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Abstract Bile duct ligation (BDL) causes hepatocellular oxidative stress and injury. The transcription factor nuclear
factor-E2-related factor (Nrf2) induces expression of numerous genes including NAD(P)H:quinone oxidoreductase 1
(Nqo1) during periods of oxidative stress. Therefore, we hypothesized that BDL increases liver expression of mouse
antioxidant genes in an Nrf2-dependent manner. BDL or sham surgeries were performed on male C57BL/6, Nrf2-null,
and wild-type mice. Livers were collected at 1, 3, and 7 days after surgery for analysis of messenger ribonucleic acid
(mRNA) levels of Nrf2-responsive genes as well as Nqo1 protein and activity. BDL increased mRNA expression of
multiple Nrf2 genes in mouse liver, compared to sham-operated controls. Follow-up studies investigating protein ex-
pression, enzyme activity, and Nrf2 dependency were limited to Nqo1. Nqo1 protein expression and activity in mouse
livers was increased 2- to 3-, and 4- to 5-fold at 3 and 7 days after BDL, respectively. Studies also showed that BDL
increases Nqo1 mRNA, protein expression, and enzyme activity in livers from wild-type mice, but not in Nrf2-null mice.
In conclusion, expression of Nrf2-dependent genes is increased during cholestasis. These studies also demonstrate
that Nqo1 expression and activity in mouse liver are induced via an Nrf2-dependent mechanism.

INTRODUCTION

Obstructive cholestasis in humans is usually the result of
physical obstruction of the biliary system at the level of
the extrahepatic bile duct. Common bile duct ligation
(BDL) in rodents is commonly used by researchers study-
ing secondary liver pathology produced by cholestasis.
After BDL, bile constituents such as bile acids, cholesterol,
and bilirubin accumulate in serum and liver of rodents
to a similar degree as seen in clinical cases. The accu-
mulation of bile constituents following BDL causes a
number of adaptive changes in hepatic gene expression.
These alterations are thought to represent a concerted ef-
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fort by the liver to enhance the elimination of chemicals
and by-products that accumulate during cholestasis.

Oxidative stress is a potentially detrimental cellular
state, during which harmful oxidative molecules are be-
ing generated in excess of the cell’s capacity to detoxify
them. Following BDL in rats, increases in indicators of
oxidative stress, such as lipid peroxidation, deoxyribo-
nucleic acid (DNA) adducts, and free radicals, are de-
tected in the liver and/or circulating blood (Parola et al
1996; Tsai et al 1998; Liu et al 2001; Huang et al 2003).
Previous work links the generation of oxidative stress
products with exposure of hepatocytes to hydrophobic
bile acids. Accumulation of oxidative stress by-products,
such as 8-hydroxy-2�-deoxyguanosine and malondialde-
hyde, is observed in the livers of patients with primary
biliary cirrhosis, a type of cholestasis (Kitada et al 2001;
Vendemiale et al 2002). Interestingly, these perturbations
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are almost completely reversed with biliary drainage,
suggesting a direct relationship between cholestasis, in-
trahepatic accumulation of bile constituents, and im-
paired redox status (Vendemiale et al 2002).

Nuclear factor-E2-related factor2 (Nrf2) is a transcrip-
tion factor that is a member of the basic leucine zipper
nuclear factor-E2 family of transcription factors. The basal
and inducible expression of a number of hepatic genes is
regulated via Nrf2. For example, Nrf2 mediates chemical
induction of detoxification enzymes, such as NAD(P)H:
quinone oxidoreductase 1 (Nqo1), heme oxygenase-1/
heat shock protein 32 (Ho-1), glutathione-S-transferase
(Gst), and UDP-glucuronosyltransferase 1A6 (Mathers et
al 2004). Nrf2 is responsible for the coordinated induction
of these and other hepatic genes during oxidative stress
(Chan et al 2001; Ishii et al 2002). Nrf2 dissociates from
the cytoskeletal binding protein Keap1 and translocates
to the nucleus in response to oxidative stress. After trans-
location, Nrf2 and small Maf proteins bind to antioxidant
response elements and subsequently activate gene tran-
scription. The expression of human and mouse Nqo1
genes are primarily regulated via antioxidant response
element sequences in the promoter region (Venugopal
and Jaiswal 1996; Nioi et al 2003).

