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Thioctic acid for patients with symptomatic diabetic polyneuropathy: a critical review.  Ziegler D.

German Diabetes Clinic, German Diabetes Research Institute, Leibniz Institute at the Heinrich Heine University, Dusseldorf, Germany. dan.ziegler@ddfi.uni-duesseldorf.de

Diabetic neuropathy represents a major health problem, as it is responsible for substantial morbidity, increased mortality, and impaired quality of life. Near-normoglycemia is now generally accepted as the primary approach to prevention of diabetic neuropathy, but is not achievable in a considerable number of patients. A growing body of evidence suggests that oxidative stress resulting from enhanced free-radical formation and/or defects in antioxidant defense is implicated in the pathogenesis of diabetic neuropathy. Markers of oxidative stress such as superoxide anion and peroxynitrite production are increased in diabetic patients in relation to the severity of polyneuropathy. In experimental diabetic neuropathy, oxygen free-radical activity in the sciatic nerve is increased, and treatment with thioctic acid, a potent lipophilic antioxidant, results in prevention or improvement of the diabetes-induced neurovascular and metabolic abnormalities in various organ systems. Pharmacodynamic studies have shown that thioctic acid favorably influences the vascular abnormalities of diabetic polyneuropathy such as impaired microcirculation, increased indices of oxidative stress, and increased levels of markers for vascular dysfunction, such as thrombomodulin, albuminuria, and nuclear factor-kappaB. Thus far, seven controlled randomized clinical trials of thioctic acid in patients with diabetic neuropathy have been completed (Alpha-Lipoic Acid in Diabetic Neuropathy [ALADIN I-III], Deutsche Kardiale Autonome Neuropathie [DEKAN], Oral Pilot [ORPIL], Symptomatic Diabetic Neuropathy [SYDNEY], Neurological Assessment of Thioctic Acid in Neuropathy [NATHAN] II) using different study designs, durations of treatment, doses, sample sizes, and patient populations. Recently, a comprehensive analysis was undertaken of trials with comparable designs that met specific eligibility criteria for a meta-analysis to obtain a more precise estimate of the efficacy and safety of thioctic acid (600mg intravenously for 3 weeks) in diabetic patients with symptomatic polyneuropathy. This meta-analysis included the largest sample of diabetic patients (n = 1258) ever to have been treated with a single drug or class of drugs to reduce neuropathic symptoms, and confirmed the favorable effects of thioctic acid based on the highest level of evidence (Class Ia: evidence from meta-analyses of randomized, controlled trials). The following conclusions can be drawn from these trials: 

(i) short-term treatment for 3 weeks using intravenous thioctic acid 600 mg/day reduces the chief symptoms of diabetic polyneuropathy to a clinically meaningful degree; 

(ii) this effect on neuropathic symptoms is accompanied by an improvement of neuropathic deficits, suggesting potential for the drug to favorably influence underlying neuropathy; 

(iii) oral treatment for 4-7 months tends to reduce neuropathic deficits and improve cardiac autonomic neuropathy; and 

(iv) clinical and postmarketing surveillance studies have revealed a highly favorable safety profile of the drug. Based on these findings, a pivotal long-term multicenter trial of oral treatment with thioctic acid (NATHAN I) is being conducted in North America and Europe to investigate effects on progression of diabetic polyneuropathy, using a clinically meaningful and reliable primary outcome measure that combines clinical and neurophysiological assessment.
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Utilization of the insulin-signaling network in the metabolic actions of alpha-lipoic acid-reduction or oxidation?  Konrad D.

Division of Endocrinology and Diabetology, University Children's Hospital, Zurich, Switzerland. daniel.konrad@kispi.unizh.ch

Alpha-lipoic acid is a naturally occurring cofactor of mitochondrial dehydrogenase complexes and a potent antioxidant. It can interchange between a reduced form and an oxidized form, thereby displaying reducing (antioxidant) and prooxidant properties, respectively. It is suggested that alpha-lipoic acid through its prooxidant properties acutely stimulates the insulin-signaling cascade, thereby increasing glucose uptake in muscle and fat cells. On the other hand, alpha-lipoic acid appears to protect the insulin-signaling cascade from oxidative stress-induced insulin resistance through its reducing capacities. In addition, alpha-lipoic acid seems to inhibit hepatic gluconeogenesis by interfering with fatty acid oxidation, as well as to increase peripheral glucose utilization by activating pyruvate dehydrogenase resulting in increased glucose oxidation. These different properties render alpha-lipoic acid a potentially attractive therapeutic agent for the treatment of insulin resistance. Moreover, given the potential role of oxidative stress in the pathogenesis of secondary complications in diabetes, alpha-lipoic acid might be beneficial in the prevention/treatment of these complications as was recently shown for diabetic neuropathy.
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Treatment for diabetic mononeuropathy with alpha-lipoic acid.

