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Abstract

The role of nitric oxide (NO)/guanosine 3',5'-cyclic monophosphate (cGMP) signaling pathway in the regulation of fatty acid
metabolism was investigated in rat hepatocytes. Treatment with NO donors, which are known to activate soluble guanylyl cyclase,
inhibited in parallel fatty acid synthesis de novo and acetyl-CoA carboxylase activity. This effect was mimicked by 8-Br-cGMP and
abolished by KT5823, a selective inhibitor of cGMP-dependent protein kinase (PKG). Furthermore, specific and hydrolysis-resistant
activators of PKG, and inhibitors of Ca?" release from endoplasmic reticulum, were also effective in inhibiting both fatty acid-
synthesizing activities. These results suggest that this biological action of NO is regulated by a signaling cascade involving soluble
guanylyl cyclase, cGMP, and PKG, and may be mediated, at least in part, by inhibition of Ca>" release from endoplasmic reticulum. In
addition, 8-Br-cGMP was able to stimulate fatty acid oxidation by two different mechanisms: the relieving of malonyl-CoA-dependent
inhibition by lowering levels of this product of acetyl-CoA carboxylase, and a malonyl-CoA-independent stimulation of carnitine
palmitoyltransferase 1. Taken together, results of this study suggest that NO/cGMP signaling pathway is endowed with regulatory

properties in fatty acid metabolism, and may have a physiological role in the control of this metabolism in liver.

© 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

NO has been recognized as an important physiological
mediator in a large number of biological actions, in
virtually every organ and tissue. In liver, increased NO
levels result from stimulated expression of the inducible
form of NO synthase in hepatocytes and Kupffer cells
[1,2]. Oxidative stress, endotoxin, and inflammatory cyto-
kines are potent inducers of NO synthase expression in
hepatocytes [3,4]. It is well known that many of the
biological actions of NO, but not all, are mediated by
the direct activation of soluble guanylyl cyclase and the
consequent increase in intracellular cGMP levels [5]. This
may modulate PKG, cGMP-gated ion channels, cGMP-
regulated phosphodiesterases, and, under certain conditions,
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cyclic AMP-dependent protein kinases [5]. In fact PKG is
considered the principal transduction mediator of cGMP.
PKG type I, including o and B splicing variants, and type II
have been characterized in mammals [5,6]. In addition, NO
can also exert direct effects by covalent modification by S-
nitrosylation of thiol groups in proteins [7].

Among the many metabolic effects of NO, it has been
demonstrated its role in modulation of multiple pathways of
glucose metabolism, mainly in skeletal muscle [8—10] and
liver [11-13]. In contrast to this knowledge, studies on the
role of NO/cGMP signaling in hepatic fatty acid metabolism
are really scarce and apparently contradictory. Thus, it has
been reported that feeding rats with an inhibitor of NO
synthase induced hyperlipidemia and lowered hepatic fatty
acid oxidation [14]. However, in other study a NO donor was
shown to inhibit ketogenesis in isolated rat hepatocytes by a
cGMP-independent mechanism [15]. On the other hand, it
has been reported in rat heart that 8-bromo-guanosine 3’,5'-
cyclic monophosphate (8-Br-cGMP) activated acetyl-CoA
carboxylase (ACC) [16]. Therefore, in this study we went
further to investigate the possibility of a role of NO/cGMP
signaling pathway in the regulation of fatty acid metabolism
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in rat hepatocytes. We examined in detail the rates of the
different fatty acid-metabolizing pathways and the activities
of two key enzymes in this metabolism, namely ACC in fatty
acid synthesis [17] and carnitine palmitoyltransferase I
(CPT-I) in fatty acid oxidation [18]. In addition, it is
currently thought that the NO/cGMP pathway controls a
number of cellular processes by modulating intracellular
Ca”" levels, via type I PKG-dependent phosphorylation of
several key regulatory proteins involved in Ca®" fluxes [5].
Thus, we also studied the possible contribution of this
mechanism to the effects of cGMP on fatty acid synthesis
in isolated rat hepatocytes.

