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Abstract

The action of nitric oxide (NO) during oxidative stress associated
with hepatic alcohol metabolism is controversial. Experiments were
designed to examine the effects of exogenous nitric oxide (NO) on
the liver cells response to oxidative stress during ethanol metabo-
lism using a rat hepatoma cell line model (Ft02B cells). Oxidative
stress was generated by the addition of tert-butylhydroperoxide (t-
BH), a known biological oxidizing agent. FtO2B cells were cultured
in the presence or absence of 100 mMEtOH for 3 hours with a range
of t-BH concentrations. Cell viability was determined by assaying the
culture supernatant for lactate dehydrogenase. In parallel experi-
ments, the effect of an NO donor on Ft02B cells was studied. Similar
experiments were carried out with NO inhibitor like NG-nitro-L-argi-
nine methyl ester (L-NAME), NAP, and Disulfiram, an acetaldehyde
dehydrogenase inhibitor. In these studies, 400uM t-BH increased
cell killing from ca. 4% in medium alone to 29% in the presence of
100 mM ethanol and 500 pM t-BH from 29% to 54%. The addition of
an NO donor, S-Nitroso-N-Acetylpenicillamine (SNAP) reduced cell
killing in a dose-dependent fashion with 200 uM SNAP having 100%
inhibition with ethanol and 400 uM t-BH (4% killing). Adding the NO
blocker (L-NAME) to the system resulted in a dose — dependent in-
crease in cell killing (almost 40% at 100 mM L-NAME). Finally, the
addition of Disulfiram to this system resulted in a significant increase
in cell killing. These results suggest that nitric oxide has a significant
protective effect against hepatic oxidative stress during alcohol me-
tabolism.
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Introduction

Excessive alcohol consumption is the third leading cause of
preventable death in the United States and is a risk factor for many
health and societal problems. In 2010, the estimated economic cost of
excessive drinking in the U. S. was $249 billion [1]. Alcohol enhances
the risk for developing several serious medical conditions related to
immune system dysfunction, including acute respiratory distress
syndrome (ARDS), liver cancer, and alcoholic liver disease (ALD)
[2]. In the respiratory system, NO derived from the constitutive type
of NO synthase (cNOS, NOS1, NOS3) induces bronchodilation and
pulmonary vasodilatation to maintain homeostasis. In contrast, the
roles of excessive NO derived from the inducible type of NOS (iNOS,
NOS2) in airway and lung inflammation in inflammatory lung diseases
including bronchial asthma and chronic obstructive pulmonary disease
(COPD) are controversial [3]. The role of NO in alcoholic liver disease
is unclear and controversial. For example: “Nitric oxide has pleiotropic
effects that obscure whether it predominantly plays a protecting or a
damaging role in ALD” [4]. It is also complicated by the interactions
of the major cell types within the liver [5]. NO appears to have both
pro- and anti-oxidant functions in normal hepatocytes [6]. Nitric
oxide regulates a large number of hepatocyte genes [7] and has been
suggested to both prevent and potentiate apoptosis [8, 9] Many of the
associated proteins are involved in the glutathione anti-oxidant system
[10,11], with others from the Caspase family [12] and are affected by
S-nitrosylation of cysteine residues. Also affected by S-nitrosylation
is alcohol dehydrogenase which has many consequences in alcoholic
liver injury, especially since Clemens and co-workers have shown a
relationship between acetaldehyde levels and cell survival [13,14].
However, NO also has a greater inhibitory effect on mitochondrial
respiration during chronic alcohol consumption [15]. In experimental
animals, the results are conflicting: nitric oxide appears to protect
from liver injury when produced by non-parenchymal cells, but
potentiates it when produced by hepatocytes [16,17] although this
may also reflect the lipid content of the two diets used. In the liver,
many cell types, including Kupffer cells and hepatocytes have the
ability to synthesize NO during endotoxemia and inflammation [18].
RAW 264.7 macrophages and peritoneal macrophages are able to
downregulate the ability of hepatocytes to generate nitric oxide[19].
The effects of NO on the liver may also be complicated by its effects
on the microvascular, particularly during alcohol metabolism with
associated endotoxemia[20] which could also potentially alter oxygen
availability and the hepatic redox status.

The role of Nitric Oxide in alcoholic liver disease is unclear. Some
authors have shown that depending on conditions, NO is Janus-faced,
in that it may be hepatoprotective or potentiate liver injury depending
on both alcohol levels and the extent of prior liver damage [21]. It
has also been suggested that eNOS-derived NO is protective against
liver disease, but that derived from iNOS activation is deleterious
[22]. Nitric oxide, measured as nitrate, has been shown to increase
with the progression of chronic liver disease [23]. Since the effects of
both ethanol and nitric oxide appear to have cell-specific effects and
the hepatocyte is the main metabolic site, it was the aim of this study
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to examine the consequences of interaction of these substances with a
tissue culture model of these parenchymal cells employing rat Ft02B
cells.