Tankova T, Cherninkova S, Koev D.

Clinic of Diabetology,Clinical Centre of Endocrinology, Clinic of Neurology, Medical University, Sofia, Bulgaria. tankova@iname.com

Twenty-three diabetic patients -- 16 men and seven women (mean age: 50.7 +/- 17.4 years; mean duration of diabetes: 13.6 +/- 6.9 years) -- with diabetic mononeuropathy of the cranial nerves participated in the study. Four of them were with mononeuropathia multiplex and total ophthalmoplegia, affecting the oculomotor, trochlear and abducent nerves; 12 with paresis of the oculomotor nerve, one -- of the trochlear nerve and six -- of the abducent nerve. They were treated with alpha-lipoic acid (600 mg) for 10 days daily intravenously, thereafter one film tablet of 600 mg daily for 60 days. On the 10th day, we found significant improvement in the clinical signs of diabetic mononeuropathy - double vision, motility and position of the eyeball, ptosis of the upper eyelid and mydriasis. The mean period of oral treatment was 69.1 +/- 23.8 days, following the 10-day intravenous application of alpha-lipoic acid, and full recovery of the diabetic mononeuropathy was achieved with this therapeutic approach. Peripheral neuropathy was present in 17 patients (74%). On the 10th day, we established a decrease in total symptom score by an average of 2.7 +/- 1.4 points and by the end of the treatment period it was improved by 5.9 +/- 1.9 points (p = 0.04). On the 10th day, we found a decrease of 33% in foot pain and by the end of the second month, it fell by 65.5% (p < 0.0001). Vibration perception threshold was reduced in these patients at entry -- mean: 2.42 +/- 1.8 at the great toe, 2.89 +/- 1.8 at the first metatarsal and 3.65 +/- 1.7 at the medial malleolus. By the end of the second month, it reached mean 4.7 +/- 1.8 (p < 0.002) at the great toe, 4.92 +/- 2.1 (p = 0.004) at the first metatarsal and 5.3 +/- 1.4 (p < 0.01) at the medial malleolus. Cardiovascular autonomic neuropathy was present in two of the patients and there was improvement after treatment in the Ewing's tests -- Valsalva manoeuvre, deep-breathing test and lying-to-standing test. The results of our study demonstrate that alpha-lipoic acid appears to be an effective drug in the treatment for not only peripheral and autonomic diabetic neuropathy, but also diabetic mononeuropathy of the cranial nerves leading to full recovery of the patients.
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Alpha-lipoic acid increases insulin sensitivity by activating AMPK in skeletal muscle.

Lee WJ, Song KH, Koh EH, Won JC, Kim HS, Park HS, Kim MS, Kim SW, Lee KU, Park JY.

Division of Endocrinology and Metabolism, Department of Internal Medicine, University of Ulsan College of Medicine, Seoul, Republic of Korea.

Triglyceride accumulation in skeletal muscle contributes to insulin resistance in obesity. We recently showed that alpha-lipoic acid (ALA) reduces body weight and prevents the development of diabetes in diabetes-prone obese rats by reducing triglyceride accumulation in non-adipose tissues. AMP-activated protein kinase (AMPK) is a major regulator of cellular energy metabolism. We examined whether ALA lowers triglyceride accumulation in skeletal muscle by activating AMPK. Alpha2-AMPK activity was decreased in obese rats compared to control rats. Administration of ALA to obese rats increased insulin-stimulated glucose disposal in whole body and in skeletal muscle. ALA also increased fatty acid oxidation and activated AMPK in skeletal muscle. Adenovirus-mediated administration of dominant negative AMPK into skeletal muscle prevented the ALA-induced increases in fatty acid oxidation and insulin-stimulated glucose uptake. These results suggest that ALA-induced improvement of insulin sensitivity is mediated by activation of AMPK and reduced triglyceride accumulation in skeletal muscle.
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The role of antioxidant micronutrients in the prevention of diabetic complications.

