Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021

Prospect of mitochondria-targeted antioxidants as hepatoprotective and anti-
alcoholic liver disease agent

James Abugri* & Michael Adu-Fimpong?

[*] Corresponding-Author: Dr. James Abugri

Department of Applied Chemistry and Biochemistry, Faculty of Applied Sciences, CK
Tedam University of Technology and Applied Sciences (CKT-UTAS), Navrongo, UK-
0215-5321, Ghana

Tel: +233244994359

Email: jabugri@cktutas.edu.gh

Abstract

Oxidative stress initiates and facilitates the disruption of the structural integrity of
hepatic mitochondria, which leads to steatosis, steatohepatitis, fibrosis, and cirrhosis. It is
now evident that mitochondrial dysfunction could be responsible for alcoholic liver disease
(ALD). The challenge in treating ALD has been the limited availability of hepatoprotective
agents and the lack of highly efficient delivery systems. Recent studies have shown that
mitochondria-targeted therapies could address mitochondrial dysfunction (MD), which
may greatly improve hepatoprotection and ALD treatment. This mini review discusses the
potential role of mitochondria targeted antioxidants (MTAS) in the maintenance of
hepatocellular integrity. This report also considers the mechanism of liver injury induced
by alcohol and the progression of ALD from mitochondrial oxidative damage perspective
as well as the possible mechanistic actions of hepatoprotective antioxidants. Preliminary

studies suggest the prospect of MTAs as anti-ALD and hepatoprotective agents.
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Background

Long-term abuse of ethanol has culminated in worldwide increase in the morbidity
and mortality of alcoholic liver disease (ALD). Pathologically, ALD progressively
developed from steatosis (simple fatty liver) through steatohepatitis (inflamed fatty liver)
to fibrosis and consequently cancer of the liver [1-3]. An increased incidence of ALD was
evidenced in 2004 as 3.8% of all deaths worldwide were attributed to ethanol-induced
chronic liver disease [4]. Moreover, an estimated 15% of known alcoholic cirrhosis patients
develop hepatocellular carcinoma [5]. Environmental, genetic and nutritional factors have
been identified to synergistically pathoprogress ALD to more acute disease [6]. Among
these predisposing factors is oxidative stress, which is mediated by free radicals wherein
has been reported to cause mitochondrial dysfunction (MD) and concomitantly fuel the
pathogenesis of alcohol-induced liver injury [1]. The integrity of cells such as hepatocytes
can be maintained by mitochondria which is considered as one of the significant functions
of the organelle [7]. Also, liver cells have developed several mechanistic strategies which
seek to forestall mitochondrial lesions effects namely increased mitochondrial biogenesis,
disposal of damaged mitochondria induced by autophagy and signaling pathways
regulation to assure energy metabolism [8]. Thus, functional mitochondria may reduce the

impact of alcohol-evoked oxidative stress on hepatic injury.

Mitochondria is responsible for balancing the survival and death of hepatic cell

through the activation of the intrinsic apoptotic pathway, while contributing to necrotic cell
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death [8]. But the accumulation of damaged mitochondria could shift the balance between
generation and scavenging of oxygen species (ROS) because of the overproduction of the
species [9]. Therefore, severe alcohol-induced mitochondrial dysregulation could lead to
hepatic cytolysis and its concomitant inflammation. To solve this health menace,
engineered mitochondria-targeted antioxidants may be used to enhance oxidative
homeostasis and limit liver cell death in view of the susceptibility of mitochondria to

oxidative damage.

The search for effective drugs that are capable of protecting mitochondria against
oxidative-induced damage is still ongoing. Natural protective mechanism of mitochondria
is via interaction of several antioxidant systems [8], however, under stressed situations like
ALD, this system is significantly overwhelmed [9,10]. Conventional antioxidants can be
used to protect mitochondria but they have limited efficacy because of the difficulty in
penetrating the mitochondrial membrane. Recent development of mitochondria-targeted
ubiquinone, MitoQ1o[11], has therefore instilled the hope of overcoming the problems of
conventional antioxidants. MitoQio can move through the phospholipid bilayer via its
lipophilic triphenylphosphonium cationic group that is covalently attached to the ubiquinol
antioxidant [12]. Thus, through drug delivery nanotechnology, the mitochondrial
bioavailability of antioxidants can be improved. However, several studies should be done
to comprehensively identify better strategies to deliver various natural antioxidants to
hepatic mitochondria and all other human cells. Moreover, there is the need for further
investigations to be conducted to affirm the initial reports of mitochondria-targeted

antioxidants (MTAS) as an effective hepatoprotective and anti-ALD agent.
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Reactive species generated from alcohol metabolism

Mitochondria strategically perform important metabolic and physiologic processes
which are regulated in the cell, viz., production of adenosine triphosphate (ATP) [13],
modulation and homeostasis of calcium [14], metabolism of nitrogen and amino acid [15],
cell death due to apoptosis [16] and generation and detoxification of ROS [17,18] as well

as biosynthesis of haeme and iron—sulphur centre [19].

Alcohol induced liver injury (AILI, acute and chronic) is displayed by
morphological and functional modifications of mitochondria [5]. Since early 1960’s, free
radicals have been suspected to play active part in the progress of ethanol induced hepatic
damage [20]. This because during ethanol metabolism in mitochondria and microsomes
there is a direct generation of ROS and species of reactive nitrogen (RNS), which serve as

a linkage between oxidative stress and dysfunction of mitochondria [21].

Actually, sustained concentrations of alcohol in the blood over a period of time
determine its effects on diverse tissues. There is fast absorption of ethanol in the digestive
tract via diffusion (passive manner) into walls of the stomach (approximately 20%), while
the absorption of the other 80% occurs at the wall of small intestines, albeit 95-98% being
metabolized wholly in the liver with few of it lost unaltered in sweat (0.10%), urine (0.30%)
and breath (0.70%) [22—25]. The metabolism of ethanol in the human body involves three
pathways including catalase, alcohol dehydrogenase (ADH) and microsomal ethanol-
oxidation system (MEQOS). Nevertheless, ethanol is mainly metabolized in human via the

alcohol dehydrogenase pathway, which generates acetaldehyde and concomitant free
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radical formation which alters levels of NADH and ratio of NADH/NAD" redox [26,27].

Another system that participates in the oxidation of ethanol is electron transport in
the microsomes which employs cytochrome p450 (CYP) enzymes to speed up the rate of
reaction [28]. Generally, this pathway occurs in the hepatic smooth-endoplasmic reticulum
of chronic alcohol consumers with the aim of eliminating toxic substances from the body
through CYP2E1, however the 2E1 isoform significantly produces ROS and RNS species
[29,30]. Besides, NADPH oxidases family, peroxisomes, xanthine oxidoreductases,
lipoxygenases and cyclooxygenases have been identified as the other sources of ROS and

RNS [31].

