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Abstract

Reactive oxygen species (ROS) and oxidative stress (OS) play roles in depression, as also in Alzheimer’s (AD), Parkinson’s (PD) dis-
ease and Schizophrenia (SCZ). Various sources, including oxidases, serve as generators of ROS-0S, such as mitochondria, NADPH,
cytochromes P450, monoamines, ET metal complexes, G72 gene, and microglia. Diverse types of antioxidants (AOs) exert a positive
influence on the harmful effects. However, there are fewer drugs in the phenols and phenolic ethers category, in comparison with AD
and PD. A unifying mechanism based on ET-ROS-0S-AO is involved. Other possible influential aspects are discussed in a multifaceted

approach.
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Introduction

Depression fits into the unifying mechanism which has been widely applied, previously in an article involving electron transfer (ET),
reactive oxygen species (ROS) and oxidative stress (OS) Kovacic & Somanathan, 2017a) This unifying mechanism argues that the pre-
ponderance of bioactive substances, usually as the metabolites, incorporate ET functionalities. We believe these ET-metabolites play an
important role in physiological responses. The main group includes quinones (or phenolic precursors), metal complexes (or complexors),
aromatic nitro compounds (or reduced hydroxylamine and nitroso derviatives), and conjugated imines (or iminium species). Resultant
redox cycling is illustrated in Scheme 1. In vivo redox cycling with oxygen can occur, giving rise to OS through generation of ROS, such as
hydrogen peroxide, hydroperoxides, alkyl peroxides, and diverse radicals (hydroxyl, alkoxyl, hydroperoxyl, and superoxide) (Scheme 1).

Cellular and mitochondrial enzymes can also perform cataytically in the reduction of O,,.
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Scheme 1: Redox cycling with superoxide and ROS formation.

In some cases, ET results in involvement with normal electrical effects (e.g. neurochemistry). Generally, active entities possessing
ET groups display reduction potentials in the physiologically responsive range. Hence, ET in vivo can occur resulting in production of
ROS which can be beneficial in cell signaling at low concentrations, but produce toxic results at high levels. Electron donors consist of
phenols, N-heterocycles or disulfides in proteins which produce relatively stable radical cations. ET, ROS and OS have been increasingly
implicated in the mode of action of drugs and toxins, e.g. anticancer drugs (Kovacic & Osuna, 2000), carcinogens (Kovacic & Jacintho,
2001), cardiovascular toxins (Kovacic & Thurn, 2005), toxins (Kovacic, Pozos, Somanathan, Shangari, & O’'Brien, 2005), ototoxins (Ko-

vacic & Somanathan, 2008) and various other categories (Hallowell & Gutteridge, 1999).

In addition to the above, there is a plethora of experimental evidence supporting the theoretical framework. This evidence includes
generation of the common ROS, lipid peroxidation, degradation products of oxidation, depletion of AOs, effect of exogenous AOs, and
DNA oxidation and cleavage products, as well as electrochemical data (Kovacic & Somanathan, 2017b). This comprehensive, unifying
mechanism is consistent with the frequent observation that many ET substances display a variety of activities (e.g. multiple-drug prop-

erties), as well as toxic effects.

It is important to recognize that mode of action in the bio domain is often involved with many physiological actions and is multi-
faceted. In addition to ET-ROS-O0S in relation to mechanism; much attention in the literature is paid to AO action entailing physiological
action. Phenolic or their derivative play important roles in depression. However, the numbers are less than for AD and PD (Kovacic &
Weston, 2017c) The AO thiols are present in greater numbers as drugs in our relevant reviews (Kovacic & Weston, 2017a; Kovacic &
Weston, 2017b).

Various symptoms of depression exist with the most common ones being low mood and an inability to enjoy activities. Other symp-
toms include difficulty concentrating, trouble sleeping or sleeping more than usual, feeling tired, small tasks appear impossible to man-
age, and agitation. However, with major depression there is a profound sadness or a sense of despair. A particularly painful symptom of
this illness is an unshakable felling of worthlessness and guilt. The symptoms of major depression are defined as lasting a minimum of

two weeks, but typically last much longer (Depression overview, 2017).

Many people with depression also have anxiety along with an increased risk for abusing alcohol and other substances. Furthermore,
depression can be lethal since it clearly increases the risk for suicide (Abramson, Alloy, & Panzarella, 2005) Most likely, depression in-
volves changes in the areas of the brain that control mood, in which these nerve cells may be functioning poorly in certain regions of the
brain. This altered communication between nerve cells or nerve circuits can make it harder for a person to regulate mood (Depression

overview, 2017).

