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Abstract
Background—Argininosuccinate synthase (ASS) is an enzyme shared by the urea cycle and the
L-citrulline/nitric oxide (NO·) cycle. ASS is the rate-limiting enzyme in the urea cycle and along
with nitric oxide synthase 2 (NOS2), it endows cells with the L-citrulline/NO· salvage pathway to
continuously supply L-arginine from L-citrulline for sustained NO· generation. Thus, ASS
conditions NO· synthesis by NOS2. Because of the relevance of NOS2 activation for liver injury,
we examined the contribution of ASS to NO· generation and how it impacts liver injury.

Methods—Wild-type (WT) mice and Ass+/− mice (Ass−/− mice are lethal) were i.p. injected with
ethanol at a dose of 2.5 g/kg body weight twice a day for 3 days. Two hours after the last dose of
ethanol, mice were administered the agonistic Jo2 hamster anti-mouse Fas monoclonal Ab at a
dose of 0.2 µg/g body weight. Mice were sacrificed 8 h after the Jo2 Ab injection. Markers of
nitrosative and oxidative stress as well as liver damage were analyzed.

Results—Ethanol plus Jo2-induced liver injury as shown by serum ALT and AST activity, liver
pathology, TUNEL and cleaved caspase-3 which were lower in Ass+/− mice compared with WT
mice suggesting that ASS contributes to ethanol plus Jo2-mediated liver injury. CYP2E1
induction, decreased GSH and elevated TBARS were comparable in both groups of mice
suggesting that CYP2E1-mediated oxidative stress is not linked to ASS-induced liver injury. In
contrast, NOS2 induction, 3-nitrotyrosine adducts formation and elevated nitrites, nitrates and S-
nitrosothiols were higher in livers from WT mice than from Ass+/− mice.

Conclusion—Decreased nitrosative stress causes lower ethanol plus Jo2-induced liver injury in
Ass+/− mice.
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INTRODUCTION
Nitric oxide (NO·) generation via nitric oxide synthase (NOS) is associated with epithelial
cell injury, host immune defense and perpetuation of inflammatory responses (Nussler and
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Billiar, 1993). NOS catalyzes the formation of NO· via the L-citrulline/NO· cycle which
comprises NOS, argininosuccinate synthase (ASS) and argininosuccinate lyase (ASL) (Flam
et al., 2001). The role of ASS and ASL is to convert L-citrulline, a second product of NOS
activity, back to L-arginine for sustained NO· production by NOS (Flam et al., 2001). There
are three isoforms of NOS and while NOS1 and NOS3 are constitutive, NOS2 is inducible.
Under physiological conditions the NOS2 gene is quiescent, yet toxins such as alcohol and
lipopolysaccharide (LPS) can initiate and sustain its activation (Xie and Gross, 1997, Nathan
and Xie, 1994). Heavy ethanol consumption causes liver damage in a NOS2-dependent
manner (Cederbaum et al., 2009). Severe liver injury induced by the Fas/CD95 agonist Jo2
is associated with NOS2 (Chang et al., 2003). While an ethanol binge or Jo2 administration
at low dose fails to induce liver damage, the combination of both induces severe liver injury,
which can be partially blocked by the NOS2 inhibitor 1400W (Wang and Cederbaum, 2007)
suggesting that NOS2 mediates ethanol plus Jo2-induced liver injury.

The urea cycle is a metabolic pathway in which ammonia produced during protein
catabolism is converted to urea in the liver. The urea cycle involves five enzymatic
reactions. ASS catalyzes the reversible ATP-dependent condensation of L-citrulline and
aspartate to form argininosuccinate, the immediate precursor of L-arginine. Because ASS is
the enzyme with the lowest Vmax in the urea cycle, it is the rate-limiting step in the cycle
(Husson et al., 2003). In the liver, the L-citrulline/NO· cycle shares ASS and ASL with the
urea cycle. Co-induction of NOS2 and ASS has been demonstrated in vivo in various tissues
and in cells treated with LPS (Hattori et al., 1994, Hattori et al., 1995, Norris et al., 1995)
(Nagasaki et al., 1996, Flodstrom et al., 1995). Hepatocytes can be stimulated to generate
large amounts of NO· in addition to urea in response to sepsis or to LPS (Nussler and Billiar,
1993). We hypothesized that ASS could have an effect on ethanol plus Jo2-induced liver
injury by regulating NOS2-mediated NO· production. In this study, we demonstrate that
ASS contributes to ethanol plus Jo2-induced liver injury by increasing NOS2 and nitrosative
stress.