The purpose of this study was to measure for the first
time the expression of a number of mouse Nrf2-respon-
sive genes following BDL. Nqo1 was selected as a pro-
totypical Nrf2 gene for additional analysis of protein and
activity changes in wild-type (WT) and Nrf2-null mice.

MATERIALS AND METHODS

Chemicals

2,6-Dichlorophenol-indophenol (DCPIP), dicumarol, su-
crose, Tris-hydrochloride, were all obtained from Sigma
(St Louis, MO, USA).

Animals and surgeries

Adult male C57BL/6 mice were purchased from The Jack-
son Laboratory (Bar Harbor, ME, USA). Adult male wild-
type and Nrf2-null mice were bred at the University of
Kansas Medical Center Laboratory Animal Resources fa-
cility on a mixed C57BL/6 and AKR background. Under
pentobarbital-induced anesthesia (50 mg/kg, ip), the ab-
dominal cavity was opened and the common bile duct
was ligated with 4-0 surgical silk, with the gall bladder
intact. The abdominal muscle was sutured with Ethicon
4-0 dissolvable suture material (Roboz, Gaithersburg,
MD, USA), and the wound was closed with surgical sta-
ples (Roboz). Sham surgeries were performed by the
same method, but without BDL. Livers were collected 1,
3, and 7 days after BDL, and livers from wild-type and

Nrf2-null mice were collected at 1 and 3 days after BDL.
Experiments using wild-type and Nrf2-null mice were
limited to 1 and 3 days in order to investigate the early
activation of Nrf2-mediated stress pathways. Tissues
were snap-frozen in liquid nitrogen and stored at �70�C
until analysis. All animal studies were conducted accord-
ing to Association for Assessment and Accreditation of
Laboratory Animal Care guidelines.

Ribonucleic acid isolation

Total ribonucleic acid (RNA) was isolated with RNAzol B
reagent (Tel-Test, Friendswood, TX, USA) using the man-
ufacturer’s instructions. RNA concentration was assessed
by ultraviolet absorbance at 260 nm, and integrity was
confirmed by formaldehyde gel electrophoresis.

Branched DNA signal amplification assay

Mouse Nqo1 and Ho-1 messenger RNA (mRNA) was
measured using the branched DNA signal amplification
assay (QuantiGene High Volume bDNA Signal Amplifi-
cation kit; Genospectra, Fremont, CA, USA) as previously
described (Hartley and Klaassen 2000; Aleksunes et al
2005). Probe sets for mouse Gst isoforms a1, a4, m1, m2,
and m3 are listed in supplemental Table 1.

Western analysis of Nqo1 expression

Cytosolic fractions of frozen liver were obtained as de-
scribed (Aleksunes 2006). Protein concentration was de-
termined using the Bio-Rad protein assay reagents (Bio-
Rad Laboratories, Hercules, CA, USA). Immunochemical
detection of Nqo1 protein in cytosolic fractions was per-
formed using anti-Nqo1 (ab2346; Novus Biological, Lit-
tleton, CO, USA). Nqo1 protein-antibody complexes were
detected using an enhanced chemiluminescent kit (Amer-
sham Biosciences, Arlington Heights, IL, USA) and ex-
posed to Fuji medical x-ray film (Fisher Scientific, Spring-
field, NJ, USA). The intensity of Nqo1 protein bands was
quantified using a PDI Image Analyzer (Protein and
DNA ImageWare System; PDI, Huntington Station, NY,
USA). Antibody specificity was confirmed using liver cy-
tosol from Nqo1-null mice (generously provided by
Frank Gonzalez, National Cancer Institute, Bethesda, MD,
USA) as a negative control and recombinant human
NQO1 (Sigma) as a positive control.

Nqo1 activity assay

Nqo1 activity (in nanomoles per minute per milligram of
protein) was calculated by measuring the oxidation of
NADPH to NADP�, using DCPIP as a substrate as pre-
viously described (Aleksunes 2006).
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Fig 1. Total hepatic RNA was isolated from mice that underwent
sham or BDL surgery at days 1, 3, and 7 and analyzed by the bDNA
assay for Nqo1, Ho-1, Gst a1, a4, m1, m2, m3 mRNA expression.
The data are presented as mean relative light units � standard error
of the mean (n � 3–6 animals). Asterisks (*) represent a statistical
difference (P � 0.05) between sham and BDL groups.

