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Abstract
Several disorders have been linked to the onset and progression of oxidative stress. An oxidative
imbalance in the cell sets in motion a chain of events that leads to cell death. Antioxidant therapy has
been identified as a potential palliative treatment, with benefits including slowed disease progression,
reduced cell disintegration, and improved cellular activities. An organosulfur molecule called Alphalipoic acid (ALA) is a well-known antioxidant that has been examined in a range of disease models. It's
expected to be a potent micronutrient with a diverse set of pharmacological actions. It improves
energy metabolism by optimizing the use of glucose and fatty acids. ALA also aid s in the reduction of
oxidative stress and the counteraction of inflammatory stimuli. A review of the literature was
conducted using peer-reviewed journal articles to identify laboratory, animal, and clinical studies that
have studied the most recent and advanced innovations regarding the possible pharmacological uses
of ALA in the suppression of various pathological biomarkers.
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Effects of Alpha-lipoic acid in obese children and
adolescents.

Reactive oxygen species (ROS) are important
intermediates in the activation of NF-kB [1], which
increases the production of proteins that control
immunological, inflammatory, and apoptotic
processes. Natural bioactive compounds have
antioxidant properties. They can act as ROS
scavengers [2-4]. Alpha-lipoic acid (ALA), also
known as thioctic acid, is a short-chain fatty acid
that occurs naturally. The kidney, the heart, and the
liver all contain ALA. Spinach, broccoli, and
tomatoes are the most abundant plant sources of
ALA [5,6]. ALA has been demonstrated to limit NFkB translocation to the nucleus and activation,
resulting in a reduction in cytotoxic cytokine
production [7]. Furthermore, ALA and DHLA have
been discovered to be highly reactive to a range of
ROS [5,8]. ALA and DHLA have been suggested to
have anti-inflammatory properties. ALA is a
powerful reducing agent that can degrade oxidized
versions of a variety of antioxidants, including
vitamin C and GSH [9]. ALA's ability to recycle GSH
from Glutathione disulfide, as well as its
participation in GSH synthesis, contribute to GSH
regeneration [10]. In this regard, ALA has been
shown to boost nuclear Nrf2 levels, a transcription
factor that regulates GSH synthesis [11,7]. Dietary
treatment with ALA reduced oxidative stress while
restoring the levels of other antioxidants that had
been depleted [12,13]. As a medicinal agent and
nutritional supplement, the use of ALA as
alternative medicine is rapidly increasing [14,15].
ALA's antioxidant and anti-inflammatory properties
have been shown to protect against the damage
caused by a variety of illnesses, including
neurodegenerative disorders [16-18]. This is further
supported by the ALA's capacity to traverse the
blood-brain barrier [12]. ALA has been shown to
improve glucose sensitivity in tissues [19]. Exposure
to ALA enhances glucose uptake by translocation of
glucose transporters to the plasma membrane,
according to studies on muscle cell lines, and further
research confirms the function of insulin-mediated
PI3K activity in LA-induced glucose uptake [15,10,20].
Because of these qualities, ALA has been studied as
a diabetic medication in both experimental animals
and humans [21].

