glycation

Glycation is the non-enzymatic glycosylation of proteins, nucleotides and lipids by saccharide derivatives. It is now thought to contribute to the development of chronic vascular complications of diabetes, non-diabetic nephropathy, macrovascular disease, Alzheimer’s disease and aging. 
Glycation of proteins leads to covalent crosslinking and abnormal structural stabilization of extracellular matrix proteins, and recognition by specific receptors “AGE receptors” and consequent cell activation. 

· Glycation of nucleotides contributes to endogenous mutagenesis. 

· Glycation of lipids may initiate lipid peroxidation and contribute to lipid turnover. 

Glucose and other saccharides are important glycating agents but the most reactive glycating agents are the  -oxoaldehydes, glyoxal, methylglyoxal and 3-deoxyglucosone. Early glycation adducts (Schiff’s base, fructosamine) and advanced glycation adducts (AGEs) are formed. Glycation is an unavoidable, minor feature of physiological metabolism. In certain pathophysiological states, one or more of the following changes to glycation-related processes occurs: the rate of glycation is increased, the renal clearance of AGEs is decreased and/or the expression of AGE receptors is increased. This may lead to AGE-related basement membrane thickening, AGE-mediated cell activation and amyloidosis. Fructosamines are indicators of medium term glycaemic control and AGEs indicators of medium to long term glycaemic control in diabetes mellitus. Some AGEs are risk markers and some may be risk factors of disease. The future challenges are to identify critical AGEs and AGE receptors involved in protein crosslinking and cell activation, to characterize their participation in disease mechanisms and to develop safe and effective therapeutic agents to counter glycation-mediated pathogenesis.

The range of extent of glycation is typically:
· 0.02 - 4% of lysine and arginine residues in proteins, 

· 1 in 107 nucleotides in DNA, and 

· 0.1-16% in basic phospholipids. 

	Background: Glycation and Crosslinking Proteins

	

	

	Sticky Sugars

Sugars in the blood and inside cells form chemical bonds to proteins and to DNA by the Maillard reaction (also called "glycation", "the browning reaction", or "nonenzymatic glycosylation"). Over time, the glycated proteins are chemically modified to become molecular structures called Advanced Glycation Endproducts (A.G.E.s). In the presence of reactive oxygen species (ROS), A.G.E.s form covalent crosslinks with adjacent protein strands. The process happens gradually, so that crosslinks accumulate over the years on the longest-lived proteins which do not get recycled very often. The clearest evidence of this is found in the extracellular collagen and elastin. [Cerami 1987] 

Pathological consequences

Crosslinking reduces the flexibility, elasticity, and functionality of the proteins. Furthermore, the chemical modifications of glycation and crosslinking can initiate harmful inflammatory and autoimmune responses. Glycation has been found in connective tissue collagen, arterial collagen, kidney glomerular basement membrane, eye lens crystallins, nerve myelin proteins and in the circulating low-density lipoprotein (LDL) of the blood. [Bucala] 

Glycation and crosslinking have been implicated as strong contributors to many progressive diseases of aging, including vascular diseases (such as atherosclerosis, systolic hypertension, pulmonary hypertension, and poor capillary circulation), kidney disease, stiffness of joints and skin, cataracts, retinopathy, neuropathy, Alzheimer's Dementia [Ulrich, Perry], impaired wound healing, urinary incontinence, complications of diabetes, and cardiomyopathies (such as diastolic dysfunction, left ventricular hypertrophy, and congestive heart failure). [Bucala] 

Arterial stiffening causes an increase in the pulse pressure wave which travels through the blood vessels at each heartbeat. Pulse pressure is measured by subtracting diastolic blood pressure (low number) from systolic blood pressure (high number). (P = S - D). (For example, a patient with blood pressure of 155/90 would have a pulse pressure of 65.) Arterial stiffening with increased pulse pressure is a leading risk factor for cardiovascular disease in the elderly. [Kass] 

Diabetic Complications

It is significant that these same pathological processes happen at an earlier age in diabetic individuals, whose average blood sugar concentration is higher than normal. [Bucala] 

