Physiologic Effects of Insulin

Insulin is a key player in the control of intermediary metabolism. It has profound effects on both carbohydrate and lipid metabolism, and significant influences on protein and mineral metabolism. Consequently, derangements in insulin signalling have widespread and devastating effects on many organs [image: image35.png]sty
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The Insulin Receptor and Mechanism of Action

Like the receptors for other protein hormones, the receptor for insulin is embedded in the plasma membrane. The insulin receptor is composed of two alpha subunits and two beta subunits linked by disulfide bonds. The alpha chains are entirely extracellular and house insulin binding domains, while the linked beta chains penetrate through the plasma membrane. 

The insulin receptor is a tyrosine kinase. In other words, it functions as an enzyme that transfers phosphate groups from ATP to tyrosine residues on intracellular target proteins. Binding of insulin to the alpha subunits causes the beta subunits to phosphorylate themselves (autophosphorylation), thus activating the catalytic activity of the receptor. The activated receptor then phosphorylates a number of intracellular proteins, which in turn alters their activity, thereby generating a biological response. 

Several intracellular proteins have been identified as phosphorylation substrates for the insulin receptor, the best-studied of which is insulin receptor substrate 1 or IRS-1. When IRS-1 is activated by phosphorylation, a lot of things happen. Among other things, IRS-1 serves as a type of docking center for recruitment and activation of other enzymes that ultimately mediate insulin's effects. A more detailed look at these processes is presented in the section on Insulin Signal Transduction. 

Insulin and Carbohydrate Metabolism

Glucose is liberated from dietary carbohydrate such as starch or sucrose by hydrolysis within the small intestine, and is then absorbed into the blood. Elevated concentrations of glucose in blood stimulate release of insulin, and insulin acts on cells thoughout the body to stimulate uptake, utilization and storage of glucose. The effects of insulin on glucose metabolism vary depending on the target tissue. Two [image: image36.png]Insulin
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important effects are: 

· Insulin facilitates entry of glucose into muscle, adipose and several other tissues. The only mechanism by which cells can take up glucose is by facilitated diffusion through a family of hexose transporters. In many tissues - muscle being a prime example - the major transporter used for uptake of glucose (called GLUT4) is made available in the plasma membrane through the action of insulin.

· In the absense of insulin, GLUT4 glucose transporters are present in cytoplasmic vesicles, where they useless for transporting glucose. Binding of insulin to receptors on such cells leads rapidly to fusion of those vesicles with the plasma membrane and insertion of the glucose transporters, thereby giving the cell an ability to efficiently take up glucose. When blood levels of insulin decrease and insulin receptors are no longer occupied, the glucose transporters are recycled back into the cytoplasm.

The animation to the right depicts how insulin signalling leads to translocation of glucose transporters from the cytoplasm into the plasma membrane, allowing glucose (small blue balls) to enter the cell. Click on the "Add Glucose" button to start it.

It should be noted here that there are some tissues that do not require insulin for efficient uptake of glucose: important examples are brain and the liver. This is because these cells don't use GLUT4 for importing glucose, but rather, another transporter that is not insulin-dependent.

· Insulin stimulates the liver to store glucose in the form of glycogen. A large fraction of glucose absorbed from the small intestine is immediately taken up by hepatocytes, which convert it into the storage polymer glycogen.

Insulin has several effects in liver which stimulate glycogen synthesis. First, it activates the enzyme hexokinase, which phosphorylates glucose, trapping it within the cell. Coincidently, insulin acts to inhibit the activity of glucose-6-phosphatase. Insulin also activates several of the enzymes that are directly involved in glycogen synthesis, including phosphofructokinase and glycogen synthase. The net effect is clear: when the supply of glucose is abundant, insulin "tells" the liver to bank as much of it as possible for use later. 

A well-known effect of insulin is to decrease the concentration of glucose in blood, which should make sense considering the mechanisms described above. Another important consideration is that, as blood glucose concentrations fall, insulin secretion ceases. In the absense of insulin, a bulk of the cells in the body become unable to take up glucose, and begin a switch to using alternative fuels like fatty acids for energy. Neurons, however, require a constant supply of glucose, which in the short term, is provided from glycogen reserves. 