Bonnefont-Rousselot D.

Laboratoire de Biochimie Metabolique et Clinique (EA 3617), Faculte de Pharmacie, Paris, France. dominique.rousselot@psl.ap-hop-paris.fr

Diabetes mellitus is associated with an increased production of reactive oxygen species and a reduction in antioxidant defenses. This leads to oxidative stress, which is partly responsible for diabetic complications. Tight glycemic control is the most effective way of preventing or decreasing these complications. Nevertheless, antioxidant micronutrients can be proposed as adjunctive therapy in patients with diabetes. Indeed, some minerals and vitamins are able to indirectly participate in the reduction of oxidative stress in diabetic patients by improving glycemic control and/or are able to exert antioxidant activity. This article reviews the use of minerals (vanadium, chromium, magnesium, zinc, selenium, copper) and vitamins or cofactors (tocopherol [vitamin E], ascorbic acid [vitamin C], ubidecarenone [ubiquinone; coenzyme Q], nicotinamide, riboflavin, thioctic acid [lipoic acid], flavonoids) in diabetes, with a particular focus on the prevention of diabetic complications. Results show that dietary supplementation with micronutrients may be a complement to classical therapies for preventing and treating diabetic complications. Supplementation is expected to be more effective when a deficiency in these micronutrients exists. Nevertheless, many clinical studies have reported beneficial effects in individuals without deficiencies, although several of these studies were short term and had small sample sizes. However, a randomized, double-blind, placebo-controlled, multicenter trial showed that thioctic acid at an oral dosage of 800 mg/day for 4 months significantly improved cardiac autonomic neuropathy in type 2 diabetic patients. Above all, individuals with diabetes should be educated about the importance of consuming adequate amounts of vitamins and minerals from natural food sources, within the constraints of recommended sugar and carbohydrate intake.
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Effects of glucose and insulin on the development of oxidative stress and hypertension in animal models of type 1 and type 2 diabetes.

Midaoui AE, de Champlain J.

Research Group on Autonomic Nervous System, Department of Physiology, Faculty of Medecine, University of Montreal, Montreal, Quebec, Canada.

OBJECTIVES: To investigate whether glucose or insulin is the cause of increases in oxidative stress and blood pressure in insulin-resistant animals, and to evaluate the effects of alpha-lipoic acid (LA) on the production of the superoxide anion (O2-) in the aorta and blood pressure elevations in various models of diabetes. METHODS: Two models of arterial hypertension combined with insulin resistance state and one model of insulin-dependent diabetes were studied in chronically glucose-fed rats (10% in drinking water), in animals chronically treated simultaneously with insulin (9 mU/kg per min with osmotic pumps) and glucose, and in rats initially treated with streptozotocin (50 mg/kg) and glucose during 4 weeks. These three groups of rats were treated either with a normal chow diet or with LA-supplemented diet. The oxidative stress was evaluated by the O2- production using the lucigenin-enhanced chemiluminescence method either in aortic or cultured smooth muscle cells from 12-week-old normotensive rats. Fasting blood glucose and insulin levels were measured after 4 weeks. RESULTS: At the end of the study, plasma levels of insulin and glucose as well as the insulin resistance index were found to be significantly higher in glucose-fed rats or in rats treated with insulin plus glucose compared with control rats (P < 0.01). Plasma glucose levels were elevated (P < 0.01) but plasma insulin levels were not modified in streptozotocin- and glucose-treated rats. Systolic blood pressure and aorta O2- production were found to be significantly higher in either glucose-fed rats (+20%) or in insulin plus glucose-treated rats (+24%) as compared with control rats (P < 0.01). Streptozotocin-induced diabetes with glucose treatment was not accompanied by increases in systolic blood pressure or in aortic O2- production. Rises in systolic blood pressure and in aortic O2- production were significantly attenuated either in glucose-fed (+10.3%) or in insulin plus glucose-fed (+8.7%) rats treated with LA. The simultaneous treatment with LA also attenuated the rise in insulin levels as well as in insulin resistance either in glucose-fed rats or in insulin plus glucose-treated rats. Moreover, LA was found to prevent the marked increases in O2- production in cultured smooth muscle cells chronically treated with high insulin combined or not with high glucose levels. CONCLUSIONS: These findings demonstrate that elevated plasma glucose levels alone do not induce vascular oxidative stress and hypertension unless it is combined with high level of insulin. The finding that the treatment with LA, a potent antioxidant, was efficacious in preventing oxidative stress and hypertension in diabetic models of insulin resistance suggests an important participation of oxidative stress in the development of hypertension in type 2 diabetes.
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Prevention and treatment of macroangiopathy: focusing on oxidative stress.

