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Abstract

AIM: To evaluate the potential of S-nitroso-V-acetyl-
cysteine (SNAC) in inhibition of lipid peroxidation and
the effect of oral SNAC administration in the prevention
of nonalcoholic fatty liver disease (NAFLD) in an animal
model.

METHODS: NAFLD was induced in Wistar male rats by
choline-deficient diet for 4 wk. SNAC-treated animals
(7=6) (1.4 mg/kg/day of SNAC, orally) were compared
to 2 control groups: one (7=6) received PBS solution
and the other (7=6) received NAC solution (7 mg/kg/d).
Histological variables were semiquantitated with respect
to macro and microvacuolar fat changes, its zonal dis-
tribution, foci of necrosis, portal and perivenular fibro-
sis, and inflammatory infiltrate with zonal distribution.
LOOHs from samples of liver homogenates were quanti-
fied by HPLC. Nitrate levels in plasma of portal vein were
assessed by chemiluminescence. Aqueous low-density
lipoprotein (LDL) suspensions (200 g protein/mL) were
incubated with CuCl2 (300 umol/L) in the absence and
presence of SNAC (300 pmol/L) for 15 h at 37 °C. Extent
of LDL oxidation was assessed by fluorimetry. Linoleic
acid (LA) (18.8 umol/L) oxidation was induced by soy-
bean lipoxygenase (SLO) (0.056 pmol/L) at 37 °C in the

presence and absence of N-acetylcysteine (NAC) and
SNAC (56 and 560 pmol/L) and monitored at 234 nm.

RESULTS: Animals in the control group developed mod-
erate macro and microvesicular fatty changes in peripor-
tal area. SNAC-treated animals displayed only discrete
histological alterations with absence of fatty changes and
did not develop liver steatosis. The absence of NAFLD in
the SNAC-treated group was positively correlated with a
decrease in the concentration of LOOH in liver homog-
enate, compared to the control group (0.7£0.2 nmol/mg
vs 3.2+0.4 nmol/mg protein, respectively, £<0.05), while
serum levels of aminotransferases were unaltered. The
ability of SNAC in preventing lipid peroxidation was con-
firmed in /n vitro experiments using LA and LDL as model
substrates.

CONCLUSION: Oral administration of SNAC prevents
the onset of NAFLD in Wistar rats fed with choline-
deficient diet. This effect is correlated with the ability of
SNAC to block the propagation of lipid peroxidation /in
vitro and in vitro.
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INTRODUCTION

Nonalcoholic steatohepatitis (NASH) is considered a pat-
ticular type of a large spectrum of nonalcoholic fatty liver
disease (NAFLD), which includes fat alone and fat with
nonspecific inflammation™”. Although several predispos-
ing factors such as obesity and diabetes, are related to
NAFLD, the pathogenesis of NAFLD and its progres-
sion to fibrosis and chronic liver disease are still unclear” .
One of the main hypotheses is that the mechanism of he-

patocyte injury in NASH is associated with oxidative stress
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and lipid peroxidation resulting from the imbalance be-
tween pro-oxidant and antioxidant chemical species'”. Such
an imbalance is associated with increased B-oxidation of
fatty acids by mitochondria, peroxisomes, and cytochrome
P450 2E1 (CYP2E1) pathways. These oxidative processes
produce free electrons, H20z2, and reactive oxygen species
(ROS) while depleting the potent antioxidants, glutathione
and vitamin E". The increased levels of free fatty acids
present in the fatty liver provide a perpetuating and propa-
gating mechanism for oxidative stress via lipid peroxida-
tion, with secondary damage to cellular membranes and
key organelles such as mitochondria. Lipid peroxidation
usually leads to the formation of peroxyl radicals, which
are central species in the peroxidation chain reaction. En-
zymatic lipid peroxidizing systems include lipoxygenases
(LOXs), which ate a family of nonheme iron-containing
dioxygenases and able to induce enzymatic peroxidation of
polyunsaturated fatty acids using atmosphetric oxygen (O2)
as a second substrate. In contrast to lipid monooxigenases
like cytochrome P-450, whose main catalytic activity is the
hydroxylation of substrates, LOXs are able to introduce
peroxides in lipid substrates, forming reactive fatty acid
hydroperoxides (LOOH). In general, LOXs contain an es-
sential iron atom, which is present as Fe’ in the inactive
enzyme form. Enzymatic activation occurs through hydro-
peroxide-driven oxidation of Fe’" to Fe’". Among LOXs,
15-LOX is of particular interest, which can also oxidize
esterified fatty acids in biological membranes and lipopro-
teins and has been implicated in the pathogenesis of ath-
erosclerosis’”. Site-specific oxidation of lipidic substrates
can also be performed in model systems when metal ions
(Cu(@)/Cu(I)) or Fe(Il)/Fe(IIl)) are used to generate radi-
cals in the absence of chelant species'”.

