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Metabolic syndrome (MetS) constitutes a cluster of at least three out of five of the conditions including central obesity,
high blood pressure, high blood sugar, high serum triglycerides, and low serum high-density lipoprotein (HDL). Patients
diagnosed with MetS exhibit hallmarks of redox imbalance while oxidative stress is now perceived as both the cause and
the consequence of MetS.
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| 1. Introduction

Metabolic syndrome (MetS) constitutes a cluster of at least three out of five of the conditions including central obesity,
high blood pressure, high blood sugar, high serum triglycerides, and low serum high-density lipoprotein (HDL). It is
estimated that at least one third of European and American populations and 27% of Chinese population suffer from MetS

(W2, The most popular definition used for surveys and health care plan is by IDF (International Diabetes Federation) 2006
(314l

Waist > 94 cm (men) or > 80 cm (women) in Europe, > 102 cm (men) or > 88cm (women) in USA, > 90 cm (men) or > 80
cm (women) in Asia, along with the presence of 2 or more of the following:

Blood glucose greater than 5.6 mmol/L (100 mg/dl) or diagnosed diabetes

HDL cholesterol < 1.0 mmol/L (40 mg/dl) in men, < 1.3 mmol/L (50 mg/dl) in women or drug treatment for low HDL-C
Blood triglycerides (TG) > 1.7 mmol/L (150 mg/dl) or drug treatment for elevated triglycerides

Blood pressure > 130/85 mmHg or drug treatment for hypertension (HT)

The incidence of MetS is rising worldwide contributing not only to the increased morbidity and mortality but also to the
dramatic increase of treatment costs. Except for pharmacological management, current therapeutic methods include
primarily lifestyle changes and diet. Unfortunately, most patients do not follow these recommendations. Bariatric surgery,
reserved for patients with morbid obesity, made significant progress in the treatment of obesity and related metabolic
disorders, however, it is associated with serious risk and side effects. OxS is a vital phenomenon occurring in plethora of
metabolic disorders including type 2 diabetes (T2DM), obesity and cancer .

| 2. Overview of Oxidative Stress

OxS, as a prolonged state of a disbalance between the oxidative and antioxidative systems of the cells, results in the
overproduction of free radicals and reactive oxygen species (ROS), e.g., superoxide anion (O2-¢), hydroxyl radical (*OH),
singlet oxygen (102), hydrogen peroxide (H202), hypochlorous radical (ClIO-), peroxinitrite radical (ONOO-), and nitric
oxide (NO)). Nevertheless, O2-+ constitutes the precursor for H202, sOH, and ONOO- €. ROS could attack virtually all
types of biological molecules, leading to further cellular and tissue damage. Lipid peroxidation (LPO) is an autocatalytic
process generating reactive aldehydes, e.g., malondialdehyde (MDA), trans-4-oxo-2-nonenal (4-ONE) and trans-4-
hydroxy-2-nonenal (4-HNE). Protein carbonylation appears due to protein oxidation via ROS (“direct protein
carbonylation” of prolines, lysines, threonines, and arginines). The “secondary protein carbonylation” occurs non-
oxidatively within side chains of arginines, lysines, and cysteines with adduction of reactive carbonyl species originating
from products of LPO as well as autooxidation of carbohydrates (methylglyoxal, glyoxal) . Genotoxic stress is elicited
upon oxidative damage to nitrogenous bases within DNA. The most well-known one, 8-oxo-7,8-dihydroguanine (8-0xoG),
is perceived as an indicator of whole-body marker of OxS in urine &,



In general, elevated level of ROS is capable of posing tremendous threat to each cell due to altering its function,
metabolism, cell cycle as well as introducing genetic mutations and triggering apoptosis. Importantly, ROS modulate
function of cells through modifying proteins at the posttranslational level via phosphorylation and sulfonylation,
nitrosylation, carbonylation, and glutathionylation 219, OxS is generated by incomplete reduction of oxygen as electrons
flow from one complex to the next in various dynamic intracellular organelles such as the endoplasmic reticulum (ER),
lysosomes and mitochondria as by-products of oxidative protein folding, dysfunctional autophagy, mitochondrial
respiration and detoxification 11 The essential sources of ROS are the following enzymes: the nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase family of enzymes (NOX), as well as cyclooxygenases, xanthine oxidase (XO),
myeloperoxidase (MPO), lipooxygenases and nitric oxide synthase (NOS) 2. Enzymes critical for the strategy of
preventing ROS formation are: superoxide dismutases (SODs), glutathione peroxidases (GPx), catalase (CAT) and
glutathione reductase (GR) 13,

