. I J 7(2):273-84,
1995
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17) Wistar rats were exercised for 10 weeks. Their blood plasma was collected, oxidized lowdensity lipids (LOL), which contain oxidized unsaturated fatty acids and cause platelet
aggregation, were added together with 1mM of L-arginine, and the platelet-aggregation
activity was determined. The platelet-aggregation activity induced by oxidized LOL
increased with increasing concentration of oxidized LOL; however, the addition of
L-arginine to the plasma inhibited platelet aggregation. In addition, although the addition
of oxidized LOL caused a reduced production of NO metabolic products in platelets, the
addition of L-arginine blocked this inhibition of the production of NO metabolites,
Wang JS. Chow SE. Chen JK. Wong MK. Effect of exercise training on oxidized LDL-mediated platelet function in rats. Thrombosis
& Haemostasis. 83(3):503-8, 2000

18) L-Arginine was intravenously administered (300 mg/kg (B.W.)) to spontaneously hypertensive model rats (SHR), and the blood flow in their cerebral cortexes was monitored by
magnetic resonance imaging (MRI). A noticeable increase in the blood flow was found: the
cerebral blood flow fifty minutes after the administration of L-arginine was 1.24±0.06
times that before the administration.
Caramia F. Yoshida T. Hamberg LM. Huang Z. Hunter G. Wanke I. Zaharchuk O. Moskowitz MA. Rosen 8R. Measurement of
changes in cerebral blood volume in spontaneously hypertensive rats following L-arginine infusion using dynamic susceptibility contrast MRI. Magnetic Resonance in Medicine. 39(1): 160-3, 1998

18) New Zealand White rabbits were divided into three groups, one of which was given 1%
cholesterol in the diet for 10 weeks as a model of hypercholesterolemia. In the group that
ingested the high-cholesterol diet (containing no arginine), a decreased vasodilatory
response was observed compared with the control group. On the other hand, in a group
fed a high-cholesterol diet together with drinking water containing 2,25% of L-arginine
hydrochloride, the decrease in vasodilatory response resulting from the high-cholesterol
diet was significantly reduced compared with that of the group that ingested no arginine.
Cooke JP. Singer AH. Tsao p, Zera P. Rowan RA. Billingham ME. Antiatherogenic effects of L-arginine in the hypercholesterolemic
rabbit. Journal of Clinical Investigation. 90(3): 1168~ 72, 1992

20) The collagen-induced platelet aggregation response in humans was accelerated by the
intake of a nitric oxide synthase (NOS) inhibitor and inhibited by the intake of L-arginine.
The platelet aggregation response induced by collagen (1 /.1 g/mL) was inhibited in a concentration-dependent manner by the administration of L-arginine to the subjects. The concentration required for a 50% inhibition was 8.8± 1,0 /.1 M.
Radomski MW. Palmer RM. Moncada S. An

L~arginine/nitric

oxide pathway present in human platelets regulates aggregation.

Proceedings of the National Academy of Sciences of the United States of America. 87( 13):5193~ 7, 1990

21) NO, the endothelium-derived relaxation factor, is produced from L-arginine as a substrate
by the action of NOS.
Murray RK. Chapter 58: Muscle and the Cytoskeleton. in Harper's Biochemistry 25th Edition. Murray RK. Mayes PA. Rodwell VW.
Granner DK cds. McGraw-Hili/Appleton & Lange. NY. USA. 715-36,1999
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V. L-Arginine and alleviation of erectile dysfunction
22) Fifty males diagnosed as suffering from erectile dysfunction (ED) were divided into two
groups; one was given a placebo and the other was given 5 g/day of L-arginine for six
weeks, Among the subjects in the L-arginine group, those whose urinary NOx concentrations were relatively low at the start of the trial showed an improvement in ED along with
an increase in urinary concentrations of NOx,
Chen 1. Wollman Y. Chernichovsky T. Iaioa A. Sofer M. Matzkin H. 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
International. 83(3):269-73,1999

23) Drinking water containing 2,25% of L-arginine was given to mature rats (5 months old)
and elderly rats (20 months old) (arginine group) and regular drinking water was given to
a control group for eight weeks, To evaluate erectile potency, an electric stimulation was
applied to the cavernous nerves (the nerves responsible for producing erection of the
penis) to corn pare the maximum pressures in the cavernous body, The mature rats
showed significantly increased erectile potency, with a value of 104 ± 4.4 mmHg in the
arginine group and a value of 86 ± 4,6 mmHg in the control group, A significant increase
in the maximum pressure in the cavernous body was also identified in the elderly rats, In
rats of all ages, erectile potency was nearly lost when drinking water containing NG-nitroL-arginine methyl ester (L-NAME, a nitric oxide synthesis inhibitor) was given to the rats
for eight weeks, This indicates the possibility that NO participates in penis erection and
that the effect of arginine in accelerating the production of NO results in an enhancement
in erectile potency,
Moody lA. Vernet D. Laidlaw S. Rajfer 1. Gonzalez-Cadavid NF. Effects of long-term oral administration of L-arginine on the rat
erectile response. lournal of Urology. 158(3 Pt 1):942-7, 1997