Obesity is linked to low-grade chronic systemic
inflammation. Tumor necrosis factor-alpha (TNF- α),
interleukin IL-1, and IL-6 are pro-inflammatory
cytokines produced by aggregated adipose tissue
[22]. Reactive oxygen species (ROS) are produced
mostly by adipose tissue, which is significantly linked
to increased oxidative stress [23]. Adipokines cause
the generation of reactive oxygen species (ROS),
which causes oxidative stress, which causes the
synthesis of further adipokines, which increases the
production of cytokines, resulting in the
development of obesity-related issues [9]. The
peroxidation of polyunsaturated fatty acids
produces malondialdehyde (MDA). The quantity of
oxidative stress is mirrored by the amount of MDA
[23]. Multiple studies have demonstrated that ALA
can help overweight animals and humans lose
weight [24], but there are no statistics in pediatrics.
The purpose of this study is to see how ALA impacts
overweight children's weight, BMI, leptin,
adiponectin, malondialdehyde (MDA), and TNF
levels. The researchers evaluated weight, BMI, lipid
profile,
fasting
blood
glucose
(FBG),
malondialdehyde (MDA), and tumor necrosis factoralpha (TNF- α) levels. The levels of leptin and
adiponectin were all tested. When compared to the
control group, the ALA treatment group had a
significant reduction in weight, BMI, MDA, TNF- α,
and leptin levels, but a significant increase in
adiponectin levels (P< 0.05), but no effect on FBG or
lipid profile (P > 0.05). For obese adolescents and
children, ALA may be administered as a weight-loss
supplement [25].
Antioxidant effect of Alpha-lipoic acid in 6Hydroxydopamine unilateral intrastriatal injected
Rats.
Parkinson's disease (PD) is a neurological condition
that affects many people. It's linked to Lewy bodies
and the substantia nigra's loss of dopamine (DA)producing neurons. The pathogenesis of PD has
been linked to many nervous system locations,
neurotransmitters, and protein aggregates [26].
Oxidative stress (OS), inflammation, autophagy,
apoptosis, protein aggregation, and changes in
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neurotransmitter levels are all caused by a complex
interaction between genetic and environmental
variables. OS appears to be crucial in the etiology of
Parkinson's disease. The inequality between the
generation and elimination of reactive oxygen
species causes oxidative stress (ROS). The activity of
glutathione peroxidases (GPx), which includes eight
isoforms involved in H2O2 detoxification, is low in
dopaminergic neurons in the substantia nigra. The
ability of sulfhydryl antioxidants in the striatum to
neutralize H2O2 in vivo has been linked with their
defensive anti-degenerative properties [27]. 6hydroxydopamine (6-OHDA) is a dopamine (DA)
analog that is highly oxidizable. It is a neurotoxin
that is commonly utilized to mimic distinct cell
progressions seen in Parkinson's disease (PD). It is a
useful model for evaluating the features of
potentially neuroprotective medicines because its
neurotoxic tool is so similar to those of DA. In
unilateral intrastriatal (6-OHDA) injected rats, the
effect of Alpha-lipoic acid (ALA) on brain oxidative
stress (OS) was investigated. Thiobarbituric acidreactive substances (TBARS) and glutathione
peroxidase (GPx) activity were measured in brain
homogenates. In the 6-OHDA treated rats,
homogenates revealed an increased TBARS content
and decreased GPx activity, both of which are
suggestive of OS. These variations were reduced by
using ALA at the same time. This result supports the
idea that a low dose of ALA could help reduce the
neurotoxic 6-OHDA's OS [28].
Effects of the combination of Alpha-lipoic acid
(ALA) and Coenzyme Q10 (CoQ10) on cisplatininduced nephrotoxicity
Cisplatin is a platinum anticancer drug used to treat
various types of tumors, including head, neck, and
lung cancers. Neurotoxicity, ototoxicity, and
nephrotoxicity are linked to the administering of
high doses of cisplatin [29]. The production of
harmful reactive oxygen species (ROS) is a major
cause of cisplatin nephrotoxicity [29]. This study
aimed to recognize if coenzyme Q10 (CoQ10) and
Alpha-lipoic acid (ALA) (alone or in combination) can
avert cisplatin-induced nephrotoxicity in animals, so
it can be determined whether CoQ10 and ALA could
be given at an early stage of therapy for cisplatininduced nephrotoxicity. CoQ10 hinders the
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peroxidation of plasma membrane lipids, it is
considered as an antioxidant separate from the
mitochondrial membrane. CoQ10 can recover other
antioxidants such as vitamins E and C, which
exclusively affect the proliferation of ROS [30]. ALA
and CoQ10 have common shared properties that
encourage their synergistic activity. The ability of
CoQ10 to react with the reduced form of Alphalipoic acid namely dihydro Alpha-lipoic acid (DHLA),
facilitates its presence in the reduced form, thus
exploiting antioxidant capability in other extra
mitochondrial membranes [31]. Both triggers
glutathione and other antioxidant enzymatic
activity. ALA and CoQ10 impact mitochondrial
function as well as reaction to stress transcription
factors. The authors relied on the previously
mentioned common features in such a combination
that might help in the reduction of cisplatin
nephrotoxicity. Rats were randomly divided into 5
groups. Tissue antioxidant activity, inflammatory
markers (tumor necrosis factor, TNF), and renal
function were valued along with histopathological
study. Urinary proteins and renal function tests
were considerably greater within (cisplatin control
group) compared with other groups (P-value
<0.001). Creatinine clearance was significantly larger
with the combination therapy group compared to
other groups. Both TNF and malondialdehyde
(MDA) were expressively higher within the cisplatin
control group while superoxide dismutase (SOD),
GSH content, and catalase were significantly lower
in the cisplatin control group. When combination
therapy was used, MDA level was significantly
lower. Histologically, noticeable renal damage was
well observed in the cisplatin group, however, the
least renal damage was seen in the combination
group. This study has well established the role of
antioxidants in averting nephrotoxicity caused by
cisplatin; the combined therapy with CoQ10 and ALA
have a superior prophylactic outcome relative to
that of monotherapy [32].
Effect of Alpha-lipoic acid in SARS-CoV-2
The cardiovascular, cerebrovascular, renal, and
blood-clotting systems are all affected by SARS-CoV2. Myocardial infarction, heart failure, myocarditis,
arrhythmia, and shock are only a few of the clinical
symptoms caused by COVID-19 in the cardiovascular
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system. The virus causes direct damage to cardiac
cells when it infects them [33]. While inflammatory
reactions cause indirect damage, immunological
responses and blood coagulation cause hypoxia and
ischemia. COVID-19 has been associated with prothrombotic diseases, which can lead to thrombosis
if clinical symptoms increase [34]. Targeting the
reactive oxygen species (ROS) pathway or the repair
of the cellular oxidation-reduction equilibrium is one
of the more recent therapeutic modules. Increased
oxidative stress is linked to severe episodes of viral
pneumonia (OS). As a result, it's critical to
investigate various tactics for reducing COVID-19's
activated OS pathways. ALA can increase nitric
oxide (NO) bioavailability by lowering OS and
restoring endothelial nitric oxide synthase (eNOS)
activity, which leads to improved endothelial
function [35]. This could be accomplished by
preventing
the oxidative degradation
of
tetrahydrobiopterin (BH4), an important cofactor
for eNOS [36,37]. Nuclear factor-kappa B (NF-kB),
which is activated by OS, is a target for immune
function regulation [38]. One strategy for COVID-19
treatment could be to use antioxidants that block
NF-kB signaling. In addition, antioxidant medications
protect the host cells from OS caused by the
infection. In this context, Alpha-lipoic acid (ALA), a
powerful antioxidant, is thought to be an inhibitor
of NF-kB activation, boosting the human host's
resistance against SARS-CoV-2 [36,39].

pregnancy rate [42]. LPS increases nuclear factor
kappa B (NF-kB) and produces pro-inflammatory
cytokines, causing apoptosis and embryo damage
before implantation [43]. LPS can potentially
damage mitochondria by producing too many
reactive oxygen species (ROS) [44]. The quantitative
and qualitative parameters of mouse embryos
challenged with lipopolysaccharide (LPS) were
assessed to show how they respond to alpha-lipoic
acid therapy. LPS treatment increased intracellular
ROS levels (P≤0.05) as well as significant reductions
(P≤0.05) in intracellular GSH content, mitochondrial
mass, and blastocyst quality. All of the abovementioned unfavorable effects of LPS were reduced
by ALA. In response to LPS, the relative expression
levels of Nrf-2 and Tnf-RI/P-60 receptors (P≤0.05)
dramatically increased, while treatment with ALA
significantly reduced the relative expression of TnfRI/P-60. ALA also improved the developing capacity
of LPS-preserved embryos after they had been
implanted. As a result, the outcomes of this study
suggest that ALA treatment can counteract the
toxicity of LPS on reproduction. These qualities
were mostly related to advancements in the
intracellular antioxidant capacity as well as the
defeat of some inflammatory components, such as
the TNF-RI/P-60 receptor, which is involved in
apoptosis formation. These remarks have important
implications for infertility therapy and dairy farming
[45].

