Arginine for Potency, Heart, and Healing 

L-arginine is an amino acid (protein building block) that serves many heart-healthy functions. As a blood thinner and anticoagulant, arginine may improve blood flow to and from the heart, and it may reduce excess cholesterol. Arginine may also preserve the elasticity of blood vessels through antioxidant actions. Given to patients with early stages of heart disease, arginine prevents the disease from getting worse and relieves chest pain. And, in animals with induced heart disease, arginine prevents cells from dying after prolonged absence of oxygen-rich blood.
Additionally, L-arginine increases the availability of nitric oxide to cells. Nitric oxide is a molecule of gas that penetrates cells and regulates their functioning, and can help to control blood pressure. Nitric oxide also helps to control blood flow to the brain, which keeps nerve cells in the brain healthy. It's no wonder that the Nobel Prize was recently awarded for work on the health impacts of nitric oxide. But the heart is not the only part of the body that benefits from L-arginine. The immune system gets a boost, too. Arginine increases the number of immune T cells and enhances their function. It also affects the reproductive system, and is a key factor in preventing male impotence. 
Uplifting Wound Healer
Current studies support the use of arginine supplements to ensure that nitric oxide secretion is sufficient to keep blood flowing to the penis. Nitric oxide insufficiency can stop the penis from becoming erect. A study published in 1994 showed an 80 percent improvement in the erectile function of men given 2.8 grams of L-arginine a day for two weeks. L-Arginine may also help wounds to heal faster, particularly in burn patients. In general, wound sites are remarkably low in traces of arginine, and surgical incisions heal faster in patients given supplemental arginine. With its ability to speed wound healing and its potential to stimulate growth hormone release from the pituitary gland, L-arginine could be a critical addition to nutritional support for burn victims. 
Sore Spots:

However, not all the news is good. People with any kind of herpes infection (e.g., cold sores, chicken pox, shingles), or a history of herpes, should not take L-arginine supplements. The herpes virus flourishes on L-arginine. Andrew Weil, M.D., says that if you have a cold sore, a sign of herpes simplex, you should cut down on food sources of arginine—chocolate, beer, grain cereals, meats, seeds, nuts, and beans, and add 500 - 1000 mg of Lysine. 
Tumors are another problem area for arginine. Despite the fact that arginine can boost the immune system's T-cells, and that some types of cancer do seem to respond well to large doses of L-arginine, in the 1980s scientists had conflicting information regarding arginine's effects on tumor cells. Researchers working with rodents found that when immune cells in mice attacked invading bacteria, one of the chemical byproducts produced was nitric oxide. Further research led to the hypothesis that arginine metabolizes nitric oxide to mobilize other specific immune cells, to attack some kinds of cancer cells. Unfortunately, it appears that some tumor cells are affected by L-arginine in an opposing fashion. Certain tumor cells—breast cancer cells, for example—thrive on the human growth hormone that arginine can trigger. Until all these pros and cons are straightened out, people with tumors are warned not to take arginine supplementars.

To Arginine or Not to Arginine 

L-Arginine,proponents Robert Fried, Ph.D., and Woodson C. Merrell, M.D., two highly credible alternative health experts and co-authors of The Arginine Solution, claim that when L-arginine, is used conservatively—no more than 6 grams a day—its benefits far outweigh its risks. For people with heart disease or erectile dysfunction, L-arginine, supplementation may be considered miraculous. Daily doses of L-arginine may boost cardiac performance and act as a tonic, bestowing more energy and a heightened sense of well-being.

The effects of antioxidants on endothelial nitric oxide (NO) synthesis:

 A dysfunction of vascular endothelial cells is characterized by a reduced generation of NO and is thought to be involved in the development of vascular diseases such as atherosclerosis. The mechanisms leading to decreased NO formation are not completely understood but most probably include a decrease in the expression and/or activity of the endothelial NO-Synthase (eNOS), a limited availability of reduced eNOS cofactors and an inactivation of NO by superoxide radicals or oxidized lipoproteins. Regarding increased oxidative stress as a possible reason for the development of endothelial dysfunction, antioxidants have been thought to play a protective role. Based on our work on the potentiating effect of ascorbic acid on endothelial NO synthesis (Heller et al, J. Biol. Chem. 274 (1999) 8254-8260, Heller et al. J. Biol. Chem. 276 (2001) 40-47), the project presented here is investigating the role of hydrophilic and lipophilic antioxidants (i) in protecting reduced eNOS cofactors, especially tetrahydrobiopterin, (ii) in stabilizing the membrane localization of eNOS which is a prerequisite for an optimal activity of the enzyme, and (iii) in regulating eNOS expression and postranslational modifications.