Materials and Methods

FtO2B cells were cultured at 37°C in Dulbecco’s modified Eagles
medium/Ham’s F12 medium (InVitrogen Life Technologies, Carlsbad
CA), supplemented with 10% fetal calf serum, 2mM glutamine, 0.2%
sodium bicarbonate, 50 IU/ml penicillin-streptomycin and 1ug/ml
amphotericin B in the presence of 5%C02/95% air. Cells were plated
at approximately 25-30% confluence (except where noted) and grown
to 80-90% confluence before passaging. FtO2B cells were cultured
in the presence or absence of 100 mM ethanol and subjected to
oxidative stress through the addition of tertiary-butyl hydroperoxide
(t-BH). Ft02B cells were incubated in the presence or absence of 100
mM ethanol for 3 hr with a range of t-BH concentrations. In parallel
experiments the effects of SNAP, NAP and Disulfiram additions to
FtO2B cultures with t-BH in the presence or absence of ethanol were
also assayed [24].

Characterization of ethanol metabolism by Ft02B cells

Ft02B cells, derived from a rat hepatoma, (a kind gift from Dr.
Jack Lancaster, jr.) were plated at approximately 1/5 confluence in
T-75 tissue culture flasks and cultured in the presence or absence of
100 mM ethanol in the culture medium. The medium was changed
daily and assayed for ethanol content. Once plates reached 90-95%
confluence, the cells were removed using trypsin-EDTA solution and
re-plated at 1/5 confluence. Cell counts and viability assessments
were performed by standard tissue culture protocols (see methods
section).

Nitric oxide generation

Experiments to investigate nitric oxide production in Ft02B
cells have been carried out in earlier investigations of the principal
investigator into the consequences of administration of a cytokine
mixture (CM) to Ft02 B cells in the presence or absence ofNG-nitro-
L-arginine methyl esterNG-nitro-L-arginine methyl ester (NMA), a
nitric oxide synthase inhibitor. In these experiments, NO production
was measured by the Griess reaction and, as such, expressed in terms
of nitrite and nitrate.

Addition of S-Nitrosyl acetylpenicillamine (SNAP)

Cells were treated with 400 mM t-BH plus a range of SNAP
concentrations plus EtOH for 3 hours. Cells were also treated with
SNAP alone. Cell killing was measured by LDH release into the
supernatant.

NAP

For NAP, FT02B cells were grown to confluency in 12-well plates.
Cells were treated for 3 hours with 400 uM of t-BH plus 200 uM
NAP or plus 200 pM SNAP. Cell viability was determined with the
supernatant using LDH assay.

Treatment with NG-nitro-L-arginine methyl ester
(L-NAME) (NO blocker)

Ft02B cells were grown to confluency and incubated for 3
hours as follows: 1) medium alone, 2) 100 mMEtOH plus t-BH,

3) 100 mMEtOH alone. LDH assay was performed at the end of the
experiment to determine cell viability.

Treatment with disulfiram

Disulfiram is an agent that inhibits acetaldehyde dehydrogenase and
consequently causing acetaldehyde to accumulate. In this experiment,
Ft02B cells were grown to confluency and treated with tBH alone,
tBH plus SNAP, tBH plus disulfiram or t-BH plus disulfiram plus
SNAP with or without EtOH. Cell viability was determined at the end
of the experiment.

Statistical analysis

All experiments were performed using a minimum of 5 flasks per
time point/experimental variable and repeated at least 3 times. Data
was analyzed by either the Student t- test for paired data, or by Analysis
of variance for multiple experimental groups. All of the analyses were
performed using a commercially available PC-mounted statistical
software package (Sigmastat) and tested for normal distribution prior
to comprehensive statistical analysis.

Results
Characterization of ethanol metabolism by Ft02B cells

As can be seen in Figure 1, apart from a lag phase of approximately
the first day of culturing the cells in the presence of EtOH, there
was no significant difference in rate of doubling of these cells. The
values given are for the means for 5 flasks/time point. The standard
deviations for these results are extremely tight - less than 5% on every
day. During this experiment, the cells remained adherent to the flasks,
with less than 1% floating in the medium. Viability estimations also
showed minimal cell death in the culture.

Figure 1: Effect of Ethanol on Ft02B cell growth.

Dose response curve of t-BH

Ft02B cells were incubated in the presence or absence of 100
mMEtOH for 3 hour with a range of t-BH concentrations. Cell
viability was determined by assaying the culture supernatant for
lactate dehydrogenase. As may be seen in Figure 2, there was a
progressive cytotoxic effect with increasing concentrations of tBH.
This was exacerbated by the presence of ethanol. Based on these dose
response curves, all subsequent experiments were carried out using
400 mMtBH.

Cells were treated with a range of concentrations of t-BH for 3
hours. Killing was measured by LDH release into the supernatant.
Results are means + SD of samples in triplicate.
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Figure 2: Effect of EtOH on cell killing by t-BH.