MATERIALS AND METHODS
In vivo model

Ass+/− mice in C57BL/6 and Sv129 genetic background were purchased from the Jackson
Laboratory (Bar Harbor, MN). Ass+/− mice were originally generated as a model of
citrullinemia (Patejunas et al., 1994). Ass−/− mice are embryonically lethal (Patejunas et al.,
1994). Mice were i.p. injected with ethanol (Pharmaco, Brookfield, CT) at a dose of 2.5 g/kg
b. wt. twice a day for 3 days. Two hours after the last dose of ethanol, mice were i.p.
injected either saline solution or the agonistic Jo2 hamster anti-mouse Fas monoclonal Ab
(BD Pharmingen, San Diego, CA) at 0.2 µg/g b. wt. These treatments at the selected doses
do not cause significant liver injury when given alone (Wang et al., 2005; Wang and
Cederbaum, 2007). Mice were sacrificed 8 h after the administration of the Jo2 Ab or saline
solution. Blood was collected and serum was obtained to determine alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) activity using kits (Pointe
Scientific, Canton, MI). Livers were excised into fragments; one fragment was fixed in 10%
formalin solution for pathology analysis and the rest of the tissue was stored at −80°C for
subsequent assays.

Liver pathology and immunohistochemistry
Liver samples were fixed in 10% neutral-buffered formalin solution and embedded in
paraffin. Sections (5 µm thick) were stained with hematoxylin and eosin (H&E) for
pathological evaluation by a liver pathologist blinded to the experimental conditions. Ten
100× fields were examined for necroinflammatory activity, which was scored as follows: 0,
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none; 1, <2 foci per 100× field; 2, 2–4 foci per 100× field; 3, 5–10 foci per 100× field; 4,
>10 foci per 100× field. Immunohistochemical staining for 3-nitrotyrosine adducts (3-NT),
NOS2 and cleaved caspase-3, tumor necrosis factor-α (TNF-α) was performed using
antibodies against 3-NT (Millipore, Billerica, MA), NOS2, cleaved caspase-3 (Cell
Signaling, Beverly, MA) and TNF-α (R&D Systems, Minneapolis, MN) and the Histostain
Plus detection system (Invitrogen, Carlsbad, CA). DNA fragmentation was determined by
the TUNEL assay using the ApopTag in situ apoptosis detection kit (Chemicon, Temecula,
CA). Samples were counterstained with hematoxylin. Positively stained nuclei were counted
in 20 random fields per sample and averaged numbers were graphed.

Measurement of reduced glutathione
Liver homogenates were mixed with trichloroacetic acid (TCA) to a final concentration of
5% and incubated at 4°C for 30 min to precipitate proteins. The TCA extracts (10 µl) were
added to 200 µl of methanol containing 1 mg/ml o-phthaldehyde and were incubated for 15
min at 37°C in the dark. Fluorescence was measured at 350/420 nm (excitation/emission).
The concentration of glutathione (GSH) was determined from a GSH standard curve.

Quantification of thiobarbituric acid reactive substances
Liver homogenates supplemented with butylated hydroxytoluene to prevent further
oxidation during the assay were incubated with 0.2 ml of 15% TCA-0.375% TBA-0.25 N
HCl solution in a boiling water bath for 10 min. Following centrifugation at 500×g for 5 min
the resulting supernatant was used to determine the generation of thiobarbituric acid reactive
substances (TBARS) by measuring the absorbance at 535 nm. A standard curve was
generated using 1,1,3,3-tetraethoxypropane treated as above.

