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The severance of nerves in all living beings occurs frequently. Every deep cut severing capillaries will usually also sever some nerve fibers. It is apparent that as the normal process of healing the wound takes place, the injured nerve fiber also heals; otherwise all areas of injury would probably end up numb permanently. The amount of healing that takes place and the method by which it is caused to happen may be due to several factors. Becker’s theories of Perinueral currents along the glial cells offer a possible insight into the process.

When an injury takes place along a nerve fiber, the ‘circuit’ for Perinueral current flow is broken. A small current flows from the proximal severed fiber to its distal counterpart. The research carried out by Becker suggests that this current of injury has two possible effects. These are:

 

a)      Repair is initiated in the damaged glial cell.
b) 
The small current flowing across the injury site stimulates      healing. 
 
Nerve regeneration takes the form of a tube of glial cells slowly growing across the injury site to meet up with its distal segment. This is followed by the nerve fiber (axon) regenerating within the tube. The method of targeting with small nerve injuries to the correct distal segment may be due to chemo tactic processes, that is, chemical signals given out the distal site will cause regenerative growth to a very specific point reconnecting the nerve and establishing its original function. 

 

Regeneration of more complex bundles of nerves servicing motor functions and from dermal regions would have greater problems in their regeneration process. This is because of location of the nerves, i.e. within the central nervous system or in the peripheral system. Neural repair to severances in either the whole or part of the spinal chord rarely re-establishes normal function because of the many fibers bundled together and also the type of glial cell surrounding them. Within the central nervous system each nerve fiber is surrounded by myelin formed from Oligodenrocyte cells. These cells have up to sixteen ‘arms’ which each wrap around nerve fibers. Damage to just one cell, therefore, affects many fibers. Research studying severed spinal chords has shown some evidence of re-growth of the nerves but where the fracture has been successfully bridged, these have been shown to be relatively few in number and also random in their attachments.

 

 

The peripheral nervous system is less complicated since each glial cell is single celled. These are called Swann cells and are known to recover from injury. With the total severance of major peripheral nerve bundles some repair and regeneration may take place but it is debatable whether full function would ever be regained.

 

The question as to whether any aid to the repair and regeneration of nerve injuries can take place depends on the type of therapy being used. The normal process would take place unless multiple injuries or disease have affected the area. Speeding up the process may be aided by pulsating magnetic fields. This may induce extra current flow into the Perinueral current flow and increase the current of injury. Also, damaged Swann/Oligodenrocyte cells may be helped in the normal process of repair as with any cells by assistance to cationic/anionic flows through their membranes. There has been some research into the use of PMF to aid regeneration, such as that by Sisken (1990) and Walker (1993) and this has generated interest in further trials using pulsed magnetic therapy.

A possible treatment regime for nerve injuries would be pulsed magnetic therapy set at specific frequencies. Research has suggested that neurons respond more to pulsating frequencies of 200Hz and above.  This causes hyper-polarization at the synapse and is more to do with the inhibition of chemical transmissions across the synaptic gap. However, where there is neural injury applying the 200Hz may have a number of effects. 

These are: 

a) a)     Possible greater induction along the glial cells than induced by 50Hz. This may aid the establishment of currents of injury to sufficiently high levels to initiate glial cell regeneration.  

b) b)     Supply the proximal and distal segments of the injured axons with the required nutrients to sustain them, thereby preventing the possibility of a permanent injury. 

c) c)     Another benefit may be the reduction of pain from receptors in close proximity to the site. 

 

Pulse frequencies applied with the 200Hz would have to be determined by effect as they may differ for the type and size of injury. One possible method would be to use a constant setting in the initial stages, which may be reduced to 5Hz once healing is established.

"The drug companies are conducting a $150 million campaign to prevent any move to lower drug prices, allocating $9.5 million to public relations, even $1 million to get rid of the national health care system in Canada."

Why B12 is Important
Methylcobalamin (methyl B12) is the neurologically active, most bioavailable and best utilized form of vitamin B12. Methyl B12 is more effective than traditional forms of B12 for treating pernicious anemia (B12 deficiency) as there is no need for conversion by the body and is better retained by the liver and other tissues.

