Methylcobalamin and Diabetic Neuropathy

 

 Clinical usefulness of intrathecal injection of Methylcobalamin in patients with diabetic neuropathy
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 Seven men and four women with symptomatic diabetic neuropathy were treated with Methylcobalamin (2,500 micrograms in 10 ml of saline) injected intrathecally. Treatment was begun when patients had good metabolic control, as determined by measurements of plasma glucose and hemoglobin, and was repeated several times with a one-month interval between injections. Three patients were re-treated one year after the last intrathecal injection. Symptoms in the legs, such as paresthesia, burning pains, and heaviness, dramatically improved. The effect appeared within a few hours to one week and lasted from several months to four years. The mean peroneal motor-nerve conduction velocity did not change significantly. The mean (+/- SD) concentration of Methylcobalamin in spinal fluid was 114 +/- 32 pg/ml before intrathecal injection (n = 5) and 4,752 +/- 2,504 pg/ml one month after intrathecal Methylcobalamin treatment (n = 11). Methylcobalamin caused no side effects with respect to subjective symptoms or characteristics of spinal fluid. These findings suggest that a high concentration of Methylcobalamin in spinal fluid is highly effective and safe for treating the symptoms of diabetic neuropathy. 

 

 METHYLCOBALAMIN 

 

 Methylcobalamin is the neurologically active form of vitamin B12. The liver does not convert cyanocobalamin, the commonly available form of vitamin B12, into adequate amounts of methylcobalamin, which the body uses to treat or correct neurological defects. Animal studies have shown that high doses of methylcobalamin are effective in neuron regeneration and that there is no known toxicity at these doses. 

 Those who have low levels of vitamin B12 in the blood have long resorted to injections of this essential B vitamin, an uncomfortable delivery method at best. New evidence suggests that oral B12 works as well as injections, according to a study published in the journal Blood -but high doses must be taken. This verifies reports from Sweden dating from the 1970s that pernicious anemia, a disease of B12 deficiency, can be controlled with oral B12. Resolving the debate over oral-versus-injections is very timely, given that vitamin B12 is a homocysteine-lowering factor. Homocysteine has emerged as a strong and independent risk factor for heart disease and stroke, and is also connected to chronic diseases such as arthritis, Alzheimer's and diabetes. 

 

According to the recent data, 2,000 micrograms/day of oral B12 cures the symptoms of B12 deficiency, including elevated homocysteine, neurological problems, and elevated methylmalonic acid (a marker of B12 deficiency). The oral version works as well as injections, with the added feature of maintaining high levels in the blood over time. The study showed that after a month, the blood levels of the vitamin in people receiving injections dropped and stayed at a plateau, whereas blood levels of those receiving oral B12 continued to rise. 

 

 B12 lowers homocysteine  Although oral B12 did not reduce homocysteine in every case, when it did, the results were dramatic. Some of the people in the study had homocysteine levels as high as 175 micromoles per liter (the optimal safe range for homocysteine is under 6). In the case of one patient, 2,000 micrograms of oral B12 for four months reduced their homocysteine from 113.4 micromoles per liter to 8.2. Injected B12 also significantly reduced homocysteine - the main difference being that the injected version worked faster.  Interestingly, some of the patients did not respond to supplemental vitamin B12. It was discovered that they were also deficient in folate, and until folate was replaced, their homocysteine remained elevated. Vitamin B12 and folate work synergistically in the chemical reactions that recycle homocysteine back to methionine in the methylation cycle. It is also interesting to note that participants in the study with both B12 and folate deficiencies were depressed, had anorexia, and addiction to alcohol. It is well-established that folate or B12 deficiency causes psychiatric problems ranging from loss of memory to insanity. This is probably due to the vitamin's role in methylation - a biochemical process crucial for the maintenance of brain chemistry and nerves. B12 plays a role in the synthesis of serotonin, dopamine and norepinephrine. 

 

 Intrinsic factor is secreted by the stomach to help the body absorb B12. Older people produce less intrinsic factor, and are thus more vulnerable to B12 deficiency. In the study mentioned at the beginning of this article, high-dose oral B12 was absorbed as well as injectable. No supplemental intrinsic factor was given. Intrinsic factor is usually associated with a chronic B12 deficiency known as pernicious anemia. Patients with pernicious anemia lack intrinsic factor usually because of insufficient stomach acid. Others may have antibodies to the factor - an inappropriate autoimmune response to one's own proteins. Injected B12 has traditionally been used for pernicious anemia because it bypasses the absorption problem. However, doctors are beginning to realize that pernicious anemia patients are not the only patients they see with B12 deficiencies. Anyone with elevated homocysteine, psychiatric disorders, eating disorders, sleep disorders, or who is elderly is potentially B12-deficient. These conditions are more likely caused by diet-induced B12-deficiency than a lack of intrinsic factor. All should respond to oral B12. 

 

 Different Forms Of Vitamin B12 

 

 Cyanocobalamin is the usual form of B12 sold in this country. Hydroxocobalamin and adenosylcobalamin are two other forms. For the past 20 years English doctor Anthony G. Freeman has been attempting to get the cyano form of B12 removed from the market and replaced with the hydroxocobalamin. He points out that the cyano form is not effective for certain eye degenerations caused by smoking and alcohol. 

 

 But another form, methylcobalamin, may be the best of all. Research shows that this active form of B12 has the unique ability to provoke the regeneration of nerves without adverse side effects. This is because B12 facilitates methylation, the process that creates and maintains nerves and brain chemicals. Research shows that a lack of methylcobalamin causes degeneration of the brain and spinal cord - a condition known as subacute combined degeneration. In this disease, nerves lose their insulation and begin to deteriorate. This process, known as demyelination, occurs in other neurological diseases such as multiple sclerosis and chronic inflammatory demyelinating polyneuropathy. 

 

 High doses of methylcobalamin have been used to treat degenerative neurological diseases in rodents and humans. People with amyotrophic lateral sclerosis (Lou Gehrig's disease) took 25 mg a day of methylcobalamin for a month. In this disease, the neurons that control muscle movements deteriorate. The double-blind, controlled study showed that methylcobalamin improved muscle response after a month of treatment. Methylcobalamin has been given to mice with the mouse version of muscular dystrophy. A remarkable reversal of degenerating nerves occurred. Methylcobalamin did not stop the disease, but it slowed it down. 

 

 It has been documented that the level of B12 decreases every year with age. Age-related deficiency is associated with hearing loss, memory impairment and psychiatric disorders, along with heart disease and stroke. Alzheimer's disease (AD) patients have less B12 in their spinal fluid than people without the disease. They also have less SAMe - the substance required to methylate cobalamin (B12) to methylcobalamin, the active form. The failure of B12 supplementation to improve AD patients in some studies may be due to their inability to activate B12 in the brain. Methylcobalamin is already methylated: it doesn't require SAMe.  

 

 Another feature of aging is the increase of free radicals. Free radicals are elevated in Parkinson's disease (PD) and AD. In PD, a substance known as MAO-B is also elevated. MAO-B creates free radicals, and the MAO-B inhibitor, selegiline, is often given to PD patients. MAO-B is linked to memory impairment. In 1992 Italian researchers reported that elevated MAO-B, dementia and B12 deficiency all go together.  

 

 B12 Deficiency Diseases 

 

 Diet, age and drugs are the prime culprits behind B12 deficiency. Meat is the primary source of vitamin B12. Strict vegetarians - people who eat no animal products whatsoever are at risk for B12 deficiency. (Vegetarians who eat eggs and fish will get B12 in their diet. In addition, some seaweeds contain the vitamin, and the gut may manufacture a certain amount.) However, a meat diet doesn't guarantee that a person won't be B12 deficient. Some elderly people, for example, can eat high quantities of meat but still be B12 deficient because they don't have enough hydrochloric acid in their stomach to maintain intrinsic factor. Meat-eaters taking certain drugs are also at risk for B12 deficiency. Cimetidine (Tagamet), omeprazole (Prilosec), and other drugs that inhibit gastric secretion can cause B12 deficiency. Anyone who chronically takes drugs for stomach ulcers, "heartburn" or gastroesophageal reflux may be creating B12 deficiency in themselves. 

 

 There appears to be something else causing B12 deficiency in older people that researchers don't yet understand. In a Dutch study, researchers found that about 25% of the participants had low B12. But gut problems only accounted for 28% of those cases. The cause in the remaining 72% is a mystery. Researchers do know that more people may be deficient than currently appreciated. When researchers at the Veterans Administration Hospital in Oklahoma used modified criteria for B12 deficiency (elevations in homocysteine and methylmalonic acid, plus serum B12 up to 300 pg/mL-the norm is usually 200), they uncovered twice as many people with B12 deficiency than would have been detected by serum values alone. 

 

 Elevated homocysteine is found in many chronic diseases including arthritis and diabetes. Researchers in Japan have discovered that noninsulin-dependent diabetes patients with blood vessel problems have elevated homocysteine. When treated with 1000 micrograms of vitamin B12 (methylcobalamin) daily for three weeks, homocysteine levels dropped significantly. Although the study didn't follow the patients long enough to see the effects of long-term treatment, the condition of the patients' blood vessels will likely improve as the levels of homocysteine are reduced, as homocysteine is extremely toxic to blood vessels. 

 

 B12 and Sleep 
 

 Those who can't get to sleep at night may need vitamin B12. Studies show that B12 causes an earlier release of melatonin at night which resets the sleep-wake cycle. (Melatonin has been called "the sleep hormone" because of its effects on sleep). B12 acts directly on the pineal gland to provoke a faster release of melatonin. At the tail end, B12 causes melatonin to drop off faster. B12 helps you get to sleep earlier, and may help you wake up earlier if you leave a curtain open to the morning sun. B12 sensitizes you to morning light, which helps you wake up. Very serious sleep-wake disorders have been successfully treated with vitamin B12 in the methylcobalamin form, although it may not work for everyone. Unfortunately, the vitamin doesn't help people who want to cut down on their sleep time altogether. 

 

 During the 1950s, B12 was frequently given to heart patients. The vitamin fell out of vogue as drugs took over the therapeutic picture. New findings on the connection between homocysteine and vascular disease, plus the failure of drugs to have an impact on the number of heart attacks and strokes, have shifted the focus back to B12 and other homocysteine-lowering vitamins. The notion that B12 must be injected to be effective has been disproven in recent studies. Swedish experience shows that oral B12 is effective for the treatment of pernicious anemia. 

 

B12 has many benefits, including the reduction of homocysteine, restoration of normal sleep patterns, and mood effects. B12 deficiency is a fairly common deficiency in elderly people who frequently have disrupted digestion. It can cause symptoms that look exactly like Alzheimer's disease, and it's crucial for the retention of folate in cells. 

 

 Testing For B12 Deficiency 

 

 There are several tests geared towards diagnosing B12 deficiency. Homocysteine is an indirect test. A more direct method is to measure methylmalonic acid which becomes elevated in B12 deficiency. There are other tests which measure gut secretions or antibodies to gut secretions. The Schilling test can help ferret out what is causing the deficiency, and a simple blood test can show blood levels. 

 

 Dosage 

 

 The dose of oral B12 supplements for sleep disorders is 3000 mcg a day, while 2000 mcg a day has proven useful in lowering homocysteine and correcting B12 deficiency. In published studies, it took four weeks for the sleep effect, and four months for the homocysteine-lowering effect-so be patient. People with degenerative diseases, including Alzheimer's, should take very high doses in the range of 3-4000 mg, supplemented with SAMe. 

 

There is also the option of taking methylcobalamin, which is the neurologically active form of B12. The potential age-reversing benefits are well-worth the modest price. Methylcobalamin is a form of B12 that is sold as a drug in Japan. It is the methylcobalamin form of B12 that has been used in most European and Japanese studies showing efficacy against neurological disease. The liver converts about 1% of ingested cyanocobalamin into methylcobalamin, but it is far more efficient to dissolve a good tasting methylcobalamin lozenge in the mouth for immediately assimilation into the brain.

Methylcobalamin: A Potential Breakthrough in Neurological Disease
Japanese scientists have identified a form of vitamin B12 that protects against neurological disease and aging by a unique mechanism that differs from current therapies. Some of the disorders that may be preventable or treatable with this natural vitamin therapy, called methylcobalamin, include chronic fatigue syndrome, Parkinson's disease, peripheral neuropathies, Alzheimer's disease, muscular dystrophy and neurological aging. Americans have immediate access to this unique and new form of vitamin B12, and, unlike prescription drugs, it costs very little and is free of side effects.

vitamin B12 is a general label for a group of essential biological compounds knows as cobalamins. The cobalamins are structurally related to hemoglobin in the blood, and a deficiency of vitamin B12 can cause anemia. The primary concern of conventional doctors is to maintain adequate cobalamin status to protect against anemia.

The most common form of vitamin B12 is called cyanocobalamin. However, over the last ten years, a number of central and peripheral neurological diseases have been linked to a deficiency of a very specific cobalamin, the methylcobalamin form, that is required to protect against neurological diseases and aging. The liver converts a small amount of cyanocobalamin into methylcobalamin within the body, but larger amounts of methylcobalamin are necessary to correct neurological defects and protect against aging.

Published studies show that high doses of methylcobalamin are needed to regenerate neurons as well as the myelin sheath that protects nerve axons and peripheral nerves.

CFIDS and B-12
In the Summer 1998 issue of Healthwatch, an important research article reported a fascinating new finding. Over 60% of CFIDS and FM patients cerebral spinal fluids contained subnormal levels of vitamin B12. On the other hand, vitamin B12 levels in the blood did not significantly deviate from normal ranges.

According to Dr. Paul Cheney's treatment pyramid for CFIDS, vitamin B12 in its non-cyanocobalamin form (the type commercially available) is a potent detoxifier of the brain. Recent studies in Europe suggest that it needs to be given in large doses in the range of 10 - 20 mg per day, or even more. This supplementation of methylcobalamin might protect the cognitive function of patients with CFIDS by preventing the death of brain cells.

