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ABSTRACT ARTICLE HISTORY
This systematic review aimed to describe the effects of antioxidant treat- Received 12 May 2021
ments after alcohol exposure in humans and in vitro models. A systematic ~ Revised 21 July 2021
review of quantitative studies to identify the effectiveness of antioxidant Accepted 23 July 2021
treatments on CYP2E1 activity after alcohol consumption. Multiple databases KEYWORDS

were searched from 2010 to May 2020 for studies in English, using MeSH Alcohol consumption;
terms and text words relating to antioxidant treatments, CYP2E1 and, alcohol Antioxidant treatment;
consumption. The protocol is registered on PROSPERO CRD42021226123. Cytochrome P450
Study quality was assessed using the NICE methodology. The review is

reported according to PRISMA. A total of eight original articles were ana-

lyzed. All papers collected and reported quantitative data. Antioxidant treat-

ments could be beneficial after alcohol exposure to improve oxidative stress

by decreasing CYP2E1 activity and increasing GSH levels. Our results suggest

that antioxidant treatments could be beneficial and effective during ethanol

exposure in human or in vitro models.

Introduction

It has been described that excessive consumption of alcohol promotes the pathogenesis of many fatal
diseases, including cancer, liver cirrhosis cardiovascular diseases, diabetes, and neuropsychiatric
disorders.!" ) In effect, causing liver injury in humans due to increased oxidative stress has been
shown.**! Ethanol metabolism produces alcoholic fatty liver, alcoholic hepatitis, or cirrhosis./*” The
major pathway of oxidative metabolism of ethanol in the liver involves alcohol dehydrogenase (ADH)
present in the cytosol.[8] Both ADH, CYP450 2E1 (CYP2E1), and catalase (CAT) are responsible for
the oxidative metabolism of ethanol, while via non-oxidative metabolism, fatty acid ethyl esters
(FAEE) synthase produces FAEEs.!”!

During alcohol intoxication, the CYP2E1-dependent microsomal monooxygenase system and the
microsomal respiratory chain are the main sources of reactive oxygen species (ROS) within the
hepatocytes. Cytochrome P450 2E1 is of special interest because of its ability to metabolize and
activate numerous hepatotoxic substrates in the liver such as ethanol, carbon tetrachloride, acetami-
nophen, and N-nitroso dimethylamine, to more toxic products.!'” In this sense, induction of
cytochrome CYP2E1 by ethanol appears to be one of the central pathways by which ethanol generates
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a state of oxidative stress. In addition, oxidation of ethanol by CYP2E1 produces acetaldehyde, a highly
reactive compound that may contribute to the toxic effect of ethanol.!"!

Acetaldehyde has been identified as the primary component responsible for the development of
alcohol-mediated liver injury, extracellular matrix alterations, and inflammation.">"*! Its effects are
produced through the formation of ROS and an imbalance in the redox potential (NAD/NADH). It
also forms protein aggregates in hepatocytes, reducing the secretion of proteins and promoting
hepatomegaly, with dopamine to generate salsolinol, which can contribute to alcohol dependency,
and binds with the DNA to form carcinogenic products like 1,N 2-propane-2'-desoxyguanosine.'***!

There are numerous evidence for alcohol-mediated oxidative stress and toxicity in animal models
and in vitro studies involving ethanol inducible CYP2E1 mediated oxidative stress and toxicity, '®'”!
where laboratory findings have stimulated investigations exploring novel pathophysiological targets
that could be used for ALD therapy. The effects produced by alcohol in the liver can be counteracted
by the antioxidant defense of the hepatocyte, which induces enzymatic mechanisms like superoxide
dismutase, catalase, glutathione peroxidase, and glutathione reductase,'®°! as well as other non-
enzymatic mechanisms. Although the effectiveness of several antioxidants, including silymarin,
vitamin E, N-acetylcysteine, and S-adenosylmethionine (SAMe), has been evaluated in recent clinical
trials, conflicting outcomes were reported.'®!>?"??] Therefore, the specific question addressed in this
systematic review was: could the antioxidant treatments improve CYP2E1 activity after alcohol
exposure in humans and in vitro models?

Methods

A systematic review of quantitative articles studying the effectiveness of antioxidant treatments on
CYP2EI activity after alcohol exposure. The protocol is registered on the PROSPERO database,
CRD42021226123.1%*! The review is reported according to PRISMA.**

Search strategy and selection criteria

Search strategy

Multiple databases (MEDLINE, EMBASE, Scopus, and Web of Science) were searched from 2010 to
May 2020 for original articles, primary quantitative studies in English, using MeSH terms (“alcohol
consumption” AND “CYP2E1” AND “antioxidant treatment”) and text words relating antioxidant
treatments, CYP2E1 and alcohol consumption according to the research question (Supplemental
Appendix 1). The searches were part of broader searches for a series of reviews covering a range of
health parameters, as biochemistry parameters and molecular biology analysis. Additionally, the
reference lists of included studies and relevant reviews were searched.

Identification of relevant studies
Two reviewers screened titles, abstracts, and papers for inclusion. Differences between reviewers’
results were resolved by discussion with another reviewer.

Types of study and design

The human studies the specific inclusion criteria were: 1. primary quantitative studies or mixed
methods studies with a quantitative component (using descriptive or inferential statistics methods,
with parametric or non-parametric methods): cross-sectional studies or randomized controlled trials;
which report antioxidant treatments type used, CYP2E1 effects and alcohol consumption patterns and;
2. studies in English. Research studies were excluded if they: 1. systematic reviews; 2. conference
abstracts; 3. editor letters; 4. were not an original investigation published in full; 5. did not provide or
specify numerical data; 6. studies on population older than 80 years old and 7. studies not focused on
the effectiveness of antioxidant treatments on CYP2E1 activity after alcohol exposure.
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Population/setting

People aged between 15 and 80 years old, living in the community; including healthy participants with
no pre-conditions for later ill health such as diabetes, insulin resistance, high blood pressure, or high
cholesterol. People on medication or studies that primarily focused on populations with ill health e.g.
stroke, coronary heart disease, and mental health conditions were excluded. For in vitro studies,
HepG2 or SK-Hep-1 cells were exposed to ethanol and protective molecules to evaluate their
protective capacity on alcohol-induced liver disease.