Effects of Alpha-lipoic acid on the attenuation of
the toxic effects of tissue lipopolysaccharide

Effects of Alpha-lipoic acid on the improvement of
glucose uptake through DNAJB3 cochaperone

Immature pregnancy or abortion can result in
infertility in a variety of species. Gram-negative
bacteria, such as Escherichia coli, can easily infect
the reproductive system and mammary gland, which
is thought to be the main source of the above
problem. Following the emergence of these
illnesses, blood and tissue lipopolysaccharide (LPS)
levels significantly increased [40]. The availability of
these endotoxins in the follicular fluid can be
increased by high amounts of LPS, resulting in an
increased incidence of early labor [41]. LPS is a
chemical that may reduce the success of in-vitro
fertilization-embryo transfer (IVF– ET) by lowering
the fertilization rate of mature oocytes, lowering
the quality of fertilized oocytes, and lowering the

In humans and animal models of obesity with insulin
resistance (IR) in type 2 diabetes, the
pharmacological impact of ALA in increasing insulin
sensitivity and promoting glucose metabolism has
been widely explored (T2D). Through its capacity to
block JNK and IKK activation, lower IRS1
phosphorylation, and promote the PI3K/AKT
pathway, ALA can induce both basal and insulinmediated translocation of glucose transporters to
the plasma membrane. DNAJB3 is a member of the
DNAJ/HSP40 cochaperone family with decreased
expression in obese[46] and T2D patients[47], and
low levels of DNAJB3 have been linked to increased
metabolic stress [46]. In 3T3-L1 adipocytes and
C2C12 skeletal muscle cells, there is evidence for a
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unique role of DNAJB3 in reducing metabolic stress
and increasing insulin function, leading to an
increase in glucose uptake[47]. ALA could mediate
the favorable effects of DNAJB3 depending on the
features of DNAJB upregulation in metabolism
coupled with ALA administration. As a result, the
effect of ALA therapy on DNAJB3 expression in
metabolically active cells was studied to determine
the implications of this involvement on metabolic
stress that triggers IR as well as glucose uptake. In
C2C12 and HepG2 cells, ALA can cause a significant
rise in DNAJB3 expression. In response to
tunicamycin, pre-treatment with ALA significantly
reduced the expression of ER stress indicators. The
tunicamycin-mediated transcriptional stimulation of
ATF6 was significantly reversed by ALA
administration, but insulin-stimulated glucose
uptake was enhanced. In C2C12 and HepG2 cells,
ALA can cause a significant rise in DNAJB3
expression. In response to tunicamycin, pretreatment with ALA significantly reduced the
expression of ER stress indicators. The tunicamycinmediated transcriptional stimulation of ATF6 was
significantly reversed by ALA administration, but
insulin-stimulated glucose uptake was enhanced.
Surprisingly, silencing DNAJB3 expression canceled
ALA's protective function against tunicamycininduced endoplasmic reticulum (ER) stress, implying
that DNAJB3 is a crucial component of ALAalleviated
tunicamycin-induced
ER
stress.
Furthermore, in C2C12 and HepG2 cells transfected
with DNAJB3 siRNA, the effect of ALA on insulintriggered glucose uptake was significantly reduced.
All of these findings point to DNAJB3 as a biological
mediator by which ALA reduces ER stress and
enhances glucose absorption [48].
Protective effect of Alpha-lipoic acid on cisplatininduced hepatotoxicity in rats
Cisplatin (CIS) is an antineoplastic compound used
to treat various types of cancers such as kidney and
liver, testis, bladder, ovary, and non-small cell lung
cancers. CIS prevents DNA synthesis. CIS produces
toxic side effects including hepatotoxicity,
nephrotoxicity, cardiotoxicity, and neurotoxicity.
Giving CIS in large doses may precipitate liver and
kidney toxicity, which restricts CIS therapy. The
mechanism of CIS-induced hepatotoxicity is
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associated with a generation of reactive oxygen
species (ROS) [49]. ROS are highly reactive so they
deteriorate lipids, proteins, and DNA [50]. ALA is an
antioxidant compound that chelates metals,
scavenges ROS, and restores cellular antioxidants,
such as vitamins C and E, and glutathione [51], which
are essential for the endogenous correction of
oxidative damage. In this study, the protective
properties of ALA on CIS-induced liver damage in
rats have been studied. Four equal groups of rats
have been used. The control saline solution (0.9%)
group; ALA group; CIS group; CIS + ALA group. In
the CIS group, Bax, caspase3, malondialdehyde
(MDA), aspartate aminotransferase (AST), and
alanine aminotransferase (ALT) levels were
elevated, whereas Bcl-2, superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase
(GPx) levels were reduced relative to the control
group. In the CIS + ALA group, Bax, caspase 3, MDA,
AST, and ALT levels were decreased, whereas Bcl-2,
SOD, CAT, and GPx levels were raised in comparison
with the CIS group. In the CIS group, it was found an
augmented
perivenule
sinusoid
dilation,
karyomegaly, pyknotic and karyolytic cells, central
vein congestion, parenchymal inflammation, mild
bile duct proliferation, and periportal sinusoid
dilation. Histological liver deterioration was
decreased in the CIS + ALA group. Hopefully, ALA
could be implemented in managing CIS-induced liver
toxicity due to its powerful antioxidant and antiinflammatory properties [52].

Effects of Alpha-lipoic acid as an adjuvant for
nonsteroidal anti-inflammatory drugs
Alpha-lipoic acid (ALA) has been shown to possess
positive effects on gastric ulceration [53]. It could
affect
oxidative/inflammatory-based
diseases,
through its strong anti-inflammatory properties in
human endothelial cells previously treated with
tumor necrosis factor-α through impeding NF-KB
translocation in a dose-dependent mode of action.
The ulcerogenic negative drawbacks of nonsteroidal
anti-inflammatory drugs (NSAIDs) restrict their use.
In this study, the synergistic anti-inflammatory
properties of combined ALA and Indomethacin
(Indo) treatment in mice as well as the antiinflammatory effect of ALA on the role of Indo in
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the induction of gastric damage have been
examined. Mice were given 5 or 30 mg/kg Indo (p.o)
alone or in combination with ALA given (i.p). Paw
thickness and edema in determined to demonstrate
the anti-inflammatory effect (In vivo). Gastric
mucosal hemorrhage, erosion, edema was assessed
to observe gastric inflammation. According to the
results, Indo has a sub-therapeutic effect at 5 mg/kg,
whereas the co-administration of Indo and ALA has
a far greater impact on the reduction of paw edema,
suggesting that the anti-inflammatory effects of
Indo were boosted by ALA. Indo at 30 mg/kg
triggered a significant injury to the stomach
prohibited by co-treatment with ALA. Accordingly,
combining ALA with NSAIDs can improve antiinflammatory effects while also preventing NSAIDinduced stomach damage. ALA could be a potential
adjuvant that reduces the dose required for
effective NSAID therapy, improving the safety
profile of NSAIDs, especially in cases where longterm high-dose administration is required [54].

involved in autophagy initiation [58]. The effects of
Alpha-lipoic acid (ALA), a medication used to treat
human diabetes problems, on lung cancer growth
were investigated in this study. ALA inhibited lung
cancer growth in xenograft mice and decreased
lung cancer A549 cell viability, according to the
findings. Autophagy activation was reported in
human lung malignancies, and ALA inactivated
autophagy in A549 cells, according to the findings
of this study. ALA also activated the mTOR/p70S6K
signaling pathway. ALA-induced inactivation of
autophagy was restored and ALA-induced decrease
of A549 cell viability was prevented when mTOR
was inhibited with rapamycin. Overall, the findings
imply that ALA inhibits autophagy via mTOR and
hence has therapeutic promise in the treatment of
lung cancer [59].