Available data suggest that high amounts of ROS, viz., the anionic superoxides
(‘OH, H202 and O2 ") are produced by an enhanced activity of NADPH oxidase of CYP2E1
[32,33]. The catabolism of ethanol also elevates the levels of mitochondrial reducing
equivalents (i.e., NADH) which induces intermediates of semi-quinone (active redox state)
that resides in complex (I and 111) to become reduced, wherein Oz is reduced to O2 ™ [34].
In mitochondria, the superoxide dismutase (SOD) like manganese superoxide dismutase
(MnSOD) can convert 02" to H202 [35], amidst possible and full reduction to H2O or
partial reduction to OH" (one of the powerful natural oxidants). Usually, reduced transition
metals catalyze of OHe synthesis, which in sequence may be re-reduced by O™, thereby
proliferating this oxidative process [36]. During chronic alcoholism, there is increased
generation of nitric oxide (NO") via inducible NO synthase (iNOS) with the former quickly
reacting with O, albeit the rection being regulated by diffusion rate of the two radicals

[37]. The NO" coupled with the peroxynitrite (ONOO") product formed are regarded as
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principal mediators of alcohol-induced dysfunction of mitochondria [38]. Through post-
translational modifications, proteins of mitochondria are inactivated by indirect or direct
participation of ONOO™ in damaging reactions [39,40].

An unavoidable leakage of electrons from mitochondrial transport chain to
molecular oxygen has been implicated as a significant site for the production of ROS [41].
In ALD, an increased in the leakage of electrons to oxygen is observed at I and Il
complexes, which results in alcohol-induced generation of O2" (the major mitochondrial

ROS, Fig. 1).

Mechanism of hepatic injury induced by alcohol

Existing data have affirmed alcohol as one of the principal cause of hepatic
mitochondrial abnormalities that underlies ALD [1,42,43] and acute liver injury.
Importantly, dysfunction of mitochondria is considered as the mechanism behind diseases
and health conditions that occur in the liver and other organs such as the brain, muscle and
heart. This may probably be due to the fact that these tissues require a lot of aerobic
metabolism and thus they are more dependent on their mitochondria. Ninety percent (90%)
of endogenous ROS are produced by mitochondria which have a greater cellular injury
capacity [44]. As stated earlier, I and 111 complexes being the principal sites for generation
of ethanol-induced O, OH" and peroxyl radicals [45] can injure mitochondrial
biomolecules such as DNA, lipids and proteins because of their high reactivity [46].
Especially, a defective complex I or 111 may increase reduction of Oz to form O2™", which

causes unserviceable damage to mitochondrial DNA [47-49].


https://doi.org/10.20944/preprints202103.0143.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021 d0i:10.20944/preprints202103.0143.v1

Consequently, the ramification of ethanol-induced generation of ROS and RNS
coupled with lower cellular antioxidant levels and oxidative stress is mitochondrial
dysfunction [50], which results in hyperlipidemia with upregulation of adipose
differentiation-related protein (ADRP) [51] and progression of hepatic injury [52]. Damage
to other important complex cellular molecules like lipids and proteins may also occur
during long-term exposure to alcohol.

The strong impact of oxidative stress induced by alcohol on mitochondria is due to
the close proximity of the latter to the increased concentration of ROS and RNS. This
initiates a vicious cycle whereby mutations in mtDNA compromise mitochondrial function,
slowing down ETC/oxidative phosphorylation leading to high ROS/RNS levels, oxidative
stress and mutations [44]. This is evident in mtDNA deletions (single or multiple) which
has been reported to be prevalent and recurrent in alcoholic livers in comparison with
controls (age-matched) [53]. The mtDNA modifications that characterize chronic ethanol
treatment have been described to lower ETC encoded subunits in mitochondria, thereby
culminating in damage of alcohol-induced respiratory activity in liver [54]. Actually,
membrane potential (MMP) collapse in mitochondria via opening of the hepatic
mitochondrial permeability transition pore (MPTP) is knowingly caused by oxidative
mitochondrial damage [1]. Ethanol-induced oxidative stress encourages hepatic MPTP via
Bax translocation to the mitochondria [55], however, opening hepatic MPTP contributes
to mitochondrial swelling as well as precipitates hepatocyte necrosis and triggers apoptosis
via cytochrome c release (Fig. 1) [56,57]. Thus, the contribution of oxidative mitochondrial

damage to hepatic injury cannot be underestimated.
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Apart from alcohol-induced oxidative stress causing mitochondrial dysfunction, it
can also activate transcription factors (in the nucleus) that play a regulatory role in the
expression of hepatic gene involves in the oxidation of fatty acid and response to
inflammation [58].

The mechanistic interactions between chronic alcohol exposure, mitochondria,
oxidative damage and inflammatory response could be found in work wherein a model was
established by given alcohol to the subjects via intragastric infusion [59] (Fig. 1).
Consequently, hepatic injury was induced by alcohol through the release of macrophage
inflammatory protein-2 (MIP2) and high cytotoxic cytokines levels from small Kupffer
cells. More importantly, oxidative stress in mitochondria and its associated effects such as
formation of carbonyl protein, pronounced peroxidation of lipids, production of lipidic and
1-hydroxyl ethyl radicals as well as reduced levels of endogenous antioxidant in liver
(glutathione) may have accounted for the aforementioned phenomenon [60,61]. In addition,
ALD hallmark may be due to the hepatic macrophageal sensitization to portal endotoxin
or lipopolysaccharide (LPS) induced by alcohol [62]. Previous reviews have highlighted
the pivotal role of LPS-induced signaling in initiating and progressing hepatic injury
induced by alcohol [62]. Several lines of investigation have unearthed the interactions
between inflammatory cytokines and ethanol-induced hepatic injury. These include the
recognition of macrophageal Toll-like receptor 4 (TLR4) by LPS and other hepatic cell
types as well as downstream activation of signaling pathways which culminate in NFkB
and activator protein-1 (AP-1) activation [63,64]. Furthermore, liver injury through

prolonged alcohol consumption could be ascribed to LPS-induced extracellular signal-
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regulated kinases (ERK) of the mitogen activated protein kinase (MAP) kinases family
[65].

Sirtuin 1 (a nicotinamide adenine-dinucleotide, NAD*-dependent deacetylase,
SIRT1) has been shown to control the activity of histones [66] and non-histone [67]
proteins, namely peroxisome proliferator activated receptor-y co-activator 1o (PGC-1a),
which regulate synthesis of glucose and metabolism of energy [68]. The regulation of the
pathways of gluconeogenesis and glycolysis by SIRT1 occurs in the liver via PGC-1a [68],
which in turn controls various reactions involving generation and utilisation of energy (for
biogenesis of mitochondria, peripheral tissues uptake of glucose and thermogenesis)
necessitating hepatic PGC- 1a[69]. However, alcohol is postulated to reduce expressions
of PGC- 1a and SIRT1, whose interactions have been described to aid humans to adapt to
deprivation of food and other metabolically induced disturbances [70]. Notably, alcohol-
induced reduction of SIRT1 and PGC-1a in mice could lead to mitochondrial dysfunction
and subsequent liver injury. Thus, understanding the exact mechanism of liver
injury/damage is very significant in identifying prominent lead antioxidants for ALD
treatment. Consequently, therapies targeting basic processes of mitochondria viz.,
production of free radicals, or transcriptional factors activations, and specific interactions