VI. L-Arginine and immune system
24) Thirty-six healthy subjects were divided into three groups: Group I was given a placebo;
Group II was given L-arginine L-aspartate at 30 g/day (17 g/day as L-arginine); and
Group III was given L-arginine hydrochloride at 30 g/day (24,8 g/day as L-arginine) for
two weeks, Growth response in lymphocytes, an indicator of immune activity, was examined, because lymphatic reaction to antigens entails cellular proliferation, In addition, the
rate of DNA synthesis was measured by using the intake of thymidine labeled with tritium
[3H] as an indicator to determine the quality of the growth response, When a mitogen was
added to the collected cells, the cells grew to large and immature forms (blastogenesis),
It is possible to observe an enhancement in the synthesis of DNA and RNA and in activated cell division in blast lymphocytes, In groups that received L-arginine (Group II and
Group III), the blastogenesis of T cells was accelerated in the peripheral blood, and one
week after the administration of mitogen [concavalin A (con A) and phytohemagglutinin
(PHA)] no difference was identified in the level of blastogenesis between these two
groups as a result of the difference in the level of intake of L-arginine,
Barbu! A. Lazarou SA. Efron DT. Wasserkrug HL Efron G, Arginine enhances wound healing and lymphocyte immune responses in
humans. Surgery.

108(2):331~6;

discussion
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1990

19

25) Catheters were fixed under the skin of the deltoid muscles in healthy subjects ages 65
years-old and older to evaluate the immune function two weeks after the insertion of the
catheter. Lymphocyte blastogenic activity was examined as an indicator of immune activity. An enhanced lymphocyte blastogenic activity was observed after the intake of
L-arginine L-aspartate at 30 g/day (17 g/day as L-arginine) for two weeks.
Kirk SJ. Hurson M. Regan MC Holt DR. Wasserkrug HL. Barbul A. Arginine stimulates wound healing and immune function in
elderly human beings. Surgery.

114(2):155~9;

discussion 160, 1993

26) Oral administration of 30 g/day of L-arginine hydrochloride (24.8 g/day as L-arginine) to
twenty-one healthy subjects (1 2 females, 9 males: ages 23 to 51) for one week resulted
in an enhanced lymphocyte blastogenic response to ConA and PHA (an indicator of
immune activity).
Barbul A. Sisto DA. Wasscrkrug HL. Efron O. Arginine stimulates lymphocyte immune response in healthy human beings. Surgery.
90(2):244-51, 1981

27) L-Arginine (30 g/day) was given to 16 patients with breast cancer for three days. The
intake of L-arginine significantly increased the Cytotoxic activity of NK cells by 81 % (on
average) and of LAK cells by 107% (on average) in the breast-cancer cases.
Brittenden 1. Park KG. Heys SD. Ross C. Ashby J, Ah-See A. Eremin O. L-Arginine stimulates host defenses in patients with breast
cancer. Surgery. 115(2):205-12, 1994

28) Enteral administration of L-arginine (25 g/day) for seven weeks to post-operative patients
who had received intestinal surgery resulted in a significant increase in T lymphocyte activation response to ConA and PHA (an indicator of immune activity) compared with a control group. Seven days after the operation, the number of CD4 helper T cells, an indicator
of immunocompetence, increased by 29± 13% in the control group and by 43± 14% in
the L-arginine-administered group.
Daly JM. Reynolds 1. Thorn A. Kinsley L. Dietrick-Gallagher M. ShOll 1. Ruggieri B. Immune and metabolic effects of arginine in the
surgical patient. Annals of Surgery. 208(4):512-23,1988

29) Experimental diets containing 1% L-arginine were given to healthy mice (CBA/J mice),
resulting in an increase in the weight of the thymus gland and a promotion of the proliferation of T cells. The ingestion of experimental diets containing 1% L-arginine by tumorbearing mice resulted in retardation of tumor growth compared with a control group to
which L-arginine had not been administered. The median survival time (the time when half
the tumor-bearing mice were still alive) was 25 days in the group to which L-arginine had
not been administered and 36 days in the L-arginine group, indicating a significant extension of survival.
Reynolds lV. Daly 1M. ShOll

j.

