
Energy, Mood & Neurotransmitters
Nutrients that Naturally Build Energy, Enhance Mood 
and Promote a Sense of Well-Being

Introduction

Webster defines energy as: “Vigor in performance
of an action; Vitality; The capacity for action or
accomplishment.” Whether at work or play, we need
energy to sustain endurance and derive pleasure.
Moreover, an enhanced quality of life depends not
only on physical energy, but emotional health and
mental well-being.

The standard American diet is deficient in many of
the nutrients we need to stay healthy, both physi-
cally and mentally. What causes these deficiencies?
We need only consider the high-sugar, low-fiber,
additive-preserved foods that many people con-
sume on a regular basis, combined with the
impaired absorption of nutrients that accompanies
such poor nutrition. They are at once overfed and
under nourished, and a poorly nourished body con-
tains a malnourished brain. Deficiencies in almost
any of the vitamins and minerals we need can show
up first as emotional or mental symptoms, such as
lack of energy, depression, anxiety, or impaired
memory and concentration.

Lack of energy and depression can result if brain
messengers called neurotransmitters are in short
supply. Amino acids, the building blocks of protein,
are the precursors, or raw materials, for neurotrans-
mitters and other mood-regulating compounds.
There are three amino acids that are most directly
related to mood and depression: phenylalanine, tyro-
sine and tryptophan. Phenylalanine and tyrosine pro-
duce the neurotransmitter norepinephrine, and tryp-
tophan is eventually converted to serotonin. Both
phenylalanine and tyrosine – which is created in the
body from phenylalanine – have been found to be
as effective as the anti-depressant drug, imipramine
in studies. Phenylalanine has also been shown to
reduce pain by preserving brain levels of endor-
phins, the body’s natural painkiller. It is important to
take sufficient amounts of amino acid cofactors,

such as the vitamin B complex, which your body
needs to properly process amino acids.
Our bodies cannot create vitamins, so a well-bal-
anced, supplemented diet is necessary to obtain
adequate amounts of these essential nutrients.
Vitamins act as catalytic agents in the body, helping
to speed up the chemical processes that are vital
for both survival and brain function. The
Recommended Daily Allowance (RDA) is inade-
quate. These figures are based on the minimal
requirements for prevention of severe deficiency
disease, rather than on the requirements for opti-
mum health or deficiency correction.
The brain uses vitamin B1 (thiamine) to help con-
vert glucose, or blood sugar, into fuel, and without it
the brain rapidly runs out of energy. Subclinical
deficiencies of vitamin B3 (niacin) can produce agi-
tation and anxiety, as well as mental and physical
slowness. Vitamin B6 (pyridoxine) is essential for
the creation of neurotransmitters. Studies have
found a strong correlation between vitamin B6 defi-
ciency and depression. Shortages can also produce
anemia. Because vitamin B12 (cyanocobalamin) is
important to red blood cell formation, deficiency
leads to an oxygen-transport problem known as
pernicious anemia. This disorder can cause mood
swings, paranoia, irritability, or mania, eventually
followed by appetite loss, dizziness, and weakness.
Folic acid, another B vitamin, helps assist in the
creation of many neurotransmitters. It is also essen-
tial to the production of hemoglobin, the oxygen-
bearing substance in red blood cells, so deficien-
cies often lead to anemia. Studies have shown
abnormally low levels of this vitamin in a quarter to
a third of all depressed persons. Another symptom
is fatigue.

Panax ginseng has a long history of use and a wide
range of possible therapeutic applications. Thus the
term “Panax,” which is derived from the Latin word
panacea meaning “cure all.” Panax ginseng helps
the body to cope with stress through its effects
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upon the functioning of the adrenal gland. Research has sug-
gested that ginseng reduces fatigue, increases stamina and
produces positive results in mood enhancement. Ginseng is
considered to be an adaptogen. An adaptogen is a substance
that has the ability to bring the body back into a healthy, bal-
anced state.

DMAE is a chemical compound that is one of the raw materi-
als for the production of the B complex vitamin, choline.
DMAE is considered to be a non-essential nutrient since
small amounts are produced in the human brain, however,
supplementation can increase natural levels of choline.
Choline is an important physiological agent that the body is
unable to produce on its own. DMAE is believed to work pri-
marily by speeding the production of acetylcholine, a crucial
neurotransmitter responsible for carrying messages between
brain cells and from the brain to the muscles that control
body movements. Inositol is another nutrient closely related
to the B complex vitamins. Small amounts are manufactured
in the human body and the rest we get from our diet.
Because of its roles in cellular communication, inositol is
used in several different neurological related conditions. It
has been the subject of numerous studies that have shown
its positive effects on mood, depression and panic disorder.
Some of the research points to the ability of inositol to act
similarly to the selective serotonin reuptake inhibitor (SSRI)
drugs in certain neurological conditions, such as depression.

Supplementation of nutrients, such as those mentioned
above, can have profound effects on individuals who are defi-
cient. Their properties are proven to relieve stress, restore
energy, and elevate mood, all of which promotes an
enhanced quality of life. This review presents clinical evi-
dence and general information on these nutrients.

Nutrients That Have a Positive Effect On
Energy, Mood and Neurotransmitters

GINSENG

What is Ginseng?

The herbal remedies referred to as ‘ginseng’ are derived from
the roots of several plants. For thousands of years, the roots
of this slow-growing plant have been valued in Chinese med-
icine as a tonic indicated for its beneficial effects on the cen-
tral nervous system, protection from stress ulcers, increase of
gastrointestinal motility, anti-fatigue action, enhancement of

sexual function and acceleration of metabolism. The two
most commonly used species are Asian or Korean ginseng
(Panax ginseng C.A. Meyer) and American ginseng (Panax
quinquefolius L.). [1,2]

Written records of the medical use of ginseng first appeared
about 2,000 years ago. The word ‘panax’ comes from the
Latin ‘panacea,’ meaning ‘all healing’ or ‘universal remedy,’
indicating the wide belief that ginseng is effective in combat-
ing ailments of all kinds. [3]

The main active components of Panax ginseng are ginseno-
sides, which are triterpene saponins. The majority of pub-
lished research on the medicinal activity of Panax ginseng
has focused on ginsenosides. These are the compounds to
which some ginseng products are now standardized. [4]

Ginseng contains a complex mixture of carbohydrate com-
pounds, nitrogenous compounds, fat soluble compounds,
vitamins and minerals. It is the complex carbohydrate com-
pounds called ginsenosides that are the significant active
ingredients. These compounds have chemical structures sim-
ilar to human hormones and it is believed that they may work
similarly. [5]

General Functions

Quality research teams in China, Japan, Korea and the US
suggest that ginseng helps the formation of red blood cells
and helps to eliminate anemia. [6,7] Their research has also
found positive results in mood enhancement and the ability to
perform mental tasks, reduce fatigue after mental exertion,
and reduce blood sugar levels (used to prevent and/or treat
diabetes). [1,8]

Ginseng has been found to enhance sexual functions. Animal
studies have shown that ginseng can increase sperm produc-
tion, sexual activity, and sexual performance. A study of 46
men has also shown an increase in sperm count as well as
motility. [9,10] Ginseng properties were studied to conclude
that the root helps facilitate liver regeneration and enhances
blood alcohol clearance, thus reducing the effects of alcohol
consumption. [11,12]

Ginseng is considered to be an adaptogen. An adaptogen is a
substance that has the ability to bring the body back into a
healthy, balanced state. Ginseng is seen as having both
soothing and revitalizing adaptogenic properties. Ginseng
seems to be able to increase the body’s ability to adapt and
adjust. It is believed that the active ingredients in ginseng can



harmonize body functions and are only used as needed, even
if taken regularly. [5] 

Ginseng and Energy

Having enough energy to get through each stress-filled day
has become a challenge. A healthy ‘tonic’ is much preferred
to the strong stimulants that take you to the heights, only to
crash and burn a short time later. Ginseng is considered
‘energizing,’ but has not been shown to stimulate the central
nervous system the way coffee and other stimulants do. As
stated above, ginseng contains natural compounds plus vita-
mins and minerals.