2.1. The Interplay between Oxidative Stress and Metabolic Syndrome

While it is broadly accepted that OxS has a role in the pathogenesis of MetS, it is the matter of debate about its causal
impact 14!, From the less controversial point of view, OxS constitutes both the consequence and the trigger for MetS,
forming a pathogenic vicious cycle initiated in hypertrophic WAT 141131681 patients diagnosed with MetS exhibit serum
hallmarks of redox imbalance in the form of, e.g., increased levels of protein oxidation products, MDA, elevated XO
activity, hyperglycemia (HG), elevated TG as well reduced concentrations of HDL-C, vitamin E and C along with declined
levels of heat shock response proteins (HSP70) and SOD as compared to healthy probands R8I Other studies
indicated raised activity of erythrocyte-specific SOD and MPO with elevation of plasma concentrations of H202 and MDA
in MetS patients in comparison to controls 2921, Moreover, a cross-sectional study conducted on the limited number of
Japanese MetS patients and healthy subjects indicated an increase of systemic OxS, as determined by urinary 8-
epiprostaglandin F2a (8-epi-PGF20) in single urine samples, being correlated with visceral AT (VAT) accumulation 22,
MetS patients, including those with T2DM, also exhibited elevation of plasma thiobarbituric acid reactive substances
(TBARS), protein carbonylation products, and NOx, where the latter indicated the phenomenon of nitrosative stress (NS)
(23]124]125]  Additionally, study on MetS and healthy subjects reported raised values for advanced oxidation protein products
(AOPP) and pro-oxidant-antioxidant balance (PAB), in plasma and serum, respectively 28 Importantly, regression
analysis indicated positive and independent association between MetS and higher PAB values 8], Another report showed
that levels of ischemia modified albumin (IMA), a protein oxidation marker typical of hypoxia and acidosis, and AOPP were
increased with the number of risk factors for MetS, yet it was more significant for AOPP. The latter was also revealed as
an independent determinant for occurrence of MetS in studied population of Poles &, Interestingly, according to data
obtained by Venturini et al., AOPP are more related to components of MetS than markers of LPO 28 The elevated
release of O2-+ from the monocytes of MetS patients, plasma levels of ox-LDL, and nitrotyrosine as compared with
healthy probands was also found 22, Appealingly, Yubero-Serrano et al. investigated the relationship between OxS
degree and the number of components of MetS in patients. They indicated that activity of SOD and GPx was substantially
declined in patients suffering from 2 MetS components than probands with 4/5 MetS components B9 The general
relationship between OxS and MetS is presented in Figure 1.

Figure 1. Molecular relationship between oxidative stress and metabolic syndrome. Stimulatory interactions are indicated
by arrows and inhibition by T-bars. Actions related to boxes refer to all items inside the box. The figure is a part of paper
by Wiodarski et al. B, MetS—metabolic syndrome, NOX-NADPH oxidase, iNOS—inducible nitric oxide synthase, ROS—
reactive oxygen species, TNF-a—tumour necrosis factor-a, T2DM-type 2 diabetes.



2.2. Hypertrophic, Hypoxic and Inflamed White Adipose Tissue—The Initial Fire for Pathogenic
Vicious Cycle of Oxidative Stress in Metabolic Syndrome

The pathogenic mechanisms of MetS are complex, thus remaining to be fully elucidated. WAT is a structure comprised
mainly of adipose-derived stem cells (ASCs), preadipocytes, adipocytes and immune cells, which is responsible for fat
storage. It deposits an excess of energy in triglycerides or mobilizes fatty acids (FA) according to current metabolic needs.
It is perceived as an immunological organ and it releases polypeptides (adipo-/cytokines) as well as metabolites capable
of exerting systemic actions, including body weight/energy balance, appetite regulation, glucose homeostasis, insulin
signaling, and blood pressure control B33 The first known adipocyte hormone, leptin, whose genetic absence causes
massive obesity, suppresses appetite, while other hormones, like adiponectin, have just the opposite effect [B4I35],
Adiponectin increases sensitivity of cells to insulin as well as pancreatic pB-cells survival and functionality. Furthermore, it
exerts cardio- and vasculoprotective impact along with regulating the function of macrophages 8. Interestingly, Benrick A
et al. determined that overexpression of adiponectin has a positive influence on WAT. It decreases the size of adipocytes,
increases mitochondrial density, and mediates transcriptional upregulation of factors related to efficient esterification of
free fatty acids (FFA) B, In overall, due to its insulin-sensitizing, antioxidative, anti-inflammatory, and anti-atherogenic
impact, adiponectin protects against the MetS 8.

