DISORDERED PHYSIOLOGY Tuesday, April 02, 2002

The process of blood sugar regulation is extremely precise and quite remarkable. In the normal human, the body's biochemistry attempts to keep plasma glucose at a fairly constant level. It accomplishes this using multiple mechanisms which, in the diabetic, do not function as they should, and so increases in plasma glucose are not properly controlled, and levels remain high for extended periods.

· Insulin 

Insulin is a hormone which is secreted by the beta-cells of the pancreas. When there is a rise in blood sugar levels, there is a rapid corresponding rise in blood insulin levels, usually within one minute of the rise in blood sugar(5). Later there is a second, slower phase of insulin release(5). The normal responses to increased plasma insulin are many, but can be basically summarised as an increase in glucose uptake by muscle (to produce glycogen and for direct energy requirements), liver (to produce glycogen) and adipose tissue (to store as fat). Increased insulin levels also have the effect of increasing amino acid uptake by muscle tissue, and decreasing release of fatty acids from adipose tissue(5).

It is here that problems begin in diabetes. An impaired secretion of insulin leads to a higher peak in plasma glucose concentration after meals, and also a higher sustained plasma glucose level. Over a short period this is not necessarily dangerous, however the raised levels over an extended period lead to long term complications(5).

In diabetes, especially NIDDM, there is also a situation known as insulin resistance(1). The full biochemical details are still not known, but insulin resistance seems to be mostly due to two types of defect: a receptor defect and a post-receptor defect. Receptor defects are problems with the sites on the surface of cells where insulin binds. These receptors may be decreased in number, and/or less able to bind with the insulin(1). Post-receptor defects are problems with the response inside the cell after the insulin has bound with the receptor(1).

· Increased Hepatic Glucose Production 

The liver plays a major role in the maintenance of normal plasma glucose levels. It stores a large quantity of glycogen, which is converted to glucose when blood sugar is low, via a process called glycogenolysis. The liver is also a major site for gluconeogenesis, a biochemical cycle which creates glucose from amino acids and glycerol (from the breakdown of fats), as well as from recycled lactate and pyruvate(4,5).

In diabetes, hepatic glucose production is increased(1), which seems to be mostly due to 2 factors: 

· insulin resistance(1) 

· insulin normally switches off hepatic glucose production 

· increased glucagon levels(1) 

· glucagon levels are absolutely or relatively elevated in diabetes(1), leading to the increased activity of gluconeogenesis and glycogenolysis in the liver(1,5). 

  Plasma Glucose & Stress 

Stress can be a major player in blood sugar regulation. Adrenalin and other catecholamines, released due to any of a wide variety of acutely stressful situations, can impact on blood sugar levels quite markedly. The main mechanism by which they accomplish this is through stimulation of glycogenolysis (the breakdown of glycogen to glucose) which causes a rapid increase in plasma glucose concentration(5).

Prolonged stressful conditions can also have a significant effect. The glucocorticoids (released by the adrenal cortex as a more long term response to stress) have the effect of stimulating gluconeogenesis, thereby raising blood sugar levels(5).

A note to members of the public: This information SHOULD NOT be used for self-treatment. This article was published in a professional journal destined for medical and complementary health care workers. Diabetes is a serious disorder that MUST ONLY be treated by suitably trained and qualified practitioners. There are also many issues regarding the quality, safety, and indeed authenticity of herbs on the world market, and it often requires a well-trained practitioner to know what should be used and what should be avoided. However, please feel free to read and even print this article to take to your health care professional. All I ask is that you reproduce it in its entirety.



	Summary of Herbs for Specific Conditions

	Condition
	Herb

	Plasma Glucose Regulation
	· Galega officinalis (Goat's Rue) 

· Trigonella foenum-graecum (Fenugreek) 

· Gymnema sylvestra 

· Soluble Fibres/Mucilages (eg. Ulmus fulva) 

	Aldose Reductase Inhibitors
	· Glycyrrhiza glabra (Licorice) 

· Scutellaria baicalensis (Baical Skullcap) 

· ? Ginkgo biloba ?