> In a double-blind study, 50 healthy male sports teach-
ers between 21 and 47 years of age were given, every
day for 6 weeks, 2 capsules of a preparation containing
ginseng extract, DMAE, vitamins, minerals and trace
elements or 2 placebos. They were assessed for physi-
cal performance by a treadmill with increasing work
loads. The total work load and maximal oxygen con-
sumption were significantly greater during exercise
after this preparation was administered, versus place-
bo. At the same work load, oxygen consumption, plas-
ma lactate levels, ventilation, carbon dioxide production
and heart rate during exercise were significantly lower
after the ginseng and DMAE preparation, versus place-
bo. These results indicate that the combination of gin-
seng, DMAE, etc. can increase the subjects’ work
capacity by improving muscular oxygenation. [13]

Ginseng and Sexual Function

Few people would disagree with the idea that sex is basic to
human existence. It is not only a tremendous source of
pleasure, but also a key element of both male and female
identity. Panax ginseng has long been reputed to increase
sexual energy and endurance. It promotes overall good
health, which in turn promotes optimal sexual health.
Ginseng revitalizes the adrenal glands, boosts the immune
system, and works to reduce the effects of stress. It has also
been shown to stimulate the central nervous system in a nat-
ural way. Experts agree that the most potent sensory organ in
the body is the brain, and numerous studies have concluded
that ginseng enhances mental activities and mood. [14]

> A study published in the Journal of Urology notes that
Korean ginseng, when ingested at a dose of 900 mg,
three times per day, significantly increased sexual

desire and satisfaction with sexual performance, com-
pared to placebo. Sixty percent of men taking the
2,700 mg daily dose of the Korean ginseng reported
better erections and in general, better maintenance of
the erection. [15]

> The efficacy of Korean ginseng (Panax ginseng) in
treating erectile dysfunction was demonstrated in a
random-controlled clinical trial involving a total of 90
patients studied over 3 months, 30 each receiving
placebo, trazadone, or ginsenosides. Ginseng was the
most efficacious treatment with improvements meas-
ured in erectile parameters such as girth, libido, and
patient satisfaction. [16]

Ginseng and Blood Sugar

Diabetes is a major health problem in North America reach-
ing epidemic proportions. In the past decade, the United
States has seen a dramatic 33% rise in diabetes coupled to
increases in obesity and unhealthy lifestyle. [17,18] This
increase in diabetes has occurred in spite of major inroads in
understanding the pathophysiology and treatment of this
insidious disease. Current therapies seem to be insufficient to
prevent diabetic complications in type 2 diabetes with two- to
four- fold likelihood for developing cardiovascular events. [19]
Because of these limitations, there is a continuous need for
the development of novel health promotion strategies and
therapeutic modalities.

> Ginseng non-nutritive polysaccaharides (GP) known as
panaxans have anti-diabetic, blood sugar lowering
effects. GP reduces blood sugar and liver glycogen for-
mation through enhanced metabolism (oxidative phos-
phorylation) of carbohydrates and decreased liver
glycogenesis (this result shows that reduction in blood
sugar may be partially mediated through non-insulin
mechanisms) and increased insulin release. [20]

> The effects of Panax ginseng, given in a dosage of
100-200 mg per day for eight weeks, were studied in
36 patients with newly diagnosed non-insulin-depend-
ent diabetes. The study showed improved fasting blood
glucose levels, elevated mood, and improved psy-
chophysical performance on a numbered diagram test.
The 200 mg dose also resulted in improved hemoglobin
A1C values. [21]

> In a study in the U.K., people with type 2 diabetes who
consumed ginseng and a highly viscous fiber similar to



pectin had a notable reduction in blood sugar levels.
The study enrolled 30 people with diabetes in whom
medication helped to control, but did not normalize,
blood sugar levels. The participants received either cap-
sules containing ground, North American grown ginseng
and a highly viscous fiber, or dummy capsules, three
times a day for 12 weeks. After a 4-week break, the
participants switched to the alternate regimen. Blood
samples taken before and after each 12-week period
showed that hemoglobin A1C, a standard measure of
blood sugar levels, dropped into the normal range when
participants were taking the ginseng/fiber capsules, but
not when they were taking placebo. The herbal prepara-
tion appeared to be safe, with no adverse effects. [22]

Ginseng – Mood Enhancement, Cognitive
Performance and Neurotransmitters

Ginseng has been attributed with a plethora of physiological
effects that could potentially benefit cognitive performance
and mood. Studies involving animals show that ginseng and
its constituent ginsenosides can modulate indices of stress,
fatigue, and learning. Recent research has demonstrated that
single doses of ginseng most notably engender cognitive
benefits in terms of improved memory, and has also been
shown to modulate cerebroelectrical (EEG) activity. [23]
According to the Natural Standard Patient Monograph, mental
performance benefits from ginseng have been seen both in
healthy young people and in older ill patients. [24] People taking
ginseng often report feelings of improved overall well-being. [25]

> A double-blind study by Wiklund et al using the same
primary endpoint as their previous (1994) study,
demonstrated significant improvements in comparison
to placebo on several subscales of the Psychological
General Well Being Index to 394 symptomatic post-
menopausal women. This finding has offered some
qualified support to the results of a controlled trial by
Tode et al, which showed that 12 postmenopausal
women with climacteric syndrome showed improve-
ments both in an imbalance of hormones and on meas-
ures of mood following 30 days administration of 6 g of
ginseng. [26-28]

> A study by Marasco et al attempted to isolate the effect
of ginseng on the well-being of subjectively stressed
and fatigued participants (625), in a double blind study
administering either multivitamin capsules or multivita-
min/ginseng capsules taken for 12 weeks. Both treat-

ments induced a significant increase in a quality of life
index in comparison to placebo, but the increase was
significantly higher for the ginseng/vitamins group. [29]

> A study by Sorensen and Sonne on cognitive effects of
ginseng involved 112 healthy participants over 40 years
old (40-70) who received either 400 mg of standard-
ized ginseng extract or placebo daily for 8-9 weeks.
Tests included the finger tapping test, both auditory and
visual simple reaction time tests, a verbal fluency test
and a Logical Memory and Reproduction Test. Results
showed statistically significant performance improve-
ments for the ginseng group, in comparison to placebo.
[30]

SAFETY

It is important that consumers ensure that they are purchas-
ing authentic ginseng extract that has been standardized, and
comes from a reputable company. There are wide variations
in quality among different brands. That being noted, stan-
dardized ginseng extract has been well tolerated by most
people in scientific studies when used at recommended
doses, and serious side effects appear to be rare. [24]
Based on human research, ginseng may lower blood sugar
levels. This effect may be greater in patients with diabetes
than in non-diabetic individuals. Caution is advised in patients
with diabetes or hypoglycemia and in those taking drugs,
herbs, or supplements that affect blood sugar. Avoid use of
ginseng in patients with hormone sensitive conditions, such
as breast cancer, uterine cancer, or endometriosis. [24]
Ginseng should be discontinued at least 7 days prior to sur-
gery for two reasons. First, ginseng can lower blood glucose
levels and, therefore, create problems for patients fasting
prior to surgery. Second, ginseng may act as a blood thinner,
thereby increasing the risk of bleeding during or after the
procedure. [9]

GUIDELINES FOR USE

Adults (18 years and older): 100-200 mg of a standardized
ginseng extract taken by mouth once or twice daily has been
used in studies for up to 12 weeks. [24]



DMAE / DEANOL

What is DMAE / Deanol?

