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ABSTRACT

Alpha-lipoic acid (ALA), also known as thioctic acid, is a lipid acid with strong biological activity
synthesized from octanoic acid in prokaryotic and eukaryotic microorganisms, plants, and animals.
It is gaining attention for its potential therapeutic benefits for a wide range of health problems.
A comprehensive systematic literature review on ALA has been performed without temporal
restrictions, utilizing the PubMed, Scopus, Embase, ScienceDirect, SciELO, and SciVerse databases.
Different in vitro, in vivo, and clinical studies have demonstrated numerous potent pharmacological
activities of ALA, including antioxidant, anti-inflammatory, antimicrobial, anti-Alzheimer’s,
antiepileptic, antiparkinsonian, anxiolytic, effects on schizophrenia, neuroprotective, antidiabetic,
antiallergic, anticancer, anti-osteoporosis, cardioprotective, hepatoprotective, anti-obesity, anti-
aging, and effects on the reproductive system, etc. Although dietary supplements (tablets, capsules,
etc.) containing ALA are available due to their various biological activities, there are no Food and
Drug Administration (FDA) or European Medicines Agency (EMA)-approved over-the-counter (OTC) ALA
drugs worldwide. Pharmacokinetically, ALA has an oral bioavailability of approximately 30% due to its
brief blood half-life, significant presystemic clearance, and hepatic first-pass metabolism. However,
the use of different innovative formulations has greatly enhanced ALA bioavailability. The data
obtained show that ALA liquid formulations have higher plasma concentrations and therefore
bioavailability compared to solid dosage forms. These innovative approaches hold promise for the
development of improved ALA-based treatments across a broad spectrum of health conditions.

KEYWORDS: alpha-lipoic acid, therapeutic potential, pharmacological activities, pharmacokinetics,
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1. Introduction

Alpha-lipoic acid (ALA), IUPAC name: 5-(1,2-dithiolan-3-yl)
pentanoic acid, referred to simply as thioctic acid, is a type
of eight-carbon, sulfur-containing lipid acid formed by the
majority of prokaryotic and eukaryotic organisms (Fig. 1.).
ALA synthetase is responsible for this synthesis in both plants
and mammals[1]. Snell et al. were the first group to extract
ALA from potato sources [2]. These novel methodologies
offer potential for the advancement of enhanced ALA-based
therapies across a wide range of health disorders. ALA was
recognized as a catalytic agent for the oxidative
decarboxylation of pyruvate and a-ketoglutarate in 1951,
and it has since been extensively investigated by chemists,

biologists, and clinicians regarding its function in energy
metabolism and its protective effects against mitochondrial
dysfunction induced by reactive oxygen species.
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Fig. 1. Chemical structure of alpha-lipoic acid.
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Reed et al. re-isolated and structurally classified the
components [3]. ALA has been eliminated from the list of
essential vitamins since it may be synthesized by animals
[3, 4] . ALA can be sourced from animals that are red
meat, broccoli, tomatoes, potatoes, Brussels sprouts,
spinach, and white and brown the rice [4]. Dihydrolipoic
acid (DHLA) is the reduced version, whereas ALA is the
oxidized form [5]. Human serum contains about 16 mg/L
of it [6]. An essential part of enzyme complexes like
pyruvate dehydrogenase and a-ketoglutarate
dehydrogenase, ALA contributes significantly to the
generation of energy in the mitochondria [7]. These
enzyme systems, which play an important role in
metabolizing carbohydrates, help to synthesize stored
energy and control several metabolic processes. According
to studies, ALA effectively scavenges hydroxyl radicals,
singlet oxygen, and hypochlorous acid. Furthermore, it has
been noted that the chelation of copper, iron, manganese,
and other metals is crucial in lowering oxidative stress
[8-10]. (1) Quick sequestration of reactive oxygen species
(ROS); (2) regeneration of endogenous antioxidants,
including glutathione, vitamin E, and vitamin C; and (3)
metal chelation activity, which lowers ROS formation, are
the antioxidant properties of ALA [7]. ALA's biological
effects extend beyond its antioxidant properties. The safe
and successful use of ALA is available in many clinical
settings [11, 12]. Reliable information on the therapeutic
application of ALA in a variety of diseases has been
provided by the following conditions: sepsis, cancer,
neurodegenerative transplantation and neuropathy, insulin
dependency and diabetes, tissue regrowth, ischaemia-
reperfusion damage, and ageing. It's been proven that ALA
can lower oxidative stress and regulate glucose
metabolism linked to insulin resistance and diabetic
components [13, 14]. Autophagy is a key molecular
process that facilitates the elimination of damaged or
malfunctioning cellular components [15, 16]. ALA activates
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AMP-activated  protein  kinase = (AMPK), promoting
autophagy through ULK1 phosphorylation. It has been
demonstrated to alleviate various factors that cause cell
damage by inhibiting autophagy through different
pathways [17, 18]. Furthermore, it has been proposed that
ALA may prolong brain function and delay age-related
cognitive decline in conjunction with its neuroprotective
actions [19, 20]. However, there are no FDA- and EMA-
approved OTC ALA drugs worldwide. ALA has been
demonstrated to boost cellular energy production, inhibit
inflammatory processes, and protect against free radicals
in neurodegenerative illnesses including Parkinson's and
Alzheimer's diseases [21, 22]. A summary of the biological
activity of ALA is presented in Fig. 2.

According to clinical research, ALA's neuroprotective
and anti-inflammatory properties may halt the progression
of various diseases [23, 24]. In addition to its antioxidant
ability, recent research has demonstrated that ALA has
immunomodulatory and anti-inflammatory properties [25].
When combined with additional antioxidants such as
vitamins C, E, and co-enzyme Q10, ALA and its reduced
derivative DHLA can strengthen the cellular defense
system [26, 27]. Furthermore, ALA may be useful
in lowering the difficulties associated with obesity
because it has been shown to control lipid metabolism by
activating the adenosine monophosphate-activated protein
kinase (AMPK) pathway [21, 28]. Although certain possible
adverse effects have been documented, ALA is generally
regarded as safe and is also used as a dietary supplement
[29, 30]. The side effects include skin reactions, nausea,
and, in rare instances, hypoglycemia [31]. Excessive
dosages have been shown to be harmful and to
significantly alter blood glucose levels, especially
in diabetics [22]. More data on the bioavailability, suitable
dosage, and long-term stability of oral and intravenous
ALA are needed for clinical studies [7, 25, 32].
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Fig. 2. Summary of biological activity of alpha-lipoic acid.
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ALA possesses two distinct enantiomeric forms:
S-(-)-ALA and R-(+)-ALA. R-(+)-ALA is the biologically active
enantiomer, exhibiting superior bioavailability, potency,
and therapeutic efficacy compared to the S-enantiomer
(Fig. 3). In several instances, the S-enantiomer was
documented as inactive and was even demonstrated to
induce mortality. Consequently, the utilization of the
enantioselective R-(+)-ALA in dietary supplements and
pharmaceuticals is advantageous [7, 33].
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Fig. 3. R and S enantiomers of alpha-lipoic acid.

2. Materials and methods

The search for bioactive effects and clinical outcomes
of ALA mentioned in this review was performed in PubMed,
Scopus, Embase, ScienceDirect, SciELO, and SciVerse
databases, without any time interval. Articles published in
the English language were selected.