	Cardiovascular System
	1. General: 

· Crataegus oxyacantha/monogyna (Hawthorn) 

· Allium sativum/A. cepa (Garlic and Onions - both are also mildly hypoglycaemic) 

2. Peripheral 

· Ginkgo biloba 

· Vinca minor (Lesser Periwinkle) 

· Vaccinium myrtillus (Bilberry) 

· Zanthoxylum clava-herculis (Prickly Ash) 

· Zingiber officinalis (Ginger) 

3. Cerebrovascular 

· Ginkgo biloba 

· Vinca minor (Lesser Periwinkle) 

4. Eyes/Ocular Complications 

· Ginkgo biloba 

· Vaccinium myrtillus (Bilberry) 

· Crataegus oxyacantha/monogyna (Hawthorn) 

· Aldose reductase inhibitors 

	Nervous System
	· Evening Primrose Oil 

· Ginkgo biloba (especially for symmetric distal polyneuropathy) 

· Nerve tonics/foods (such as Oats and Hypericum) 

· Aldose reductase inhibitors 

· Trigonella foenum-graecum (Fenugreek)

	Stress Management
	· Avena sativa (Oats Seed and Oats Straw) 

· Hypericum perforatum (St. John's Wort) 

· Scutellaria lateriflora (Skullcap) 

· Glycyrrhiza glabra (Licorice)

	Plasma Lipids
	· Evening Primrose Oil/MaxEPA 

· Trigonella foenum-graecum (Fenugreek) 

· Soluble Fibres/Mucilages (eg. Ulmus fulva) 

· Allium sativum/A. cepa (Garlic and Onions) 

· Curcuma longa (Turmeric)

	Digestion
	· Erythraea centaurium (Centaury) 

· Gentian lutea (Gentian) 

· Trigonella foenum-graecum (Fenugreek) 

	Immune Dysfunction/Infections
	· Echinacea angustifolia/E. purpurea 

· Picrorrhiza kurroa 

· Allium sativum/A. cepa (Garlic and Onions) 


THE PATHOPHYSIOLOGY

Most of the common chronic complications of diabetes appear to be due to two main mechanisms, and these two mechanisms have the same common foundation; chronic hyperglycaemia(1) due to the improper functioning of normal control mechanisms.

1. (a) Glycosylated Proteins 

During unassociated scientific study, researchers unexpectedly found what is probably a major mechanism of chronic tissue damage due to hyperglycaemia(1,4). It was found that glucose can bind to proteins, often irreversibly, without the help of enzymes (called glycosylation)(1,3,4,5). This leads to changes in the chemical properties of these proteins. For example, it has been shown that in hyperglycaemic diabetic patients there is an increased level of circulating glycosylated low density lipoproteins (LDL's) which do not bind normally to LDL receptors on cells, which is probably part of the reason for increased serum cholesterol levels and cardiovascular complications in diabetics(1,3).

Another example of glycosylated proteins, which is actually quite useful in the monitoring of diabetics, is HbA1c (haemoglobin A1c). In the normal 120-day lifespan of a red blood cell, some of its haemoglobin is constantly being glycosylated to form HbA1c due to the presence of glucose in the blood. The rate of glycosylation, and therefore the concentration of HbA1c, is dependent only upon the average blood glucose concentration over a period of several weeks, not upon acute variations, and is therefore an extremely effective guide as to the level of control of hyperglycaemia in the diabetic patient(1,3,4,5). It is highly recommended that all diabetic patients receive regular blood studies of HbA1c as it is an extremely important indicator of glycaemic control.

2. (b) Polyol Accumulation 

The polyol pathway is a biochemical pathway which converts glucose to polyols (or polyhydroxy alcohols), which are a group of sugars including sorbitol. In most tissues these sugars are present in relatively low quantities, however in diabetic patients, the concentration of sorbitol in many tissues is greatly increased, especially in nerve tissue, the lens of the eye, kidney, red blood cells and liver(1,3,5). Aldose reductase is the enzyme which catalyses this reaction(5), which is possibly a biochemical attempt to reduce the high concentration of glucose.