Quality assessment/risk of bias

Methodological quality was assessed using the NICE methodology for quantitative studies by one
reviewer and checked for accuracy by a second reviewer.!*! Differences between reviewers were
resolved by discussion. No studies were excluded based on quality.

Data extraction and synthesis

Data relating to the population and study characteristics of the included studies were extracted by one
reviewer (CC) and checked by another reviewer (DC) (Table 1). To identify information relevant to
variables involved in the effectiveness of antioxidant treatments on CYP2EI activity after alcohol
exposure, one researcher (CS) examined the results and discussion sections of each text, line by line,
to identify data relating to antioxidant treatments, CYP2EI activity, and alcohol exposure. Interpretation
and concepts of the study authors were also included if they were developed from the original data. The
text was then further examined and reorganized into themes (Table 2). Further interpretation and
analysis about possible treatments on CYP2E1 activity after alcohol exposure in identified from the texts.

Results

Figure 1 illustrates the flow chart for the study selection process from eight papers were identified.!*~*

A summary of included studies, and the populations/setting and context in which they were conducted is
shown in Table 1.

Description of included studies

From the primary studies, four papers were conducted in Korea, two in China, and two in Indonesia.
A total of eight original articles were analyzed. All papers collected and reported quantitative data
through randomized controlled trials (Table 1). Six studies were realized in cell culture (in vitro
models);?*2>**2) and two in human models.**** Five studies were conducted in HepG2
cells, 2?7233 one in SK-Hep-1 cells™® and two in healthy adults.*®**! Details of antioxidant
treatment of each study where available are shown in Table 1. Two studies included S. quelpaertensis
Nakai leaf extract,®"?! one fermented sea tangle,m] one baicalin,® one corn-peptides,”*”! one use
phytochemicals,*®! one in reduced-glutathione (GSH)!®%;! while one including a standardized poly-
phenolic extract of clove buds (Clovinol).?!

Quality assessment

Quality assessment results and assessment criteria of individual studies are shown in Supplemental
Table 1. Overall, the quality of studies was generally high or moderate for internal and external
validity. No studies were excluded based on quality.
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Table 2. Variables involved in effectiveness of antioxidant treatments on cytochrome P450 2E1 (CYP2ET) activity after alcohol

consumption.

Measurement Cell or metabolic changes References
Antioxidant Clovinol administration was found to maintain the baseline level of SOD with significant Mammen et al.B3a<
activity inhibition (92.5%; p < .001) in SOD depletion as compared with placebo.
Clovinol administration inhibits the decrease in GSH levels with an average improvement Mammen et al.3a<
of 34.5% compared to placebo.
The level of the antioxidant GSH was found to be 3-fold upregulated in VL-17A cells Chandrasekaran
treated with ethanol, which may be a metabolic adaptation of the oxidative stress. et all2o12b
The SQEA, rich in phenolic acids such as p-coumaric acid and flavonoids, particularly Madushani Herath
myristin, showed a hepatoprotective effect against EtOH (400 mM) in HepG2 cells. et al.B112b
Baicalin inhibits oxidative stress induced by the combination of alcohol and iron, mainly Xu et al.2%aP
by chelation of iron.
Co-treatment of cells with ethanol and Qu, Ct, Cf and Py significantly inhibited oxidative Lee et al [282P
ethanol metabolism-induced cytotoxicity by blocking ROS production.
Ct was very effective at recovering levels of intracellular ROS and MMP altered by ethanol Lee et al.[2802P
treatment.
Cell viability Untreated VL-17A cells exhibited apoptosis and oxidative stress when compared with Chandrasekaran
untreated HepG2 cells. et al[2612b
Chronic alcohol exposure, i.e.,, 100 mM ethanol treatment for 72 h caused a significant Chandrasekaran
decrease in viability (47%) in VL-17A cells but not in HepG2 cells. et all2o12b
SQEA at 125, 250 and 500 pg/mL exhibited cytoprotective effect against EtOH induced ~ Madushani Herath
toxicity and enhanced the cell viability by 25.3%, 16% and 17.2% respectively (all et al B12b
p < .05).
Increased in cells treated with SQEE80 (0-1000 ug/mL) after 24 hours of incubation at Madushani Herath
high concentrations of SQEE80 compared to untreated control: by 10% at 250 pg/mL, et al 322P
by 20% at 500 pg/mL and by 18% to 1000 pg/mL (p < .05).
Co-treatment of cells with 100 mM ethanol and Qu, Ct, Cf or Py (1 or 5 uM) significantly Lee et al.12812b
increased proliferation of SK-Hep-1 cells to a range of 93-106%.
Apoptosis Treatment with SQEA at 125 and 250 pug/ml reduced the apoptotic DNA fraction in the ~ Madushani Herath
sub-G1 phase by 2.1 (p < .05) and 2.3 (p < .005) times. et alB12b
Pretreatment with Ba markedly decreased apoptosis (p < .05) in the EtOH-Fc-Ba group Xu et al.[2%2P

Cellular damage

Protein
expression

Biochemical
parameters

(25 uM) and the EtOH-Fc-Ba group (50 uM) compared to the EtOH-Fc group. The effect
of Ba was concentration dependent.

SQEE80 treatments (250 and 500 pg/mL) decreased the apoptotic DNA in sub-G1 groups
in ethanol-stimulated cells by 62.2% and 55.5% compared to those without SQEE80
treatment.

Clovinol administration reduced the extent of lipid peroxidation by 25% and helped it to
remain in the normal range at all times after alcohol ingestion.

