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ABSTRACT Inflammatory stimulation of the liver leads to
the induction of nitric oxide (NO) biosynthesis. Because NO
binds to the catalytic heme moiety ofcytochromes P450 (CYPs),
we investigated whether NO interferes with specific CYP-
dependent metabolic pathways. In a first experimental ap-
proach V79 Chinese hamster cells genetically engineered for
stable expression of rat and human CYPlAl and -1A2 were
used. Incubation with the NO donors sodium nitroprusside and
S-nitrosylacetylpenicillamine led to a concentration-dependent
inhibition of all four CYP enzymes. CYPlAl was more sensi-
tive to the inhibitory effect of NO than CYP1A2. In the second
part of the study, endogenous NO synthesis was induced in rat
hepatocytes by incubation with a mixture of cytokines and
endotoxin. Concurrently, as NO production in hepatocytes
increased within 24 hr, a decrease in CYPlAl-dependent
benzo[a]pyrene turnover was observed to almost undetectable
levels. The competitive inhibitor of NO synthesis, NG-
monomethyl-L-arginine, was able to significantly restore
CYPlAl activity in the presence of cytokines and endotoxin.
Inhibition of hepatocellular CYP activity by NO was predom-
inantly due to a direct effect on the enzymes. However,
NO-dependent inhibition of CYP expression at a transcrip-
tional level was also demonstrated. Our results indicate that
inhibition of NO biosynthesis in patients suffering from sys-
temic inflammatory response syndromes may help to restore
biotransformation capacity of the liver.

Hepatocellular dysfunction is a detrimental consequence of
the metabolic response ofthe liver to prolonged inflammatory
stimulation. Characteristic features are suppression of syn-
thetic performance and a profound inhibition of xenobiotic
biotransformation (1, 2). Therapy is not available because the
molecular basis of these phenomena remains to be eluci-
dated. However, a better understanding of the pathophysi-
ology of the inflamed liver may result from the discovery of
L-arginine-dependent nitric oxide (NO) production in hepa-
tocytes and nonparenchymal liver cells (3, 4). As in many
other cell types, an inducible NO synthase (iNOS) was
identified in hepatocytes upon stimulation with cytokines and
endotoxin (5, 6). Induction of iNOS was also observed in the
course of parasitic infections, such as malaria (7). Recently,
the gene encoding iNOS has been cloned from human hepa-
tocytes in full length for heterologous expression (8).
NO exerts a plethora of biologic functions (9). Many of

these effects are based on modulation of enzyme activity
through binding ofNO to prosthetic iron complexes. In this
context it is interesting that NO was used for years as a
spin-label probe to investigate the role ofheme groups in the
catalytic centers of cytochrome P450 (CYP) enzymes (10).
Consequently, it was demonstrated that NO inhibits CYP-
dependent reactions when microsomal preparations were

exposed to NO (11). CYP enzymes, also referred to as
microsomal monooxygenases, catalyze oxidative key reac-
tions in the biotransformation of xenobiotics (12). Therefore,
inhibition of these enzymes would severely affect hepatocel-
lular detoxication. However, suppression of CYP-dependent
metabolism has not yet been demonstrated for endogenously
produced NO. Investigations of other effects of NO, partic-
ularly the inhibition of mitochondrial respiration, revealed
that major differences between exogenously applied and
endogenously produced NO can be observed (13). In light of
these observations hepatocytes seem to have the capacity to
mostly resist metabolic inhibition by endogenous NO. In
addition, the effects ofNO on biotransformation are clouded
by the fact that transcriptional suppression of CYP expres-
sion was described after inflammatory stimulation (14, 15).
The responsible mediators were found to be the same that
induce hepatocellular iNOS.

In an attempt to clarify this complex situation, a 2-fold
experimental approach was designed. In the first set of
experiments, V79 Chinese hamster cells genetically engi-
neered for stable expression of CYPs were exposed to
exogenous NO to study the immediate effects of NO on
specific CYP activities. The second approach made use of
freshly prepared rat hepatocytes, in which endogenous NO
synthesis was induced by incubation with cytokines and
endotoxin. In these hepatocytes CYP-dependent metabolism
was tested, and specific CYP expression as well as relative
concentrations were determined by RNA and immunoblot
analyses.