Effects of Alpha-lipoic acid on inhibition of lung
cancer growth via mTOR-mediated autophagy
inhibition

Patients with both coronary artery disease and
diabetes mellitus are becoming more common,
necessitating a more complete treatment
approach. Hyperglycemia, as a pathogenetic basis
for diabetes, can cause tissue damage in a variety
of ways. When glycolysis is inhibited, other glucose
oxidation processes, including polyol and
hexosamine, are activated. When the polyol
pathway is activated, more reactive oxygen species
are produced, resulting in oxidative stress (OS),
which is important for initiating smooth muscle cell
death and cardiac remodeling [60]. Increased
transcription of inflammatory cytokine genes
occurs when the hexosamine glucose consumption
pathway is activated, contributing to vascular
inflammation and proatherogenic conditions. The
cytokine system is involved in the pathogenesis of
both metabolic illnesses and coronary heart
disease, and its activation is a measure of severity
and a predictor of disease progression [61]. The
beneficial effects of Alpha-lipoic acid (ALA), such as
antioxidant capabilities, vasorelaxation, and antiinflammatory potential [62], are fascinating.
Furthermore, the shortage of ALA in diabetes
determines the demand for ALA in patients [63]. In
the study, patients with type 2 diabetes and a
history of non-Q-myocardial infarction were given

Lung cancer is the greatest cause of cancer-related
death, and innovative therapeutics for this disease
is still needed. Activation of autophagy is intimately
correlated with the progression of cancer [55].
Autophagy is an evolutionary process for
destroying
defective
cellular
components.
Autophagy is induced to increase cell survival when
cells are starved of nutrients and energy and go
into apoptosis [56]. In general, cancer cells
necessitate greater autophagy participation for
adaptive survival than normal cells [56]. Autophagy
activation has been shown to mediate the
peritumoral
monocyte-induced
cancer
development of human hepatocellular carcinoma,
as well as the astrocyte-induced promotion of
breast cancer brain metastasis [57]. Inhibition of
autophagy has been shown to facilitate the killing
of non-small-cell lung cancer cells produced by
natural killer cells [55]. As a result, autophagy
targeting has been proposed as a possible cancer
therapeutic method. Autophagy is a complex
biological process [58]. The mammalian target of
rapamycin (mTOR) is one of the several regulators

Effects Alpha-lipoic acid on systemic inflammation
in type 2 diabetes mellitus patients with prior
myocardial infarction
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oral anti-diabetic medication as well as basic
therapy. After four months of treatment with
Alpha-lipoic acid, the concentrations of C-Reactive
Protein, IL-6, and TNF- were found to be
significantly lower in the leading group. According
to the findings of this study, consuming Alpha-lipoic
acid for four months reduced systemic
inflammation activity while not affecting the
content of anti-inflammatory IL-10 in individuals
with type 2 diabetes who had a non-Q-myocardial
infarction. Because of the foregoing, it may be
worthwhile to deliver Alpha-lipoic acid to these
individuals, given the agent's beneficial properties,
which
include
antioxidant
characteristics,
vasorelaxation, and anti-inflammatory potential
[64].
Effects of Alpha-lipoic acid and resveratrol on
mitigation of radiation-induced pneumonitis and
Lung Fibrosis
The lungs are an organ that is vulnerable to the
harmful effects of ionizing radiation. According to
studies, lung exposure to acute and high doses of
radiation as a result of inhalation of radioactive
substances can cause pneumonitis and fibrosis,
both of which are linked to a higher risk of death.
Some medications have been explored so far for
preventing pneumonitis and fibrosis in mouse lung
tissues exposed to ionizing radiation. Several
cytokines and chemokines are released after a high
dose of radiation given to the lungs, leading to the
infiltration of inflammatory cells. Several cytokines
are released by macrophages, neutrophils, and
lymphocytes, which mediate the formation of
edema and pneumonitis. Furthermore, persistent
free radical generation, such as reactive oxygen
and nitrogen species (ROS and RNS), stimulates
collagen deposition in the extracellular space,
resulting in fibrosis. Both pneumonitis and fibrosis
can kill a person who has been exposed to them.
Resveratrol and Alpha-lipoic acid are two powerful
antioxidants
with
proven
radioprotective
properties. Resveratrol isn't a direct antioxidant,
but it can boost the activity of antioxidant enzymes
like superoxide dismutase (SOD) and glutathione
peroxidase (GPx) in cells [65]. It also stimulates
DNA repair and reduces cell mortality in oxidative
stress settings by stimulating sirtus-1 (Sirt-1).
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Treatment with resveratrol before radiation
exposure has been shown to reduce radiation
toxicity [66]. Alpha-lipoic acid, unlike resveratrol, is
a powerful antioxidant that neutralizes free radicals
by recycling ascorbic acid and alpha-tocopherol
[67]. The goal of this study was to see if Alpha lipoic
acid, resveratrol, and their combination had any
effect on mice pneumonitis and fibrosis indicators
after irradiation. Control, radiation, radiation plus
Alpha lipoic acid, radiation plus resveratrol, and
radiation plus both resveratrol and Alpha lipoic acid
were all given to 25 mice. A cobalt-60 gamma-ray
source was used to irradiate the thoracic areas of
mice with 18 Gy. The treatments began 24 hours
after the irradiation and lasted two weeks. After
100 days, a pathological investigation revealed that
radiation exposure caused severe pneumonitis and
mild fibrosis. Resveratrol and Alpha lipoic acid, as
well as their combination, have been shown to
reduce indicators of pneumonitis and fibrosis.
Although resveratrol was unable to prevent the
infiltration
of
most
inflammatory
cells,
inflammation, or vascular damage, Alpha-lipoic
acid, and its combination were able to prevent the
infiltration of most damaged indicators. Following
lung irradiation, Alpha-lipoic acid and its
combination with resveratrol were able to reduce
fibrosis and pneumonitis markers in mice lung
tissues. Although resveratrol protects against
specific indicators, it is less effective against lung
harm. In conclusion, these findings demonstrate
that the combination of resveratrol and Alpha-lipoic
acid, as compared to the separate forms of these
drugs, has a potent mitigating impact [68].
Effects of Alpha-lipoic acid on dry eyes in diabetes
Dry eye disease is a multifactorial chronic condition
that affects the ocular surface due to a loss of
corneal epithelium integrity and interruption of tear
production. Dry eye is frequently linked to
environmental variables such as pollution, ozone,
UV radiation, and long-term use of preserved eye
drops. These variables produce ocular surface
inflammation by increasing oxidative stress. An
imbalance between the number of reactive oxygen
species (ROS) and the activity of protective
conjunctival epithelium antioxidant enzymes (SOD,
CAT, and GPx) causes ocular surface oxidation. One
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of the pathophysiological mechanisms linked with
disorders of the ocular surface was an altered
balance between matrix metalloproteinases
(MMPs) and their inhibitors in tears[69]. The Kelchlike ECH-associated protein 1 (Keap1)-Nrf2antioxidant response element pathway is important
for regulating antioxidant gene expression,
maintaining antioxidant status in corneal epithelial
cells, and thereby protecting the ocular surface
from dry eye illness [70]. As a result, activation of
Nfr-2 in corneal epithelial cells can boost antioxidant
defenses including SOD, CAT, and GPx [71]. In dry
eye models, a recent study found that Nrf-2
activator is beneficial against corneal epithelial cell
damage [72]. In tears, ALA can suppress the
expression of MMP-2 and MMP-9 while increasing
the expression of their tissue inhibitors [73]. ALA
may be beneficial in reducing oxidative stress on the
ocular surface [74]. ALA enhances lacrimal
peroxidase and restores lacrimal production by
activating Nrf-2 in ocular surface cells. ALA has been
shown to protect rats against radiation-induced
lacrimal gland injury, which is achieved by inhibiting
activated T cell production and the NF-B signaling
pathway, implying a potential therapeutic function
for ALA in dry eye illness [75].
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3.