of proteins linked to diseases with mitochondria hold high prospects.
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Fig.1 Schematic diagram showing the proposed molecular mechanism of
mitochondrial dysfunction and hepatic injury induced by ethanol. Pathophysiology of
liver injury induced by ethanol is considered as complex processes that involve the
oxidative stress-induced mitochondrial dysfunction in hepatocytes which triggers an
inflammation response as well as liver apoptosis. The stimulator of interferon genes, on
the other hand, can encourage interferon regulatory factor 3 (IRF3) to induce hepatocyte
apoptosis. AMPK: Adenosine 5°-monophosphate (AMP) activated protein kinase, AP-1:
Activator protein-1, Apaf-1: Apoptotic protease activating factor-1, ALDH2":
mitochondrial aldehyde dehydrogenase (inactive), Bax ((B-cell lymphoma 2 (Bcl2)-

associated X protein)), CYP2EL: cytochrome P450 2E1, Cyt c: Cytochrome c release, DCs:
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Dendritic cells, ER: Endoplasmic reticulum, GSH: Glutathione (reduced form), HIF-1a.:
hsps: heat shock proteins, HO-1: Heme-oxygenase-1, IKK: IkB kinase, Mito Dys:
Mitochondrial dysfunction, NADH/NAD: Nicotinamide adenine dinucleotide (reduced
and oxidized form), NADPH/NADP: Nicotinamide adenine dinucleotide phosphate
(reduced and oxidized form), NF-xB: Nuclear factor kappa B, PI3K/Akt:
Phosphoinositide-3 kinase, PPARy: Peroxisome proliferator activated receptor y, ROS:
Reactive oxygen species, SAT3: Signal transducer and activator of transcription-3, STING:
Stimulator of interferon genes, TLRs: Toll-like receptors, UPR: Unfolded protein response,

VDAC: Voltage-dependent anion channel (VDAC).

Mechanistic action of hepatoprotective antioxidants

A preponderance of evidence put liver as the most significant site of xenobiotic
metabolism, which in turn can cause its damage thereby leading to a deleterious functional
effect. Hepatic mitochondria are an arbiter of cellular life and death by respiratorily and
energetically controlling multiple pathways of signal transduction (intracellular and
extracellular which have the tendency to cause mitochondrial dysfunction ) and
concomitant liver injury/death induced by apoptosis and necrosis [71,72]. To attenuate the
harmful effects of oxidative damage, mitochondria contain inherent antioxidative systems
of defense that are controlled tightly. They are capable of working in synergism to interrupt
RNS/ROS activity, thus alterations in any of these antioxidative defenses may culminate

in expansive and oxidative injury of mitochondria [73].
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Antioxidants are compounds or systems that have the ability to counteract free radicals’
damaging effect by direct inhibition of oxidation via triplet oxygen quenching and iron
chelation [74] (Fig. 2). Enzymatic and nonenzymatic systems are the two principal kinds
of hepatic mitochondrial antioxidant defense irrespective of whether they are endogenous
or obtained from diets. Upon nuclear genome transportation to mitochondria, it encodes
antioxidative enzymes such as thioredoxin reductase (TPx), superoxide dismutase (SOD),
catalase and glutathione peroxidase (GPx), [73]. Consequently, SOD catalyses the
formation of H>O> from oxygen and hydrogen, which is regarded as a significant
endogenous antioxidant (enzymatic in nature) occurring in hepatic mitochondria. In
mammals, 3 SOD isoenzymes (dependent on type of metal cofactor and protein folding)
exist with the SOD1 consisting of SOD that binds to Cu-Zn and is a protein found in the
cytoplasm and mitochondrion [75]. Besides, the mitochondrial matrix that expresses SOD2
(Mn-SOD) has manganese ion as its cofactor, while the secretion of SOD3 (EC SOD) into
extracellular space took place after it has been translated into protein [76], albeit the
enzyme’s activity being increased after chronic alcohol feeding in mice [77]. Moreover,
GPx mostly detoxifies peroxides of lipid and H>O> using cofactor (reduced form of
glutathione, GSH). Usually, the oxidised form GSH (glutathione disulfide, GSSG) after the
detoxification process. The good news is that with NADPH as an electron donor,
glutathione reductase can regenerate GSH. Furthermore, GSH scavenges singlet oxygen
(!02) and OH radical directly, while maintaining the reduced forms of vitamins C and E,
thereby acting as a nonenzymatic antioxidant. In addition, the oxidant property of
mitochondrial aldehyde dehydrogenase 2 (ALDH2, a principal enzyme in ethanol

metabolism) has been established, especially in the prevention of ROS generation induced

12
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by ethanol or aldehyde [78,79]. Nevertheless, its enzymatic activity has been reported to
be compromised via direct deacetylation by sirtuin 3 (SIRT3) [80].

Oxidative damage through ROS/RNS generation has been implicated as significant
mechanisms involved in the hepatotoxic effect of alcohol. In this regard, antioxidants can
therefore be applied to protect liver by lowering alterations in hepatocellular nucleic acids,
proteins and lipids induced by ethanol [81]. In general, the sacrificial or preventive roles
through which cellular biomolecules in liver are protected by antioxidants include metal
ions chelation to decompose peroxides of lipid or avoid reactive species production, Oz~
qguenching to prevent peroxides formation, ROS scavenging to limit initiation of
peroxidation and localized reduction of O, concentrations [82]. Actually, sacrificial effect
of antioxidant alludes to the capacity to block chain reactions of free radicals through
scavenging activity but preventing role indicates the inhibition of reactive species
formation [83]. Solubility, activation energy, rate constant, redox potential, stability and
molecular structure as well peroxyl accessibility to systems of micelles, membrane and

emulsions have effect on the effectiveness and chemical potential of antioxidants [82,84].

Hepatoprotective antioxidants are either endogenous or exogenous, which are used
to ameliorate pathological alterations induced by oxidative stress-related injury. Detailed
mechanism of antioxidants in hepatoprotection is still not clear despite extensive work,
notwithstanding, several mechanisms have been proposed. Thus, antioxidants seem to
protect hepatocytes against injury induced by alcohol via attenuation of elevated levels of
enzymes in serum lipid peroxidation, ROS/RNS generation, up-regulation and activation

of endogenous antioxidants systems, as well as free radicals scavenging [85,86].

13
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Kamoun and colleagues recently investigated the antihepatotoxic and
antinephrotoxic effect of active ingredient of Sardinella aurita (Sardinelle) against
oxidative stressed rats induced by alcohol [87]. The authors reported that lipid peroxidation
inhibitory activity of Sardinelle was ascribable to the interaction of between its peptides
structure and free radicals, thereby resulting in the protection of liver via antioxidation.
Thus, the imidazole functional group of histidine in Sardinelle donated proton which aided
the radical scavenging activity of the protein [87]. Possibly, this lead compound could
quench the excessive oxidation of free radicals via the donation of hydrogen [88]. In
addition, Kumar and workers [86] posited that lucidone-mediated upregulation of
endogenous antioxidant haeme oxygenase 1 (HO-1, an inducible form) in hepatic hepG2
cells of human origin through Nrf-2 signaling pathway as the principal mechanism for its
hepatoprotective action. Besides, HO-1 has been observed to play a vital role in
homeostasis of iron and antioxidant defense in living cells [89]. This mechanism was
evident in previous investigations which suggested that an increase in Nrf-2 activity
strongly protected hepatocytes against oxidative stress induced by ethanol [90,91].
Moreover, cannabidiol was shown to exhibit its antihepatotoxic property against acute
steatotic liver in mice induced by alcohol through antioxidation, viz., INK MAPK pathway
activation and increased oxidative stress prevention [92]. In an experimental investigation,
the hepatoprotective potential of resveratrol was shown in oxidative liver damage through
radicals scavenging and proinflammatory cytokines [93]. However, current data from
clinical trials for ALD are lacking though human studies on preparations of essential

phospholipids, silymarin or vitamin A seems popular previously.

