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Introduction
Alpha lipoic acid (ALA), also known as thioptic acid, is 

a fatty acid synthesized by the body from the amino acid 
cysteine. It was first discovered in 1951 from bovine liver 
extracts, by American biochemists L.J. Reed and I.C. Gunsalus. 
Until the 1980s it was considered a vitamin, and only later 
as an antioxidant. It was then discovered that it can be 
synthesized in the human body,at the mitochondrial level, 
starting from actane acid and L-cysteine [1]. From a structural 
point of view it is a small amphipathic molecule, formed by a 
chain of eight carbon atoms, two of oxygen in the carboxylic 
group and two of sulfur located in the terminal part (figure 
1). Its use in clinical practice dates back to the 1970s thanks 
to Burt Berkson who injected ALA in patients with fulminant 
hepatitis due to mushroom poisoning and about two weeks 
after treatment, liver function was back to normal. In the 
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Abstract
Within our organism, during the numerous metabolic reactions, free radicals (or ROS) are formed, unstable molecules 
that contain one or more unseated electrons and are responsible for oxidative stress. The organism must cope with and 
eliminate these free radicals that can create indiscriminate damage on biological macromolecules. To counteract their 
action and prevent cellular oxidation, the presence of molecules defined as antioxidants is fundamental. Some studies 
have seen that oxidative stress, caused by the presence of free radicals, is related to the onset of cardiovascular disease, 
diabetes, tumors and other chronic diseases.

Alpha lipoic acid (ALA) is an acid know for its positive effects on health, in particular its antidiabetic and antioxidant 
effects, and its effects on weight loss. Given its properties, in this study we want to explain in detail the mechanisms that 
determine these effects, also based on what is found in the literature.

Objective: Analyse the importance of alpha lipoic acid and its antidiabetic and antioxidant effects.

Design: We have based the study in a bibliographic review

Result: The antioxidant effect is due to its ability to neutralize free radicals and oxygen reactive species (ROS) and the 
ability to enhance the action of other endogenous antioxidants, such as vitamin E and vitamin C. The antidiabetic effect is to 
improve the effectiveness of insulin and the transport of glucose into cells, thus leading to a reduction in insulin resistance.

Conclusions: With this study we have demonstrated in detail the main mechanisms by which ALA acts and determines 
its antioxidant and antidiabetic effects. Our body is able to defend itself against ROS thanks to the presence of natural 
antioxidant substances, but sometimes these are not enough, so it is necessary to take supplements. It should be 
remembered that ALA is not a medicine and has no healing properties but its integration can be useful for the well-being 
of the organism.
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same period he used ALA in animal models of diabetes and 
from the observations that emerged from these experimental 
studies it was deduced that ALA could be useful in diabetic 
neuropathy as it significantly improved painful symptoms. 
This often-painful condition is caused in part by the diabetic 
complications that arise when diabetics have not kept their 
diabetes under control [2,3].
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hematoretinal barrier, exerting its effects also at the ocular, 
cerebital and nervous system levels [8,9]. We find it in foods 
such as: red meats, offal, potatoes, broccoli, peas, brussels 
sprouts, carrots, beets and spinach [10].

Once ingested, it is absorbed in the intestine and from 
there it reaches the liver through the portal circulation, to be 
then distributed to the various tissues of the body. It follows 
that a healthy diet, which includes meat and vegetables, is an 
excellent source of ALA but sometimes the amount of ALA in 
diet is not enough to satisfy our body’s needs.

Our body is able to synthesize small quantities and 
then decrease as the body undergoes aging. In order to 
receive the right quantities to have its beneficial effects, it is 
recommended to take ALA through supplements. It should 
be remembered that food intake reduces its bioavailability, 
therefore it is recommended to take it between meals, at 
least 2 hours after a meal. Another reason for taking ALA 
between meals is due to the fact that the stomach pH favors 
the absorption of ALA, as it does not compete with other 
nutrients for absorption [11].

The recommended daily dose is 300-600 mg, preferably 
in combination with other antioxidants (glutathione, vitamin 
C, vitamin E, selenium, coenzyme Q10, etc.) and with 
the B vitamins. Some companies often extended-release 
formulations of ALA, particularly suitable for diabetics. It 
has been seem that ALA brings many benefits and is well 
tolerated, but great care must be taken as, if taken at higher 
doses than those indicated, they can cause hypoglycemia, 
migraines, muscle cramps, paraesthesia [12-15].