Clovinol administration was found to maintain the baseline 8-isoprostane levels.

Pretreatment with Ba reduced the level of ROS induced by EtOH-Fc in the EtOH-Fc-Ba
group (25 pM) and the EtOH-Fc-Ba group (50 pM) after 1 h of EtOH treatment.

ROS production was decreased in ethanol stimulated HepG2 cells treated with SQEE80
compared to those without SQEE80 treatment. The reduction of ROS production was
22.9% (p < .05) and 37.7% (p < .05) with 250 ug/mL and 500 pg/mL of SQEE80
treatments, respectively.

Treatment with FSTJ at a concentration of 25 pg/mL increased GSH levels to 67.08%.

In ethanol-treated cells, GSH content decreased to 44.35% of control (ethanol-untreated
cell) value.

Co-treatment of cells with ethanol and Qu, Ct, Cf or Cf (1 or 5 uM) decreased cytotoxicity
to 95-110%.

Lipid hydroperoxide levels were decreased by 14-18% with the addition of Qu, Ct, Cf and
Py.

The level of reduced glutathione increased to a range of 6.61-6.71 nmol/ug protein with
the addition of Qu, Ct, Cf and Py.

Incubating VL-17A cells with 100 mM ethanol for 72 h resulted in a 2.6-fold increase in the
level of CYP2E1 when compared to untreated VL-17A cells.

The expression of CYP2E1 was completely inhibited in cells treated with FSTJ at
a concentration of 25 pug/mL.

SQEE80 treatment with 250 pg/ml (p < .05) significantly increased catalase activity by
1.7-fold in ethanol-stimulated HepG2 cells compared to those without SQEE80
treatment. In addition, treatment with both doses of SQEE80 in ethanol stimulated cells
significantly increased liver GPX-1 activity (p < .05) compared to cells without SQEE80
treatment.

Clovinol supplementation significantly inhibited the alcohol-induced elevation in IL-6.

Madushani Herath
et al‘[32]a,b

Mammen et al.332<

Mammen et al.3312<
Xu et al.2%2p

Madushani Herath
et al‘[32]a,b

| [27]a,b

Kang et a
| [27]a,b

Kang et a

Lee et al [282P

Lee et al.[2802P

Lee et al [282P

Chandrasekaran
et aI [26]a,b

Kang et al.27aP

Madushani Herath
et al B%2b

Mammen et al.3312<

(Continued)
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Table 2. (Continued).

Measurement Cell or metabolic changes References
Supplementation with CPs decreased ALT and AST, whereas participants who received Wu et al %P
WP or placebo showed no significant changes.
Decrease in the blood acetaldehyde concentrations upon Clovinol treatment, as Mammen et al.B312<

compared with control.

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; Clovinol: Standardized polyphenolic extract of Clove buds; Cf:
Caffeic acid;

CPs: Corn peptides; Ct: Catechin; CYP2E1: Cytochrome P450 2E1; EtOH: Ethanol; FSTJ: Fermented marine tangle juice; GPX-1:
Glutathione peroxidase-1; GSH: Reduced glutathione; MMP: Mitochondrial membrane potential; Py: Phytic acid; Qu: Quercetin;
SOD: Superoxide dismutase; SQEA: Ethyl acetate fraction of 80% ethanol extract of Sasa quelpaertensis Nakai leaves extract;
SQEE80: 80% ethanol extract of Sasa quelpaertensis; ROS: Reactive oxygen species.

Database searches
SRs 217 records
Primary studies
431 records

After duplicates removed
SRs 217 records
Primary studies 408 records
Total: 625

Records excluded

615 SRs/primary studies
Records screened
. SRs 21_7 records (most studies excluded are focused on populations with
Primary studies 408 records health problems and, underlying pathologies (diabetes,
Total: 625 insulin resistance, high blood pressure, high cholesterol),

stroke, coronary heart disease, mental health conditions,
and people taking medicines.

A

Full-text assessed for eligibility Records excluded
Primary studies 10 records 2 SRs/primary studies
Total: 10

Included primary studies
n=8 primary studies

Figure 1. PRISMA flow diagram.

Relation between antioxidants and alcohol exposure

Processes that protect against alcohol-induced deleterious effects include antioxidant enzymes,!”’

such as superoxide dismutase, catalase, glutathione, and glutathione reductase!’®'%;! the antioxidant

GSH, metal-binding proteins, vitamins C and E; the carotenoids that deactivate the free radicals>**%;
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Identify clearly the period
of alcohol consumption

Other considerations:
clinical history of alcohol
: Identify the kind of
consumption, A
comorbilities, chronic antioxidant used
diseases. 4
Considerations to use
antioxidant strategies after
alcohol exposure in
humans
) Describe or indicate the
Describe the alcohol type doses used on population
used in the study studied

Figure 2. Factors to have in consideration during antioxidants treatment after alcohol exposure.

and other antioxidants such cinnamic acid and syringic acid that improving the inflammatory and
oxidative damage produced by ethanol.!*®’

Few studies in humans have described the role of antioxidants on alcohol intake.*%3?! In effect,
some variables involved during alcohol exposure, such as time of exposure, age, dose, ethnicity, or type
of alcohol consumed could hinder the process. Meanwhile, in vitro assays allow controlling the studied
substance, without subjecting humans or animals to the possible side effects or toxicity of a new drug.
The possible antioxidant strategies to use on CYP2EI activity after alcohol exposure are shown in
Figure 2.

Antioxidant activity

The antioxidant effects were indicated in almost all articles (Table 2). However, if the antioxidant
activity was not measured; others measurements such as cell viability, cellular damage, protein
expression, or enzymatic analysis were analyzed to evaluate it.*”****) The changes on GSH enzyme
activity to evaluate antioxidant effects were often used.?**"*?) Although one study used to measure
more than one enzyme involved in the antioxidant activity to evaluate antioxidant effects such as
catalase and glutathione peroxidase,*®! just one study used the ABTS radical cation to measure
antioxidant activity.*"!