DMAE and deanol are the abbreviated names for 2-dimethyl-
aminoethanol, a chemical compound that is one of the raw
materials for the production of the B complex vitamin,
choline, and is produced in small amounts within the human
brain. In the brain, choline is a precursor to the neurotrans-
mitter acetylcholine, which is associated with a wide variety
of processes throughout the body, including cognitive func-
tions such as memory and attention. DMAE is found in foods
such as anchovies, sardines, and other fish. In supplement
form, DMAE is available in many salt or ester forms under a
number of different name endings; all of these chemical ver-
sions are given the first name of ‘deanol’, thereby assisting in
its identification. DMAE is considered to be a non-essential
nutrient, however supplementation can increase natural levels
of choline, which is an important physiological agent that the
body is unable to produce on its own. Therefore, DMAE
should be replenished everyday through the diet or through
dietary supplementation. [31]

General Functions

DMAE is a memory enhancing substance common to a num-
ber of European drugs and has shown positive results for a
variety of cognitive and disruptive disorders, including atten-
tion deficit hyperactivity disorder (ADHD). [32] It has been
shown to stabilize cell membranes. Cell membrane degrada-
tion has been proposed as one of the prime mechanisms of
aging. [33] DMAE has been known as a “smart drug” as far
back as 1959 when treatment with DMAE was demonstrated
to result in significantly improved test scores. [34] Given the
ever-increasing pressures to achieve in modern society, it
was only natural that a compound long used to treat brain
dysfunction and memory disorders would be explored for its
potential use as a memory enhancer and brain “booster.”
[35]

Research has shown that DMAE’s cholinergic effects help
produce brain chemicals such as acetylcholine that are nec-
essary for mental sharpness. [36] Some individuals accord-
ingly report that DMAE supplementation causes a noticeable
boost in their ability to concentrate. DMAE users also routine-
ly report better memory (especially short-term memory), as
well as improved focus and mental clarity, which may be par-
ticularly valuable for those who work in high-pressure or
deadline-oriented environments. [37]

DMAE is a precursor to choline and acetylcholine. It is the
choline inside cells that is converted to phosphatidylcholine,
used in the building and repair of cell membranes, especially
in the brain. DMAE is believed to work primarily by speeding
the production of acetylcholine, a crucial neurotransmitter
responsible for carrying messages between brain cells and
from the brain to the muscles that control body movements.
Acetylcholine, a synthesized product of choline, is also
involved in higher brain functions such as learning, recall,
and memory. [38] Animal studies show that taking DMAE can
boost levels of choline in the brain, [39] which in turn
increases the body’s ability to produce acetylcholine, resulting
in a corresponding increase in memory ability and potency.
Studies suggest that DMAE crosses the blood-brain barrier
more effectively than choline itself enabling it to reach the
brain and increase the brain’s choline levels more efficiently. [40]

DMAE/Deanol Affects Choline Metabolism

> In an animal study by Haubrich et al, administration of
deanol caused an increase in the concentration of both
choline and acetylcholine in the corpus striatum, indi-
cating that synthesis of brain acetylcholine can be stim-
ulated in vivo by elevating the tissue concentration of its
precursor. This finding suggests that the concentration
of free choline in the brain is below that necessary for a
maximal rate of synthesis of acetylcholine, and raises
the possibility that the availability of choline in the brain
may regulate the rate of synthesis of acetylcholine.
These results also provide biochemical evidence for the
view that the clinical effects of deanol result from its
conversion to acetylcholine. [41]

DMAE/Deanol Effects on Cerebral Cortical
Neurons

> In another animal study by Kostopoulos and Phillis,
sixty-seven spontaneously firing neurons in the sensori-
motor area of rat’s cortex were tested, including 19
identified corticospinal cells. Deanol excited all 19 corti-
cospinal cells and of the 48 unidentified neurons, 71%
were excited and 8% inhibited. [42] Their results
showed that injection of labeled DMAE into animals is
rapidly taken up by brain tissue and incorporated into
lipids. [43] Deanol has been shown in this study to acti-
vate muscarinic receptors on neurons of the rat cere-
bral cortex, including corticospinal cells. [42]



DMAE Influence on the Mental and Physical
Efficiency in Man

> This study involved 120 healthy soldiers, volunteers 20
years old, receiving DMAE in the dose 100-200 mg or
150-300 mg daily during 2 weeks. It was found that
DMAE increases the ability to remember in evaluation of
Wechsler, Kirschner and Babcoc test. It also significantly
increased the concentration of attention, logical under-
standing, and improved the ability of association mathe-
matical calculation and reasoning, with the greater dose
having a better effect. There was increased muscle
strength, an increase of the index of physical efficiency,
an increase in speed, a greater ability to learn and a
good general feeling. [36]

The Effect of DMAE on Life Span

> Cellular membrane degradation has been proposed as
a prime mechanism of aging. DMAE is common to a
number of drugs known to stabilize cellular mem-
branes. Of additional significance with respect to tests
of the membrane hypothesis is the fact that DMAE is
the immediate precursor of choline in the biosynthesis
and repair of cellular membranes. Of particular interest
to the present investigation is the fact that dietary
choline is inferior to dietary DMAE as a source of
choline for membrane biosynthesis. DMAE has a
remarkable ability to cross the blood-brain barrier;
choline does not. Aging is associated with an increasing
biochemical imbalance and age changes may be partly
the result of cells not having optimum or correct
amounts of vital substances needed for their function.
Because of its essential role in membrane biosynthesis,
DMAE is one such vital substance. In this study done by
Hochschild, senile mice from a long-lived strain were
used and divided into a control group and a drug-treat-
ed group. The DMAE group outlived the control group
by 36%. The author considered this a sizeable life span
extension even though drug administration was started
late in the animals’ life. It was concluded that life span
may be influenced pharmacologically well into old age. [33]

SAFETY

DMAE is safe to use for adults. With proper dosage, no
adverse effects have been reported as a result of DMAE sup-
plement intake. Consult your physician prior to taking DMAE,

or any other supplement for the first time or with an existing
treatment.

GUIDELINES FOR USE

Normal daily doses of DMAE in single-ingredient form range
from 100 mg to 500 mg.

PHENYLALANINE

What is Phenylalanine?

Phenylalanine is an essential amino acid – meaning that the
body cannot synthesize it on its own and we must get it from
the diet. The primary dietary sources of phenylalanine are
high protein foods such as meat, fish, eggs and dairy products.
Amino acids come in two forms, designated as “L” and “D”
forms. The L-form is the naturally occurring form in foods,
whereas the D-form is the synthetic variety. Sometimes the
D-form is removed, but in the case of phenylalanine, the
combination of the two forms is used to take advantage of
the unique characteristics of both forms. The combined form
of the supplement is known as DL-phenylalanine or DLPA. [44]

General Functions

DLPA has two distinct fates in the body. The L-form of 
phenylalanine can be converted in the body to another amino
acid – tyrosine. Tyrosine, in turn, can be converted into one of
several neurotransmitter molecules (L-dopa, norepinephrine,
and epinephrine), each of which have important functions in
brain metabolism. The D-form of phenylalanine cannot be
converted to tyrosine, but it can be converted to another
compound called phenylethylamine (as can the L-form),
which may have effects in elevating mood, treating depres-
sion and altering pain sensation. [44]

In addition, phenylalanine teams up with tryptophan, another
amino acid, to control the release of cholecystokinin, an
intestinal hormone commonly called CCK. It plays an instru-
mental role in controlling appetite by signaling the brain when
the stomach is full, thereby turning off the hunger signals
that can lead to overeating. Phenylalanine is capable of pass-
ing through the brain’s protective blood-brain barrier and act-
ing directly on brain chemistry. It is thought to play roles in
memory and alertness. Phenylalanine is also thought to pre-
vent the breakdown of the brain’s natural painkillers. [45]



Phenylalanine and Pain Management

Research suggests that DL-phenylalanine has an analgesic
(pain relief) effect by way of blocking the degradation of
enkephalin by the enzyme carboxypeptidase A. Enkephalins
are endorphins in the brain that bind to specific receptor
sites, including pain-related opiate receptors. Unlike other
substances that target opiate receptors, there has been no
data to indicate addiction or withdrawal symptoms associated
with phenylalanine. The slow-acting, but long-lasting com-
pound is recommended for chronic pain rather than acute
pain.