One cause of brain cell death is glutamate toxicity. Brain cells use glutamate as a neurotransmitter, but unfortunately glutamate is a double-edged sword in that it can also kill brain cells. The release of glutamate from the synapses is a usual means by which neurons communicate with each other.

Effective communication means controlled release of glutamate at the right time to the right cells, but when glutamate is released in excessive amounts, intercellular communication ceases. The flood of glutamate into the receiving neurons drives them into hyperactivity, and the excessive activity leads to cellular degradation.

The good news is that it may now be possible to protect brain cells against glutamate toxicity by taking methylcobalamin supplementation. In a study in the European Journal of Pharmacology, it was shown that methylcobalamin protected against glutamate-, aspartate- and nitroprusside- induced neurotoxicity in rat cortical neurons.

Researchers concluded that methylcobalamin protects against neurotoxicity by enhancing brain cell methylation. The CFIDS & Fibromyalgia Health Resource recommends methylation-enhancing therapies such as vitamin B6, vitamin B12, folic acid and trimethylglycine (TMG), taken together, to protect against heart disease, stroke and other aging-related diseases. 

The scientists who conducted the methylcobalamin studies emphasize that ongoing intake of methylcobalamin is necessary to protect against neurotoxicity. Thus for methylcobalamin to be effective in protecting against neurological disease, daily supplementation may be required.

An appropriate dose to protect against neurological aging might be 1 to 5 mg a day taken under the tongue in lozenge form.

Sleep
A recent German study appearing in Neuropharmacology showed methylcobalamin reduced the amount of time subjects slept; sleep quality was better and subjects awoke feeling refreshed, with better alertness and concentration. Part of this effect was apparently due to melatonin suppression during the daytime because morning methylcobalamin supplementation reduces drowsiness by decreasing daytime melatonin levels. 

Multiple Sclerosis
According to a recent study at Vanderbilt University, chlamydia pneumoniae might link multiple sclerosis (MS) to CFIDS. This makes the published effect of methylcobalamin treatment on MS of great importance to those who suffer from CFIDS.

A study in the Journal of Internal Medicine investigated the daily administration of 60 mg of methylcobalamin to patients with chronic progressive multiple sclerosis (MS), a disease that has a poor prognosis and feature side spread demyelination in the central nervous system.

Although motor disability did not improve, there were clinical improvements in visual and auditory MS related disabilities. The scientist stated that methylcobalamin might be an effective adjunct to immunosuppressive treatment for chronic, progressive MS. Those with less serious forms of MS may consider adding methylcobalamin to their daily treatment regimen.

The effects of methylcobalamin were studied on an animal model of muscular dystrophy. This study, published in Neuroscience Letter looked at degeneration of axon motor terminals. In mice receiving methylcobalamin, nerve sprouts were more frequently observed and regeneration of motor nerve terminals occurred in sites that had been previously degenerating.

Regenerating Nerves
Few substances have been shown to regenerate nerves in humans with peripheral neuropathies. However, a study in the Journal of Neurological Science postulated that methylcobalamin could increase protein synthesis and help regenerate nerves. The scientists showed that very high doses of methylcobalamin produce nerve regeneration in laboratory rats.

The scientists stated that ultra-high doses of methylcobalamin might be of clinical use for patients with peripheral neuropathies. The human equivalent dose the scientists used is about 40 mg of sublingually administered methylcobalamin on a daily basis.

Those suffering from peripheral neuropathies often take alpha lipoic acid. Based on our new understanding of peripheral neuropathy, it may be prudent that anyone using alpha lipoic acid also take at least 5 mg a day of sublingually administered methylcobalamin to ensure that alpha lipoic acid will be bioavailable to the peripheral nerves.

Cancer/Immune Function
A study in the journal Oncology examined the effects of methylcobalamin on several different kinds of tumors in mice. The administration of methylcobalamin for seven days suppressed liver, lung and ascites tumor growth. Mice receiving methylcobalamin survived longer than control mice did. In mice irradiated before tumor cell inoculation, methylcobalamin did not improve survival.

The effects of methylcobalamin on human immune function was investigated in the Journal of Clinical Immunology. The study showed that methylcobalamin demonstrated remarkable T cell-enhancing effects when the T cells were exposed to certain antigens.

The scientists also showed that methylcobalamin improved the activity of T helper cells. The scientists concluded that methylcobalamin could modulate lymphocyte function by augmenting regulatory T cell activities.

Americans need to know about this important natural therapy that could extend the healthy human life span. A search of the scientific literature reveals 334 published studies on methylcobalamin. However, it would not be an exaggeration to say that virtually no doctors know of it or are recommending it.

Methylcobalamin should be considered for the treatment of any neurological disease. For example, based on its unique mechanisms of action, methylcobalamin could be effective in slowing the progression of "untreatable" diseases such as ALS (Lou Gerhig's disease).

Since methylcobalamin is not a drug, there is little economic incentive to conduct expensive clinical studies on it, so it may be a long time before we know just how effective this unique form of vitamin B12 is in slowing the progression of common diseases like Parkinson's disease.

The sublingual intake of methylcobalamin is an affordable and effective natural therapy, and has proven even safe when given in large doses.
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Monograph  Methylcobalamin
--------------------------------------------------------------------------------

Introduction 

Methylcobalamin is one of the two coenzyme forms of vitamin B12 (the other being adenosylcobalamin). It is a cofactor in the enzyme methionine synthase which functions to transfer methyl groups for the regeneration of methio-nine from homocysteine.
--------------------------------------------------------------------------------

Pharmacokinetics 

Evidence indicates methylco-balamin is utilized more efficiently than cyanocobalamin to increase levels of one of the coenzyme forms of vitamin B12. Experiments have demonstrated similar absorption of methylcobalamin following oral administration. The quantity of cobalamin detected following a small oral dose of methylcobalamin is similar to the amount following administration of cyanocobalamin; but significantly more cobalamin accumulates in liver tissue following administration of methylcobalamin. Human urinary excretion of methylcobalamin is about one-third that of a similar dose of cyanocobalamin, indicating substantially greater tissue retention.1
--------------------------------------------------------------------------------

Clinical Applications 

Bell's Palsy: Evidence suggests methylcobalamin dramatically increased the recovery time for facial nerve function in Bell's palsy.2

Cancer: Cell culture and in vivo experimental results indicated methylcobalamin inhibited the proliferation of malignant cells.3 Research indicated that methylcobalamin enhanced survival time and reduced tumor growth following inoculation of mice with Ehrlich ascites tumor cells.4 Methylcobalamin has been shown to increase survival time of leukemic mice. Under the same experimental conditions, cyanocobalamin was inactive.5 Although more research is required to verify findings, experimental evidence suggested methylcobalamin might enhance the efficacy of methotrexate.6 

Diabetic Neuropathy: Oral administration of methylcobalamin (500 mcg three times daily for four months) resulted in subjective improvement in burning sensations, numbness, loss of sensation, and muscle cramps. An improvement in reflexes, vibration sense, lower motor neuron weakness, and sensitivity to pain was also observed.7 

Eye Function: Experiments indicated chronic administration of methylcobalamin protected cultured retinal neurons against N-methyl-D-aspartate-receptor-mediated glutamate neurotoxicity.8 Deterioration of accommodation following visual work has also been shown to improve in individuals receiving methylcobalamin.9 

Heart Rate Variability: Heart rate variability is a means of detecting the relative activity and balance of the sympathetic/parasympathetic nervous systems. Methylcobalamin produces improvements in several components of heart rate variability, suggesting a balancing effect on the nervous system.10 

HIV: Under experimental conditions, methylcobalamin inhibited HIV-1 infection of normal human blood monocytes and lymphocytes.11

Homocysteinemia: Elevated levels of homocysteine can be a metabolic indication of decreased levels of the methylcobalamin form of vitamin B12. Therefore, it is not surprising that elevated homo-cysteine levels were reduced from a mean value of 14.7 to 10.2 nmol/ml following parenteral treatment with methylcobalamin.12

Male Impotence: In one study, methylcobalamin, at a dose of 6 mg/day for 16 weeks, improved sperm count by 37.5 percent.13 In a separate investigation, methylcobalamin, given at a dose of 1,500 micrograms per day for 4-24 weeks, resulted in sperm concentration increases in 38 percent of cases, total sperm count increases in 54 percent of cases, and sperm motility increases in 50 percent of cases.14

Sleep Disturbances: The use of methylcobalamin in the treatment of a variety of sleep-wake disorders is very promising. Although the exact mechanism of action is not yet elucidated, it is possible that methylcobalamin is needed for the synthesis of melatonin, since the biosynthetic formation of melatonin requires the donation of a methyl group. Supplementation appears to have a great deal of ability to modulate melatonin secretion, enhance light-sensitivity, normalize circadian rhythms, and normalize sleep-wake rhythm.15-20 
--------------------------------------------------------------------------------

Dosage 

The dosage for clinical effect is 1500-6000 mcg per day. No significant therapeutic advantage appears to occur from dosages exceeding this maximum dose. Methylcobalamin has been administered orally, intramuscularly, and intravenously; however, positive clinical results have been reported irrespective of the method of administration. It is not clear whether any therapeutic advantage is gained from the non-oral methods of administration. 
--------------------------------------------------------------------------------

Safety, Toxicity, and Side Effects 

Methylcobalamin has excellent tolerability and no known toxicity. 
What is it?
Vitamin B12 or cobalamin is an essential nutrient found in meat products. Vitamin B12 is absorbed in the small intestine and is necessary for proper nerve function and converting food into energy. Deficiencies of vitamin B12 cause anemia and neurological impairments including memory loss and disorientation.

What do people with HIV use this supplement for?
To avoid deficiency
Depending on the way vitamin B12 levels are measured, studies suggest that between ten and 50 per cent of people living with HIV/AIDS (PHAs) are deficient in this nutrient. This deficiency is most likely due to HIV-related damage to the small intestine that prevents the body from absorbing adequate amounts of B12. Certain drugs, such as AZT and the antibiotics used to treat tuberculosis, can decrease levels of vitamin B12. Several studies suggest that deficiency in this vitamin increases the rate at which a person becomes ill (disease progression). In a study conducted by Dr. Alice Tang and colleagues, serum levels of vitamin B12 were measured in HIV-positive people without symptoms of disease. Even when factors such as CD4+ counts were considered, the team found that serum vitamin B12 levels could be used to predict which subjects would become ill most quickly.

B12 deficiency seems to be linked to poor absorption; most nutritionists suggest therefore that supplements of B12 be injected or taken sublingually (dissolved under the tongue). Although these methods have been shown to increase serum levels of B12 in HIV-positive people, no trials have been done to assess the impact of B12 supplements on disease progression.

To prevent and treat dementia
Given that B12 deficiencies are associated with confusion and memory, many physicians and researchers have speculated that vitamin B12 might play a role in dementia and other HIV-related cognitive disorders. One case report described the dramatic recovery of a HIV-positive man suffering from dementia who was treated with B12. Clinical trials have produced less impressive results and it is now generally accepted that B12 may be a factor in some but not all cases of HIV-related dementia. B12 supplements have also been useful in treating elderly people with B12 deficiencies who showed signs of memory loss and senility.

To treat peripheral neuropathy
Peripheral neuropathy is a tingling or burning in the hands and feet. It is often associated with anti-HIV drugs, particularly ddC, ddI and d4T. One early study of PHAs suggested that people with low B12 levels were more likely to experience neuropathy, but subsequent studies have not confirmed this connection. B12 has, however, been used successfully to treat diabetic neuropathy, a fact that argues its case for the management of nerve damage in PHAs.

Available forms and usage
In Canada, B12 is taken orally or by intramuscular or intravenous injections. Although other forms of B12 have been developed, such as nasal sprays, gels and sublingual tablets, not all of these formulations are widely available in Canada. Given that vitamin B12 may be poorly absorbed in HIV-positive people, most nutritionists and physicians recommend B12 shots. These shots can be taken at a doctor's office or an HIV clinic and, in most cases, they are covered by provincial and private insurance plans. A monthly injection can be used to boost a daily oral dose of B12. If obvious signs of B12 deficiency are present, more frequent injections are possible (up to several times a week). Oral doses of 25 or 50 mg of B12 are found in B25 or B50 vitamin tablets respectively. These B-complex combination vitamins are described further in CATIE's supplement sheet on vitamin B-complex.

Cautions and Concerns
Vitamin B12 supplements are safe to use. Excess amounts of the vitamin are eliminated in the urine. At high doses, however, B12 may cause anxiety in some people and mild diarrhea in others. Some people are sensitive to B12 and may develop a skin rash while taking this supplement. Since B-vitamins tend to work best together, it's important to maintain the balance of Vitamin B12 and another B-vitamin called folate (folic acid) in the body. Taking large doses of one B-vitamin alone is not a good idea so if you are taking extra B12, you might want to take a B-complex pill as well.
Peripheral Neuropathy(polyneuropathy)

A common side-effect of chemotherapy--is there any solution?

SUMMARY 

Peripheral neuropathy (or, polyneuropathy) is normally attributed to diabetes, thyroid problems, alcohol abuse, and consistent exposure to chemotherapy treatments. But it can likewise be attributed to the use of drugs other than chemotherapy agents. Notwithstanding multiple statements and advertisements proclaiming that statins are safe and vital to lowering cholesterol and preventing coronary events, contrary evidence exists that long-term exposure to statins may substantially increase the risk of/induce and exacerbate peripheral neuropathy by 15% in the first year and 26% for two or more years (1, 2, 3). Moreover, statins can contribute to suppression of our immune system and activation of helper T-cells (lymphocyctes produced in the thymus gland) (4); likewise statins have been attributed to liver and kidney injury (5), as well as reduction in bone mineral density and resulting osteoporosis (6). Contrary to some studies that report statins as reducing the risks of advanced prostate cancer (7), other peer-reviewed studies question whether long-term use of statins actually cause cancer (8) and report findings that statins do not provide a protection against breast or prostate cancer. (9) 

Also, while antiangiogenic (retard blood vessel growth) drugs are in vogue this year (Celebrex/Vioxx, thalidomide) and low-dose frequent chemotherapy is recognized as being both cytotoxic and antiangiogenic, how does the reduced blood vessel formation from the accumulation of these various antiangiogenic agents affect continued health of our nerves? I suggest that long-term use of antiangiogenic agents certainly deny blood supplies to nerves (as well as cancer and healthy tissue) and either alone or combined, certainly induce peripheral neuropathy. 