Clinical studies have documented the efficacy of methyl B12 in slowing down or even reversing the effects on nerve tissue. Methyl B12 also appears to play a role in balancing brain chemicals and synthesizing neurotransmitters, which are the chemical means of communication between nerve cells. Studies also demonstrate B12's ability to reduce high homocysteine serum levels, which have been linked to arterial injury. 

Methyl B12 has exhibited beneficial effects against brain aging, irregular sleep patterns and reducing high homocysteine serum levels. It may also support immune function, and promote normal cell growth. 

Methyl B12 represents one of the best values in nutritional products, given its comparably low cost and its wide range of potential benefits.

Methyl B12 is The Superior Form of Vitamin B12
Of the six structurally related compounds generically termed vitamin B12, methyl B12 possesses numerous distinct advantages: 

· Easily absorbed

Jarrow Formulas Methyl B12 lozenges are dissolved under the tongue, where a small additional amount is absorbed directly into the bloodstream before swallowing to further advance absorption. 98% of vitamin B-12 deficiency is due to poor gut absorption.

Methycobalamin is also safer than cyanocobalamin, which contains trace amounts of cyanide. 

· 100% Active Coenzyme

Methyl B12 is one of only two forms of vitamin B12 that is in an active, coenzymated state (the other being adenosylcobalamin). Most other cobalamin forms can be converted to coenzymes, but the process is inefficient. In fact, in order for ordinary vitamin B12 to be activated and ready for methyl donation, it must first be converted to methylcobalamin by S-Adenosylmethionine (aka SAMe), an important intermediate metabolite. 

· Efficiently Utilized

Human urinary excretion of methyl B12 is about one-third that of a similar dose of cyanocobalamin, indicating substantially greater tissue retention. 

· Neurologically Active

In nerve and brain tissue, only methyl B12 initiates methylation, a process by which methyl groups (from methyl B12) are donated to the myelin sheath that insulates nerve fibers, maintaining and regenerating neurons. Methyl B12 plays a role in the synthesis of the neurotransmitters serotonin, dopamine, and norepinephrine. 

· Lowers Homocysteine Level

Methyl B12 is a catalyst for the biochemical conversion of homocysteine (linked to arterial damage) to methionine, an essential amino acid.

Documented Effects of Methyl B12
Methyl B12 has demonstrated beneficial effects on a variety of physiological states. Some of the highlights of the current research are:

Brain Aging

Methyl B12 has been shown to prevent cellular degradation in the brain due to glutamate-, aspartate-, and nitroprusside-induced cytotoxicity. Such chemicals regularly circulate within the brain, but when present in excess can kill ageing brain cells. 

The ability of methyl B12 to protect brain cells against glutamate-induced cytotoxicity synergizes with L-dopa supporting regimens. Based on this same protective mechanism, clinical studies have also administered large amounts of methyl B12 to Alzheimer's patients as a nutritional aid. Patients exhibited better cognitive functions such as memory, elevated mood and improved communication with other people when their levels of methylated B12 were improved. 

Nerve Function

Methy B12 improves nerve function by contributing to nerve myelination. It has also been shown to stimulate protein synthesis for repair and neural regeneration in motor neurons. 

Irregular cell growth

Administration of methy B12 has been shown to facilitate normal cell growth in mice. 

Immune Function 

A clinical study showed that methy B12 improved the activity of T-cells (cells involved in immune response). 

Sleep Patterns

Methyl B12 initiates better 24-hour sleep patterns by provoking the pineal gland to release melatonin ("the sleep hormone") earlier in the evening. At the end of the sleep cycle, it causes the circulating melatonin levels to decrease earlier, making morning wake-ups much more refreshing. 

Muscle Contraction

A double-blind controlled study showed that high doses of methyl B12 significantly increased averaged Compound Muscle Action Potential amplitudes (CMAPs). Extended clinical trials may be able to demonstrate methyl B12's potential usefulness in improving or slowing muscle wasting. 

Risk Factors for Vitamin B12 Deficiency
Advancing age, medication, and diet are the primary (but not the only) risk factors for vitamin B12 deficiency. It is recommended that individuals over fifty years of age get most of their intake from supplements or vitamin B12-fortified foods. This recommendation is based on estimates that up to 40 percent of older individuals may (with or without their knowledge) suffer from reduced gastric hydrochloric acid (atrophic gastritis), a condition that impairs absorption of protein-bound vitamin B12 in food. Medications for stomach ulcers, heartburn, or gastro-esophageal reflux inhibit gastric secretions, also impairing vitamin B12 absorption. Of course, any individual with disorders of the digestive tract (regardless of age) may be at risk for malabsorption and deficiency of various nutrients including vitamin B12.