Quantification of liver nitrites, nitrates and S-nitrosothiol
Liver nitrites plus nitrates were measured using a kit (Cayman Chemical, Ann Arbor, MI) to
reflect hepatic levels of nitric oxides as described before (Lu et al., 2012). Total S-
nitrosothiols (RSNO) measurement was carried out as described in (Kubes, et al., 1999).
Briefly, fresh liver homogenate containing 10 µM diethylenetriaminepentaacetic acid was
used for two reactions. In reaction 1, 200 µl of the homogenate were mixed with 200 µl of
1% (w/v) sulfanilamide in 0.5 M HCl. In reaction 2, 200 µl of the homogenate were mixed
with 200 µl of 0.2% (w/v) HgCl2 in the 1% sulfanilamide in 0.5 M HCl to liberate NO· from
any RSNO (R is any molecule and S-NO is S-nitrosothiol). Both reactions were incubated in
the dark at 37°C for 10 min. Next, 200 µl of 0.2% (w/v) N-(1-naphthyl)ethylenediamine
dihydrochloride in 0.5 M HCl were added to both reactions, and the samples were incubated
for an additional 10 min at 37°C in the dark. The samples were then read at 540 nm, and
total RSNO were calculated as total RSNO (µM) = (OD reaction 2 − OD reaction 1)/0.05
and normalized by protein content.

Western blot analysis
Hepatic proteins were resolved by SDS-PAGE electrophoresis and transferred to
nitrocellulose membranes for blotting with anti-CYP2E1 (a gift from Dr. Jerome Lasker,
Puracyp Inc, Carlsbad, CA), ASS and Calnexin (Santa Cruz Biotechnology, Santa Cruz,
CA), followed by horseradish peroxidase-conjugated secondary antibody. Proteins were
visualized with the Fujitsu Las4000 using the enhanced chemiluminescence Western blot
detection reagent (Amersham Bioscience, Piscataway, NJ). Blots were quantified using the
ImageJ software program from the National Institutes of Health. Protein expression was
corrected by Calnexin used as internal control.
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Statistical analysis
Values are expressed as means ± SEM (n=6). One-way ANOVA (subsequent post hoc
comparisons) analysis was performed using the Excel Data Analysis tool package. p<0.05
were considered statistically significant.

RESULTS
Ethanol plus Jo2-induced liver injury is lower in Ass+/− mice than in WT mice

ASS expression in WT mice was 2-fold higher than in Ass+/− mice, either at basal levels or
following treatment with ethanol plus Jo2 Ab (Figure 1A). After treatment with ethanol plus
Jo2, serum ALT and AST activity was significantly elevated in both WT and Ass+/− mice
but were 2-to-3-fold higher in WT mice compared to Ass+/− mice (Figure 1B–1C). H&E
staining shows that necrotic foci were observed mostly around central veins (Figure 1D) and
more necrosis (~2.5-fold) was detected in liver sections from WT mice than from Ass+/−

mice (Figure 1D–1E). Ethanol plus Jo2 induced significant apoptosis. TUNEL staining
shows that like the necrotic foci, the apoptotic cells were observed mostly in zones 2 and 3
(Figure 2A) and the apoptosis index was ~2-fold higher in WT mice than in Ass+/− mice
(Figure 2B). Likewise, immunohistochemistry analysis showed positive staining for cleaved
caspase-3 in liver sections from WT mice, which when quantified was 2-fold higher than in
Ass+/− mice (Figure 2C–2D). These results suggest that ethanol plus Jo2-induced liver injury
was lower in Ass+/− mice compared to WT mice.

The lower liver injury induced by ethanol plus Jo2 in Ass+/− mice is not due to differences
in CYP2E1-mediated oxidative stress

Ethanol can induce CYP2E1 and CYP2E1-dependent oxidative stress can then mediate
ethanol plus Jo2-induced liver injury (Wang and Cederbaum, 2007). Therefore, we
examined whether the decreased liver injury induced by ethanol plus Jo2 observed in Ass+/−

mice was due to changes in CYP2E1-mediated oxidative stress. First, we measured CYP2E1
expression. As shown in Figure 3A, CYP2E1 induction was comparable in WT mice and in
Ass+/− mice after ethanol plus Jo2 injection. To further evaluate the extent of oxidative stress
induced by ethanol plus Jo2, GSH levels and lipid peroxidation-end products were
measured. GSH depletion and lipid peroxidation-end products were identical in WT mice
and in Ass+/− mice after ethanol plus Jo2 treatment (Figure 3B–3C). These results indicate
that the decreased liver injury provoked by ethanol plus Jo2 in Ass+/− mice is not due to
differences in CYP2E1-mediated oxidative stress.