4.

5.

6.

Conclusion
The course of many diseases is aided by cellular
oxidation. The use of antioxidants has been found
to slow the progression of several diseases. The use
of ALA as a therapeutic agent and nutritional
supplement is fast rising as an alternative
treatment. The antioxidant effect of ALA is
important in cellular growth because of its ability to
scavenge ROS and replenish endogenous
antioxidants. In people with related illnesses,
consuming ALA lowered inflammatory markers like
CRP, IL-6, and TNF-α, according to clinical studies. To
conclusively demonstrate the therapeutic efficacy of
ALA supplementation, more studies with a longer
period, a larger sample size, and other ALA
formulations are needed.
References
1. Schreck, R., Albermann, K. A. J., & Baeuerle,
P. A. (1992). Nuclear factor kB: an oxidative
stress-responsive transcription factor of

7.

8.

9.

10.

eukaryotic
cells
(a
review). Free
Radic. Res. Commun., 17(4), 221-237.
Sunoqrot, S., Al-Shalabi, E., Al-Bakri, A. G.,
Zalloum, H., Abu-Irmaileh, B., Ibrahim, L. H.,
& Zeno, H. (2021). Coffee Bean Polyphenols
Can Form Biocompatible Template-free
Antioxidant Nanoparticles with Various
Sizes and Distinct Colors. ACS omega, 6(4),
2767-2776.
Sunoqrot, S., Orainee, B., Alqudah, D. A.,
Daoud, F., & Alshaer, W. (2021). CurcuminTannic Acid-Poloxamer Nanoassemblies
Enhance Curcumin’s Uptake and Bioactivity
against Cancer Cells In Vitro. Int.J.Pharm.,
121255.
Zaidi, S. K. R., Al-Qirim, T. M., & Banu, N.
(2005). Effects of antioxidant vitamins on
glutathione
depletion
and
lipid
peroxidation induced by restraint stress in
the rat liver. Drugs in R & D, 6(3), 157-165.
Moini, H., Packer, L., & Saris, N. E. L. (2002).
Antioxidant and prooxidant activities of αlipoic acid and dihydrolipoic acid. Toxicol.
Appl. Pharmacol., 182(1), 84-90.
Lodge, J. K., Youn, H. D., Handelman, G. J.,
Konishi, T., Matsugo, S., Mathur, V. V., &
Packer, L. (1997). Natural sources of lipoic
acid: determination of lipoyllysine released
from protease-digested tissues by high
performance
liquid
chromatography
incorporating electrochemical detection. J.
Appl. Nutr., 49(1-2), 3-11.
Maczurek, A., Hager, K., Kenklies, M.,
Sharman, M., Martins, R., Engel, J., ... &
Münch, G. (2008). Lipoic acid as an antiinflammatory
and
neuroprotective
treatment for Alzheimer's disease. Adv.
Drug Deliv. Rev., 60(13-14), 1463-1470.
Haenen, G. R., & Bast, A. (1991). Scavenging
of
hypochlorous
acid
by
lipoic
acid. Biochem. Pharmacol., 42(11), 22442246.
Jones, W., Li, X., Qu, Z. C., Perriott, L.,
Whitesell, R. R., & May, J. M. (2002).
Uptake, recycling, and antioxidant actions
of α-lipoic acid in endothelial cells. Free
Radic. Biol. Med., 33(1), 83-93.
Tibullo, D., Volti, G. L., Giallongo, C., Grasso,
S., Tomassoni, D., Anfuso, C. D., ... &

http://pharmacologyonline.silae.it
ISSN: 1827-8620

PhOL

11.

12.

13.

14.

15.

16.

17.