2. Materials and methods
2.1. Isolation and incubation of hepatocytes

Hepatocytes were isolated from male Wistar rats (225—
250 g) by the collagenase perfusion method [19]. To
minimize glycogenolysis, all the buffers used in the iso-
lation procedure contained 10 mM glucose [20]. Because
lipogenesis is markedly depressed just after hepatocyte
isolation, cells were incubated for 15 min at 37° in a
gyratory metabolic shaker [20], and then filtered through
nylon mesh. Cell viability always exceeded 90%, as deter-
mined by trypan blue exclusion. All the animal protocols
followed the guidelines of the Spanish Ministry of Health.

Two milliliters of hepatocyte suspension (4—6 mg cellu-
lar protein/mL) in Krebs—Henseleit bicarbonate buffer,
supplemented with 10 mM glucose and 1% (w/v) defatted
and dialyzed BSA, were incubated with the additions
indicated in the experiments at 37° for 30 min, with
constant shaking under an atmosphere of O,/CO, (19:1).
Additions used were: (£)-S-nitroso-N-acetylpenicillamine
(SNAP); sodium nitroprusside (SNP); 8-Br-cGMP; 8-
(4-chlorophenylthio)-guanosine 3’,5’-cyclic monopho-
sphate (8-pCPT-cGMP); Sp-isomer of [-phenyl-1,
N*-etheno-8-bromo-guanosine 3',5'-cyclic monophosphor-
othioate (Sp-8-Br-PET-cGMPS); 8-(N,N-diethylamino)-
octyl-3,4,5-trimethoxybenzoate (TMB-8); 2-aminoethox-
ydiphenylborate (2-APB); rat atrial natriuretic peptide
(rANP); KT5823, and 1,4-dihydro-5-(2-propoxyphenyl)-
1,2,3-triazolo[4,5-d]pyrimidine-7-one (zaprinast). The cel-
lular protein was determined according to Lowry et al.
[21].

2.2. Rates of fatty acid synthesis, oxidation,
and esterification

For the determination of the rate of fatty acid synthesis,
reactions were started by the addition of [1-'*C]acetate
(0.1 Ci/mol; 3 mM final concentration) to hepatocyte incu-
bations. After 30 min reactions were stopped and total
fatty acids were extracted [20]. The rate of fatty acid
oxidation was determined by adding to hepatocyte incuba-

tions [1-'*C]palmitate or [1-'*CJoctanoate (0.05 Ci/mol;
0.4 mM final concentration) bound to albumin. After
20 min reactions were stopped and oxidation products
were extracted and quantified as previously described
[22]. For the determination of the rate of fatty acid ester-
ification, reactions were started by the addition to cell
incubations of albumin-bound [1-'*C]palmitate (0.05 Ci/
mol; 0.4 mM final concentration), and carried out for
30 min. Triacylglycerols and phospholipids were isolated
by thin-layer chromatography and quantified [22].

2.3. Enzymatic assays

ACC activity was determined in digitonin-permeabilized
hepatocytes as the incorporation of radiolabeled acetyl-CoA
into fatty acids in a reaction coupled to the fatty acid
synthase reaction [20]. To measure enzyme activity,
100 pL of hepatocyte suspension was added to 100 puL of
prewarmed digitonin-containing assay medium. The final
assay mixture contained 63 mM HEPES buffer (pH 7.5),
5 mM glucose, 1.5 mM MgCl,, 0.5 mM MgSQy,, 0.5 mM
KH,PO,, 0.5 mM citrate, 2.5 mM EGTA, 1.25 mM CaCl,,
22.5 mM NaHCOs, 70.5 mM NaCl, 2 mM ATP, 0.5 mM
NADPH, 0.44 mM dithioerythritol, 0.93% BSA (defatted
and dialysed), 0.062 mM butyryl-CoA, 64 pg digitonin/
mg cellular protein, 3.2 mU of rat liver fatty acid synthase
purified as previously reported [23], and 0.062 mM
[1-'4Clacetyl-CoA (4 Ci/mol). The reaction was carried
out for 2 min and then, samples were processed as described
[20].