The accumulation of sorbitol and other polyols in tissues leads to a rise in the intracellular osmolality, which causes an influx of water into these tissues(1,3,5). It has been shown that this biochemical abnormality can be involved in cataract formation(1,3,5), and is thought to be important in nervous system complications(1,3).

Another mechanism, which may also be related to polyol accumulation(1,3), is myoinositol loss in nervous tissue. It has been shown that concentrations of myoinositol are decreased in peripheral nerves in diabetic rats, leading to a decrease in nerve conduction velocity(1,3).

THE HERBS

Herbal medicines have a lot to offer in treating and preventing the complications described above, and with this understanding of symptomatology and pathophysiology, it is now possible to look at a few of the major specific actions and the corresponding herbs.



1. Plasma Glucose Regulation 

As I have said earlier, the drugs of modern medicine (ie. insulin and oral hypoglycaemics) are the main regulators of gross plasma glucose levels. However these drugs do not possess the same level of sensitivity or responsiveness as the body's normal control mechanisms, and so another method of more finely controlling blood sugar would be useful in conjunction with these drugs. It must be noted however, that careful monitoring of the patient is recommended, and that these herbs should not take the place of conventional treatment, but rather be used to enhance the effectiveness of the modern medical drugs.

· Galega officinalis (Goat's Rue) 

Galega has been traditionally used to treat diabetes(6,7,8), but is not recommended as a stand-alone treatment. The aerial parts contain the alkaloid galegine which has been shown to be hypoglycaemic(6,7,9). It also contains guanidine derivatives, which have some hypoglycaemic effect(6,7). The overall effect of Goat's Rue is mildly hypoglycaemic(9), with some other interesting biochemical controlling effects in diabetes. These include: 

· potentiating the effects of insulin (particularly through promotion of cellular glucose uptake(6,7) 

· inhibition of intestinal absorption of glucose(6,7) 

· inhibition of gluconeogenesis (the biochemical cycle which produces glucose in the body, and which appears to be overly active in diabetics)(6,7)

These regulating effects on the body's biochemistry are probably just as important, maybe even more important, than the plant's direct hypoglycaemic effect.



· Trigonella foenum-graecum (Fenugreek) 

Fenugreek could be more regarded as a food for diabetics, due to its good nutritive properties(9,10,11,12). Fenugreek is also mildly bitter(9,10,13) and mildly hypoglycaemic(6,7,9). 

Some of the more interesting properties of Trigonella include: 

· High levels of phospholipids (eg. lecithin)(10,14), which may be useful in helping to prevent the neuropathies (which may be partly due to myoinositol loss). Some regard Trigonella as an important nerve food(14). 

· Favourable effects on blood lipid levels(3,11), including increasing HDL levels and reducing total serum cholesterol(3).



· Gymnema sylvestra 

Gymnema sylvestra, a herb whose use originated in India, appears to have some very important and interesting effects in diabetes. Common Name: Gurmar (which means "sugar destroyer") An Indian rainforest vine, documented as a treatment for sweet urine in texts over 2000 years old. Main constituent is gymnemic acid (a complex mixture of at least nine closely related acidic glycosides).

Studies (many of them animal studies) have shown the following: 

· induces blood glucose homeostasis 

· increases activity of enzymes involved in utilisation of glucose by insulin dependent pathways 

· appears to correct metabolic changes in liver, kidney and muscle which are due to diabetes 

· appears to promote regeneration of Islets of Langerhans, and increases circulating insulin levels 

· human clinical trials have shown that over 6 to 24 months Gymnema reduces fasting serum glucose, HbA1c, serum lipids and insulin or oral hypoglycaemic drug requirements anaesthetises the sweet taste buds, which can persist for several hours

Information sourced from: Bone K, Burgess N, McLeod D. How To Prescribe Herbal Medicines. 2nd ed.Warwick: MediHerb, 1992.