Addition of SNAP

The addition of SNAP to these cells following the addition of t-BH
(an oxidant stress inducer) resulted in a dose-dependent reduction in
killing, as may be seen in Figure 3 with 200 uM SNAP having 100%
inhibition with 100 mMEtOH and 400 pM t-BH (4% killing) and
65% inhibition with 500 uM t-BH an 100 mM ethanol.

Figure 3: Ambioxidant effect of SNAP with t-BH.

Cells were treated with 400 mM t-BH plus a range of SNAP
concentrations plus EtOH for 3 hours. Cells were also treated
with SNAP alone. Killing was measured by LDH release into the
supernatant. Results are means + SD of samples in triplicate

Addition of NAP

The addition of NOS inhibitor, NAP enhanced the cytotoxic
effects of t-BH as may be seen on figure 4.

Figure 4: Protective effect of NAP/SNAP on Ft02B cells.

Ft02B cells were treated with 200 pM NAP and 400 uM t-BH or
200 uM SNAP plus 400uM t-BH for 3 hours.

Treatment with L-NAME (NO blocker)

The effect of Ft02B cells treated with L-NAME (NO blocker ) is
shown in Figure 5) medium alone, 2) 100 mMEtOH plus t-BH, 3)
medium alone, 4) 100 mMEtOH alone. LDH assay was performed

at the end of the experiment to determine cell viability. The addition
of I-NAME enhanced the cytotoxic effects of t-BH, again in a dose
dependent manner. However, as may be seen in figure 5, it had little
effect on the cells at low concentration.

Figure 5: Effect of L-NAME, NO inhibitor on tBH cell killing.

Cells were treated with a range of L-NAME concentrations with
t-BH and EtOH or L-NAME and t-BH without EtOH, or L-NAME
alone for 3 hours at the end of which LDH assay was performed.

Treatment with disulfiram

In this experiment, Ft02B cells were grown to confluency and
treated with tBH alone, tBH plus SNAP, tBH plus Disulfiram or t-BH
plus Disulfiram plus SNAP with or without EtOH. The addition of
Disulfiram to the reaction mixture in the presence or absence of SNAP
demonstrated that there was a minimal effect of ethanol metabolites in
this system, as may be seen in Figure 6.

Figure 6: Effect of Disulfiram on t-BH killing.

Ft02B cells were treated with media, t-BH alone, t-BH plus
SNAP, t-BH plus Disulfiram, or t-BH plus Disulfiram plus SNAP and
incubated for 3 hours in the presence or absence of 100 mMetOH.
LDH assay was done at the end of the incubation time.

Discussion

Excessive alcohol use, including underage drinking and binge
drinking (drinking 5 or more drinks on an occasion for men or 4 or
more drinks on an occasion for women), can lead to increased risk
of health problems such as injuries, violence, liver diseases, and
cancer [25].Liver disease is the most common medical complication
of alcohol abuse; an estimated 15% - 30% of chronic heavy drinkers
eventually develop severe liver disease. Alcohol fatty liver is a
reversible condition that may progress to alcoholic hepatitis and
eventually to cirrhosis and liver failure [26]. Finding ways of limiting
excessive alcohol consumption will go a long way to solve this hydra-
headed cankerworm. In our studies, the response of added t-BH has
previously been shown to be dose-dependent. In these studies, 400
uM t-BH increased cell killing from ca. 4% in medium alone to 29%
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in the presence of 100 mM ethanol and 500 uM t-BH from 29% to
54%. The addition of an NO donor (SNAP) reduced cell killing in a
dose dependent fashion with 200 uM SNAP having 100% inhibition
with ethanol and 400 uM t-BH (4% killing) and 65% inhibition with
500 uM t-BH and 100 mM ethanol. The addition of NAP did not
affect these values. Adding NO blocker (L-NAME) to the system
resulted in a dose—dependent increase in cell killing (almost 40% at
100 mM L-NAME). Finally, the addition of disulfiram to this system
resulted in a significant increase in cell killing; but this could be
totally inhibited by the presence of 200 uM SNAP (from ca. 70% to
0%).These observations show that nitric oxide is protective against
oxidative stress. Some authors have also shown that NO donors acted
as antioxidants, preventing lipid peroxidation and restoring GSH
levels. L-NAME potentiation of AA-induced toxicity was prevented
by the antioxidants Trolox or SAMe. These results demonstrate that
NO can be hepatoprotective against CYP2E1- dependent toxicity
[27]Some authors have also shown that mitochondrial damage and
hypoxia are important features of alcohol-dependent hepatotoxicity
and that hepatocytes isolated from chronically ethanol fed animals
have decreased cellular bioenergetics reserve capacity which results
in increased sensitivity to inhibition by nitric oxide [28]. The same
authors also stated that nitric oxide is a major contributor to hypoxic
stress in vivo in response to chronic ethanol consumption. NO has
been shown to regulate mitochondrial function through its interaction
with cytochrome c oxidase, although at higher concentrations, and its
combinations with reactive oxygen species, can result in mitochondrial
dysfunction [29].Our results suggest that nitric oxide has a significant
protective effect against oxidative stress during alcohol metabolism.
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