3. Pharmacokinetic properties of alpha-lipoic acid
3.1. Absorption of ALA

Whether administered orally or intravenously, ALA is
absorbed in the stomach and small intestine, metabolized
in the body, and transported to the liver via the portal
circulation, while the remaining tissues receive it through
the systemic bloodstream [34]. ALA is water-soluble,
hydrophilic, and lipophilic, allowing it to traverse the
blood-brain barrier and exist both intracellularly and
extracellularly, including within mitochondria [35].
Because gastrointestinal absorption varies and decreases
with food intake, ALA should be taken 30-60 minutes
before a meal or at least 120 minutes afterward.
ALA reaches maximal plasma levels within 30-60 minutes of
intake and is thought to be processed in the liver. ALA, as
a weak acid, benefits from the stomach's acidic
environment for gastric absorption, reducing competition
with other nutrients during intestinal absorption; hence
itis best to take ALA on an empty stomach [36, 37].
Studies conducted throughout the years have demonstrated
that ALA has low solubility in aqueous and acidic
environments such as the stomach. This reduces its oral
bioavailability significantly. Furthermore, the first section
of the small intestine aids in the absorption of ALA via
particular transporter proteins [9, 10]. At low quantities,
ALA is absorbed via active transport, which is driven by
transporters and competes with short-chain fatty acids, but
at high concentrations, it is absorbed via diffusion [38].

3.2. Distribution of ALA

Our observations suggest that a continuous flow of ™C
ALA is quickly established via the skin. In just 30 minutes,
the first stripping of the stratum corneum contained 100
times more [14C]-ALA than the final stripping, with
intermediate strippings carrying exponentially declining
levels. Sections from the papillary dermis showed nearly
equal quantities of [14C]-ALA, similar to research on
linoleic acid or benzoyl peroxide [39, 40]. The lipid-rich
nature of sebaceous glands in this region and the mild
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hydrophilicity of ALA may explain its higher
concentrations in the epidermis and stratum corneum
compared to the dermis and subcutaneous tissue. After
permeating the skin, ALA is converted to DHLA, a more
effective antioxidant (high-performance liquid
chromatography results confirm). This study shows that
ALA is rapidly absorbed into mouse skin. ALA is
a promising topical treatment for oxidative stress [41].

3.3. Metabolism of ALA

R(+)-ALA is a naturally occurring molecule that
functions as an important co-factor in particular
dehydrogenase combinations. In this investigation, nine
healthy volunteers received 600 mg of racemic ALA orally
multiple times per day. The plasma concentration-time
profiles, urinary excretion levels, and pharmacokinetic
characteristics of alpha-lipoic acid metabolites were
investigated. The quantitative results presented here
indicate the extent to which ALA undergoes substantial
hepatic metabolism during its initial phase. ALA's biological
transformation involves B-oxidation of the acidic
carboxylic flanking chain with S-methylation of the
dithiolane molecule. Nevertheless, conjugative metabolism
was observed to produce neither markedly polar
metabolites nor substantial amounts of the parent
compound, and the urinary excretion of several metabolic
products did not appear to contribute significantly to ALA
clearance [42]. ALA is rapidly absorbed in the colon,
structurally changed, transported to numerous organs,
and then eliminated. After a week of ALA supplementation,
unbound ALA was identified in several tissues, with the
highest levels in the heart. In vitro studies indicate that
ALA is quickly absorbed by cells and converted to DHLA.
Medium-chain fatty acids (octanoate) inhibit ALA
molecules from being absorbed and excreted in the liver
and bile. Low metabolite levels indicate that most of the
added ALA is unaltered [38]. Early research suggests that
ALA can improve glucose metabolism and impact
metabolic pathways at multiple levels. A study on rabbits
found that after 15 days of ALA supplementation, plasma,
liver, and aortic lipid levels decreased due to diet-
induced increases [43].

3.4. Excretion of ALA

Urinary excretion peaks 3-6 hours after ALA
administration, indicating that lipoate metabolites are
cleared from rats faster than reported in many studies.
Approximately 45% of radiation from isotope-labelled ALA
was expelled in urine within the first twenty-four hours,
while only 3% was eliminated via feces. Studies on the
metabolism of ALA in both humans and rats suggest that
very little of the administered dose is excreted in its
unchanged form. Four hours after intraperitoneal or oral
administration of DL-[14C]-ALA, the highest radioactivity
levels were observed in the liver; however, after a full
day, radioactivity was found in skeletal muscle. This
aligns with in vivo studies demonstrating the liver's high
capacity to take up and store these compounds [43].

3.5. Bioavailability of ALA

Regardless of its many biological functions,
investigations have shown that ALA has limited
therapeutic value due to its pharmacokinetic profile. The
data show a low half-life and around 30% bioavailability,
which is because of hepatic breakdown, decreased



solubility, and gastric instability [44]. ALA supplements
should be taken on an empty stomach to avoid competing
with other nutrients during absorption [44]. Food
consumption and severe renal impairment both affect ALA's
pharmacokinetic characteristics [45].

4. Development in the therapeutic perspectives of alpha-
lipoic acid

4.1. Antioxidant effects

Oxidative stress plays a role in the pathology of
cardiovascular diseases, cancer, diabetes, neurological
disorders (such as epilepsy, Parkinson’s, Alzheimer’s and
Down syndrome), psychiatric disorders (including bipolar
disorder, depression, schizophrenia), the aging process,
pulmonary diseases (including chronic obstructive pulmonary
disease and lung cancer), and renal disease [46-50].
In an organosulfur compound, ALA may neutralize ROS and
enhance the function of tissue antioxidant enzymes
including glutathione peroxidase and superoxide dismutase
[9, 10, 31, 51]. Additionally, ALA reduces oxidative stress
by lowering lipid peroxidation, enhancing antioxidant
enzyme function, and regulating gene expression related to
antioxidant mechanisms [21, 52]. Findings in this section
highlight ALA's impact on the antioxidant status in various
organs. Supplements containing apocynin, ALA, and
probiotics have shown positive effects on antioxidant
capacity in lung tissues [53]. It has been demonstrated that
ALA positively modulates energetic aspects and oxidative
stress under hypoxic/reperfusion (H/R) conditions.
Furthermore, ALA has been shown to be effective as
a supplement against hypoxia-induced damage [54].
Antioxidants like ALA are known to trigger increased
antioxidants and phase Il and Il responses. Pre-treatment
with ALA prevented the reduction in total antioxidant
capacity in the liver and the adverse effects on the brain
[55]. ALA has proven effective in enhancing antioxidant
capacity and delaying the browning of lychee fruit skins.
This finding suggests that due to its antioxidant properties,
ALA may increase the tolerance of plants to abiotic
stresses [56, 57]. Therefore, ALA may have a promising use
in post-harvest fruit storage, encouraging its application
in food chemistry [58]. ALA is a natural antioxidant used to
treat diabetic polyneuropathy [31, 59]. It has also been
reported that ALA exhibits extraordinary antioxidant
properties not only in gastric ulcers but also in the small
and large intestines by eliminating heavy metals that cause
increased oxidative stress and rebuilding the antioxidant
defensive system [60-62]. Combinations of ALA also show
antioxidant properties. For example, a combination of
erdosteine and ALA led to a reduction in oxidative stress
markers, suggesting an interaction that offers protection
against these oxidative processes [63]. ALA's effects on
reactive sulfur species (RSS) have been shown to directly
trigger antioxidant, anti-inflammatory, and cytoprotective
responses [64]. The beneficial effects of CoQ10 or ALA may
involve direct changes in histological structure, an increase
in growth-related hormones and antioxidant gene
expression, or indirect effects such as increased vitamin E
levels [65]. Although the metabolic effects are not fully
understood, the combination of ALA and acetyl-L-carnitine
(ALC) may be beneficial as a dietary supplement for
preventing oxidative stress [66]. A new synthesis strategy
has been proposed for the preparation of ALA-loaded
chitosan derivatives, which could potentially serve as
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antioxidant biomaterials in the food and biomedical
industries [67]. On the other hand, other forms of ALA
also exhibit antioxidant properties. For instance, both
ALA and its reduced component, DHLA, display three
unique antioxidant effects. ALA and DHLA contain metal-
chelating capabilities and can neutralize hazardous
reactive oxygen species. Furthermore, ALA demonstrates
a capacity to regenerate endogenous antioxidants,
showcasing its networking abilities [68]. To study the
antioxidant activity of ALA and other formulations, cell
viability was observed following free radical induction
using H202 in human fibroblasts. It is suggested that ALA
could serve as a potential antioxidant delivery system in
cosmetics or pharmaceuticals that do not contain
artificial protective substances [69]. Finally, (R)-ALA
supplementation reduces oxidative stress and damage
associated with aging while improving metabolic activity
indices [33]. The schematic view of the potential
antioxidant pathways of ALA is presented in Fig. 4.