Therefore, while statins are most effective in preventing coronary events, COX-2 inhibitors are essential for pain and antiangiogenesis, and thalidomide might eventually prove to be an effective antiangiogenic agent---I suggest that it is incumbent on us to analyze our own chemical/drug cocktails and combinations in order to optimize the cumulative and combined effects on our quality and length of life---I likewise suggest that in our monthly 15 minute sessions with our doctors, they are not doing so on our behalf.

Many cancer patients are also taking a myriad of other drugs, and most of us take some statin and antiangiogenic agents. Are we thus assuring that we will suffer treatment-limiting and debilitating (and possibly permanent) peripheral neuropathy by taking Lipitor for its cholesterol-lowering effects, Celebrex for pain and antiangiogenesis, blood pressure medicines, and thalidomide for antiangiogenesis (thalidomide is well-known for causing peripheral neuropathy)? When we develop peripheral neuropathy, do our doctors analyze our medication list to assess the individual and cumulative effects of all of our medications? (My question is obviously cynical and rhetorical.) 

Many cancer patients who undergo several months of chemotherapy will develop peripheral neuropathy to some extent. The nerve damaging effects of chemotherapy are cumulative and as the chemotherapy treatments are continued, the condition often becomes treatment-limiting and physically debilitating. Medical science does not know of any agent to relieve or delay the onset of peripheral neuropathy and we are often told that "...it is just our old friend Taxotere...", without any analysis of the cumulative antiangiogenic effects of our other drugs as possibly contributing in a major way to our peripheral neuropathy. 

The probable side-effect of peripheral neuropathy resulting from long-term chemotherapy is well-known by our oncologists, yet they have no suggestions about how to alleviate it except to reduce the dose of the chemotherapy agent or suspend treatment. In my opinion, our doctors are not comfortable with any agent we can buy in a drug or health food store and often just shrug their shoulders and tell us to try it if we want. Nor do I believe that our doctors are aware of the many side effects (and accumulation thereof) of the many drugs we take to support and augment our cancer treatments or alleviate side-effects there from.

After 17 weekly Taxotere treatments and while I was still responding (I was also taking 400 mg of Celebrex/day + daily Norvasc and Accupril for blood pressure control), I was forced to stop treatment due to extreme peripheral neuropathy and resulting onychosis (10). I wrote about this in Chemotherapy - Part 2. In that paper I suggested Glutamine as a possible agent to relieve or delay peripheral neuropathy. In subsequent chemo treatments I continue with daily Glutamine and believe that it offers some relief; but after 2+ years of chemotherapy, I still suffer considerable peripheral neuropathy. However, below I suggest other possibilities that might partially relieve and/or delay this treatment-limiting side-effect of chemotherapy.

In addition to a mandatory review of every complementary drug we are taking that might have any characteristics of inducing peripheral neuropathy, and optimizing their utilization in view of our own concept of quality/quantity of life---- in SUMMARY, I suggest several possible solutions to alleviate/delay peripheral neuropathy while engaged in our saga of prostate cancer and the treatments therefor---with the exception of shakuyaku-kanzo-to, all of these items are available in a drug/health food store:

1) Glutamine at 10 gm X 4/day as delineated in my above paper.

2) Shakuyaku-kanzo-to (not available in a drug/health food store)---an ancient Chinese/Japanese herbal concoction for muscle spasms and tingling in the hands and feet.

3) Gamma-linolenic acid (GLA), fish oil concentrate, and ascorbyl palmitate --corrects fatty acid imbalance.

4) Vitamin B12 in the form of methylcobalmin (methl B12) + folic acid.

5) Alpha-lipoic acid + acety-L-carnitine + N-acetylcysteine + vitamin C.

(NOTE: we must be cognizant of the fact that the studies/reports of agents effective against peripheral neuropathy state that such agent(s) only delay or partially mitigate peripheral neuropathy---none proclaim to prevent it---so, with our cancer and long-term use of statins, antiangiogenic agents, and chemotherapy, we must accept the fact that we will all suffer peripheral neuropathy to some extent.)

DEFINITIONS 
...Neuropathy is the wasting and inflammation of nerve tissues, often manifest in peripheral extremities (hands/feet). Symptoms are burning, shooting pain possibly concurrent with a cold sensation, transient numbness, and weakness of the extremities. The sensation(s) can be transient, moving from finger to finger/toe to toe, and radiating up the arm or leg. Symptoms usually improve upon stopping the drug, although improvement can take 6-8 weeks and pain can worsen before it improves. Neuropathy is commonly caused by diabetes, fatty acid imbalance, restriction of blood supply to nerves (could COX-2 inhibitors add to the condition?), nutritional deficiencies, and chemotherapy agents. (11) If peripheral neuropathy is bilateral, drug induction is usually attributed thereto----but if it is unilateral, there are possibly other non-drug related problems.

...gamma-linolenic acid (GLA)--known as "the good omega-6" fat; regulates metabolic processes down to the cellular level---among several expected effects of GLA: a cytotoxic agent for cancer and an arthritis reliever. (12).

...ascorbyl palmitate--fat-soluble form of ascorbic acid (vitamin C); unlike ascorbic acid, which is water soluble, ascorbyl palmitate is stored in cell membranes until needed by the body; free-radical antioxidant. (13) 

...folic acid/folate (vitamin B9)---water-soluble and important in red blood cell formation, protein metabolism, growth and cell division. (14)

...alpha-lipoic acid (ALC)---serves as a coenzyme in the Krebs cycle and in the production of cellular energy---possibly the "perfect and ideal" antioxidant---in Germany it is an approved treatment for peripheral neuropathy; in the US it is sold as a dietary supplement, usually in 50 mg tablets. (15)

...N-acetylcysteine (NAC)---promotes detoxification and acts directly as a free radical scavenger---protects normal cells, but not malignant cells, from the toxic effects of chemotherapeutic agents and radiation---can reduce tumor formation and prevent metastases, but does not interfere with cytotoxicity of chemo agents. (16)

...acetyl-L-carnitine (ALC) --modulates cellular functions, including the transfer of fatty acids for energy production---restores nerve growth factor function---neuropathies respond to ALC (17)---daily administration of ALC during Taxol treatment completely prevents occurrence of neuropathy and myelosuppression (18)---it is associated with increased nerve conduction velocity; in a trial it prevented 73% of nerve conduction defects and promoted/accelerated nerve-fiber regeneration. (11, pp. 476)

...vitamin B12---the common form of vitamin B12 found in the drugstore is cyanocobalamin (cyano B12), but this form of B12 is inferior to methylcobalamin (methyl B12) as an antioxidant---look on your B12 bottle to see which form of the vitamin you have; and assure that you are taking the methyl form---studies have shown that methl B12 provides protection from neurotoxicity and is neurotrophic (promotes growth of nerve cells), which may help regenerate peripheral nerve damage (19)---methl B12 should be taken sublingual (under the tongue).

...shakuyaku-kanzo-to (TJ-68) is an ancient oriental herbal concoction used for many ailments, including acute muscle spasms, tingling hands/feet, and peripheral neuropathy---it is a blend of two crude drugs: shakuyaku (peony root) and kanzo (glycyrrhiza root) (20)---(note: these were among the ingredients of PC SPES)---the herb is manufactured as prescription only in Japan by Tsumura; their contact in the US is 949-833-7882---likewise, some men have found the herbal mix at the Academy of Oriental Medicine (512-323-6720) and New Breeze (Ken Morehead--919-384-1437, or kfmk@aol.com). Shakutaku-Kanzo-to has been reported as effectively reducing the severity of peripheral neuropathy, arthralgia (joint pain), and myalgia (muscular pain) in Taxol/Carboplatin protocols. (21)

...statins = agents capable of accelerating the rate of secretion of a given hormone by the anterior pituitary gland--- cholesterol-lowering medications known as reductase inhibitors (inhibitors of enzymes) offering up to 37% reduction in the risk of coronary events (22, 23)---estimates are that half of the US population will shortly be taking a statin drug (24)--common statins are Lipitor, Zocar, Pravachol, Lescol, and Mevacor (25).

SPECIFIC DOSING AND PROTOCOL SUGGESTIONS FOR CHEMOTHERAPY AND OTHER DRUG(S)-INDUCED PERIPHERAL NEUROPATHY
1) Glutamine @ 10 gm (about one heaping teaspoon) X 4/day----see Chemotherapy - Part 2 for logic and references.

2) Shakuyaku-kanzo-to @ 2.5 gm X 3/day.

3) Gamma-linolenic acid (GLA) + fish oil concentrate + ascorbyl palmitate**.

4) Vitamin B12 (methylcobalamin) @ 5-40 mg/day sublingual (under the tongue) + 2000-5000 mcg folic acid**.

5) Alpha-lipoic acid @ 250 mg X 2/day + acetyl-L-carnitine @ 1000 mg X 2/day + N-acetylcysteine @ 600 mg X 2/day + 3000 mg vitamin C X 2/day**.

**(2, @ pp. 479)

Bill Aishman September 2002
© Copyrighted by Bill Aishman - all rights reserved - 2002
NOTE: I am not a doctor and can not give medical advice. I am not a medical researcher. I am an unemployed prostate cancer patient in my sixth year of this saga and I performed this layman’s analysis for my own edification and decision-making purposes. In conjunction with a competent medical team, every cancer patient must make their own decisions regarding treatment options. I make no claim that this analysis is definitive or complete and I invite any and all competent suggestions/corrections that will provide salient information to prostate cancer patients in our search for methods to extend quality and quantity of life while battling a terminal disease. 
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This article submitted by Medline on 8/12/99.
Email Address: 


Intern Med 1999 Jun;38(6):472-5 

Intravenous methylcobalamin treatment for uremic and diabetic neuropathy in
chronic hemodialysis patients. 

Kuwabara S, Nakazawa R, Azuma N, Suzuki M, Miyajima K, Fukutake T, Hattori T 

Department of Neurology, Chiba University School of Medicine. 

[Medline record in process] 

OBJECT: To study the effects of the intravenous administration of methylcobalamin, an analogue of vitamin B12, for uremic or
uremic-diabetic polyneuropathy in patients who are receiving maintenance hemodialysis. An ultra-high dose of vitamin B12 has been
reported to promote peripheral nerve regeneration in experimental neuropathy. METHODS: Nine patients received a 500 microg
methylcobalamin injection 3 times a week for 6 months. The effects were evaluated using neuropathic pain grading and a nerve
conduction study. RESULTS: Serum concentrations of vitamin B12 were ultra-high during treatment due to the lack of urinary excretion.
After 6 months of treatment, the patients' pain or paresthesia had lessened, and the ulnar motor and median sensory nerve conduction
velocities showed significant improvement. There were no side effects. CONCLUSION: Intravenous methycobalamin treatment is a safe
and potentially beneficial therapy for neuropathy in chronic hemodialysis patients. 

	Autism 2003
Understand, Act and Heal
Dr. Neubrander is board-certified in Environmental Medicine with special interests in heavy metals and B12 biochemistry. He practices in Edison, NJ where he dedicates 90% of his time to patients seeking the DAN! approach to autism.
	


Biochemical Context And Clinical Use Of Methylcobalamin
For years I have prescribed vitamin B12, administered orally, sublingually, or by injection. I have used it for a number of disorders, none of which were autism until 1999. In the past I referred to "B12" in a generic sense, assuming that there was no difference clinically between using any of its three easily available forms: cyanocobalamin, hydroxycobalamin, and methylcobalamin. Now, four years after beginning to treat autism with "B12" I hold a very different view, that view being the methylcobalamin form of B12 holds the greatest promise for treating children on the autistic spectrum.
Though methylcobalamin has never been studied for its effects on autism, this presentation will demonstrate that the literature cites many studies performed on humans, animals, or in laboratory settings that indicate positive results from several disorders that share similar symptoms or pathophysiology. The results of my study using injectable methylcobalamin for 85 children who carry the diagnosis of Autism, PDD, or Asperger’s syndrome will be presented. A literature review will discuss the profound effects methylcobalamin has on the central and peripheral nervous systems, the cellular and humoral immune systems, on sleep-wake cycles, and on detoxification biochemistry. Methylcobalamin’s biochemistry and its key role in methylation will be discussed as it applies to the formation of purines, pyrimidines, and nucleic acids. An attempt will be made to present a plausible hypothesis why "methylcobalamin loading" spares tetrahydrofolate and methyl reserves, thereby resulting in increased DNA and purine synthesis and their secondary biochemical reactions, total body transmethylation reactions, and detoxification biochemistry.
 