14


https://doi.org/10.20944/preprints202103.0143.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021 d0i:10.20944/preprints202103.0143.v1

Owing to the significance of liver playing the role of metabolizer, detoxifier and
regenerator, more studies should be directed at developing multitarget hepatoprotective
antioxidants. In this regard, understanding the mechanistic actions of an ideal
hepatoprotector will not only become academically prudent, but may also lead to the
development of highly specific hepatoprotective and anti-ALD drugs for clinical

applications.
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Fig. 2 Schematic diagram showing the proposed mechanistic of action of antioxidants

against free radical-induced human damage. They carry out their hepatoprotective
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functions by attenuating lipid peroxidation, reactive oxygen species/reactive nitrogen
species (ROS/RNS) generation, up-regulation, reduction of calcium accumulation [94],
and activation of endogenous antioxidants systems, as well as direct scavenging of free
radicals. Catalase (CAT), Glutathione peroxidase (GPx), mitochondrial-targeted
antioxidants (MTAS), superoxide dismutase (SOD), thioredoxin peroxidase (TPx) and

thioredoxin reductase (TR),

Targeting antioxidants to mitochondria, future prospect for hepatoprotective and

anti-ALD potentials

As stated earlier, available evidence has suggested the contribution of
mitochondrial dysfunction and liver cell death in ALD [1,2]. In this regard, antioxidants
have been increasingly explored for their potential therapeutic efficacy on oxidative-
induced dysfunction in mitochondria. However, antioxidants concentration should
essentially be raised in mitochondria where they are most required against the backdrop of
the low bioavailability of conventional antioxidants to the mitochondria interior [95]. This
can be achieved by targeting scavenging compounds to mitochondria to modulate the levels
of ROS/RNS and their inducement processes, viz., permeability transition and cell death
in mitochondria [96]. Already, MTAs have been therapeutically utilized in models of some
pathological experiments. Notably, among them is antioxidant derivative targeted to
mitochondria such as mitoquinone (MitoQ) which has ubiquinone as natural carrier of
electrons in the respiratory chain in mitochondria. Indeed, a cation of lipophilic triphenyl-

phosphonium (TPP™) is covalently conjugated to ubiquinone to form MitoQ which results
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severalfold accumulation in cytosol and several hundredfold in mitochondria [97], wherein

its antioxidant potential becomes evident.

Inner membrane potential of mitochondria has been estimated via derivatives of
long-established phosphonium. Notably, the ability of TPP* to quickly and directly
permeate lipidic bilayers without losing their positive charges is advantageous to the
above-mentioned process. The hydrophobic surface that surrounds positive phosphorus
atom can facilitate the accumulation of TPP* in the inner core of mitochondria. In particular,
TPP*accumulation in mitochondria inside is driven by the maintenance of electric potential
difference across the inner membrane of mitochondria (induced by respiratory chain)
coupled with the capacity of bulky hydrophobic cations to permeate membranes. Another
novel way to target antioxidants to mitochondria using TPP* is through nanoparticles
development. Kwon and colleagues [98] successfully designed and synthesized
nanoparticles loaded with TPP-conjugated ceria, which was localised to mitochondria and
pharmacologically suppressed neuronal death in Alzheimer’s disease modeled using a 5
familial AD-associated mutations (5XFAD) in transgenic mice. Also, through derivatives
of chitosan, Chen and co-workers [99] also designed and prepared novel multifunctional

nanoparticles targeting mitochondria (MNPs) for the delivery of anticancer drugs to liver.

Ubiquinone is the same antioxidant constituent in MitoQ which is found in
coenzyme Q10 [97]. In mitochondrial respiratory chain, complex Il quickly activate
ubiquinone in MitoQ to active ubiquinol (antioxidant form) [100]. Usually, after
detoxification of ROS, ubiquinone is re-formed from ubiquinol in MitoQ and vice versa

[100]. Through this technique, MitoQ can act as an important antioxidant for mitochondrial
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targeting.

Based on MitoQ model, Chacko and co-experimenters [101] demonstrated the
ability of MitoQ to alleviate liver steatosis induced by alcohol in mitochondria in groups
that were fed ethanol. Besides, the authors observed that MitoQ was able to attenuate
various negative effects of mitochondrial-linked ROS/RNS, such as inhibition of protein
nitration and formation of protein aldehydes as well as stabilization of ROS-dependent
(hypoxia-inducible factor lalpha (HIF-1a) [101]. To support this finding, another work
reported that MitoTEMPOL (mitoT) could ameliorate oxidative stress-associated
dysfunction of mitochondria and alveolar macrophages in mice induced by alcohol, albeit

no data to support hepatoprotective activity of mitoT [102].

However, the challenge with TPP* derivatives is that the rate and extent of their
accumulation is affected by their hydrophobicity, while, in comparison with hydrophilic
derivatives, the lipophilic TPP* quickly accumulated in mitochondrial at higher
concentrations [103,104]. Again, Trnka and co-workers [105] postulated that various
derivatives of hydrophobic TPP* can negatively affect membrane potential of mitochondria
and the activity of respiratory chain together with the induction of mitochondrial proton
leakage. To overcome these limitations, the search for a more natural MTAs should be
intensified, as they have the prospect for achieving maximum hepatoprotective efficacy
against alcohol-induced liver damage with minimum side effects to mitochondrial locality
and liver cells in general. Also, Zhang and colleagues [106] evaluated the hepatoprotective
and anti-ALD activities of demethyleneberberine (DMB), MTA that occur naturally in

Cortex Phellodendri chinensis (Chinese herb). After ethanol administration (both acute and
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chronic) to mice and in vitro study in HepG2 cells, the authors observed that DMB
ameliorated mitochondrial dysfunction caused by acutely induced oxidative stress [106].
The authors also identified that DMB was able to accumulate in hepatic mitochondria due
to its chemical structure while protecting the liver against harmful effect of ethanol through

the suppression of HIF-1a, iNOS synthase and CYP2E1 [106].

The few available data on hepatoprotective and anti-ALD activities of MTAs look
promising. However, more preclinical investigations into efficacy of MTAs against ALD
should be conducted using clinical trials. Preferably, to satisfy the unmet need of ALD
therapy, natural antioxidants that are capable of ameliorating mitochondrial oxidative
damage, modulating inflammatory, restoring mitochondrial biogenesis and liver
regeneration can be designed and delivered using novel mitochondrially targeted

nanomaterials

Conclusion

Hepatic mitochondrial oxidative damage is clearly pivotal in the pathological
process of liver injury induced by alcohol. Anatomically, ALD encompasses a variety of
liver cells, which makes drug delivery into this organ complicated. Although absolute
abstinence is a significant therapeutic precaution, few experimental data on MTA (as
treatment options for ALD) have shown promising outcomes. Nevertheless, the
mitochondrial-targeted model will pave way for the establishment of hepatoprotective and
anti-ALD drugs. Hence, more novel and innovative works are desired to thoroughly

unearth more natural MTAs as hepatoprotective and anti-ALD agents.