Nitric oxide (NO) can act as a potent inhibitor of the
lipid peroxidation chain reaction by scavenging propaga-
tory lipid peroxyl radicals and by inhibiting many poten-
tial initiators of lipid peroxidation, such as peroxidase
enzymes' . However, in the presence of superoxide (O2'
), NO forms peroxynitrite (OONO), a powerful oxidant,
which is able to initiate lipid peroxidation™. An excess of
NO is expected to exert a protective effect against lipid
peroxidation, while an excess of O2", or equimolar con-
centrations of NO and O2" are expected to induce lipid
peroxidation'”. Thus, the balance between NO and O2”
may have important implications in NAFLD, where oxida-
tive stress seems to have a pivotal role in the onset and/or
progression of the disease*'”. NO is believed to coexist
in cells with S-nitrosothiols (RSNOs) which are consid-
ered endogenous NO carriers and donors in mammals",
NO covalently bound to the sulfur atom in RSNOs re-
sists oxidant inactivation by oxyhemoglobin and has the
same physiological properties of free NO, including its
protective action on oxidative stress'”. RSNOs have been
considered potential therapeutic agents in a variety of pa-
thologies in which NO may be involved"® and S-nitroso-
N-acetylcysteine (SNAC) is a relatively stable RSNO and a
potent vasodilator' . SNAC is among the RSNOs, which
can be synthesized through the S-nitrosation of the cot-
responding free thiol (in this case, N-acetylcysteine, NAC).
Free thiols (R-SH) play also an important role 7# vivo as
antioxidants. Hydrogen abstraction from thiol group is
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particularly fast compared to hydrogen abstraction from
carbon atoms or alkoxyl radicals"" . At physiological pH
values, thiyl radicals (R-S") formed can react with excess
thiol anions (R-S) to give disulphide radical anions (R-SS-R
"), ot can dimerize giving rise to inter or intramolecular
RS-SR cross-links in a termination process. Compared to
free thiols, RSNOs can be more powetful terminators of
radical chain-propagation reactions by reacting directly
with ROO’ radicals, yielding nitro detivatives (ROONO)
as end products as well as dimmers RS-SR.

The aim of this study was to evaluate the role of
SNAC as an NO donor, in the prevention of NAFLD in
an animal model where NAFLD was induced by a choline
deficient diet. Our results show, for the first time, that
SNAC is able to block the onset of NAFLD in this animal
model. This result was correlated with 7z vitro experiments
which have confirmed the ability of SNAC to prevent the
oxidation of low-density lipoprotein (LDL) and linoleic
acid (LA) as model substrates, by Cu(ll) ions and soybean
lipoxygenase (SLO), respectively.

MATERIALS AND METHODS

Materials

N-acetyl-L-cysteine (NAC), linoleic acid, sodium nitrite,
hydrochloric acid, human lyophilized LDL, soybean lipox-
ygenase, sodium dodecil sulfate (SDS), phosphate buffer
saline (PBS, pH 7.4) and copper (II) chloride (Sigma, St.
Louis, MO) were used in this study. All experiments were
carried out using analytical grade water from a Millipore
Milli-Q gradient filtration system.

SNAC synthesis

SNAC was synthesized through the S-nitrosation of
N-acetyl-L-cysteine (Sigma Chemical, St. Louis, MO) in an
acidified sodium nitrite solution'”. Stock SNAC solutions
were further diluted in PBS. Solutions were diluted to 2.4 x
10" mol/L in PBS (pH 7.4) before administration.

Nitrate quantification

Nitrate (NOs), a stable metabolite of NO) levels in plasma
of portal vein of the animals were assessed by chemilumi-
nescence using a Sievers nitric oxide analyzer (NOA-280,
Boulder, CO) according to a method described else-
where™. Higher nitrate concentrations were found in the
plasma of animals which received SNAC orally
(10.8 umol/L) then intraperitoneally (4.2 umol/L). This
result was used as a criterion to choose oral administration
as a protocol to achieve greater SNAC absorption.