Cell viability

Viability levels and/or proliferation rates of cells are good indicators of cell health. In effect, physical
and chemical agents can affect cell health and metabolism. Thus, some in vitro studies have shown that
cells treated with Ethyl acetate fraction of 80% ethanol extract of Sasa quelpaertensis Nakai leaves
extract (SQEA) or 80% ethanol extract of Sasa quelpaertensis (SQEE80) have enhanced cell viability
due to attenuated oxidative stress by decreased expression of CYP2E1.°"*?) In the same way, the co-
treatment of cells with ethanol and phytochemicals shown an increased proliferation of SK-Hep-1 cells
due to suppression ROS and lipid hydroperoxide (LPO) production, protein oxidation,?® and loss of
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mitochondrial membrane potential (MMP) and increased CAT and glutathione peroxidase-1 (GPX-1)
activities during 4-methylpyrazole (4-MP) induced non-oxidative metabolism of ethanol.

Apoptosis

Flow cytometry is one of the most popular and versatile applications for studying apoptosis. In effect,
antioxidants’” effects on ethanol-induced free radicals and hepatic DNA strand breaks have been
studied. In this sense, the treatment with SQEA or SQEE80 decreased the apoptotic DNA fraction
confirming their hepatoprotective effect against ethanol-induced cell death.*"*? Likewise, pre-
treatment with Baicalin has shown decreased apoptosis levels on groups treated with ethanol and
25 uM and 50 pM of Baicalin, due to a decreased accumulation of ROS and prevention on HepG2 cells
from protein oxidation damage and apoptosis.!*’!

Cellular damage

Reactive oxygen species plays an important role in alcohol-induced cell injury and disease; and it can
cause various cellular injuries, such as DNA damage, lipid peroxidation, and protein modification.
However, antioxidant exposure could decrease levels of lipid peroxidation and ROS. In this sense,
Clovinol -standardized polyphenolic extract of clove buds- administration reduced lipid peroxidation
and 8-isoprostane, a marker of oxidative stress, after alcohol ingestion.”** While Baicalin and SQEE80
reduced the levels of ROS after ethanol treatment.!***!

Likewise, there are non-enzymatic defense mechanisms that include: GSH, which is almost
exclusively in its reduced form and detoxifies the ROS produced on the mitochondrial electron
transport chain. Thus, compounds as Fermented Sea Tangle Juice (FSTJ) and phytochemicals, such
as quercetin, catechin, caffeic acid, and phytic acid; have shown increased GSH levels after ethanol

exposure,?”?*! promoting increased protection of this organelle to oxidative damage.

Protein expression

Induction of CYP2EI is one of the central pathways by which ethanol generates oxidative stress, where
incubating VL-17A cells with ethanol results in an increase in CYP2E1 levels.**! Likewise, studies have
described the expression of CYP2E1 was completely inhibited when cells were treated with FSTJ.!*”]

Biochemical parameters

Antioxidants promote hepatoprotective effects and improve the activities of the enzymes that are
associated with alcoholic liver disease. In this sense, SQEE80 has been shown to increase CAT and
GPX-1 activity in ethanol-stimulated HepG2 cells compared to those without SQEE80 treatment.**!
Clove buds (Syzygium aromaticum L.), a popular kitchen spice, have been identified as one of the richest
sources of antioxidants polyphenols among the various fruits, vegetables, and edible herbs. Thus,
Clovinol has been shown to decrease acetaldehyde levels and inhibited the alcohol-induced elevation
in IL-6 through its antioxidant and anti-inflammatory potential.** Likewise, Corn Peptides (CPs) -a
novel food prepared from corn gluten meal- have shown beneficial effects on early alcoholic liver disease
and acute alcoholic injury in mice. In effect, CPs decreased serum activities of ALT and AST.""!

Discussion

The systematic review collates and synthesizes evidence from eight quantitative studies relating
different kinds of antioxidant treatments and CYP2E1 activity after alcohol exposure in humans
and in vitro models.
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Summary of key findings and interpretation

It is important to note that the effects produced by alcohol can be counteracted by antioxidant
enzymes like superoxide dismutase, catalase, glutathione peroxidase, and glutathione reductase as
well as non-enzymatic mechanisms.!"®'?) These non-enzymatic defense mechanisms include: GSH;
metal-binding proteins; vitamins C and E; the carotenoids that deactivate the free radicals****; and
other antioxidants such cinnamic acid and syringic acid that suppress liver activity and/or protein
expression of CYP2E1, ADH, NADPH oxidase, nitric oxide synthase (iNOS), cyclooxygenase-2
(COX-2) and nuclear factor-kB (NF-kB), improving the inflammatory and oxidative damage pro-
duced by ethanol.*® In addition, baicalin can alleviate ethanol-induced liver damage in rats, probably
due to its antioxidant, anti-inflammatory properties, and the activation of Shh, which plays an
important role in the morphogenesis of tissues and liver repair.['*>?7]

In this sense, in vitro studies on HepG2 cells have shown that SQEA and SQEE80 enhance cellular
growth rates.”’*? While, phytochemicals treatment has shown an increased proliferation on SK-Hep-1
cells.'”® Thus, cell viability has been enhanced through a decreased oxidative stress and CYP2E1 expres-
sion, suppression of ROS and LPO production, protein oxidation, loss of MMP, and increased CAT and
GPX-1 activities; suggesting that SQEA, SQEE80, and phytochemicals, such as quercetin, catechin, caffeic
acid, and phytic acid; have a direct action on oxidative and non-oxidative metabolism of ethanol.

