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Abstract
The world wide pandemic of diabetes mellitus type 2 (DM) adversely affects the health of populations predominantly by impairing the integrity of the vascular system. Unchecked, metabolic consequences of DM affect the coronary vessels leading to myocardial infarctions but also result in microvascular complications with diabetic retinopathy, nephropathy and peripheral neuropathy.

Management of DM includes life style, the diet and also a host of medications. Natural compounds have also been tried, of these particularly the α-lipoic acid (LA). LA originates in the mitochondria from the octanoic acid, after incorporating two sulfur atoms into the molecule. LA synthesis gradually declines with the age and it becomes almost undetectable in patients with DM. LA which occurs both in an oxidized and in a reduced form, effectively assists in binding of the free radicals. 
Experimental data suggest that LA may be effective for prevention and management of  diabetic complications that are related to excessive production of oxygen radicals. The most relevant clinical role of LA is in alleviation of painful diabetic neuropathy. The relationships between supplemental doses and therapeutic doses have not been clearly defined. As humans biosynthesize lipoic acid and it is not a required vitamin, so no Recommended Daily Allowance (RDA) has been established.
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Rezumat

Pandemia de diabet de tip II existentă pe plan mondial influențează negativ sănătatea populației, predominant prin afectarea integrității sistemului vascular. Consecințele metabolice ale diabetului implică afectarea vaselor coronariene conducând la infarct miocardic, dar, de asemenea, determină complicații microvasculare, cu retinopatie diabetică, nefropatie și neuropatie periferică. 
Managementul melitusului diabetic implică schimbări ale stilului de viață, ale dietei și de asemenea administrarea medicației. Au fost încercați compuși naturali, dintre aceștia, în mod particular, acidul α-lipoic (LA). LA își are originea în mitocondrie din acidul octanoic, după încorporarea a doi atomi de sulf în moleculă. Sinteza LA scade progresiv cu vârsta și acesta devine aproape nedetectabil la pacienți cu melitus diabetic. LA care apare atât în formă oxidată, cât și în formă redusă, contribuie la legarea radicalilor liberi.

Date experimentale sugerează că LA ar putea fi eficient pentru prevenția și managementul complicațiilor diabetului care sunt asociate cu producerea de radicali liberi de oxigen. Cel mai relevant rol clinic al LA este în atenuarea neuropatiei diabetice dureroase. Relația dintre dozele suplimentare și dozele terapeutice nu a fost clar stabilită. Deoarece oamenii sintetizează acid lipoic nu a fost stabilită o doză zilnică permisă.
Cuvinte cheie: acid lipoic, diabet, radicali liberi, neuropatie diabetică.
Introduction

The pandemic of DM in the second half of the 20th century expanded from the affluent world to affect also the developing countries. Obesity with its metabolic consequences is the main pathogenetic culprit. Presently, DM affects almost 10 per cent of adults in the Czech Republic, Austria, Switzerland and in the United States. Moreover, trend analyses for the first thirty years of the 21st century predict a 2.5 fold increase in DM in India, in the Near East and in Latin America(1). That will result in an enormous rise in population disability. Major consequences of DM are related to vascular disorders, affecting both the large vessels (coronary atherosclerosis, myocardial infarction, peripheral artery occlusion with gangrene of the extremities) and small vessels of target organs (diabetic retinopathy, nephropathy and neuropathy). Management of DM consists of weight control, diet and a variety of presription medications. Regarding non-prescription products and alternative medicine, the metabolic potential of the LA deserves a closer attention.
Basic facts about lipoic acid

LA is a natural product synthesized in small quantities in plants and animals, including humans. Endogenously synthesized α-LA is bound by specific proteins which play an important role as enzyme co-factors in the mitochondria. Fig. 1  presents a molecule of LA binding two sulfur atoms in either oxidized or reduced form. The oxidized molecule is LA, the reduced one is the dihydrolipoic acid (DHLA). LA contains an asymmetric carbon and therefore it occurs in two stereoisomers: R-LA and S-LA. LA occurs also in a racemic form: R/S LA. Only R(α)-LA is a natural form, essential for four mitochondrial enzyme complexes.
The existence of LA was discovered by microbiologists who detected some microorganisms that require a novel growth factor that decarboxylates the pyruvate to acetate. This previously unknown growth factor was isolated in a crystalline form by Lester Reed in 1951 who gave it the name LA(2). In order to isolate 30 mg of LA he had to use 10 tons of beef liver.
The cells synthesize LA in the mitochondria from an 8-carbon octane fatty acid. Afterward, the two sulfur atoms are incorporated into the molecule by a lipoyl synthase. Healthy humans have the endogenous plasma LA at 1-25 ng/ml, DHLA at 33-145 ng/ml(3). Such tissue concentrations satisfy physiologic requirements. 

Biosynthesis of LA declines with age and it is almost  zero in DM. This suggests the need to  increase the intake of LA from food or from supplements. Oral intake of LA from supplements increases free LA in plasma and in tissues, despite its intestinal absorption being only 30-40 per cent. Ingested LA is promptly reduced to DHLA(4).
A growing interest in LA in the recent years was mostly related to its antioxidative potential, present in both the oxidized and reduced LA. As an antioxidant effectively removing the free radicals, LA has the advantage of being soluble in both aquaeous and lipid environment. Other antioxidants are soluble only in water (ascorbic acid) or in lipids (vitamin E). Another advantage of LA is in being capable of regenerating other antioxidants(5). In addition, LA binds iron and copper ions, catalyzators of biological processes that generate highly reactive free radicals(6).
Diabetes, oxidative stress and lipoic acid

It has been universally accepted that free radicals with an unpaired, highly reactive electron, contribute to pathogenesis of DM and its vascular complications(7, 8). Patients with DM generate the tissue radicals in the non- enzymatic glycolysis in response to the membrane-bound NADPH oxidase and in the course of the electron transport in the mitochondria. Decisive is excessive production of superoxides during the mitochondrial transport triggered by abnormally elevated tissue glucose(8). 