Nitric oxide (NO·) is produced from L-arginine by a family of isoenzymes, the so-called nitric oxide synthases (NOS). Whereas the physiological production of NO· from the endothelial isoform (eNOS) plays a critical role in cardiovascular homeostasis, excess production of NO· by the inducible isoform (iNOS) is involved in host defense mechanisms and has been postulated to not only mediate cytotoxicity but also cause tissue injury in a variety of pathological states (1). Several recent studies have demonstrated that NOS inhibition significantly attenuates postischemic myocardial injury (2–4). It has thus been hypothesized that, in addition to reactive oxygen species (ROS), which have been implicated in ischemia/reperfusion injury for a number of years (5), reactive nitrogen oxide species (RNOS) generated from NOS may also contribute to postischemic myocardial injury (6).

Peroxynitrite anion (ONOO−), a RNOS produced from the interaction between NO· and superoxide (O7 INCLUDEPICTURE "http://www.pubmedcentral.nih.gov/corehtml/pmc/pmcents/cjs1138.gif" \* MERGEFORMATINET 


2), has received considerable attention in recent years. A number of in vitro biochemical studies have demonstrated that ONOO− is highly reactive toward a wide variety of compounds and results in an oxidative tissue damage similar to that caused by hydroxyl radicals (·OH) (). Based on these in vitro observations, it has been suggested that ONOO− may play a significant role in tissue damage mediated by RNOS after ischemia and reperfusion (8). However, recent studies from our laboratory as well as those from other investigators have revealed that the effects of ONOO− are critically dependent on the microenvironment in which this oxidant is produced.

the physiological role of NO as an enhancer of oxygen release from erythrocytes to peripheral tissue by breaking or stretching the heme iron–proximal histidine bond in the [image: image1.png]


subunit of hemoglobin (Hb), while maintaining oxygen binding capacity by restoring the bond in the lungs. Oxygen affinity was significantly decreased in blood containing NO-bound Hb [image: image2.png]


. The results may partly explain nitrosothiols in blood as an NO reservoir for an emergency and why cytokines induce NO synthase in the vascular system during such events as inflammation. 

Improvement of the mitochondrial antioxidant defense status prevents cytokine-induced nuclear factor-[kappa]B activation in insulin-producing cells
The destruction of [beta]-cells leading to type 1 diabetes is a multifactorial process, mediated at least in part by the interaction of cytokines, in particular interleukin-l[beta] (IL-1[beta]), nitric oxide (NO), and oxygen free radicals with the target [beta]-cells (1,2). IL-1[beta] alone is able to provoke dysfunction of [beta]-cells finally leading to cell death, an effect that is potentiated in combination with the cytokines interferon-[gamma] (IFN-[gamma]) and tumor necrosis factor-[alpha] (TNF-[alpha]) (3). These IL-1[beta] effects are primarily associated with activation of the transcription factor nuclear factor-[kappa]B (NF-[kappa]B) and consequent changes in the gene expression profile (4,5). Although the expression of protective proteins such as mitochondrial Mn superoxide dismutase (MnSOD), heat shock protein 70, and heme oxygenase is induced by the cytokine, up-regulation of the inducible NO synthase (iNOS) and the consequent intracellular production of NO, together with changes in the expression of other NF-[kappa]B-regulated genes, eventually lead to [beta]-cell death (1,5,6). The effects of NF-[kappa]B on gene expression are conferred by specific binding motifs in the promoter region of target genes (7,8). NF-[kappa]B activation is regulated by a variety of mechanisms, including the redox status of the cell, posttranscriptional modifications, the activity level of I-[kappa]B kinase and the subsequent release from the I-[kappa]B inhibitor, the selective transport into the nucleus, and the formation of dimeric complexes (7-10). Oxidative stress by oxygen free radicals is associated with NF-[kappa]B activation, an effect preceded by the rapid degradation of 1-[kappa]B (7). However, once inside the nucleus, a more reducing environment favors NF-[kappa]B binding to its DNA consensus motif (9). Pancreatic [beta]-cells show remarkably low antioxidant enzyme activities. Gene expression and activity of the main antioxidant enzymes including Cu/ZnSOD, MnSOD, glutathione peroxidase (Gpx), and catalase (Cat) are significantly lower than in liver or kidney (11,12). This low antioxidant defense capacity of [beta]-cells and the resultant enhanced sensitivity toward oxidative stress have been considered to be an important aspect of oxygen free radical-induced damage leading to [beta]-cell death and insulin-dependent diabetes (13).