19


https://doi.org/10.20944/preprints202103.0143.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021 d0i:10.20944/preprints202103.0143.v1

Authors’ contributions
MAF and JA conceived the concept, collected information, discussed issues and wrote the
manuscript. JA discussed the issues. The final manuscript was read and approved by the

authors.

Competing interests
No potential conflicts of interest
Consent for publication

Manuscript was approved for publication by both authors.

References

1. Hoek, JB, Cahill, A and Pastorino J. Alcohol and mitochondria: a dysfunctional
relationship. Gastroenterology. 2002;122:2049-63.

2. Hoek, JB and Pastorino J. Ethanol, oxidative stress, and cytokine-induced liver cell
injury. Alcohol. 2002;27:63-8.

3. Lieber C. Alcoholic fatty liver: its pathogenesis and mechanism of progression to
inflammation and fibrosis. Alcohol. 2004;34:9-19.

4. Rehm J, Mathers C, Popova S, Thavorncharoensap, M and Teerawattananon, Y, and
Patra J. Global burden of disease and injury and economic cost attrib- utable to alcohol use
and alcohol-use disorders. Lancet. 2009;373:2223-2233.

5. Yip, WW and Burt A. Alcoholic liver disease. Semin. Diagn. Pathol. 2006;23:149-160.
6. Day C. Genes or environment to determine alcoholic liver disease and non-alcoholic
fatty liver disease. Liver Int. 2006;26:1021-1028.

7. Vincent R. Richard, Anna Leonov, Adam Beach, Michelle T. Burstein, Olivia Koupaki,

20


https://doi.org/10.20944/preprints202103.0143.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021 d0i:10.20944/preprints202103.0143.v1

Alejandra Gomez-Perez, Sean Levy, Lukas Pluska, Sevan Mattie, Rami Rafeh, Tatiana
louk, Sara Sheibani, Michael Greenwood HV and VIT. Macromitophagy is a longevity
assurance process that in chronologically aging yeast limited in calorie supply sustains
functional mitochondria and maintains cellular lipid homeostasis. Aging (Albany. NY).
2013;5:234-69.

8. Davide Degli Esposti, Jocelyne Hamelin, Nelly Bosselut, Raphaél Saffroy, Myléne
Sebagh, Alban Pommier CM and AL. Mitochondrial Roles and Cytoprotection in Chronic
Liver Injury. Biochem. Res. Int. 2012;2012:1-16.

9. Shey-Shing Sheu, Dhananjaya Nauduri, and Anders M. Targeting antioxidants to
mitochondria: A new therapeutic direction. Biochim. Biophys. Acta. 2006;1762:256 — 265.
10. Christine Feillet-Coudray, Gillen Fouret, Raymond Ebabe Elle, Jennifer Rieusset,
Beatrice Bonafos, Beatrice Chabi, David Crouzier, Kamelija Zarkovic, Neven Zarkovic,
Jeanne Ramos, Eric Badia, Michael P. Murphy JPC& CC. The mitochondrial-targeted
antioxidant MitoQ ameliorates metabolic syndrome features in obesogenic diet-fed rats
better than Apocynin or Allopurinol. Free Radic. Res. 2014;48:1232-46.

11. Delyth Graham, Ngan N. Huynh, Carlene A. Hamilton, Elisabeth Beattie, Robin A.J.
Smith, Helena M. Cochemé, Michael P. Murphy AFD. Mitochondria-Targeted Antioxidant
MitoQ10 Improves Endothelial Function and Attenuates Cardiac Hypertrophy.
Hypertension. 2009;54:322-8.

12. MP M. Targeting lipophilic cations to mitochondria. Biochim Biophys Acta.
2008;1777:1028-1031.

13. Schapira A. Mitochondrial disease. Lancet. 2006;368:70-82.

14. Hajnoczky, G, Csordas, G, S. Das, S, Garcia-Perez, C, Saotome, M, Sinha Roy, S and
Yi M. Mitochondrial calcium signalling and cell death: approaches for assessing the role
of mitochondrial Ca2+ uptake in apoptosis. Cell Calcium. 2006;40:553-560.

15. McBride, HH, Neuspiel, M, and Wasiak M. Mitochondria: more than just a powerhouse.
Curr. Biol. 2006;16:551-560.

16. Green D. Apoptotic pathways: the roads to ruin. Cell. 1998;94:695-698.

17. Akopova, OV, Kolchinskaya, LI, Nosar, VI, Bouryi, VA, Mankovska, IN, and Sagach
V. Cytochrome C as an amplifier of ROS release in mitochondria. Fiziol. Zh. 2012;58:3—
12.

21


https://doi.org/10.20944/preprints202103.0143.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021 d0i:10.20944/preprints202103.0143.v1

18. Marchi, S, Giorgi, C, Suski, JM, Agnoletto, C, Bononi, A, Bonora, M, De Marchi, E,
Missiroli, S, Patergnani, S, Poletti, F, Rimessi, A, Duszynski, J, Wieckowski, MR, and
Pinton P. Mitochondria-ros crosstalk in the control of cell death and aging. J. Signal.
Transduct. 2012;2012:329635.

19. Lill, R and Muhlenhoff U. Iron-sulfur protein biogenesis in eukaryotes: components
and mechanisms. Annu. Rev. Cell Dev. Biol. 2006;22:457-486.

20. Albano E. Free-radicals and alcohol-induced liver injury. In: Sherma. London: Taylor
and Francis; 2002.

21. Das, SK and Vasudevan D. Alcohol-induced oxidative stress. Life Sci. 2007;81:177—
87.

22. Antia, EP and Abraham P. Clinical Dietetics and Nutrition. second eit. Calcutta: Oxford
University Press; 1997.

23. Eastwood, R and Passmore M. Human nutrition and dietetics. eighth edi. Churchill
Livingstone: ELBS; 1986.

24. Norberg, A, Jones, AW, Hahn, RG and Gabrielsson J. Role of variability in explaining
ethanol pharmacokinetics: Research and forensic applications. Clin. Pharmacokinet.
2003;42:1-31.

25. Holford N. Clinical pharmacokinetics of ethanol. Clin. Pharmacokinet. 1987;13:273—
92.

26. Das, SK, Nayak, P, and VVasudevan D. Consequences of ethanol consumption. J. Indian
Soc. Toxicol. 2005;1:1-10.

27. Mantle, D and Preedy V. Free radicals as mediators of alcohol toxicity. Adverse Drug
React. Toxicol. Rev. 1999;18:235-252.

28. Lieber, CS and DeCarli L. Hepatic microsomal ethanol-oxidizing system. In vitro
characteristic and adaptive properties in vivo. J. Biol. Chem. 1970;245:2505-2512.

29. Marinho, V, Laks, J, Engelhardt, E and Conn D. Alcohol abuse in an elderly woman
taking donepezil for Alzheimer disease. J. Clin. Psychopharmacol. 2006;26:683-5.