CPT-I activity was determined in digitonin-permeabi-
lized hepatocytes as the tetradecylglycidate-sensitive
incorporation of radiolabeled L-carnitine into palmitoyl-
carnitine [24]. To measure enzyme activity, 100 uL of
hepatocyte suspension, previously preincubated for
20 min in the absence or in the presence of 5 ptM TDGA,
was added to 100 pL of prewarmed digitonin-containing
assay medium. The final assay mixture contained 12.5 mM
Tris—-HCl (pH 7.4), 70 mM sucrose, 5 mM glucose,
32.5 mM KCl, 12.5 mM NaHCO;, 60 mM NaCl, 0.5 mM
KH,POy, 0.5 mM MgSOy, 1.25 mM CaCl,, 1 mM EDTA,
1 mM dithioerythritol, 50 puM palmitoyl-CoA, 0.5% BSA
(defatted and dialysed), 40 pg digitonin/mg cellular pro-
tein, and 0.5 mM L-[Me-!'*C]carnitine (1 Ci/mol). After
20 or 40 s, reactions were stopped and samples were pro-
cessed as previously reported [25].

2.4. Statistical analysis

Determination of the rates of metabolic pathways and
enzymatic assays were carried out in triplicate with hepa-
tocyte incubations also done in triplicate. Results in figure
and tables are the means = SD of the number of rats
indicated in every case. Statistical analysis was performed
by Mann—Whitney’s non-parametric test, using the soft-
ware package Statgraphics.
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3. Results

NO is a short-lived free radical and, therefore, several
types of synthetic donors that slowly release this mediator
have been currently used in the study of NO-dependent
biological actions. In the present work, the effects of NO
donors and cGMP-related modulators on the main path-
ways of fatty acid metabolism were examined in intact
hepatocytes. In addition, the effects on ACC and CPT-I
activities were determined in digitonin-permeabilized
hepatocytes [25,26]. Determination of enzyme activities
in a permeabilized-cell system is essential to preserve the
short-term changes induced by diverse cellular modulators,
specially when these effects are supposed to be mediated
by a mechanism of labile modification.

When hepatocytes were treated with SNAP or SNP, two
NO donors, ACC activity and the rate of fatty acid synth-
esis were inhibited in parallel (Table 1). This effect was
concentration and time dependent. A direct effect of NO
donors on ACC can be discarded since enzyme activity was
unchanged by adding these modulators to the enzyme
assay mixture without previous incubation (not shown).
Hepatocytes were also incubated with 8-Br-cGMP, a phos-
phodiesterase-resistant cGMP analog. The cGMP analog
produced a concomitant decrease in ACC activity and the
rate of fatty acid synthesis to a higher extent than that
produced by NO donors. This decrease was concentration
dependent (Fig. 1), reaching a maximal effect when cells
were incubated with 0.1 mM 8-Br-cGMP for 30 min. More-
over, maximal concentrations of SNAP and 8-Br-cGMP

Table 1
Effects of diverse NO donors and cGMP-related modulators on acetyl-CoA
carboxylase activity and the rate of fatty acid synthesis

Additions Parameter
Acetyl-CoA Fatty acid
carboxylase activity synthesis
(% of control) (% of control)
None 100 100
0.5 mM SNAP EDN 77+ 4
0.1 mM SNP 80 + 2" 78 £ 3"
0.1 mM 8-Br-cGMP 51+3° 45+ 6
0.5 mM SNAP 55+ 5" 43 £3°
+ 0.1 mM 8-Br-cGMP
0.1 mM KT5823 101 £ 3 103 + 4
0.5 mM SNAP 100 + 6 98 +2
+ 0.1 mM KT5823
0.1 mM zaprinast 72 + 2" 71+ 6
0.4 uM rANP 103 £ 4 9 + 1

Hepatocytes were incubated in the presence of indicated additions.
After 30 min, samples were removed to determine the activity of ACC and
the rate of fatty acid synthesis. Results are expressed as percent of controls
and represent means & SD of nine different animals. Control values
(100%) from incubations without additions were: ACC activity,
0.72 + 0.05 nmol product/min mg cellular protein; rate of fatty acid synth-
esis, 29.8 & 1.8 nmol acetyl units/hr mg cellular protein.

