
The Mitochondria-targeted ubiquinone MitoQ decreases ethanol-
dependent micro and macro hepatosteatosis

Balu K Chacko1,2,#, Anup Srivastava1,2,#, Michelle Johnson1,2, Gloria A. Benavides1,2, Mi
Jung Chang1,2, Yaozu Ye1,2, Nirag Jhala1, Michael P Murphy3, Balaraman Kalyanaraman4,
and Victor M. Darley-Usmar1,2

1 Center for Free Radical Biology, University of Alabama at Birmingham
2 Department of Pathology, University of Alabama at Birmingham
3 MRC Mitochondrial Biology Unit, Cambridge, UK
4 Department of Biophysics, Medical College of Wisconsin, Milwaukee, Wisconsin, 53226

Abstract
Chronic alcohol-induced liver disease results in inflammation, steatosis and increased oxidative
and nitrosative damage to the mitochondrion. We hypothesized that targeting an antioxidant to the
mitochondria would prevent oxidative damage and attenuate the steatosis associated with
alcoholic liver disease. To test this we investigated the effects of mitochondria-targeted
ubiquinone, MitoQ, (5 & 25 mg/kg/d for 4 weeks) in male Sprague-Dawley rats consuming
ethanol using the Lieber-DeCarli diet with pair-fed controls. Hepatic steatosis, 3-nitrotyosine (3-
NT), 4-hydroxynonenal (4-HNE), hypoxia inducible factor α (HIF1α) and the activity of the
mitochondrial respiratory chain complexes were assessed. As reported previously, ethanol
consumption resulted in hepatocyte ballooning, increased lipid accumulation in the form of micro
and macrovesicular steatosis and induction of CYP2E1. MitoQ had a minor on the ethanol-
dependent decrease in mitochondrial respiratory chain proteins and their activities, it did however
decrease hepatic steatosis in ethanol consuming animals and prevented the ethanol-induced
formation of 3-NT and 4-HNE. Interestingly, MitoQ completely blocks the increase in HIF1α in
all ethanol-fed groups which has previously been demonstrated in cell culture models and shown
to be essential in ethanol-dependent hepatosteatosis. These results demonstrate the antioxidant
capacity of MitoQ in alleviating alcohol associated mitochondrial ROS and several downstream
effects of ROS/RNS production such as inhibiting protein nitration and protein aldehyde
formation and specifically ROS-dependant HIF1α stabilization.
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Introduction
Chronic alcohol consumption causes a spectrum of liver pathologies ranging from steatosis
to steatohepatitis, fibrosis, cirrhosis, and can ultimately progress to hepatocellular carcinoma
(1-4). Early stages of the disease are associated with macrovesicular or microvesicular
steatosis predominantly in the central and mid-zonal areas of the liver (zones 3 and 2).
Prolonged exposure to ethanol elicits secondary pathologies such as inflammation from gut-
derived endotoxins and progresses to steatohepatitis which is characterized by hepatocellular
ballooning, degeneration and necrosis, Mallory's hyaline body formation and tissue
neutrophil infiltration(2, 5). Cirrhosis, the late stage and most severe form of alcoholic liver
disease (ALD) is marked by fibrosis, altered liver architecture and decreased function and is
often progressive and may eventually lead to organ failure(5, 6). Therefore, it is important to
understand the molecular mechanisms that underlie the development of ALD to develop
therapies that prevent further disease progression.

Augmented generation of reactive oxygen and nitrogen species (ROS/RNS) through
induction of CYP2E1, NADPH oxidase and inducible nitric oxide synthase (iNOS) have
been shown to contribute to liver pathology associated with ethanol toxicity in animal
models of ALD(7-13). In addition, alcohol metabolism suppresses mitochondrial protein
synthesis through its effects on mitochondrial ribosomes and possibily mitochondrial
DNA(14, 15). Indeed, the mitochondria has long been recognized as an important target for
alcohol mediated toxicity(3, 14, 16).