NO-Mercola:

Excess NO may be responsible for causing glaucoma and possibly other conditions: how to address this naturally: There has been much publicity in the press recently about a finding that many people suffering with chronic open angle glaucoma (COAG) have excessive levels of Nitric Oxide (NO) (Neufeld 97).

By reducing these levels through drugs, researchers were able to reduce the damage caused by increased intraocular pressure to the optic nerves in rats (Neufeld 99). There is now a rush by pharmaceutical companies, to get a NO-blocking drug approved for the treatment of COAG. However, there seems to be little interest in finding out what is really causing these levels to be so high in the first place. Since artificially suppressing any natural physiological response of the body is bound to have unintended consequences, wouldn't it make sense to look for the cause and address that instead? 

Nitric Oxide: a brief description 
Information about this neurotransmitter is still not fully known, since it was only first identified in 1987 (Ignarro, 1987), resulting in the authors receiving the 1989 Nobel Prize in Science. Nitric Oxide is made, at various sites in the body, from L-arginine. It serves many functions, such as inducing vasodilatation, controlling intragastric pressure, facilitating dilation of the uterus during pregnancy, inhibiting bone resorption, is essential for producing and maintaining an erection, and kills bacteria, fungi, and even tumor cells. However, it is also very dangerous at high levels, being a potent nitrogen free radical. It actually has the capacity to kill neurons and is thought to be responsible for much of the degeneration that occurs after strokes and in some diseases of the nervous system. 

What are some of the possible causes of increased NO levels? 

Based on current knowledge and available research, there are several factors which may cause or contribute to elevated NO levels: 

· Allergies (histamine) 

· Poor iron status 

· Hypoxia (oxygen deficiency) 

· Carbon monoxide exposure 

· Excess estrogen or 'estrogen dominance' 

· Others 

Allergies 
How can allergies cause increased NO levels? The answer is quite simple. It is common knowledge that allergies can cause elevated histamine levels, which is why antihistamine medications are such popular drugs. What is not widely known, is that histamine, in turn, stimulates a release of NO from various cells in the body (Mannaioni 97a, Mannaioni 97b, Champion 98). 

It is actually proposed that some of the adverse effects of histamine, such as increasing permeability of the blood/brain barrier, are actually mediated by NO (Mayhan 96). Therefore, in individuals with allergies causing elevated histamine levels, addressing this problem may abrogate the need for pharmacologically reducing NO levels. Additionally, high histamine levels have been associated with of circulatory hypoxia, a condition that will be discussed further in another section (Sumina 78). 

The question of how to address this problem can be done in several ways, the merits of which will not be explored now, since this is a topic which deserves more attention than can be given here: 

· Avoidance or reduction of allergens (e.g., dietary change, air filters, etc.) 

· Use of natural antihistamines (e.g., quercitin) (Bronner, Pearce) 

· Use of conventional antihistamine medications 

· Alternative allergy treatment (homeopathy, enzyme-potentiated desensitization) 

· Conventional allergy treatment 

For those people with allergies, some of whom may not even know they have them, one or a combination of the above choices might help improve not just their allergic symptoms, but their overall health as well. Of course, in order to adequately address the allergy problem, it must be properly diagnosed by a qualified clinician. 

Poor iron status 
Another possible cause of increased NO is decreased iron levels. One of the reasons for this is that hemoglobin and other iron-containing compounds bind to NO in the blood, rendering it inactive. 