Antioxidant Effect of Alpha Lipoic Acid
When we feed on macromolecules they are consumed 

through numerous oxidation reactions. These reactions can 
lead to the formation of free radicals, as the oxygen used in 
these metabolic processes to produce energy can give rise to 
the formation of free radicals or “Reactive Oxygen Radicals” 
(ROS). These free oxygen radicals are highly reactive and 
unstable molecules that normally form in small amounts in 
cellular aerobic metabolism. Reactive and unstable means 
that they have an unseated electron in their outfielder orbital 
that is very reactive and tends to subtract from the molecules, 
with which it comes into contact, the electron it needs to 
complete its external orbital and became stable (figure 3).

Free radicals are responsible for destructive action against 
cells or certain cellular components. It is now known that free 
radicals are involved in the process of tissue again and in the 
development of numerous chronic and degenerative diseases 
[16,17].

Our organism is able to defend itself from the presence of 
free radicals by synthesizing substances called antioxidants. 
Antioxidants are chemicals (molecules, ions or radicals) or 
physical agents that slow down or prevent the oxidation of 
other substances, as they have the task of providing free 
radicals with the electrons they lack [18]. Antioxidants can 
be divided into endogenous and exogenous depending 
on whether the body is able to synthesize them or if they 
must be introduced with food. Endogenous antioxidants 

In addition to diabetes, another chronic disease is 
obesity. According to a recent meta-analysis, Suat K. and 
colleagues, found that the overall weight loss was 1.27 kg 
(CI = -2,29 to -0,25) greater in treatment with ALA than in 
the placebo group [4]. Eun H.K and colleagues found that 
intake of 1800 mg/day of ALA led to modest weight loss in 
obese subjects [5]. Bradley C. and other authors have shown 
in Zucker rat models that ALA has protective effects against 
hypercholesterolemia and the accumulation of hepatic fat in 
conditions of overeating and in case of genetic predisposition. 
Therefore, the integration of ALA, reduces plasma cholesterol 
probably through a mechanism dependent on PCSK [6].

ALA exists in nature as an oxidized form (cyclic disulfide) 
and as a reduced form (dihydrolipoic acid- DHLA) (figure 2); the 
reduced form presents the two sulfur atoms in free thiol form 
(-SH), while the oxidized form presents a disulfide bridge (-S-
S) which generates a dithiolane ring. Furthermore, the two 
forms are interconvertible through redox reactions [7]. Its 
particular structure allows the ALA to intervene in oxidation 
reduction reactions and to act as a biological carrier of 
electrons or acetyl groups.

ALA, being fat soluble, that is, it can be distributed in all 
parts of the body, has the ability to cross the blood-brain and 

Figure 1: Structure of alpha lipoic acid. Chemically it is a small 
molecule, consisting of a chain of eight carbon atoms and two 
sulfur atoms located in the terminal part.

Figure 2: ALA exists in nature as an oxidized form (cyclic disulfide) 
and as a reduced form (dihydrolipoic acid- DHLA).
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blood and therefore reduces the changes in vascular cells and 
normalizes blood pressure [25,26].

According to some studies, ALA has a strong antioxidant 
action with the characteristic of being active, especially in 
its reduced form, against free radicals both in the aqueous 
comportment (cytoplasm) and in the lipid compartment 
(membranes) of the cells. Its reduced form, dihydrolipoic 
acid (DHLA) has antioxidant pharmacological properties, as it 
is able to destroy free radicals and attenuates the release of 
free radicals and cytotoxic cytokines, as ALA has an influence on 
the second nuclear transcription factor (NF-kB, factor) [27].

Antidiabetic Effects of Alpha Lipoic Acid
According to several studies, it has been shown that ALA 

can contribute to the control of diabetes, especially type 2 
diabetes mellitus (T2DM). T2DM is a metabolic disorder 
characterized by inadequate insulin secretion and insulin 
resistance. Hyperglycemia can increase the production 
of free radicals and inflammatory cytokines [28,29]. ALA 
improves the effectiveness of insulin and the transport of 
glucose into the cells and reduces insulin resistance [30]. 
Several studies have shown that the use of ALA has beneficial 
effects thanks to its ability to increase both the absorption of 
sugar in insulin-sensitive and insulin-resistant muscle tissues 
and to stimulate the glucose uptake by the repartition of 
glucose transporters to the plasma membrane, and tyrosine 
phosphorylation of insulin receptor substrate-1 (figure 4). As 
D. Konrad and colleagues state, the cofactor of mitochondrial 
dehydrogenase complexes and potent antioxidant alpha 
lipoic acid has been shown to lower blood glucose in diabetic 
animals. ALA enhances glucose uptake and GLUT1 and 
GLUT4 translocation in 3T3-L1 adipocytes and L6 myotubes, 
mimicking insulin action [31].