· Dietary Fibre 

Many studies have shown that a diet high in soluble fibres (such as the fibre found in most vegetables and fruit, as well as the mucilage found in herbs such as Slippery Elm and Psyllium) reduces post-prandial hyperglycaemia and delays later hypoglycaemia(3), thereby exerting a measure of control over plasma glucose.

Diets high in soluble fibres are also known to reduce serum triglycerides and increase HDL levels(3), thereby reducing some of the cardiovascular risk factors.

2. Aldose Reductase Inhibitors 

As discussed earlier, the overactivity of the polyol pathway in diabetics seems to be an important factor in some of the major chronic complications of diabetes. By blocking the activity of the enzyme aldose reductase (AR), we can directly and effectively reduce the production of polyols. 

Many flavonoids such as quercetin(16), are well known as aldose reductase inhibitors(3,15), however they may not be greatly effective after oral administration(15). Some plants, mostly those particularly high in flavonoids, do however show considerable in vivo aldose reductase inhibiting effects. Proven AR inhibitors include Glycyrrhiza glabra (Licorice) and Scutellaria baicalensis(15) (for a more detailed look at Scutellaria baicalensis see .). Ginkgo biloba, due to its high flavonoid content, may also have possible AR inhibiting effects, although this has yet to be proven. Ginkgo, as will be discussed later, may be a very important herb in the prevention and treatment of chronic complications.

Scutellaria baicalensis 

Common Name: Baical Skullcap, a Chinese plant, of which the root is the part used. Main constituents are flavone glycosides, the major one being baicalin (whose aglycone is baicalein). Studies have shown the following effects (as well as others less directly related to diabetes):

· effective aldose reductase inhibitor (a combination of Glycyrrhiza and baicalin dramatically reduced sorbitol levels in red blood cells of diabetic rats) 

· antioxidant effects comparable to vitamin E or nordihydroguaiaretic acid (from Chaparral)

Information sourced from: Bone K. Baical Skullcap Parts 1 and 2. MediHerb Professional Newsletter 1993; Issue 34 and 35.

- 

3. Cardiovascular Herbs 

As discussed earlier, cardiovascular disease onsets sooner, and tends to be of greater severity in diabetics. A preventative approach to this complication can be quite useful, using diet and lifestyle changes as the basis, with herbal treatment specifically targeting certain areas.

· Ginkgo biloba 

Ginkgo biloba may have a special role in diabetes. Studies show that Ginkgo possesses the following actions which are of particular use in diabetes:

· Free radical inhibition(16) (ie. antioxidant), which has been shown to be of use in preventing and treating retinal damage in experimentally-induced diabetes in rats(16). These antioxidant properties may also be of use in helping to prevent cataract formation as well. 

· Tuesday, April 02, 2002Tuesday, April 02, 2002Well known tonic properties on peripheral and cerebrovascular circulation(16,17,18,19) which are particularly deficient in diabetics such as reduces consumption of insulin(16), and possible aldose reductase inhibitory activity.

· Crataegus oxyacantha/C. monogyna (Hawthorn) 

Hawthorn is well recognised for its general tonic effect on the cardiovascular system(3,6,8-13,19-24). Due to the more rapid generalised degeneration of the cardiovascular system in diabetics, the food/tonic action of Crataegus is likely to be of particular use. For detailed information on Hawthorn, see the four-part series in the MediHerb Newsletters, February, March, April and May 1992.

· Vaccinium myrtillus (Bilberry) 

Bilberry has been shown to reduce capillary leakage(16), improve peripheral circulation(16), and to be of particular application in most diabetic eye diseases, including retinal damage(16), cataracts(16) and glaucoma(16). For more detailed information on Vaccinium, see the article by Lauren Cunio in the Australian Journal of Medical Herbalism, Vol.5, Issue 4, pages 81-85.