Poor iron status and anemia may result from dietary insufficiency, not only of iron, but of folic acid and vitamin B-12 as well. Particularly in the elderly, B-12 deficiency is not uncommon. This is most likely due to an age-related decline in the production of Intrinsic Factor, a glycoprotein secreted by cells in the gastric mucosa, necessary for the proper absorption of B-12. Those at greatest risk for a deficiency of iron and B-12 are vegetarians and those with a diet very low in meat, the best source of B-12. However, deficiencies can be pharmacologically induced as well. As an example, drugs taken for gastrointestinal problems, such as the popular omeprazole (Prilosec in the US, Losec in Canada), are known to reduce B-12 absorption significantly, possibly by reducing IF levels (Marcuard 94). 

Even in people with normal hemoglobin levels, their iron stores may be less than optimal. Many physicians feel that this is more accurately assessed through the evaluation of serum ferritin levels. Ferritin is the major iron storage protein, conserving it for use as needed, in the cells. It also serves other functions, such as protecting against certain free radicals, such as oxidized iron and peroxides, and is essential for proper cell growth and proliferation.

Therefore, it is likely that adequate ferritin levels act to reduce some of the negative effects of excess NO through its antioxidant function. NO in turn, helps to protect against the release of oxidative free iron from iron-containing compounds (Puntarulo 97, Juckett 96) 

Hypoxia 
In addition to resulting in reduced hemoglobin and ferritin levels, iron deficiency may cause elevated NO levels through another physiological mechanism by causing anemic hypoxia, or subnormal oxygen content in the blood. Hypoxia is known to cause a stimulation of NO production, which is most likely a defense or survival mechanism of the body, which produces the NO to relax the blood vessels in order to supply more oxygenated blood to the tissues.

Other forms of hypoxia may also be present and have this effect as well. For example, diffusional hypoxia results from damaged pulmonary membranes and impaired lung function, as occurs with chronic obstructive pulmonary disease (e.g., emphysema). Therefore lung diseases may cause elevated NO levels by causing chronic hypoxia. 

As for natural treatments, some nutrients have been shown to enhance lung function. The most notable of these is N-acetylcysteine, commonly referred to as NAC. 

Impaired lung function may also be pharmacologically induced with the use of common medications such as beta-blockers. These drugs have the potential to promote broncho-spasm and broncho-constriction. This class of drugs is often used for conditions such as hypertension, cardiac arrhythmia, chronic angina pectoris, and others. Natural treatments of these conditions and elimination of the necessity of these drugs may therefore reduce NO levels. 

Ironically, the most popular drugs in the treatment of COAG are beta-blocker eye-drops (e.g., Timolol). Therefore, it is possible that this type of treatment could raise NO levels and actually increase the risk of damage to the optic nerve. Additionally, if those glaucoma subjects in the study by Neufeld et al were being treated with these medications, it is possible that the elevated NO was not a result of the condition, but rather the treatment. 

A condition of circulatory hypoxia, resulting from excessive vasoconstriction or myocardial insufficiency, can also cause an increase in NO levels. Magnesium has been shown to ease vasoconstriction, and other cardio-protective nutrients, such as coenzyme Q10, L-Carnitine, Taurine, etc. may prove helpful for myocardial insufficiency. 

Carbon Monoxide 
Carbon monoxide (CO) exposure can cause circulatory hypoxia, a condition previously discussed, by attaching to hemoglobin and inhibiting its oxygen-carrying capacity. As a matter of fact, it attaches more than 200 times stronger to hemoglobin than oxygen (Walker 99). Low levels of CO exposure may not present any obvious symptoms and therefore, may go undetected. 

These low levels of exposure may also cause symptoms, mimicking those of the common cold or flu, and may therefore be misdiagnosed by even the best physicians. This is unfortunate, since there are now simple breath meters which can detect carbon monoxide levels (Walker 99), but which are probably rarely used by general practitioners. Exposure in an industrial work environment is probably the most common scenario, but can occur in the home as well. This is especially true in the winter, when heating units are in use and windows are usually shut tight.

Interestingly, in a study recently published in a Chinese medical journal, the intraocular pressure in glaucoma patients has been shown to increase during the winter months (Qureshi 97). Whether this effect is due to the colder weather, carbon monoxide exposure, reduced level of physical activities, or some other factor is not yet known.

However, it would seem prudent to have carbon monoxide detectors installed in the home and even at work in order to reduce the chances of exposure. These devices are especially important since CO is odorless and colorless, and low levels of exposure may not present any immediately obvious symptoms. Proper ventilation is crucial to avoiding CO, especially when there is any combustion taking place, such as with heating units, gas stoves, and fireplaces. 