> In a human trial, patients suffering from chronic pain
were given 250 mg phenylalanine orally 3 or 4 times a
day for 5 weeks. Significant relief occurred after 4
weeks for the total population (n=43) and after 2 weeks
for the subset of arthritic patients (n=30). [46]

> In animal studies, D-phenylalanine decreased chronic
pain within 15 minutes of administration and the effects
lasted up to six days. [47] It also decreased responses
to acute pain. These findings have been independently
verified in at least five other studies. [48,49]

> Twenty adult patients with longstanding intractable pain
of various conditions, resistant to previous therapy, were
admitted to a double-blind, crossover study in which
orally administered D-phenylalanine, 250 mg, three
times daily was compared with placebo. Assessments
were made at two weeks, the crossover time and at
four weeks when patients reported whether they had
less or more pain or that there was no change. Of the
twenty patients, seven showed an improvement of 50%
or more while receiving D-phenylalanine, one patient
improved on placebo, two patients withdrew because of
lack of analgesia and four patients on D-phenylalanine
reported the occurrence of side-effects. It was conclud-
ed that D-phenylalanine produced significant analgesia
in the patients studied and further investigation of this
class of agent was warranted. [50]

Phenylalanine and Mood Enhancement

Mild depression, “the blues” and lack of energy can, often
times, be non-specific responses to a wide variety of stres-
sors, hormone imbalances or biochemical abnormalities.
There are millions of tired and stressed-out people who can
relate to promises of natural products that will enhance their

brain function; and the number is continually growing as the
worldwide population ages. An important part of maintaining
optimal brain function is ensuring that the brain receives an
adequate supply of nutrients that promote improvements in
mood, emotions, confidence and self-efficacy. Along with the
proper nutrients, regular exercise and adequate diet can
result in profound changes in the body’s own production of
mood elevating chemicals such as the endorphins that cause
“runner’s high” and neurotransmitters such as serotonin that
contribute to emotional well-being. Phenylalanine has been
associated with improved mental function – particularly under
conditions of chronic stress. Phenylalanine is converted to the
amino acid, tyrosine, and then in turn converted to the neuro-
transmitter norepinephrine, which may help elevate mood. [51]

> In a double-blind controlled study, DL-phenylalanine
(150-200 mg/24 h) or imipramine, an antidepressant
drug, (150-200 mg/24 h) was administered to 40
depressed patients (20 patients in each group) for 30
days. Diagnoses were established according to the
International Classification of Diseases. The AMP sys-
tem, the Hamilton Depression Scale and the Bf-S self-
rating questionnaire were used to document psy-
chopathological, neurologic, and somatic changes.
Twenty-seven patients (14 on imipramine, 13 on 
phenylalanine) completed the 30 day trial. No statistical
difference could be found between these two drug
treatments. It was concluded that DL-phenylalanine
might have substantial antidepressant properties. [52]

> Another human study compared the effectiveness of D-
phenylalanine to imipramine, an antidepressant drug.
Sixty people with depression were randomly assigned
100 mg daily doses of either DPA or imipramine for 30
days. The results in both groups were statistically sig-
nificant, with the DPA showing positive effects more
quickly than the antidepressant drug. [53]

SAFETY

The amount of phenylalanine needed to produce toxicity in
humans remains unknown. Transient headaches and nausea
has, however, been reported when persons supplemented
with amounts reaching nearly 1500 mg per day. [54]

Phenylalanine should be avoided by persons with phenylke-
tonuria (PKU) and tardive dyskinesia. Tardive dyskinesia (TD)
is characterized by a condition of abnormal, repetitive and
uncontrollable movements, resulting from the long-term use



of antipsychotic medications (e.g. schizophrenia). These indi-
viduals may suffer from an abnormality, which sharply inhibits
the processing of phenylalanine. [54]

GUIDELINES FOR USE

The National Research Council has established recommend-
ed dietary allowances (RDAs) for phenylalanine. Individuals
over 13 years of age should get 14 mg/kg of bodyweight per day.

Some adults may need to tailor intake to an allowance
approaching 39 mg/kg of bodyweight to obtain physiological
improvement. The median intake of phenylalanine ranges
from 750 to 3,000 mg per day for adults. [54]

In addition, the U.S. National Academy of Sciences recom-
mends that healthy people achieve 0.36 grams of highly
bioavailable protein for each pound of bodyweight – equaling
0.8 grams of protein, per kilogram of bodyweight per day. [54]

INOSITOL

What is Inositol?

Inositol is a nutrient that is often referred to as a B vitamin
compound, but is not a true vitamin in that small amounts
are manufactured in the human body and biosynthesized pri-
marily from glucose. Inositol works within cells, assisting in
the processes of cellular communication, regulation of
metabolism, and growth. It is known to exist in several differ-
ent forms called stereoisomers, or chemicals with similar
structural makeup yet different biologic function. [55] Myo-
inositol is the most widely available stereoisomer of the brain.
Inositol is found widely in foods derived from both plants and
animals. A standard American diet will provide roughly one
gram of the nutrient per day. More specifically, inositol is
found in the largest amounts in cereals, legumes, and other
rich sources of dietary fiber. [56]

General Functions

Inositol in the body exists as part of the cell membrane,
phospholipid arrangement. It can work as a weak lipotropic
agent, meaning it has the ability to move fat from the liver
and intestinal cells. [57] Because of its roles in cellular com-
munication, inositol is used in several different neurological
related conditions. Inositol plays a key role in cellular signals,

which involve serotonin, norepinephrine, and cholinergic
receptors in the brain. [58] In fact, some research points to
the ability of inositol to act similarly to the selective serotonin
reuptake inhibitor (SSRI) drugs in certain neurological condi-
tions such as depression. For persons with obsessive-com-
pulsive disorder (OCD), inositol supplementation may improve
their symptoms after a minimal duration; usually several
weeks of treatment. [59] Similarly, in people with panic disor-
der, inositol supplementation can decrease the number and
intensity of panic attacks after only 4 weeks of treatment.
[60] Studies have also compared inositol to a commonly 
used drug for panic attacks (fluvoxamine), deeming it equally
effective. [61]

Inositol and Depression, Mood

The prevalence of depression in the United States is not
definitively known. Depressive symptoms occur in 13-20 per-
cent of the U.S. population. Depression is twice as likely to
occur in females, average age of onset being 35-45; where-
as it is 55 years of age for men. The biological origin of
depression is believed to be linked to a deficiency of neuro-
transmitters at post-synaptic receptor sites. In the cate-
cholamine theory the deficiency is norepinephrine; in the
indolamine theory the deficiency is serotonin. Receptors
linked to the inositol signaling system include serotonin and
norepinephrine. Therefore, inositol may be an important par-
ticipant in this neurological arena. Presently, SSRIs are the
primary class of drugs used for depressed patients. [55]
However, orgasm dysfunction, nausea, vomiting, somnolence,
and sweating are frequently reported side-effects. [62] In
1978, researchers demonstrated that depressed patients had
significantly decreased cerebral spinal fluid (CSF) levels of
inositol as compared to healthy patients. [63] In 1993 this
theory was expanded to conclude that administration of high-
dose inositol could increase CSF levels by as much as 
70%. [64] This led to the study of inositol for treatment of
depression. [57,65]

> In 1995, Levine et al completed a double-blind study
for treatment of depression using inositol at a dose of
12 grams daily compared to placebo. Patients receiving
inositol showed significant improvement in depression
as ranked by the Hamilton Depression Rating Scale.
Side-effects experienced by the inositol group were
nausea and flatus. There were no hematological abnor-
malities in laboratory parameters. A few patients experi-
enced mild elevations in fasting serum glucose concen-
trations. The researchers concluded that 12 grams daily
was well-tolerated. Another important observation was



the absence of manic episodes in the bipolar patients
treated with inositol. This lack of manic episodes may
suggest that when the signaling system is not overac-
tive, addition of inositol will not increase the signaling
system’s activity. [66]

> Another study reported in 1995 by Levine et al evaluat-
ed the potential for relapse of depression once inositol
therapy was discontinued. In this study, patients treated
with 12 grams inositol daily experienced significant
antidepressant effects. Half of the patients who
responded to therapy relapsed rapidly on discontinua-
tion of inositol. [67]