Insulin and IGF-I work together to promote cancer cell growth, the latter stimulating growth and the former stimulating fuel availability.  Insulin can also stimulate growth by cross-reacting with IGF-I receoptors, which, like insulin receptors, are more concentrated on many cancer cells.  It could be that insulin given in IPT recruits cancer cells into the S-phase of the cell growth cycle, in which they are more sensitive to anticancer drugs.  Normal cells, with fewer receptors, may absorb less drug and may be less likely to be in S-phase, thus being relatively spared the toxic effects.

	What Is GLUT4?
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	•  
	GLUT4 is a transporter protein.  The name stands for Glucose Transporter 4.
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	•  
	There are other forms of GLUT proteins, but GLUT4 is the predominant form in skeletal muscle tissue and adipose tissue (fatty tissues).
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	•  
	When the cell is at rest, GLUT4 remains in vesicles, or containers, inside the cell.
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	•  
	When insulin is present in the body, it binds to receptors on muscle cells.  This starts a chain of reactions that eventually give GLUT4 a signal to move to the cell membrane.
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	•  
	GLUT4 fuses into the membrane and serves as a pore on the cell to allow glucose to enter.
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	•  
	Once glucose enters, it can be processed by the body into more usable forms of energy.

	
	
	


Glucose transport in skeletal muscle is mainly facilitated by the insulin-responsive GLUT4 glucose transporter. In the basal state, GLUT4 is stored in a transporter-enriched intracellular pool. Following insulin stimulation, GLUT4 is translocated from the intracellular compartment to both the plasma membrane and the T-tubules. We have recently investigated whether the localization of insulin signaling molecules is important for GLUT4 recruitment to the cell surface. We have principally focused on the insulin receptor, IRS-1 and PI3-kinase which are all involved in GLUT4 translocation under insulin stimulation. Subcellular fractionation of unstimulated rat skeletal muscle or L6 cells revealed that the IR is mainly enriched in the plasma membrane fraction whereas IRS-1 and the p85 regulatory subunit of the PI 3-kinase are mostly cytosolic. Insulin (8U/Kg b.w.) stimulation in vivo induced a rapid redistribution of the IR from the cell surface to a GLUT4-enriched intracellular fraction. After 30 minutes, IR was doubled in that fraction and its phosphotyrosine content was also increased more than 5-fold. In vitro autophosphorylation assays confirmed that the redistribution of the IR was paralleled by its activation. In contrast to the IR, the transferrin receptor abundance in the internal fraction was not affected by insulin. IRS-1 content in the IM was not changed by insulin treatment but its phosphorylation in that fraction was augmented 5-fold over basal values. Furthermore, acute (4 min) insulin stimulation increased p85 association with GLUT4-containing intracellular membranes by ~50%. In contrast to the insulin signalling molecules, GLUT4 was rapidly and time-dependently recruited from the intracellular pool reaching maximal depletion after 30 min. These results are consistent with the hypothesis that the coordinated targeting and/or activation of insulin signaling molecules to the GLUT4-containing intracellular membrane pool is a key event in the stimulation of GLUT4 translocation in skeletal muscle. 

The major physiologic action of insulin is to increase glucose uptake and storage in adipose tissue, skeletal muscle and heart. This accomplished largely through the recruitment of a specialized facilitative glucose transport protein to the cell surface under insulin action. This glucose transport protein (GLUT4) is an integral membrane protein. Under basal conditions, when plasma insulin levels are low, GLUT4 resides in a small, intracellular vesicle in muscle and adipose tissues. When insulin activates its cell surface receptor, a signal is generated which results in the stimulation of exocytosis of the intracellular GLUT4-vesicles to the plasma membrane (see Figure below). This, in turn, facilitates the uptake of glucose into the cells. Insulin resistant glucose transport in muscle and adipose tissue results from both defects in the ability of the insulin-signaling pathway to stimulate the recruitment of GLUT4 to the plasma membrane and a decrease in the total pool of GLUT4 protein.