In the absense of insulin, glycogen synthesis in the liver ceases and enzymes responsible for breakdown of glycogen become active. Glycogen breakdown is stimulated not only by the absense of insulin but by the presence of glucagon, which is secreted when blood glucose levels fall below the normal range. 

Insulin and Lipid Metabolism

The metabolic pathways for utilization of fats and carbohydrates are deeply and intricately intertwined. Considering insulin's profound effects on carbohydrate metabolism, it stands to reason that insulin also has important effects on lipid metabolism. Notable effects of insulin on lipid metabolism include the following: 

· Insulin promotes synthesis of fatty acids in the liver. As discussed above, insulin is stimulatory to synthesis of glycogen in the liver. However, as glycogen accumulates to high levels (roughly 5% of liver mass), further synthesis is strongly suppressed.

When the liver is saturated with glycogen, any additional glucose taken up by hepatocytes is shunted into pathways leading to synthesis of fatty acids, which are exported from the liver as lipoproteins. The lipoproteins are ripped apart in the circulation, providing free fatty acids for use in other tissues, including adipocytes, which use them to synthesize triglyceride.

· Insulin inhibits breakdown of fat in adipose tissue by inhibiting the intracellular lipase that hydrolyzes triglycerides to release fatty acids.

Insulin facilitates entry of glucose into adipocytes, and within those cells, glucose can be used to synthesize glycerol. This glycerol, along with the fatty acids delivered from the liver, are used to synthesize triglyceride within the adipocyte. By these mechanisms, insulin is involved in further accumulation of triglyceride in fat cells.

From a whole body perspective, insulin has a fat-sparing effect. Not only does it drive most cells to preferentially oxidize carbohydrates instead of fatty acids for energy, insulin indirectly stimulates accumulation of fat is adipose tissue. 

Other Notable Effects of Insulin

In addition to insulin's effect on entry of glucose into cells, it also stimulates the uptake of amino acids, again contributing to its overall anabolic effect. When insulin levels are low, as in the fasting state, the balance is pushed toward intracellular protein degradation. 

Insulin also increases the permiability of many cells to potassium, magnesium and phosphate ions. The effect on potassium is clinically important. Insulin activates sodium-potassium ATPases in many cells, causing a flux of potassium into cells. Under certain circumstances, injection of insulin can kill patients because of its ability to acutely suppress plasma potassium concentrations. 

Insulin Deficiency and Excess Diseases

Diabetes mellitus, arguably the most important metabolic disease of man, is an insulin deficiency state. It also is a significant cause of disease in dogs and cats. Two principal forms of this disease are recognized: 

· Type I or insulin-dependent diabetes mellitus is the result of a frank deficiency of insulin. The onset of this disease typically is in childhood. It is due to destruction pancreatic B cells, most likely the result of autoimmunity to one or more components of those cells. Many of the acute effects of this disease can be controlled by insulin replacement therapy, but inevitably, there are long-term adverse effects on blood vessels, nerves and other organ systems.

· Type II or non-insulin-dependent diabetes mellitus begins as a syndrome of insulin resistance. That is, target tissues fail to respond appropriately to insulin. Typically, the onset of this disease is in adulthood. Despite monumental research efforts, the nature of the defect has been difficult to ascertain - in some patients, the insulin receptor is abnormal, in others, one or more aspects of insulin signalling is defective, and in others, no defect has been identified. Because there is not, at least initially, an inability to secrete adequate amounts of insulin, insulin injections are not useful for therapy. Rather the disease is controlled through dietary therapy and hypoglycemic agents. 

Hyperinsulinemia or excessive insulin secretion is usually the result of an insulin-secreting tumor. This condition is much less common than diabetes mellitus. The high levels of insulin resulting from this condition or from an overdose of insulin causes a precipitious drop in blood glucose concentrations. The brain becomes starved for energy, leading to the syndrome of insulin shock, which is acutely life-threatening.