Inositol and Panic Disorder

Panic disorder is a common condition in which a person has
episodes of intense fear or anxiety that occur suddenly, often
without warning. These episodes – called panic attacks – can
last from minutes to hours. They may occur only once in a
while, or they may occur quite frequently. The cause, or “trig-
ger,” for these attacks may not be obvious. [68] The disorder
is usually progressive and patients may develop anticipatory
anxiety as a result. Most patients will eventually develop
symptoms of avoidance behavior or agoraphobia. Several
drugs for the treatment of panic disorders are available,
although response is often unpredictable. These include
SSRIs, antidepressants, or monoamine oxidase inhibitors
(MAOIs). [55] The drug paroxetine (brand name Paxil) was
evaluated for panic disorder by Ballenger et al who reported
adverse drug reactions consistent with those most commonly
reported for the class as a whole. [69] Rosenbaum et al con-
cluded clonazepam (anti-anxiety medication) in higher doses
was more likely to cause somnolence (sleepiness) and ataxia
(lack of coordination), while normal maintenance doses were
more likely to be associated with depression, dizziness,
fatigue, and irritability. [70]

Propelled by incredible advances in the understanding of the
pathological causes and characteristics of psychiatric disor-
ders, prospects for treatment have brightened considerably in
the last 18 years. It is known that a change in the central
nervous system concentration of inositol may lead to modi-
fied brain cell signaling pathways, and possibly to the devel-
opment of a psychiatric disorder. The evidence indicates inos-
itol has psychoactive effects by interacting with the second
messenger system and ultimately regulating the cytosolic
concentration of calcium. The signaling by calcium is known
to mediate an array of cellular functions involving a number
of active and passive transport systems. Inositol is now

established as a significant mediator of calcium mobilization
in the endoplasmic reticulum. Modifying this mobilization of
calcium may be effective in treating some central nervous
system disorders like depression, panic disorder, and as an
analgesic for pain control. [55]

> Benjamin et al expanded the clinical use of inositol by
evaluating its effectiveness in panic disorder. This was
an eight week double-blind, crossover study whereby
patients were treated with 12 grams inositol daily for
four weeks and then crossed over to the other study
arm. Improvement was assessed using patient diaries,
the Marks-Matthews Phobia Scale, the Hamilton Anxiety
Rating Scale, and the Hamilton Depression Scale. The
frequency and severity of panic attacks and the severity
of agoraphobia declined significantly more after inositol
than after placebo (a decrease from 10 attacks per
week to 3 per week in the treated group compared to a
decrease from 10 to 6 in the placebo group). The
authors conclude inositol’s efficacy and safety, and the
fact that inositol is a natural component of the human
diet make it potentially attractive therapeutic agent for
panic disorder. [60]

> A double-blind, controlled, random-order crossover
study was undertaken to compare the effect of inositol
with that of fluvoxamine in panic disorder. Twenty
patients completed one month of treatment with inositol
up to 18 g/day and one month of fluvoxamine up to
150 mg/day. Improvements on Hamilton Rating Scale
for Anxiety scores, agoraphobia scores, and Clinical
Global Impressions Scale scores were similar for both
treatments. In the first month, inositol reduced the num-
ber of panic attacks per week by 4.0 compared with a
reduction of 2.4 with fluvoxamine (p = 0.049). Nausea
and tiredness were more common with fluvoxamine
(p=0.02 and p=0.01, respectively). Because inositol is
a natural compound with few known side effects, it is
attractive to patients who are ambivalent about taking
psychiatric medication. Continuing reports of inositol’s
efficacy in the treatment of depression, panic disorder,
and OCD should stimulate replication studies. [61]

SAFETY

Inositol supplementation is generally well tolerated.
Gastrointestinal effects are occasionally reported. Because of
a lack of long-term safety data, inositol should be avoided by
pregnant women and nursing mothers. Also, high-dose inosi-



tol may induce uterine contractions. Theoretically, high-dose
inositol may have additive effects with SSRIs. [71]

GUIDELINES FOR USE

For the management of depression and panic attacks, 12
grams of inositol daily, in divided doses, were used in clinical
studies. In the clinical studies performed with inositol, effects
were seen in about one month. [71]

VITAMIN B COMPLEX

Vitamin B1 (thiamine)

There is substantial research that suggests that inadequate
intakes of B vitamins can result in low mood or other depres-
sive conditions. For example, studies suggest that about a
third of depressed persons are at least mildly deficient in thi-
amine (vitamin B1). [72] Thiamine is a water-soluble B com-
plex vitamin and is involved in numerous body functions,
including: nervous system and muscle functioning; flow of
electrolytes in and out of nerve and muscle cells; carbohy-
drate metabolism; and production of hydrochloric acid (which
is necessary for proper digestion). Humans are dependent on
dietary intake to fulfill their thiamine requirements. Because
there is very little thiamine stored in the body, depletion can
occur within 14 days. Thiamine deficiency can result from
inadequate thiamine intake (for example: increased body
requirements for thiamine such as with strenuous exercise),
or excessive loss of thiamine from the body, (such as those
taking diuretics), or consumption of large amounts of anti-thi-
amine factors in foods (such as coffee, tea, or vitamin C).
[73]

In a particularly well-known study, researchers studied 120
female college students given 50 mg per day of thiamine or a
placebo. After just two months the students who took thi-
amine more than doubled their previous psychological test
scores on clear-headedness and mood while students taking
the placebo showed no change. Those taking thiamine also
increased their quickness on a reaction time test, while the
placebo group was unchanged. [72]

Vitamin B2 (riboflavin)

Vitamin B2, commonly called riboflavin, is one of eight water-
soluble vitamins. Like its close relative, vitamin B1, riboflavin
plays a crucial role in certain metabolic reactions, particularly
the conversion of carbohydrates into sugar, which is “burned”
to produce energy. Together, the eight B vitamins, often
referred to as B complex vitamins, are also essential in the
breakdown of fats and protein. The reason B vitamins are
generally combined in B complex products is that deficiency
in one has a direct or indirect impact on the others. Riboflavin
is an example of this. A deficiency in riboflavin affects the
metabolism of vitamin B6, niacin (vitamin B3), and folate (a B
vitamin) as well as the metabolism of iron. Unlike other B
vitamins, riboflavin is not found in many foods, so the most
common cause of deficiency is lack of dietary intake. In addi-
tion, long-term use of antibiotics, along with some other
medications can deplete vitamin B levels in the body. Poor
dietary habits in combination with birth control medications
can interfere with the body’s ability to use riboflavin. One of
the symptoms of deficiency is fatigue. Adequate nutrient sup-
plementation with riboflavin may be required for the mainte-
nance of adequate cognitive function. Treatment with B vita-
mins, including riboflavin has been reported to improve
scores of depression and cognitive function in patients taking
tricyclic antidepressants. [74]

Vitamin B3 (niacin, nicotinic acid, niacinamide)

Niacin, or vitamin B3, is one of eight water-soluble B vita-
mins. It helps the body to convert carbohydrates into glucose
(sugar), which is “burned” to produce energy. Niacin plays an
important role in ridding the body of toxic and harmful chemi-
cals. It also helps the body make various sex and stress-
related hormones in the adrenal glands and other parts of the
body. Niacin is effective in improving circulation and reducing
cholesterol levels in the blood. [75] Traditional uses include
anxiety and depression. [76]

Vitamin B5 (pantothenic acid, calcium D-pan-
tothenate)

Pantothenic acid (vitamin B5) is essential to all life, and is a
component of coenzyme A (CoA), a molecule which is neces-
sary for numerous vital chemical reactions to occur in cells.
Pantothenic acid is essential to the metabolism of carbohy-
drates, proteins, and fats, as well as for the synthesis of hor-
mones and cholesterol. The average adult daily intake of pan-
tothenic acid is between 5-6 mg. Rich food sources include
meats, vegetables, legumes, yeast, eggs and milk. However,



freezing and canning may lead to a loss of much of the pan-
tothenic acid content and refining of whole grains may
degrade much of the pantothenic acid content. Traditional
uses for vitamin B5 include anxiety prevention, chronic
fatigue syndrome, and depression. [77]