Histopathology and morphometric analysis

Liver samples were fixed in 10% neutral-buffered for-
malin prior to routine processing and paraffin embed-
ding. Five-micrometer liver sections were stained with
hematoxylin and eosin. Sections were examined by light
microscopy and photographed on an Olympus BX50 mi-
croscope equipped with a QImaging MicroPublisher 3.3
RTV camera. For morphometric analysis, two 4	 mag-
nification images of nonoverlapping areas for each liver
section were obtained with QCapture Pro software. The
2 combined images accounted for approximately 60–70%
of the entire liver section. We then determined the num-
ber of necrotic foci and measured the area of each foci.
The individual areas of each foci were then added to-
gether, and this value was divided by the total area of
the image to yield the total percentage of necrotic area.
To determine the average percentage size for each ne-
crotic foci, we divided the total percentage of necrotic
area by the number of necrotic foci counted. Finally, the
total percentage of necrotic area, number of necrotic foci,
and average percentage foci size from each of the 2 im-
ages were averaged together for each liver.

Alanine aminotransferase activity

Serum alanine aminotransferase (ALT) activity was de-
termined as a biochemical indicator of hepatocellular ne-
crosis. Infinity ALT Liquid Stable Reagent (Thermotrace,
Melbourne, Australia) was used according to the manu-
facturer’s protocol.

Hepatic bile acid levels

Total bile acids in mouse liver were quantified as previously
described (DeMeo et al 1998). Briefly, livers were extracted
with t-butanol:water (1:1) and centrifuged at 10 000 	 g for
20 minutes. The extracted supernatant was dried, resus-
pended in saline, and assayed for 3-hydroxy bile acids
(DeMeo et al 1998). Changes in absorbance were compared
to a cholic acid standard for determination of unknown con-
centrations of total bile acids in mouse liver.

Statistical analysis

Differences between groups were determined using a
Student’s t-test or 1-way analysis of variance followed by
a Newman-Keuls post hoc test where appropriate. Sig-
nificance was set at P � 0.05. Asterisks (*) represent a
statistical difference (P � 0.05) between sham and BDL
groups, and crosses (†) represent a statistical difference
(P � 0.05) between wild-type and Nrf2-null mice.

RESULTS

Effect of BDL on Nqo1, Ho-1, and Gst mRNA
expression in mouse liver

mRNA expression of multiple Nrf2-related genes is
shown in Figure 1. BDL increased Nqo1 mRNA expres-
sion in mouse livers by 3-fold at 1 and 3 days, and 7-fold
at 7 days. Significant elevations in mouse Ho-1 were ob-
served at 1 day (4-fold), 3 days (2-fold), and 7 days (5-
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Fig 2. Nqo1 protein expression and activity in liver cytosolic fractions
from mice 1, 3, and 7 days after sham or BDL surgery. (A) Repre-
sentative Western blot of liver cytosolic fractions from mice that un-
derwent sham surgery or BDL surgery (days 1, 3, and 7) stained
with anti-Nqo1 antibodies. (B) Quantification of Nqo1 protein levels
in liver cytosolic fractions from mice that underwent sham or BDL
surgery. The data are presented as relative protein expression �
standard error of the mean (SEM) (n � 5–13 animals). (C) The data
are presented as nanomoles of reduced DCPIP per minute per mil-
ligram of protein � SEM (n � 5–6 animals). Asterisks (*) represent
a statistical difference (P � 0.05) between sham and BDL groups.

fold). Similarly, BDL induced levels of Gst transcripts
with maximal hepatic changes in Gsta1 (5-fold), Gsta4 (4-
fold), Gstm1 (3-fold), Gstm2 (7-fold), and Gstm3 (12-fold)
occurring at 7 days. Levels of Gstm4, Gstt1, and Gstms1
mRNA were unchanged after BDL (data not shown).