Diet is another risk factor for vitamin B12 deficiency. The best sources of B12 are animal products such as meat. eggs, and fish. Strict vegetarians (those who eat no animal products), therefore, are at greater risk of B12 deficiency.
Nerve Regeneration:

Thyroid Hormone Replacement
In order for a nerve fiber to fire, or conduct a nervous impulse, it must first be excitable. To ensure excitability, the thyroid hormone triiodothyronine (T3) must be present in sufficient quantities. In the absence of T3, a nerve fiber will not conduct an impulse.

In neuropathy associated with elevated insulin levels, very common in diabetes Type II with obesity, there is often a decrease of circulating T3, which needs to be replaced. The best replacement medication is called Cytomel, which contains the peripherally active T3 thyroid component.

Carnosine
Glycation is the name of a process in which glucose reacts with protein in an undesired way, resulting in sugar-damaged proteins (similar to browning food in the oven) called advanced glycation end products (AGEs). The formation of AGEs happens in everyone and is a major factor in the aging process itself. These damaged proteins may lead to premature signs of aging (wrinkles and brown spots) and in the long run to damaging effects on most organ systems within the body. Glycation reactions are accelerated in the diabetic patient and contribute to the development of diabetic complications.

It has been observed that glycated proteins produce 50-fold more free radicals than nonglycated proteins. As a result of this, AGEs exert multiple detrimental effects in the body. For example, AGEs-induced free radicals activate the proinflammatory cytokine tumor necrosis factor alpha (TNF-alpha), known to be elevated in the elderly. TNF-alpha has been shown to be particularly high in inflammatory diseases of the CNS (Alzheimer's disease, multiple sclerosis, and ischemia) and is considered to promote neurodegeneration (Venters et al. 1999).

AGEs formation is increased under conditions of oxidative stress, such as glutathione depletion that can be found in the substantia nigra in the brain of patients with Parkinson's disease. Glutathione is suggested to be the decisive factor that triggers the formation of Lewy bodies in presymptomatic cases of this disease.

The amino acid carnosine is a natural AGEs inhibitor found in high concentrations in the brain, in muscle tissue, and in the lens of the human eye. It is also known to be an antioxidant capable of protecting cell membranes and other cell structures. In vitro studies demonstrated that carnosine inhibits glycosylation and crosslinking of proteins induced by reactive aldehydes and that it is effective in reducing AGEs formation by competing with proteins for binding with the sugars. Carnosine has been recommended by researchers for possible treatment in diabetic complications, inflammatory disorders, and possibly Alzheimer's disease (Hipkiss et al. 1998).

Nerve damage (rats) 
This controlled study found that exposure to pulsed electromagnetic fields enhanced the speed and degree of peripheral nerve regeneration twofold in rats with experimentally severed sciatic nerves. 
Nerve damage (rats) 
Results of this controlled study demonstrated that treatment with 15 minutes per day of pulsed electromagnetic fields enhanced recovery time of experimentally-injured nerves in rats. 
Nerve damage (rats) 
Results of this study indicated that the use of pulsed electromagnetic fields on experimentally divided and sutured nerves in rats sped up regeneration of damaged nerves and the time ittook for limb use to be recovered. 
Inflammation – arthritis (rats) 
Three hours of exposure to a 50-Hz magnetic field in this study revealed that experimentally induced inflammation and suppressed arthritis in rats was significantly inhibited as a result. 
Synovitis 
This study examined the effects of magnetic fields on synovitis in rats. Results showed that the placement of a 3800-gauss magnet on the bottom of the cage significantly suppressed inflammation associated with the condition, relative to controls.
EMF stimulation has been used successfully in the clinical setting to promote healing of ununited fractures. 
Pretreatment of rats with pulsed EMFs enhances regeneration of the sciatic nerve.

in animals treated with a pulse-burst EMF there was a statistically significant improvement in the labeling and localization of anterior horn cells in the CNS. Pulse-burst EM radiation can increase the numbers of motor neurons that reestablish appropriate connections to the periphery after nerve injury.