4.2. Anti-inflammatory effects

Abnormal biological responses to skin injuries
following diseases, trauma, and surgeries inevitably lead
to serious complications [70]. ALA is a safe native
compound that plays a role in many physiological
processes and has a major function in immune system
modulation. Diverse studies have demonstrated that ALA
and DHLA are extensively involved in inflammatory
processes that require the precise regulation of complex
and overlapping pathways [25]. Gold nanoparticles
(AuNPs), epigallocatechin gallate (EGCG), and ALA have
been shown to have antioxidant effects and assist in
wound healing. In one study, AuNPs led to enhanced
wound healing effects [71]. When combined with
hyperbaric oxygen therapy, ALA supplementation
downregulated inflammatory cytokines in human subjects
with non-healing wounds [72]. It is also suggested that
ALA, as an antioxidant, enhances the antioxidant activity
of EGCG. This finding may support future studies on the
use of other antioxidant factors in the therapy of
cutaneous wounds [71]. In another study, oral ALA
administration increased splenic Treg cells that play a
role in combating excessive inflammation and inhibited
the production of vascular and intracellular adhesion
molecules (VCAM-1 and ICAM-1) [73-75]. In vitro and in
vivo studies have shown that ALA has a modulatory effect
on biochemical parameters such as myeloid
differentiation factor 88, mitogen-activated protein
kinases, T-tetradecanoylphorbol-13-acetate (TPA), toll-
like receptor, tumor necrosis factor receptor associated
factor 6, and inhibitor kappa B. Furthermore, ALA
reduces the production of pro-inflammatory cytokines
such as TNF-a, IL-18, IL-6, IL-8, IL-17, and interferon and
induces the upregulation of the anti-inflammatory
cytokine IL-10 [25, 74, 75]. Additionally, ALA can
accelerate the process of hematoma resorption by
increasing the levels of vascular endothelial growth factor
and alpha-glazed brawn actin, while decreasing the
expression of NF-kB and MMP-9 [75, 76]. All these effects
also contribute to the acceleration of tissue repair and
angiogenesis [75]. The induction of endothelial adhesion
molecules by inflammatory cytokines such as tumor
necrosis factor-alpha (TNF-a) is dependent on the
activation of the NF-kB transcription factor [77].
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Understanding how ALA inhibits the NF-kB/IkB
regulation system is critical for discovering new anti-
inflammatory drugs that can prevent atherosclerosis and
other inflammatory diseases. These results show that ALA
significantly reduces TNF-a-induced mRNA and cellular
adhesion molecule protein synthesis, which inhibits
monocyte adherence [78]. Factors that block NF-kB
signaling and thereby inhibit the expression of adhesion
molecules and leukocyte-endothelial interactions in vitro
also show significant impacts on inflammatory responses in
vivo [79, 80]. Research on ALA’s effects in autoimmune
diseases such as multiple sclerosis (MS) has shown that it
suppresses T-cell migration, thereby reducing inflammation
in the central nervous system [29]. Previous research
suggests that ALA reduces the production of pro-
inflammatory cytokines such as IL-2, IFN-y, and TNF-a by
regulating cAMP levels [81]. These data show that cAMP
may be involved in ALA's mechanism of action in secondary
progressive multiple sclerosis, and that there may be
a distinct response to ALA in relapsing-remitting MS
patients, which might affect the efficacy of
immunomodulatory medications. Yadav et al. found that

-71 -

oral ALA lowered blood matrix metalloproteinase 9 (MMP-9)
levels in MS patients, which is linked to inflammatory
disease activity [23, 82]. ALA dramatically improves
diabetic neurovascular and metabolic complications, and
it may also have a role in cardiovascular protection and
anti-inflammatory activity [83, 84]. Both in vitro and
in vivo investigations have revealed that the
phosphoinositide 3-kinase/protein kinase B (PI3K/Akt)
signaling pathway is important in negatively regulating
LPS-induced acute inflammatory responses [85, 86]. Our
findings further show that ALA efficiently inhibits acute
inflammatory responses by stimulating the PI3K/Akt
signaling pathway. Previously, it was discovered that ALA
reduced the expression of LPS-stimulated cellular
adhesion molecules and hindered monocyte adherence to
human aortic endothelial cells. Treating the rats with
wortmannin eliminated all of ALA's anti-inflammatory
benefits. In conclusion, ALA may help to prevent sepsis
and inflammatory vascular disorders [87]. The effect of
ALA on different anti-inflammatory pathways is
summarized in Fig. 5.
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Fig. 5. Schematic depiction of possible signalling pathways by which alpha-lipoic acid mitigates inflammation.

4.3. Antibacterial and anti-biofilm effects

ALA is a natural coenzyme with remarkable biological
activity, showing protective effects against bacteria and
viruses. Xia and colleagues have indicated that ALA
demonstrates moderate antimicrobial activity [88]. It was
recognized as an antioxidant or a crucial mitochondrial co-
factor, yet the inhibitory properties against bacteria have
received little attention [88, 89]. A strain of Cronobacter
sakazakii is a gram-negative rod-like bacterium that does
not generate spores [90]. The results showed that ALA
exhibits antimicrobial activity towards it, with ALA
demonstrating its restricting effects by leading
to generalized membrane-disrupting effects, leading
toincreased cell membrane permeability. This was
followed by decreased growth of bacteria, alterations in
intracellular ATP content, hyperpolarization of the cell
membrane, and a drop in cytoplasm pH. Additionally, field
emission scanning electron microscope observations
revealed membrane degradation. While ALA demonstrates
antimicrobial effects towards it at rather substantial
levels, it also holds potential as an additive for baby
formula and various foods [88]. In another study, the
researchers aimed to develop bifunctional scaffolds that
promote antibacterial protection while enhancing host cell
adhesion and proliferation [91]. Another study compared
the antibacterial and potential cytotoxic properties
of commercially available uncoated silver nanoparticles
(AgNPs) with ALA-coated silver nanoparticles (AgNPsLA)
developed by the research team. The findings showed that
synthesized AgNPsLA had a better biocompatibility profile
and antimicrobial activity compared to uncoated AgNPs.
The results are essential for forthcoming vivo studies and
the possible medical device applications of AgNPsLA
in human use [92]. This study explored the effects of ALA-
coated AgNPs on alginate-based aerogels, investigating
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their potential biomedical applications. The results
indicated that ALA-coated AgNPs maintained antimicrobial
effects against multidrug-resistant Acinetobacter baumannii
and the reference strain Escherichia coli, and they
showed improved hemocompatibility compared
to commercially used dressing and polymyxin B [93].