Effect of BDL on Nqo1 protein and activity in
mouse liver

Because BDL increased Nqo1 mRNA in mouse liver,
Western blots using anti-Nqo1 antibodies were per-
formed to determine whether corresponding increases in
Nqo1 protein levels occurred following BDL (Fig 2A). An
immunoreactive band for mouse Nqo1 in liver cytosol
migrated to 28–29 kDa, which is identical to the migra-
tion pattern of recombinant human Nqo1 protein (data
not shown). No band was observed in liver cytosol from
Nqo1-null mice (data not shown). BDL induced Nqo1
protein expression by 60%, 160%, and 327% after 1, 3,

and 7 days, compared to expression in livers from sham-
operated controls (Fig 2B). In livers from sham-operated
mice, Nqo1 activity ranged from 30 to 42 nmol reduced
DCPIP/min/mg protein (Fig 2C). One day after BDL,
Nqo1 activity in livers from BDL mice did not differ from
that in sham-operated controls. However, Nqo1 activity
increased by 100% and 400% at 3 and 7 days after BDL,
compared to sham controls. There was no significant
change in hepatic Nqo1 activity in sham animals over the
7-day period.

Effect of BDL on Nqo1 mRNA expression in liver from
wild-type and Nrf2-null mice

Because Nqo1 mRNA levels were increased after BDL, it
indicates that the observed induction of Nqo1 mRNA,
protein, and activity in liver is initiated through a tran-
scription-mediated process. Previous studies have dem-
onstrated that Nqo1 basal expression and induction after
chemical treatment is mediated through activation of the
transcription factor Nrf2 (Ramos-Gomez et al 2001).
Therefore, to determine whether Nrf2 was directly re-
sponsible for Nqo1 induction during cholestasis, sham
and BDL surgeries were performed on wild-type and
Nrf2-null mice, and livers were collected at 1 and 3 days.
Nqo1 mRNA expression was reduced by 50% in livers
from sham Nrf2-null compared to sham wild-type mice
(Fig 3A). There was no change in Nqo1 mRNA expression
in livers from either genotype 1 day after BDL. However,
3 days after BDL, Nqo1 mRNA expression was tripled in
livers from wild-type, but not Nrf2-null mice.

Effect of BDL on Nqo1 protein expression in liver from
wild-type and Nrf2-null mice

Western blots using the anti-Nqo1 antibody were per-
formed to confirm that the changes in Nqo1 mRNA ex-
pression observed after BDL in livers from wild-type and
Nrf2-null mice corresponded to similar protein changes
(Fig 3B). Nqo1 protein levels from sham Nrf2-null mice
were more than 50% lower than that observed in sham
wild-type mice. This correlates with reduced Nqo1
mRNA basal expression seen in knockout mice. BDL did
not increase Nqo1 protein levels in wild-type or Nrf2-null
mice 1 day after BDL (Fig 3B). However, 3 days after BDL,
Nqo1 protein levels were increased by 40% in wild-type,
but not in Nrf2-null mice (Fig 3B).

Effect of BDL on Nqo1 activity in liver from wild-type
and Nrf2-null mice

Nqo1 activity in livers from wild-type and Nrf2-null mice
was quantified to determine whether differences in Nqo1
mRNA and protein expression between genotypes trans-
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Fig 3. Expression and activity of Nqo1 in liver cytosolic fractions from
wild-type and Nrf2-null mice 1 and 3 days after sham or BDL sur-
gery. (A) Total RNA was isolated from livers of WT and Nrf2-null
mice that underwent sham or BDL surgery 1 or 3 days previously,
and analyzed by the bDNA assay for Nqo1 mRNA expression. Data
from sham animals at 1 and 3 days were not statistically different
and were pooled and denoted as sham. The data are presented as
mean relative light units � standard error of the mean (SEM) (n �
4–7 animals). (B) Upper panel: Representative Western blot of liver
cytosolic fractions from mice 3 days after sham or BDL surgery (n
� 4–7 animals) stained with anti-Nqo1 antibodies. Lower panel:
Quantification of Nqo1 protein levels in liver cytosolic fractions from
mice 1 and 3 days after sham or BDL surgery. The data are pre-
sented as relative protein expression � SEM (n � 4–7 animals). (C)
Analysis of Nqo1 activity in liver cytosolic fractions from WT and
Nrf2-null mice that underwent sham or BDL surgery 1 or 3 days
previously. The data are presented as nanomoles of DCPIP reduced
per minute per milligram of protein � SEM (n � 4–7 animals). As-
terisks (*) represent a statistical difference (P � 0.05) between WT
sham and WT BDL groups, and crosses (†) represent a statistical
difference between WT and Nrf2-null mice undergoing the same
type of surgery.