MATERIALS AND METHODS
Recombinant rat interferon y (IFN- y) was from GIBCO/Life
Technologies, recombinant murine tumor necrosis factor a
(TNF-a) and recombinant human interleukin 1 (IL-1) were
from Genzyme. Polyclonal rabbit anti-CYP lAl antiserum
was from Oxygene (Dallas), and other reagents were obtained
from Sigma or other commercial sources as indicated. Mono-
clonal anti-CYPlA2 antibodies (D15) were provided by F.
Wachter (Sandoz Pharmaceutical, Basel) and polyclonal rat
anti-CYP2E1 antiserum was from M. Ingelman-Sundberg
(Karolinska Institute, Stockholm).

Cell Cultures. V79 Chinese hamster cells were genetically
engineered for stable expression of CYP enzymes (16). For
the reported experiments recombinant V79 cell lines express-
ing rat and human CYPlA1 and -1A2 were used (17-20). Cells
were maintained in Dulbecco-Vogt's modified Eagle's me-
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ride; CM, cytokine mixture with LPS; SNP, sodium nitroprusside;
SNAP, S-nitrosoacetylpenicillamine; CYP, cytochrome P450; AHH,
aryl hydrocarbon hydroxylase; EROD, 7-ethoxyresorufin-0-
dealkylase.
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dium (DMEM; GIBCO) supplemented with 10% fetal calf
serum, penicillin (100 units/ml) and streptomycin (100 ug/
ml).
Hepatocytes were isolated from male Sprague-Dawley

rats weighing 200-300 g (Charles River WIGA, Kisslegg,
F.R.G.). The liver cells were harvested with an in situ
collagenase (type IV; Sigma) perfusion technique, and the
hepatocytes were purified by repeated differential sedimen-
tation at 50 X g for 2 min (21). The cell cultures were
maintained in William's medium E (GIBCO)/10%o fetal calf
serum/penicillin (100 units/ml)/streptomycin (100 ,Ag/ml)/L-
glutamine (2 mmollliter)/insulin (1 jimol/liter). Cell densities
were adjusted to 4 x 105/ml, and the incubations were
continued for 24 hr.

Application of Exogenous NO and Induction of Endogenous
NO Synthesis. Exogenous NO was applied to V79-derived cell
lines by two different substances, which spontaneously re-
lease NO. The first NO donor was sodium nitroprusside
(SNP; Sigma). The second NO donor, S-nitrosoacetylpeni-
cillamine (SNAP), was synthesized according to Field et al.
(22). SNP readily dissolves in water, but SNAP was dissolved
in dimethyl sulfoxide before further dilution in reaction
buffers. Because dimethyl sulfoxide suppressed both rat and
human CYP1A2 activity by itself, methanol was used as a
solvent of SNAP for the CYP1A2 reactions. The release of
NO, as measured by accumulation of nitrite, was identical in
both solvents.
Endogenous NO synthesis was induced in rat hepatocytes

by incubation with a combination of recombinant murine
TNF-a (500 units/ml), recombinant human IL-1 (5 units/ml),
recombinant rat IFN-y (100 units/ml), and lipopolysaccha-
ride (LPS; 10 ug/ml from Escherichia coli 111:B4; Sigma).
This cytokine mixture in combination with LPS will be
referred to hereafter as CM. NG-monomethyl-L-arginine
(NMA; Sigma) was used as a competitive inhibitor of L-ar-
ginine-dependent NO biosynthesis.

Determination of Nitrite Concentrations. As an oxidation
product of NO biosynthesis, nitrite was determined spectro-
photometrically at 540 nm, based on a diazotization assay,
generally referred to as a Griess reaction (23). In this reaction
the adduct of nitrite and sulfanific acid interacts with N-(1-
naphthyl)ethylenediamine to form a purple azo dye, which is
finally measured.
Enzyme Assays. Aryl hydrocarbon hydroxylase (AHH)

activity of rat and human CYPlA1 enzymes was determined
by measuring the fluorescence of the hydroxylated metabo-
lites of benzo[a]pyrene with excitation at 396 nm and emis-
sion at 522 nm (24); 3-OH-benzo[a]pyrene was used as a
reference. For the enzyme assay 0.4 mg of V79 cell protein
was added to 1 ml of reaction buffer containing 50 umol
Tris HC1 (pH 7.6), 3 Aimol of MgCl2, 0.6 umol of NADPH,
and SNP or SNAP in concentrations ranging from 0.01 to 10
mM. After 30 min of exposure to the NO donors on ice the
reaction was started by the addition of 100 nmol of ben-
zo[a]pyrene and maintained for 30 min at 370C. The reaction
was stopped by addition of propanol/hexane, 1:3 (vol/vol) (4
ml).
CYP1A2 activity was determined by the 7-ethoxyresoru-