4.4, Antiviral effects

The brain acts as a parenchymal barrier, defending
against pathogens such as viruses that penetrate nervous
tissue, which may lead to the removal of viruses through
the pathogen-associated molecular pattern (PAMP)
pathway [94]. ALA has been proposed as a general
neuroprotectant that meets the Generally Recognized
as Safe (GRAS) criteria defined by the U.S. Food and Drug
Administration for consumption by individuals [95].
However, the exact effects of ALA, both harmful and
beneficial, in the context of brain PAMP events remain
unclear. It has been shown that ALA effectively inhibits
dsRNA-induced glial cytotoxicity and dysfunctional
glutamate transport [24]. In the case of COVID-19, ALA
increased intracellular pH, thereby preventing SARS-CoV-
2 from entering cells, which further enhanced the host
defense against the virus [96]. Influenza A virus (IAV)
presents a considerable challenge to the human immune
system. A study discovered that ALA therapy improves
host immunological modulation, helping with lymphocyte
virus clearance without directly influencing viral
replication. Furthermore, ALA has been recognized for its
therapeutic potential in viral respiratory infections [97].
Vaccinia viruses (VACVs) have been widely employed in
smallpox vaccination, but there is now a renewed
demand for effective drugs to address these infections.
Both ethacrynic acid (EA) and ALA reduced vaccinia virus
development in vitro in diverse cell types in a dose-
dependent manner. EA concentrations were found to be



lower, whilst ALA concentrations were greater in the
micromolar range [98, 99]. Furthermore, ALA therapy was
shown to suppress human immunodeficiency virus (HIV)
replication after infection [100]. Finally, ALA demonstrated
inhibitory effects on the replication of viral hemorrhagic
septicemia virus. These findings suggest that the antiviral
mechanism of ALA may differ between various viruses [98].

4.5. Anti-Alzheimer effects

Alzheimer's disease (AD) is a severe and degenerative
neurological condition that affects neural processes like
memory, reasoning, and personality [101, 102]. AD is
characterized by gradual loss of memory, accompanied by
intracellular deposition and extracellular deposition
of aggregated amyloid beta (AB) protein in the brains
of affected individuals [103]. Oxidative stress is generally
associated with inflammation and neurodegeneration
within AD, as both pro-inflammatory and anti- inflammatory
substances are modulated by oxidative stress and
antioxidant responses [104]. Current antioxidant treatments
have shown limited improvements in AD progression [105].
ALA, a vital cofactor in mitochondrial dehydrogenase
reactions, acts as an antioxidant and lessens oxidative
stress in elderly animals [22]. Recent experiments proved
that the regulation of interleukin-1 beta (IL-1b) and
interleukin-6 (IL-6) expression by ALA is associated with
changes in DNA methylation of the corresponding
promoters, supporting previous research indicating that IL-1b
and IL-6 are modulated via methylation of DNA of neuronal
models [106]. In addition, studies in neuroblastoma have
shown strong protective responses against oxidative stress
[107]. The combination of standard anti-inflammatory
medications with antioxidant molecules may be a useful
approach for developing novel multi-target agents capable
of combating both neuroinflammation and oxidative stress,
which are critical aspects of this disorder [108]. Another
study examined whether ALA and its reduced form, DHLA,
were present in the colonies, and evaluated them
alongside amyloidogenic amino acids, iron, and hydrogen
peroxide. The prior treatment of differentiated basic
hippocampal tissues with ALA substantially decreased AB
and Fe/H,0; toxicities. However, mixing ALA and Fe/H,0;
greatly increased toxicity. The lower cell viability seen in
samples treated with both ALA and Fe/H,0, was associated
with higher generation of free radicals. Cortex cells
infused with DHLA showed considerable protection against
decreases in glucose transport caused by Fe/H;0; or AB,
whereas ALA therapy could not. The data indicate that
DHLA, the reduced version of ALA, offers significant
protection from AB- and Fe/H;0;-induced toxic effects.
In more detail, the findings show that co-exposure to ALA
and Fe/H;0, greatly enhances oxidative stress. Thus, this
research concludes that DHLA is a beneficial antioxidant
against Fe/H;0,- and AB-induced oxidative stress, whereas
ALA may exacerbate oxidative stress in iron-rich
environments. In the absence of works on the ALA/DHLA
balance in the cerebral cortex of humans, these findings
suggest that ALA may have questionable efficacy as an
antioxidant in diseases such as AD where iron levels are
elevated [22].

4.6. Antiepileptic effects

In spite of the availability of anti-seizure medications
(ASMs) from various molecules and pharmaceutical brands,
these drugs fail to achieve seizure check control
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in approximately 20-30% of patients [47, 49, 109, 110].
Oxidative stress in the cerebrum causes oxygen-related
cellular damage, which plays an important role in the
development and persistence of epilepsy [111]. Both
in vitro and in vivo studies show that combining anti-
seizure drugs with naturally occurring antioxidants, such
as ALA, greatly improves therapeutic effectiveness and
seizure suppression. However, the precise underlying
processes are still to be completely understood [112].
ALA is a key cofactor in mitochondrial dehydrogenase
reactions and can restore endogenous antioxidants [31].
The findings show that N-[(R)-1,2-dithiolane-3-pentanoyl]-
L-glutamyl-L-alanine (CMX-2043), an ALA-based medication,
may be used as an adjuvant therapy for seizure control
and to reduce drug resistance associated with long-term
ASM therapy by altering redox signaling. Various in vitro
and in vivo studies on diverse diseases have found that
ALA  supplementation, coupled with manganese
superoxide  dismutase  overexpression, efficiently
scavenges ROS and protects against oxidative stress-
related damage. These findings highlight the necessity to
conduct more in vitro and in vivo studies to better
understand the compound’s potential as supplementary
therapeutics within ASM therapy for epilepsy [112].