Inhibitors of Glycation Crosslinking

The formation of new glycation-induced crosslinks is slowed by several drugs and natural substances: Aminoguanidine has been studied as an inhibitor of A.G.E. crosslinks by Alteon Pharmaceuticals, and named Pimagedine. In human clinical trials, Pimagedine slowed the progression of diabetic kidney disease and retinopathy. Carnosine (beta-alanyl-L-histidine), a dipeptide formed naturally in human tissues, is also believed to inhibit the formation of crosslinks between proteins which have been glycated or carbonylated [Hipkiss]. Aspirin may also inhibit the formation of pathological A.G.E. crosslinks. For example, chronic users of aspirin have fewer cataracts [Bucala]. 

Crosslink Breakers

Nevertheless, aminoguanidine and aspirin do not seem to break A.G.E. crosslinks which have already formed. However, other compounds are being studied which do. Many of the crosslink breakers are modified thiazolium salts which include an active site similar in structure to the catalytic ring of thiamine (vitamin B1). [Ulrich, Vasan, Asif] The furthest in clinical development is 3-phenacyl-4,5-dimethylthiazolium chloride (PTC), developed by Alteon Pharmaceuticals, and named ALT-711. ALT-711 is now in phase 2b clinical trials in the United States. [Melto


Saari JT, Dahlen GM. Early and advanced glycation end-products are increased in dietary copper deficiency. J Nutr Biochem 10:210-214, 1999. 

Altered metabolism of sugar, as commonly occurs in diabetes and aging, may increase blood sugar. This can lead to the undesirable binding of sugar to proteins (termed glycation) that causes damage to the proteins and may alter their function. We have shown previously that this altered sugar binding may be the cause of problems associated with dietary copper deficiency. To date, however, the only direct evidence that altered sugar binding occurs in copper deficiency has been the observation of an elevated percentage of sugar bound to the blood protein hemoglobin. The purpose of the present study was to look for stronger evidence of sugar binding by proteins in copper deficiency by measuring the concentration of another protein containing bound sugar as well as a compound that represents protein that has been destroyed by sugar binding. We found that two such compounds were elevated in copper-deficient rats, thus further confirming the occurrence of a harmful enhanced binding of sugar to proteins in dietary copper deficiency.
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For all the promise of youth-restoring remedies none has ever reversed the process of aging. Now, for the first time, researchers at Alteon Inc. (alteonpharma.com) have developed a drug that rejuvenates hearts and blood vessels, stiffened with age, by breaking up molecules that cause the trouble. 
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Glucose is the prime source of fuel for generating energy; but glucose has its dark side. Glucose can bind tightly to proteins and form abnormal (glycated) complexes that progressively damage tissue elasticity. An increased stiffness in the cardiovascular system, which leads to high blood pressure and an overworked heart, is one of the striking features of aging. By breaking these abnormal glucose-protein bonds, the drug ALT-711 can reverse the damage and restore elasticity to blood vessels and heart. Extensive animal studies and ongoing clinical trials show ALT-711 as a potential treatment for a wide range of aging-related disorders.

Since the early 1900s food chemists have known that glucose reacts with amino acids in proteins to form yellow-brown products with cross-linked structures. The Maillard reaction process—named after its discoverer—is the source of color, flavor and texture in cooking; it toughens and discolors food, for example, turning a roasting turkey golden brown or darkening a slice of toast. During the 1970s and 1980s, research done by Dr. A. Cerami and other investigators showed that the glucose-amino acid complexes, called advanced glycation endproducts (AGEs), also form slowly in vivo, on the surface of long-lived proteins such as collagen and elastin, in blood vessels and heart muscle, and crystallin in the lens. Once advanced glycation endproducts are formed they interact with neighboring proteins to produce pathological crosslinks that toughen tissues. The formation of advanced glycation endproducts and AGE-crosslinks are non-enzymatic processes and cannot be reversed by enzymes that disrupt protein bonds. It has been suggested that no other molecule has the versatility of structure and the potential toxic effects on proteins as advanced glycation endproducts. These molecules destroy normal protein structure, inhibit protein physiological function and cause damage that leads to irreversible disease conditions in vital organs. 