The lower liver injury induced by ethanol plus Jo2 in Ass+/− mice is not due to changes in
tumor necrosis factor-α (TNF-α)

Ethanol increases gut permeability and the translocation of Gram-negative bacteria and LPS
from the gut into the portal circulation. LPS activates Kupffer cells to produce noxious
cytokines such as TNF-α (Lu et al., 2005). Yet, while serum TNF-α levels are not always
detectable (Lu et al., 2008; 2010), intrahepatic TNF-α expression could be detectable by
immunohistochemistry (IHC) (Ge et al., 2013). Serum TNF-α levels were undetectable (not
shown) but as shown in Figure 4, after ethanol plus Jo2 administration, TNF-α positive
staining increased with minor differences between WT mice and Ass+/− mice (Figure 4A–
4B). Therefore, these results suggest that TNF-α plays a minimal role in the difference in
ethanol plus Jo2-induced liver injury between WT mice and Ass+/− mice.
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Nitrosative stress is responsible for the lower liver injury induced by ethanol plus Jo2 in
Ass+/− mice compared to WT mice

Since ASS is shared by the urea cycle and the L-citrulline/NO· cycle, ASS could drive
NOS2 induction and thus condition nitrosative stress. Ethanol plus Jo2-induced liver injury
involved nitrosative stress because 3-NT and NOS2 have been previously shown to be
increased, and most importantly, ethanol plus Jo2-induced liver injury was blocked by
1400W, a specific NOS2 inhibitor (Wang and Cederbaum, 2007). Here, we examined
whether the prevention of liver injury induced by ethanol plus Jo2 in Ass+/− mice was due to
a decrease in nitrosative stress. Immunohistochemical staining showed that NOS2 induction
by ethanol plus Jo2 treatment occurred mainly in zones 2 and 3 both in WT mice and in
Ass+/− mice (Figure 5A–5B), which is consistent with the distribution of the necrotic foci
and of the apoptotic cells. Yet, less positive staining was observed in ethanol plus Jo2-
treated Ass+/− mice (Figure 5A–5B), suggesting that ASS is necessary for NOS2 induction
by ethanol plus Jo2. Consistently, a significant increase in NO· production measured as
nitrites plus nitrates were observed in livers from both WT mice and Ass+/− mice following
the ethanol plus Jo2 treatment. Higher NO· production was detected in WT mice than in
Ass+/− mice (Figure 5C). Newly generated NO· could react with tyrosine residues to form 3-
NT adducts (Gow et al., 2004, Ischiropoulos, 1998). IHC staining showed that similar to
NOS2 induction, 3-NT adducts appeared around zones 2 and 3 (Figure 5D–5E) and less
positive staining was observed in ethanol plus Jo2-treated Ass+/− mice (Figure 5D–5E). As
expected, intrahepatic RSNO levels increased after ethanol plus Jo2 treatment more in WT
mice than in Ass+/− mice (Figure 5F). These results suggest that there is less nitrosative
stress in Ass+/− mice compared to WT mice, which may explain why less liver injury
occurred by ethanol plus Jo2 in Ass+/− mice compared to WT mice.

DISCUSSION
Binding of Fas to its ligand (FasL) or Fas antibody results in cell apoptosis via cellular
pathways including receptor oligomerization and recruitment of the Fas-associated proteins
with death domain, which eventually leads to activation of caspase-8 and downstream
caspases such as caspase-3 (Chen et al., 2001, Tagawa et al., 1998, Feldstein et al., 2003).
The Fas agonistic antibody Jo2 can activate the Fas-associated apoptotic signaling in the
liver in a dose-dependent manner (Ogasawara et al., 1993, Wang et al., 2005). The Fas/Fas
ligand complex plays a central role in ethanol-induced hepatic apoptosis (Zhou et al., 2001,
Minana et al., 2002, Sosa et al., 2005). While either a low dose of Jo2 Fas agonistic Ab (0.2
µg/g) or acute ethanol (2.5g/kg) cannot induce obvious liver injury, the combination of both
increases hepatic apoptosis and liver injury induced by Jo2 Ab alone (Wang and
Cederbaum, 2007). In this study we found that ethanol plus Jo2-induced liver injury and
apoptosis as demonstrated by pathological changes, serum transaminases, TUNEL and
cleaved caspase-3 positive staining, which were lower in Ass+/− mice compared to WT mice,
suggesting that ASS contributes to ethanol plus Jo2-induced liver injury by enhancing
NOS2-mediated nitrosative stress.