Exposure to a PEMF of short duration may have implications for the treatment of acute stroke. PMID: 8074737, UI: 94354894.

Magnetic currents:

College has demonstrated that exposure to magnetic fields can result in growth and regeneration of nerves. Dr. Saxena, who was in charge of the research used low-level magnetic fields to trigger growth and regeneration of nerve sections in a culture medium (basically a petri dish). The study also found that those nerves that were not exposed to the magnetic fields experienced nerve degeneration. 1. Dr. Saxena said "At the end of the year, we found that included in the new growth was the myelin sheath, a structure responsible for normal nerve conduction of impulses. These findings are especially important because the myelin sheath is the part of the nerve cell that actually conducts the electrical impulses." E. Another means to restore nerve impulse traffic in both directions through the injured spinal cord is to allow these impulses to cross the regions on the nerve fibers that have been stripped of their insulation, or myelin. The electrical conduction of nerve impulses are blocked at these regions, and though the fiber may be intact, it is still "silent." If nerve impulses do not decay in this damaged region, but are conducted to the other side, then they are carried through the rest of the nervous system in a normal fashion.

Electrical current has been proven to have a beneficial effect on nerves, so it can also be used in the repair process. The hope behind this research is that peripheral nerve regeneration can be improved and that eventually the regeneration of the spinal cord, where the most debilitating of injuries occur, will be possible. 

Fibrin Is Critical In Regeneration Of Myelin Sheath
Multiple sclerosis (MS) is characterized by damage to our nerve fibers' “myelin sheaths,” the thick layers of specialized insulating cells that normally wrap around them. 

Myelin damage causes nerve signals to be slowed, shorted, or blocked, resulting in the well-known difficulties MS sufferers have in controling the muscles to which those nerves lead. 

Under normal circumstances, the myelin sheath can regenerate after damage. However, factors made by the nerve and surrounding cells regulate this regenerative capacity. Our understanding of what these factors are and how they control regeneration and remyelination is still limited. 

Now, in today's issue of Neuron, a Rockefeller University research team led by Sidney Strickland reports the identification of the blood clotting factor fibrin as a critical protein in the regulation of regeneration of the myelin sheath following injury. 

The body usually makes fibrin to allow the blood to clot over a wound. However, researchers have previously also observed that it accumulates in damaged nerves immediately following the injury. Such fibrin deposition is subsequently cleared, and this clearance seems to correlate with the timing of nerve regrowth and repair. Increased deposition has also been reported at the site of nerve lesions in MS patients. 

Strickland and colleagues studied nerve regeneration in mice lacking fibrin. Strikingly, the mice lacking fibrin regenerated crushed nerves significantly faster than mice with fibrin. 

After further investigation, the researchers discovered that this is possible because fibrin normally plays a role in keeping sheath cells in an immature state in which they are not capable of regenerating the intact myelin sheath. In the absence of fibrin, sheath cells are able to mature more quickly and can more efficiently remyelinate damaged nerves. 

These results point the way toward a potentially new treatment for nerve injuries and suggest that preventing fibrin deposition may be a means to enhance the nervous system's natural regenerative capacities. 

Leprosy Bug Yields Insight Into Nerve Degeneration
In today's issue of Science, scientists at Rockefeller University and New York University School of Medicine report that the nerve damage that leads to a loss of sensation and disability of people with leprosy occurs in the early stages of infection. 

The nerve damage, a hallmark of leprosy previously thought to be a byproduct of the immune system's response to the leprosy bacteria, now seems to be a direct result of the leprosy bug attaching itself to specialized nerve cells called Schwann cells, the glial, or supporting, cells of the peripheral nervous system (PNS). 

The findings suggest that the body's immune response does not play a significant role in the early stage of neurological injury. 

The damage is characterized by the disruption of the myelin sheath, the insulation on nerve cell connections that helps transmit rapid signals between the brain and the peripheral organs, for example, skin and muscles. Damage to myelin causes loss of sensation, disability and paralysis. 