However, the primary trigger for most of the pathways investigated in MetS is adiposity, especially visceral one, thus
stressing the importance of a high caloric intake as a major causative factor 22, Indeed, prolonged and excessive intake
of calories, which exceeds white adipocytes’ storage capacity, induces their hypertrophy and hyperplasia, leading to
WAT’s hypoxia, along with consequent necrosis and apoptosis of fat cells. These events elicit burst of OxS and M1 type
macrophages’ infiltration 9. Both macrophages and adipocytes produce and secrete proinflammatory adipo-/cytokines
and chemokines (e.g., resistin, visfatin, tumour necrosis factor a (TNF-a), monocyte chemoattractant protein-1 (MCP-1,
also known as CCL2), interleukin 1 (IL-1B), plasminogen activator inhibitor-1 (PAI-1), interleukin 6 (IL-6), retinol-binding
protein 4 (RBP4), and C-reactive protein (CRP)). Hypertrophic WAT is characterized by upregulation of CC chemokines
(CCL1/2/3/5,7,8) and their respective receptors (CCR1/2/3/5), the molecules responsible for trafficking leukocytes for the
site of inflammation, while CCL2/CCR2 axis is a major one for recruitment of macrophages into WAT [41[42]
Proinflammatory cytokines induce signaling pathways of c-Jun N-terminal kinase (JNK) and IkB kinase- (IKK-B), while
the latter activates a transcription factor involved in production of cytokines and proinflammatory factors, called nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-kB) 431441 NF-kB is an inducible transcription factor and master
regulator of inflammation due to inducing macrophages polarization as well as expression of numerous cytokines (e.g., IL-
1, IL-6, TNF-a) and chemokines (e.g., MCP-1, IL-18) 458 Once secreted, these cytokines activate their extracellular
receptors. Simultaneously, the levels of anti-inflammatory adipokines, e.g., adiponectin, omentin decrease. The above
biological events trigger a redox imbalance between ROS production and their scavenging, leading to induction of low
grade chronic inflammation and intensification of OxS—paving the way for MetS [B43l146147] These phenomena vastly
affect WAT, which becomes insulin-resistant, and initiates hyperinsulinemia, enhances lipolysis, increases levels of
circulating FFA and their deposition in muscles, liver and pancreas, followed by lipotoxicity, elevated production of glucose
due to increased gluconeogenesis and glycogenolysis, and finally, systemic IR and HG B948] Fyrthermore, atherogenic
dyslipidemia, endothelial dysfunction, introduction of hypercoagulable state and HT are observed, thus probably
presenting almost the entire spectrum of MetS components .

Moreover, the sources of adipose ROS are diversified, being under control of both hormonal and metabolic determinants
49 Aside from inflammatory cells, mitochondria, as mini factories for ATP production due to oxidative phosphorylation,
constitute a major producer of superoxide anions which are converted into H202 via SOD2 B9, |t was reported that
mitochondrial dysfunction and consequent increased levels of ROS repress insulin signaling as well as production of
adiponectin promoting IR in fat cells BU. Moreover, WAT is the source of ROS-generating enzymes such as NOX,
xanthine dehydrogenase/oxidoreductase system (XOR), endoplasmic reticular oxidoreductin 1 (ERO1), pyruvate
dehydrogenase (PDH), nicotinamide nucleotide transhydrogenase (NNT) 22, Interestingly, diet-induced obesity (DIO) in
mice supported the elevation of mitochondrial ROS generated by fat cells, thus accelerating mitochondrial uncoupling,
biogenesis, and fatty acid oxidation so as to prevent from weight gain and serving as an adaptive mechanism. In other
words, the deficiency of SOD2 in adipocytes resulted in increased superoxide levels but simultaneously the lack of IR and
increased body mass in spite of obesogenic conditions 2. Currently, ROS are perceived as second messengers which
may facilitate resistance to stress in WAT. However, biological outcomes of short-term and long term-ROS are fully
different. For instance, while the first one can be produced upon insulin stimulation, the latter deteriorates insulin response
leading to WAT dysfunction B,