Furthermore, Konrad and colleagues have shown that 
ALA is able to increase the absorption of glucose in insulin-
sensitive and insulin-resistant muscle tissues because it 
stimulates the protein kinase AMPK, which increases the 
absorption of glucose into the cell ALA protects the nerves 
by limiting the damage caused by free radicals, improving 
the speed of nerve communication and normalizing nervous 
sensitivity. ALA can be useful in peripheral neuropathies, in 
particular in diabetic neuropathy, in which it significantly 
improves painful symptoms [32,33,34].

constitute the first line of defense of the organism. These 
may be insufficient, so the intake of exogenous antioxidants 
is important in order to fully meet the needs of the organism. 
Exogenous antioxidants are non-enzymatic in nature and are 
found almost exclusively in foods of plant origin [19].

Antioxidants are present in sufficient quantities in a 
balanced and complete diet. There are pathological and non-
pathological situations, in which the production of these 
ROS is such that the antioxidant capacities are insufficient 
and particular condition is established indicated as oxidative 
stress. In these conditions, high levels of ROS can be found, 
so it is recommended to favor the intake of foods particularly 
rich in antioxidants and/or to take antioxidant-based 
supplements [20,21].

Molecules that react with free radicals become unstable 
and search for an electron, generating radicals that can 
propagate the chain reaction generated by the initiator radical. 
The radical, once formed, are able to alter some metabolic 
activities and some cellular structures. The uncontrolled 
production of free radicals is a factor that contributes to 
the onset of many disorders. ALA, especially in recent years, 
has been used as a food additive, in order to give beneficial 
effects in the management and treatment of various types of 
disorders, such as: endothelial dysfunction, atherosclerosis, 
diabetes mellitus, degenerative diseases and other [22].

It is established that there is a close relationship between 
endothelial dysfunction and common cardiovascular risk 
factors, such as diabetes mellitus, arterial hypertension, 
hypercolesterolemia and aging. This is because free radicals, 
generated by pro-inflammatory situations and oxidative 
stress, favor the formation of endothelin ET-1, a powerful 
biological vasoconstrictor that is synthesized de novo 
by endothelial cells following stimulation by mediators, 
such as: IL-1, adrenaline, insulin, vasopressin [23,24]. ALA 
can block Endothelin-1 receptors (AT1), improving and 
repairing endothelial function and reducing the formation 
of atherosclerotic plaque, influencing cardiovascular risk 
(CVD) through beneficial actions on LDL oxidation and plaque 
formation. In addition, ALA reduces the risk of atherosclerosis 
because it reduces he levels of inflammatory cytokines in the 

Figure 3: Reactive Oxygen Radicals (ROS).

Figure 4: Stimulation of glucose uptake by the repartition of 
glucose transporters to the plasma membrane, and tyrosine 
phosphorylation of insulin receptor substrate-1.
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ALA fights free radicals in every part of the neuron and 
is the only antioxidant that can do so. The peculiarity of ALA 
is that it acts both inside the cell, in aqueous environments, 
and in an oily environment, that is, rich in lipids such as the 
membrane of neurons [35].

Therefore, ALA can reach all the comportments of a cell, 
protecting it inside and outside from the attack of free radicals 
(or ROS) (figure 5). 

As can be seen in the figure, ALA exerts an antioxidant 
action through the so-called “scavenger” action on ROS. 
Furthermore, ALA plays an important role in cellular energy 
metabolism, acting as a cofactor for numerous enzymes that 
participate in the process of converting glucose, fatty acids 
and other energy sources into ATP. It is possible that free 
radicals (or ROS) can attack and damage the membranes of 
the mitochondria, sites of energy resources and nerve self-
repair. ALA can also recycle and regenerate endogenous 
antioxidants, such as: vitamin C, vitamin E, coenzyme Q and 
glutathione. Doing so increases its effects and protects nerves 
and blood vessels from ROS attacks. A 2012 study by Mijhout 
GS states that 3-week treatment at a daily dosage of 600 mg 
intravenous ALA significantly reduces neuropathic pain in 
diabetic patients [36,37].

Conclusions
ALA is a fatty acid synthesized by the body or even taken 

by supplements. Lately, especially among young people who 
attend gyms, there is often talking of alpha lipoic acid, as it 
helps the loss of body weight. Our study aims to demonstrate, 
according to the studies in the literature, that ALA has other 
important effects. Thanks to its antioxidant and antidiabetic 
properties, according to several studies, the integration of 
ALA can be useful in case of diabetes, ALA supplementation 
should be used with caution when administered together 
with hypoglycemic, as ALA has a hypoglycemic effect. It will 

take even more scientific evidence to demonstrate the clinical 
efficacy of alpha lipoic acid intake.
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