Coconut oil:

Animal studies suggest that coconut oil can affect energy and fat metabolism in a way that could improve the results of a weight-loss diet.20 In a two-week double-blind trial investigating the effect of dietary fat on fat metabolism, a diet containing shorter-chain saturated fatty acids from coconut oil and butter was compared with one containing longer-chain saturated fatty acids from beef fat.21 The coconut oil-butter diet led to changes in fat metabolism that suggested that eating these fats might result in better control of body weight

According to test tube studies, some of the fatty acids present in coconut oil have antibacterial,22 23 24 antiviral,25 26 27 28 and immune system-stimulating effects,29 suggesting that coconut oil might be helpful in fighting infections. However, no research has investigated these possible effects in humans.

Synthetic fats resembling those found in coconut oil have been found to have anticancer effects

Experience the Incredible Health & Weight Loss Benefits of the Premier Coconut Oil

Why should you be using coconut oil versus any other type of oil? Because it can: 

· Help you lose weight, or maintain your already good weight 

· Reduce the risk of heart disease 

· Lower your cholesterol 

· Improve conditions in those with diabetes and chronic fatigue 

· Improve Crohn’s, IBS, and other digestive disorders 

· Prevent other disease and routine illness with its powerful antibacterial, antiviral and antifungal agents 

· Increase metabolism and promotes healthy thyroid function 

· Boost your daily energy 

· Rejuvenate your skin and prevent wrinkles 

In short, after unjustly getting lumped in the “no-fat” craze of past decades, coconut oil is now starting to get the respect it deserves as not only the healthiest oil you can consume, even superior to olive oil which contains trans-fat, but as one of the most nutritious of all foods. 

Coconut oil’s benefits have been covered extensively on Mercola.com, but now it’s benefits are finally reaching the mainstream. For example, the May 20, 2003 edition of Women’s World, a very popular and wide-reaching magazine, called coconut oil a “miracle food” and particularly touted its ability help the body burn unwanted fat, triple your energy, and greatly help those with thyroid problems.

What you didn’t hear is that some saturated fats A) are necessary to human health; B) are not the primary perpetrator of weight gain (grains and sugars are, as you’ll read in my New York Times bestseller, The No-Grain Diet; and C) come in three classes, of which the medium-chain can actually help you lose weight and increase metabolism.

Coconut oil’s saturated fat is of the medium-chain fatty acid variety. These MCFAs are digested more easily and utilized differently by the body than other fats. In short, whereas other fats are stored in the body’s cells, the MCFAs in coconut oil are sent directly to the liver where they are immediately converted into energy. So when you eat coconut oil, the body uses it immediately to make energy rather than store it as body fat. Because this quick and easy absorption puts less strain on the pancreas, liver and digestive system, coconut oil “heats up” the metabolic system and is outstanding for those with thyroid problems

Coconut oil…Mary Enig PhD

The lauric acid in coconut oil is used by the body to make the same disease-fighting fatty acid derivative monolaurin that babies make from the lauric acid they get from their mothers= milk. The monoglyceride monolaurin is the substance that keeps infants from getting viral or bacterial or protozoal infections. Until just recently, this important benefit has been largely overlooked by the medical and nutrition community. 

The action attributed to monolaurin is that of solubilizing the lipids and phospholipids in the envelope of the virus causing the disintegration of the virus envelope. In effect, it is reported that the fatty acids and monoglycerides produce their killing/inactivating effect by lysing the (lipid bilayer) plasma membrane. However, there is evidence from recent studies that one antimicrobial effect is related to its interference with signal transduction (Projan et al 1994). 

Some of the viruses inactivated by these lipids, in addition to HIV, are the measles virus, herpes simplex virus-1 (HSV-1), vesicular stomatitis virus (VSV), visna virus, and cytomegalovirus (CMV). 

Obesity, a major health problem in the United States, has been the subject of much research. Several lines of research dealing with metabolic effects of high-fat diets have been followed. One study used coconut oil to enrich a high-fat diet and the results reported were that the "coconut oil-enriched diet is effective in...[producing]...a decrease in white fat stores.