Chronic alcohol consumption causes marked decreases in respiratory chain enzymes
resulting from decreased hepatic mitochondrial DNA (mtDNA) and proteomics studies have
demonstrated changes in as many as 40 proteins in response to alcohol(15, 17). In addition
to the direct impact of alcohol consumption on mtDNA, and mitochondrial protein synthesis
machinery, intra-mitochondrial proteins are irreversibly oxidized by ROS/RNS and reactive
lipid species such as 4-HNE (7, 9, 18-21). Functionally, this increases dysregulation of fatty
acid metabolism and increases activation of the mitochondrial permeability transition pore
(MPTP)(22, 23). Furthermore, endotoxin mediated activation of Kupffer cells also results in
nitrosative stress through induction of iNOS(7, 9). Increased generation of nitric oxide then
inhibits respiration in mitochondria sensitized by ethanol toxicity and also diet- induced
fatty liver indicating commonality in the mechanisms leading to hepatosteatosis in response
to metabolic stress(24, 25).

Taken together, these findings have naturally led to the testing of several antioxidant
strategies for the prevention of steatohepatitis. Studies using compounds such as vitamin E,
ebselen, superoxide dismutase and GSH precursors have demonstrated variable protective
effects in models of chronic alcohol toxicity(26-29). Recently, it has been shown that the
response to hypoxia plays an essential role in the induction of steatohepatitis(30) and this in
turn has been linked to mitochondrial ROS generation(31-34). However none of these
therapeutic strategies focus on the mitochondrion. Recently, the recognition that
mitochondrial dysfunction is central to a broad range of pathologies has resulted in a number
of mitochondria targeted therapies(35). Among the most prominent is the mitochondria
targeted derivative of the antioxidant ubiquinone, (MitoQ). Ubiquinone is a naturally
occurring electron carrier of mitochondrial respiratory chain. Covalent conjugation of
ubiquinone to the lipophilic triphenylphosphonium (TPP) cation, to form MitoQ, results in a
several fold accumulation in the cytoplasmic compartment and several-hundred fold
accumulation within mitochondria(36) where it is reduced to the active antioxidant
ubiquinol by the respiratory chain at complex II(37). It has been demonstrated that MitoQ
improves mitochondria-related pathologies such as diabetic nephropathy, organ damage in
LPS-induced sepsis, and more recently hepatitis C virus-induced hepatic damage(38-40).
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From in vivo and cell culture studies the mechanisms through which MitoQ mediates effects
largely involve the modulation of mitochondrial ROS formation from the mitochondrion and
the consequent effects on cell signaling. For example, it has been that mitochondrial ROS
plays a key role in the activation of HIF1α and MitoQ inhibits both mitochondrial ROS
formation and the regulatory pathways associated with hypoxia(31, 34, 41). Interestingly,
hypoxia has long been recognized as a key feature of ethanol-dependent hepatotoxicity and a
key regulator of steatosis leading to the hypothesis that MitoQ could suppress this pathway
in vivo (30, 42). Importantly, MitoQ is orally bio-available, with low toxicity and is well
tolerated in humans making it a suitable candidate for testing in animal models of alcohol
toxicity (40, 43).

Materials and Methods
Chronic ethanol exposure model

Adult male (260-300g) Sprague-Dawley rats (Charles River Laboratories, Hartford, CT)
were pair-fed isocaloric Lieber-DeCarli liquid diets (BioServ, NJ) containing 0% or 36%
ethanol by caloric content for 4 weeks (44). The feeding regimen was based on a 2 × 3
factorial design with three independent variables: dietary ethanol and two doses of
mitochondria-targeted ubiquinone (MitoQ) (5 and 25 mg/kg/d). Based on animal weights
throughout the study and the diet consumed measured over 24 hrs, the MitoQ dosage was
calculated to give the desired dose of 5 and 25 mg/kg/day. The stability of MitoQ in the
liquid diet ± ethanol was established by HPLC and showed no degradation over the course
of the experiment (data not shown) and had no effect on the amount of diet consumed in
each group (Table 1). Control diets were supplemented with the indicated doses were fed for
seven days prior to ethanol exposure. Liver tissues were harvested at the time of sacrifice.
All experiments were conducted in accordance with the NIAAA guidelines and approved by
the institutional Animal Care and Use Committee at the University of Alabama at
Birmingham.

Isolation of rat liver mitochondria
Coupled liver mitochondria were prepared by differential centrifugation of liver
homogenates as previously reported (15). Total mitochondria yield from pair-fed controls
and animals consuming ethanol was 131 ± 10 and 159 ± 21 mg of protein respectively (n =
6, p = 0.278). Control animals treated with MitoQ (5 and 25 mg/kg/d) had mitochondrial
yields of 148 ± 17 and 142 ± 11 mg of protein and animals consuming ethanol treated with
MitoQ had 169 ± 13 and 166 ± 9 mg of protein respectively (n = 4-5, p = 0.185 and 0.125).

