Potential Therapies for Obstructive Sleep Apnea
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Obstructive sleep apnea syndrome (OSAS) is characterized by intermittent hypoxia (IH) during sleep due to recurrent
upper airway obstruction. The derived oxidative stress (OS) leads to complications that do not only concern the sleep-
wake rhythm but also systemic dysfunctions.
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| 1. Introduction

Obstructive sleep apnea syndrome (OSAS) affects from 9% to 39% of the adult population, with a higher incidence in
males and the elderly, and is the most common form of respiratory sleep disorder 2= |t is characterized by recurrent,
complete, or partial upper airway obstruction due to their collapse, with consequent hypopnea or apnea, leading to
hypoventilation and chronic intermittent hypoxemia (IH) and increasing blood carbon dioxide partial pressure B. The
OSAS consequences do not only concern excessive daytime sleepiness; they also independently favor the development
of cardiovascular pathologies as an independent risk factor for hypercholesterolemia and hypertension, obesity, diabetes,
and neuropsychological diseases such as depression CIABIAIONLINZ  Therefore, OSAS patients have higher
cardiovascular-related morbidity compared with non-OSAS ones 23],

The diagnosis of OSAS follows the diagnostic criteria codified by the American Academy of Sleep Medicine (AASM) after
the exclusion of other pathologies that may be the cause of the apnea/hypopnea events 4. Furthermore, it is possible to
make a diagnosis of OSAS when one is faced with anamnestic data, collected by interviewing the patient or those who
sleep with him, with reported episodes of falling asleep when awake, excessive daytime sleepiness, non-refreshing sleep,
tiredness, or insomnia, breathing, snoring, wheezing, choking, loud snoring, and at least 5 episodes of apnea, hypopnea,
or breathing-related awakenings per hour in polysomnography. Alternatively, even in the absence of anamnestic data, it is
possible to diagnose OSAS when polysomnography shows 15 or more apneas, hypopneas, or awakenings related to
respiratory events per hour with evidence of respiratory effort in all or part of them in polysomnography &I, To measure the
degree of OSAS, the polysomnographic apnea-hypopnea index (AHI) is used 1415 Depending on the severity of the
disease, treatment options include surgical interventions, lifestyle modifications, continuous positive airway pressure
(CPAP), oral appliances such as mandibular advancement, and hypoglossal nerve stimulation LEILALE] However, the
OSAS diagnosis and treatment currently do not take into consideration what happens at the molecular and cellular level,
which instead causes systemic complications related to OSAS.

| 2. Potential Therapies
2.1. Antioxidants

There are many potentially beneficial molecules for patients with OSAS, but most of them have not been tested on
humans. Manganese superoxide dismutase is protective against cortical neuron oxidative damage by IH in mouse models

(191 Adiponectin also proved to be useful in counteracting mitochondrial damage in the genioglossus muscle of OSAS
mice (29,

In addition, ROS scavenger administration with Endavarone in mouse models of IH has been tested, showing a significant
reduction in cognitive impairment associated with increased brain expression of phosphorylated-cAMP response element-
binding (p-CREB) 211,

The molecules tested in humans have not been studied in courts large enough to give indications for their use. OS is an
imbalance between reactive oxygen species (ROS) production and antioxidant capacity. Vitamin C and N-acetylcysteine
(NAC) have shown interesting results in the reduction of OS in OSAS @, and NAC reduces OS in OSAS through the



reduction of peroxidized lipids and the increase in glutathione. Surprisingly, patients who received it continuously also had
improvements in sleep parameters (22, vitamin C, on the other hand, proved to be effective in improving the endothelial
function of OSAS patients in a study that took as its reference the diameter of the brachial artery, an indirect indicator of
endothelial function 23, Lastly, Leptin is both a drug capable of reducing free radicals, OS, and atherosclerosis in patients
with OSAS 124,

To date, the only confirmed antioxidant therapy is CPAP itself, which has shown to be able to reverse many of the

molecular alterations observed in vivo, such as eNOS, nitro-tyrosine, and NF-kB in the endothelium and circulating TNF-a
[25]

2.2. Non-Antioxidant-Based Therapy

Estrogen-related receptor-a (ERR-a) is downregulated in OSAS patients and its ligand-binding induces the expression of
fast-type muscle fibers in palatopharyngeal muscles. The interaction between estrogens and ERR-a could be a
therapeutic target to reverse the muscle remodeling typical of these patients [28. They inhibit the overexpression of HIF-1a
induced by chronic IH and improve the endurance and regeneration of the genioglossus muscle in OSAS animal models
(27 Estrogens, in particular 17pB-estradiol (E2) and a resveratrol dimer (RD), have a protective action against OSAS by
limitation of HIF-1a action.

A pilot study in OSAS patients evidenced that Desipramine reduced airway collapse. At the same time, its anti-
inflammatory properties could be beneficial in counteracting the systemic effects of OSAS, but further clinical studies are
needed on a larger scale to evaluate its application [28129],

The use of sedatives in the treatment of OSAS appears to be counterintuitive. However, it has been hypothesized that
trazodone may reduce the respiratory arousal threshold and upper airway obstruction. The first phenomenon occurred in
an experimental group, while the second was not significant, and the magnitude of the threshold change was not sufficient
to counteract the changes due to mechanical obstruction B9,

The Phase Il Pharmacotherapy of Apnea by Cannabimimetic Enhancement (PACE) has shown encouraging preliminary
results for Dronabinol. A reduction in the AHI, a reduction in the feeling of sleepiness, and good satisfaction in the treated
patients have been observed 1],

Sildenafil involves the inhibition of cyclin guanosine monophosphate phosphodiesterase 5, resulting in an increase in
cyclic guanosine monophosphate and NO. Its experimentation in a randomized controlled trial in which it was compared
with a placebo, however, showed a worsening of the disease (2],

In a randomized trial, the combination of Atomoxetine, a norepinephrine reuptake inhibitor, and antimuscarinic Oxybutynin,
taken before going to sleep, was shown to be able to reduce the severity of OSAS, and further studies on larger sample
sizes are needed [,

It is important to observe that many molecules have only been tested in mouse models, such as Astragaloside IV, which
showed an improvement of hypoxia-induced endothelial function 4; Tauroursodeoxycholic acid, against hepatic damage
induced by HI B2: Pitavastatin, showing a reversal of IH-induced myocardial hypertrophy, cardiac function, perivascular
fibrosis and inflammatory indices [B8; Allopurinol also showed beneficial effects in mouse models of OSAS with a
reduction of lipid peroxidation and an improvement in cardiac function BZ: and for all molecules, clinical trials are needed.
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