In spite of what has been said over the past four or more decades about the culpability of the saturated fatty acids in heart disease, more and more research is showing the problem to be related to oxidized products.  The naturally saturated fats such as coconut oil are one protection we have against oxidized products. There are some surprisingly beneficial effects of the special saturates found in coconut oil as they compare with those of the unsaturates found in some of the other food oils.

Recently published research has shown that natural coconut fat in the diet leads to a normalization of body lipids, protects against alcohol damage to the liver and improves the immune system's anti-inflammatory response.

Approximately 50% of the fatty acids in coconut fat are lauric acid.  Lauric acid  is known for its unique uses in the manufacture of soaps and cosmetics.  More recently, lauric acid has been recognized for its unique properties in food use, which are related to its antiviral, antibacterial and antiprotozoal functions.  Lauric acid is a medium-chain fatty acid which has an additional beneficial function of being formed into monolaurin in the human body. Monolaurin is the anti-viral, anti-bacterial and anti-protozoal monoglyceride used by the human body to destroy lipid-coated viruses such as HIV, herpes, cytomegalovirus, influenza, various pathogenic bacteria such as Listeria monocytogenes and Helicobacter pylori, and protozoa such as Giardia lamblia.

A number of fungi, yeast and protozoa have been found to be inactivated or killed by lauric acid or monolaurin.  The fungi include several species of ringworm.  The yeast reported is Candida albicans.  It has been reported that the protozoan parasite Giardia lamblia is also killed by free fatty acids and monoglycerides. Numerous other protozoa were studies with similar finds, but these have not yet been published. Research has shown that Chlamydia trachomatis is inactivated by lauric acid, capric acid and its monoglyceride, monocaprin.

There is a another aspect to the coronary heart disease picture which relates to the initiation of the atheromas that are reported in blocking arteries.  Recent research shows that there is a causative role for the herpes virus and cytomegalovirus in the initial formation of atherosclerotic plaques and the reclogging of arteries after angioplasty. What is interesting is that the herpes virus and cytomegalovirus are both inhibited by the antimicrobial lipid monolaurin. Moreover, monolaurin is not formed in the body unless there is a source of lauric acid in the diet. In addition, Chlamydia pneumoniae, a gram-negative bacterium, is another of the micro-organisms suspected of playing a role in atherosclerosis. However, the micro-organism which are most frequently identified as probable causative infecting agents are in the herpes virus family and include cytomegalovirus, type 2 herpes simplex (HSV-2) and Coxsackie B4 virus.  The evidence for a causative role for cytomegalovirus in atherosclerosis is the strongest.  All members of the herpes virus family are reported to be killed by the fatty acids and monoglycerides found in saturated fatty acids which include approximately 80% of the fatty acids found in coconut oil.

Excessive intake of all carbohydrates, especially the high-glycemic type, is the primary culprit in the development of insulin resistance. 
Symptoms of insulin resistance
Here is a list of some of the most common symptoms of people with Insulin Resistance. Many symptoms manifest themselves immediately following a meal of carbohydrates, and others are more or less always present. Keep in mind that these symptoms may also be related to other problems. 
	1. Fatigue. The most common feature of Insulin Resistance is that it wears people out. Some are tired just in the morning or afternoon, others are exhausted all day. 
2. Brain fogginess. Sometimes the fatigue of Insulin Resistance is physical, but often it's mental. The inability to focus is the most evident symptom. Poor memory, loss of creativity, poor grades in school often accompany Insulin Resistance, as do various forms of "learning disabilities." 
3. Low blood sugar. Mild, brief periods of low blood sugar are normal during the day, especially if meals are not eaten on a regular schedule. But prolonged periods of this "hypoglycemia," accompanied by many of the symptoms listed here, especially physical and mental fatigue, are not normal. 
Feeling agitated, jittery and moody is common in Insulin Resistance, with almost immediate relief once food is eaten. 
4. Intestinal bloating. Most intestinal gas is produced from carbohydrates in the diet. Insulin Resistance sufferers who eat carbohydrates suffer from gas, lots of it. 
5. Sleepiness. Many people with Insulin Resistance get sleepy immediately after eating a meal containing more than 20% or 30% carbohydrates. This means typically a pasta meal, or even a meat meal which includes potatoes or bread and a sweet dessert. 
6. Increased weight and fat storage. For most people, too much weight is too much fat. In males, a large abdomen is the more obvious and earliest sign of Insulin Resistance. In females, it's prominent buttocks. 
7. Increased triglycerides. High triglycerides in the blood are often found in overweight persons. But even those who are not overweight may have stores of fat in their arteries as a result of Insulin Resistance. 
These triglycerides are the direct result of carbohydrates in the diet being converted by insulin. 
8. Increased blood pressure. It is a fact that most people with hypertension have too much insulin and are Insulin Resistant. It is often possible to show a direct relationship between the level of insulin and blood pressure: as insulin levels elevate, so does blood pressure. 
9. Depression. Because carbohydrates are a natural "downer," depressing the brain, it is not uncommon to see many depressed persons who also have Insulin Resistance. 