It has been reported that ethanol promotes the formation of ROS within the mitochondria and
reduces the concentration of GSH, promoting increased susceptibility of this organelle to oxidative
damage.">**) Also, ROS can interact with lipids, proteins, and DNA in a process called peroxidation,
leading to the production of malondialdehyde (MDA) and 4-hydroxynonenal (HNE).*! However,
previous studies have described that exposure to antioxidants as Clovinol, Baicalin, SQEE80, FSTJ, and
phytochemicals as quercetin, catechin, caffeic acid, and phytic acid; could decrease levels of lipid
peroxidation and ROS.?7~2*3233] I effect, Clovinol reduces lipid peroxidation and 8-isoprostane in
adult males after binge drinking,"** whereas Baicalin and SQEE80 reduced the levels of ROS after
ethanol treatment on HepG2 cells.?*?! Likewise, compounds as FSTJ and phytochemicals increase
GSH levels after ethanol exposure on HepG2 and SK-Hep-1 cells, respectively.[27’28] These findings
support previous hypotheses, suggesting a decreased oxidative stress and increased protection to
oxidative damage after antioxidant exposure.

Peroxidation increases the release of cytochrome c, as a result of the increase in mitochondrial
permeability, promoting apoptosis.“’~*?) However, the treatment with SQEA or SQEE80 decreased the
apoptotic DNA fraction.*"*?! Likewise, Baicalin has shown decreased apoptosis levels.*” These results
confirming the protective effects of SQEA, SQEES80, and Baicalin against ethanol-induced cell death,
probably due to a decreased accumulation of ROS and prevention from protein oxidation damage and
apoptosis.

Biochemical tests can be useful in determining the toxic effects and health wellness.!**! It has been
described that hepatic damage could be observed after 4 and 12 weeks of ethanol treatment, which is
evidenced by higher levels of hepatic enzyme markers and malondialdehyde.**) For alcoholics,
abnormal values for two or more of the five parameters Alanine Aminotransferase (ALAT),
Aspartate Aminotransferase (ASAT), gamma-glutamyl transferase (GGT), and creatinine gave
a diagnostics sensitivity of 85% and a diagnostic specificity of 64%. Likewise, elevated ALAT and
ASAT levels have been described as a general indicator of tissue and organ damage caused by alcohol,
viruses, infections, drugs, or toxins.**! In this sense, CPs have decreased serum activities of ALAT and
ASAT promoting beneficial effects on early alcoholic liver disease and acute alcoholic injury.*” In
addition, antioxidant enzymes such CAT and GPX-1 increase their activities after SQEE80 exposure,
enhanced alcohol oxidation.*?

Ethanol-induced oxidative stress is the result of the combined impairment of antioxidant defenses
and the production of reactive oxygen species by the mitochondrial electron transport chain, the
alcohol-inducible CYP2E1, and activated phagocytes. Currently, it is known that antioxidants can be
used as a therapeutic strategy in various pathologies, including ethanol consumption. It has been
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found the activation of stellate pancreatic cells is inhibited when they are incubated with
antioxidants.!*®! Therefore, antioxidants described previously may represent a potential therapeutic
strategy for damage caused by alcohol.

Scope and limitations

The goal of this study was to seek an explanation that relates antioxidant treatments and CYP2E1
activity after alcohol exposure. However, the lack of data linking CYP2E1 and alcohol dehydrogenase
activities/expressions with antioxidants therapies remains a limitation of this study and needs to be
addressed in future studies. Unfortunately, the results provide little support for this notion. At best, we
could only discern a trend toward enhanced enzymatic activities/expressions in most of studies with
significant improvement in those who had antioxidants exposure. Whereas in light of these data, it
appears that antioxidants exposure, did significantly improve oxidative stress, cell viability, DNA
damage, and biochemical parameters after alcohol exposure in humans, HepG2, and SK-Hep-1 cells.

Our systematic review excluded animal studies, due to different variables involves such as nutritional
status; type of food ingested, genetic factors, environmental factors such as animal facility; and different
amounts of daily ethanol intake or antioxidants, which could influence or interfere with the interpreta-
tion of the data related to the physiological response of ethanol consumption and antioxidant treatment.

Conclusion

Our results suggest that antioxidant treatments could be beneficial and effective during ethanol
exposure in human or in vitro models due to decreasing CYP2E1 activity and apoptosis levels and;
an increase in GSH levels and cell proliferation. However, despite all the advances that have been made
in clarifying effects caused by antioxidants supplementation, future studies should clarify more
efficiently the relationship between ethanol consumption, antioxidant treatments, and defense
mechanisms against oxidative stress; including enzymatic and non-enzymatic mechanisms using
specific cell lines or clinical trials.

Disclosure statement

No potential competing interest was reported by the authors.

Funding

This work was supported by the Universidad de La Frontera under Grant DI20-0003.

ORCID

Vanessa Souza-Mello (1) http://orcid.org/0000-0002-2510-9569
Cristian Sandoval (2) http://orcid.org/0000-0003-3184-6482

Author contributions

CS and VS designed this study; DC and CC supervised the study; CS, DC, CC, and VS conducted the literature searches,
data extraction, and independent search and reviewing; CS and VS prepared a first draft of the manuscript; and CS, DC,
CC, and VS finalized it.



1316 D. CARRASCO ET AL.

References

(1]

(19]

[20]

Haber, P. S;; Apte, M. V,; Moran, C.; Applegate, T. L.; Pirola, R. C; Korsten, M. A,; McCaughan, G. W;
Wilson, J. S. Non-oxidative Metabolism of Ethanol by Rat Pancreatic Acini. Pancreatology. 2004, 4(2), 82-89.
DOI: 10.1159/000077608.

Brust, J. C. M. Ethanol and Cognition: Indirect Effects, Neurotoxicity, and Neuroprotection: A Review. Int.
J. Environ. Res. Public Health. 2010, 7(4), 1540-1557. DOI: 10.3390/ijerph7041540.

World Health Organization. Alcohol. Descriptive Note N°349; World Health Organization: Nueva York, 2011.
Cederbaum, A. I. Cytochrome P450 2E1-dependent Oxidant Stress and Upregulation of Anti-oxidant Defense in
Liver Cells. J. Gastroenterol. Hepatol. 2006, 21(s3), S22-S25. DOI: 10.1111/j.1440-1746.2006.04595.x.

