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Fig. 1. Aldehyde scavenging. The reactive aldehydes are either reduced to alcohols
by aldehyde reductases or oxidized to acids by aldehyde dehydrogenases
(or oxidases). In general, enzymes involving in aldehyde metabolism have
broad substrate specificities. There is also a redundancy among these
enzymes. This ensures the quick and complete removal of reactive

aldehydes.
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Fig. 2. Effect of glucose concentration on glucose-6-phosphate (G6P) production. Hexokinase with
Km in nano- or micromolar ranges is already saturated with normal blood glucose concentra-
tion (ca. 5mM, 90 mg/dl). This suggests that the effect of blood glucose concentration on G6P

production is minimal.
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Fig. 3. Free aldehyde form of glucose. Glucose is present as ring forms in aqueous humor. The hy-
droxyl group at C-1 determines e- and A-forms of anomers. The conversion between these two
forms continuously occurs and generates an intermediate open-chain form (free aldehyde

form) of glucose.
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Fig. 4. Non-enzymatic glycation. Free aldehyde form of glucose quickly forms Schiff base with amino residue
of lysine and is further metabolized to various advanced glycation end products (AGEs) through Ama-
dori rearrangement.
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Fig. 5. Aldehyde scavenging reactions of open-chain form of glucose. There are two glucose metabolic path-
ways, where glucose is directly metabolized without the step of phosphorylation. (1) Gluconic acid
pathway: Glucose is oxidized to gluconic acid by glucose dehydrogenase (GDH). (2) Polyol pathway:
Glucose is reduced by aldose reductase (AR) to sorbitol that is further metabolized to fructose by sor-
bitol dehydrogenase (SDH). Three major concepts for diabetic complications, non-enzymatic glycation,
aldose reductase theory and pseudohypoxia concept are all established from the evidence related to
the reactive aldehyde form of glucose and its metabolic pathways.
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Sorbitol formation by Creating osmotic insults by

aldose reductase accumulation of sorbitol

1. Km 200-300 mM
2. No reverse reaction from sorbitol
3. No feedback inhibition by sorbitoll

c 5mM
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Fig. 6. Sorbitol formation causing osmotic insults. Since Km of aldose reductase (AR) for glucose is much
larger than normal blood glucose concentration, sorbitol production is proportional to the concentration
of substrate. Furthermore, neither reverse reaction from sorbitol nor feedback inhibition by sorbitol is
detectable. This means that sorbitol can be continuously formed as long as substrate and the cofactor
NADPH for AR are available. Because sorbitol poorly penetrates the plasma membranes, sorbitol accu-
mulates when the cells are exposed to the excess amount of glucose. This causes the osmotic imbalance

leading to the cell death.
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Fig. 7. Redox potential changes in hyperglycema. Activation of polyol pathway results in the changes of redox
potential (NAD*/NADH) that prevents the efficient activation of glycolysis and leads to the depletion

of ATP.
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