2.3. Insulin Resistance, Hyperglycemia and Oxidative Stress

IR is an impaired response of the body to insulin, resulting in elevated levels of glucose in the blood (a key component of
T2DM and MetS) 53, OxS has been recognized as especially important mechanism in IR B4, The hormone insulin
features a pivotal role in maintaining physiological levels of blood glucose through various effects on insulin target cells
B3], For instance, it elicits vasodilatory as well as vasoconstrictive effects due to the stimulation of endothelial cells for the
release of endothelin and nitric oxide, thus increasing the distribution of glucose from blood to organs 28, Insulin is also
critical for highly insulin-sensitive cells, such as muscle, hepatic, and fat ones. Transduction of insulin signal takes place
via transmembrane insulin receptors (INSR), whose activation involves dimerization and autophosphorylation of tyrosines
located on the intracellular part of receptors due to their kinase activity 22, Phosphorylated tyrosines are used by adaptor
proteins, such as widely known insulin receptor substrates (IRS), as docking sites. These molecules also undergo
phosphorylation and mediate the signal via two major pathways: phosphatidyl inositol 3-kinase (PI3K) / protein kinase B
(AKT), which activation results in plethora of metabolism-oriented actions, and mitogen-activated kinases (MAPK), which
are mainly responsible for growth and differentiation of cells 23, PI3K conducts phosphatidyl inositol 4,5-biphosphate
(PIP2) to phosphatidyl inositol 3,4,5-triphosphate (PIP3) conversion. This is indispensable for plasma membrane
recruitment of AKT, followed by phosphorylation of its two specific serine sites by 3-phosphoinositide-dependent kinase-1
(PDK) and mammalian target of rapamycin complex 2 (mTORC 2) B3, Activated AKT is capable of phosphorylating
numerous downstream proteins so as to exert metabolic functions of insulin such as induction of glycogenesis (glycogen
synthase (GS)), repression of gluconeogenesis (forkhead box O1 (FOXO1)) or lipolysis (phosphodieterase-3B (PDE-3B))
(441 Moreover, it initiates intracellular glucose transport due to phosphorylation of Akt substrate of 160 kDa (A160), which
is responsible for translocation of glucose transporter 4 (GLUT-4) to cellular membrane in fat and muscle cells BA58] R
always involves disturbances in intracellular insulin signaling 22l It commonly concerns decreased activity or expression
of molecules involved in signal transduction (INSR, IRS-1, GLUT-4), decreased expression / translocation of GLUT-4, or
increased expression/activity of antagonists of PI3BK/AKT pathway, e.g., phosphatase and tensin homolog (PTEN), and
polypyrimidine tract binding protein-1 (PTP1B) [BABL6263]  The impaired signaling of insulin demands increased
concentrations of insulin (hyperinsulinemia). However, an extensive work of pancreatic [3-cells to secrete insulin into
bloodstream is ultimately pointless, as the vicious cycle of IR is starting to develop, finally leading to a further decrease of
available insulin-stimulated GLUT-4 in the cellular membrane and hyperglycemia 4. Connections between OxS and
insulin signaling are illustrated in Figure 2.

Figure 2. A vicious cycle between oxidative stress and insulin signaling. Stimulatory interactions are indicated by arrows
and inhibition by T-bars. Actions related to boxes refer to all items inside the box. Pathological interactions are highlighted
in red as well as red crosses denoting withdrawal of physiological insulin signaling. The figure is a part of paper by
Wiodarski et al. Bl Processes/phenomena are highlighted in blue and proteins/compounds are highlighted in green.
INSR—insulin receptor, IRS—insulin receptor substrate, PTP1B—protein tyrosine phosphatase 1B, SOCS—suppressor
of cytokine signaling, JINK—c-Jun N-terminal kinase, PI3K—phosphoinositide 3-kinase, AKT—protein kinase B, FOXO1—
forkhead box protein O1, GSK3—glycogen synthase kinase 3, AS160—Akt substrate of 160 kDa, PDE-3B—
phosphodiesterase 3 B, eNOS—endothelial nitric oxide synthase.