30. Ohkubo, T, Metoki, H and Imai Y. Alcohol intake, circadian blood pressure variation,
and stroke. Hypertension. 2009;53:4-5.

31. Al Ghouleh, I, Khoo, NKH, Knaus, UG, Griendling, KK, Touyz, RM, Thannickal, VJ,
Barchowsky, A, Nauseef, WM, Kelley, EE, Bauer, MP, Darley-Usmar, V, Shiva, S,

22


https://doi.org/10.20944/preprints202103.0143.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021 d0i:10.20944/preprints202103.0143.v1

Cifuentes-Pagano, E, Freeman, BA, Gladwin, MT and Pagano P. Oxidases and peroxidases
in cardiovascular and lung disease: new concepts in reactive oxygen species signaling. Free
Radic. Biol. Med. 2011;51:1271-1288.

32. Bailey, SM, Pietsch, EC and Cunningham C. Ethanol stimulates the production of
reactive oxygen species at mitochondrial complexes | and Ill. Free Radic. Biol. Med.
1999;27:891-900.

33. Aderem, A and Underhill D. Mechanisms of phagocytosis in macrophages. Annu. Rev.
Immunol. 1999;17:593-623.

34. Cunningham, CC, Coleman, WB and Spach P. The effects of chronic ethanol
consumption on hepatic mitochondrial energy metabolism. Alcohol Alcohol.
1990;25:127-36.

35. Kezic, A, Spasojevic, I, Lezaic, V, and Bajcetic M. Mitochondria-Targeted
Antioxidants: Future Perspectives in Kidney Ischemia Reperfusion Injury. Oxid. Med. Cell.
Longev. 2016;2016:1-12.

36. Liochev, Sl and Fridovich I. Superoxide and iron: partners in crime. IUBMB Life.
1999;48:157-161.

37. Bailey, SM, Robinson, G, Pinner, A, Chamlee, L, Ulasova, E, Pompilius, M, Page, GP,
Chhieng, D, Jhala, N, Landar, A, Kharbanda, KK, Ballinger, S and Darley-Usmar V. S-
adenosylmethionine prevents chronic alcohol-induced mitochondrial dysfunction in the rat
liver. Am. J. Physiol. Gastrointest. Liver Physiol. 2006;291:G857-67.

38. Radi, R, Cassina, A, Hodara, R, Quijano, C, and Castro L. Peroxynitrite reactions and
formation in mitocondria. Free Radic. Biol. Med. 2002;33:1451-64.

39. Mantena, SK, King, AL, Andringa, KK, Landar, A, Darley-Usmar, V and Bailey S.
Novel interactions of mitochondria and reactive oxygen/nitrogen species in alcohol
mediated liver disease. World J. Gastroenterol. 2007;13:4967—73.

40. Brookes, PS, Kraus, DW, Shiva, S, Doeller, JE, Barone, MC, Patel, RP, Lancaster, JR
and Darley-Usmar V. Control of mitochondrial respiration by NO., effects of low oxygen
and respiratory state. J. Biol. Chem. 2003;278:31603-9.

41. Chen, Q, Moghaddas, S, Hoppel, CL and Lesnefsky E. Ischemic defects in the electron
transport chain increase the production of reactive oxygen species from isolated rat heart
mitochondria. Am. J. Physiol. Physiol. 2008;294:C460-C466.

23


https://doi.org/10.20944/preprints202103.0143.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021 d0i:10.20944/preprints202103.0143.v1

42. Mantena, SK, King, AL, Andringa, KK, Eccleston, HB and Bailey S. Mitochondrial
dysfunction and oxidative stress in the pathogenesis of alcohol- and obesity-induced fatty
liver diseases. Free Radic. Biol. Med. 2008;44:1259-1272.

43. Wu, D and Cederbaum A. Oxidative stress and alcoholic liver disease. Semin. Liver
Dis. 2009;29:141-154.

44. Wallace D. A Mitochondrial Paradigm of Metabolic and Degenerative Diseases, Aging,
and Cancer: A Dawn for Evolutionary Medicine. Annu Rev Genet. 2005;39:359—410.

45. Hollensworth, SB, Shen, CC, Sim, JE, Spitz, DR, Wilson, GL and LeDoux S. Glial cell
type-specific responses to menadione-induced oxidative stress. Free Radic. Biol. Med.
2000;28:1161-1174.

46. Van, H, outen, B, Woshner, V and Santos J. Role of mitochondrial DNA in toxic
responses to oxidative stress. DNA Repair. 2006;5:145-152.

47. Voets, AM, Huigsloot, M, Lindsey, PJ, Leenders, AM, Koopman, WJH, Willems,
PHGM, Rodenburg, RJ, Smeitink, JAM and Smeets H. Transcriptional changes in
OXPHOS complex I deficiency are related to anti-oxidant pathways and could explain the
disturbed calcium homeostasis,. Biochim. Biophys. Acta Mol. Basis Dis. 2012;1822:1161—
1168.

48. Castro, MDR, Suarez, E, Kraiselburd, E, Isidro, A, Paz, J, Ferder, L and Ayala-Torresa
S. Aging increases mitochondrial DNA damage and oxidative stress in liver of rhesus
monkeys. Exp. Gerontol. 2012;47:29-37.

49. Alexeyev M. Is there more to aging than mitochondrial DNA and reactive oxygen
species? FEBS J. 276:5768-5787.

50. Woo, GA and O’Brien C. Long-term management of alcoholic liver disease. Clin Liver
Dis. 2012;16:763-781.

51. Mak, KM, Ren, C, Cao, Q, Ponomarenko, A and Lieber C. Adipose differentiation-
related protein is a reliable lipid droplet marker in alcoholic fatty liver of rats. Alcohol.
Clin. Exp. Res. 2008;32:1-9.

52. Lieber, CS, Leo, MA, Wang, X and DeCarli L. Alcohol alters hepatic FoxO1, p53, and
mitochondrial SIRT5 deacetylation function. Biochem. Biophys. Res. Commun.
2008;373:246-252.

53. Mansouri, A, Fromenty, B, Berson, A, Robin, MA, Grimbert, S, Beaugrand, M,

24


https://doi.org/10.20944/preprints202103.0143.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021 d0i:10.20944/preprints202103.0143.v1

Erlinger, S and Pessayre D. Multiple hepatic mitochondrial DNA deletions suggest
premature oxidative aging in alcoholics. J. Hepatol. 1997;27:96-102.

54. Albano E. Oxidative mechanisms in the pathogenesis of alcoholic liver disease. Mol.
Aspects Med. 2008;29:9-16.

55. Adachi, M, Higuchi, H, Miura, S, Azuma, T, Inokuchi, S, Saito, H, Kato, S and Ishii
H. Bax interacts with voltage-dependent anion channel and mediates ethanol-induced
apoptosis in rat hepatocytes. Am. J. Physiol. 2004;287:G695-G705.

56. Green, DR and Kroemer G. The pathophysiology of mitochondrial cell death. Sciences
(New. York). 2004;305:626—-629.

57. Shalbueva, N, Mareninova, OA, Gerloff, A, Yuan, J, Waldron, RT, Pandol, SJ, and
Gukovskays A. Effects of Oxidative Alcohol Metabolism on the Mitochondrial
Permeability Transition Pore and Necrosis in a Mouse Model of Alcoholic Pancreatitis.
Gastroenterology. 2013;144:1-20.