4.7. Antiparkinsonian effects

Parkinson's disease (PD) is among the two foremost
neurodegenerative conditions globally, defined by the
gradual death of specific neuronal cells [113]. Oxidative
stress generated by higher amounts of ROS may cause
malfunction and death of cells and neurons, which
contribute to disease development [114]. ALA, as
an antioxidant and iron chelator, has neuroprotective
effects in PD; however, the effect of ALA on ferroptosis
in PD remains unclear [115]. The protective role of gold
nanoparticle/ALA  conjugates, through  increased
mitochondrial ATP  production, reduced oxidative
degradation of lipids in membranes within cells, and
biocompatibility, suggests that they could be a promising
treatment to alleviate oxidative stress in PD [116, 117].
However, given that high concentrations may lead
to residual accumulation in organs in vivo, this must be
considered when using it in living organisms [116]. ALA
may act as an anti-ferroptotic agent in PD models by

eliminating excess intracellular iron [118].
The combination of ALA and L-DOPA  (L-3,4-
dihydroxyphenylalanine) improved neurochemical

parameters, normalized catalepsy scores, and preserved
the integrity of the striatal ultrastructure, demonstrating
the benefits of symptomatic and neuroprotective
treatment [119, 120]. Additionally, the neuroprotective
functions of the R form of alpha-lipoic acid (RLA) on cell
survival, cell death, the function of mitochondria, and
autophagy were evaluated, and it was concluded that RLA
could be an attractive adjuvant for Parkinson's disease [121].

4.8. Anxiolytic effects

Stress is a common psychological and physical
experience in daily life, known to contribute to
circulatory diseases and gastrointestinal ulcers [122].
In rats exposed to chronic unpredictable mild stress, ALA
partially restored monoamine levels and modulated the
5-hydroxytryptamine 3 receptor, exerting an antidepressant
effect. Anxiety-like behaviors were prevented by ALA,
highlighting its anxiolytic potential. ALA has also been



shown to increase tryptophan entry into the brain, thereby
enhancing serotonin levels in the synapses. These findings
support the use of ALA as an antidepressant [123, 124].
More study is needed to find out the efficacy of ALA
in animal models of depression, cognition, and anxiety
[123]. Also, ALA has been demonstrated to increase
metabolic activity indices, supporting the "selfish brain”
theory, which stresses the significance of metabolic
alterations in mood disorders [33, 125]. Given the current
research, ALA is recommended as a dietary supplement to
help cope with daily stressors that cause depression-like
behavior and cognitive deficiencies [126].

4.9. Effects on schizophrenia

Schizophrenia is characterized by symptoms of behavior
and dysfunction in the brain, including electroencephalography
alterations. Dysregulation of immunological reactions and
oxidative disequilibrium play an important part in the
etiology of this mental disorder [125]. Further research has
demonstrated that ALA effectively reverses both positive
and negative schizophrenia-like symptoms induced by
repeated ketamine administration, indicating its potential
role as an antipsychotic agent [127]. Previous studies
incorporating ALA (500-1200 mg) alongside antipsychotic
medications in schizophrenia patients have found
significant improvements in metabolic profiles [128]
However, concerns have been raised about lower red blood
cell, white blood cell, and the amount of platelets,
highlighting the need for further investigation and caution
when prescribing ALA to schizophrenia patients [129].

4.10. Neuroprotective effects

Neurodegenerative disorders are associated with
oxidative tissue damage, leading to a gradual loss
of cognitive functions and neuronal cells. Accumulation
of oxidative injury in brain mitochondria, proteins, and
nucleic acids can contribute to neuronal and cognitive
dysfunction [130]. ALA has also proven to be an effective
antioxidant in suppressing and treating experimental
autoimmunity encephalomyelitis, a model form of multiple
sclerosis (MS). Intravenous administration of ALA may be
an effective treatment for MS, and more bioavailable ALA
formulations with consistent blood levels could serve as
potential oral adjunct therapies for MS [21, 22]. Having
impaired memory is one of the most difficult brain
disorders. ALA has been used to investigate behavioral and
biochemical differences following scopolamine exposure,
with data showing significant improvements in behavioral
and molecular parameters when exposed to ALA,
an antioxidant agent [131]. Elevated extracellular
glutamate levels have also been linked to neuronal damage
and brain disorders. Notably, ALA’s amide analogs
(lipoamide and ALA-plus) have been shown to be more
effective than ALA in preserving neuronal cells from
glutamate-induced toxicity [132]. ALA has also been
studied in combination therapies. For instance, the
combination of ALA and N-acetylcysteine (NAC) was found
to change cognitive impairments in SAMP8 mice, indicating
its potential to counteract age-related cognitive decline
[133]. Additionally, adding acetyl-L-carnitine and R-ALA
enhanced cognitive ability, cerebral mitochondrial
morphology, and oxidative damage biological indicators.
These findings suggest that ALA enhances memory task
performance by reducing oxidative stress and enhancing
the activity of mitochondria [130].
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4.11. Antidiabetic effects

Diabetes-related nephropathy (DN) can be one of the
most common chronic consequences of diabetis and
amain cause of advanced renal disease, which is
connected to significant mortality and morbidity [134, 135].
Over the past few years, research has increasingly
focused on the critical role of podocyte injury in the
initiation and progression of diabetic kidney disease [135,
136]. In further studies, a significant reduction in
podocyte number and density was reported after the
onset of hyperglycemia in diabetic rats, while ALA
treatment was shown to prevent podocyte loss, and slow
the progression of DN [135, 137]. It has been observed
that ALA restores insulin-induced glucose uptake in
insulin-durable skeletal brawn and significantly reduces
plasma glucose levels while increasing insulin-induced
glucose uptake in skeletal brawn in streptozotocin-
induced diabetic mice [138, 139]. As a potent
antioxidant, ALA has been proven to boost neural
circulation, lower oxidative stress, and enhance distal
nerve stimulation in a DN mouse model [140, 141].
Likewise, ALA has been shown to reduce lipid
peroxidation and protein glycation in erythrocytes
exposed to high glucose levels [142]. In countries like
Germany, ALA isgiven to treat diabetes-related
conditions [143]. By reducing glycemia, ALA enhances
kidney function, demonstrating its efficacy as a potent
antioxidant in diabetes management [134, 144]. Dietary
supplementation with ALA has been found to mitigate
albuminuria and renal pathology associated with diabetic
nephropathy in streptozotocin-induced diabetic rats [145-
147]. Oral administration of ALA may offer protective
effects against glomerular podocyte injury in patients
with type 2 diabetes [135]. However, while ALA serves as
a nephroprotective agent in DN, it may have potential
adverse effects in otherwise healthy kidneys [148].
Clinical trials involving patients with diabetic
polyneuropathy indicate that ALA is well tolerated and
beneficial in managing dysesthesia [82]. Diabetic patients
are more likely to get dry eye disease [149]. A nano-
micelle formulation for ALA eye drops has been
developed for diabetes-related corneal treatment, which
may improve corneal permeability, stability, and
solubility [150].