Effect of NAC and SNAC on in vitro LDL oxidation

Oxidation of LDL was induced through the addition of
CuCl2 (300 umol/L) to oxygenated aqueous LDL suspen-
sions (200 pg/mL) in the absence and presence of SNAC
(300 umol/L). Aqueous LDL suspensions wete prepared
by diluting solid LDL to 200 pg protein/mL with EDTA-
free PBS and incubated with CuClz (300 umol/L) for 15
h at 37 °C. The extent of LDL oxidation was assessed by
measuring the fluorescence intensity of LDL suspensions.
Oxidation of LDL resulted in derivatization of lysine resi-
dues of apolipoprotein B by lipid peroxide decomposition
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products, leading to fluorescent free and protein-bound
Schiff base conjugates as previously described ™. In all
cases, fluorescence spectra of such conjugates were firstly
recorded in the range 430-600 nm, in order to character-
ize the shape and position of the emission peak. All the
spectrofluorimetric measurements were performed using
a Perkin-Elmer LS-55 luminescence spectrometer with a
temperature-controlled cuvette holder thermostatized at
37°C. Spectra of the solutions were obtained in 1 cm
quartz cuvette. The excitation and emission wave-
lengths were 360 and 433 nm, respectively. Native LDL
(200 pg/mL) served as the control.

Effect of NAC and SNAC on in vitro LA oxidation
Oxidation of LA was induced through the addition of
SLO to aqueous LA dispersions. LA was dispersed in
SDS solution (0.01 mol/L). The final LA concentration
was 18.8 umol/L. LA was aliquoted into a quartz cuvette,
flushed with O2 for 1 min and SLO (0.056 pmol/L) was
added with a syringe to start the oxidation. The oxidation
reactions were monitored in the absence or presence of
NAC and SNAC (56 and 560 umol/L) at 37°C through the
increase in absorbance at 234 nm, due to conjugated diene
formation. A Hewlett Packard spectrophotometer, model
8453 (Palo Alto, CA, USA) with a temperature-controlled
cuvette holder, was used to monitor the spectral changes in
the range 200-600 nm in the dark and at 37°C. Spectra of
the solutions were obtained in 1 cm quartz cuvette refer-
enced against air, under stirring (1000 r/min). Each point
in the kinetic curves of absorbance »s time was the average
of two experiments with the error bars expressed by their
standard deviations (SD).

Animals

Male Wistar rats, weighing 300 to 350 g, were housed in
cages with a controlled light/dark cycle, receiving free
water. Fatty liver was induced in the animals by choline
deficient diet for four weeks. The animals were randomly
divided into three groups: control group (#=06) fed with
choline deficient diet plus oral administration of vehicle
(0.5 mL of PBS), SNAC group (#=06) fed with choline-
deficient diet plus oral administration of SNAC solution
(0.5 mL of SNAC solution, reaching 1.4 mg/kg/day), and
NAC group (7= 06) fed with choline-deficient diet plus oral
administration of NAC solution (0.5 mI of NAC solution,
reaching 7 mg/kg per day). After four weeks of treatment,
plasma samples were collected, animals were sacrificed,
and their livers were collected for histological examination
and lipid peroxidation analysis. All procedures for animal
experimentation were in accordance to the Helsinki Decla-
ration of 1975 and the Guidelines of Animal Experimen-
tation from the School of Medicine of the University of
Sao Paulo.

Biochemical analysis

Serum alanine aminotransferase (AST), aspartate
aminotransferase (ALT), cholesterol and triglycerides were
analyzed by standard methods".

Histological analysis
Fragments of liver tissue previously fixed by immersion

in formaldehyde saline (10%) solution were processed
and submitted to hematoxylin-eosin (HE) and Masson
trichrome staining for histological analysis. Schatlach red
(O-tolylazo-o-tolylazo-B-naphthol) fat staining” was used
for more accurate evaluation of fatty change. Histological
vatiables were blindly semiquantitated from 0 to 4+ with
respect to macro and microvacuolar fatty change, its zonal
distribution, foci of necrosis, portal and perivenular fibro-
sis as well as inflammatory infiltrate with zonal distribu-
tion.