Cohen, J. L; Roychowdhury, S.; DiBello, P. M.; Jacobsen, D. W.; Nagy, L. E. Exogenous Thioredoxin Prevents
Ethanol-induced Oxidative Damage and Apoptosis in Mouse Liver. Hepatology. 2009, 49(5), 1709-1717. DOI:
10.1002/hep.22837.

Garcia Gutiérrez, E.; Lima Mompd, G.; Aldana Vilas, L.; Casanova Carrillo, P.; Feliciano Alvarez, V. Alcoholismo
y sociedad, tendencias actuales. Rev. Cub. Med. Mil. 2004, 33, 3.

Arias, R. Reacciones fisioldgicas y neuroquimicas del alcoholismo. Diversitas. 2005, 1(2), 138-147. DOI:
10.15332/51794-9998.2005.0002.02.

Lakshman, R.; Cederbaum, A. I; Hoek, J. B.; Konishi, M.; Koop, D.; Donohue, T. M. Use of CYP2E1-transfected
Human Liver Cell Lines in Elucidating the Actions of Ethanol. Alcohol Clin. Exp. Res. 2006, 29(9), 1726-1734.
DOL: 10.1097/01.alc.0000179379.03078.8f.

Wu, H; Cai, P; Clemens, D. L; Jerrells, T. R; Shakeel Ansari, G. A.; Kaphalia, B. S. Metabolic Basis of
Ethanol-induced Cytotoxicity in Recombinant HepG2 Cells: Role of Nonoxidative Metabolism. Toxicol. Appl.
Pharmacol. 2006, 216(2), 238-247. DOI: 10.1016/j.taap.2006.05.003.

Lu, Y.; Cederbaum, A. I. CYP2EI and Oxidative Liver Injury by Alcohol. Free Rad. Biol. Med. 2008, 44(5),
723-738. DOL: 10.1016/j.freeradbiomed.2007.11.004.

Yang, Z.; Klionsky, D. J. Eaten Alive: A History of Macroautophagy. Nature Cell Biol. 2010, 12(9), 814-822. DOLI:
10.1038/ncb0910-814.

Bailey, S. M.; Cunningham, C. C. Contribution of Mitochondria to Oxidative Stress Associated with Alcoholic
Liver Disease. Free Rad. Biol. Med. 2002, 32(1), 11-16. DOI: 10.1016/S0891-5849(01)00769-9.

Hoek, J. B, Cahill, A; Pastorino, J. G. Alcohol and Mitochondria: A Dysfunctional Relationship.
Gastroenterology. 2002, 122(7), 2049-2063. DOI: 10.1053/gast.2002.33613.

Tuma, D. J.; Casey, C. A. Dangerous Byproducts of Alcohol Breakdown: Focus on Adducts. Alcohol Res. Health.
2003, 27(4), 285-290.

Sandoval, C,; Vasquez, B.; Mandarim-de-Lacerda, C.; Del Sol, M. Ethanol Intake and Toxicity: In Search of New
Treatments. Int. J. Morphol. 2017, 35(3), 942-949. DOI: 10.4067/S0717-95022017000300024.

Schattenberg, J. M.; Czaja, M. J. Regulation of the Effects of CYP2E1-induced Oxidative Stress by JNK Signaling.
Redox Biol. 2014, 3, 7-15. DOI: 10.1016/j.redox.2014.09.004.

Diesinger, T.; Buko, V.; Lautwein, A.; Dvorsky, R.; Belonovskaya, E.; Lukivskaya, O.; Naruta, E.; Kirko, S.;
Andreev, V.; Buckert, D; et al. Drug Targeting CYP2E1 for the Treatment of Early-stage Alcoholic
Steatohepatitis. PLOS ONE. 2020, 15(7), €0235990. DOI: 10.1371/journal.pone.0235990.

Zelko, 1. N.; Mariani, T. J.; Folz, R. ]. Superoxide Dismutase Multigene Family: A Comparison of the CuZn-SOD
(SOD1), Mn-SOD (SOD2), and EC-SOD (SOD3) Gene Structures, Evolution, and Expression. Free Rad. Biol.
Med. 2002, 33(3), 337-349. DOI: 10.1016/S0891-5849(02)00905-X.

Chang, P.; Cheng, E.; Brooke, S.; Sapolsky, R. Marked Differences in the Efficacy of Post-insult Gene Therapy
with Catalase versus Glutathione Peroxidase. Brain Res. 2005, 1063(1), 27-31. DOI: 10.1016/j.
brainres.2005.09.032.

Sandoval, C.; Vésquez, B.; Souza-Mello, V.; Adeli, K.; Mandarim-de-Lacerda, C.; Del Sol, M. Morphoquantitative
Effects of Oral B-carotene Supplementation on Liver of C57BL/6 Mice Exposed to Ethanol Consumption. Int.
J. Clin. Exp. Pathol. 2019, 12(5), 1713-1722.

Schott, M. B.; Rasineni, K.; Weller, S. G.; Schulze, R. J.; Sletten, A. C,; Casey, C. A.; McNiven, M. A. f-Adrenergic
Induction of Lipolysis in Hepatocytes Is Inhibited by Ethanol Exposure. J. Biol Chem. 2017, 292(28),
11815-11828. DOI: 10.1074/jbc.M117.777748.

Werling, K. A Majbetegségek Kialakulasinak Uj Szempontjai - Kiilénos Tekintettel Az Autophagidra Es A mikro-
RNS Szerepére. Orvosi Hetilap. 2020, 161(35), 1449-1455. DOI: 10.1556/650.2020.31834.