fin-O-dealkylase (EROD) dealkylation to resorufin, which
was measured spectrofluorometrically at an excitation of 550
nm and an emission of 585 nm. V79 cell protein (0.4 mg) was
added to 1.25 ml of reaction mixture containing Tris HCl (pH
7.6) at 50 ,umol/ml, MgSO4 at 5 pmol/ml, NADPH at 0.4
pmol/ml, Dicumarol at 10 nmol/ml, and SNP or SNAP at
concentrations ranging from 0.01 to 10 mM. After 30 min of
exposure to NO on ice the reaction was started with 2 nmol
of ethoxyresorufin and stopped after 30 mmn of further
incubation at 370C by the addition of 2.5 ml of methanol. The
total time of exposure to the NO donors was 60 min for both
AHH and EROD reactions. During this time NO release was

linear. All reagents for the AHH and the EROD assays were
from Sigma.
AHH activity was also assayed in rat hepatocyte cultures

(25). For induction of CYPs of the 1A subfamily one-half of
the cultures was incubated with f3-naphthoflavone at 50
nmol/ml. After an incubation period of 24 hr the medium was
changed to fresh medium containing benzo[a]pyrene at 20
nmol/ml as a substrate for the AHH reaction. The conversion
to 3-OH-benzo[a]pyrene was determined 3 hr later spectro-
fluorometrically, as described above.
Immunoblot Analysis. Relative concentrations of CYPlA1,

-1A2, and -2E1 from rat hepatocytes were determined after
electrophoretic separation of cellular homogenates (SDS/
PAGE) according to Laemmli (26), transfer onto Immobilon
protein-binding membrane (Millipore), and immunological
detection of proteins by using antisera directed against the
enzyme isoforms of interest (27). Specifically bound antibod-
ies were detected with appropriate horseradish peroxidase-
conjugated secondary antibodies and the enhanced chemolu-
minescence (ECL) method using an ECL-kit (Amersham).
Relative intensities of bands were quantitated by laser den-
sitometry with the UltroScan apparatus (Pharmacia LKB).
RNA Blot Analysis. To determine relative steady-state

concentrations of CYPlAl mRNAs in rat hepatocytes, total
RNA was prepared by lysis of cells in a buffer containing S
M guanidium isothiocyanate, 500 mM 2-mercaptoethanol,
and 50 mM sodium acetate (pH 5.5). The lysate was layered
on a 2.5-ml cushion of CsCl solution in 10 mM Tris HCl (pH
7.0) and 1 mM EDTA with a density of 1.8 g/cm3 and
centrifuged at 110,000 x g for 16 hr (28). Pelleted RNA was
dissolved in H20, extracted twice by phenol, ethanol pre-
cipitated, and resuspended in H20 at a concentration of 1
jg/pu. Twenty micrograms of total RNA was glyoxylated
and electrophoresed on a 1.5% agarose gel and blot-
transferred onto GeneScreenPlus nucleic acid-binding mem-
branes (Schleicher & Schull). Hybridizations were done in 1
M NaCl/Denhardt's solution/salmon sperm DNA at 250
&g/ml/50 mM Tris, pH 7.0/50%6 (vol/vol) deionized forma-
mide at 42°C for 18 hr. DNA probes were labeled with
[a-32P]dCTP (specific activity 3000 Ci/mmol; 1 Ci = 37 GBq;
New England Nuclear) by random priming. Hybridized mem-
branes were washed twice at room temperature in 2x stan-
dard saline citrate (SSC), twice for 30 min at 65°C in 2x
SSC/1% SDS, and twice for 15 min at room temperature in
0.1x SSC. Autoradiography was done by exposure to Kodak
X-Omat film at -70°C in the presence ofintensifying screens.

Protein Determination. Protein concentrations were deter-
mined according to Bradford (29) using the Bio-Rad assay
solution and bovine serum albumin as a standard.

Statistical Analysis. Values are given as means ± SDs
representing at least three experiments. The significance of
differences was determined with a two-tailed Student's t test.