4.12. Anti-allergic effects

Allergic rhinitis (AR) is a prevalent nasal disorder
worldwide, often persisting throughout an individual’s
lifetime. It is estimated to affect approximately 10-30% of
the global population [151]. AR is characterized as
an inflammatory condition of the nasal mucosa triggered
by allergen exposure, leading to IgE-mediated inflammation.
The primary symptoms include sneezing, nasal stuffiness,
itchiness, and nasal discharge [152]. A study conducted
by Valérie Dardalhon demonstrated that ALA could help
alleviate rhinitis by enhancing Treg Foxp3 (forkhead box P3)
expression while simultaneously suppressing transverse
relaxation time cytokine production. To examine the
possible safety benefits of ALA towards upper respiratory
inflammation, researchers developed an ovalbumin (OVA)-
provoked AR rat model. Histopathological evaluations
of nasal and lung tissues were performed. The administration
of ALA significantly reduced nasal effects consisting of
sniffling and nose rubbing, in addition to lowering serum
levels of OVA-exclusive immunoglobulin E (IgE) and



immunoglobulin G1 (IgG1) [153]. In the current investigation,
AR mice treated with ALA exhibited significantly lower
serum histamine levels compared to untreated AR mice.
Staining with H&E revealed a marked increase in
infiltrating cells in the rhinal mucosa of the OVA group,
whereas this infiltration was markedly reduced in groups
treated with ALA or dexamethasone. Also, Giemsa staining
confirmed a substantial decrease in eosinophil infiltration
within the nasal mucosa of the ALA- and dexamethasone-
treated groups. Although AR was previously regarded as
an inflammation confined to the nasal mucosa, emerging
studies suggest that it can lead to systemic airway disease,
affecting the whole respiratory system [154]. Research
suggests that ALA alleviates inflammation in AR mice via
activation of the Nrf2/HO-1 process. In other findings, ALA
significantly suppressed malondialdehyde levels, further
supporting its anti-inflammatory potential. Taken together,
these findings suggest that ALA therapy may be an up-and-
coming therapeutic approach for the treatment of allergic
airway diseases such as AR [155].

4.13. Anticancer effects

ALA, an organic compound with antioxidant properties,
has promise as an anti-cancer agent due to its potential
to reduce apoptosis and inhibit proliferation of cancer cells
compared with healthy cells. ROS play an important role in
cancer cell proliferation and death [156]. In a mouse model
of subcutaneously implanted SkBr3 cells, dietary ALA
slowed tumour progression [157]. A mixture of ALA and
hydroxycitrate has been observed to lead to tumour growth
retardation, similar to that of traditional chemotherapy.
More clinical trials are needed [158]. Osteosarcoma (OS)
isatype of osseous tumour. While the detailed
mechanisms of ALA's anti-cancer activity for OS are not yet
clearly understood, evidence from studies has indicated
that ALA is a possible candidate in the development of new
treatments by OS and deserves further preclinical research
[159]. ALA has been evaluated as a potential new therapy
for thyroid cancer and has been found to inhibit cell
proliferation and tumour regrowth in thyroid cancer cells.
ALA suppressed thyroid cancer cell multiplication by
activating AMPK and subsequently downregulating the
mTOR (mammalian target of rapamycin)-S6 signalling
pathway [160]. ALA was also found to prevent the
development of tumour-forming ovarian epithelial cells,
though it did not affect surface epithelial cells.
The combined therapy with ALA reduced cell invasion and
tumour cell adhesion for the first 24 hours, but its anti-
tumour effect was seen to diminish after 48 hours [161].
Both ALA and its reduced form, DHLA, effectively induced
cell death in human colon cancer cells via a pro-oxidant
mechanism, increasing mitochondrial uptake of oxidisable
materials [162]. Moreover, to boost the anticancer activity
of 2-methoxyestradiol against breast cancer, ALA
nanoparticles were developed as a delivery vehicle for
controlling breast cancer cell growth [163].

4.14. Effect on autophagy

Autophagy is a key molecular process that facilitates
the elimination of damaged or malfunctioning cellular
components [15, 16]. ALA activates AMPK, promoting
autophagy through ULK1 phosphorylation. It is demonstrated
to alleviate various factors that cause cell damage by
inhibiting autophagy through different pathways [17, 18].
It has been reported to contribute significantly to
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autophagy and apoptotic pathways by activating the
H202-induced decreased expression of AKT, PI3K and
ERK, which are key regulators of pathways involved in
survival. ALA activates AMPK, promoting autophagy
through ULK1 phosphorylation [18,19,56,126]. It is
demonstrated to alleviate various factors that cause cell
damage by inhibiting autophagy through different

pathways (Fig. 6).
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Fig. 6. Regulation of autophagy and apoptotic
pathways by alpha-lipoic acid. Alpha-lipoic acid-ALA;
phosphoinositide-3-kinase-P3IK; Ser/Thr kinase-AKT (also
known as protein kinase B)

4.15. Osteoprotective effects

Osteoporosis (OP) is a systemic skeletal disorder
characterized by low bone mass and deterioration of bone
microarchitecture, leading to an increased risk of
fractures. [164]. It is defined by reduced bone mass and
the degradation of bone microarchitecture, commonly
observed in the elderly, particularly in postmenopausal
women [165]. In additional research, we investigated the
protective efficacy of ALA against AMA (anti-
mitochondrial antibody)-induced cytotoxicity using the
MC3T3-E1 osteoblast-like cell line, and our results
revealed that ALA treated osteoblasts dose-dependently
reduced AMA-induced cytotoxicity and LDH (lactate
dehydrogenase) release, showing a beneficial effect.
In parallel, ALA has been observed to prevent steroid-
induced osteonecrosis in rabbits [166]. Furthermore, ALA
supplementation was found to support femoral fracture
healing [167]. In another study, it was discovered that
ALA inhibited osteoclastogenesis in bone marrow-
reproduce precursor cell cultures under osteoclastogenic
conditions [168, 169]. ALA exerts bone-protective effects
by increasing the mRNA expression of osteoprotegerin and
RANK ligand both in vivo and in vitro [170]. Alendronate
(AL), a widely used amino-bisphosphonate in the
treatment of osteoporosis, can be conjugated to the
surface of AuNPs through ALA, and the resulting AuNPs-AL
complexes exhibit excellent stability, biocompatibility,
and bone-targeting properties. These nanoparticles can
potentially accelerate the osteogenesis process, partially
through activation of the Wnt/B-catenin signaling
pathway. Our study emphasizes the great potential of
AuAPs-AL for future biomedical applications related to
bone tissue engineering [171-173]. Recently, accumulating
evidence has shown a close association between oxidative
stress, apoptosis, and glucocorticoid-induced osteoporosis
(GIOP). ALA can prevent GIOP by antagonizing oxidative
stress and suppressing apoptosis, thus supporting bone
formation [174, 175].



4.16. Cardioprotective effects

Cardiac and vascular diseases, often referred to as
cardiovascular disorders, are crucial health problems [176].
ALA has been shown to reduce fructose-induced
hypertension and prevent increased superoxide anion
production in heart mitochondria, as well as the formation
of advanced glycation end-products (AGEs) in the aortas of
glucose-treated mice [177]. Although the role of ALA
in protecting against cardiovascular hypertrophy is not yet
fully understood, studies have demonstrated that ALA
effectively improves both in vivo and in vitro models
of cardiac hypertrophy [178]. Combination therapies
involving ALA have also been investigated. For example,
co-administration of ALA with MitoQ (coenzyme Q10) was
found to stabilize blood pressure fluctuations, prevent
excessive  mitochondrial membrane  depolarization,
improve myocardial function, enhance mitochondrial fusion
gene expression, and strengthen the endogenous
antioxidant system [179]. Additionally, a palladium-alpha-
lipoic acid formulation (POLY-MVA) has demonstrated
avital role in age-related myocardial antioxidant
protection [180].