Vitamin B6 (pyridoxine)

Vitamin B6 is a water-soluble vitamin that is required for the
synthesis of the neurotransmitters serotonin and norepineph-
rine. Mild deficiency of vitamin B6 is common. A prescription
antibiotic (Cycloserine) may cause anemia, peripheral neuritis
or seizures by acting as a pyridoxine antagonist or increasing
excretion of pyridoxine and may be supplemented by pyridox-
ine to prevent these adverse effects. Some studies show
decreased pyridoxine levels in women who take birth control
pills. Preliminary evidence suggests that because pyridoxine
increases serotonin and gamma aminobutyric acid (GABA)
levels in the blood, it may benefit people in dysphoric mental
states. One randomized, placebo-controlled double-blind trial
suggests that vitamins B1, B2, and B6 may add to the effects
of tricyclic antidepressants in the treatment of affective
and/or cognitive disturbances in geriatric depression. [78]

Folate (folic acid)

Folate and folic acid are forms of a water-soluble B vitamin.
Folate occurs naturally in food and folic acid is the synthetic
form of this vitamin. Folic acid is well-tolerated in amounts
found in fortified foods and supplements, doses less than
1000 micrograms per day. Folate deficiency will occur if the
body does not get the adequate amount of folic acid from
dietary intake. [79] Nutrition Reviews published a 1997 study
suggesting that folate deficiency most likely manifests in the
form of depressive symptoms. [80] Folic acid deficiency has
been found among people with depression and has been
linked to poor response to antidepressant treatment. Folate
supplements have been used for enhancing treatment
response to antidepressants. [79]

Vitamin B12 (cyanocobalamin)

Vitamin B12 is an essential water soluble vitamin that is
commonly found in a variety of foods such as meats, fish and
dairy products. It helps maintain healthy nerve cells and red
blood cells and is also needed to make DNA, the genetic
material in all cells. While a nutritional deficiency of this vita-
min is rare, it can result from being unable to use and absorb
vitamin B12. Studies have shown that a deficiency of vitamin

B12 can lead to abnormal neurologic and psychiatric symp-
toms, including muscle weakness, mood disturbances, and
dementia. Researchers report that these symptoms may
occur when vitamin B12 levels are just slightly lower than
normal and are considerably above the levels normally asso-
ciated with anemia. [81] Low mood and PMS (premenstrual
syndrome) are commonly linked. A connection between PMS
and pyridoxine deficiency was demonstrated in a study pub-
lished in the Journal of Reproductive Medicine.
Supplementation of the vitamin was shown to help correct
the deficiency, and at the appropriate dosage, to improve the
symptoms of PMS tension. [82] Some patients diagnosed
with Alzheimer’s disease have been found to have abnormally
low vitamin B12 levels in their blood. There is some evidence
that intramuscular injections of 5 mg of vitamin B12 given
twice per week might improve the general well being and
happiness of patients complaining of tiredness and fatigue.
[81]

Biotin

Biotin is a water-soluble vitamin, generally classified as a B
complex vitamin. Biotin is required by all organisms but can
only be synthesized by bacteria, yeasts, molds, algae, and
some plant species. [83] While biotin deficiency is rare, it can
happen in certain cases. Neurologic symptoms of deficiency
in adults have included depression and lethargy. [84] Recent
research suggests that a substantial number of women
develop marginal or subclinical biotin deficiency during nor-
mal pregnancy. [85,86] Certain medications increase the risk
of biotin depletion, such as anticonvulsant medications, sulfa
drugs and other antibiotics. [87-90]

COLA NUT (Kola nut, Cola acuminata)

The cola nut tree is native to West Africa. It has been traded
to other countries since at least the fourteenth century, and
today cola nut is exported worldwide. [91] For thousands of
years people in Africa have chewed the seeds to enhance
mental alertness and fight fatigue. Centuries ago, Arabs trad-
ed gold dust for cola nuts before starting out on long treks
across the Sahara. [92]

Related to cocoa, cola nut is the source of a stimulant, and
contains the methylxanthine alkaloids that occur also in cof-
fee, cocoa, tea, mate, and guarana. Of the 40 known species,
Cola acuminata and Cola nitida bear the nuts most readily



available in the United States and Europe. Its stimulant
effects are its predominant application in the US and Europe.
Commission E approves cola nut for conditions of mental and
physical fatigue and also as a supportive treatment for
depressive states. [93] Cola nut is used in the manufacture of
methylxanthine-based pharmaceuticals to treat conditions
such as asthma. Caffeine is sometimes given in conjunction
with other analgesics to produce stronger and quicker pain-
killing actions. [94] Cola nut is also used in non-pharmaceuti-
cal preparations, including cola soft drinks [95] and “high-
energy” products such as food bars. The Council of Europe
and the U.S. Food and Drug Administration have approved it
as a food additive. [92]

Discussion

Physical and mental energy, stamina, and a bright outlook are
generally the result of optimal nutritional status. There is
much evidence supporting the idea that a healthy, balanced
diet, exercise, and the proper nutrients promote good health.
It is, however, nearly impossible to get all the nutrients you
need from whole foods each day. Due to the busy, stressful
lifestyle that most Americans live, their meals are not bal-
anced – quite the contrary. Most eat fast food, processed
convenience foods and high-fat, high-calorie snacks, all of
which are nutrient-depleted. Without the proper maintenance
(nutrients), the body cannot function at optimal levels and
that leaves us tired, moody, depressed and hungry. We are at
the same time a nation of overfed and undernourished people.

Fatigue and exhaustion are the body’s way of telling you that
enough is enough. It means that the already limited amount
of energy stores in your body have been depleted – often by
stress. During times of increased stress and greater
demands, your body consumes nutrients even more rapidly to
meet the biochemical needs of your metabolism. To combat
this drain on your systems, specific nutrients and vitamins
should be supplied. Deficiencies in any or all essential nutri-
ents can affect all systems of the body, causing myriad health
problems, minor and major.

Amino acids are the raw materials for neurotransmitters and
other mood-regulating compounds. Evidence supporting sup-
plementation of these nutrients, particularly phenylalanine
and tyrosine, have been shown to be as effective as the anti-
depressant drug, imipramine, in studies. Phenylalanine has
also been shown to reduce pain by preserving brain levels of
endorphins, the body’s natural painkiller. There is substantial
research that suggests that inadequate intakes of B vitamins

can result in low mood or other depressive conditions. Also,
vitamin B12 has long been used in patients to restore energy.

Panax ginseng has been valued in Chinese medicine for
thousands of years. Ginseng research teams in the US,
China, Japan, and Korea have found positive results in mood
enhancement, the ability to perform mental tasks, sexual
function and reduce fatigue. Ginseng is considered an adap-
togen. It seems to be able to increase the body’s ability to
adapt and adjust, bringing the body back into a healthy, bal-
anced state.

DMAE and inositol are nutrients closely related to B complex
vitamins. Both play important roles in cellular communication,
particularly within brain cells. Research points to the ability of
inositol to act similarly to the SSRIs (antidepressants) in cer-
tain neurological conditions, such as depression. Mild stimu-
lants, such as cola nut, are used in medications and are
approved as food additives. Moderate amounts have been
found to be useful for conditions of mental and physical
fatigue.