The DAN movement continues to gain momentum among the scientific and lay communities validating that autism does have a strong biological component that can be manipulated for the benefit of those afflicted. The DAN Manual is replete with references documenting reasons why DAN Practitioners who treat children from this biological/biochemical paradigm often obtain results. Unfortunately the results reveal varying degrees of mixed successes and failures. It is possible that our failures and/or limited degrees of success are at least partially due from the fact that we are just now beginning to understand some of the key biochemical pathways involved in our children’s bodies. So much more research needs to be done to predict which children may respond to which therapies. Unfortunately none of the children’s bodies have read the literature or the biochemical textbooks!
Methylcobalamin therapy is one such avenue that needs to be explored. The biochemistry of B12 (also known as "cobalamin") with its scientific conclusions shares a consensus opinion among scientists as to its mechanism of action. B12/cobalamin has a complex ring structure with an ion of cobalt found at its core. It can only be synthesized by microorganisms and would pose a problem for vegans to avoid a deficiency condition except for food contamination that is ubiquitous and cannot be avoided. Dietary sources are richest in liver and yeast. A substance known as intrinsic factor, derived from the parietal cells in a healthy stomach, are required for absorption to take place in the distal portion of the small intestine, the terminal ileum. Once absorbed, Transcobalamin II carries cobalamin to the liver and tissues. In the liver, cobalamin is stored by attaching to Transcobalamin I. Cobalamin is unique in its ability as a water-soluble vitamin to be stored in the liver rather than being quickly lost from the body.
Three forms of cobalamin exist: cyanocobalamin, hydroxycobalamin, and methylcobalamin. The cyano form is the most common form, the least expensive commercially available form, but it is not natural to the body. Hydroxcobalamin is primarily found in the cytoplasm where it is converted into its active coenzyme forms: adenosylcobalamin coenzyme (desoxyadenosylcobalamin coenzyme) and methylcobalamin coenzyme. Adenosylcobalamin coenzyme moves into the mitochondria and remains fairly stationary in that location while methylcobalamin coenzyme is the cobalamin coenzyme form that either remains in the cytosol or is returned to the plasma for transport to other tissues.
In the mitochondria, adenosylcobalamin coenzyme acts in concert with the enzyme methylmalonyl-CoA mutase on the substrate methylmalonic acid to form succinic acid. Succinic acid is an important component of the Krebs cycle and gluconeogenesis. It is plausible, though not proven, that the frequent reports of "increased energy" clinicians hear from patients receiving B12 injections may partially be the result of this biochemical pathway. Another possible reason could be the role of adenosylcobalamin coenzyme in the mitochondria and the mitochondria’s primary role in energy metabolism that begins with glucose and ends in the formation of ATP. From my study, it is possible that this glucose-inducing function supplying increased fuel to the brain was one of the reasons parents frequently reported higher cognitive abilities in their children.
The hydroxycobalamin/methylcobalamin coenzyme reactions are more complicated. First, in the presence of adequate hydroxycobalamin and the enzyme methyl-tetrahydrofolate reductase, the methyl group from methyl-tetrahydrofolate is transferred to hydroxycobalamin to become methylcobalamin coenzyme. Notice that two things are happening at once. First, methylcobalamin coenzyme, in the presence of the enzyme methionine mutase, immediately passes its newly acquired one-carbon methyl group to homocysteine to regenerate the essential amino acid methionine. Methionine is then quickly converted to S-adenosylmethione (SAM), a key player in the body’s overall methylation biochemistry. Second, methyl-tetrahydrofolate, by losing its one carbon methyl group to methylcobalamin, now becomes tetrahydrofolate. It is this end product, tetrahydrofolate that is vital to the formation of purines, pyrimidines, and nucleic acids.
Cobalamin/"B12" deficiency leads to three problems. First, when adenosylcobalamin coenzyme is deficient, the substrate methylmalonic acid cannot be converted into succinic acid. Therefore levels of methylmalonic acid with continue to increase and spill over into the urine, a phenomenon known as methylmalonic aciduria. Second, when the methylcobalamin coenzyme is deficient, the substrate homocysteine cannot be converted to methionine. Therefore levels of homocysteine will continue to increase and may be seen in the blood or urine resulting in homocystinemia and homocystinuria respectively. Third, a phenomenon known as "folate trapping" occurs when hydroxycobalamin is deficient in the presence of adequate methyl-tetrahydrofolate. When this situation occurs, the methyl group on methyl-tetrahydrofolate is trapped because "it wants to leave (to become tetrahydrofolate) but can’t get away".
Between May 2002 and March 2003 I obtained data on 85 children with the diagnosis of Autism, PDD, or Asperger’s syndrome. The study was an open trial using injectable methylcobalamin. Children ranged in age from 2 to 19 with the majority between ages 3 and 6. The injections were started when the children were stable and not making other significant changes to their therapies, either biological or non-biological. Follow-up was done every 6 weeks with me, either in person or by telephone. Parents were instructed to write a letter describing what they saw happening with their children. These letters from parents were to be spontaneous and written "in their own words". Therefore the parent’s responses were not "directed" by a questionnaire. The parents were instructed that conclusions or summary statements were all right to give but only if they gave as many specific examples as possible describing why they arrived at the conclusions that they did.
Of the 85 children included in the study, 71 were males and 14 were females. Fifty-one males (72%) and 12 (86%) females responded. (The number of females was probably too small for the percentage of responders to be meaningful.) Approximately 50% of the parents reported 15 or more symptoms improved. Sixty-seven urinary MMA’s were performed of which 81% were negative in the total group of 67 and 80% were negative in the responders group. Forty-nine homocysteine levels were performed of which 90% were negative in the total group of 49 and 92% were negative in the group of responders. Therefore, it was my conclusion that the current "gold standard" lab tests documenting B12 deficiency as we presently define it has no predictive value as to which children may or may not respond to methylcobalamin therapy.
 

The "Top Ten" symptoms parents reported had improved are as follow: a) Language and Communication 71%; b) Awareness 65%; c) Cognition and Higher Levels of Cognition and Reasoning 52%; d) Engagement 43%; e) Eye Contact 37%; f) Better Behavior 35%; g) More Focused 35%; h) Greater Understanding 35%; i) Vocalization 35%; j) Trying New Things 33%. Other significant and surprising symptom improvements included many parents stating that their child: "Was much happier, much more affectionate (even if her or she already was affectionate), much more interactive, calmer, more resilient to changes in routines; had more spontaneous speech, began to use pretend play or fantasy, was able to finally sit at the table with the family and/or sit and attend to a task", etc. There were over 100 different symptom improvements parents reported (for a complete list, see the slide presentation in this syllabus). Side effects were few; the primary one of hyperactivity was reported in 10%. The second most common problem was sleep disturbance, this being reported in 6% of the children. Often giving the injections in the morning instead of at bedtime alleviated this problem. With only one exception, parents stated that the positives so far outweighed the negatives that they would deal with the negatives, e.g. hyperactivity. The one exception was a child who responded positively to over 20 symptoms but developed a severe sleep problem over a period of 6 weeks.
When first deciding to do the study, the route of administration was discussed with many colleagues. My final decision, for several reasons, was to perform the original study using an injectable form. The literature admits that the absorption of B12 is a "complex process" involving numerous physiological and biochemical steps. These steps include binding to saliva, formation of intrinsic factor from healthy gastric parietal cells, proper stomach acid release, proper pancreatic protease release, a healthy terminal ileum, the appropriate mix of intestinal microorganisms, enterocytes properly functioning, etc. As I contemplated our children, it was my conclusion that most of them chew poorly and therefore would have minimal salivary binding of cobalamin. Hundreds of nutritional analyses gathered from this population have repeatedly demonstrated poor nutritional status with inadequate amounts of protein, carbohydrate, and essential fatty acids, the required precursor building blocks of healthy cells. Therefore there was no guarantee that the children would be able to meet the requirements necessary for "functional release" of gastric acid or intrinsic factor. Also, due to the belief shared by DAN practitioners that inappropriate functional release of pancreatic enzymes often exists (consider the Repligen study and the positive benefit of secretin in some children), there was no way to insure adequate digestive enzyme function. As previously demonstrated and/or continues to be documented by the work of Wakefield, Krigsman, and Buie, the terminal ileum is frequently inflamed and demonstrates varying degrees of ileitis. This finding alone was enough to exclude the oral route of administration as a valid "initial step" in determining the potential effectiveness of methylcobalamin therapy for my study. Other factors I had to consider included dysbiosis and the mix of microorganisms in the terminal ileum that may interfere with my ability to know the "dose absorbed" by the child relative to the "dose produced" by microorganisms and/or the "dose administered" by me. Therefore, it was my strong opinion then (and even stronger now) that until I answered the first question definitively &emdash; does methylcobalamin play a vital role in the autistic population? &emdash; that these multiple variables inherent to the gastrointestinal tract, variables that were impossible to predict who suffered from them and variables that were impossible to consistently control due to many factors, must be bypassed by injections. It was also my strong conviction that unless the dose and route of administration were fairly free of variables, there would be no way to interpret the data to predict optimum dosing or to evaluate a child’s response, either positive or negative.
Once I decided to use injectable methylcobalamin, the next dilemma that needed to be addressed was whether to use the intramuscular, intravenous, or subcutaneous route of administration. Initially I used both the intramuscular and/or subcutaneous routes. However, within 6 to 8 weeks it was my "impression" that I was getting a higher response rate in the group of children that were using the subcutaneous route of administration. Hypothetically, subcutaneous injections may produce a "slow time-release" process, allowing a "leaching effect" of the methylcobalamin. This theoretically could allow a "relatively higher dose" of the substance to remain in the body for longer periods of time if this was compared to the in intramuscular or intravenous routes of administration. One reason for this is that the kidneys are known to quickly clear any excess cobalamin. Because cobalamin is a red substance, I have occasionally been called by panicking parents reporting "red urine" in their child’s urine who were worried the child was bleeding. I have never seen red urine with the subcutaneous route of administration but I have seen it infrequently with intravenous and intramuscular administration. Formal research will need to be conducted to determine whether or not my theory is valid.
My protocol as of early November 2002 and the techniques I had the parents use can be seen in detail on the slides that follow. It should be noted that this protocol is in a dynamic state of change as I continue to search for "the optimum dose and the ideal frequency of injections". When I advised parents to give doses lower than 75 mcg per kilogram, there was a lower percentage of responders and there was a different "mix" of symptoms improved. Parents no longer seemed to report improvements from the "top 10" symptom response list that accompanies my higher dose protocol. Instead, there were only minor symptom improvements, e.g. "he seems to have more energy". Most parents that stopped the injections because they did not see what they believed to be significant degrees of improvement usually were on the phone within 2-4 weeks begging to restart the injections because their children regressed. The most common "regressions" reported were language, awareness, and cognition &emdash; these were also my "Big Three" -- the symptoms most commonly reported to improve!
 

The question arises: "Is there any research to support any of my findings or hypotheses?" Fortunately the answer is a resounding "yes" as shown from the references cited. It should be noted that hundreds more references are available but only those necessary to complete this presentation are listed. A few pertinent articles with key points are important to draw your attention to and discuss. Ikeda10 demonstrated that communication, cognition and intellectual functions, and emotion in Alzheimer patients were improved in the group that achieved the highest levels of methylcobalamin and that maintained these high levels for the longest period of time. Hall8 discussed methylcobalamin deficiency found in early infancy shows developmental delay, hypotonia, lethargy, poor responsiveness, and frequent seizures. Two types of treatment responses were noted: a) the first type showed slow steady psychomotor improvement over a long period of time suggesting improvement in myelination; b) the second type showed rapid improvement within 24-48 hours of hypotonia, responsiveness, and lethargy. Yamamoto41 suggests that transmethylation by methylcobalamin may induce functional recovery from ischemia. It should be noted that much conjecture has occurred regarding flow-function discrepancies in the brains of autistic children. Four articles14, 21, 22, 37 were chosen to illustrate the possible role methylcobalamin plays in protection from toxic agents, e.g. from heavy metals, chemicals, and biological agents, possibly as they work through detoxification pathways involving glutathione and sulfation. Ikeuchi11 concluded that methyl groups, induced only by the methylcobalamin form of B12, are required for "long-lasting" postsynaptic field potential amplification. Four references16, 21, 38, 42 are presented to illustrate that ultra-high doses of methylcobalamin, either oral or injectable, may result in nerve regeneration. Akaike1 describes chronic use of methylcobalamin’s role in the protection of cortical neurons from cytotoxicity. Three references8, 16, 36 are cited to present the possibility of methylcobalamin’s direct and/or indirect role in protection from demyelination and/or its potential role in remyelination. Goto’s study7 is reviewed indicating methylcobalamin’s role in the prevention of encephalopathy. Four references5, 30 34, 35 are cited that definitively show methylcobalamin’s role in immune enhancement. These studies document that both the cellular and the humoral arms of the immune system are positively affected. Funada’s study6 is reviewed indicating methylcolbalamin may downregulate allergic responses. Sandberg31 discusses that methylcobalamin is the major form of B12 present in breast milk. Lindenbaum’s study18 discusses the vital role of methylcobalamin in rapidly dividing tissues of the body, specifically the brain. The reference also addresses inherited errors of cobalamin metabolism and their management. Kira16 and Ohta27 report that patients who respond to therapy may have been shown to have normal lab values prior to treatment. Three references11, 20, 2 have been selected to show that the methyl form of B12 is the form most likely to result in positive responses. Two references8, 27 show that the response to methylcobalamin therapy may be immediate. Five references10, 16, 21, 27, 38 are cited indicating that high to ultra-high doses of methylcobalamin may be required and/or needed to produce positive results. Three references are cited1, 10, 16 to illustrate that long-term chronic use may be necessary to achieve or maintain positive clinical results. Two references3, 10 were cited showing there were no toxic effects or side effects, even with high dose long-term use.
 

In conclusion, methylcobalamin appears to play a vital role in autistic biochemistry. I hypothesize that loading with high dose methylcobalamin spares the body’s need to convert hydroxcobalamin into methylcobalamin by using methyl-tetrahydrofolate to regenerate tetrahydrofolate. Therefore the "additional" tetrahydrofolate is now available to be shunted to methiene-tetrahydrofolate to produce DNA; and directly or indirectly through methenyl-tetrahydrofolate to form purines. These "additional" purines are now available to participate in DNA formation, G-regulatory protein reactions, protein kinase reactions, and to enter into detoxification pathways. I further hypothesize that loading with high dose methylcobalamin spares the body’s limited methyl reserves that are necessary to convert homocysteine into SAM and necessary to participate in general body transmethylation reactions. Loading doses also result in more regeneration of homocysteine, a prerequisite for cysteine and detoxification reactions.
METHYLCOBALAMIN 
methylcobalamin  research methylcobalamin for brain methylcobalamin B12

Methylcobalamin is one of the two coenzyme forms of vitamin B12 (cyanocobalamin). Vitamin B12 plays an important role in red blood cells, methylation reactions, and immune system regulation. Evidence indicates methylcobalamin has some metabolic and therapeutic applications not shared by the other forms of vitamin B12. 