Sigal R. Ziegler MM. Naji A. Immunologic effects of arginine supplementation in tumor-bearing and

non-tumor-bearing hosts. Annals of Surgery. 211 (2):202-10, 1990

30) In mice fed diets containing L-arginine (2%), the degree of translocation of 14C-labeled
Escherichia coli to tissues was reduced compared with a group to which L-arginine had
not been administered. Administration of N-nitro-L-arginine, an NOS inhibitor, nullified this
antibacterial action of L-arginine, indicating that NO participates in the antibacterial
action.
Gianotti L. Alexander JW. Pyles T. Fukushima R. Arginine-supplemented diets improve survival in gut-derived sepsis and peritonitis
by modulating bacterial clearance. The role of nitric oxide. Annals of Surgery. 217(6):644-53; discussion 653-4, 1993
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31) When diets containing L-arginine (5%) were given to rats in which breast cancer had been
induced by 7,1 2-dimethylbenz[a]-anthracene (DMBA) or N-methyl-N-nitrosourea, the incidence and progression of cancer was inhibited in the L-arginine-administered group compared with the control group, regardless of which carcinogen was used,
Burns RA. Milner lA. Effect of arginine on the carcinogenicity of 7, I 2-dimethylbenz[al-anthracene and N-methyl-N-nitrosourca.
Carcinogenesis. 5( 12): 1539-42, 1984

32) In an experiment to examine the metastatic potential of highly metastatic colon cancer to
the liver in rats, the group of rats that were given feeds containing L-arginine exhibited an
enhanced metastatic potential. and a group given an L-arginine-deficient diet exhibited an
inhibited metastasis of cancer. This indicates that there is a need to be cautious with
regard to intake of L-arginine in cases of highly metastatic malignant cancers.
Yeatman TJ. Risley GL. Brunson ME. DepIetion of dietary arginine inhibits growth of metastatic tumor. Archives of Surgery.
126( II): 1376-81; discussion 1381-2. 1991

VII. L-Arginine and insulin secretion
33) The plasma concentration of insulin was measured one hour after intravenous administrations of various amino acids, each at a dose of 30 g, to healthy male and female subjects
ages 19 to 27, The amino acid that showed the most effective secretory action was
L-arginine, for which the insulin secretion volume for one hour amounted to 270 /.1U/mL
(ex. lysine group: 202 /.1U/mL. phenylalanine group: 97 /.1U/mL).
Floyd JC Jr. Fajans SS. Conn JW. Knopf RF. Rull 1. Stimulation of insulin secretion by amino acids. Journal of Clinical Investigation.
45(9): 1487-502, 1966

34) L-Arginine accelerates the secretion of insulin, and thus it is used as a nonglucose secretagogue in determining the volume of insulin secretion.
Eremin O. ed. L-Arginine: Biological aspects and clinical application. Chapman & Hall. 15-8, 1997

VIII. L-Argninine and liver function
35) L-Arginine hydrochloride was intravenously administered at a dose of 0,5 mmol/kg (BW.)
together with ammonium chloride (1 mmol/kg (BW.» to two patients with liver cirrhosis.
An increase in blood ammonia concentration was inhibited by the administration of
L-arginine compared with the administration of ammonium chloride alone.
Bessman SP. Shear S. Fitzgerald 1. Effect of arginine and glutamate on the removal of ammonia from the blood in normal and cirrhotic
patients. New England Journal of Medicine. 256(20):941-3, 1957

36) L-Arginine, which is a component of the ornithine cycle, participates in the metabolic
process in the liver by which ammonia, which is harmful to the body, is converted to urea.
Rodwell VW. Chapter 31: Catabolism of proteins and of amino acid nitrogen. in Harper's Biochemistry 25th Edition. Murray RK.
Mayes PA. Rodwell VW. Granner DK eds. McGraw-Hill/Appleton & Lange. NY. USA. 313-22, 1999
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IX. L-Arginine and polyamine production
37) Wister rats with burn injuries to 30% of their total body surfaces were administered
L-arginine enterally at 2.3 g/kg (BW.) for seven days. The urinary excretion of polyamines
was significantly higher in the arginine group than that in the control group on every
examined day. On the second day of the experiment onwards, the levels of polyamines
excreted in the urine were 4.72±0.98 Ilmol/day in the control group, these levels were
significantly increased to 7.20± 1.73 Ilmol/day in the group that received L-arginine.
Additionally, whole-body protein turnover rate was significantly elevated in the L-arginine
group (6505.42±869.97 mg N/kg(BW.)/day) as compared to that in the control group
(5620.22±848.47 mg N/kg(BW)/day).
Cui XL. Iwasa M. Iwasa Y. Ohmori Y. Yamamoto A. Maeda H. Kume M. Ogoshi S. Yokoyama A. Sugawara T. Funada T. Effects of
dietary arginine supplementation on protein turnover and tissue protein synthesis in scald~burn rats. Nutrition.