* Significantly different from incubations with no additions, P < 0.01.

showed a non-additive effect (Table 1). These results led to
the assumption that effects of NO donors could be mediated
by soluble guanylyl cyclase and PKG activation. In this
way, the inhibition produced by SNAP was completely
abolished by KT5823, a highly specific inhibitor of PKG
(Table 1). In addition, when zaprinast, an inhibitor of
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Fig. 1. Effect of 8-Br-cGMP on fatty acid metabolism, showing inhibition (continuous line) of ACC (@) and fatty acid synthesis (O), and stimulation of
palmitate oxidation (broken line, A). Hepatocytes were incubated in the presence of increasing concentrations of 8-Br-cGMP. After 30 min, samples were
removed to determine the activity of ACC and the rates of fatty acid synthesis and palmitate oxidation. Results are expressed as percent of controls and
represent means £ SD of four different animals. Control values (100%) in the absence of 8-Br-cGMP were: ACC activity, 0.70 £ 0.06 nmol product/
min mg cellular protein; rate of fatty acid synthesis, 32.2 & 2.1 nmol acetyl units/hr mg cellular protein; rate of palmitate oxidation, 40.1 = 5.0 nmol

palmitate converted into product/hr mg cellular protein.
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cGMP-specific phosphodiesterase, was added to hepato-
cyte incubations, the extent of the inhibition on the fatty
acid synthesis pathway was similar to that obtained with
NO donors. However, rANP, an activator of membrane-
bound guanylyl cyclase A, was not able to inhibit ACC nor
the rate of fatty acid synthesis (Table 1).

Biological actions of NO are complex, hence, we
decided to use cGMP analogs for studying the role of
cGMP signaling pathway on hepatic fatty acid metabolism.
Table 2 shows the effects of hepatocyte incubation with
8-pCPT-cGMP or Sp-8-Br-PET-cGMPS, two non-hydro-
lysable ¢cGMP analogs considered to act as potent and
selective activators of protein kinase G. Both cGMP analogs
were as effective as 8-Br-cGMP in the inhibition of ACC
activity and the rate of fatty acid synthesis. It is known the
implication of calcium in cGMP signaling. Thus, we assayed
the possible modifications of the 8-Br-cGMP effects
described above when hepatocytes were isolated and incu-
bated in the absence of extracellular calcium. In these
conditions, a significant alteration of the effect of 8-Br-
c¢cGMP on ACC and fatty acid synthesis was observed
(not shown). In order to gain a better understanding of
the involved mechanism, we incubated hepatocytes with
TMB-8 or 2-APB, two inhibitors of Ca®" release via inositol
1,4,5-trisphosphate (IP5) receptors. These two Ca”"-release
inhibitors mimicked the effect of 8-Br-cGMP on ACC,
although they showed a lower effect on fatty acid synthesis
(Table 2).

Modulation of ACC is also essential for the control of
long-chain fatty acid oxidation in hepatocytes, because
malonyl-CoA is a potent inhibitor of CPT-1 [18,27]. Thus,
we found that incubation of hepatocytes with §-Br-cGMP

Table 2
Effects of cGMP analogs and calcium-release inhibitors on acetyl-CoA
carboxylase activity and the rate of fatty acid synthesis

Additions Parameter
Acetyl-CoA Fatty acid
carboxylase activity synthesis

(% of control) (% of control)
None 100 100

0.1 mM 8-Br-cGMP 51 +3" 45+ 6"
0.1 mM 8-pCPT-cGMP 50 + 4" 47 £ 4"
15 uM Sp-8-Br-PET-cGMPS 48 +5 45 £ 2"
0.1 mM TMB-8 64 + 6" 74 + 37
0.5 mM 2-APB 50 + 2" 70 + 5"
0.1 mM 8-Br-cGMP 38+5" 40 + 3"
+ 0.1 mM TMB-8
0.1 mM 8-Br-cGMP 36 £ 5 47 + 2"

+ 0.5 mM 2-APB

Hepatocytes were incubated in the presence of indicated additions.
After 30 min, samples were removed to determine the activity of ACC
and the rate of fatty acid synthesis. Results are expressed as percent of
controls and represent means + SD of nine different animals. Control values
(100%) from incubations without additions were: ACC activity,
0.72 £ 0.05 nmol product/min mg cellular protein; rate of fatty acid synth-
esis, 29.8 = 1.8 nmol acetyl units/hr mg cellular protein.

* Significantly different from incubations with no additions, P < 0.01.