Sandoval, C.; Carrasco, D.; Carrasco, C.; Herrera, C.; Schulz, M. Effectiveness of Antioxidant Treatments on
Cytochrome P450 2E1 (CYP2E1) Activity after Alcohol Exposure in Humans and in Vitro Models. PROSPERO.
2021, CRD42021226123. Available from: https://www.crd.york.ac.uk/prospero/display_record.php?ID=
CRD42021226123

Moher, D,; Liberati, A.; Tetzlaff, J.; Altman, D. G.; Group, P. Preferred Reporting Items for Systematic Reviews
and Meta-analyses: The PRISMA Statement. PLoS Med. 2009, 6(7), €100009. DOI: 10.1371/journal.
pmed.1000097.


https://doi.org/10.1159/000077608
https://doi.org/10.3390/ijerph7041540
https://doi.org/10.1111/j.1440-1746.2006.04595.x
https://doi.org/10.1002/hep.22837
https://doi.org/10.1002/hep.22837
https://doi.org/10.15332/s1794-9998.2005.0002.02
https://doi.org/10.15332/s1794-9998.2005.0002.02
https://doi.org/10.1097/01.alc.0000179379.03078.8f
https://doi.org/10.1016/j.taap.2006.05.003
https://doi.org/10.1016/j.freeradbiomed.2007.11.004
https://doi.org/10.1038/ncb0910-814
https://doi.org/10.1038/ncb0910-814
https://doi.org/10.1016/S0891-5849(01)00769-9
https://doi.org/10.1053/gast.2002.33613
https://doi.org/10.4067/S0717-95022017000300024
https://doi.org/10.1016/j.redox.2014.09.004
https://doi.org/10.1371/journal.pone.0235990
https://doi.org/10.1016/S0891-5849(02)00905-X
https://doi.org/10.1016/j.brainres.2005.09.032
https://doi.org/10.1016/j.brainres.2005.09.032
https://doi.org/10.1074/jbc.M117.777748
https://doi.org/10.1556/650.2020.31834
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021226123
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021226123
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097

[25]

[26]

(27]

(28]

[29]

(30]

INTERNATIONAL JOURNAL OF FOOD PROPERTIES ‘ 1317

National Institute for Health and Care Excellence. 2012, Appendix F Quality Appraisal Checklist - Quantitative
Intervention Studies. Methods for the Development of NICE Public Health Guidance. Third edition. National Institute
for Health and Care Excellence: London, UK. https://www.nice.org.uk/process/pmg4/chapter/about-this-document
Chandrasekaran, K.; Swaminathan, K.; Kumar, S. M.; Chatterjee, S.; Clemens, D. L.; Dey, A. Elevated Glutathione
Level Does Not Protect against Chronic Alcohol Mediated Apoptosis in Recombinant Human Hepatoma Cell
Line VL-17A Over-expressing Alcohol Metabolizing Enzymes-alcohol Dehydrogenase and Cytochrome P450
2E1. Toxicol. In Vitro. 2011, 25(4), 969-978. DOI: 10.1016/j.tiv.2011.03.006.

Kang, Y. M,; Qian, Z. J; Lee, B. J.; Kim, Y. M. Protective Effect of GABA-enriched Fermented Sea Tangle against
Ethanol-induced Cytotoxicity in HepG2 Cells. Biotechnol. Bioprocess Eng. 2011, 16(5), 966. DOI: 10.1007/s12257-
011-0154-z.

Lee, K. M; Kang, H. S.; Yun, C. H.; Kwak, H. S. Potential in Vitro Protective Effect of Quercetin, Catechin, Caffeic
Acid and Phytic Acid against Ethanol-Induced Oxidative Stress in SK-Hep-1 Cells. Biomol. Ther. 2012, 20(5),
492-498. DOI: 10.4062/biomolther.2012.20.5.492.

Xu, Y; Feng, Y,; Li, H;; Gao, Z. Ferric Citrate CYP2E1-independently Promotes Alcohol-induced Apoptosis in
HepG2 Cells via Oxidative/nitrative Stress Which Is Attenuated by Pretreatment with Baicalin. Food Chem.
Toxicol. 2012, 50(9), 3264-3272. DOI: 10.1016/j.£ct.2012.05.061.

Wu, Y,; Pan, X,; Zhang, S.; Wang, W.; Cai, M.; Li, Y.; Yang, F.; Guo, H. Protective Effect of Corn Peptides against
Alcoholic Liver Injury in Men with Chronic Alcohol Consumption: A Randomized Double-blind
Placebo-controlled Study. Lipids Health Dis. 2014, 13(1), 192. DOI: 10.1186/1476-511X-13-192.

Madushani Herath, K. H. I. N; Bing, S. J.; Cho, J.; Kim, A.; Kim, G.; Kim, J. S.; Kim, J. B,; Doh, Y. H.; Jee, Y. Sasa
Quelpaertensis Leaves Ameliorate Alcohol-induced Liver Injury by Attenuating Oxidative Stress in HepG2 Cells
and Mice. Acta Histochem. 2018, 120(5), 477-489. DOI: 10.1016/j.acthis.2018.05.011.

Madushani Herath, K. H. 1. N.; Cho, J.; Kim, A.; Eom, T. K;; Kim, J. S.; Kim, J. B.; Doh, Y. H.; Jee, Y. Phenolic Acid
and Flavonoid-rich Fraction of Sasa Quelpaertensis Nakai Leaves Prevent Alcohol Induced Fatty Liver through
AMPK Activation. J. Ethnopharmacol. 2018, 224, 335-348. DOI: 10.1016/j.jep.2018.06.008.

Mammen, R. R; Natinga Mulakal, J.; Mohanan, R.; Maliakel, B.; Illathu Madhavamenon, K. Clove Bud
Polyphenols Alleviate Alterations in Inflammation and Oxidative Stress Markers Associated with Binge
Drinking: A Randomized Double-Blinded Placebo-Controlled Crossover Study. J. Med. Food. 2018, 21(11),
1188-1196. DOI: 10.1089/jmf.2017.4177.