4.17. Hepatoprotective effects

Microcystins, toxins synthesized by cyanobacteria, pose
a threat to the antioxidant defense system of living
organisms, particularly affecting the liver. Oxidative stress
contributes to many pathological conditions in the liver
[181]. ALA prevents liver oxidative damage by activating
Nrf2 signaling and increasing glutathione levels, which
decrease with aging in hepatocytes [182]. ALA intervention
reduces liver aspartate aminotransferase and alanine
aminotransferase levels, demonstrating its ability
to mitigate fluoride-induced oxidative damage, inhibit
Wnt/Ca2+ pathway activation, and improve mitochondrial
dynamics and biogenesis [183]. Additionally, priming
adipose-derived stem cells with ALA has been reported
to enhance cell viability, manage cell membrane damage
and apoptosis, and reduce ROS production, thereby
improving hepatocyte response during fibrotic and
oxidative stress conditions. The results show that ALA
could serve as a possible preventive and medical therapy
to fluorotoxic liver damage [50]. In nonalcoholic fatty liver
disease, supplementation with 1200 mg of ALA daily was
found to have positive impacts on serum adiponectin, IL-6
levels, and hepatic steatosis [177]. Lastly, the combination
of ALA with aminoguanidine has been found to exhibit
additional anti-lipidemic properties, further enhancing its
hepatoprotective potential [184].

4.18. Effects on the kidneys

It has been proven that ALA also provides kidney
protection by antagonizing inflammatory stress in kidney
tissues [185]. The kidney podocyte protection attributed
to ALA may be partly related to its effects in preventing
excessive synthesis of ROS and increasing in vivo
antioxidant capacity, independently of glycemic control
in diabetic patients [135]. DN is a major chronic
consequence of diabetes, and oxidative damage and
accompanying degradation of vascular endothelial integrity
are likely to play a crucial role in its development [133,
186]. Long-term ALA application was clinically proven to
improve kidney dysfunction [133]. Short-term ALA may
protect the kidneys against general oxidative stress in early
DN, and the emergence of CD63-positive exosomes in urine
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could be a new biological marker for early recognition
and treatment prediction in diabetes [134]. Currently,
ALA is extensively used in clinical practice for diabetic
peripheral neuropathy, which is widely accepted for
kidney protection [135].

4.19. Anti-obesity effects

Taking supplements of eicosapentaenoic acid (EPA)
or ALA, either alone or in combination, has been
demonstrated through research to help in losing weight
when taken in conjunction with a calorie-restricted diet.
The rise in obesity prevalence has emerged as a significant
global health issue affecting both adults and children,
including teenagers [187]. A daily 300 mg dosage of ALA
paired with an energy-restricted diet has been shown
to increase weight loss and decrease fat mass [188].
Sirtuin 1 (SIRT1) is a protein associated with longeivity
that controls caloric metabolism and lifespan in response
to dietary deficiency. ALA exhibits anti-obesity effects by
stimulating the SIRT1/AMPK signaling pathway. In addition
to promoting fatty acid oxidation, ALA also modulates
fatty acid synthase (FAS) and adipose triglyceride lipase
(ATGL) expression, contributing to lipid reduction. Oral
ALA administration has been shown to decrease body
weight and visceral fat content [28]. Furthermore, ALA
induces a "browning" effect in white adipose tissue, which
may enhance its anti-obesity properties and support
metabolic health [189]. Additionally, ALA promotes
significant weight loss by increasing energy expenditure
and reducing hypothalamic AMPK activity and food
intake. This suggests that ALA might be an appealing anti-
obesity agent in the treatment of leptin-resistant
overweight individuals [190]. When combined with
exercise, ALA has been shown to counteract atherogenic
effects, further supporting its role in weight management
and metabolic health [191].

4.20. Anti-aging effects

It is thought that a species' longevity is governed by
the amount of harm to mitochondrial damage generated
by free radicals throughout regular metabolism [192].
Lipid peroxidation and antioxidant levels were assessed
prior to and after DL-ALA administration in the liver and
kidney mitochondria of young and aged rats. In elderly
rats treated with DL-ALA, lipid peroxidation levels were
reduced while antioxidant status increased [193].
The results suggest that (R)-ALA supplementation could
be a healthy and effective tool for improving overall
metabolic activity and increasing antioxidant status,
while also providing enhanced defense against both
oxidative and xenobiotic damage with aging [33]. In light
of these results, lipoic acid supplementation appears to
be a successful medicinal product for treating age-related
disorders [193].

4.21. Effects on the gastrointestinal system

Mucositis is a chronic inflammatory illness that causes
ulcers and inflammation of the gastrointestinal mucosa
[182]. ALA was used in a mucositis model induced
by 5-fluorouracil (5-FU), and, as a result, structural
improvement in intestinal damage to the mucosa was
observed within the groups injected with ALA.
Subsequently, the inclusion of ALA in 5-FU treatment has
been considered a possible choice for cancer patients
suffering from gastritis [194]. Additionally, it has been



previously reported that ALA has protective effects on
ulcers and gastrointestinal tissues [195, 196]. In another
study, the effects of ALA on indomethacin-induced gastric
ulcers were evaluated, and ALA showed a significant
gastric protective effect. This anti-ulcer effect of ALA can
be attributed to its antioxidant and anti-inflammatory
activities [195].

4.22. Effects on the respiratory system

Asthma is a chronic respiratory illness that affects 300
million individuals globally [197]. Oxidative damage is
an important contributor to airway inflammation in
asthma, and ALA may be an effective adjuvant treatment
in bronchial asthma. Furthermore, studies have discovered
that the effects of ALA are associated with lower activity
of the redox-sensitive transcription factor nuclear factor
kappa B (NF-kB) [53, 198]. Exposure to tobacco smoke
during pregnancy leads to oxidative damage in the lung
tissues of offspring, causing changes in lung development.
ALA administration appears to provide limited protective
effects against this oxidative stress in neonatal lung
development, and these findings suggest that controlled
and conscious supplementation of ALA may partially reduce
this damage [199]. In both in vivo and in vitro experiments,
there is strong evidence showing that ALA suppresses lung
cancer growth and the viability of lung cancer cells. Based
on the data, ALA may serve as an alternative therapeutic
approach for lung cancer in humans [186].

4.23. Effects on the immune system

Vitamin C, vitamin E, and ALA are powerful dietary
antioxidants that aid in immunological function. According
to studies, ALA enhances antioxidant enzyme activity in the
presence of dexamethasone-induced oxidative damage.
As aresult, vitamin C, E, and ALA help regulate both
enzymatic and non-enzymatic defense mechanisms [200].
ALA has been found to alleviate oxidative stress and
immune alterations caused by aflatoxin B1, at least in part,
by modulating the inflammatory response through changes
in pro-inflammatory cytokines; examples include IL-6 and
TNF-a [201]. Additionally, daily oral doses of ALA at the
time of immunisation greatly reduced the course of
experimental autoimmune encephalomyelitis (EAE),
a model of multiple sclerosis. That effect has been related
to a decline ininfiltrating T cells, macrophages, and
demyelination within the central nervous system [202].
Intraperitoneal (IP) injection of ALA also halted disease
development. Furthermore, at very high concentrations,
ALA inhibited proteolytic activity. This study found that
ALA significantly reduces IFN-y (Interferon-gamma) and IL-4
(Interleukin-4) produced by encephalitogenic T cells [203].