Histology and immunohistochemistry
Paraformaldehyde fixed liver sections (5μm) were stained with hematoxylin-eosin and
quantified. The extent of steatosis was determined by measuring the area of macro- and
microsteatotic vesicles separately (six fields per slide, n= 5-6 animals per group) and was
quantified using Simple PCI software using the HLS algorithm with specific size exclusion
parameters for macro and microsteatosis. Steatotic vesicles larger than the hepatocyte
nucleus (7-8μm) and displacing the nucleus from center of the cell were considered
macrosteatotic and those which are smaller than the hepatocyte nucleus were characterized
as microsteatotic. Immunohistochemistry for 3-NT, HIF1α, iNOS and 4-HNE were
performed using antibodies raised against 3-NT (Millipore, Billerica, MA), HIF1α
(Epitomics, Burlingame, CA), iNOS (Santa Cruz, Santa Cruz, CA), or 4-HNE (Alpha
Diagnostics, San Antonio, Texas) and developed using DAB as substrate. Frozen liver
sections (5 μm) were fixed frozen using paraformaldehyde (4%) and stained with osmium
tetroxide (0.1%).
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Enzyme assays
Mitochondrial function was assessed by measuring the activity levels of NADH-ubiquinone
oxidoreductase (complex I), Succinate-ubiquinone oxidoreductase, (complex II),
Cytochrome C oxidase (complex IV), ATPase (complex V), citrate synthase and a combined
succinate-ubiquinone oxidoreductase/ ubiquinol ferricytochrome c reductase (complex II-
III) assay. All assays were measured spectrophotometrically as previously described(7).

Western blotting
Proteins were immunoblotted using antibodies against CYP2E1 (Chemicon, MA), ALDH2
(a kind gift from Dr. Matthew Picklo, University of North Dakota School of Medicine)
complexes I (30kD subunit), II (30kD subunit), III (core protein 1, Rieske iron sulphur), and
IV (subunits I and IV) (Invitrogen, CA.), phospho AMPK and phospho ACC (Cell
Signaling, MA.) and detected using enhanced chemiluminescence (SuperSignal, West-Dura
Pierce, IL).

Statistical analysis
All data represents the means ± SEM, n=6 for control and ethanol groups and n=5 for MitoQ
treated groups. Statistical significance was determined using Student's TTEST, ANOVA and
Newman-Keuls test as post-hoc test. p < 0.05 was taken as significantly different.

Results
MitoQ treatment with and without chronic ethanol consumption

Animals were pair-fed with either ethanol or control liquid diets containing MitoQ (0,5, or
25 mg/kg/day) for 28-35 days. There was no significant difference in body weight gain,
however the ethanol group had increased liver weight as compared to pair-fed controls
which was prevented by MitoQ although no effect was seen on liver to body weight ratios
(Table 1). Consumption of ethanol did not significantly increase serum alanine
aminotransferase levels compared with controls. Ethanol consumption resulted in increased
serum HDL levels as expected and but was not changed by MitoQ(45). The serum LDL/
VLDL also showed no significant changes with alcohol exposure or any treatment
(supplementary Figure 1).

MitoQ treatment decreases ethanol-dependent protein nitration and lipid peroxidation
Chronic ethanol consumption is known to increase 4-HNE-protein adducts and iNOS-
dependent protein nitration (7, 9, 20, 21). In agreement with these findings liver tissues
show intense staining for 4-HNE-protein adducts in chronic ethanol fed animals compared
to pair-fed controls (Figure 1A & 1B). HNE immunoreactivity was not uniform with
hepatocytes around the central veins showing the most intense staining (zones 2 & 3) and a
gradual decline towards the periportal region (zone 1). MitoQ treatment completely
abolished ethanol-induced 4-HNE staining in all regions of the liver sections examined.
Control experiments show no effect of MitoQ at either dose (Figure 1 A,B) and omission of
the primary antibody for HNE resulted in no detectable signal (result not shown). Consistent
with previous studies, chronic ethanol feeding increased 3-NT and iNOS staining with
highest in zone 3, with intermediate staining in zone 2 (Figure 2A & 2B) (9, 21, 46). MitoQ
treatment significantly decreased 3-NT staining in the liver of ethanol fed rats, however it
did not have any effect on the induction of iNOS protein. Controls with excess free 3-
nitrotyrosine or omission of the primary antibody for 3-NT resulted in no signal (result not
shown). It has been shown that MitoQ inhibits mitochondrial ROS and the consequent
activation of HIF1α (31, 32, 47). We first confirmed the activation of HIF1α in response to
EtOH (Figure 3A)(48, 49). Next we assessed the impact of Mito Q and demonstrated that
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drug treatment completely suppressed immunoreactivity of HIF1α at both concentrations
(Figure 3A,B).