Nieto, N.; Friedman, S. L.; Cederbaum, A. I. Cytochrome P450 2E1-derived Reactive Oxygen Species Mediate
Paracrine Stimulation of Collagen I Protein Synthesis by Hepatic Stellate Cells. J. Biol. Chem. 2002, 277(12),
9853-9864. DOI: 10.1074/jbc.M110506200.

Nieto, N.. Ethanol and Fish Oil Induce NFkappaB Transactivation of the Collagen alpha2(I) Promoter through
Lipid Peroxidation-driven Activation of the PKC-PI3K-Akt Pathway. Hepatology. 2007, 45(6), 1433-1445. DOI:
10.1002/hep.21659.

Yan, S. L; Wang, Z. H,; Yen, H. F; Lee, Y. ]; Yin, M. C. Reversal of Ethanol-induced Hepatotoxicity by Cinnamic
and Syringic Acids in Mice. Food Chem. Toxicol. 2016, 98(Pt. B), 119-126. DOI: 10.1016/j.£ct.2016.10.025.
Wang, H.; Zhang, Y.; Bai, R.; Wang, M.; Du, S. Baicalin Attenuates Alcoholic Liver Injury through Modulation of
Hepatic Oxidative Stress, Inflammation and Sonic Hedgehog Pathway in Rats. Cell. Physiol. Biochem. 2016, 39(3),
1129-1140. DOI: 10.1159/000447820.

Ferndndez-Checa, J. C.; Kaplowitz, N. Hepatic Mitochondrial Glutathione: Transport and Role in Disease and
Toxicity. Toxicol. Appl. Pharmacol. 2005, 204(3), 263-273. DOI: 10.1016/j.taap.2004.10.001.

Zakhari, S. O. Overview: How Is Alcohol Metabolized by the Body? Alcohol Res. Health 2006, 29(4), 245-254.
Zhao, M.; Laissue, J. A; Zimmermann, A. TUNEL-positive Hepatocytes in Alcoholic Liver Disease.
A Retrospective Biopsy Study Using DNA Nick End-labelling. Virchows Archiv. 1997, 431(5), 337-344. DOLI:
10.1007/s004280050108.

Green, D. R;; Kroemer, G. The Pathophysiology of Mitochondrial Cell Death. Science. 2004, 305(5684), 626-629.
DOI: 10.1126/science.1099320.

Ronis, M. J.; Korourian, S.; Blackburn, M. L.; Badeaux, J.; Badger, T. M. The Role of Ethanol Metabolism in
Development of Alcoholic Steatohepatitis in the Rat. Alcohol. 2010, 44(2), 157-169. DOI: 10.1016/).
alcohol.2009.11.002.

Ferreira, J.; Hawkins, A.; Bricker, S. Management of Productivity, Environmental Effects and Profitability of
Shellfish Aquaculture — The Farm Aquaculture Resource Management (FARM) Model. Aquaculture. 2007, 264
(1-4), 160-174. DOI: 10.1016/j.aquaculture.2006.12.017.

Mirzaei, A.; Mirzaei, N.; Alamdari, A. Effects of Chronic Ethanol Consumption on Biochemical Parameters and
Oxidative Stress on Rat. Indian J. Sci. Tech. 2015, 8(25), 1-5. DOI: 10.17485/ijst/2015/v8i25/59160.

Agarwal, D; Goedde, H. Alcohol Metabolism, Alcohol Intolerance, and Alcoholism: Biochemical and
Pharmacogenetic Approaches; Springer Science & Business Media: Luxemburgo, 2012.

McCarroll, J. A.; Phillips, P. A; Santucci, N.; Pirola, R. C.; Wilson, J. S.; Apte, M. V. Vitamin A Inhibits Pancreatic
Stellate Cell Activation: Implications for Treatment of Pancreatic Fibrosis. Gut. 2006, 55(1), 79-89. DOI: 10.1136/
gut.2005.064543.


https://www.nice.org.uk/process/pmg4/chapter/about-this-document
https://doi.org/10.1016/j.tiv.2011.03.006
https://doi.org/10.1007/s12257-011-0154-z
https://doi.org/10.1007/s12257-011-0154-z
https://doi.org/10.4062/biomolther.2012.20.5.492
https://doi.org/10.1016/j.fct.2012.05.061
https://doi.org/10.1186/1476-511X-13-192
https://doi.org/10.1016/j.acthis.2018.05.011
https://doi.org/10.1016/j.jep.2018.06.008
https://doi.org/10.1089/jmf.2017.4177
https://doi.org/10.1074/jbc.M110506200
https://doi.org/10.1002/hep.21659
https://doi.org/10.1002/hep.21659
https://doi.org/10.1016/j.fct.2016.10.025
https://doi.org/10.1159/000447820
https://doi.org/10.1016/j.taap.2004.10.001
https://doi.org/10.1007/s004280050108
https://doi.org/10.1007/s004280050108
https://doi.org/10.1126/science.1099320
https://doi.org/10.1016/j.alcohol.2009.11.002
https://doi.org/10.1016/j.alcohol.2009.11.002
https://doi.org/10.1016/j.aquaculture.2006.12.017
https://doi.org/10.17485/ijst/2015/v8i25/59160
https://doi.org/10.1136/gut.2005.064543
https://doi.org/10.1136/gut.2005.064543

	Abstract
	Introduction
	Methods
	Search strategy and selection criteria
	Search strategy
	Identification of relevant studies

	Types of study and design
	Population/setting
	Quality assessment/risk of bias
	Data extraction and synthesis

	Results
	Description of included studies
	Quality assessment
	Relation between antioxidants and alcohol exposure
	Antioxidant activity
	Cell viability
	Apoptosis
	Cellular damage
	Protein expression
	Biochemical parameters

	Discussion
	Summary of key findings and interpretation
	Scope and limitations

	Conclusion
	Disclosure statement
	Funding
	ORCID
	Author contributions
	References