Simple Methylcobalamin biochemistry
Methylcobalamin is the active form of vitamin B12 that acts as a cofactor for methionine synthase in the conversion of homocysteine to methionine, thus lowering blood levels of homocysteine. Methylcobalamin acts as a methyl donor and participates in the synthesis of SAM-e (S-adenosylmethionine), a nutrient that has powerful mood elevating properties. 

Clinical Uses of Methylcobalamin 
Methylcobalamin supplements increase alertness and body temperature.
Methylcobalamin may slightly help those with diabetic neuropathy. A better nutrient for this condition is Lipoic Acid. 
Methylcobalamin has been found to be helpful in Bell's palsy.
Methylcobalamin taken orally is effective in the treatment of pernicious anemia, says a Japanese study.
Methylcobalamin may inhibit the ototoxic (hearing damage) side effects of the antibiotic gentamicin. 

Email  if you would like to receive our Supplement Research Update newsletter emailed for free the first week of each month. We email a brief abstract of 4 to 6 studies on supplements and natural medicine topics, and their practical interpretation by Dr. Sahelian. 
Index of Supplements and Herbs
 Over 300 listings -- by Ray Sahelian, M.D. 
 
Methylcobalamin Research Update
Mothers with low levels of vitamin B12 in their blood are at increased risk of having an infant with spina bifida -- a birth defect in which the spinal cord fails to form properly. Based on previous research, pregnancy guidelines recommend that women consume enough folic acid to reduce the risk of spina bifida and related problems. The new findings suggest that these guidelines should also include recommendations about vitamin B12.
The many faces of vitamin B12: catalysis by cobalamin-dependent enzymes.
Annu Rev Biochem. 2003;72:209-47.
Vitamin B12 is a complex organometallic cofactor associated with three subfamilies of enzymes: the adenosylcobalamin-dependent isomerases, the methylcobalamin-dependent methyltransferases, and the dehalogenases. Different chemical aspects of the cofactor are exploited during catalysis by the isomerases and the methyltransferases. Thus, the cobalt-carbon bond ruptures homolytically in the isomerases, whereas it is cleaved heterolytically in the methyltransferases. The reaction mechanism of the dehalogenases, the most recently discovered class of B12 enzymes, is poorly understood. Over the past decade our understanding of the reaction mechanisms of B12 enzymes has been greatly enhanced by the availability of large amounts of enzyme that have afforded detailed structure-function studies, and these recent advances are the subject of this review.
Cobalamin-dependent methyltransferases.
Acc Chem Res. 2001 Aug;34(8):681-9.
Cobalamin cofactors play critical roles in radical-catalyzed rearrangements and in methyl transfers. This Account focuses on the role of methylcobalamin and its structural homologues, the methylcorrinoids, as intermediaries in methyl transfer reactions, and particularly on the reaction catalyzed by cobalamin-dependent methionine synthase. In these methyl transfer reactions, the cobalt(I) form of the cofactor serves as the methyl acceptor. Biological methyl donors to cobalamin include N5-methyltetrahydrofolate, other methylamines, methanol, aromatic methyl ethers, acetate, and dimethyl sulfide. The challenge for chemists is to determine the enzymatic mechanisms for activation of these unreactive methyl donors and to mimic these amazing biological reactions.
Effects of vitamin B12 on performance and circadian rhythm in normal subjects.
Neuropsychopharmacology. 1996 Nov;15(5):456-64.
This preliminary study investigates effects of methyl- and cyanocobalamin on circadian rhythms, well-being, alertness, and concentration in healthy subjects. Six women (mean age 35 years) and 14 men (mean age 37 years) were randomly assigned to treatment for 14 days with 3 mg cyano-(CB12) or methylcobalamin (MB12) after 9 days of pre-treatment observation. Levels in the CB12 group increased rapidly in the first, then slowly in the second treatment week, whereas increase in the MB12 group was linear. Urinary aMT6s excretion was reduced by both forms of vitamin B12 over 24 hours with a significant decrease between 0700-1100 hours, whereas urinary excretion of potassium was significantly increased between 0700-1100 hours. Activity from 2300-0700 hours increased significantly under both forms of vitamin B12. Sleep time was significantly reduced under MB12 intake. In this group the change in the visual analogue scales items "sleep quality," "concentration," and "feeling refreshed" between pretreatment and the first week of treatment showed significant correlations with vitamin B12 plasma levels. Cortisol excretion and temperature were not affected by either medication. We conclude that vitamin B12 exerts a direct influence on melatonin. Only MB12 has a positive psychotropic alerting effect with a distribution of the sleep-wake cycle toward sleep reduction.

Coenzyme B12 (cobalamin)-dependent enzymes.
Essays Biochem. 1999;34:139-54.
The B12 or cobalamin coenzymes are complex macrocycles whose reactivity is associated with a unique cobalt-carbon bond. The two biologically active forms are methylcobalamin and AdoCbl and their closely related cobamide forms. Methylcobalamin participates as the intermediate carrier of activated methyl groups. During the catalytic cycle the coenzyme shuttles between methylcobalamin and the highly nucleophilic cob(I)alamin form. Examples of methylcobalamin -dependent enzymes include methionine synthase and Me-H4-MPT: coenzyme M methyl transferase. AdoCbl functions as a source of carbon-based free radicals that are unmasked by homolysis of the coenzyme's cobalt-carbon bond. The free radicals are subsequently used to remove non-acid hydrogen atoms from substrates to facilitate a variety of reactions involving cleavage of carbon-carbon, carbon-oxygen and carbon-nitrogen bonds. Most reactions involve 1,2 migrations of hydroxy-, amino- and carbon-containing groups, but there is also one class of ribonucleotide reductases that uses AdoCbl. The structures of two cobalamin-dependent enzymes, methionine synthase and methylmalonyl-CoA mutase, have been solved. In both cases the cobalt is co-ordinated by a histidine ligand from the protein. The significance of this binding motif is presently unclear since in other cobalamin-dependent enzymes spectroscopic evidence suggests that the coenzyme's nucleotide 'tail' remains co-ordinated to cobalt when bound to the protein.
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	Stress, obesity, infections, hormones, or alcohol
Can INCREASE your risk of 
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Vitamin B-12 + Folate
Can DECREASE your risk of 

1. Cancer 
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3. Depression 

4. Heart disease 

	
You may want to get all the Vitamin B-12 and folate you need from what you're eating or by taking your multivitamin. But, you're really NOT getting what you need.

If you want to combat the risks of stress, obesity, infections, hormones, or alcohol, you need to learn about medical breakthroughs that takes you beyond homocysteine and cholesterol. They empowers you in your efforts to stay healthy. They help you make the most of your God-given abilities, maximizing your performance.

	
Methylcobalamin is the most potent form of Vitamin B12 found in nature. We need methylcobalamin for the healthy development and sustenance of our circulatory, immune and nervous systems. 

Eggs, dairy products, fish and meat, especially organ meat like liver, are good sources of Vitamin B-12. In fact, meals incorporating large amounts of liver represented the main treatment for Vitamin B-12 deficiency in the past.

Methylcobalamin is the only active form of Vitamin B-12 in the brain outside the mitochondrion. The liver must convert cyanocobalamin to methylcobalamin in order for Vitamin B-12 to do its biochemical work in the brain. When the complex conversion of cyanocobalamin is not completed, the brain is robbed of the benefits of methylcobalamin. Cyanocobalamin is a by-product of Vitamin B-12 charcoal extraction. Scientific methods led people to believe that cyanocobalamin, not methylcobalamin was the naturally occurring form of Vitamin B-12. Cyanide in the charcoal replaces the methyl group in much the same way as it does in the body of a cigarette smoker. Vitamin B-12 requires the assistance of Intrinsic Factor to enter the body from the small intestine. Without Intrinsic Factor, dietary Vitamin B-12 or B-12-containing supplements go unabsorbed.

Autoimmune reactions and diseases sometimes destroy the stomach's parietal cells that produce Intrinsic Factor. Pernicious anemia results from this destructive process. More rarely, pernicious anemia develops when the body makes antibodies against the binding site of Intrinsic Factor. The antibodies rob Vitamin B-12 of the binding spot on Intrinsic Factor as it tries to make its way into the small intestine. Monthly injections of Vitamin B-12 can correct the anemia, immune and neurological problems that sneak up on people with pernicious anemia.

Surveys of depressed patients indicate nearly one-third of them do not receive enough folic acid or Vitamin B-12. It is extremely important to take Vitamin B-12 when taking folic acid supplements. Without Vitamin B-12 supplementation, worse physical problems might develop during folic acid supplementation.

Small amounts of Vitamin B-12 are absorbed directly through the mucosal tissue of the mouth. This discovery led to the development of Vitamin B12 lozenges and sprays. When Vitamin B-12 is absorbed in the mouth, it goes into the blood and then to the enzymes that require Vitamin B-12 as a coenzyme. With other forms of Vitamin B-12, the liver must use its enzyme systems to produce methylcobalamin.

With increased availability of methylcobalamin, medical research has shown that methylcobalamin has important benefits not seen with cyanocobalamin. It acts to reverse nerve damage and promote nerve cell regeneration.

Methylcobalamin plays a key role in sleep. It helps the brain fill up its neurotransmitter "gas tank" when neurotransmitters are produced from amino acids. Similarly, depression also improves more quickly and completely when patients take methylcobalamin. Depression also can worsen even while using antidepressants if a restrictive diet is started to lose weight. A diet can run the neurotransmitter "gas tank" dry.

Homocysteine has emerged on center-stage as a biochemical culprit associated with vascular and brain disease. Vitamin B-12 and folic acid are crucial to the elimination of homocysteine. Vitamin supplementation reduces the chances of building up levels of homocysteine associated with stress.

Clinical experience and scientific research have clearly established the importance of Vitamin B-12. The discovery of Vitamin B-12 was considered so monumental that the responsible researchers were honored with the Nobel Prize. Recent discoveries have demonstrated the value of using methylcobalamin for improvement in the cardiovascular, immune and nervous systems.*


Efficacy of methylcobalamin on lowering total homocysteine plasma concentrations in haemodialysis

patients receiving high-dose folic acid supplementation.

Nephrol Dial Transplant. 2002 May; 17(5): 916-22.

BACKGROUND: Hyperhomocysteinaemia, which is considered to be induced by impairment of the

remethylation pathway in patients with chronic renal failure (CRF), cannot be cured solely by folic acid therapy.

In the present study, we investigated the additional benefit of administration of methylcobalamin, which is a coenzyme

in the remethylation pathway, on lowering total homocysteine (tHcy) plasma concentrations in

haemodialysis (HD) patients receiving high-dose folic acid supplementation. METHODS: In order to assess the

efficacy on lowering plasma tHcy levels (fasting concentration), 21 HD patients, were randomly assigned and

provided folic acid supplementation: 15 mg/day orally (group I, n = 7); methylcobalamin 500 mg intravenously

after each HD, in addition to folic acid (group II, n = 7); or vitamin B(6) (B(6)), 60 mg/day orally, in addition to

folic acid and methylcobalamin (group III, n = 7). All patients were treated for 3 weeks.Amethionine-loading test

was conducted before and after supplementation. The following measurements were also made before and after

supplementation for each group: serum folic acid, B(6), and vitamin B(12) (B(12)) concentrations (including

measurement of proportion of methylcobalamin fraction). Twelve HD patients receiving methylcobalamin alone

served as the HD control group and seven healthy volunteers served as the normal control group for this study.

RESULTS: In our randomized HD patients the proportions of methylcobalamin fraction (48.3+/-7.5%) and

plasma vitamin B(6) concentration (2.9+/-1.1 ng/ml) were significantly lower than in the normal controls

(methylcobalamin 58.7+/-2.2%, P<0.01; B(6) 20.1+/-10.8 ng/ml, P<0.01), while folic acid and vitamin B(12)

were not significantly different from the normal controls. Mean percentage reduction in fasting tHcy was 17.3+/-

8.4% in group I, 57.4+/-13.3% in group II, 59.9+/-5.6% in group III, and 18.7+/-7.5% in HD controls. The power

of the test to detect a reduction of tHcy level was 99.6% in group II and 99.9% in group III when type I error level

was set at 0.05. Groups II and III had normal results for the methionine-loading test after treatment. Treatment

resulted in normalization of fasting tHcy levels (<12 ng/ml) in all 14 patients treated by the combined

administration of methylcobalamin and supplementation of folic acid regardless of whether there was

supplementation of vitamin B(6).

The benefit of methylcobalamin administration on lowering plasma tHcy levels inHDpatients

was remarkable. Our study suggested that both supplementations of high-dose folic acid and methylcobalamin are

required for the remethylation pathway to regain its normal activity. This method could be a therapeutic strategy to

combat the risk associated with atherosclerosis and cardiovascular disease in patients with chronic renal failure.

CONCLUSION:
The Coenzyme Forms of Vitamin B12: Toward an Understanding of their Therapeutic Potential
Gregory Kelly, N.D.


Abstract 
Although cyanocobalamin and hydroxycobalamin are the most commonly encountered supplemental forms of vitamin B12, adenosyl- and methylcobalamin are the primary forms of vitamin B12 in the human body, and are the metabolically active forms required for B12-dependent enzyme function. Evidence indicates these coenzyme forms of vitamin B12, in addition to having a theoretical advantage over other forms of B12, actually do have metabolic and therapeutic applications not shared by the other forms of vitamin B12. This article will provide an overview of the metabolism and function of adenosyl- and methylcobalamin, and will discuss the potential therapeutic relevance of the coenzyme forms of vitamin B12 in a variety of clinical conditions, including anemia, anorexia, cancer, HIV, and liver and sleep disorders. (Alt Med Rev 1997;2(5):459-471) 


Introduction 
Cyanocobalamin (CN-Cbl) is the most commonly supplemented form of vitamin B12, but it is present in the body in trace amounts and its biochemical significance remains uncertain. Although the amount of cyanide is considered toxicologically insignificant, humans must remove and detoxify the cyanide molecule, reduce the cobalamin to its usable +1 oxidation state, and then enzymatically convert the cobalamin into one of two metabolically active coenzyme forms. Nutritional inadequacies, enzyme defects, and pathological changes to tissues can all contribute to a reduced ability of the body to accomplish the synthesis of the active forms of vitamin B12 from CN-Cbl. 
The two forms of vitamin B12 having activity in B12-dependent enzymes within the human body are adenosylcobalamin (AdeCbl) and methylcobalamin (MetCbl). AdeCbl is occasionally referred to as coenzyme B12, cobamamide, cobinamide, or dibencozide. In some biochemical or therapeutic situations, the clinical utilization of either AdeCbl or MetCbl (alone or in combination) can produce results not found with the supplementation of either CN-Cbl or hydroxycobalamin (OH-Cbl).