Table 3
Effects of 8-Br-cGMP on CPT-I activity and the rates of fatty acid
oxidation and palmitate esterification

Parameter Additions
None 0.1 mM 8-Br-cGMP

CPT-I activity for 40s (N = 10) 0.87 + 0.07 1.18 + 0.09f
CPT-I activity for 20 s (N = 6) 0.25 + 0.03 0.42 4+ 0.05
Palmitate oxidation (N = 9) 42.6 £ 6.2 732 4+ 63"
Octanoate oxidation (N = 4) 70.0 & 2.5 69.2 + 4.1
Palmitate esterification (N = 6)

Triacylglycerols 383 £ 4.6 184 +0.8"

Phospholipids 183+ 14 13.4 + 0.6

Hepatocytes were incubated in the absence or in the presence of
0.1 mM 8-Br-cGMP. After 30 min, samples were removed to determine
CPT-I activities for 20 and 40s, the rates of palmitate and octanoate
oxidation and the rate of palmitate esterification. Rate of fatty acid
oxidation is expressed as nm fatty acid converted into product/hr/mg
cellular protein. Rate of palmitate esterification is expressed as nm
palmitate converted into lipid/hr/mg cellular protein. Activities of CPT-I
are expressed as nanomoles of product per minute per milligram cellular
protein. Data are means = SD of the number of animals given in
parentheses.

* Significantly different from incubations with no additions, P < 0.01.

induced a concentration-dependent stimulation of palmi-
tate oxidation (Fig. 1). With the aim to study cGMP effects
on the fatty acid oxidation pathway, hepatocytes were
treated with 8-Br-cGMP and then, CPT-1 activity and
the rates of palmitate and octanoate oxidation were mea-
sured (Table 3). In a 20-s permeabilization assay, the
activity of CPT-I was increased by approx. 170%. This
assay time is not long enough to allow malonyl-CoA
depletion in digitonin-permeabilized hepatocytes [28],
and it should reflect the conditions of measurement of
palmitate oxidation in intact hepatocytes. In this way, the
rate of exogenous palmitate oxidation was increased by 8-
Br-cGMP in a similar extent to the activation of CPT-I,
whereas oxidation of octanoate, which may enter mito-
chondria independently of carnitine [18,27], was not
affected. It is thought that after 40 s of permeabilization,
hepatocytes are depleted of malonyl-CoA [28] and, there-
fore, CPT-I activity assayed for 40 s should reflect an effect
of 8-Br-cGMP independent of malonyl-CoA regulation.
Thus, CPT-I showed a less marked (approx. 130%) but
significant activation. Finally, the effect of the cGMP analog
on palmitate esterification was also studied in intact hepa-
tocytes (Table 3). Incubation with 8-Br-cGMP induced an
inhibition of the rate of palmitate esterification to triacyl-
glycerols (approx. 50%) or phospholipids (approx. 25%).
These results were in agreement with the finding that
exogenous palmitate was preferentially oxidized to ketone
bodies due to activation of CPT-I1 by 8-Br-cGMP.

4. Discussion

The present study provides the first demonstration that
NO/cGMP signaling pathway is endowed with regulatory
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properties in fatty acid metabolism in rat hepatocytes. NO
donors and cGMP analogs inhibited in parallel fatty acid
synthesis and ACC activity. In addition, cGMP analogs
stimulated CPT-I and CPT-I-dependent fatty acid oxida-
tion, with an inverse reduction in the rate of fatty acid
esterification. The parallel inhibition of ACC and fatty acid
synthesis de novo is in agreement with the general view
that ACC is a key regulatory enzyme of the fatty acid-
synthesizing process in the liver [17]. Nevertheless, it is
noteworthy that it has been reported ACC activation by 8-
Br-cGMP in rat heart [16]. Unfortunately, this is a poorly
studied field in order to compare these contradictory data,
but they could be related to the different degrees of
expression of the two ACC isoforms in both tissues.
ACC-qa is the dominant isoform in liver and other tissues
capable of high rates of fatty acid biosynthesis de novo, and
is considered the rate-limiting enzyme in this pathway.
However, the minor component of ACC in liver, ACC-B, is
the predominant isoform expressed in heart and other
tissues that perform little or no fatty acid biosynthesis,
and in which malonyl-CoA is required predominantly for
the regulation of mitochondrial fatty acid oxidation as
physiological inhibitor of CPT-I [17].