We have become a society of drugs. Drugs are foreign chem-
icals not essential to human health and most have adverse
side-effects. Patients have come to expect and, at times,
even demand drugs for a “quick fix.” Natural medicine works
in a gradual manner and is consistent with the rhythms of
nature. The goal should be balance, in body as well as in
mind and spirit. Imbalance in one area is reflected in prob-
lems in other areas. Each imbalance should be treated
accordingly to alleviate symptoms, and also to treat the
underlying problem. Although the response may not be as
quick, proper and adequate nutrition, diet, and supplementa-
tion of specific nutrients can have meaningful health benefits
for many individuals.
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L-Arginine
Anti-Atherogenic
Lipid (Cholesterol) Lowering
Vascular Dilating
Cardio-Tonifying
Inhibition of Oxidative Stress/Damage
Immune System Enhancement
Wound Healing
Sexual Function
Anabolic

Introduction

Arginine is an amino acid present in the proteins of
all life forms. L-arginine is a semi-essential amino
acid involved in numerous areas of human physiol-
ogy, including production of nitric oxide (NO) – a
key messenger molecule involved in vascular regu-
lation, immune activity, and endocrine function.
Arginine is also involved in protein production,
wound healing, erectile function, and fertility.
Arginine is not considered essential because
humans can synthesize it de novo from glutamine,
glutamate, and proline. However, dietary intake
remains the primary determinant of plasma arginine
levels, since the rate of arginine biosynthesis does
not compensate for depletion or inadequate supply.
[1,2] Supplemental arginine is readily absorbed. [3]
About 50-percent of ingested arginine is rapidly
converted in the body to ornithine, primarily by the
enzyme arginase. [4]

Arginine is the biological precursor of nitric oxide
(NO), an endogenous gaseous messenger molecule
involved in a variety of endothelium-dependent
physiological effects in the cardiovascular system.
[5] Much of arginine’s influence on the cardiovas-
cular system is due to endothelial NO synthesis,
which results in vascular smooth muscle relaxation
and subsequent vasodilation, as well as inhibition of
monocyte adhesiveness, platelet aggregation, and
smooth muscle proliferation. A great deal of
research has explored the biological roles and prop-
erties of nitric oxide [6,7], which is also of critical
importance in maintenance of normal blood pres-
sure [8], myocardial function [9], inflammatory
response [10], apoptosis [11], and protection
against oxidative damage. [12]

L-arginine was first isolated in 1886. In 1932, L-
arginine was found to be required for the genera-
tion of urea, which is necessary for the removal of
toxic ammonia from the body. In 1939, L-arginine
was also shown to be required for the synthesis of
creatine. Preliminary evidence suggests that argi-
nine may be useful in the treatment of medical con-
ditions that are improved by vasodilation, such as
angina, atherosclerosis, coronary artery disease,
erectile dysfunction, heart failure, intermittent clau-
dication/peripheral vascular disease, and vascular
headache. Arginine also stimulates protein synthe-
sis and has been studied for wound healing, body-
building, enhancement of sperm production (sper-
matogenesis), and prevention of wasting in people
with critical illness. [13]

L-Arginine and Cardiovascular
Conditions

Arginine is a key component of the nitric oxide
pathway – an important cascade of reactions
involved in vasodilation and related to cardiovascu-
lar function. Arginine supplements have been linked
with reductions in symptoms associated with coro-
nary artery disease and may be capable of slowing
the progression of atherosclerosis. In the body, argi-
nine serves as the substrate for the nitric oxide
synthase enzyme, which catalyzes the oxidation of
arginine to produce citrulline and nitric oxide (NO).
In the cells that line the blood vessels (endothelium
cells), nitric oxide production causes vasodilation
(opening of the vessels). NO is involved in the over-
all regulation of systemic vascular resistance, where
it inhibits the adherence of cells and foreign sub-
stances to the blood vessel walls and helps sup-
press the overgrowth of smooth muscle cells in the
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lining of the vessels. Because humans can synthesize argi-
nine, it has been classified as a non-essential amino acid.
Recent evidence suggests that the rate of synthesis of argi-
nine in the body is insufficient for optimal health. [14]

Angina Pectoris

> Six months of oral treatment with L-arginine (3 doses of
3 g/day) resulted in a significantly improved angina
symptom score and improved coronary blood flow
response to acetylcholine in a placebo-controlled study
that included 26 patients with small-vessel coronary
artery disease. [15] In another study, 36 patients with
chronic, stable angina given 6 g/day arginine for two
weeks showed significant improvement in flow-mediat-
ed vasodilation, exercise time, and quality of life, com-
pared to placebo. [16]

> Ceremuzynski et al showed that exercise capacity was
improved as compared to placebo in patients with sta-
ble angina pectoris after 3 days of 6 g/day L-arginine.
[17]

Congestive Heart Failure

> In a randomized, double-blind trial, six weeks of oral
arginine supplementation (5.6-12.6 g/day) significantly
improved blood flow, arterial compliance, and functional
status in patients with congestive heart failure (CHF),
compared to placebo. [18] Another double-blind trial
found arginine supplementation (5 g three times daily)
improved renal function in people with CHF. [19]

> Yousufuddin et al conducted a prospective, randomized,
double-blind trial with 30 males with stable CHF. After a
one-week oral dosing with 6 g arginine daily, significant
improvements were seen in exercise duration, anaero-
bic threshold, and maximal oxygen uptake (VO2). [20]

L-Arginine and Hypercholesterolemia

In people with elevated cholesterol levels, it is common to
see a reduced ability of the endothelium to produce NO and,
therefore, to dilate effectively. In addition, because NO pro-
duction may be limited, blood cells such as monocytes and
platelets are more likely to attach themselves to the inner
vessel wall and lead to blockages. Arginine supplements (8-
21 grams per day) have been shown to restore endothelial
vasodilation in the coronary arteries of people with high cho-

lesterol and reduce the ability of blood cells to adhere to the
vessel walls. [14]

> In a study by Drexler et al, it was shown that local intra-
coronary infusion of L-arginine normalized coronary
vasomotor responses to acetylcholine in hypercholes-
terolemic humans. [21] A similar observation was also
made upon systemic (intravenous) infusion of L-arginine
in hypercholesterolemic subjects, in whom endotheli-
um-dependent forearm vasodilation was improved. [22]
These were important findings because endothelial dys-
function precedes angiographically visible atherosclerot-
ic lesions in large coronary arteries. [23] Recent evi-
dence from prospective clinical trials suggests that
endothelial dysfunction is a predictor of future coronary
events. [24,25] Therefore, reversal of endothelial dys-
function by L-arginine in vivo may suggest that this
amino acid exerts antiatherosclerotic effects in humans.
[26]

L-Arginine and Hypertension

> Administration of arginine prevented hypertension in
salt-sensitive rats. [27] If arginine was provided early,
hypertension and renal failure could be prevented. In
healthy human subjects, intravenous (IV) administration
of arginine had vasodilatory and antihypertensive
effects. [28]

> In a small, controlled trial, hypertensive patients refrac-
tory to enalapril, an angiotensin converting enzyme
(ACE) inhibitor, and hydrochlorothiazide, a diuretic used
to treat hypertension, responded favorably to the addi-
tion of oral arginine (2 g three times daily). [29] Small,
preliminary trials have found oral and IV arginine signifi-
cantly lowers blood pressure in healthy volunteers.
[30,31]

> Intravenous infusion of arginine (15 mg/kg body
weight/min for 35 min) improved pulmonary vascular
resistance index and cardiac output in infants with pul-
monary hypertension. [32]

L-Arginine and Intermittent Claudication

There is abundant evidence that the endothelium plays a cru-
cial role in the maintenance of vascular tone and structure.
One of the major endothelium-derived vasoactive mediators
is nitric oxide (NO), an endogenous messenger molecule



formed in healthy vascular endothelium from the amino acid
precursor L-arginine. Endothelial dysfunction is caused by
various cardiovascular risk factors, metabolic diseases, and
systemic or local inflammation. One mechanism that explains
the occurrence of endothelial dysfunction is the presence of
elevated blood levels of asymmetric dimethylarginine (ADMA)
– an L-arginine analogue that inhibits NO formation and
thereby can impair vascular function. Supplementation with
L-arginine has been shown to restore vascular function and
to improve the clinical symptoms of various diseases associ-
ated with vascular dysfunction. [33]

> Intravenous arginine injections significantly improved
symptoms of intermittent claudication (pain in the legs
due to inadequate blood supply to the muscles) in a
double-blind trial. Eight grams of arginine infused twice
daily for three weeks, significantly improved pain-free
walking distance by 230 percent and the absolute
walking distance by 155 percent compared to no
improvement with placebo. [34]