Glucobetic works. We've done your homework for you - combining an effective blend of Herbs, Minerals and Botanicals in a single product. Now it's up to you to benefit from this breakthrough product based on cutting-edge research from a source you can trust.

Gymnema Sylvestre - This is probably the most practical herbal recommendation for improving blood sugar control in diabetics. A clinical trial recently conducted in the U.S. showed that Gymnema Sylvestre extract reduced the average fasting glucose by 11%, post-meal glucose by 13% and A1c by 6.8%. The A1c test is an indicator of the average blood sugar control over the last 2-3 months. It is interesting to note that Gymnema extracts exert their blood sugar-lowering effects only in cases of diabetes and do not produce hypoglycemic effects in healthy individuals.

Vanadyl Sulfate – Vanadyl sulfate is the biologically active form of vanadium, a trace mineral that mimics the action of the hormone insulin. Studies show that vanadyl is very effective in normalizing blood sugar levels and controlling conditions such as insulin resistance.

Bitter Melon – Bitter melon contains polypeptide p or p-insulin (p is for plant). In one study, glucose tolerance increased in 73% of type II diabetics. In another study, the extract of Bitter Melon produced a 17% reduction in glycosylated hemoglobin A1c after 7 weeks of use. 

Chromium GTF – This complex of chromium and several amino acids has become known as the Glucose Tolerance Factor (GTF). Chromium concentrations in the tissues of Americans decrease with age and this may be a reason for the significant increase in diabetes as we get older. In clinical studies of type II diabetes patients, supplementing the diet with chromium has shown to decrease fasting glucose levels, improve glucose tolerance, lower insulin levels and decrease total cholesterol and triglyceride levels while increasing HDL (good) cholesterol levels. 

Bilberry Extract - Bilberry is widely used as a possible preventive treatment for complications of diabetes. This extract affects many health problems-not the least of which is blood sugar imbalances. Bilberry also improves night vision, strengthens capillaries, reduces blood clotting, and has antioxidant action. Research, done mostly in Italy, has also uncovered bilberry's potential for treating retinal problems from poor blood circulation, diabetes-caused glaucoma, and day blindness. 

Fenugreek Extract - Fenugreek has demonstrated significant anti-diabetic effects in experimental and clinical studies. Two studies in the European Journal of Clinical Nutrition reported that Fenugreek improves glucose tolerance in both Type I and Type II diabetes. Consistent intake of fenugreek stimulates pancreatic function. In patients with relatively mild diabetes, fenugreek significantly reduced both fasting and post meal glucose levels and healthy subjects experienced no change in glucose levels. 

Does eating carbohydrates cause obesity by driving up insulin levels, thus promoting fat storage?
According to some popular diet books, eating carbohydrates stimulates the pancreas to pump out too much insulin, especially in people who are insulin resistant. Authors of these books believe that the increased insulin levels promote the conversion of carbohydrates into fat, which is then stored as body fat.