TNF-α participates in cell survival and cell death pathways (Chang et al., 2006). The
balance between NFκB and JNK determines the biological outcome of TNF-α, while NFκB
promotes survival by inducing the expression of cFLIP, an inhibitor of caspase-8, JNK
enhances cell death by promoting cFLIP-L ubiquitination and proteasomal degradation
(Chang et al., 2006). Previously we found that ASS contributes to LPS-stimulated TNF-α
secretion and in turn up-regulates apoptosis induced by pyrazole plus LPS treatment (Lu et
al., 2012). However, in the present study we observed that after ethanol plus Jo2 treatment,
TNF-α production in the liver is increased in both WT and Ass+/− mice and it was slightly
increased in WT mice compared to Ass+/− mice. These results suggest that TNF-α plays a
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minor role, if any, in the ASS-mediated liver injury and apoptosis in this model. In the
pyrazole plus LPS model, LPS was injected at 4 mg/kg, but in the ethanol plus Jo2 model no
exogenous LPS was administrated, which may be one of the reasons for the difference in the
contribution of TNF-α to liver injury.

CYP2E1 can be induced by ethanol, exhibits enhanced NADPH oxidase activity, and
elevates the rate of generation of superoxide radical (O2

−·) and of H2O2. Catalase
decomposes H2O2; yet, GSH and GSH peroxidase are generally considered quite relevant
for H2O2 removal (Lu et al., 2005). Ethanol plus Jo2 treatment causes CYP2E1-mediated
oxidative stress, which leads to liver injury (Wang and Cederbaum, 2007). Nevertheless, it
seems that the difference in ethanol plus Jo2-induced liver injury between Ass+/− mice and
WT mice does not involve CYP2E1-mediated oxidative stress since the expression of
CYP2E1, GSH levels and TBARS (a measurement of lipid peroxidation-end products) in the
liver did not exhibit a significant difference between WT mice and Ass+/− mice. Liver
damage may be dependent on the balance of the local production of NO· and ROS such as
O2

−· (Lu et al., 2005). Markers of nitrosative stress including the expression of NOS2, the
formation of 3-NT adducts, the concentration of nitrates plus nitrites and the levels of RSNO
in the liver were higher in WT mice than in Ass+/− mice, suggesting that ASS contributes to
ethanol plus Jo2-induced nitrosative stress.

As the rate-limiting enzyme from the urea cycle, ASS contributes to the synthesis of
arginine, which generates urea by the action of arginase in the liver. ASS is also a critical
enzyme in the L-citrulline/NO· cycle to provide arginine for NO· generation by NOS2.
Simultaneous induction of NOS2 and ASS has been demonstrated in vivo in various tissues
and cells treated with LPS (Flodstrom et al., 1995, Hattori et al., 1994, Hattori et al., 1995,
Nagasaki et al., 1996, Norris et al., 1995). ASS overexpression leads to enhanced ability for
NO· production (Xie and Gross, 1997). Here we found that partial ablation of ASS could
decrease NO· synthesis by NOS2. Once NOS2 is highly induced, NO· production is
determined by the intracellular concentration of L-arginine, the only physiological nitrogen
donor for NO· production (Nussler and Billiar, 1993) and by other co-factors for NOS2
activity. An active urea cycle provides L-arginine for NO· synthesis in the liver. Ass
deficiency decreased the expression of NOS2 and the availability of L-arginine.
Consequently, after ethanol plus Jo2 treatment, hepatic nitrites plus nitrates, a stable and
soluble readout for NO· production, were lower in Ass+/− mice than in WT mice.
Peroxynitrite generated by the rapid reaction between NO· and O2

−· can induce nitration of
free and protein-associated tyrosine residues and cause the formation of 3-NT protein
adducts, the footprint of nitrosative stress (Ischiropoulos, 1998), which can then explain why
3-NT adduct formation increased after ethanol plus Jo2 treatment in WT mice compared
with Ass+/− mice. Therefore, it could be suggested that ASS activity contributes to
nitrosative stress.