WISAM NASER

Bramanti, V. (2017). Biochemical and clinical
relevance of alpha lipoic acid: antioxidant
and anti-inflammatory activity, molecular
pathways and therapeutic potential .
Inflamm. Res., 66(11), 947-959.
Suh, J. H., Shenvi, S. V., Dixon, B. M., Liu, H.,
Jaiswal, A. K., Liu, R. M., & Hagen, T. M.
(2004). Decline in transcriptional activity of
Nrf2 causes age-related loss of glutathione
synthesis, which is reversible with lipoic
acid. Proc. Natl.Acad. Sci., 101(10), 33813386.
Rochette, L., Ghibu, S., Muresan, A., &
Vergely, C. (2015). Alpha-lipoic acid:
molecular mechanisms and therapeutic
potential in diabetes. Can. J. Physiol.
Pharmacol., 93(12), 1021-1027.
Marangon, K., Devaraj, S., Tirosh, O.,
Packer, L., & Jialal, I. (1999). Comparison of
the effect of α-lipoic acid and α-tocopherol
supplementation on measures of oxidative
stress. Free Radic. Biol. Med., 27(9-10), 11141121.
Gomes, M. B., & Negrato, C. A. (2014).
Alpha-lipoic acid as a pleiotropic compound
with potential therapeutic use in diabetes
and other chronic diseases. Diabetol Metab
Syndr, 6(1), 1-18.
Shay, K. P., Moreau, R. F., Smith, E. J.,
Smith, A. R., & Hagen, T. M. (2009). Alphalipoic acid as a dietary supplement:
molecular mechanisms and therapeutic
potential. Biochim. Biophys. Acta,1790(10),
1149-1160.
Sanz, M. M., Johnson, L. E., Ahuja, S.,
Ekström, P. A. R., Romero, J., & van Veen, T.
(2007). Significant photoreceptor rescue by
treatment with a combination of
antioxidants in an animal model for retinal
degeneration. Neuroscience, 145(3), 11201129.
Grasso, S., Bramanti, V., Tomassoni, D.,
Bronzi, D., Malfa, G., Traini, E., ... & Avola, R.
(2014). Effect of lipoic acid and
α‐glyceryl‐phosphoryl‐choline on astroglial
cell proliferation and differentiation in
primary culture. J. Neurosci. Res., 92(1), 8694.

1424 (pag 1416-1427)

18. Spain, R., Powers, K., Murchison, C., Heriza,
E., Winges, K., Yadav, V., ... & Bourdette, D.
(2017). Lipoic acid in secondary progressive
MS: a randomized controlled pilot trial. .
Neuroimmunol. Neuroinflamm., 4(5).
19. Kamenova, P. (2006). Improvement of
insulin sensitivity in patients with type 2
diabetes mellitus after oral administration
of alpha-lipoic acid. HORMONES, 5(4), 251258.
20. Estrada, D. E., Ewart, H. S., Tsakiridis, T.,
Volchuk, A., Ramlal, T., Tritschler, H., & Klip,
A. (1996). Stimulation of glucose uptake by
the natural coenzyme α-lipoic acid/thioctic
acid: participation of elements of the insulin
signaling pathway. Diabetes, 45(12), 17981804.
21. Mansoor, S., Gupta, N., Luczy-Bachman, G.,
Limb, G. A., Kuppermann, B. D., & Kenney,
M. C. (2013). Protective effects of lipoic acid
on chrysene-induced toxicity on Müller cells
in vitro. Mol. Vis., 19, 25.
22. Fonseca-Alaniz, M. H., Takada, J., AlonsoVale, M. I. C., & Lima, F. B. (2007). Adipose
tissue as an endocrine organ: from theory
to practice. J. Pediatr., 83(5), S192-S203.
23. Faienza, M. F., Francavilla, R., Goffredo, R.,
Ventura, A., Marzano, F., Panzarino, G., ... &
Di Bitonto, G. (2012). Oxidative stress in
obesity and metabolic syndrome in children
and
adolescents. Horm.
Res.
Paediatr., 78(3), 158-164.
24. Kim, M. S., Park, J. Y., Namkoong, C., Jang,
P. G., Ryu, J. W., Song, H. S., ... & Lee, K. U.
(2004). Anti-obesity effects of α-lipoic acid
mediated by suppression of hypothalamic
AMP-activated
protein
kinase. Nat.
Med., 10(7), 727-733.
25. El Amrousy, D., & El-Afify, D. (2020). Effects
of alpha lipoic acid as a supplement in
obese
children
and
adolescents. Cytokine, 130, 155084.
26. Lang, A. E., & Lozano, A. M. (1998).
Parkinson's disease. N Engl J Med, 339(16),
1130-1143.
27. Soto‐Otero, R., Méndez‐Álvarez, E.,
Hermida‐Ameijeiras, Á., Muñoz‐Patiño, A.
M., & Labandeira‐Garcia, J. L. (2000).
Autoxidation
and
neurotoxicity
of

http://pharmacologyonline.silae.it
ISSN: 1827-8620

PhOL

WISAM NASER

6‐hydroxydopamine in the presence of
some antioxidants: potential implication in
relation to the pathogenesis of Parkinson's
disease. J. Neurochem., 74(4), 1605-1612.
28. Andreeva-Gateva, P., Traikov, L., Sabit, Z.,
Bakalov, D., & Tafradjiiska-Hadjiolova, R.
(2020). Antioxidant effect of alpha-lipoic
acid in 6-hydroxydopamine unilateral
intrastriatal
injected
rats. Antioxidants, 9(2), 122.
29. Karasawa, T., & Steyger, P. S. (2015). An
integrated view of cisplatin-induced
nephrotoxicity and ototoxicity. Toxicology
letters, 237(3), 219-227.
30. Alcázar-Fabra, M., Navas, P., & Brea-Calvo,
G. (2016). Coenzyme Q biosynthesis and its
role
in
the
respiratory
chain
structure. Biochim
Biophys
Acta
Bioenerg, 1857(8), 1073-1078.
31. Kuo, Y. T., Shih, P. H., Kao, S. H., Yeh, G. C.,
& Lee, H. M. (2015). Pyrroloquinoline
quinone
resists
denervation-induced
skeletal muscle atrophy by activating PGC1α and integrating mitochondrial electron
transport
chain
complexes. PLoS
One, 10(12), e0143600.
32. Khalifa, E. A., Nabil Ahmed, A., Hashem, K.
S., & Allah, A. G. (2020). Therapeutic effects
of the combination of alpha-lipoic acid
(ALA) and coenzyme Q10 (CoQ10) on
cisplatin-induced
nephrotoxicity. Int
J Inflam, 2020.
33. Nishiga, M., Wang, D. W., Han, Y., Lewis, D.
B., & Wu, J. C. (2020). COVID-19 and
cardiovascular
disease:
from
basic
mechanisms to clinical perspectives Nat.
Rev. Cardiol., 17(9), 543-558.
34. Han, H., Yang, L., Liu, R., Liu, F., Wu, K. L., Li,
J., ... & Zhu, C. L. (2020). Prominent changes
in blood coagulation of patients with SARSCoV-2 infection. Clin. Chem. Lab. Med.
(CCLM), 58(7), 1116-1120.
35. Jalilpiran, Y., Hajishafiee, M., Khorshidi, M.,
Rezvani, H., Mohammadi-Sartang, M.,
Rahmani, J., Mousavi, S.M. (2020). The
effect of Alpha-lipoic acid supplementation
on endothelial function: A systematic
review and meta-analysis. Phyther. Res.,
2020, 35, 2386–2395.