15(7~8):563w9,

1999

38) L-Arginine is converted into L-ornithine by the action of arginase. L-Ornithine is known to
be a precursor of polyamines such as putrescine, spermidine, and spermine.
Rodwell VW. Chapter 32: Catabolism of the Carbon Skeletons of Amino Acids. in Harper's Biochemistry 25th Edition. Murray RK.
Mayes PA. Rodwell VW. Granner DK cds. McGraw-Hili/Appleton & Lange. NY. USA. 323-46, 1999
Rodwell VW. Chapter 33: Conversion of amino acids to specialized products. in Harper's Biochemistry 25th Edition. Murray RK.
Mayes PA. Rodwell VW. Granner DK eds. McGraw-HilI/Appleton & Lange. NY. USA. 347-58,1999

39) Polyamines, which carry multiple positive charges, readily associate with multiply charged
anions such as RNA and DNA. thus facilitating the biosynthesis of DNA and RNA and
stabilizing the state of DNA.
Rodwell VW. Chapter 33: Conversion of amino acids to specialized products. in Harper's Biochemistry 25th Edition. Murray RK.
Mayes PA. Rodwell VW. Granner DK eds. McGraw-HilI/Appleton & Lange. NY. USA. 347-58,1999

X. Other reports
40) The basic chromosomal proteins in mammalian sperm nuclei include large amounts of
L-arginine, which accounts for 47-54.4% of the proteins associated with chromosomes.
Bellve AR. Anderson E. Hanley Bowdoin L. Synthesis and amino acid composition of basic proteins in mammalian sperm nuclei.
Developmental Biology. 47(2):349-65,1975
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In-house data
Investigation of the muscle-building effect of L-arginine
The effect of L-arginine on muscle building during training was examined in rats".
Methods
Three-week-old SO male rats were given AIM-76-based feed mixed with L-arginine (1 %). following a three-day period for habituation. were subjected to treadmill exercise for three weeks
(30 min/day. 5 times a week) at a rate that corresponded to mild jogging in humans. A control
group was given AIM-76-based feed mixed with cornstarch (1 %). In the training the inclination
of the treadmill was set to 4
The rats started running at a rate of 15 m/min. gradually picking up speed. and kept running at a rate of 25 m/min. Training was not conducted for the two
days before the rats were subjected to anatomical examination. The weight of the hind-leg
muscles (gastrocnemius muscle + plantaris muscle) and the activity of citrate synthetase in
the muscles of the hind legs as an indicator of the activity of the tricarboxylic acid (TCA)
cycle were determined.
All the experimental procedures were performed with approval of the Animal Experiment
Ethics Committee at the Healthcare Research Laboratories. Kyowa Hakko Kogyo Co .. Ltd.
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Fig. 3 Muscle building and the activation of an enzyme in the energy-production
system by L-arginine administration
**: Significant difference
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Results
The wet we'lght of the hind-leg muscles was greater in the group given L-arginine and exercise (Fig, 3A). Furthermore, in this group, the activity of enzymes relating to the TCA cycle
was increased (Fig. 3B),
Discussion
The intake of L-arginine increased the weight of the hind-leg muscles in exercised rats. This
same result was not obtained in the non-exercised group. Thus, the combination of an intake
of L-arginine and exercise is expected to build muscles effectively. In addition, it was found
that this combination could activate the generation of energy in the body as a result of
increased activity of citrate synthetase, an enzyme involved in the TCA cycle.
1) Komatsu M. Action of amino acids on muscle metabolism. Food Style 21. 6(11 ):53-6,2002
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Conclusion
L-Arginine is regarded as an ingredient that can alleviate problems associated with lifestylerelated diseases. as it has a variety of positive effects such as building muscle. stimulating
the immune system. and promoting the production of nitrogen monoxide (NO). The result of inhouse experiments suggest that the combination of an intake of arginine and exercise is
expected to build muscles effectively. In addition. it was found that this combination could
activate the generation of energy in the body as a result of increased activity of citrate synthetase. an enzyme involved in the TCA cycle.
L-Arginine has been administered orally or by infusion to post-operative patients to promote
the healing of wounds.
Kyowa Hakko Kyogo Co .. Ltd. provides L-arginine of high quality.
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! !Disclaimer!!
Although this report was written on the basis of scientific data, please ensure that you
abide by relevant laws and regulations with regard to the expression of explanations
used for products containing this substance.
All copyrights belong to Kyowa Hakko Kogyo Co.. Ltd. No part of this publication may be reproduced. be cited to
brouchures or home pages for business purposes. stored in a retrieval system. or transmitted in any form or by any

means. without the prior permission in writings of Kyowa Hakko Kogyo Co .. Ltd. Enquiries concerning reproduction
should be sent to Kyowa Hakko Kogyo Co .. Ltd. through our sales representatives.
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