AGEs effects on tissues 

	
	An increase in arterial stiffness intensifies the workload on the heart and is one of the causes of myocardial enlargement (hypertrophy) and heart failure.
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Since advanced glycation endproducts are by nature permanently bound to collagen and other long lived proteins, they accumulate continuously on vessel walls and other tissues, progressively crosslinking collagen and restricting its flexibility. The rate of advanced glycation endproducts’ accumulation and the degree of stiffness they produce are proportional to blood glucose levels and the length of time these levels persist. Evidence that advanced glycation endproducts are important contributors to a loss of elasticity is provided by observations that high blood sugar (hyperglycemia) in young diabetic rats accelerates the stiffening of the heart muscle (myocardium) and that chemicals that inhibit the formation of advanced glycation endproducts prevent the stiffening of the tissues. Additional supporting evidence comes from human observations. People with diabetes, whose high blood glucose is not readily restored to normal, show substantially larger amounts of advanced glycation endproducts in their tissues. They also show increased stiffness, compared to age matched non-diabetic individuals. Age-related cardiovascular disorders that are linked to advanced glycation endproducts—atherosclerosis, hypertension, stroke and heart failure—are frequent complications in diabetes. In fact it has been suggested that diabetes is an accelerated form of aging. Conversely, it is speculated that increased longevity associated with reduced caloric intake may be due to lower amounts of advanced glycation endproducts formed in the body. 

AGEs and cardiovascular damage

Restricted movements due to advanced glycation endproduct crosslinking of collagen are especially damaging in blood vessels and the myocardium, whose normal functions depend on flexibility and distensibility. Loss of elasticity in the aorta, the major artery transporting blood from the heart, leads to high systolic blood pressure (systolic hypertension) and high pulse pressure (the gap between systolic and diastolic blood pressure). An increase in arterial stiffness intensifies the workload on the heart and is one of the causes of myocardial enlargement (hypertrophy) and heart failure. 

Advanced glycation endproduct crosslinking and loss of elasticity in the myocardium gradually affect the left ventricle of the heart that pumps oxygen-rich blood into circulation. Increasing stiffness suppresses ventricular contractility, damages its ability to fill with blood (diastolic ventricular filling) and reduces blood delivery into the circulation (decreased output). Stiffness of the myocardium increases diastolic blood pressure, as arterial stiffness increases systolic blood pressure and pulse pressure. Epidemiological studies have shown that increased vessel stiffness is a reliable predictor of cardiovascular disease and mortality. 

Other AGE induced damage

Considering that collagen is the most abundant protein in the body—a major protein in skin, bones, cartilage, tendons, teeth and the cardiovascular system—advanced glycation endproduct crosslinking of collagen can produce widespread damaging effects. 

Advanced glycation endproduct formation also generates free radicals that can add to the damage inflicted by AGE crosslinking of proteins. For example, free radicals can react with components in blood vessels to form fatty plaques that further increase the risk of atherosclerosis, heart disease and stroke, in a cardiovascular system already compromised by loss of elasticity. Advanced glycation endproducts have been found in brain tissue and have been implicated in the pathology of Alzheimer’s disease, by inducing oxidative stress and causing structural modification of beta amyloid proteins that play a significant role in the disease. 

Advanced glycation endproducts are also involved in other aging-related conditions, seen frequently in diabetes. AGEs damage the kidney, causing leakage in blood vessels, a thickening of the glomerulus walls and the filtering system, and renal failure. Progressive advanced glycation endproduct damage to blood vessels in the retina (retinopathy) results in blindness. 


Continued on Page 2 of 2

A nutrient that may have broader mechanisms of action in protecting against glycation is an amino acid peptide called carnosine. The dose of carnosine needed to protect against glycation is 1000 mg a day. Carnosine is now available in high-potency form and many Life Extension members take carnosine because of its multi-modal effects in protecting against glycation and other pathological processes involved in molecular aging.
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