Lipid peroxidation

Samples of liver homogenates were extracted with a mix-
ture of acetonitrile : hexane (4: 10, v/v). The contents
were vortexed for 2 min and centrifuged at 2 500 r/min
for 10 min for phase separation. The hexane phase con-
taining cholesteryl ester detived hydroperoxides (LOOH),
was collected and evaporated under nitrogen. The residue
was dissolved in methanol : butanol (2: 1, v/v), filtered
through a 22 um Millex filter (Millipore, Sdo Paulo, Brazil)
and analyzed by HPLC (Perkin-Elmer series 200, Beacons-
field, Buckinghamshire, England) using an LC18DB col-
umn (Supelco, Bellefonte, PA, USA). LOOHs were cluted
in methanol @ butanol 2:1 (v/v) at a flow rate of 1.0
mL/min through a pump (Perkin-Elmer series 200) and
an LC-240 fluorescence detector (Perkin-Elmer) with the
excitation source switched off. A solution of 100 mmol/L
borate buffer pH 10/methanol 3 : 7 (v/v) containing mi-
croperoxidase (25 mg/L) was used as the reaction solution
for the postcolunm reaction”. Peaks were identified using
external standards prepared from their respective oxida-
tion products as previously described”” and quantified us-
ing the package Turbochrom Navigator software (Perkin-
Elmer). Results were expressed as nmol of lipid hydroper-
oxides/mg of protein.

Statistical analysis

All data were expressed as mean® SE or as mean® SD.
Statistical significance was evaluated using the one-way
ANOVA test for comparisons among three groups (Control
vs NAC »s SNAC-LOOH quantification) and t-test for
the comparison between two means (Control »s SNAC -
biochemical analysis). P<0.05 was considered statistically
significant.

RESULTS

Figure 1 shows the micrographs of liver tissue extracted
from animals treated with choline-deficient diet, which re-
ceived vehicle or SNAC solutions for four weeks. A mod-
erate macro and microvacuolar steatosis in periportal zone
could be seen in the control group (Figure 1A) while in
the SNAC-treated group the animals did not develop liver
steatosis (Figure 1B). Scharlach staining showed a fatty
change (positive staining) in the control group (Figure 1C),
whereas in the SNAC-treated group no fat change was
detected (negative staining) (Figure 1D). In both animal
groups, necroinflammatory activity was minimal and no
fibrosis was detected. In the NAC-treated group there was
a macro and microvacuolar steatosis in periportal zone (data
not shown).

www.wjgnet.com
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Figure 1 Histological features of liver tissue of rats fed with choline-deficient diet. A: Control group showing a moderate macro and microvacuolar steatosis in periportal
zone; B: SNAC-treated animals showing normal liver in periportal zone (hematoxylin-eosin stain-HE); C: Control group showing positive Scharlach staining; D: SNAC-

treated animals showing negative Scharlach staining.
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Figure 2 Concentration of hydroperoxides (LOOH) in liver homogenates of the
control group, NAC and SNAC-treated animals.

Figure 2 shows that SNAC prevented the rise of
LOOH concentration in the liver of the SNAC-treated
group, compared to the control group (0.3 + 0.1 s 3.2 + 0.4
nmol/mg protein, respectively). The protective effect of
NAC was also expressed by a reduction of hydroperoxide
formation that could be seen in the ¢z 4.6-fold reduction
in LOOH formation (0.7 £ 0.2 nmol/mg protein »s 3.2+ 0.4
nmol/mg protein, respectively).

On the other hand, the levels of AST and triglycer-
ides were increased to a similar extent in the control and
SNAC-treated groups. SNAC treatment of the choline-
deficient fed rats did not lead to changes in ALT and cho-
lesterol levels (Table 1)

Figure 3 shows the emission spectra of human LDL
suspension (200 pug/mL) in PBS. The two emission peaks
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Table 1 Levels of alanine aminotransferase (AST), aspartate

aminotransferase (ALT), cholesterol and triglycerides in serum
of rats fed with choline-deficient diet (mean+SD)

Group Number of  AST ALT Cholesterol Triglyceride

animals  (U/L)  (U/L) (u/L) (U/L)
Control" 6 108+3 40+1 361 88+3
SNAC? 6 95+4 37+8 351 70+1

Normal values in U/L for AST: 10-34; ALT: 10-44; mg/dL: cholesterol and
triglyceride: 45-89. 'Control - animals fed with choline-deficient diet. ’SNAC
—animals fed with choline-deficient diet and treated daily with oral SNAC
administration.

at ca. 410 and 440 nm (Figure 3A) could be assigned to
the partial oxidation of the freshly prepared LDL suspen-
sion. It could be seen that these two peaks increased after
incubation of LDL with CuClz (300 pmol/L) (Figure 3B)
reflecting the oxidation of LDL catalyzed by Cu (II) ions.
However, incubation of LDL with CuCl2 under the same
condition, but in the presence of SNAC (300 pmol/L)
completely blocked the growth of the 410 and 440 nm
peaks (Figure 3C). In fact, the peak at 440 nm was extin-
guished in this case.