MitoQ does not alter AMPK signaling, phosphorylation of ACC nor expression of Cyp2E1
or ALDH2 proteins by chronic ethanol consumption

In order to determine whether MitoQ had an effect on the ethanol metabolizing enzymes, we
measured protein expression levels of CYP2E1 and ALDH2 in liver homogenates
(Supplementary Figure 2A,B). Consistent with previous reports, CYP2E1 protein expression
was increased in all ethanol-fed animals(12). Importantly, CYP2E1 protein expression was
similar in ethanol fed control animals indicating similar exposure to ethanol in all treatment
groups when compared to treatment with MitoQ. Similarly, ALDH2 protein levels were not
affected by ethanol consumption or modified by MitoQ. These data suggest that MitoQ
treatment does not affect the key enzymes that are responsible for ethanol metabolism. We
next investigated whether MitoQ would alter levels of protein kinase (AMPK) and the level
of phosphorylation of its downstream target acetyl CoA carboxylase (ACC) since it has been
reported that total AMPK levels are decreased upon chronic ethanol consumption when
compared to controls (50). In the current study we observed only modest effects on the
AMPK system which only showed significance by MitoQ at 25 mg/kg/d (Supplementary
Figure 2C). Furthermore, levels of p-ACC were not different between ethanol-fed animals
and their pair-matched controls. MitoQ at 5 mg/kg/d had no affect; however MitoQ at 25
mg/kg/d had a modest however significant effect on the p-ACC/total protein ratio in both the
control and ethanol-fed animals (Supplementary Figure 2D).

MitoQ did not attenuate ethanol-dependent damage to the mitochondrial respiratory chain
Chronic ethanol consumption results in decreased activity of mitochondrial respiratory chain
proteins coded for by mitochondrial DNA(15, 17). Consistent with previous studies, chronic
ethanol consumption resulted in decreases in the activities of complex I, III, IV and V and a
small increase in citrate synthase activity in isolated mitochondria but was not changed by
MitoQ(Table 2). As previously shown, chronic ethanol consumption decreased complex I
(30kDa subunit), Complex IV (Subunits I and IV) and Complex III (Rieske FeS) proteins
levels although no effects on complex II or complex III core protein 2 were observed
Supplementary Figure 3 (15). Overall, treatment with MitoQ had only a modest effect on
Complex I, 30kD subunit and complex IV subunit IV and was only evident at the dose of 5
mg/kg/day MitoQ.

Hepatic Steatosis in response to chronic ethanol consumption and the impact of MitoQ
Chronic ethanol consumption increased hepatic macro- and microvesicular steatosis
compared to the pair-fed controls (Figure 4). Macrosteatototic vesicles distributed around
the pericentral region, in contrast, microvesicular steatosis is predominantly present around
the portal tract (zone 1) and to a lesser extent in the pericentral region(Figure 4A). MitoQ (5
and 25 mg/kg/day) significantly decreased macro- and microsteatosis in ethanol -fed rats. In
contrast to macrosteatosis, MitoQ did not demonstrate complete protection of microsteatosis
at 25 mg/kg/day (Figure 4B). MitoQ alone at either dose had no effect on steatosis in the
control animals. In order to confirm the presence of lipids in the liver and to identify the
type of lipid accumulated, frozen tissue sections were stained with osmium tetroxide which
selectively reacts with unsaturated lipids. Consistent with the data shown in Figure 4 chronic
alcohol consumption resulted in extensive accumulation of osmium tetroxide stained lipids
in macrovesicular steatotic vesicles (Figure 5A) around the central vein and as
microvesicular steatosis in the periportal region. MitoQ treatment decreased the number and
size of steatotic vesicles containing unsaturated lipids in ethanol-fed animals as reflected in
the quantification of area of osmium tetroxide staining (Figure 5B).
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Discussion
Alcohol-induced fatty liver enhances the susceptibility of the liver to develop steatohepatitis,
fibrosis, cirrhosis, and hepatocellular carcinoma(1, 5, 6). It has recently been shown that
steatosis is in response to ethanol consumption is modulated by the regulation of hypoxia in
the liver and this pathway is known to be responsive to mitochondrial function (30, 34, 41).
Since mitochondria are both a source and target for reactive oxygen and nitrogen species
(ROS/RNS) it is not surprising that they are thought to play a central role in the
pathophysiology of ethanol-dependent hepatotoxicity(3, 4, 13, 14, 51, 52) but the link to
hypoxia in this pathology is not clear. Taken together these data and other studies have
closely linked the production of ROS/RNS to mitochondrial DNA and protein damage and
alcohol-dependent metabolic derangements in the liver. On the basis of these findings we
hypothesized that a mitochondrial targeted antioxidant could potentially alleviate
pathological changes which occur in response to chronic alcohol consumption.