Lipotoxicity, which is associated with increased plasma level of FFA and intracellular lipid efflux, is vastly involved in
muscle and hepatic IR and dysfunction of B-cells 82, Moreover, FFA stimulate signaling via protein kinase C (PKC) so as
to induce NADPH oxidase-mediated OxS and inflammatory signaling via IKK-3 and JNK pathways, which perform direct
phosphorylation of IRS 8 The most well-known indicators of lipotoxicity, intracellular lipid intermediates such as



diacylglicerol (DAG) and ceramides, act via either different forms of PKC or via protein phosphatase 2A (PPA2) so as to
sequester AKT2 or directly affect IRS proteins 65167 Accumulating amount of data suggests that ROS impair insulin
synthesis and secretion and induce IR 8], Furthermore, in the course of IR, hyperinsulinemia makes PI3K phosphorylate
Rac Family Small GTPase 1 (Racl) protein instead of PIP2, thus potentiating activity of NOX4 and elevating ROS
production 82, OxS impairs intracellular signaling of insulin due to potentiating activity of SH2-containing tyrosine-protein
phosphatase (SHO2), PTP1B and glycogen synthase kinase-3 (GSK-3p) 97U, One of the major products of LPO, 4-
HNE, potentiates activity of GSK-3p3, affects IRS, decreases secretion of adiponectin, and induces lipolysis, protein
carbonylation and, finally, IR in muscles BZ2 Reactive aldehydes make adducts with numerous cellular proteins in
various cellular compartments. They mediate protein carbonylation which results in either accumulation or accelerated
degradation of affected proteins, enzymes inactivation, changes in gene expression and mitochondrial dysfunction Z. For
instance, several proteins associated with insulin signaling, lipotoxicity, and response to cellular stresses were reported to
be carbonylated in WAT of obese insulin-resistant mice, while fatty acid-binding protein was proved to be carbonylated by
4-HNE in vivo 3 Indeed, protein carbonylation is becoming a more and more studied component of IR and T2DM
pathogenesis . Finally, it is worth highlighting that IR is connected with the coordinated interaction among oxidative,
nitrosative, genotoxic, carbonyl, and ER stress 3],

HG is a trigger for generation of ROS at the amount which could not be managed by antioxidative system Z4. The central
role for HG-mediated OxS is thought to be dependent on the inhibition of glyceraldehyde-3 phosphate dehydrogenase
(GAPDH) and accumulation of GAP that upregulates some pathways branching of glycolysis. Namely, HG enhances
production of ROS via increasing flux into the polyol, hexosamine and the glyceraldehyde autoxidation pathways as well
as activating DAG/PKC signaling pathway, and stimulating formation of advanced glycation end (AGE) products 29711,
Thus, HG is capable of activating numerous pathways associated with inflammation and OxS, e.g., an activation of PKC
stimulates NOX enzymes and lipoxygenases /4. Excessively generated sorbitol (polyol pathway) mediates activation of
p38 MAPK and JNK — core proteins in inflammatory response 2. The formation of glyoxal (product of glucose
autooxidation) and methylglyoxal (product of GAP dephosphorylation) take part in the formation of AGE products. Both
precursors bind to specific AGE receptors (RAGE) or interact with various biomolecules thus accelerating OxS via PKC-
dependent or independent pathways Z4. Interestingly, methylglyoxal itself affects interaction of insulin with its receptor [Z8.
AGE/RAGE pathway promotes vascular endothelium’s expression of MCP-1, known to indicate vascular endothelial
dysfunction and prothrombotic impact 4. Furthermore, it is also involved in promoting expression of NF-kB via toll-like
receptor 4 (TLR4) pathway B4, It is to be noted that the early glycation of proteins can be also reversible, as in Schiff
bases or Amadori adducts, including a marker of diabetes, glycated hemoglobin (HbA1C) 8, For thoroughly depicted net
of interactions among ROS, IR, HG, and inflammation, see the review by Luc et al. (9],