Figure 4 shows the effect of SNAC on the kinetics
of LA oxidation by SLO. This effect could be evaluated
through the analysis of two kinetic parameters: initial rate
and extent of the peroxidation reaction until the achieve-
ment of the chemical equilibrium. Kinetic curves were ob-
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Figure 3 Emission spectra of human LDL (200 ug/mL) suspended in aerated PBS.
A: Freshly prepared suspension; B: after incubation with CuCl2 (300 pumol/L) for
15 h; C: after co-incubation with CuClz (300 umol/L) and SNAC (300 umol/L). The
excitation and emission wavelengths were 360 and 433 nm, respectively.
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Figure 5 Barr graph showing the extent (Ext) and initial rates (Vo) of the
peroxidation reaction of linoleic acid (LA) by SLO. Data were extracted from the
curves of Figure 4.

tained from the corresponding spectral changes in the
UV, monitored through the band with maximum at
234 nm. This band was characteristic of conjugated di-
enes and could thus be taken as a marker of LA peroxi-
dation. While the initial rates of reactions correspond to
the inclination of the initial sections of the curves (ca.
10 s), and the extents of reactions corresponded to the
absorbance values at the plateaus. It could be seen that
both parameters were maximum when LA (18.76 umol/L)
was incubated with SLO (0.056 umol/L) (Figure 4A). Co-
incubation with NAC (560 umol/L) reduced the extent
and rate of oxidation (Figure 4B), but this reduction was
much more pronounced in the co-incubation with SNAC
at a concentration ten times lower than NAC (56 umol/L)
(Figure 4C). The reduction was further increased in the
presence of SNAC (560 umol/L) (Figure 4D). These ef-
fects could also be evaluated in the bar graph of Figure
5, where the initial rates of reaction and the extents of
reaction were extracted from the kinetic curves of Figure
4. It could be seen in Figure 5 that both the rates and the
extents of reaction in the presence of SNAC were reduced
to about half of those obtained in the presence of NAC at
a concentration ten times higher.

Figure 4 Kinetic curves of linoleic acid (18.76 umol/L) peroxidation catalyzed by
SLO (A) (0.056 umol/L), SLO co-incubated with NAC (B) (560 pmol/L), SLO co-
incubated with SNAC (C) (56 umol/L) and SLO co-incubated with SNAC (D) (560
umol/L). Absorbance changes were monitored at 234 nm at 37 °C.

DISCUSSION

Choline-deficient diet is a classical general model of
NAFLD, where Cyp2E1 is up regulated and the animals
develop steatosis, steatohepatitis and hepatic fibrosis™™.
The results obtained in this animal model show a strong
inhibitory effect of SNAC on fatty change, which is the
initial step of NAFLD. The protective effect of SNAC ob-
served here could be analyzed according to the suggested
role of oxidative stress in the pathology of NAFLD™?",
Although the exact role of antioxidants in the prevention
of NAFLD is not well established yet, a number of studies
have shown that markers of oxidative stress are increased,
while levels of endogenous antioxidants (e.g. vitamin E
and glutathione, GSH) are decreased in NAFLD®” >, The
microsomal enzymes CYPs 2E1 and 4A are believed to be
involved in the fatty acid oxidation in the liver of humans
with NASH, contributing to the pathogenesis of this dis-
ease’"l. In the present case, formation of lipid hydroperox-
ides (LOOH), which ate one of the main products of the
lipid peroxidation process, was observed to be expressively
reduced in the liver tissue of the SNAC-treated animals,
indicating that SNAC acts as a potent inhibitor of lipid/li-
poprotein oxidation. This result is in accordance with the
reactivity of NO from SNAC and the ability of NO to
block the propagation of radical chain reactions by form-
ing nitrated lipid derivatives as end products™™.,
SNAC-induced inhibition of LDL oxidation by Cu(II)
as a model system, was confirmed in the 7z vitro experi-
ments (Figure 3). The emission peaks at 410 and 440 nm
in the fluorescence spectra of LDL suspensions were
assigned to adduct formation (Schiff bases) between oxi-
dation products of the lipid content of LDL particles
(mainly malondialdehyde, MDA) and amino groups of the
apolipoprotein (mainly Apo-B-100), which are well known
markers of LDL oxidation”"”. The inhibition of their
formation in the co-incubation of LDL with Cu (II) and
SNAC, showed that SNAC could block LDL oxidation un-
der this condition. The protective effect of SNAC was also
confirmed Zz vitro using LA as a second model compound
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in which peroxidation was catalyzed by SLO (Figures 4
and 5). The co-incubation of LA with SNAC (56 umol/L)
and its correspondent reduced thiol, NAC (560 umol/L)
highlighted the much more potent effect of SNAC in the
inhibition of LA peroxidation, once SNAC at a concen-
tration ten times lower than NAC exerted a much more
important antioxidant effect. The fact that an increase
in SNAC concentration to 560 umol/L did not lead to a
proportional reduction in the kinetic parameters associated
with LA peroxidation, is probably due to the relatively fast
initial steps of LA peroxidation.