Depression can occur at any age. However, the rates of depression surge during middle to late adolescence. In many western coun-
tries, about 20 percent of the population will experience a clinically significant episode of depression at some point in their lives with

over 80 percent of depressed patients having more than one depressive episode (Abramson, Alloy, & Panzarella, 2005). In many cases,
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depression often does not appear to be related to a specific event; however, an episode of depression can be triggered by a stressful
event (significant vocational, physical, or interpersonal impairment or event) or even a hormonal change. A major depressive episode
may occur within the first two to three months after giving birth to a baby. Additionally, depression can be seasonal; depression that
occurs mainly during the winter months is referred to as a seasonal affective disorder (SAD) (Depression overview, 2017). Depression

is viewed as heterogeneous with multiple possible causes (Abramson, Alloy, & Panzarella, 2005).

Discussion

Phenols and Phenolic Ethers
Sedatives are frequently used for the treatment of depression and anxiety. Depression has been associated with OS in patients.

Fisetin (Figure 1) produced a marked reduction in ROS levels on treatment of patients (Angelini., et al. 2010). The drug, a polyphenolic

flavonoid, can function as an AO as reported for other brain illnesses (Kovacic & Weston, 2017a; Kovacic & Weston, 2017b).

Figure 1: Fisetin.

Olfactory bulbectomy (OB) in an animal model of depression can emulate the symptoms. Treatment of patients with quercetin (Fig-
ure 2) prevented depressant effects and hyperactivity. Quercetin, a polyphenolic flavonoid, belongs to the phenolic class of related AD
drugs (Kovacic & Weston, 2017b) and PD (Kovacic & Weston, 2017a) drugs. In relation to OS, quercetin treatment reversed hyperactiv-
ity induced by OB, prevented depressant effects, and reversed lipid hydroperoxides content. The AO effects of the drug also contribute to
other positive aspects, such as reversed behavioral hyperactivity. There is involvement of NO and receptors in depression (Holzmann.,
etal 2015).

Figure 2: Quercetin.

Fluoxetine (Prozac) (Figure 3), a drug used for treatment of depression, inhibits serotonin reuptake. Research indicates mediation
of free radical reactions and production of liver damage. Evidence shows that the drug does not release toxic fluoride during metabo-
lism (Inkielewicz-Stepniak, 2011). Evidence points to induction of AOs by use of brain drugs. Application of fluoxetine and atorvastatin
caused an increase in AO enzyme activity and total AO status (Herbet,, et al. 2016). The changes indicate an increase in AO levels on
application of atorvastatin with serotonin reuptake inhibitors, suggesting an effect on redox status. Fluoxetine used in major depres-
sive disorder, belongs to the phenolic ether class. Ether cleavage results in formation of the corresponding phenol (Kovacic & Weston,
2017a; Kovacic & Weston, 2017b). AO behavior is a common property of phenols. The phenol fits into the structure-activity relation-
ships proposed for phenolic PD and AD drugs (Kovacic & Weston, 2017c).
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Figure 3: Fluoxetine (Prozac).

In a 2017 article, mechanisms that link depression and diabetes are discussed, including increase in lipid peroxidation and de-
creased AO activity (Rebai, Jasmin, & Boudah, 2017). The tests included measures of OS and activity of AO enzymes, namely catalase,
glutathione peroxidase and glutathione - S - transferase. Melatonin (Figure 4) and fluoxetine decreased the signs of depression and
anxiety. Melatonin had a favorable influence on the AOs. Antidepressants and AOs exert a positive effect on mood and oxidative ill-
nesses. A possible factor is decrease in generation of ROS. Melatonin is a phenolic ether that can be dealkylated to the corresponding

phenolic serotonin which may have an influence as an AO (Kovacic & Weston, 2017a).
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Figure 4: Melatonin.

Ferulic acid (FA) (Figure 5), a natural phenolic substance, lessoned the OS and changes in behavior (Zeni, Camargo, & Dalmagro,
2017). FA may possibly be an agent for control of depression. Much evidence supports the AO action of the phenolic class. Depression
entails activation of neuro-oxidative and neuro-nitrosative pathways which are drug targets in depression. Studies showed that rosi-
glitazone (Figure 6), a phenolic ether, had a favorable effect on depression. The drug attenuates ROS generated from microchondria
(Pipatpiboon,, et al. 2012).
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Figure 5: Ferulic Acid.
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Figure 6: Rosiglitazone.
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Recently, the potential role of OS has been emphasized in the pathology of brain disorders, such as depression. There is the associ-
ated aspect of decreased levels of AOs (Smaga., et al. 2015). Smaga’s 2015 study addressed the effects of drug induced modulation of

redox balance and measures for reduction of OS.

Thiols and disulfides

Stressful events in early life can produce increased OS in the CNS, with the risk of developing brain diseases, such as depression.
Research on the sources of OS from stress could lead to new therapeutic measures (Schiavone, Colaianna, & Curtis, 2015). Increased
evidence links OS to the pathology of depression. N-Acetylcysteine (Figure 7) demonstrates antidepressant action via decrease in OS.

The substance enhanced cell AO action. The effect is associated with increase in SOD.
SH
0O
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Figure 7: N-Acetyl cysteine.