To test this we used oral treatment of MitoQ, an amphipathic conjugate of ubiquinone with
the triphenylphosphonium cation (TPP+) which has been shown to be non-toxic and orally
bioavailable in animal models and humans (32, 43, 53). Recent reports demonstrate MitoQ
mediated protection against cardiac ischemia-reperfusion injury, diabetic nephropathy,
adriamycin induced cardiotoxicity and hepatitis C induced liver injury (38, 40, 54, 55). The
TPP+ moiety targets the quinone functional group to the mitochondrion where it is reduced
to the quinol form by complex II, unlike the endogenous co-enzyme Q, it interacts poorly
with mitochondrial respiratory chain complexes I and III(56). Overall this allows MitoQ to
act as a source of reducing equivalents in this portion of the respiratory chain without greatly
impacting the normal electron transfer process. This increased concentration of MitoQ in the
mitochondrial inner membrane can act as an inhibitor of lipid peroxidation that generates 4-
HNE and can also prevent peroxynitrite mediated protein modification or potentially
scavenge peroxynitrite directly (36, 37). Importantly, alcohol-induced 4-HNE modification
of key proteins has been reported in the mitochondria including cytochrome c oxidase and
aconitase which are associated with the severity of steatosis in human subjects (1, 19, 57).
The mechanism by which MitoQ-mediated inhibition of lipid peroxidation and protein
nitration acts most likely through its direct antioxidant action concomitant with recent
reports which propose antioxidant, anti-inflammatory properties and anti-hypoxic properties
for this compound (31, 32, 34, 56, 58).

In support of our hypothesis, we found MitoQ inhibited the formation 4-HNE protein adduct
formation and 3-NT levels, indicators of the antioxidant action of MitoQ (Figure 1,2). The
pattern of 4-HNE and 3-NT staining demonstrate a strong gradient extending from the
pericentral region deep into the periportal region of the liver and is consistent with similar
studies of ethanol-induced liver injury(59). The enhancement of the oxidative/nitrosative
stress gradient is linked to several factors including exacerbation of the hypoxic gradient
developed in the liver acini and LPS-induced cytokine production in chronic ethanol
consumption. MitoQ treatment in LPS-induced inflammation has been shown to involve
decreases in proinflammatory cytokines such as IL-1β, IL-6, and IL-8 and increase in the
anti-inflammatory cytokine IL-10 levels (60). However, in the present study we found that
MitoQ did not significantly change the expression of iNOS suggesting that its mode of
action is downstream of cytokine signaling (Figure 2B).

Since it has been shown that mitochondria and specifically MitoQ can modify the cellular
response to hypoxia we next examined this pathway (31, 34, 41). Induction of tissue hypoxia
and HIF1α in the liver is a hallmark of alcohol-induced liver disease(30, 61). Furthermore
iNOS derived NO has been shown to inhibit prolyl hydroxylase enzyme activity by
competing for the iron(II) in the catalytic site of the enzymes during normoxia and changes
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mitochondrial function with increased ROS formation (7, 51, 62). Our data are consistent
with this literature since we found chronic ethanol induced HIF1α expression/stabilization
(Figure 3A), increased ROS and increased iNOS (Figure 2B). MitoQ treatment inhibited
ethanol-induced HIF1α expression in the liver (Figure 3A) whereas iNOS expression
remained unaltered (Figure 2B). Recently it has been shown that HIF1α in heptocytes is a
major determinant in the pathogenesis of alcoholic steatosis(30). Taken together we propose
that MitoQ inhibits the mitochondrial-dependent induction of HIF1α through suppression of
increased mitochondrial ROS in response to NO exposure or damage to the mitochondrion
by peroxynitrite. To form peroxynitrite superoxide must also be formed in response to
ethanol consumption and could come from a number of sources including the mitochondrion
or NADPH oxidase(10, 14). Since it has been shown that MitoQ can directly scavenge
peroxynitrite this is a likely mechanism through which activation of HIF1α is prevented(37).