58. Nagy L. Molecular aspects of alcohol metabolism: transcription factors involved in
early ethanol-induced liver injury. Annu. Rev. Nutr. 2004;24:55-78.

59. Aragjo Junior, RFd, Garcia, VB, Leitao, RFdC, Brito, GAdC, Miguel, EdC, Guedes,
PMM and Aratjo Aa. Carvedilol Improves Inflammatory Response, Oxidative Stress and
Fibrosis in the Alcohol- Induced Liver Injury in Rats by Regulating Kuppfer Cells and
Hepatic Stellate Cells. PLoS One. 2016;11:e0148868.

60. Rouach, H, Fataccioli, V, Gentil, M, French, SW, Morimoto, M and Nordmann R.
Effect of chronic ethanol feeding on lipid peroxidation and protein oxidation in relation to
liver pathology. Hepatology. 1997;25:351-355.

61. Bautista A. Chronic Alcohol Intoxication Induces Hepatic Injury Through Enhanced
Macrophage Inflammatory Protein-2 Production and Intercellular Adhesion Molecule-1
Expression in the Liver. Hepatology. 1997;25:335-42.

62. Mandrekar, P and Szabo G. Signalling pathways in alcohol-induced liver inflammation.
J. Hepatol. 2009;50:1258-1266.

63. Thakur, V, McMullen, MR, Wang, Q and N LE. Enhanced LPS- stimulated ERK 1/2
activation and TNF alpha secretion by rat Kupffer cells after chronic ethanol feeding is
mediated via increased production of reactive oxygen species (ROS) by NADPH oxidase.
Hepatology. 2005;42:571A.

25


https://doi.org/10.20944/preprints202103.0143.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021 d0i:10.20944/preprints202103.0143.v1

64. Park, HS, Jung, HY, Park, EY, Kim, J, Lee W and BY. Cutting edge: direct interaction
of TLR4 with NADPH oxidase 4 isozyme is essential for lipopolysaccharide-induced
production of reactive oxygen species and activation of NF-kappa B. J Immunol.
2004;173:3589-3593.

65. Pritchard, MT and Nagy L. Ethanol-induced liver injury: potential roles for egr-1.
Alcohol Clin Exp Res. 2005;29:146S-150S.

66. Imai, S, Armstrong, CM, Kaeberlein, M and Guarente L. Transcriptional silencing and
longevity protein Sir2 is an NAD-dependent histone deacetylase. Nature. 2000;403:95—
800.

67. Vaziri, H, Dessain, SK, Ng Eaton,E, Imai, SI, Frye, RA, Pandita, TK, Guarente, L and
Weinberg R. hSIR2 (SIRT1) functions as an NAD-dependent p53 deacetylase. Cell.
2001;107:149-159.

68. Nemoto, S, Fergusson, MM and Finkel T. SIRT1 functionally interacts with the
metabolic regulator and transcriptional coactivator PGC-la. J. Biol. Chem.
2005;280:16456-16460.

69. Rhee, J, Inoue, Y, Yoon, JC, Puigserver, P, Fan, M, Gonzalez, FJ and Spiegelman B.
Regulation of hepatic fasting response by PPARgamma coactivator-lalpha (PGC-1a):
requirement for hepatocyte nuclear factor 4alpha in gluconeogenesis. Proc. Natl. Acad. Sci.
USA. 2003;100:4012-4017.

70. Lieber, CS, Leo, MA, Wang, X and DeCarli L. Effect of chronic alcohol consumption
on Hepatic SIRT1 and PGC-1a in rats. Biochem. Biophys. Res. Commun. 2008;370:44—
48.

71. Sheu, S-S, Nauduri, D, and Anders M. Targeting antioxidants to mitochondria: A new
therapeutic direction. Biochim. Biophys. Acta. 2006;1762:256 — 265.

72. Gorlach, S, Fichna, J and Lewandowska U. Polyphenols as mitochondria-targeted
anticancer drugs. Cancer Lett. 2015;366:141-9.

73.Jin, H, Kanthasamy, A, Ghosh, A, Anantharam, V, Kalyanaraman, B and Kanthasamy
A. Mitochondria-targeted antioxidants for treatment of Parkinson’s disease: Preclinical and
clinical outcomes. Biochim. Biophys. Acta. 2014;1842:1282-1294.

74. Chan, KW, Khong, NMH, Igbal, S, Umar, IM and Ismail M. Antioxidant property
enhancement of sweet potato flour under simulated gastrointestinal pH. Int J Mol Sci.

26


https://doi.org/10.20944/preprints202103.0143.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021 d0i:10.20944/preprints202103.0143.v1

2013;13:8987-8997.

75. Milani, P, Gagliardi, S, Cova, E and Cereda C. SOD1 transcriptional and posttran-
scriptional regulation and its potential implications in ALS. Neurol. Res. Int.
2011;2011:458-427.

76. Okado-Matsumoto, A and Fridovich 1. Subcellular distribution of superoxide
dismutases (SOD) in rat liver: Cu, Zn-SOD in mitochondria. J. Biol. Chem.
2001;276:38388-38393.

77. Koch, OR, Pani, G, Borrello, S, Colavitti, R, Cravero, A, Farre, S and Galeotti T.
Oxidative stress and antioxidant defenses in ethanol-induced cell injury. Mol. Aspects Med.
2004;25:191-198.

78. Ma, H, Yu, L, Byra, EA, Hu, N, Kitagawa, K, Nakayama, KI, Kawamoto, T and Ren
J. Aldehyde dehydrogenase 2 knockout accentuates ethanol- induced cardiac depression:
role of protein phosphatases. J. Mol. Cell. Cardiol. 2010;49:322-329.

79. Li, SY, Gomelsky, M, Duan, JH, Zhang, ZJ, Gomelsky, L, Zhang, XC, Epstein, PN
and Ren J. Overexpression of aldehyde dehydrogenase-2 (ALDH2) transgene prevents
acetaldehyde-induced cell injury in human umbilical vein endothelial cells. J. Biol. Chem.
2004;279:11244-11252.

80. Lu, Z, Bourdi, M, Aponte, AM, Chen, Y, Lombard, DB, Gucek, M, Pohl, LR and Sack
M. SIRT3-dependent deacetylation exacebates acetaminophen hepatotoxicity. EMBO Rep.
2011;12:840-846.

81. Das, SK and Vasudevan D. Protective effects of silymarin, a milk thistle (Silybium
marianum) derivative on ethanol-induced oxidative stress in liver. Indian J Biochem
Biophys. 2006;43:306-311.

82. Nawar W. Lipids. In: Fennema O, editor. Food Chem. 3rd ed. New York: Marcel
Dekker, Inc.; 1996. p. 225-320.

83. Huang, D, Ou, B and Prior R. The Chemistry behind Antioxidant Capacity Assays. J
Agric Food Chem. 2005;53:1841-56.

84. Wanatabe, Y, Nakanashi, H, Goto, N, Otsuka, K, Kimura, T and Adachi S.
Antioxidative properties of ascorbic acid and acyl ascorbates in ML/W emulsion. J Am Oil
Chem Soc. 2010;85:1475-80.

