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Inhibition of protein glycation and
advanced glycation end products by
ascorbic acid and other vitamins
and nutrients
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Nonenzymatic glvcation, the reaction of glucose and other reducing sugars with protein, reversibly produces
Amadori products and over a long period irreversible advanced glveation end products. In diabetes, these
reactions are greatly accelerated and are important in the pathogenesis of diabetic complications.

In vitro glycation was studied with bovine albumin as the model protein. A mixture of 25 mM glucose/fructose
was used as the glycating agent. The Amadori product was quantitated by thiobarbituric acid colorimetry after
hydrolysis. Advanced glveation end products were measured by their intrinsic fluorescence. A number of vitamins
and nutrients were found to be potent inhibitors of both the glycation reaction and the subsequent end products.
The nutrients were effective at physiological concentrations and exhibited dose-response relationships. The
inhibitors included ascorbic acid, tocopherol, pyridoxal, niacinamide, sodium selenite, selenium yeast, and
carnosine. A significant correlation was found between the inhibition of glycation and the inhibition of AGE
SJormation (P < 0.001). One of the nutrients, ascorbic acid, was used in a pilot study. Eighteen normal subjects,
7 college age and 10 middle age, were supplemented with 1,000 mg of ascorbic acid in the form of Re-Natured
Vitamin C% for a period of 4 weeks. Serum protein glycation was decreased an average of 46.8% (P < 0.01).
These results underline the importance of nutrition in diabetes and indicate the possibility of therapeutic use of
these nutrients for the prevention of diabetic complications. @ Elsevier Science Inc. 1996 (J. Nutr. Biochem.
7:659-663, 1996.)
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Introduction Protein + sugar 22 Schiff &2 Amadori — — Advanced Glycation

Base Products End Products (AGE)
Although there have been important advances in the control (AP)
of the hyperglycemia of diabetes by means of diet, hypo-
glycemic drugs, insulin, the insulin pump and islet trans-
plantation, the long-term complications of diabetes are still
leading causes of death.' These complications are a direct
result of protein alterations which result in irreversible tis-
sue damage. One of the consequences of hyperglycemia is
the excessive nonenzymatic glycation ol proteins known as
the Maillard reaction, which is shown schematically below.

Equilibrium levels of Schiff base and Amadori products
(AP) are reached quickly, in hours and weeks, respectively.”
The levels of these early glycation products change in re-
sponse to blood glucose and are reflected in the analysis of
glycated hemoglobin (GHb) and glycated albumin to moni-
tor average blood glucose control over several months and
several weeks, respectively, in diabetic patients. However
the irreversibly formed advanced glycation end products
(AGE) do not return to normal when hyperglycemia is cor-
rected and continue to accumulate over the lifetime of the
protein. These substances can form covalent bonds with
amino groups on other proteins and thus cause protein
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cross-linking.? Glycation and AGE modifications result in
pathological changes to the protein such as enzyme activa-
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