It should be noted that those people with higher levels of hemoglobin and red blood cells should be somewhat less susceptible to damage from low levels of CO, due to their greater oxygen-carrying capacity. 

Estrogen:  Recently, estrogen has been shown to enhance the bioactivity of NO (Blum 98). There are several ways that women can wind up with excessive estrogen levels or an imbalance in the hormonal system, causing an "estrogen dominance" situation. 

One is that women on hormone replacement therapy (HRT) may not have their hormone levels properly monitored and may be given doses that cause levels to rise too high. Also, the most popular estrogen used, Premarin, is obtained from horses and has a completely different composition than human estrogen, with much more potent estrogenic effects. There are an increasing number of doctors who are using "natural" hormone replacement therapy and custom tailoring the composition and dosages to their patients.

It is also possible that excessive estrogenic activity is being induced in the body through estrogen-mimicking environmental pollutants. There may be some detoxification and lifestyle modification procedures (e.g., eating organically, avoidance of plastics, etc.) that can reduce these effects. Another possibility is a hormonal imbalance between estrogen and progesterone. 

If progesterone levels are low, a woman can become "estrogen dominant". Along with the many other adverse effects of this condition, NO may become too active. Many nutritionally-oriented doctors routinely check for this, using either salivary or blood tests, and where needed may prescribe a natural progesterone to be administered either orally or more commonly, transdermally. 

Other factors
Fluoride poisoning has been shown to cause circulatory hypoxia (discussed previously), possibly resulting from a tremendous increase (8 to 9 fold) in histamine levels (Sumina 78). Therefore, it is not out of the realm of possibilities that lower doses of fluoride could result in a slight decrease in oxygen carrying capacity. People could reduce this possibility by not drinking fluoridated water or commercially prepared beverages, since many of these are made using fluoridated water. 

One final possibility is that some elevated NO levels may be pharmacologically induced. As an example, it was discussed previously about this possibility with beta-blocking agents. It is beyond the scope of this paper to discuss all of the drugs which could possibly elevate NO levels, but clinicians and patients should be aware that any drug can have unintended and unwanted consequences.

Possible Dangers of Suppressing Nitric Oxide
Any drug that is developed to suppress NO production, in the hope of treating COAG or any other condition, could have many adverse effects, due to the many functions of the neurotransmitter. For example, NO plays an important role in controlling feto-placental circulation during pregnancy (Izumi 96), making it's use during pregnancy potentially dangerous. Suppression of NO could theoretically cause other problems such as impotence or sexual dysfunction, elevated blood pressure, digestive disturbances, increased susceptibility to infection, and even increased risk of cancer. 

Summary 
Nitric Oxide plays a vital role in normal physiological function. However, in addition to being an antioxidant, it is also a free radical and can have unwanted negative effects when levels are abnormally high. It may be possible to ascertain and treat the cause of this situation through various means, only some of which have been discussed here. As more becomes known about NO, other conditions beside COAG may be identified as being caused or exacerbated by excess NO, thereby opening up new avenues of treatment and hope for many sufferers of chronic health problems. (2058 words) 

Estrogen and NO:in males:
 Although the preponderance of studies investigating the effects of estrogen on vasomotor tone and function have focused on women, a number of recent studies have intriguingly shown that estrogen’s rapid vasodilatory properties is also preserved in men. Unlike classical steroid transcription mediated pathways, estrogen’s acute vasodilatory effect is mediated by calcium dependent cell surface estrogen receptors that stimulate constitutive endothelial nitric oxide synthase (eNOS) activity. The transient release of eNOS derived nitric oxide exerts profound physiological effects on the vasculature exerting a state of cellular inhibition (i.e. vasodilation). Thus, the partial or complete attenuation of this rapid signaling system can promote endothelial dysfunction, an early pathophysiological event in atherosclerotic development. Consequently, human males experiencing age-related declines in testosterone and aromatase derived estradiol plasma levels may lose a vital cardioprotective mechanism that preserves proper endothelial function. Therapeutic strategies to preserve basal nitric oxide levels through the maintenance of normal physiological estradiol levels may confer cardiovascular benefits to aging males.
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