NOS2-mediated NO· production can be either beneficial or detrimental. Whether NO· is
protective or detrimental is determined by the source and by the amount of NO· production
and the cellular redox status of the liver (Chen et al., 2003). NOS2-derived NO· generation
participates in the pathogenesis of alcoholic liver disease (Dey and Cederbaum, 2006,
McKim et al., 2003, Venkatraman et al., 2004). NOS2 catalyzes the NADPH-dependent
conversion of L-arginine to NO· plus L-citrulline (Ignarro, 1996). While the NOS2 gene lies
quiescent in cells at rest, NOS2 transcription can be initiated by various immunostimulants,
cytokines and growth factors (Nathan and Xie, 1994, Xie and Gross, 1997). Overexpression
of NOS2 mediates a variety of pathological conditions (Radi et al., 2002, Gross and Wolin,
1995). After ethanol consumption, NOS2 is required to produce NO·-derived pro-oxidants
(Venkatraman et al., 2004, McKim et al., 2003). In the model of ethanol plus Jo2
administration, it appears that ASS contributes to liver injury by enhancing nitrosative
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stress. Yet, this needs to be further evaluated by the use of pharmacological NO· donors or
NOS2 inhibitor or Nos2−/− mice.
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Figure 1. Ass+/− mice are protected from ethanol plus Jo2-induced liver injury
ASS expression was analyzed by Western blot. The quantification of the intensity of the
bands corrected by that of Calnexin is indicated under the blots (A). Serum ALT and AST
activity are increased in ethanol plus Jo2-treated WT mice compared to Ass+/− mice (B–C).
H&E staining shows necrosis (yellow arrows) and apoptosis (yellow arrowheads) in ethanol
plus Jo2-treated WT mice and in Ass+/− mice, CV: central vein (D). The necrosis score
indicates more necrosis in ethanol plus Jo2-treated WT mice than in Ass+/− mice (E).
Results are expressed as average values ± SEM; n=6, *p<0.05 and **p<0.01 for ethanol plus
Jo2 vs control; #p<0.05 and ##p<0.01 for Ass+/− vs WT.
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Figure 2. Ass+/− mice are protected from ethanol plus Jo2-induced apoptosis
TUNEL staining (yellow arrows and insets showing nuclear staining at 630×) (A), the
apoptosis index (B), IHC for cleaved caspase-3 (yellow arrows and insets showing nuclear
and cytosolic staining at 630×) (C) and morphometric analysis for caspase-3 (D)
demonstrate more apoptosis in ethanol plus Jo2-treated WT mice than in Ass+/− mice. CV:
central vein; PV: portal vein. Results are expressed as average values ± SEM; n=6, *p<0.05
and **p<0.01 for ethanol plus Jo2 vs control; #p<0.05 for Ass+/− vs WT.
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Figure 3. Ethanol plus Jo2 increase TBARS and decrease GSH both in WT mice and in Ass+/−

mice
CYP2E1 expression was analyzed by Western blot. The quantification of the intensity of the
bands corrected by that of Calnexin is indicated under the blots (A). The increased lipid
peroxidation-end products measured by TBARS is comparable in ethanol plus Jo2-treated
WT mice and in Ass+/− mice (B). GSH equally decreased in ethanol plus Jo2-treated WT
mice and in Ass+/− mice (C). Results are expressed as average values ± SEM; n=6, *p<0.05
for ethanol plus Jo2 vs control.
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Figure 4. The increase in TNF-α is similar in ethanol plus Jo2-treated WT mice and in Ass+/−

mice
IHC analysis demonstrated an increase in TNF-α expression (yellow arrows) in ethanol plus
Jo2-treated WT mice and in Ass+/− mice but there was no significant difference (A). The
number of TNF-α+ cells is quantified in (B). CV: central vein. Results are expressed as
average values ± SEM; n=6, **p<0.01 for ethanol plus Jo2 vs control.
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Figure 5. Ass+/− mice are protected from ethanol plus Jo2-induced nitrosative stress
IHC analysis demonstrated greater induction of NOS2 protein (yellow arrows) in ethanol
plus Jo2-treated WT mice compared to Ass+/− mice (A). The morphometric analysis is
shown in (B). Liver nitrites plus nitrates were higher in WT mice than in Ass+/− mice
injected with ethanol plus Jo2 (C). IHC analysis depicting an increase in 3-NT protein
residues in ethanol plus Jo2-treated WT mice compared to Ass+/− mice (D). The
morphometric analysis is shown in (E). Hepatic RSNO (R is any molecule and S-NO is S-
nitrosothiols) (F). CV: central vein. Results are expressed as average values ± SEM; n=6,
*p<0.05 and **p<0.01 for ethanol plus Jo2 vs control; #p<0.05 for Ass+/− vs WT.
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