Biochemistry, Metabolism, and Enzyme Functions 
Cobalamin is a very complex molecule, containing cobalt surrounded by five nitrogen atoms. Surrounding this central cobalt is a corrin ring, which structurally resembles the porphyrin ring found in hemoglobin, the cytochromes, and chlorophyll. The use of cobalt in the coenzyme forms of cobalamin is the only known function of this metal in biological systems. 
In humans, the cobalt in the coenzyme forms of vitamin B12 exists in a univalent (+1) oxidative state, designated as cob(I)alamin. Cobalamin molecules can also contain cobalt in a +3 (cob(III)alamin) or +2 (cob(II)alamin) oxidative state; however, in these forms the cobalt must be reduced prior to having enzyme activity. 
The compound most commonly referred to as vitamin B12 is CN-Cbl; however, this molecule does not occur naturally in plants, micro-organisms, or animal tissues.1 CN-Cbl has a cyanide molecule at the metal-carbon position and its cobalt atom exists at an oxidative state of +3, not the biologically active +1 state. In order to be utilized in the body, the cyanide molecule must be removed and eliminated through phase II detoxification. It is thought that glutathione (GSH) might be the compound performing the function of decyanation in vivo, since glutathionylcobal-amin (GS-Cbl) has been isolated from mammalian tissue.2 If, in fact, GSH is needed as a cofactor to activate CN-Cbl to the coenzyme forms of vitamin B12, clinical situations characterized by decreased tissue levels of GSH might be expected to result in a functional deficiency of vitamin B12, even in the presence of adequate plasma or tissue levels of the cobalamin moiety (typically labs are looking only for a cobalamin moiety and do not differentiate between CN-Cbl and the active forms of vitamin B12). 
Humans are incapable of synthesizing the corrin ring structure, and so are completely dependent upon dietary sources of vitamin B12. The ultimate source of all vitamin B12 occurring in the diet is bacteria, with animal products providing the majority of the dietary intake. It had been proposed that humans could absorb vitamin B12 formed by colonic flora; however, this appears to be untrue since no significant amount of cobalamin can be absorbed in the colon.1
The optimal absorption of dietary vita-min B12 requires the formation of a complex between dietary cobalamins and R-proteins, and the secretion, by the stomach parietal cells, of intrinsic factor. The cobalamin-R-protein complex is digested by pancreatic enzymes in the small intestine, and the released cobalamin molecule binds with intrinsic factor and is absorbed in the distal ileum. Cobalamin is then detached from intrinsic factor in the enterocyte cells of the small intestine, and is bound to transcobalamin II for transport into tissues. 
Although the basic cobalamin molecule is only synthesized by micro-organisms, all mammalian cells can convert it into the coenzymes AdeCbl and MetCbl. OH-Cbl, MetCbl, and AdeCbl are the three forms of cobalamin most frequently isolated from mammalian tissue. However, only MetCbl and AdeCbl actually function as cofactors in human enzymes. AdeCbl is the major form in cellular tissues, where it is retained in the mitochondria. MetCbl predominates in blood plasma and certain other body fluids, such as cerebral spinal fluid, and, in cells is found in the cytosol.3
AdeCbl functions in reactions in which hydrogen groups and organic groups exchange places. In humans, AdeCbl is required for the enzyme methylmalonyl-CoA mutase which is used in the catabolic isomerization of methylmalonyl-CoA to succinyl-CoA (used in the synthesis of porphyrin) and as an intermediate in the degradative pathway for valine, isoleucine, threonine, methionine, thymine, odd-chain fatty acids and cholesterol.1 Deficiencies in this coenzyme form of vitamin B12 result in increased amounts of methylmalonyl-CoA and generally in an increase in glycine. 
MetCbl's only known biological function in humans is as a cofactor in the enzyme methionine synthase. The methionine synthase enzyme is located in the cytosol of cells and participates in the transfer of methyl groups from 5-methyltetrahydrofolate to homocysteine, resulting in the subsequent regeneration/remethylation of methionine. 
Pezacka et al have proposed that at least four steps are required to convert supplementary CN-Cbl to the coenzyme forms of vitamin B12. These are: (i) decyanation; (ii) reduction of the +3 and +2 forms; (iii) synthesis of MetCbl in the cytosol; and (iv) synthesis of AdeCbl in the mitochondria. The initial step of decyanation is probably dependent on GSH, possibly in combination with NADPH and FAD.2 This results in the formation of cob(III)alamin. OH-Cbl is also a cob(III) form but has an advantage over CN-Cbl since it bypasses the need for decyanation. The next step required is the reduction of cob(III)alamin to cob(II)alamin. This reduction is probably dependent upon NADH and possibly either FAD or FMN.2 Once cob(II)alamin is formed, a similar reduction can shunt it into the formation of cob(I)alamin and subsequently, with ATP, AdeCbl. An alternate pathway can, with the donation of a methyl group from S-adenosylmethionine (SAM), result in the formation of MetCbl from cob(II)alamin. MetCbl becomes cob(I)alamin after donating its methyl group; however, MetCbl can be regenerated, by accepting a methyl group from 5-methyltetrahydrofolate, for reuse in methionine synthase (see figure 1.). 
Evidence indicates alpha-tocopherol protects against a reduction in AdeCbl in oxidatively stressed cells.4 Experimental evidence suggests alpha-tocopherol might be needed for formation of AdeCbl; however, further studies are required to clarify this relationship. If alpha-tocopherol is used in the reducing steps, a deficiency would be expected to decrease the formation of both AdeCbl and MetCbl.5 
It is important to be aware that nitrous oxide inactivates the coenzyme forms of vitamin B12 by oxidizing cob(I)alamin to either cob(II)alamin or cob(III)alamin. Nitrous oxide also interferes with the activity of methio-nine synthase.6 


Absorption 
Evidence indicates cobalamin from MetCbl is utilized more efficiently than CN-Cbl to increase the levels of coenzyme forms of vitamin B12. Although free MetCbl is not very stable in the gastrointestinal tract, and considerable loss of the methyl group can take place under experimental conditions, in physiological situations intrinsic factor probably partially protects MetCbl from degradation. Paper chromatography of digested ileal mucosa has demonstrated unchanged absorption of MetCbl following oral administration. The quantity of cobalamin detected following a small oral dose of MetCbl is similar to the amount following administration of CN-Cbl; but, significantly more cobalamin accumulates in liver tissue following administration of MetCbl. Human urinary excretion of MetCbl is about one-third that of a similar dose of CN-Cbl, indicating substantially greater tissue retention.7 
In humans, about 35 percent of AdeCbl appears to be absorbed intact following oral administration, and about 77 percent of the absorbed oral dose is retained in body tissues. Although a higher percentage of CN-Cbl appears to be absorbed, only 50 percent is retained in tissues, and assuming an adequate supply of necessary cofactors is available, probably is converted to the coenzyme forms of vitamin B12 over a period of 1-2 months.8 
Although individuals with pernicious anemia do not produce the intrinsic factor needed for vitamin B12 absorption, high doses of oral vitamin B12 (above 1000 mcg) have been shown to be an adequate treatment of B12 deficiency and pernicious anemia, indicating there is some mechanism of absorption independent of intrinsic factor.9,10 It is likely that with supra-physiological doses of the coenzyme forms of vitamin B12, some of the absorption is also independent of intrinsic factor. 