RESULTS
The effect of the NO donor SNP on specific CYP450 enzyme
activity of members of the 1A subfamily is shown in Fig. 1.
For these experiments genetically engineered V79-derived
cell lines, which functionally express CYPlAl and CYP1A2
of both rat (Fig. 1A) and human (Fig. 1B) origin, were used.
Incubation with SNP for 1 hr led to a concentration-
dependent inhibition of all four tested enzymes. Release of
NO from SNP, as well as from SNAP, was linear over the
whole period (data not shown). The CYPlAl was more
susceptible to the inhibitory effect of SNP than CYP1A2 and
showed an almost linear response to logarithmically increas-
ing SNP concentrations. This difference was more pro-
nounced with rat than with human enzymes. Exposure to
SNAP also caused a concentration-dependent decrease in the
activity of all four enzymes (Fig. 2). Again, the CYPlAl
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FIG. 1. Concentration-dependent inhibition of CYPlA1 (o) and
CYP1A2 (o) by the NO donor SNP. Cellular homogenates of
V79-derived cell lines, which constitutively express rat (A) or human
(B) CYP enzymes, were incubated for 60 min with SNP in logarith-
mically increasing concentrations. For the last 30 min benzo[a]py-
rene or ethoxyresorufin were added to test for AHH activity of
CYPlA1 or for EROD activity of CYP1A2. Concentrations of the
hydroxylated metabolites of benzo[a]pyrene and of resorufin, as
products of the AHH and EROD reactions were determined spec-

trofluorometrically.

activity was more suppressed than that of CYP1A2. As
described for SNP, this difference became more obvious in
rat enzymes. However, the qualitative response of CYPlAl
and -1A2 to SNAP was almost identical, leading to similar
courses of the inhibitory profiles.
To study the effects of endogenously produced NO, rat

hepatocytes were used for further experiments. Incubation of
the hepatocytes with CM led to the induction of NO biosyn-
thesis. After 24 hr extensive NO production was seen, which
was measured as the accumulative concentration of the
oxidation product nitrite in the culture supernatants (Table
1). Under treatment with ,B3naphthoflavone CM-induced NO
biosynthesis was further elevated, reaching nitrite levels >20
times higher than that of untreated control cells. NO pro-
duction was almost completely suppressed by the addition of
NMA to the incubation medium. In the 3-hr reaction phase,
in which the metabolism of benzo[a]pyrene was tested, NO
production was maintained at a high level, although CM was
not present.
Because AHH activity ofCYPlA1 was more susceptible to

inhibition by exogenous NO, the effect ofendogenous NO on
AHH-dependent benzo[a]pyrene metabolism was deter-
mined. Under treatment with CM benzo[a]pyrene, turnover
was reduced to 13% of the turnover by cells incubated in
control medium (Table 2). Incubation with ,B-naphthoflavone
led to a 4-fold increase of AHH activity in unstimulated
control cells. However, in CM-treated cells this difference
was totally blunted, and the activity ran up to only 4% of
,B-naphthoflavone-induced controls. The influence of NO
production was demonstrated by the fact that inhibition of
NO production by NMA significantly reversed the inhibition
of benzo[a]pyrene turnover in CM-treated cells. However,

FIG. 2. Concentration-dependent inhibition of CYPlA1 (0) and
CYP1A2 (o) enzymes of rat (A) and human (B) origin by the NO
donor S-nitrosoacetylpenicillamine. For details of the experiments,
see the legend to Fig. 1 and the text.

NMA was not able to fully restore AHH activity, especially
in -naphthoflavone-treated cells in which only 34% of ben-
zo[a]pyrene turnover of controls was reached.

Suppression of enzyme activity is principally due to either
functional inhibition or to a decrease in enzyme content. To
determine the relative amounts of specific CYP enzymes
immunoblot analysis was performed by using f3-naphthofla-
vone-treated hepatocytes. These experiments demonstrated
slightly, but significantly, weaker bands of CYPlA1 and
CYP1A2 under the influence of CM (Fig. 3). Quantification
by laser densitometry showed a decrease to 61% of controls
in the case of CYPlA1 and to 71% of controls looking at
CYP1A2. CM-mediated down-regulation of protein concen-
tration was inhibited by NMA only in the case of CYPlAl.
Interestingly, no detectable differences were found for
CYP2E1 throughout all incubations. According to these
findings the inhibition of benzo[a]pyrene turnover by endog-

Table 1. NO biosynthesis by rat hepatocytes measured as
accumulated nitrite concentrations in culture supernatants

Culture
conditions Nitrite production, nmol per 106 cells

CM NMA Without induction /3Naphthoflavone
24-Hr induction period

- - 17.9 ± 13.7 16.3 ± 11.8
- + 3.7 ± 2.1 4.3 ± 1.8
+ - 288.1 ± 53.1 348.3 ± 23.1*
+ + 12.4 ± 2.2 10.8 ± 3.1