This theory is flawed. First, although it is true that one of insulin's roles is to promote fat storage in the body, it plays this role only when too many calories are eaten, not when calories are in balance. "Insulin cannot make you fat-too many calories make you fat," says Reaven. "Insulin is a hormone, and hormones can't produce calories. The notion that either carbohydrates or insulin causes weight gain is a fantasy."

In addition, the body uses carbohydrates before it uses fat. If too many calories are eaten, the body will store excess calories from fat first, not those from carbohydrates.

If you are insulin resistant, eating large amounts of carbohydrates will cause increased insulin secretion," says Reaven. "The increased insulin causes triglycerides to rise, HDL cholesterol to decrease, and LDL particles to become more atherogenic, which raises risk for heart disease." To blunt these responses in the insulin resistant, Reaven recommends a that diet comprises 45 percent carbohydrates and 40 percent fat (mostly monounsaturated and polyunsaturated). Coulston advises a diet of 50 percent carbohydrates and 30 to 35 percent fat.

What's the best way to reduce insulin resistance?
Here the experts agree: The most powerful steps for reducing insulin resistance are to achieve and maintain a healthful body weight and engage in regular physical activity

Fructo-oligosaccharides (FOS):

What does it do? The term “oligosaccharide” refers to a short chain of sugar molecules (“oligo” means “few” and “saccharide” means “sugar.”) Fructo-oligosaccharides (FOS) and inulin, which are found in many vegetables, consist of short chains of fructose molecules. Galacto-oligosaccharides (GOS), which also occur naturally, consist of short chains of galactose molecules. These compounds can be only partially digested by humans.1 2 3 4 When oligosaccharides are consumed, the undigested portion serves as food for “friendly” bacteria, such as Bifidobacteria and Lactobacillus species. Clinical studies have shown that administering FOS, GOS, or inulin can increase the number of these friendly bacteria in the colon while simultaneously reducing the population of harmful bacteria.5 6 7 8 9 Other benefits noted with FOS, GOS, or inulin supplementation include increased production of beneficial short-chain fatty acids such as butyrate, increased absorption of calcium and magnesium, and improved elimination of toxic compounds.10 11
Because FOS, GOS, and inulin improve colon function and increase the number of friendly bacteria, one might expect these compounds would help relieve the symptoms of irritable bowel syndrome. However, a double-blind trial found no clear benefit with FOS supplementation (2 grams three times daily) in patients with this condition.12 Experimental studies with FOS in animals suggest a possible benefit in lowering blood sugar levels in people with diabetes and in reducing elevated blood cholesterol and triglyceride levels.13
In a double-blind trial of middle-aged men and women with elevated cholesterol and triglyceride levels, supplementation with inulin (10 grams per day for eight weeks) significantly reduced insulin concentrations (suggesting an improvement in blood-glucose control) and significantly lowered triglyceride levels.14 In a preliminary trial, administration of FOS (8 grams per day for two weeks) significantly lowered fasting blood-sugar levels and serum total-cholesterol levels in patients with type 2 (non-insulin-dependent) diabetes.15 However, in another trial, people with type 2 diabetes supplementing with FOS (15 grams per day) for 20 days found no effect on blood-glucose or lipid levels.16 In addition, double-blind trials of healthy people showed that supplementing with FOS or GOS for eight weeks had no effect on blood-sugar levels, insulin secretion, or blood lipids.17 18 Because of these conflicting results, more research is needed to determine the effect of FOS and inulin on diabetes and lipid levels.