5. Effects on The Reproductive System
5.1. Effects against pregnancy-loss risk

ALA is a safe natural molecule which plays a role in the
immunomodulation of very physiological processes. It has
been published that orally administered ALA treats various
inflammatory pathologies and supports pregnancy. For the
first time, it was observed that ALA, when applied
vaginally, was well absorbed and dispersed in the vaginal
and uterine layers and had no effect on the insertion ratio
or the amount of implanted material in the reproductive
tissue. Moreover, ALA delayed the duration of labor and
reversed the increased levels of pro-inflammatory
cytokines in the uterine tissue. Further animal and human
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studies are recommended to explore the mechanism of
ALA's effect in the management of premature birth. Yet,
the initial results provide intriguing evidence
suggesting vaginal ALA use in obstetrics as a novel way to
ensure physiological pregnancy. Additionally, ALA is
associated with its ability to counteract pathological
changes in the complex networks of cytokines,
chemokines, and growth factors, and to restore their
physiological conditions. ALA supplementation has been
shown to significantly accelerate the restoration process
of physiological conditions in threatened pregnancy and
improve the health status of both the mother and fetus
[25, 75]. Sex hormone insufficiency is linked to metabolic
alterations, oxidative stress, or subclinical inflammation
in postmenopausal women. It is proposed that NAC and
ALA may mitigate many of the negative consequences of
reproductive  hormone  depletion via  estrogen-
independent pathways [204]. Carbamazepine exposure
during pregnancy has an unfavorable effect on the
epididymis. Yet, ALA's antioxidant, anti-apoptotic, and
steroidogenic properties enhanced epididymal activity
and sperm fertilization potential [205].

5.2. Effects on infertility

Infertility is defined as the failure of conception after
a year of regular, unprotected sexual activity [206].
Investigations have demonstrated that sperm cells are
capable of producing ROS at different stages of growth.
Increased synthesis of ROS by the leukocytes
in testosterone, plus the existence of faulty spermatozoa,
may trigger infertility [207]. New evidence demonstrates
that ALA has the ability to improve sperm motility while
decreasing sperm DNA damage, resulting in greater male
fertility [208]. Also, ALA improves egg maturation,
embryo growth, and reproductive performance [209].
Periodic ALA consumption has been shown to alleviate
pelvic pain related to endometriosis and normalize
menstrual blood circulation. Consequently, ALA is viewed
as a viable treatment for infertility, necessitating more
clinical trials. Besides, ALA has been identified for its
preventive role against various factors that can disrupt
female reproductive health [210].

5.3. Effects on polycystic ovary syndrome

The combination of ALA (400 mg/day) with myo-
inositol (1 mg/day) has demonstrated success
in he treatment of polycystic ovarian syndrome (PCOS)
[211]. This combination improves the menstrual cycle
regularity in patients with PCOS [212]. Combining D-chiro-
inositol and ALA may dramatically enhance the
metabolism of women with PCOS [213] In PCOS, ALA
lowers oxidative stress and insulin resistance. Likewise,
a mixture of NAC, ALA, and bromelain may help prevent
and heal endometriosis. ALA may also be used to prevent
diabetes  embryopathy and inflammation-induced
premature breakdown of membranes in embryos. In the end,
ALA might be used safely as a dietary supplement during
pregnancy and as a medication for neural pain [209].

6. Toxicity effects

ALA is a potent antioxidant used to treat various
disorders. Although ALA is considered a safe supplement
and poisoning is rarely seen, acute high doses can be
fatal. When acute toxicity occurs, neurological effects,
metabolic acidosis, and T-wave inversions in the



electrocardiogram are observed [214]. For example, after
an unintentional high dose (toxicological tests show an ALA
serum concentration of 10.280 pg/L) administered
intravenously, the patient was at increased risk due to low
platelets, extended prothrombin and thromboplastin times,
and symptoms of elevated C-reactive protein, abnormally
high ferritin, and the onset of liver failure [215]. ALA
dietary supplements are commonly used in clinical
practice, but safety evaluations are insufficient [216].
Anaphylactic shock or reactions occurring in the first week
of supplementation have also been reported [217].
Clinicians should closely monitor patients treated with
ALA-containing products, diagnose potential side effects
promptly, and discontinue use immediately if necessary
[216]. ALA is a powerful antioxidant that promotes kidney
function by lowering glucose levels in diabetes. However,
the precise mechanisms behind ALA's antioxidant benefits
are not entirely known. For example, whereas ALA protects
the kidneys in diabetic nephropathy, it may be toxic
in healthy kidneys. As a result, monitoring the dose,
treatment duration, and potential side effects of ALA
supplementation in healthy kidneys is critical. It has been
determined that ALA can exhibit both pro-oxidant and
antioxidant effects, depending on the underlying physical
and metabolic conditions [148]. In conclusion, based on the
studies, it is observed that ALA has almost no toxic effects
at therapeutic doses used, but minor toxic effects at high
doses.

7. Conclusions

ALA is a naturally occurring fatty acid that serves
as a vital, covalently bonded cofactor in numerous enzyme
processes, including alpha-ketoacid dehydrogenases, which
are required for mitochondrial energy metabolism.
Mitochondria produce adequate ALA from octanoic acid,
and this dithiol fatty acid is also found in several foods.
It can be assimilated in the intestines and distributed to
many organs and tissues, including the brain kidneys and
liver. Although these pharmacological effects have been
observed in vitro and in animals, it remains uncertain if
alpha-lipoic acid supplements have clinically significant
effects in humans. The optimal oral dose of ALA has not
yet been fully determined. Alpha-lipoic acid is presently
offered in tablet and capsule forms, including 50 to 600 mg,
with the recommender dosage varying from 100 to 600 mg
once or twice a day. Alpha-lipoic acid is generally well
tolerated; nevertheless, elevated doses may result in
adverse symptoms such as abdominal discomfort,
heartburn, constipation or diarrhea, nausea, dizziness, and
headache. Numerous studies on alpha-lipoic acid in
patients with cardiovascular, hepatoprotective, diabetic
polyneuropathy, arthritis, diabetes, fibromyalgia,
reproductive system multiple sclerosis, osteoarthritis, and
other conditions have produced inconsistent results, yet
almost always with minimal or negligible adverse effects.

Pharmacokinetically, ALA has an oral bioavailability
of roughly 30% due to its short blood half-life, significant
presystemic clearance, and hepatic first-pass metabolism.
While this bioavailability —appears adequate for
the biological effects of ALA, new studies indicate that its
bioavailability is enhanced through various formulations.
The data obtained show that ALA liquid formulations have
higher plasma concentrations and therefore bioavailability
compared to solid dosage forms. Alpha-lipoic acid is
a biologically active ingredient widely used in the clinic
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in different pharmaceutical forms, including multivitamin
tablets, multivitamin capsules and food supplements.
While purported to have antioxidant, anti-inflammatory,
antimicrobial, anti-Alzheimer, antiepileptic,
antiparkinsonian, anxiolytic, effects on schizophrenia,
neuroprotective, antidiabetic, antiallergic, anticancer,
anti-osteoporotic, cardioprotective, hepatoprotective,
anti-obesity, anti-aging, reproductive and other effects,
it has not been approved by the EMA and FDA as therapy
for any medical disease or condition. ALA holds great
promise in the creation of new medical interventions for
treating human diseases. However, despite its potential,
further extensive research is still needed to clarify ALA's
possible molecular therapeutic effects through long-term
human clinical trials.
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