3-Hr benzo[a]pyrene metabolism period
- - 7.7 ± 2.9 10.7 ± 7.0
- + 4.9 ± 1.5 5.6 ± 2.1
+ - 56.9 ± 7.7 70.9 ± 8.1*
+ + 7.0 ± 2.1 7.9 ± 3.0

CM was IFN-y at 100 units/ml/TNF-a at 500 units/ml/IL-1 at 5
units/ml/LPS at 10 Ag/ml. NMA and 3-naphthoflavone were added
at concentrations of 0.5 umol/ml and 50 nmol/ml, respectively.
*P < 0.05 vs. CM without -naphthoflavone.
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Table 2. Endogenously produced NO inhibits hepatocellular
metabolism of benzo[a]pyrene, a parameter of AHH activity

Culture Benzo[a]pyrene turnover,
conditions pmol/min per 106 cells

CM NMA Without induction P-Naphthoflavone
- - 4.5 ± 1.4 18.6 ± 0.9
- + 4.9 ± 0.8 19.0 ± 2.3
+ - 0.6 ± 0.2* 0.7 ± 0.2*
+ + 3.1 ± 0.6** 6.3 ± 1.2**
After a preincubation period of 24 hr for the induction of maximal

NO biosynthesis the incubation medium was changed for fresh
medium containing benzo[ajpyrene at 20 nmol/ml. Three hours later
the concentration of hydroxylation products was determined spec-
trofluorometrically. CM was IFN-y at 100 units/ml/TNF-a at 500
units/ml/IL-1 at 5 units/ml/LPS at 10 pg/ml. NMA and 3-naphtho-
flavone were added at concentrations of 0.5 pmol/ml and 50 nmol/
ml, respectively. *, P < 0.01 vs. untreated cells; **, P < 0.01 vs.
CM-treated cells.

enous NO must have been predominantly due to functional
inhibition of CYP activity, such as demonstrated in the
experiments with exogenous NO.
NO biosynthesis was shown to suppress hepatocellular

protein synthesis at a posttranscriptional level (30). For this
reason it was interesting to correlate CYPlA1 protein and
mRNA levels as detected by immuno and RNA blotting.
Again, P-naphthoflavone-treated hepatocytes were used.
Similar to the findings in the immunoblots, a decrease of
CYPlAl mRNA was detected on RNA blots under the
influence of CM (Fig. 4). However, the degree of reduction
ofmRNA was strikingly more pronounced than the reduction
in protein levels. Reduction of CYPlAl mRNA was >80%
(Fig. 4, lane CM), whereby the reduction of CYPlAl protein
was only 39o (Fig. 3, lane CM). Suppression of CYPlAl
mRNA was almost fully prevented in the presence ofNMA
(Fig. 4, lane CM/NMA).

ctrl ctrl CM CM
|NMA | |IMA|

CYP lAl

I -'-

CYP 1A2 _

CYP2E1
soW lw VW "w_.. _ I_

FIG. 3. Immunoblot analysis of the relative content of CYPlA1,
CYP1A2, and CYP2E1 enzymes of rat hepatocytes after 24 hr of
specific in vitro treatment. For maximal induction of CYP enzymes
of the 1A subfamily P-naphthoflavone at 50 nmol/ml was added to all
incubations. The analysis was done in three parallel sets with 50 pg
of hepatocyte protein per lane. ctrl, Untreated cells; ctrl/NMA, 0.5
mM NMA was added; CM, IFN-y/TNF-a/IL-1/LPS; CM/NMA,
CM plus 0.5 mM NMA.

CYPI Al
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Ictrl ctrl CM ICM|J NM LMA_

FIG. 4. RNA blot analysis of the relative content of mRNA of
CYPlA1 of rat hepatocytes after 24 hr of specific in vitro treatment.
For maximal induction of mRNA of CYP enzymes of the 1A
subfamily P-naphthoflavone at 50 amol/ml was added to all incuba-
tions. The analysis was done in three sets with 20 pg of total RNA
per lane. ctrl, Untreated cells; ctrl/NMA, 0.5 mM NMA added;
CM/NMA, CM plus 0.5 mM NMA.