2.4. Dyslipidemia and Oxidative Stress

Dyslipidemia in MetS is a state with elevated level of plasma TG associated with increased level of very low-density
lipoprotein (VLDL), small, dense LDL (sdLDL-C), FFAs and low HDL cholesterol level that promotes the development of
atherosclerosis 4. Indeed, oxidatively modified LDL (ox-LDL) is an important player in inducing the process of
atherosclerosis as it affects expression of adhesive molecules, cytokines and growth factors and changes function of
important vasoactive molecules such as NO, angiotensin Il (Ang 1) or endothelin 1 (ET 1) B2 |nterestingly, treatment of
MetS patients with rosuvastatin causes beneficial effect not only on levels of ox-LDL, HDL, and inflammatory markers, but
also ameliorates total antioxidant capability 3], Furthermore, high cholesterol level is a promoter of OxS in endothelial
cells 84, |n an extensive review, Spahis et al. enumerated several types of connection between dyslipidemia and OxS in
MetS. For instance, elevation of 02—+ by NADPH occurring upon obesity/HT/hypertriglyceridemia, as well as lowered level
of bilirubin in MetS (a protective agent against LDL oxidation), magnitude of LDL oxidation being dependent on waist
circumference (visceral adiposity) or ox-LDL affecting mitochondrial functionality 4. Hyperlipidemia triggers elevation of
ROS and proinflammatory cytokines which may be causative factors for lipotoxicity, being predominantly known to be
caused by increased rate of lipolysis and repressed synthesis of TG in obesity-affected, insulin-resistant WAT, triggering
increased levels of circulating FFA and accumulation of lipids in non-adipose organs (e.g., liver, pancreas, muscles) 83,
For instance, in the recent study by Feillet-Coudray et al., a high-fat high-fructose diet in Wistar rats led to excessive
weight gain along with glucose intolerance and hepatic steatosis with elevation of ceramides and DAG (lipotoxicity
indicators). Moreover, there was an increase in hepatic NOX activity and protein level of IL-6 along with decrease of total
GSSG and GSH as well as activity of SOD and GPx. As these phenomena were associated with moderately marked OxS
and inflammation, metabolic alterations were rather suggested to be the trigger, yet, not the cause of OxS [E8],
Interestingly, FFAs were reported to be capable of activating renin-angiotensin system (RAS) in mice adipocytes (3T3L1)
by TLR4/NF-kB pathway 7. In fat cells, RAS is connected with the impairment of preadipocytes differentiation, promotion
of lipolysis, along with OxS and inflammation.



2.5. Hypertension and Oxidative Stress

There are numerous studies which reported persistently increased ROS levels in HT, along with vast improvement upon

antioxidative treatment [BEIBIBONNIOANM4] HT js connected with vascular remodeling, increased vasoconstriction and
arterial stiffness, activation of immune cells, renal dysfunction, and excitation of sympathetic nervous system. Above
phenomena are inseparably connected with endothelial dysfunction, LPO, inflammation, fibrosis and more, thus favoring
the notion that OxS constitutes a common molecular phenomenon in multifactorial pathogenesis of HT 122, Cardiovascular
cells generate ROS due to action of several major enzymes: NOX, XOR, ERO, and uncoupled NOS. While NOX-
mediated ROS production is a prevailing one in HT, more and more pieces of evidence suggest its crosstalk with
mitochondrial and ER-specific ROS due to phenomenon of ROS-induced ROS release (RIRR) B8] gpecifically, in
the recent review by Touyz et al., OxS was shown to be connected with HT via several ways B2, Firstly, prohypertensive
factors such as salt, aldosterone, Ang Il, and ET-1 activate NOX enzymes and ROS production, being a trigger for
mitochondrial and ER-located ROS formation, all of which are interconnected with inflammation and immune activation,
and consequently, HT. Here, it is worthwhile to enumerate the increased expression of proinflammatory factors (e.g., TNF-
a, IL-1/6), adhesion molecules, and activation of signaling via proinflammatory pathways (e.g., NF-kB, IJNK). Secondly,
elevation of vascular ROS elicits activation of Ca2+ channels and further activation of Ca2+-sensitive NOX enzymes.
Thirdly, Ang II- and ET-1-dependent signaling via their G-coupled receptors promotes transactivation of growth factor
receptors (e.g., insulin-like growth factor 1 (IGF-1R), platelet-derived growth factor receptor (PDGFR)) through various
mechanisms, triggering activation of signaling via PI3K/AKT and MAPK pathways B9, Moreover, under physiological
conditions, eNOS produces NO, a molecule of critical importance for vasorelaxation. Under NOX-initiated OxS, eNOS
produces superoxide, rather than NO, being called uncoupled eNOS and contributing to a sustained increase of ROS
levels 7. Finally, as thoroughly described by Spahis et al., the accumulation of ox-LDL in vascular endothelium is a
source of mitochondria-derived OxS in HT [14],
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