Ethanol feeding leads to inhibition of mitochondrial protein synthesis, which is largely
responsible for the changes in the activities of the mitochondrial respiratory chain
complexes(4, 15, 52, 63). Moreover, MitoQ does not change ALDH2 levels and has no
known interaction with this enzyme therefore it is unlikely that it would have a major impact
on this aspect of ethanol-dependent hepatotoxicity. Since the effects of MitoQ on respiratory
chain proteins or activities are minor this is unlikely to be a major contributor to the
mechanism of MitoQ-mediated prevention of steatosis.

Accumulation of lipids as micro and macrovesicles and the distinctive localization of lipid
vesicles demonstrate the characteristic tissue pathology induced by ethanol(64). MitoQ
mediated inhibition of both micro and macrosteatosis at a dose of 5 mg/kg/day suggest
direct or indirect interference with the pathways leading to lipid accumulation in the liver
most likely through the prevention of oxidative and nitrative stress as discussed above
(Figure 4). Interestingly, MitoQ treatment at 25 mg/kg/d increased the level of
microsteatosis in the periportal areas of the liver similar to that observed in drug-induced
liver injury through mechanisms that are unclear at the present time.

In summary, we have shown that although MitoQ did not improve ethanol induced
inhibition of mitochondrial respiration or enzyme activities, but clearly protected the liver
against ethanol-induced oxidant damage and steatosis through a mechanism which involves
scavenging of ROS/RNS and the suppression of HIF1α activation. As MitoQ can be safely
administered long-term to humans [35, 36] and has been shown to decrease liver damage in
Hepatitis C patients [35] it may have potential to ameliorate the initial stages of fatty liver
disease in patients with alcoholic and non-alcoholic liver disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. MitoQ prevents ethanol-induced 4-HNE adduct formation in rat liver
Immunohistochemical detection of HNE adducts was performed on liver sections using anti-
HNE antibodies. (A) Representative images from each group (10×). (B) Quantification of
each image. **, represents p≤0.01 between ethanol treated group relative to the
corresponding non-ethanol group. # represents p≤0.05 among ethanol treated groups.
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Figure 2. MitoQ decreases hepatic 3-nitrotyrosine levels, but not iNOS
Paraffin embedded liver sections were immunostained using anti 3-NT (A) or iNOS (B)
antibodies and developed using DAB. Representative sections from each group, 40×; and
quantification of each image are depicted. **, represents p≤0.01 between ethanol treated
group relative to the corresponding non-ethanol group. # represents p≤0.05 among ethanol
treated groups.
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Figure 3. MitoQ inhibits ethanol-induced HIF1α accumulation in the liver
Immunoreactivity of anti-HIF1α antibody was detected in paraffin embedded liver sections
(A) Representative images of HIF1α fluorescent staining from each treatment group (10×).
(B) Fluorescent intensity of identically stained sections were quantified and expressed as
mean±sem. **, represents p≤0.01 between ethanol treated group relative to the
corresponding non-ethanol group. # represents p≤0.05 among ethanol treated groups.

Chacko et al. Page 14

Hepatology. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4. MitoQ prevents hepatic macrosteatosis and microsteastosis in ethanol-fed animals
Hepatic steatosis was assessed using H&E stained liver sections (A) Representative images
of macrosteatotic regions from each group, 40×, and steatosis quantification (B)
Representative images of microsteatosis in the periportal region from each group (40×) and
quantification. # represents p≤0.05 between ethanol treated group relative to the
corresponding non-ethanol group. # represents p≤0.05 among ethanol treated groups.
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Figure 5. MitoQ prevents the accumulation of unsaturated lipids in rat liver
Hepatic steatosis was assessed using osmium tetroxide stained frozen liver sections. (Panel
A) Representative images and (B) Quantitation of each set. ** represents p≤0.05 between
ethanol treated group relative to the corresponding non-ethanol group. # represents p≤0.05
among ethanol treated groups.
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