Clinical Implications 
Anemia: The use of the coenzyme forms of vitamin B12 will be useful in some types of anemia and might offer an advantage over supplementation of the non-biologically active forms of vitamin B12. Under experimental conditions, poisoning of rabbits with phenylhydrazine results in the development of hemolytic hyperchromic anemia and impairment of hematopoiesis in the bone marrow. A decrease in the MetCbl content of the blood serum is observed during spontaneous recovery from this experimentally induced anemia. Administration of MetCbl results in a complete normalization of some blood and hematopoiesis patterns, as well as a restoration of total cobalamin content, and an improved ratio of the spectrum of cobalamin forms. AdeCbl, although somewhat effective, exhibited a distinctly lower effect on the patterns studied.11 
A 50-day treatment with a ferritin preparation combined with folinic acid and AdeCbl was well tolerated and demonstrated efficacy in normalizing various hematological parameters (hemoglobin, hematocrit, red cell count, mean corpuscular volume, iron, and transferrin iron binding capacity) in pregnant women.12 Granese et al similarly report a positive result from the supplementation of a ferritin-AdeCbl-folinic acid preparation to 40 women during pregnancy. A progressive increase in hematological parameters was demonstrated and a complete normalization of red cell morphology was observed.13 
Anorexia: Carnitine and AdeCbl were shown to promote cerebral mass growth, increase neocortical layer thickness and pyramidal neuron volume, and fully restore normal structure of the neocortex in an experimental model of anorexia nervosa. In patients with anorexia nervosa, carnitine and AdeCbl accelerate body weight gain and normalization of gastrointestinal function. Latent fatigue was reported to disappear and mental performance increase under this treatment regimen.14 Korkina et al report the combined use of carnitine and AdeCbl eliminate fluctuations in the work rate and improve the scope and productivity of intellectual work in patients with anorexia nervosa in the stage of cachexia. Latent fatigue in the population studied was not fully removed.15 
Children with infantile anorexia were divided into two groups. One group of children was given 2000 mcg of AdeCbl and 1000 mg of carnitine, while the other group was given cyproheptadine, an anti-histamine used to stimulate appetite. The results of using the AdeCbl and carnitine mixture were judged good by the authors, were comparable to the effects of the pharmaceutical agent, and were produced with no side-effects.16 
Cancer: While information is very limited, both AdeCbl and MetCbl might eventually be shown to have a supportive role in the prevention or treatment of cancer. A significant body of experimental evidence suggests a deficiency of vitamin B12 can enhance the activity of various carcinogens.17 Experimental results also indicate a link between alterations in the intracellular metabolism of cobalamin and the increased growth of human melanoma cells.18 
A methyl group-deficient diet (MGDD) has been shown to result in hypomethylation of DNA and tRNA, and to promote cancer in the liver of rats in as short a period of time as one week. Results of experiments conducted by Wainfan and Poirier support the hypothesis that intake of a MGDD, by causing depletion of SAM pools, results in DNA hypomethylation, and subsequently leads to changes in gene expression.19 Although many of the MGDD-induced alterations in methylation and gene expression occur rapidly, Christman et al have demonstrated they are essentially reversible.20 
It is not surprising that MetCbl, because of its ability to donate a methyl group and because of its role in the regeneration of SAM, the body's universal methyl donor, might be protective against cancer. Cell culture and in vivo experimental results indicate MetCbl can inhibit the proliferation of malignant cells.21 Experimental results also indicate MetCbl can enhance survival time and reduce tumor growth following inoculation of mice with Ehrlich ascites tumor cells.22 Both of the coenzyme forms of vitamin B12 have been shown to increase survival time of leukemic mice. Under the same experimental conditions, CN-Cbl was inactive.23
Although more research is required to verify findings, MetCbl might also enhance the efficacy of methotrexate. MetCbl appears to stimulate the rate of 3H-methotrexate influx into tumors in experimental animals. Miasishcheva et al have suggested, based on kinetic analysis, a dose of 0.01 mg/kg of MetCbl might be an optimal dose for improving the antitumor drug action of methotrexate.24
Heimburger et al have reported that in a preliminary study, four months' treatment with 10 mg of folate plus 500 mcg of OH-Cbl resulted in a reduction of atypia in male smokers with bronchial squamous metaplasia.25 Since folate and cobalamin interact in re-methylation, it is possible MetCbl would have worked as well or better than the OH-Cbl. 
Diabetic Neuropathy: Yaqub et al conducted a double-blind study on the clinical and neurophysiological effects of MetCbl administration in 50 patients with diabetic neuropathy. Each patient in the active group was given 500 mcg of MetCbl orally three times per day for four months. Individuals receiving MetCbl reported subjective improvement in somatic and autonomic symptoms (parasthesias, burning sensations, numbness, loss of sensation, and muscle cramps), and regression of signs of diabetic neuropathy (reflexes, vibration sense, lower motor neuron weakness, and sensitivity to pain). However, motor and sensory nerve conduction studies showed no statistical improvement after four months. MetCbl was well tolerated by the patients and no side-effects were encountered.26 
Power spectral analysis of heart rate variability is a means of detecting the relative activity and balance of the sympathetic/parasympathetic nervous systems, and has been suggested to be a good qualitative method of evaluating sub-clinical diabetic autonomic neuropathy. Yoshioka et al have shown for individuals with NIDDM, oral administration of 1500 mcg/day of MetCbl produces improvements in several components of heart rate variability.27 
Eye function: Experiments indicate chronic administration of MetCbl protects cultured retinal neurons against N-methyl-D-aspartate-receptor-mediated glutamate neurotoxicity. Kikuchi et al suggest the action is probably due to alteration in the membrane properties mediated through methylation by SAM. In their experiments, an acute exposure to MetCbl was not effective in protecting retinal neurons.28 Results also indicate MetCbl enhances the ability to evoke a field potential in rat suprachiasmatic nucleus slices. CN-Cbl had no activity in this experimental model.29 
Iwasaki et al studied the effect of MetCbl on subjects with experimentally induced deterioration of visual accommodation. The authors report the deterioration of accommodation following visual work was significantly improved in individuals receiving MetCbl.30 
Genital-Urinary: Administration of 2g/kg of di(2-ethylhexyl)-phthalate (DEHP) induces severe testicular atrophy, reduction of testicular specific lactate dehydrogenase activity, and decreased zinc, magnesium and potassium concentrations in rats. Co-administration of AdeCbl with DEHP is reported to prevent these changes. MetCbl, when co-administered with DEHP, was unable to prevent the testicular atrophy induced by DEHP under similar experimental conditions.31 
Thirty-nine patients with diagnosed oligozoospermia were divided into two groups and administered MetCbl at a dose of either 6 mg or 12 mg per day for 16 weeks. MetCbl appeared to be transported to seminal fluid very efficiently, and no dose-dependent difference between vitamin B12 concentrations in the serum or seminal fluid was observed between groups. The efficacy rate for the group receiving 6 mg per day was 37.5 percent and for the group receiving 12 mg per day was 39.1 percent.32 
MetCbl was administered daily (1,500 micrograms/day, for 4-24 weeks) to 26 infertile male patients. Patients with azoospermia were excluded from the trial. Sperm concentration increased in 10 cases (38.4%), total sperm count increased in 14 cases (53.8%), sperm motility increased in 13 cases (50.0%), and total motile sperm count increased in 13 cases (50.0%). Serum luteinizing hormone, follicle stimulating hormone, and testosterone were unchanged.33 
HIV: It has been observed that human immunodeficiency virus (HIV) seropositive individuals have decreased levels of metabolites involved in methylation, and that low serum vitamin B12 levels are associated with an increased risk of progression to AIDS; however, the effect of supplementation of coenzyme forms of vitamin B12 on disease progression is unknown. 
May has proposed that the replication of HIV might be, in part, modulated by DNA methylation, and has suggested hypermethylation of the HIV provirus might suppress viral replication and play a role in the establishment of latency. Because of its central role in methylation, MetCbl, as well as SAM and methyltetrahydrofolate, might have potential as therapeutic agents in HIV-infected individuals.34 
Evidence is beginning to suggest low serum vitamin B12 concentrations might precede disease progression in individuals positive for HIV. Tang et al have reported the risk of progression to AIDS is increased in individuals with low serum vitamin B-12 concentrations (RH = 2.21, 95% CI = 1.13-4.34).35 
Weinberg et al investigated cobalamins to determine their ability to modify HIV-1 infection of hematopoietic cells in vitro. Their results indicate, under experimental conditions, OH-Cbl, MetCbl, and AdeCbl inhibit HIV-1 infection of normal human blood monocytes and lymphocytes. They suggest that because of the relative ease with which high blood and tissue levels of cobalamins can be achieved in vivo, these agents "should be considered as potentially useful agents for the treatment of HIV-1 infection."36 
Homocysteinemia and Methyl-malonic Acidemia: Elevated levels of homocysteine and methylmalonic acid can be metabolic indications of decreased levels of the coenzyme forms of vitamin B12, or the presence of a genetic enzyme defect. 
Propelled by evidence that elevated concentrations are associated with an increased risk for a variety of chronic clinical conditions, homocysteine has received a tremendous amount of emphasis in the scientific literature. Because MetCbl is a potential donor of the methyl group required to regenerate methio-nine from homocysteine, a theoretical argument can be used to justify this coenzyme form of vitamin B12 as a part of the nutritional protocol for lowering homocysteine. Araki et al have demonstrated that elevated homocysteine levels are reduced following parenteral treatment with MetCbl. In their trial, ten diabetic patients with elevated plasma levels of homocysteine were administered 1000 mcg of MetCbl i.m. daily for three weeks. Following treatment, the plasma levels of homocysteine decreased from a mean value of 14.7 to 10.2 nmol/ml (P < 0.01).37
Methylmalonic acidemia is generally the result of an inherited metabolic defect, although it is possible to have elevated levels of this metabolite due to a functional deficiency of AdeCbl in the absence of an inherited defect. Bhatt et al have suggested a transient response to OH-Cbl might be misleading and might subsequently impair the therapeutic response to AdeCbl. They further suggest AdeCbl be the cobalamin therapy of choice for individuals with biochemically uncharacterized methylmalonic acidemia.38 
Liver Disease: AdeCbl and MetCbl appear to offer a theoretical advantage over either CN-Cbl or OH-Cbl in the treatment of liver disorders. Although high blood levels of vitamin B12 have been reported in patients with hepatitis, cirrhosis, and other liver disease, it is not unusual to actually have a correspondingly low liver tissue concentration of vitamin B12 and its coenzymes. Glass et al proposed this observation might be due to an impaired ability of the liver to absorb vitamin B12 from the portal circulation.39 
Because a vitamin deficiency can persist during liver disease despite oral vitamin supplementation, Leevy et al have suggested the liver's ability to convert vitamins into metabolically active forms might be compromised.40 It is possible, during these pathological conditions, the liver will not contain adequate supplies of the needed cofactors to optimally form coenzyme analogues of vitamin B12. Because of these factors, Iwarson et al suggested that vitamins used in the treatment of liver disorders should be given in their metabolically active form, thereby eliminating the need for conversion to occur in damaged liver cells.41
In experimentally induced lipid peroxidation of liver microsomes resulting from poisoning of rabbits with phenylhydrazine, MetCbl and AdeCbl were shown to modulate the activity of the monooxygenase system. MetCbl appeared to induce the system, and AdeCbl seemed to repress the system. Administration of MetCbl into poisoned rabbits stimulated the activities of dimethyl aniline N-demethylase, aniline p-hydroxylase, NADPH-cytochrome P-450, and NODH-cytochrome b5 reductases as compared with normal state, while AdeCbl inhibited the reduction of all the monooxygenase system patterns studied. Although the therapeutic relevance of these actions of the coenzyme forms of vitamin B12 on the monooxygenase system is open to debate, the authors observed that both of these coenzymes contributed to normalization of lipid peroxidation in liver microsomes of poisoned rabbits.42 AdeCbl also exerts hepato-protective activity after carbon tetrachloride-induced hepatitis in rabbits. The normalization of results from the sulfobromophthalein test and the normalization of activity of sorbitol dehydrogenase and alanine aminotransferase indicate AdeCbl enhanced the recovery process.43 
In an experimental model, a low protein choline-deficient diet, although it did not change total cobalamin content in the liver of rats, significantly decreased total and non-protein sulfhydryl (SH)-group levels as well as GSH transferase activity in the liver. MetCbl (but not AdeCbl) administration restored non-protein SH-group levels and GSH transferase activity, and administration of both MetCbl and AdeCbl normalized total SH-group content.44 
AdeCbl appears to be a useful supplement for support of patients with hepatitis A. Two groups of patients from the same hepatitis A epidemic received either AdeCbl or OH-Cbl. Patients were given 1 mg per day i.m. for the first 12 days and then received 1 mg orally for the next 23 days. The group treated with AdeCbl had a quicker return to normal of serum aminotransferase levels.41 Fossati reported improvements in body weight and appetite in adults with liver disease and chronic pulmonary tuberculosis following supplementation with 6 mg/day of AdeCbl for three months.45 
Medina et al treated 37 people suffering from viral hepatitis with either AdeCbl or CN-Cbl. Their observations indicate the AdeCbl was significantly more efficacious than CN-Cbl in normalizing total bilirubin, serum glutamic oxaloacetic transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT), and alkaline phosphatase values. The AdeCbl was administered i.m. at a dose of 1 mg per day for the first 12 days and then orally for the next 12 days. After 24 days total bilirubin was normal in 13/18, SGOT in 15/18, SGPT in 10/18, and alkaline phosphatase in 18/18 subjects receiving AdeCbl.46 
Resta et al have reported a combination of AdeCbl, along with liver extract, adrenal cortex extract, and nucleosides, is effective in normalizing SGOT, SGPT, and total bilirubin values in patients with a variety of acute liver diseases. In their study, one group of patients received the extracts (E) and another group of patients received the extracts plus AdeCbl (E + C). After 21 days of supplementation, total bilirubin, SGOT and SGPT were normalized in 18 of 20 patients in the E + C group. Corresponding values in the group receiving E alone were 15/20, 13/20, and 12/20.47 Teti et al have similarly reported improvements in parameters of liver function following administration of a complex containing 3 mg of AdeCbl.48 
Sleep Disturbances: The use of MetCbl in the treatment of a variety of sleep-wake disorders is very promising. Although the exact mechanism of action is not yet elucidated, it is possible MetCbl is needed for the synthesis of melatonin, since the biosynthetic formation of melatonin requires the donation of a methyl group. Based on available information, MetCbl appears to be capable of modulating melatonin secretion, enhancing light-sensitivity, and normalizing circadian rhythm.
Uchiyama et al have reported that intravenous injections of MetCbl increased rectal temperature in the later hours of the daytime and correspondingly improved alertness, as assessed with a visual analog scale, during the same time interval. They suggest these observations were mediated by an effect of MetCbl on the circadian clock.49 
Tomoda et al report a case of a 13-year-old male with adrenoleukodystrophy who had developed a sleep-wake disorder subsequent to his complete loss of vision. His sleep-wake cycle had been 25 hours; however, following administration of MetCbl, his sleep-wake rhythm was normalized. After MetCbl therapy, circadian rhythms in his plasma melatonin and beta-endorphin levels approximated those of healthy volunteers, and his peak cortisol time shifted backward.50
Yamada et al have reported the successful treatment of a 32-year-old male patient, who had suffered from recurrent hypersomnia for 12 years, with administration of MetCbl. During this period of time, the individual had experienced several episodes of hypersomnia, lasting a few days at a time, reoccurring each year. The individual had also reported the frequency of these episodes had increased during the past two years. MetCbl was administered for six months, during which time no episodes of hypersomnia were experienced. After cessation of treatment, over a follow-up observation period of 17 months, no episodes of hypersomnia were noted.51 
Ohta et al report that two adolescent patients suffering from persistent sleep-wake schedule disorders appear to have responded to treatment with MetCbl. In this report, a 15-year-old girl diagnosed with delayed sleep phase syndrome (DSPS) and a 17-year-old boy with free-running sleep-wake rhythm (hypernychthemeral syndrome), had consistently complained of not being able to attend school despite trials of several different medications. Immediately following administration of 3 mg/day of MetCbl, an improvement of both sleep-wake rhythm disorders was observed. Serum concentrations of vitamin B12 during treatment were in the high range of normal or above normal. The duration of the sleep period of the DSPS patient decreased gradually from 10 hours to 7 hours, and the time of sleep onset advanced from 2 a.m. to midnight. The period of the sleep-wake cycle of the hypernychthemeral patient was 24.6 hours before treatment and 24.0 hours after treatment. Neither of these patients had shown any laboratory or clinical evidence suggestive of vitamin B12 deficiency prior to the therapy.52 
Mayer et al investigated the effects of MetCbl and CN-Cbl on circadian rhythms, well-being, alertness, and concentration in healthy subjects. Six women and 14 men were randomly assigned to receive either 3 mg of MetCbl or 3 mg of CN-Cbl for 14 days. All individuals were initially observed for nine days prior to beginning either supplementation regime. Activity from 2300-0700 hours increased significantly with supplementation of both forms of vitamin B12. However, sleep time was only significantly reduced in the group receiving MetCbl. In this group, improvements in subjective parameters of "sleep quality," "concentration," and "feeling refreshed," as determined by a visual analog scale, were correlated with vitamin B12 plasma levels during the first week of MetCbl supplementation. No observed changes in either cortisol excretion or temperature were noted in individuals receiving either form of vitamin B12. The authors concluded that, "...only methylcobalamin has a positive psychotropic alerting effect with a distribution of the sleep-wake cycle toward sleep reduction."53 
Eight young males were subjected to a single-blind cross-over test to determine the effects of MetCbl on the phase-response of the circadian melatonin rhythm to a single bright light exposure. MetCbl (0.5 mg/day) was injected intravenously at 1230 hours for 11 days. Starting on day 12, this regimen was superseded by oral administration of MetCbl (2 mg tid) for seven days. The melatonin rhythm before the light exposure showed a smaller amplitude in the individuals treated with MetCbl than in those receiving the placebo. The light exposure phase-advanced the melatonin rhythm significantly in the MetCbl group, but not in the placebo group, indicating MetCbl enhanced the light-induced phase-shift in the human circadian rhythm.54 
Miscellaneous: A combination of a coenzyme complex combining AdeCbl, pyridoxal phosphate, and phosphaden appears to be efficacious in the treatment of patients with infectious allergic myocarditis. Mazurets et al report a corrective action of this metabolic therapy on myocardial enzymatic status. Antiarrhythmic and cardiotonic actions of the coenzyme complex were also noted.55 
Jaludin et al included sixty patients with Bell's palsy in an open randomized trial. Patients were assigned to one of three treatment groups: steroid, MetCbl, or MetCbl + steroid. The quickest time required for complete recovery of facial nerve function occurred in the group receiving MetCbl alone (mean of 1.95 +/- 0.51 weeks); however, the mean recovery time of the group receiving MetCbl and steroid treatment was similar (2.05 +/- 1.23 weeks). Individuals receiving only steroid treatment had a mean recovery time of 9.60 +/- 7.79 weeks). The authors also noted the facial nerve score after 1-3 weeks of treatment was significantly better in individuals receiving MetCbl than in those only receiving steroid therapy. The improvement of concomitant symptoms was also better in the groups treated with MetCbl.56 
Katsuoka et al reported a case of a 48-year-old woman with a positive response to MetCbl. Her initial complaint was gait disturbance; however, by the time she was evaluated, her symptoms had progressed to motor weakness, sensory disturbances in her limbs, and dementia. She also had widespread coarse hair. In response to injections of 500 mcg of MetCbl every other day, the patient's paresthesia resolved, hand grip strength improved, and her dementia was evaluated as reduced. Her gait also improved, until she was able to walk on tiptoe, and her hair texture returned to normal.57


Dosage and Toxicity 
A therapeutic dose for conditions requiring MetCbl would be a minimum of 1500 mcg and a maximum of 6000 mcg per day. No significant therapeutic advantage appears to occur from dosages exceeding this maximum dose; however, it is likely that beneficial physiological effects occur at dosages as low as 100 mcg per day, especially if this dose is given repetitively over time. 
A therapeutic dose for AdeCbl is 1000-6000 mcg per day. Similarly, some physiological benefits are likely to occur at repetitive doses far below this therapeutic range. 
Both MetCbl and AdeCbl have been administered orally, intramuscularly, and intravenously; however, positive clinical results have been reported irrespective of the method of administration. It is not clear whether any therapeutic advantage is gained from non-oral methods of administration. 
MetCbl and AdeCbl have usually been administered in divided doses three times daily. These supplements have excellent tolerability and no known toxicity. AdeCbl has been administered safely during pregnancy. No rationale exists to suspect MetCbl would not also be safe during pregnancy. 