As SNAC does not react directly with aldehydes or
ketones, the protective effect observed here must be associ-
ated with the termination of lipid radical chain propagation
reactions, through the inactivation of alkoxyl (LO") and pet-
oxyl (LOO) intermediates, which have already been dem-
onstrated to be converted into inactive ROONO products
by NOP**¥ i vive. A general equation for these reactions
can be written as:
2RS-NO+LO"/ LOO'=LONO / LOONO +RS-SR (1)
where RSNO can be any primary S-nitrosothiol and RS-SR
is the corresponding oxidized thiol yielded as a dimmer.
The same RS-SR dimmers are formed if the RSNOs
release NO primarily according to"”:

2 RSNO—RS-SR+2NO 2

Free NO released in equation 2 is also capable of re-
acting with LO'/LOO" species™, leading to the same ter-
mination products of equation 1.

Although NAC (the precursor of SNAC) has also an
important antioxidant action due to the ease of hydro-
gen abstraction from its thiol group (data not shown),
the protective action of SNAC cannot be assigned to its
conversion into NAC. Such a reaction does not take place
in an oxidative environment. Under such conditions, the
anti-oxidant effect of SNAC can be assigned mainly to
the lability and reactivity of NO, according to equations 1
and 2. This statement is supported not only by the greater
antioxidant action of SNAC compared to NAC in the
vitro experiments with LDL and LA, but also by the 7 vivo
results showing that the daily oral administration of NAC
at a concentration five times higher than SNAC, did not
prevent the development of liver steatosis in the present
animal model and led to a lower reduction in the LOOH
level in the liver tissue. The protective action of NAC in
this animal model is not entirely dissimilar to that obtained
with other more classical anti-oxidants. However, ascorbic
acid which reduces liver steatosis in rats on choline-defi-
cient diet, is not able to inhibit the onset of this pathol-
ogy, and a-tocopherol (vitamin E) does not even reduce
fat accumulation in the hepatic tissue in the same animal
model™,

The important protective action of an NO donor in
this model suggests that NAFLD can be associated with
an impairment of endogenous NO production in the liver.
Since the production of endothelium-derived NO has al-
ready been demonstrated to be impaired in other diseases
related to oxidative stress, like atherosclerosis'™” *, the ef-
fects of NO in NAFLSD can involve other mechanisms
in addition to those associated solely with oxidative stress.
NO is also known to be a signal transduction mediator and
accumulating data suggest that S-nitrosation and nitrosi-
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lation reactions performed by NO may be a ubiquitous
posttranslational modification involved in signal transduc-
tion regulation™. The absence of correlation between the
reduction of LOOH concentration and the occurrence
of macro and microvacuolar steatosis in the NAC-treated
group, is an evidence that protective mechanisms other
than the inhibition of lipid peroxidation, are operative
when SNAC is administered to choline deficient animals.
Such mechanisms are probably associated with the bio-
chemical/signaling actions of NO and can be specifically
linked to the biochemistry of RSNOs. In contrast to other
NO donors which are already in widespread clinical use,
like organic nitrates, nitrites and sodium nitroprusside, few
clinical studies have been reported for RSNOs. Therefore,
the use of RSNOs as exogenous NO sources in the treat-
ment of NAFLD can bring new petspectives for undet-
standing the pathogenesis of this disease.

In conclusion, oral administration of SNAC as an
exogenous NO source, can block the onset of NAFLD and
the reduction of LOOH production in liver tissue as a result
of this treatment can be associated with the ability of SNAC
to block the lipid peroxidation. These findings have clinical
implications, regarding novel therapeutic strategies for the
treatment of NAFLD.
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