Park KG, Kim MJ, Kim HS, Lee SJ, Song DK, Lee IK.

Department of Internal Medicine, School of Medicine, Keimyung University Dongsan Medical Center, 194 Dongsan-Dong, Jung-Gu, Daegu 700-712, Republic of Korea.

Oxidative stress has been proposed to be a major cause of atherosclerosis in diabetes. Endothelial dysfunction, common in diabetes, is considered a prerequisite for atherosclerosis. We evaluated whether alpha-lipoic acid (ALA) is an effective treatment for oxidative stress-induced endothelial dysfunction. Using high resolution ultrasound techniques, we evaluated flow mediated vasodilation (FMD) of the brachial artery in 13 young healthy men with transient hypertriglyceridemia (HTG) induced by intralipid infusion and in 11 postmenopausal type 2 diabetics before and after ALA treatment. We also measured superoxide anion formation in neutrophils as a maker of oxidative stress. FMD was decreased and superoxide anion formation was increased significantly following intralipid infusion in the young healthy men. ALA treatment, however, reversed the HTG-induced endothelial dysfunction and decreased the superoxide anion formation. Similarly, treatment with ALA increased FMD and decreased superoxide anion formation in the postmenopausal type 2 diabetics. In addition, the change in FMD was negatively correlated with superoxide anion formation in young healthy men and in postmenopausal type 2 diabetics (r = -0.54, -0.65, respectively). All P values were below 0.05. In conclusion, our results demonstrate that ALA treatment improves HTG- and diabetic-induced endothelial dysfunction, possibly due to the antioxidant effect of ALA.

	Diabetes. 2004 Dec;53(12):3233-8.
	Related Articles, [image: image13.png]


Links 




 
Effect of long-term administration of alpha-lipoic acid on retinal capillary cell death and the development of retinopathy in diabetic rats.

Kowluru RA, Odenbach S.

Kresge Eye Institute, Wayne State University, Detroit, MI 48201, USA. rkowluru@med.wayne.edu

Oxidative stress is increased in the retina in diabetes, and it is considered to play an important role in the development of retinopathy. alpha-Lipoic acid, a thiol antioxidant, has been shown to have beneficial effects on polyneuropathy and on the parameters of oxidative stress in various tissues, including nerve, kidney, and retina. The purpose of this study was to examine the effect of alpha-lipoic acid on retinal capillary cell apoptosis and the development of pathology in diabetes. Retina was used from streptozotocin-induced diabetic rats receiving diets supplemented with or without alpha-lipoic acid (400 mg/kg) for 11 months of diabetes. Capillary cell apoptosis (by terminal transferase-mediated dUTP nick-end labeling) and formation of acellular capillaries were investigated in the trypsin-digested retinal microvessels. The effect of alpha-lipoic acid administration on retinal 8-hydroxy-2'deoxyguanosine (8-OHdG) and nitrotyrosine levels was determined by enzyme-linked immunosorbent assay. alpha-Lipoic acid administration for the entire duration of diabetes inhibited capillary cell apoptosis and the number of acellular capillaries in the retina, despite similar severity of hyperglycemia in the two diabetic groups (with and without alpha-lipoic acid). Retinal 8-OHdG and nitrotyrosine levels were increased by over twofold and 70%, respectively, in diabetes, and alpha-lipoic acid administration inhibited these increases. Our results demonstrate that the long-term administration of alpha-lipoic acid has beneficial effects on the development of diabetic retinopathy via inhibition of accumulation of oxidatively modified DNA and nitrotyrosine in the retina. alpha-Lipoic acid supplementation represents an achievable adjunct therapy to help prevent vision loss in diabetic patients.
