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ABSTRACT. The therapeutic potential of a-lipoic acid (thioctic acid) was evaluated with respect to its
influence on cellular reducing equivalent homeostasis. The requirement of NADH and NADPH as cofactors in
the cellular reduction of a-lipoic acid to dihydrolipoate has been reported in various cells and tissues. However,
there is no direct evidence describing the influence of such reduction of a-lipoare on the levels of cellular
reducing equivalents and homeostasis of the NAD(P)H/NAD(P) ratio. Treatment of the human Wurzburg
T-cell line with 0.5 mM a-lipoate for 24 hr resulted in a 30% decrease in cellular NADH levels. a-Lipoate
treatment also decreased cellular NADPH, but this effect was relatively less and slower compared with that of
NADH. A concentration-dependent increase in glucose uptake was observed in Wurzburg cells treated with
a-lipoate. Parallel decreases (30%) in cellular NADH/NAD" and in lactate/pyruvate ratios were observed in
a-lipoate-treated cells. Such a decrease in the NADH/NAD™ ratio following treatment with a-lipoate may have
direct implications in diabetes, ischemia-reperfusion injury, and other pathologies where reductive (high
NADH/NAD" ratio) and oxidant (excess reactive oxygen species) imbalances are considered as major factors
contributing to metabolic disorders. Under conditions of reductive stress, a-lipoate decreases high NADH
levels in the cell by utilizing it as a co-factor for its own reduction process, whereas in oxidative stress both
a-lipoate and its reduced form, dihydrolipoate, may protect by direct scavenging of free radicals and recycling
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Cellular redox imbalances in hyperglycemic (e.g. diabetic)
and hypoxic (e.g. ischemic) tissue are one of the funda-
mental factors that contribute to the complications of these
pathological disorders. In hypoxic tissues, impaired mito-
chondrial oxidation of NADH to NAD™ because of de-
creased pO, results in an increased intracetlular NADH/
NAD" ratio [1]. In hyperglycemia, the rate of oxidation of
glucose to sorbitol by aldose reductase activity increases.
Subsequently, sorbitol dehydrogenase activity increases the
intracellular NADH/NAD" ratio by oxidation of sorbitol to
fructose, resulting in a situation commonly referred to as
pseudohypoxia [2]. An elevated cellular NADH/NAD® ra-
tio causes “reductive stress.”” Several similarities have been
observed between functional abnormalities associated with
high NADH/NAD™ under conditions of diabetes and isch-
emia [2]. A high intracellular NADH/NAD™ ratio inhibits
several major metabolic pathways such as glycolysis and
fatty acid oxidation [2], and exacerbates the intracellular
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formation of additional ROS! that may cause cell injury [3].
Oxidation of NADH to NAD" by the mitochondrial respi-
ratory chain is associated with the one-electron reduction
of O, generating O, . Under “reductive stress” conditions,
elevated cytosolic NADH equivalents are transported rap-
idly into mitochondria where auto-oxidation of reduced
electron transport components (such as ubiquinol andfor
flavoproteins) may further enhance O, formation [2]. Fur-
thermore, high NADH/NAD™ may result in the release of
cellular stores of iron (Fe’*) bound to ferritin, resulting in
free reduced Fe®* that may catalyze Fenton reactions lead-
ing to the production of hydroxyl radicals [4].

Recent studies have highlighted considerable interest in
the therapeutic value of the metabolic antioxidant a-lipoic
acid or thioctic acid (1,2-dithiolane-3-pentanoic acid), es-
pecially with regard to pathologies that have redox imbal-
ances [5, 6]. Beneficial effects of a-lipoic acid administra-
tion have been reported in diabetic complications and isch-
emia-reperfusion injury [7-11]. a-Lipoic acid has been used

! Abbreviations: ROS, reactive oxygen species; O,"~, superoxide anion radi-
cal; DHLA, 6,8-dithiooctanoic acid (dihvdrolipoate); FBS, fetal bovine
serum; GSH, glutathione; and GSSG, glutaehione disulfide.