Research on depression often places focus on OS and inflammation. A study deals with the effects of the AO N-acetylcysteine and
JAK/STAT signaling pathway (Al-Sambhari,, et al. 2016). Modulation of the signaling mode may be involved in the antidepressant influ-

ence of the AO thiol. Future research should target signaling as a means for improved therapy.

o- Lipoic acid (LA) (Figure 8) is a potent AO, which has been reported to alleviate a wide variety of illnesses involving ROS-OS.
Depression is linked to the pro-inflammatory state, involving stress, which can also generate ROS. Prior evidence (Kovacic & Weston,
2018) and the present report support the AO as a promising agent for augmentation therapy in depression. LA was shown to exert
protective effects including decrease in OS and reduction of redox signaling (Suh., et al. 2015). Reductive change yields the more potent
AO dithiol.

O
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Figure 8: a-Lipoic acid.

Other drugs

Corticosterone (CORT) is known to produce a depression like state resulting in an increase in oxidative stress markers in the brain.
In Silva,, et al’s 2016 study, CORT produced anxiety and depressive like behavior, accompanied by lipid peroxidation which were re-
versed by mirtazapine (Figure 9) or the combination with LA. The reversal is likely due to AO action. OS is known to be involved in the
neurobiology of depression. Nitrate levels were increased by CORT and reversed by the AO combination. The effects of the AO Lipoic

acid were examined in this study as well (Silva,, et al. 2016).

Figure 9: Mirtazapine.
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An investigation was made of depression induced by ciprofloxacin (CPX) (Figure 10), a quinolone antibiotic (Ilgin., et al. 2015). The
drug increased MDA and decreased GSH and catalase activity indicating decreased AO defenses and OS. CPX produced neurological

toxicity. Increased OS is believed to be an important underlying factor.

OH

Figure 10: Ciprofloxacin.

Neurotoxic and neuroprotective effects induced by kynurenine (Figure 11) are demonstrated in depression. The role of kynurenine

metabolism involving neurochemical interactions is addressed as a contributing factor in depression (Myint,, et al. 2012).
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Figure 11: Kynurenine.

Evidence indicates that microglia are importantly involved in depression. Microglia are glia cells that exert various functions, in-
cluding maintaining homeostasis. Activation can lead to various factors that may be involved in brain disorders, such as depression. A
recent 2017 study was made of inhibition of microglial activation by tianeptime (Figure 12), an antidepressant drug (Slusarczyk., et al.
2017). Slusarczyk found an anti-inflammatory effect of tianeptime in lipopolysaccharide-stimulated microglial cells by decreasing the
expression of proinflammatory cytokines, including the release of nitric oxide (NO), reactive oxygen species (ROS), and the expression

of inducible NO synthase.

Q
OH
Figure 12: Tianeptime.

Levosimendan (Figure 13) is another drug with anti-inflammatory responses in addition to immunomodulatory effects by decreas-
ing ROS-0S. The effects involved leucocytes, which are an important source of ROS in patients with depression (Hasslacher, 2011).
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Figure 13: Levosimendan.

Depression, a frequent illness, does not possess a reliable biomarker. Characteristics include increase in OS and decrease in AO
levels. SOD, which eliminates superoxide ROS, was markedly decreased in depressed patients (Camkurt., et al. 2016). Results point
to enhanced OS. Malondialdehyde (MDA), an oxidation product, was commonly increased in serious depression. The conclusion sug-
gested MDA as a preferred biomarker for major depression. Chronic mild stress (CMS) is commonly used as a model for depression.
0S, induced by CMS, was generated by increase in ROS (Duda,, et al. 2016). The extract of Cocoas nucifera husk (HECN) exhibits an-
tidepressant effects. HECN generally decreased MDA levels, as well as nitrate concentrations (Lima., et al. 2016). The antidepressant

properties appear to reflect AO and neurotropic effects.

Extract of the banana plant is known to exhibit AO activity (Reddy, et al. 2016). Antidepressant type activity is displayed by the
plant extract which may reflect an AO presence which combats OS. Various reports demonstrate that different psychiatric illnesses are
associated with enhanced levels of oxidative DNA damage, involving neurotoxic effects. In Raza., et al's 2016 study, they revealed that
damaged genomic DNA may contribute to the pathophysiology of depression (Raza., et al. 2016). This finding may be significant in

relation to antipsychiatric drug design.

The extract of the Albizia adianthifolia (a tree in the Fabaceae family, also commonly known as Flat-crown) herb displays various
medicinal properties, including AO and antidepressant. A 2015 study, suggested that the aqueous extract of this herb could lessen
induced anxiety and depression (Beppe., et al. 2015). Statistically AO potential was also exhibited; suggesting a connection involving

behavioral measures, AO potential and lipid peroxidation.

Maca (Lepidium meyenii, a cruciferous vegetable), considered a medicinal food in Peru, possesses antidepressant and anxiolytic
effects. In Ai,, et al’s 2014 study, Maca increased dopamine levels and ROS was markedly inhibited, accompanied by attenuation of OS

(Ai., et al. 2014). Fluoxetine, also discussed in this study, was used as a positive control drug.
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