L-Arginine and Wound Healing

Studies have indicated that arginine has a positive impact on
wound healing including gastric ulcers, bone fractures, dia-
betic foot ulcers, second-degree burns, radiation enteritis,
and ulcerative lesions of the small intestines. [35] Expression
of nitric oxide synthase creates a cytotoxic environment that
may be important to the early phase of wound healing. As
wound healing progresses, increased arginase activity pro-
duces an environment favorable for fibroblast replication and
collagen production. [36] Burn injuries significantly increase
arginine oxidation and can result in depletion of arginine
reserves. Total parenteral nutrition (TPN) increases conversion
of arginine to ornithine and proportionally increases irre-
versible arginine oxidation, which, coupled with limited de
novo synthesis from its immediate precursors, makes argi-
nine conditionally essential in severely burned patients
receiving TPN. [37]

> Arginine is a potent immunomodulator. Evidence is
mounting for a beneficial effect of arginine supplemen-
tation in catabolic conditions such as sepsis (infection)
and postoperative stress. Supplemental arginine
appears to up-regulate immune function and reduce
the incidence of postoperative infection. [38] Two con-
trolled trials have demonstrated increased lymphocyte
mitogenesis and improved wound healing in experimen-
tal surgical wounds in volunteers given 17-25 g oral
arginine daily. [39,40] Similar results have been

obtained in healthy elderly volunteers. [35]

> Several trials have demonstrated reduced length of hos-
pital stay, fewer acquired infections, and improved
immune function among burn [41] and trauma [42]
patients supplemented with various combinations of
arginine, fish or canola oil and nucleotides.

L-Arginine and Growth Hormone
Secretion/Athletic Performance

Arginine has been seen, in repeated studies documented as
far back as the late 60’s and early 70’s, as a consistent and
potent stimulus for growth hormone (GH) release. [43] In
humans, arginine stimulates release of GH from the pituitary
gland in some populations, but the mechanism is not well
understood. Most studies suggest inhibition of somatostatin
secretion is responsible for the effect. [44] An increased
release of GH is an effect of interest to body builders wishing
to take advantage of the anabolic properties of the hormone.
[45]

> In a human study, the effect of arginine supplementa-
tion on the metabolism of healthy, non-smoking, elderly
volunteers was examined. A two-week course of sup-
plemental arginine was found to cause significant
increase in serum growth hormone and an improved
and positive nitrogen balance. No adverse effects were
observed. [43,46]

> In a controlled clinical trial, arginine and ornithine (500
mg of each, twice daily, five times per week) produced
a significant decrease in body fat when combined with
exercise. [47]

> Long-term, low-dose supplementation of arginine and
ornithine (1 g each, five days per week for five weeks)
resulted in higher gains in strength and enhancement
of lean body mass, compared with controls receiving
vitamin C and calcium. [48]

> In several studies, low doses (1200-1500 mg of each)
of arginine and lysine taken together produced a meas-
urable increase in human GH secretion. [49-51]

Immune System Enhancement

Arginine has a positive impact on the body’s cell-mediated
immunity. [52] Earlier studies in animals demonstrated that



arginine supplements enhanced the phagocytic (bacteria or
foreign particle digesting) activities of the alveolar (small lung
air cell) macrophages (phagocytes that digest dead tissue,
degenerated cells, and bacteria cells). Arginine supplementa-
tion also led to a net positive nitrogen balance, and sup-
pressed tumor growth due to its ability to activate the
immune system. [53]

> Lymphokines are chemical factors produced and
released by T-lymphocytes that attract macrophages to
a site of infection or inflammation in preparation for
attack. Various researchers have shown that increasing
arginine increases neutrophils (white blood cells that
remove bacteria, cellular debris, and solid particles),
significantly upgrading host defense. [54]

> The balance of current clinical data suggests that early
enteral immunonutrition may influence infectious com-
plications in critically ill patients. Four of these nutrients
are arginine, nucleotides, omega-3 fatty acids and glut-
amine. The target cells for the action of these nutrients
appear to be T-lymphocytes and macrophages. [55]

L-Arginine and Sexual Function

An estimated 30 million men in the U.S. alone experience
some erectile dysfunction, of which only 10% seek treatment,
urologists say. This piece of information came from an article
about prescription impotence drugs (Viagra, Levitra, Cialis) in
The Wall Street Journal. Moreover, according to data from the
National Health and Social Life Survey on a study of adult
sexual behavior, sexual dysfunction is more prevalent for
women (43%) than men (31%).

Organic erectile dysfunction can be caused by decreased
nitric oxide production in the cells that line blood vessels.
Nitric oxide directly stimulates the penile tissues to allow the
large inflow of blood that causes an erection. Unhealthy cells
have trouble making nitric oxide, which can cause problems
ranging from chest pain to the inability to get an erection.
The popular drug, Viagra, works by stimulating nitric oxide
production, but scientists have found that L-arginine performs
the same function, and without adverse side-effects. L-argi-
nine is the precursor to nitric oxide, and nitric oxide allows
erection of the penis by dilating the blood vessels to penile
erectile tissue. One cause of lack of orgasm in women is
insufficient blood flow to the genital area. Most often this is a
result of constriction of the small blood vessels. Nitric oxide,
by relaxation of the blood vessel wall, has been shown to
improve blood flow. Also, L-arginine may improve reproduc-

tive health and increase sperm motility in men. [56]

> In a prospective randomized, double-blind placebo-con-
trolled study, Chen et al determined the effect of 6-
weeks of high-dose (5 g/day) orally administered nitric
oxide donor L-arginine on 50 men with confirmed
organic erectile dysfunction. Thirty-one percent of the
patients taking L-arginine reported a significant subjec-
tive improvement in sexual function. [57]

> Because arginine is found in high concentrations in
seminal fluid, it may be advantageous in treating sterili-
ty in men. [58] As little as four grams of arginine has
proven effective in clinical research for this purpose.
Some 80% of subjects studied, who received this
dosage, reported a dramatic improvement in libido,
erection, and in some female cases, pregnancy. [59]

> A combiniation of L-arginine (1.7 g per day) and approx-
imately 120 mg per day of Pycnogenol (pine bark
extract) was administered to 40 men (aged 25-45
years) with erectile dysfunction in a three month study.
After the third month of treatment, 92.5% of the men
experienced a normal erection. No adverse side effects
were noted. [60]

Safety

Arginine has been well tolerated by most people in studies
lasting for up to six months; however people with serious
health conditions should consult a physician before starting a
new therapy. Also, some medications and hormone therapy
may interact with arginine therefore a healthcare provider
should be consulted before use. [13] Individuals with high
allergic tendencies should avoid arginine therapy. [61]

It is important to use a safe and reliable source of arginine.

Guidelines for Use

Doses of arginine used in clinical research have varied con-
siderably, from as little as 500 mg/day to 30 g/day for differ-
ent conditions. Typical daily doses fall into either the 1-3 g or
7-15 g range, depending on the condition being treated.

Discussion

After the initial isolation of arginine from lupin seedlings in
1886, intense research has been conducted on the amino



acid and continues to this day. Arginine occupies a significant
role in nutrition due to its multiple and sometimes unique
physiologic and pharmacologic activities.

Experimental studies strongly support the anabolic or anti-
catabolic effects of arginine and its precursors/metabolites
through their involvement in protein metabolism, in the
immune response and in cell proliferation. There is com-
pelling evidence in favor of the exogenous administration of
arginine showing positive effects in reversing endothelial dys-
function associated with major cardiovascular risk factors.
Arginine administration is also beneficial for improving repro-
ductive, renal, gastrointestinal, liver and immune functions,
and most importantly, wound healing, post-surgery, burns or
trauma.

With this information, manipulating arginine metabolism by
oral administration of arginine may provide an effective nutri-
tional or pharmacotherapeutic treatment for a wide array of
disorders and may hold great promise for improved health
and well-being in humans and animals.
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