1425 (pag 1416-1427)

36. Rochette, L., Ghibu, S., Richard, C., Zeller,
M., Cottin, Y., & Vergely, C. (2013). Direct
and indirect antioxidant properties of
α‐lipoic acid and therapeutic potential. Mol.
Nutr. Food Res., 57(1), 114-125.
37. Schulz, E., Wenzel, P., Münzel, T., & Daiber,
A. (2014). Mitochondrial redox signaling:
interaction of mitochondrial reactive
oxygen species with other sources of
oxidative
stress. Antioxidants
Redox
Signal., 20(2), 308-324.
38. Liu, T., Zhang, L., Joo, D., & Sun, S. C. (2017).
NF-κB signaling in inflammation. Signal
Transduct. Target. Ther., 2(1), 1-9.
39. Rochette, L., & Ghibu, S. (2021). Mechanics
insights of alpha-lipoic acid against
cardiovascular diseases during COVID-19
infection. Int. J. Mol. Sci., 22(15), 7979.
40. Sheldon, I. M., Rycroft, A. N., Dogan, B.,
Craven, M., Bromfield, J. J., Chandler, A., ...
& Simpson, K. W. (2010). Specific strains of
Escherichia coli are pathogenic for the
endometrium of cattle and cause pelvic
inflammatory disease in cattle and
mice. PloS one, 5(2), e9192.
41. Jackson, J. J., & Kropp, H. (1992). ß-Lactam
antibiotic-induced
release
of
free
endotoxin: in vitro comparison of penicillinbinding protein (PBP) 2-specific imipenem
and PBP 3-specific ceftazidime. J Infect
Dis, 165(6), 1033-1041.
42. Agrawal, V., Jaiswal, M. K., Chaturvedi, M.
M., Tiwari, D. C., & Jaiswal, Y. K. (2009).
Lipopolysaccharide alters the vaginal
electrical resistance in cycling and pregnant
mice. Am J Reprod Immunol, 61(2), 158-166.
43. Jaiswal, Y. K., Jaiswal, M. K., Agrawal, V., &
Chaturvedi, M. M. (2009). Bacterial
endotoxin (LPS)–induced DNA damage in
preimplanting embryonic and uterine cells
inhibits implantation. Fertil Steril, 91(5),
2095-2103.
44. Ibrahim, S., Salilew-Wondim, D., Rings, F.,
Hoelker, M., Neuhoff, C., Tholen, E., ... &
Tesfaye, D. (2015). Expression pattern of
inflammatory response genes and their
regulatory micrornas in bovine oviductal
cells in response to lipopolysaccharide:

http://pharmacologyonline.silae.it
ISSN: 1827-8620

PhOL

WISAM NASER

implication
for
early
embryonic
development. PLoS One, 10(3), e0119388.
45. Mokhtari, S., Mahdavi, A. H., Hajian, M.,
Kowsar, R., Varnosfaderani, S. R., & NasrEsfahani, M. H. (2020). The attenuation of
the toxic effects of LPS on mouse preimplantation development by alpha-lipoic
acid. Theriogenology, 143, 139-147.
46. Abubaker, J., Tiss, A., Abu-Farha, M., AlGhimlas, F., Al-Khairi, I., Baturcam, E., ... &
Dehbi,
M.
(2013).
DNAJB3/HSP-40
cochaperone is downregulated in obese
humans and is restored by physical
exercise. PloS one, 8(7), e69217.
47. Abu-Farha, M., Cherian, P., Al-Khairi, I., Tiss,
A., Khadir, A., Kavalakatt, S., ... & Abubaker,
J. (2015). DNAJB3/HSP-40 cochaperone
improves insulin signaling and enhances
glucose uptake in vitro through JNK
repression. Sci. Rep., 5(1), 1-12.
48. Diane, A., Mahmoud, N., Bensmail, I.,
Khattab, N., Abunada, H. A., & Dehbi, M.
(2020). Alpha lipoic acid attenuates ER
stress and improves glucose uptake
through
DNAJB3
cochaperone. Sci.
Rep., 10(1), 1-15.
49. Bentli, R., Parlakpinar, H., Polat, A.,
Samdanci, E., Sarihan, M. E., & Sagir, M.
(2013). Molsidomine prevents cisplatininduced
hepatotoxicity
Arch
Med
Res., 44(7), 521-528.
50. Palipoch, S., Punsawad, C., Koomhin, P., &
Suwannalert, P. (2014). Hepatoprotective
effect of curcumin and alpha-tocopherol
against
cisplatin-induced
oxidative
stress. BMC
Complement
Altern.
Med., 14(1), 1-8.14:111.
51. Pınar, N., Çakırca, G., Özgür, T., & Kaplan, M.
(2018). The protective effects of alpha lipoic
acid on methotrexate induced testis injury
in rats. Biomed Pharmacother., 97, 14861492.
52. Pınar, N., Çakırca, G., Hakverdi, S., & Kaplan,
M. (2020). Protective effect of alpha lipoic
acid on cisplatin induced hepatotoxicity in
rats. Biotech Histochem, 95(3), 219-224.
53. Gomaa, A. M., Abd El-Mottaleb, N. A., &
Aamer, H. A. (2018). Antioxidant and antiinflammatory activities of alpha lipoic acid