Obesity, frequently associated with DM is another source of free radicals. In obese people the cell compartments generate agressive hydroxy radicals, signet oxygen, superoxide anions and the hydrogen peroxide. When the organism has inadequate antioxidants for removal of these free radicals, the result is an oxidative stress with serious pathologic consequences. In DM the tissues have elevated hydroperoxides and also adducts of the deoxyribonucleic acid.

There have been numerous reports on the effectiveness of LA in prevention and management of diabetic complications that are a consequence of an overproduction of oxygen radicals. The redox system of LA is decisive for the transport of electrons that originate in radicals during oxidative stress(8) (Fig. 2).
Essential is coordination of LA mechanisms with the other antioxidants, the ascorbate and tocopherol. An unstable radical under the influence of vitamin E becomes stable but the vitamin E itself becomes a radical. Regeneration of this new radical, back to tocopherol is facilitated by the enzyme Q 10 or by the ascorbic acid. However, both Q 10 and the ascorbate convert to radicals. Only a biochemical process involving the LA normalizes Q 10 and ascorbate into the original compounds. Also, the LA/DHLA complex assists in transforming the oxidized glutathion into its reduced form which is important for various detoxications.
The role of LA in glucose metabolism has not been fully clarified. In the past, several reports based on small number of patients suggested an improved insulin sensitivity induced by intravenous administration of LA. Some authors described a potential of LA to prevent cardiovascular complications of DM. All these claims have not been fully validated and they have to be confirmed in long-term randomized controlled studies(9, 10).

Lipoic acid and diabetic neuropathy
Peripheral diabetic neuropathy (PDN) is a frequent  and disabling complication in 20 per cent of patients with DM. Among typical consequences are frequent falls, insufficient arterial perfusion,  peripheral ulcerations, gangrene and mutilating surgical interventions.
Decisive pathogenetic mechanism in PDN is an abnormally elevated glucose and resulting oxidative stress. Management of PDN is complex and frequently has unsatisfactory outcome. Because of this, the potential of LA has been brought in focus.
As long as forty years ago several animal experiments suggested that the antioxidant therapy with LA protects against neuropathy. Subsequently, German diabetologists started to use LA in patients with symptomatic PDN (11). In randomized studies using intravenous racemic LA at a daily dose of 600 mg for three weeks there was a prominent improvement of PDN symptoms in 1258 patients(11–16).
Effectiveness of LA administered orally was less prominent although daily 600 – 800 mg was considered  beneficial. A four year multicenter randomized study administered daily 600 mg LA orally. Long term outcome in patients with DM noted marked improvement  in the LA cohort, patients on  placebo deteriorated. LA was well tolerated.
A meta analysis in 2004(16) concluded that daily 600 mg intravenous LA markedly improved symptoms of PDN, LA was clinically  relevant and well tolerated. Another, more recent and critical meta analysis (17) confirmed that intravenous LA induced an obvious clinical improvement in painful PDN. LA may be considered for such indication. Results of oral LA therapy are less impressive and they call for additional experimental evidence. 

In the USA the alpha LA is available without prescription. In a typical pharmacy chain the customers find LA on the shelf along with other alternative supplements. Several different manufacturers offer a package with sixty capsules of LA, 600 mg each at a total cost  between $10 and $19. The product is advertised as an antioxidant „promoting sugar metabolism and revitalizing the skin“. A statement is included that the product has not been evaluated by the Food and Drug Administration (FDA).
Conclusion

α-Lipoic acid (LA) is a natural compound synthesized in tissue mitochondria from an octanoic acid, after incorporation of two sulfur atoms. Biosynthesis of LA declines with age and may be close to zero in diabetics. Both in its oxidized and reduced form, LA intensively clears free radicals that promote development of diabetes complications. Experimental data suggest that LA may have preventive and therapeutic potential for complications of diabetes which  result from excessive production of oxygen radicals. Best validated is the potential of LA to assist in the management of painful diabetic neuropathy. The relationships between supplemental doses and therapeutic doses have not been clearly defined. As humans biosynthesize lipoic acid and it is not a required vitamin, so no Recommended Daily Allowance (RDA) has been established.

Epidemic trends in DM in Romania required urgent attention to preventive management(18). While in 1970 the prevalence of DM in Romania was about 4 SDR/100 000, in the year 1990 it was has been rising to 10-11 SDR/100 000 - Fig.3. Fortunately, in the postcommunist period it declined especially in the female population to values which belong to the lowest in the European Union - Fig. 4.
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Figure legend
Fig. 1. The oxidative and reduction potential of the lipoic acid contributes to clearance of the free radicals.
Fig. 2. The redox system lipoic/dihydrolipoic acid assists in the recycling of the vitamin E and other antioxidants (partly from  Packer et al. 8).
Fig.3.  The trends of male and female diabetes mortality in Romania.

Fig.4. Recent data on diabetes mortality in females (WHO). The data are mostly from the 2008(18).