85. Yadav, SC and Chand T. Antioxidant and hepatoprotective activity of Asphaltum

27


https://doi.org/10.20944/preprints202103.0143.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021 d0i:10.20944/preprints202103.0143.v1

punjabinum (Shilajit) against alcohol induced liver injury in rats. IJDFR. 2014;5:48-59.
86. Senthil Kumar, KJ, Liao, J-W, Xiao, J-HM, Vani, G and Wang S-Y. Hepatoprotective
effect of lucidone against alcohol-induced oxidative stress in human hepatic HepG2 cells
through the up-regulation of HO-1/Nrf-2 antioxidant genes. Toxicol. Vitr. 2012;26:700—
708.

87. Kamoun, Z, Kamoun, AS, Bougatef, A, Kharrat, RM, Youssfi, H, Boudawara, T,
Chakroun, M, Nasri M, and Zeghal N. Hepatoprotective and nephroprotective effects of
sardinelle (Sardinella aurita) protein hydrolysate against ethanol-induced oxidative stress
in rats. Env. Sci Pollut Res [Internet]. 2016;1:1-10. Available from: DOI 10.1007/s11356-
016-7424-4

88. Bougatef, A, Arroume-Nedjar, N, Manni, L, Ravallec, R, Barkia, A, Guillochon, D and
Nasri M. Purification and identification of novel antioxidant peptides from enzymatic
hydrolysates of sardinelle (Sardinella aurita) by products proteins. Food Chem.
2010;118:559-565.

89. Maines, MD and Gibbs P. 30 some years of heme oxygenase: from a molecular
wrecking ball to a mesmerizing trigger of cellular events. Biochem. Biophys. Res.
Commun. 2005;338:568-577.

90. Farombi, EO, Shrotriya, S, Na, HK, Kim, SH and Surh Y. Curcumin attenuates
dimethylInitrosamine-induced liver injury in rats through Nrf-2-mediated induction of
heme oxygenase-1. Food Chem. Toxicol. 2008;46:1279-1287.

91. Yao, P, Nussler, A, Liu, L, Hao, L, Song, F, Schirmeier, A and Nussler N. Quercetin
protects human Hepatoma cells from ethanol-derived oxidative stress by inducing heme
oxygenase-1 via the MAPK/Nrf-2 pathway. J. Hepatol. 2007;47:253-261.

92. Yang, L, Rozenfeld, R, Wu, D, Devi, LA, Zhang, Z and Cederbaum A. Cannabidiol
protects liver from binge alcohol-induced steatosis by mechanisms including inhibition of
oxidative stress and increase in autophagy. Free Radic. Biol. Med. 2014;68:260-267.

93. Bishayee, A, Darvesh, AS, Politis, T and McGory R. Resveratrol and liver disease:
from bench to bedside and community. Liver Int. 2010;30.

94. Pekiner, B, Ulusu, NN, Das-Evcimen, N, Sahilli, M, Aktan, F, Stefek, M, Stolc, S and
Karasu C. In vivo treatment with stobadine prevents lipid peroxidation, protein glycation

and calcium overload but does not ameliorate Ca2+-ATPase activity in heart and liver of

28


https://doi.org/10.20944/preprints202103.0143.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021 d0i:10.20944/preprints202103.0143.v1

streptozotocin-diabetic rats: comparison with vitamin E. Biochim. Biophys. Acta.
2002;1588:71-78.

95. Murphy, MP and Smith R. Targeting antioxidants to mitochondria by conjugation to
lipophilic cations. Annu. Rev. Pharmacol. Toxicol. 2007;47:629-656.

96. Gorlach, S, Fichna, J and Lewandowska U. Polyphenols as mitochondria-targeted
anticancer drugs. Cancer Lett. 2015;366:141-149.

97. Kelso, GF, Porteous, CM, Coulter, CV, Hughes, G, Porteous, WK, Ledgerwood, EC,
Smith, RAJ and Murphy M. Selective Targeting of a Redox-active Ubiquinone to
Mitochondria within Cells Antioxidant and Antiapoptotic Properties. J. Biol. Chem.
2001;276:4588-96.

98. Kwon, HJ, Cha, M-Y, Kim, D, Kim, DK, Soh, M, Shin, K, Hyeon, T and Mook-Jung
I. Mitochondria-Targeting Ceria Nanoparticles as Antioxidants for Alzheimer’s Disease.
ACS Nano. 2016;10:2860—2870.

99. Chen, Z, Zhang, L, Song, Y, He, J, Wu, L, Zhao, C, Xiao, Y, Li, W, Cai, B, Cheng, H
and Li W. Hierarchical targeted hepatocyte mitochondrial multifunctional chitosan
nanoparticles for anticancer drug delivery. Biomaterials. 2015;52:240e250.

100. James, AM, Cocheme, HM, Smith, RAJ and Murphy M. Interactions of mitochondria-
targeted and untargeted ubiquinones with the mitochondrial respiratory chain and reactive
oxygen species: implications for the use of exogenous ubiquinones as therapies and
experimental tools. J. Biol. Chem. 2005;280:21295-21312.

101. Chacko, BK, Srivastava, A, Johnson, MS, Benavides, GA, Chang, MJ, Ye, Y, Jhala,
N, Murphy, MP, Kalyanaraman, B and Darley-Usmar V. Mitochondria-Targeted
Ubiquinone (MitoQ) Decreases Ethanol-Dependent Micro and Macro Hepatosteatosis.
Hepatology. 2011;54:153-63.

102. Liang, Y, Harris, FLand Brown L. Alcohol Induced Mitochondrial Oxidative Stress
and Alveolar Macrophage Dysfunction. Biomed Res. Int. 2014;2014:1-13.

103. Ross, MF, Kelso, GF, Blaikie, FH, James, AM, Cochemé, HM, Filipovska, A, Da Ros,
T, Hurd, TR, Smith, RAJ and Murphy M. Lipophilic triphenylphosphonium cations as tools
in mitochondrial bioenergetics and free radical biology. Biochem. 2005;70:222—-230.

104. Ross, MF, Prime, TA, Abakumova, I, James, AM, Porteous, CM, Smith, RAJ and
Murphy M. Rapid and extensive uptake and activation of hydrophobic

29


https://doi.org/10.20944/preprints202103.0143.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 March 2021 d0i:10.20944/preprints202103.0143.v1

triphenylphosphonium cations within cells. Biochem J. 2008;411:633-645.

105. Trnka, J, Elkalaf, M and And¢l M. Lipophilic Triphenylphosphonium Cations Inhibit
Mitochondrial Electron Transport Chain and Induce Mitochondrial Proton Leak. PLoS One.
2015;10:e0121837.

106. Zhang, P, Qiang, X, Zhang, M, Ma, D, Zhao, Z, Zhou, C, Liu, X, Li, R, Chen, H and
Zhang Y. Demethyleneberberine, a Natural Mitochondria-Targeted Antioxidant, Inhibits
Mitochondrial Dysfunction, Oxidative Stress, and Steatosis in Alcoholic Liver Disease
Mouse Model. J Pharmacol Exp Ther. 2015;352:139-147.

30


https://doi.org/10.20944/preprints202103.0143.v1