1426 (pag 1416-1427)

protect against indomethacin-induced
gastric
ulcer
in
rats. Biomed.
Pharmacother., 101, 188-194.
54. Barut, E. N., Engin, S., Saygın, İ., Kaya‐Yasar,
Y., Arici, S., & Sezen, S. F. (2021).
Alpha‐lipoic acid: A promising adjuvant for
nonsteroidal
anti‐inflammatory
drugs
therapy with improved efficacy and
gastroprotection. Drug Dev. Res.
55. Yao, C., Ni, Z., Gong, C., Zhu, X., Wang, L.,
Xu, Z., ... & Zhu, S. (2018). Rocaglamide
enhances NK cell-mediated killing of nonsmall cell lung cancer cells by inhibiting
autophagy. Autophagy, 14(10), 1831-1844.
56. Kimmelman, A. C., & White, E. (2017).
Autophagy and tumor metabolism. Cell
Metab, 25(5), 1037-1043.
57. Chen, D. P., Ning, W. R., Li, X. F., Wei, Y.,
Lao, X. M., Wang, J. C., ... & Zheng, L. (2018).
Peritumoral monocytes induce cancer cell
autophagy to facilitate the progression of
human
hepatocellular
carcinoma. Autophagy, 14(8), 1335-1346.
58. Kim, Y. C., & Guan, K. L. (2015). mTOR: a
pharmacologic target for autophagy
regulation. J Clin Invest, 125(1), 25-32.
59. Peng, P., Zhang, X., Qi, T., Cheng, H., Kong,
Q., Liu, L., ... & Ding, Z. (2020). Alpha‐lipoic
acid inhibits lung cancer growth via
mTOR‐mediated autophagy inhibition. FEBS
Open bio, 10(4), 607-618.
60. Zanozina, O. V., Borovkov, N. N., &
Shherbatjuk, T. G. (2010). Free-radical
oxidation of type 2 diabetes mellitus:
sources of formation, components,
pathogenetic
mechanisms
of
toxicity. Sovrem Tekhnologii Med, 3, 104112.
61. Corte, V. D., Tuttolomondo, A., Pecoraro,
R., Di Raimondo, D., Vassallo, V., & Pinto, A.
(2016).
Inflammation,
endothelial
dysfunction and arterial stiffness as
therapeutic targets in cardiovascular
medicine. Curr Pharm Des., 22(30), 46584668.
62. Altunina, N. V., Lizogub, V. G., &
Bondarchuk, O. M. (2020). Alpha-lipoic acid
as a means of influence on systemic
inflammation in type 2 diabetes mellitus

http://pharmacologyonline.silae.it
ISSN: 1827-8620

PhOL

WISAM NASER

patients with prior myocardial infarction. J
Med Life, 13(1), 32.
63. Gorąca, A., Huk-Kolega, H., Piechota, A.,
Kleniewska, P., Ciejka, E., & Skibska, B.
(2011). Lipoic acid-biological activity and
therapeutic
potential. Pharmacol
Rep, 63(4), 849-858.
64. Altunina, N. V., Lizogub, V. G., &
Bondarchuk, O. M. (2020). Alpha-lipoic acid
as a means of influence on systemic
inflammation in type 2 diabetes mellitus
patients with prior myocardial infarction. J
Med Life, 13(1), 32.
65. Rubiolo, J. A., Mithieux, G., & Vega, F. V.
(2008). Resveratrol protects primary rat
hepatocytes against oxidative stress
damage:
Activation
of
the
Nrf2
transcription factor and augmented
activities of antioxidant enzymes. Eur. J.
Pharmacol., 591(1-3), 66-72.
66. Mortezaee, K., Najafi, M., Farhood, B.,
Ahmadi, A., Shabeeb, D., & Musa, A. E.
(2020). Resveratrol as an adjuvant for
normal tissues protection and tumor
sensitization. Curr.
Cancer
Drug
Targets, 20(2), 130-145.
67. Najafi, M., Cheki, M., Amini, P., Javadi, A.,
Shabeeb, D., & Musa, A. E. (2019).
Evaluating the protective effect of
resveratrol, Q10, and alpha-lipoic acid on
radiation-induced mice spermatogenesis
injury: A histopathological study. Int. J.
Reprod. Med., 17(12), 907.
68. Azmoonfar, R., Amini, P., Yahyapour, R.,
Rezaeyan, A., Tavassoli, A., Motevaseli, E.,
... & Najafi, M. (2020). Mitigation of
radiation-induced pneumonitis and lung
fibrosis using alpha-lipoic acid and
resveratrol. Antiinflamm Antiallergy Agents
Med Chem, 19(2), 149-157.
69. Pflugfelder, S. C., Bian, F., & De Paiva, C.
(2017). Matrix metalloproteinase-9 in the
pathophysiology and diagnosis of dry eye
syndrome Metalloproteinases Med, 4, 3746.
70. Motohashi, H., & Yamamoto, M. (2004).
Nrf2–Keap1 defines a physiologically
important
stress
response

1427 (pag 1416-1427)

71.

72.

73.

74.

75.

mechanism. Trends Mol Med, 10(11), 549557.
Kojima, T., Dogru, M., Higuchi, A., Nagata,
T., Ibrahim, O. M., Inaba, T., & Tsubota, K.
(2015). The effect of Nrf2 knockout on
ocular surface protection from acute
tobacco smoke exposure: evidence from
Nrf2 knockout mice. Am J Pathol., 185(3),
776-785.
Matsuda, Y., Machida, M., Nakagami, Y.,
Nakajima, T., & Azuma, M. (2020). NFE2L2
activator RS9 protects against corneal
epithelial cell damage in dry eye
models. PloS One, 15(4), e0229421.
Lee, H. S., Na, M. H., & Kim, W. K. (2010). αLipoic
acid
reduces
matrix
metalloproteinase activity in MDA-MB-231
human breast cancer cells. Nutr Res, 30(6),
403-409.
Higuchi, A., Inoue, H., Kawakita, T.,
Ogishima, T., & Tsubota, K. (2012). Selenium
compound protects corneal epithelium
against oxidative stress. PLoS One,
7:e45612.
Kim, H., Yoo, W. S., Jung, J. H., Jeong, B. K.,
Woo, S. H., Kim, J. H., & Kim, S. J. (2019).
Alpha-lipoic acid ameliorates radiationinduced lacrimal gland injury through
NFAT5-dependent signaling. Int J Mol
Sci., 20(22), 5691.

http://pharmacologyonline.silae.it
ISSN: 1827-8620