Using laboratory cell tissue cultures and mice genetically manipulated to lack two key immune system cells, the research team, led by Rockefeller University microbiologist/cell biologist Anura Rambukkana, Ph.D., showed that Mycobacterium leprae (M. leprae), the bacterium that causes leprosy, destroys the protective myelin sheath that surrounds nerve fibers and then hides out in the supporting cells that enclose non-myelin nerve fibers, poised to initiate later attacks. 

"What we show here is a novel mechanism of inducing demyelination by a bacterial pathogen," says Rambukkana. "This may unravel clues for early molecular events of neurodegeneration processes in other diseases, such as multiple sclerosis, which we currently know little about." 

"By using this bacteria we will be able to obtain novel insight not only into the mechanism of the early demyelination process, but also how the complex molecular architecture of the demyelinated fiber is disrupted," adds Rambukkana. 

Using a "co-culture" system developed by co-author James Salzer, M.D., Ph.D., at the NYU School of Medicine, in which myelinated nerves form normally in cell culture, the researchers found that M. leprae produced significant damage to the myelin sheaths 24 hours after attaching to the nerves. 

Myelin damage is the earliest effect observed, followed by the degeneration of nerve axon that carries the nerve impulses. M. leprae does not harm any other parts of the cell, and causes no signs of cell death. 

The researchers found that, unexpectedly, M. leprae does not need to enter the cell to cause degeneration of the myelin sheath. 

"This suggests that binding of M. leprae to the surface of the myelin sheath is sufficient to induce myelin breakdown, presumably by activating signals inside the cell," says Salzer. "Such signals could also be activated in other diseases that cause demyelination." 

The researchers also showed that M. leprae does not need to be alive to demyelinate nerve cells. Similar results were obtained after cultured Schwann cells were exposed to bacteria that had been killed with radiation and to fractions of the bacterium's cell wall. 

Previous research by Rambukkana, Salzer and their colleagues implicated a major component of the bacterium's cell wall called PGL-1 in its predilection for peripheral nerves see this URL), and they now propose that PGL-1 is a crucial cell wall molecule directly involved in nerve damage in leprosy. 

The mouse model the researchers studied, called a "Rag-1 knockout," is genetically altered to lack mature B and T cells (B cells are responsible for producing the infection-fighting proteins called antibodies, while T cells help regulate the body's immune response). 

As in the cell culture model, direct administration of both M. leprae and its cell wall to the peripheral nerves of Rag-1 mice caused significant myelin damage, providing clues for early nerve injury in patients before the immune system comes into play. 

Schwann cells also play a significant secondary role in providing support for the various growth factors during the development of the spinal motor neurons and sensory neurons. Thus, Schwann cells play a wider role not only in the normal development of the nerve cells in the PNS, but also in their regeneration. 

Nerve cells in the PNS are able to regenerate after injury, unlike their counterparts in the central nervous system (CNS). Examination of myelinated and non-myelinated nerve cells infected with M. leprae revealed an interesting survival strategy of this bacterium. 

As the damaged myelinated nerve cells repair themselves by generating new nonmyelinating Schwann cells after attack, M. leprae sequesters itself in these nonmyelinated nerve cells, waiting for a chance to attack again once they multiply and escape from these cells. 

Rambukkana hypothesizes that this phenomenon accounts for the lapsing/remitting characteristic of leprosy. 

M. leprae is known to cause debilitating neurological injury in humans, but the clinical manifestation occurs years after a slow infectious process. According to Rambukkana, information about the pre-clinical mechanisms in M. leprae-induced demyelination may allow researchers to develop therapeutics and common diagnostic tests for early detection of demylenating diseases of both infectious origin and unknown etiology, such as multiple sclerosis and Guillain-Barré syndrome. 

The PNS consists of all the nerves that fan out from the CNS and innervate the muscles, skin and internal organs. The myelin sheath enables the axon to greatly improve the reliability and speed of the electric impulse, much like insulation on electrical wires. When myelin is damaged, the nerve fibers are no longer insulated and nerve impulses cannot be conducted efficiently. 

Therefore, the knowledge gained by such M. leprae-induced myelin damage in the early infectious process provides valuable insights into the pathologic mechanisms of early neurodegenerative diseases in general. 

Rambukkana's and Salzer's co-authors are George Zanazzi, B.S., at NYU and Nikos Tapinos, M.D., Ph.D., at Rockefeller.
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