Conclusion 
AdeCbl and MetCbl are the coenzyme forms of vitamin B12 utilized in the vitamin B12-dependent enzymes in humans. Because the coenzyme forms bypass several of the enzymatic reactions required for the formation of the functional forms of vitamin B12, they offer a theoretical advantage in cobalamin supplementation. Both AdeCbl and MetCbl are retained in the body better and increase tissue concentrations of cobalamin better than CN-Cbl. Additionally, the coenzyme forms of vitamin B12 demonstrate a range of activity and clinical results not shown by the other supplemental forms of vitamin B12. 
It is important to remember that circulating levels of vitamin B12 are not always a reflection of tissue levels, and that even if an adequate supply of cobalamin appears in the circulation, a functional deficiency of the coenzyme forms might coexist in tissues and other body fluids. Although CN-Cbl will usually increase circulating levels of cobalamin, its ability to increase tissue levels of the active forms of vitamin B12 can be limited in a range of sub-clinical and clinical conditions. Even in a best case scenario, the activation of CN-Cbl to either AdeCbl or MetCbl does not occur instantly, possibly occurring over 1-2 months, and requires the interaction of GSH, reducing agents, possibly alpha-tocopherol, and in the case of MetCbl, SAM and the active form of folic acid. 
The use of either AdeCbl and/or MetCbl offers a significant biochemical and therapeutic advantage over other existing forms of vitamin B12, and should be considered as a first-line choice for correcting vitamin B12 deficiency and treating conditions shown to benefit from cobalamin administration. 


References 
1. Qureshi AA, Rosenblatt DS, Cooper BA. Inherited disorders of cobalamin metabolism. Crit Rev Oncol Hematol 1994;17:133-151. 
2. Pezacka E, Green R, Jacobsen DW. Glutathionylcobalamin as an intermediate in the formation of cobalamin coenzymes. Biochem Biophys Res Comm 1990;2:443-450. 
3. Cooper BA, Rosenblatt DS. Inherited defects of vitamin B12 metabolism. Ann Rev Nutr 1987;7:291-320. 
4. Turley CP, Brewster MA. Alpha-tocopherol protects against a reduction in adenosylcobalamin in oxidatively stressed human cells. J Nutr 1993;123:1305-1312. 
5. Pappu AS, Fatterpaker P, Srenivasan A. Possible interrelationship between vitamins E and B12 in the disturbance in methylmalonate metabolism in vitamin E deficiency. Biochem J 1978;172:115-121. 
6. Glusker JP. Vitamin B12 and the B12 coenzymes. Vitam Horm 1995;50:1-76. 
7. Okuda K, Yashima K, Kitazaki T, Takara I. Intestinal absorption and concurrent chemical changes of methylcobalamin. J Lab Clin Med 1973;81:557-567. 
8. Heinrich HC, Gabbe EE. Metabolism of the vitamin B12-coenzyme in rats and man. Ann NY Acad Sci 1964;112:871-903. 
9. Lederle FA. Oral cobalamin for pernicious anemia. Medicines best kept secret? JAMA 1991;265:94-95. 
10. Berlin H, Brante G, Pibrant A. Vitamin B12 body stores during oral and parenteral treatment of pernicious anemia. Acta Med Scand 1978;204:81-84. 
11. Tsukerman ES, Pomerantseva TIa, Poznanskaia AA, et al. Effect of methyl-cobalamin and adenosylcobalamin on the process of hematopoiesis and vitamin B12 exchange in experimental phenylhydrazine-induced anemia in rabbits. Vopr Med Khim 1989;35:106-111. [Article in Russian] 
12. Fochi F, Ciampini M, Ceccarelli G. Efficacy of iron therapy: a comparative evaluation of four iron preparations administered to anaemic pregnant women. J Int Med Res 1985;13:1-11. 
13. Granese D, Retto G, Scurria L, Borgese R. Associazione ferritina, coenzima adenosilcobalaminico, coenzima folico: impiego in gravidanza. Min Ginecol 1986;38:93-100. [Article in Italian] 
14. Korkina MV, Korchak GM, Medvedev DI. Clinico-experimental substantiation of the use of carnitine and cobalamin in the treatment of anorexia nervosa. Zh Nevropatol Psikhiatr 1989;89:82-87. [Article in Russian] 
15. Korkina MV, Korchak GM, Kareva MA. Effects of carnitine and cobamamide on the dynamics of mental work capacity in patients with anorexia nervosa. Zh Nevropatol Psikhiatr Im S S Korsakova 1992;92:99-102. [Article in Russian] 
16. Giordano C, Perrotti G. Clinical studies of the effects of treatment with a combination of carnitine and cobamamide in infantile anorexia. Clin Ter 1979;88:51-60. [Article in Italian] 
17. Eto I, Krumdieck CL. Role of vitamin B12 and folate deficiencies in carcinogenesis. Adv Exp Med Biol 1986;206:313-330. 
18. Liteplo RG, Hipwell SE, Rosenblatt DS, et al. Changes in cobalamin metabolism are associated with the altered methionine auxotrophy of highly growth autonomous human melanoma cells. J Cell Physiol 1991;149:332-338. 
19. Wainfan E, Poirier LA. Methyl groups in carcinogenesis: effects on DNA methylation and gene expression. Cancer Res 1992;52:2071S-2077S. 
20. Christman JK, Sheikhnejad G, Dizik M, et al. Reversibility of changes in nucleic acid methylation and gene expression induced in rat liver by severe dietary methyl deficiency. Carcinogenesis 1993;14:551-557. 
21. Nishizawa Y, Yamamoto T, Terada N, et al. Effects of methylcobalamin on the proliferation of androgen-sensitive or estrogen-sensitive malignant cells in culture and in vivo. Int J Vitam Nutr Res 1997;67:164-170. 
22. Shimizu N, Hamazoe R, Kanayama H, et al. Experimental study of antitumor effect of methyl-B12. Oncology 1987;44:169-173. 
23. Tsao CS, Myashita K. Influence of cobalamin on the survival of mice bearing ascites tumor. Pathobiology 1993;61:104-108. 
24. Miasishcheva NV, Gerasimova GK, Il'ina NS, Sof'ina ZP. Effect of methylcobalamin on methotrexate transport in normal and tumorous tissues. Biull Eksp Biol Med 1985;99:736-738. [Article in Russian] 
25. Heimburger DC, Alexander CB, Birch R, et al. Improvement in bronchial squamous metaplasia in smokers treated with folate and vitamin B12. Report of a preliminary randomized, double-blind intervention trial. JAMA 1988;259:1525-1530. 
26. Yaqub BA, Siddique A, Sulimani R. Effects of methylcobalamin on diabetic neuropathy. Clin Neurol Neurosurg 1992;94:105-111.
27. Yoshioka K, Tanaka K. Effect of methylcobalamin on diabetic autonomic neuropathy as assessed by power spectral analysis of heart rate variations. Horm Metab Res 1995;27:43-44. 
28. Kikuchi M, Kashii S, Honda Y, et al. Protective effects of methylcobalamin, a vitamin B12 analog, against glutamate-induced neurotoxicity in retinal cell culture. Invest Ophthalmol Vis Sci 1997;38:848-854. 
29. Nishikawa Y, Shibata S, Shimazoe T, Watanabe S. Methylcobalamin induces a long-lasting enhancement of the field potential in rat suprachiasmatic nucleus slices. Neurosci Lett 1996;220:199-202. 
30. Iwasaki T, Kurimoto S. Effect of methylcobalamin in accommodative dysfunction of eye by visual load. Sangyo Ika Daigaku Zasshi 1987;9:127-132. [Abstract] 
31. Oishi S. Prevention of di(2-ethylhexyl) phthalate-induced testicular atrophy in rats by co-administration of the vitamin B12 derivative adenosylcobalamin. Arch Environ Contam Toxicol 1994;26:497-503. 
32. Moriyama H, Nakamura K, Sanda N, et al. Studies on the usefulness of a long-term, high-dose treatment of methylcobalamin in patients with oligozoospermia. Hinyokika Kiyo 1987;33:151-156. [Abstract] 
33. Isoyama R, Kawai S, Shimizu Y, et al. Clinical experience with methylcobalamin (CH3-B12) for male infertility. Hinyokika Kiyo 1984;30:581-586. [Abstract] 
34. May BA. A novel antiviral strategy for HIV infection. Med Hypotheses 1993;40:93-94. 
35. Tang AM, Graham NM, Chandra RK, Saah AJ. Low serum vitamin B-12 concentrations are associated with faster human immunodeficiency virus type 1 (HIV-1) disease progression. J Nutr 1997;127:345-351. 
36. Weinberg JB, Sauls DL, Misukonis MA, Shugars DC. Inhibition of productive human immunodeficiency virus-1 infection by cobalamins. Blood 1995;86:1281-1287. 
37. Araki A, Sako Y, Ito H. Plasma homocysteine concentrations in Japanese patients with non-insulin-dependent diabetes mellitus: effect of parenteral methylcobalamin treatment. Atherosclerosis 1993;103:149-157. 
38. Bhatt RH, Linnell JC, Barltrop D. Treatment of hydroxycobalamin-resistant methylmalonic acidemia with adenosylcobalamin. Lancet 1986;2:465. [Letter] 
39. Glass GBJ, Boyd LJ, Ebin L. Radioactive vitamin B12 in the liver. J Lab Clin Med 1958;52:849-859. 
40. Leevy CM, Thompson A, Baker H. Vitamins and liver injury. Am J Clin Nutr 1970;23:493-499. 
41. Iwarson S, Lindberg J. Coenzyme B-12 therapy in acute viral hepatitis. Scand J Infect Dis 1977;9:157-158. 
42. Korsova TL, Morozova NA, Poznanskaia AA, Kurganov BI. Comparative study of the effect of vitamin B12 coenzymes on monooxygenase system and lipid peroxidation in the liver of rabbits poisoned with phenylhydrazine. Vopr Med Khim 1989;35:97-102. [Article in Russian] 
43. Tebenchuk GM, Lukashuk VD, Lipkan GN, Stepanenko VV. Antitoxic action of cobamamide in experimental hepatitis. Farmakol Toksikol 1984;47:87-90. [Article in Russian] 
44. Tsukerman ES, Korsova TL, Poznanskaia AA. Vitamin B12 metabolism and the status of sulfhydryl groups in protein-choline deficiency in rats. Effects of methyl- and adenosyl-cobalamins. Vopr Pitan 1992;1:40-44. [Article in Russian] 
45. Fossati C. On use of cobamamide in a group of hospitalized patients with pulmonary tuberculosis. Minerva Med 1971;62:4638-4646. [Article in Italian] 
46. Medina F, Vitali D. Controlled clinical research with cobamamide in the treatment of viral hepatitis. Clin Ter 1968;46:139-144. [Article in Italian] 
47. Resta M, Vitali D, Medina F. Controlled clinical trial of a liver extract combined with high doses of nucleosides, cobamamide and adrenal cortex extract in the treatment of acute liver diseases. Clin Ter 1972;62:213-223. [Article in Italian] 
48. Teti V, Acerbi F, Nitti G. Protection of liver by a cortico-vitamin-liver extract combination and cobamamide. Clin Ter 1974;68:67-73. [Article in Italian] 
49. Uchiyama M, Mayer G, Okawa M, Meier-Ewert K. Effects of vitamin B12 on human circadian body temperature rhythm. Neurosci Lett 1995;192:1-4. 
50. Tomoda A, Miike T, Matsukura M. Circadian rhythm abnormalities in adrenoleukodystrophy and methyl B12 treatment. Brain Dev 1995;17:428-431. 
51. Yamada N. Treatment of recurrent hypersomnia with methylcobalamin (vitamin B12): a case report. Psychiatry Clin Neurosci 1995;49:305-307. 
52. Ohta T, Ando K, Iwata T, et al. Treatment of persistent sleep-wake schedule disorders in adolescents with methylcobalamin (vitamin B12). Sleep 1991;14:414-418. 
53. Mayer G, Kroger M, Meier-Ewert K. Effects of vitamin B12 on performance and circadian rhythm in normal subjects. Neuropsycho-pharmacology 1996;15:456-464. 
54. Hashimoto S, Kohsaka M, Morita N, et al. Vitamin B12 enhances the phase-response of circadian melatonin rhythm to a single bright light exposure in humans. Neurosci Lett 1996;220:129-132. 
55. Mazurets AF, Gurevich MA, Kubyshkin VF, et al. Coenzyme metabolic therapy in infectious allergic myocarditis. Klin Med (Mosk) 1995;73:41-43. [Article in Russian] 
56. Jalaludin MA. Methylcobalamin treatment of Bell's palsy. Methods Find Exp Clin Pharmacol 1995;17:539-544. [Abstract] 
57. Katsuoka H, Watanabe C, Mimori Y, Nakamura S. A case of vitamin B12 deficiency with broad neurologic disorders and canities. No To Shinkei 1997;49:283-286. [Abstract]