Several double-blind trials have looked at the ability of FOS or inulin to lower blood cholesterol and triglyceride levels. These trials have shown that in people with elevated total cholesterol or triglyceride levels, including people with type 2 diabetes, FOS or inulin (in amounts ranging from 8 to 20 grams daily) produced significant reductions in triglyceride levels. However, the effect on cholesterol levels was inconsistent.19 20 21 22 In people with normal or low cholesterol or triglyceride levels, FOS or inulin produced little effect.23 24 25
Where is it found? FOS and inulin are found naturally in Jerusalem artichoke, burdock, chicory, leeks, onions, and asparagus. FOS products derived from chicory root contain significant quantities of inulin,26 a fiber widely distributed in fruits, vegetables and plants, which is classified as a food ingredient (not as an additive) and is considered to be safe to eat.27 In fact, inulin is a significant part of the daily diet of most of the world’s population.28 FOS can also be synthesized by enzymes of the fungus Apergillus niger acting on sucrose. GOS is naturally found in soybeans and can be synthesized from lactose (milk sugar). FOS, GOS, and inulin are available as nutritional supplements in capsules, tablets, and as a powder.

	Vanadium

	

	 

	   Supplement
	Vanadium

	 

	   Description
	Vanadium is an essential trace mineral (only recently identified as being truly essential in humans). A normal diet typically provides about 10-30 micrograms (mcg) of vanadium per day. Although there is currently no RDA established, this amount appears to be adequate for most healthy adults. Supplemental forms of vanadium are usually vanadyl or vanadate forms. Vanadium is thought to play a role in metabolism of carbohydrates and may have functions in cholesterol and blood lipid metabolism. In diabetics, vanadium supplements may have a positive effect in regulating blood glucose levels. Food sources of vanadium include seafood, mushrooms, some cereals and soybeans.

	 

	   Claims
	· Lowers blood sugar 

· Increases muscle mass 

· Increases muscle vascularity and blood flow ("pumped feeling") 

· Mimics insulin action 

· Increases glycogen synthesis and storage 

	 

	   Theory
	Vanadium or the most common supplemental form -vanadyl sulfate - is thought to mimic the physiological effects of insulin by a mechanism which remains unclear. Through this insulin-mimetic effect, vanadium is thought to promote glycogen synthesis, maintain blood glucose levels and stimulate muscle anabolism.

	 

	   Scientific Support
	Vanadyl sulfate supplements have been shown to normalize blood glucose levels and reduce glycosylated hemoglobin levels in patients with non-insulin dependent diabetes mellitus (NIDDM). Also in NIDDM patients, vanadium sulfate (100 mg per day – a HUGE dose) can reduce fasting glucose levels by about 20% and decrease hepatic insulin resistance. Normal (nondiabetic) subjects typically do not exhibit a significant change in glucose uptake or lipolysis, but vanadyl sulfate may acutely stimulate amino acid transport into skeletal muscle. Studies of vanadyl sulfate for weight loss and exercise performance have been variable, with most showing only modest (if any) effects on body composition. Although vanadium has become a popular dietary supplement among bodybuilders, there is limited data to support claims of increased muscle mass and strength.

	 

	   Safety
	Limited information is available about vanadium toxicity. Traditionally, vanadium is considered quite safe in humans (because of its poor absorption). Some studies have suggested, however, that patients with manic depression have elevated blood and tissue levels of vanadium. In one safety study, 100mg of vanadyl sulfate (a HUGE dose) was given to NIDDM subjects for 4 weeks (50mg twice per day). Gastrointestinal side effects were experienced by 75% of the subjects during the first week, but the supplements were well tolerated after that. The authors of the study concluded that vanadyl sulfate was "well tolerated" and resulted in modest reductions of fasting plasma glucose – but they cautioned that the safety of larger doses and use of vanadium supplements for longer periods remained uncertain. It is thought that prolonged exposure to excessive vanadium could cause muscle cramps, emotional depression, and damage to the nervous system and other organs. Some animal studies have suggested the possibility of hematological and biochemical changes, reproductive and developmental toxicity, and pro-oxidative effects on glutathione, ascorbic acid, lipids and NADPH following prolonged vanadium feeding.

	 

	   Value
	Vanadium is an essential trace mineral that is NOT contained in many multi-vitamin/mineral supplements. It is thought, however, that we obtain enough vanadium from our diets. For those individuals concerned with maintaining blood glucose levels – such as diabetics or people with hypoglycemia (low blood sugar), a vanadium supplement may be beneficial. Some bodybuilding and diabetic dietary supplements contain vanadium at milligram levels - when dietary needs are likely to be only in microgram amounts (1000 times lower). Prolonged consumption of high dose vanadium supplements is not recommended.