DISCUSSION
NO can regulate the activity of important enzymes, such as
the soluble guanylate cyclase or the enzyme complexes ofthe
mitochondrial electron transport chain (31, 32). In this study
it was demonstrated that NO affects hepatocellular biotrans-
formation by inhibiting CYP enzyme activity.
Due to the complex regulation of CYP metabolism it is

difficult to investigate effects on specific CYP enzymes using
hepatocytes or other cells from natural sources. For such
purposes genetically engineered V79-derived cell lines are
ideal tools (33). With V79-derived cell lines constitutively
expressing rat and human CYPlA1 and CYP1A2, it was
demonstrated here that exogenously applied NO inhibits the
activity of all four enzymes in a concentration-dependent
manner. It was also shown that the susceptibility ofCYPlA1
to the inhibitory effects of the NO donors is higher than that
of CYP1A2. This finding confirms experiments using mi-
crosomal preparations, which suggested differences in the
extent of NO-dependent inhibition of distinct CYP activities
(11). There was also a qualitative difference of the inhibitory
profiles after SNP or SNAP treatment. This problem may be
attributable to the fact that SNP releases other reactive
molecules such as cyanide in addition to NO (34).

In former experiments we had seen considerable differ-
ences between the effects of exogenously applied NO and
endogenously produced NO on hepatocellular metabolism
(13). The induction of iNOS by CM seemed to initiate
unknown mechanisms that protected hepatocytes from met-
abolic inhibition by NO. Therefore, it was crucial to confirm
the results obtained by application of exogenous NO to V79
cells for endogenously produced NO in hepatocytes. After
induction of NO biosynthesis with CM a dramatic decrease
of hepatocellular CYP-dependent benzo[a]pyrene turnover
was seen, which was significantly reversed by the NO
synthesis inhibitor NMA. By immunoblot analysis it was
demonstrated that the 95% suppression of CYP metabolism
was predominantly due to a direct inhibitory effect ofNO on
the enzyme activity rather than a decrease of enzyme con-
centrations, which reached maximally 40%6. This set of
experiments showed that endogenous NO has the same direct
inhibitory effect on CYP activity as exogenously applied NO.
At this point it is not absolutely clear what the molecular

basis of the inhibitory effect of NO on CYP enzymes really
is. It is most likely that inhibition of enzyme activity is from
binding of NO to the heme group in the catalytic center. In

**._t*~*,.....
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this context it was shown that NO binds to CYP heme groups
with high affinity (10) and that other hemoproteins, such as
the cyclooxygenase or the lipoxygenase, are also inhibited by
NO (35, 36). However, in a former study we have demon-
strated by electron paramagnetic resonance (EPR) that pre-
dominantly nonheme iron-nitrosyl complexes are formed by
NO in hepatocytes (37). EPR spectra of biological materials
are composed of many different individual signals. There-
fore, it is conceivable that the CYP heme signal only plays a
minor role and does not contribute to the overall EPR signal
to a detectable degree. On the other hand, it still may be
speculated that functional inhibition of CYPs by NO is not
attributable to heme binding but is attributable to other
effects on the enzymes, such as oxidation of critical amino
acids within the molecules (11). It is also interesting to note
that NMA did not fully prevent inhibition of hepatocellular
CYP activity by CM-induced NO release. The nature of this
NO-independent effect remains to be uncovered.

In accordance with previous reports (15, 38) a decrease of
CYPlAl mRNA expression after CM treatment was ob-
served. However, in the present study this was shown to be
also NO dependent because NMA could significantly up-
regulate CYPlAl mRNA. There was no suppression of actin
mRNA, showing that this finding is not based on unspecific
effects ofNO like a decrease of cell viability. The difference
between the strong effect ofNO on CYPlAl mRNA and the
weak suppression of CYPlAl concentration indicates that
the CYPlAl enzyme is more stable than the corresponding
mRNA. Therefore, chronic NO exposure would probably
lead to a more pronounced decrease of enzyme concentra-
tions. In another study hepatocyte albumin and fibrinogen
synthesis was found to be inhibited by NO at a posttran-
scriptional level (30). In summary, these different reports
suggest that NO influences protein synthesis at various
levels. Furthermore, the inhibitory effect on protein synthe-
sis seems to include only certain proteins. As presented here
CYP2E1 concentrations were not affected by the CM at all.

In conclusion, it was shown that inhibition of CYPlAl
activity of rat hepatocytes by incubation with a combination
of proinflammatory cytokines and LPS is primarily due to
functional inhibition by NO and, to a lesser degree, to
suppression of enzyme expression at a transcriptional level.
These findings may help to understand the problem of
impaired detoxification by the inflamed liver and could
potentially lead to therapeutic interventions because human
hepatocytes have been shown to produce large amounts of
NO under inflammatory stimulation (8, 39).
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