The inhibition of ACC and fatty acid synthesis by NO
donors was mimicked by zaprinast, a selective inhibitor of
cGMP-specific phosphodiesterase, and by 8-Br-cGMP
(Table 1) and other metabolically stable analogs of cGMP
(Table 2), suggesting that these actions of NO were
mediated by the heme-dependent activation of soluble
guanylyl cyclase [5]. This hypothesis was supported by
the finding that the addition of atrial natriuretic peptide, an
activator ligand of membrane-bound guanylyl cyclase A
[5], showed no effect (Table 1). In addition, the more likely
hypothesis concerning the downstream target of cGMP in
these effects is the involvement of PKG. This is supported
by the observation that the effect of NO donor SNAP was
blunted by KT5823, a selective inhibitor of PKG (Table 1),
whereas specific and hydrolysis-resistant activators of
PKG, such as 8-pCPT-cGMP and Sp-8-Br-PET-cGMPS,
were also effective inhibitors of both ACC activity and
fatty acid synthesis (Table 2). In fact, the magnitude of the
inhibition by NO donors is lower than that produced by
incubation with cGMP analogs, but similar to the inhibi-
tion exerted by zaprinast (Table 1). The stronger effect of
the incubation with these phosphodiesterase-resistant
derivatives of ¢cGMP must be due to the fact that
they would reach more elevated and persistent intracel-
lular concentrations, compared to physiological levels
of cGMP. Thus, there was no additivity of the effects of
SNAP and 8-Br-cGMP that produced the same inhibition
as 8-Br-cGMP alone.

Furthermore, to gain insight into the mechanism of this
signaling by cGMP, we analyzed the assumption that
¢GMP could be acting by modulating intracellular Ca®"
levels, possibly by type I PKG-dependent phosphorylation
of substrate proteins involved in the control of Ca®" fluxes

[5,6]. Thus, we found that the effects of cGMP were
mimicked by TMB-8 and 2-APB (Table 2), inhibitors of
Ca’>" release from endoplasmic reticulum [29]. cGMP has
been shown to influence intracellular Ca”*-dependent
responses in a number of different cell types. One mechan-
ism involves phosphorylation of IP3 receptor by activated
PKG [29]. This mechanism inhibits Ca*" release from 1P5-
sensitive stores in different cell types [30—32]. In hepato-
cytes, contradictory reports have been published about the
effect of cGMP on intracellular Ca®* signaling, describing
either enhancement [33] or inhibition [34] of agonist-
induced increase of intracellular Ca®". At this point the
present study is not conclusive, but these data afford
indirect evidence to suggest that the inhibition of ACC
activity and fatty acid synthesis by cGMP may be
mediated, at least in part, by the inhibition of Ca" release
from IP;-sensitive stores, although additional targets of
PKG signaling could also be involved.

Regulation of ACC also affects the activity of CPT-I,
but our data led us to conclude that stimulation of CPT-I
induced by 8-Br-cGMP involved two different mechan-
isms: a malonyl-CoA-dependent mechanism, by inhibi-
tion of ACC and decrease of malonyl-CoA concentration,
and a malonyl-CoA-independent stimulation of CPT-I,
persisting after cell permeabilization and cytosolic leak-
age. It is interesting to underline that the existence of a
related type of malonyl-CoA-independent regulation of
CPT-I activity was first proposed in the stimulation by
AMP-activated protein kinase [28], and demonstrated to
involve interactions between mitochondria and cytoske-
letal components (reviewed in [35,36]). Studies are in
progress investigating this mechanism involved in
cGMP-mediated activation, and preliminary results have
shown that this stimulation of CPT-I activity was lost
after cell homogenization and preparation of mitochon-
dria (not shown). It is noteworthy that this is also a
characteristic of malonyl-CoA-independent mechanisms
described previously [28,35,36].

In conclusion, our results show that an NO/cGMP
signaling pathway mediates regulatory effects on key
enzymes of fatty acid synthesis and oxidation, and allow
us to suggest that it may be involved in physiological
control of fatty acid metabolism in liver. NO donors and
cGMP analogs inhibit in parallel fatty acid synthesis and
ACC activity. These effects seem to be dependent on
activation of PKG, and are mediated, at least in part, by
the inhibition of Ca>" release from IPs-sensitive stores. In
addition, cGMP appears to be involved in activation of
CPT-I by malonyl-CoA-dependent and -independent
mechanisms. This opens the possibility that in vivo an
NO/cGMP pathway may have a role in the control of lipid
metabolism in liver. This knowledge could be of interest
for a better understanding of the regulation of hepatic
metabolism and the mechanisms involved in the modula-
tion of response to liver injury from diverse insults which
increase NO production.
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