These data indicate that vinegar can significantly improve postprandial insulin sensitivity in insulin-resistant subjects. Acetic acid has been shown to suppress disaccharidase activity and to raise glucose-6-phosphate concentrations in skeletal muscle; thus, vinegar may possess physiological effects similar to acarbose or metformin. 
Vitamin E:

Vitamin E may enhance insulin production by the pancreas

	Below is a summary of the way insulin influences the physiological processes within the cells of each of these tissues. The most important ones are emphasised by the pointing fingers.
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indicates that the process stated is stimulated within the cells of that tissue by the hormone.
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	Stimulation of glucose uptake
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	Stimulation of cellular respiration
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	Stimulation of glycogenesis
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	Inhibition of glycogenolysis
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	Stimulation of amino acid uptake
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	Stimulation of protein synthesis
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	Inhibition of protein degradation
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	Stimulation of fatty acid and triglyceride synthesis
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	Inhibition of lipolysis 
	 
	[image: image23.png]



	 
	 
	 
	[image: image24.png]




	 
	Stimulation of lipoproteins uptake 
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The Metabolic Effects of Glucagon
Like insulin, glucagon is a polypeptide hormone. However, in contrast to insulin, receptors for glucagon are not as abundant in cells throughout the body. The action of glucagon to increase blood glucose concentrations is largely as a result of the effects it has on cells of the liver after binding to membrane receptors.
	 
	 
	 
	The Liver
	 
	Muscle
	 
	Adipose
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	Stimulation of glycogenolysis
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	Inhibition of glycogenesis
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	Stimulation of gluconeogenesis
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	Stimulation of lipolysis
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	Stimulation of ketone formation
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	Stimulation of amino acid uptake
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The main points to notice are:
	1. The concentration of glucose in the blood rises rapidly after the ingestion of glucose (or a high carbohydrate meal). 

 
This shows that glucose is rapidly absorbed from the gut into the blood.
 
 
 
 
2. The increase in blood glucose concentration is closely followed in time by an increase in plasma insulin concentration. 

 
This shows that the beta cells are very sensitive to slight changes in blood glucose and are capable of responding rapidly.
 
 
 
 
3. Peak glucose concentration occurs within the first hour and a return to basal levels within two hours. 

 
This highlights the speed with which insulin brings about the metabolic changes that serve to remove glucose from the blood.
 
 



Arginine - The Source of Nitric Oxide
Another natural way to help improve blood pressure is with nutritional supplements. Arginine, an amino acid that is vitally important for overall good health, may be a potent weapon in the fight against hypertension. Besides playing a positive role in blood pressure control, arginine (technically, L-arginine, but the L can be taken for granted) can also be helpful in a variety of other conditions, including type 2 diabetes and sexual dysfunction in both women and men.

So how does arginine work its wonders? The answer lies in its ability to produce nitric oxide (NO), a simple gas made up of nitrogen and oxygen that performs some amazing feats in the human body. In fact, NO is such an important molecule that the 1998 Nobel Prize in Medicine was given to three scientists for their pioneering research on its role in human physiology.*

Arginine Improves Insulin Sensitivity
One of the main physiological problems in type 2 diabetes is that the body's cells become increasingly resistant to the action of insulin. This is the hormone that helps cells take in glucose (the "fuel" the body needs to stay alive) from the blood. If insulin resistance develops, glucose is not transported into the cells as efficiently as it should be, and it builds up in the blood. That is why people with diabetes are often said to have high blood sugar - and it must be controlled. A recent study showed that arginine supplementation (9 grams daily) may help people with type 2 diabetes utilize glucose more efficiently by improving their insulin sensitivity.4
Prevention of insulin resistance: a change of life style and eating habits in combination with specific nutrients.
Suitable food supplements include:
· Alpha-lipoic acid 

· N-acetylcysteine 

· Magnesium and chromium 

· Fibres 

· conjugated linoleic acid 

PAGE  
12