lated into differences in Nqo1 activity. Nqo1 activity de-
tected in liver cytosolic fractions from sham Nrf2-null
mice was about 80% lower than that in sham wild-type
mice (Fig 3C). BDL increased hepatic Nqo1 activity in
wild-type mice 150% 3 days after BDL, with no signifi-
cant change at 1 day. In contrast, BDL did not increase
Nqo1 activity in Nrf2-null mice at either time point.

Effect of BDL on liver histology, plasma ALT activity,
and hepatic bile acid levels from wild-type and
Nrf2-null mice

Histologic examination of liver sections from sham-op-
erated wild-type and Nrf2-null mice demonstrated nor-
mal histology (Fig 4A,B, respectively). At 3 days after
BDL, both genotypes had multifocal hepatocellular de-
generation, multifocal coagulative necrosis, and scattered
hepatocellular hyperplasia. Using morphometric analysis,
there was no difference in the total percentage of necrotic
area in sections from wild-type (2.7 � 0.8%) vs Nrf2-null
(2.0 � 0.3%) mice. However, the number and size of ne-
crotic foci differed between genotypes. Quantitative anal-
ysis demonstrated a lower number of necrotic foci in
wild-type mice (4.8 � 1.6) (Fig 4C,E) in relation to Nrf2-
null mice (9.0 � 2.1) (Fig 4D,F). In contrast, the area of
each necrotic foci was greater in wild-type mice (1.1 �
0.02%) compared to Nrf2-null mice (0.2 � 0.02%). Both
genotypes had similar mild to moderate biliary hyper-
plasia accompanied by neutrophil and lymphocyte ac-
cumulation after BDL.

Bile duct ligation of WT and Nrf2-null mice resulted
in hepatocellular injury as measured by serum ALT lev-
els. Increases in serum ALT activity in both genotypes
were noted 3 days after BDL. Slightly greater ALT levels
were seen in BDL WT (mean, 646 � 240 U/L) compared
to Nrf2-null (mean, 257 � 87 U/L) mice, relative to sham-
operated mice (WT mean, 18 � 3 U/L; Nrf2-null mean,
24 � 11 U/L).

Recognizing that accumulation of bile acids in the liver
is the primary cause of cellular injury during cholestasis,
total hepatic bile acid concentrations in Nrf2-null and
wild-type mice were quantified (Fig 4G). Surprisingly,
bile acid accumulation was significantly lower in Nrf2-
null mice at 3 days after BDL, with approximately 2-fold
lower levels than in wild-type mice (Fig 4G). There were
reduced basal levels of bile acids in the livers of sham-
operated Nrf2-null compared to wild-type mice, although
this difference was not statistically significant.

DISCUSSION

Oxidative stress results from an imbalance in radical-gen-
erating and radical-scavenging activities. Shifts in cellular
redox status reflect perturbations in the relative ratios of
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Fig 4. Histologic examination of liver sections and analysis of hepatic
bile acid accumulation from wild-type and Nrf2-null mice 3 days after
BDL. Portions of liver from wild-type and Nrf2-null mice 3 days after
sham or BDL surgery were fixed in formalin and stained with he-
matoxylin and eosin. Sham-operated wild-type (A) and Nrf2-null (B)
mouse liver demonstrated normal tissue histology (4	 magnifica-
tion). BDL resulted in multifocal hepatocellular necrosis (arrows) in
wild-type (C, E) and Nrf2-null (D, F) mice. Hepatocyte degeneration
and necrosis is seen at 4	 (C, D) and 10	 (E, F) magnification. (G)
Determination of liver bile acid concentration (nanomoles per gram
of tissue). Values are expressed as mean � standard error of the
mean. Asterisks (*) represent a statistical difference (P � 0.05) be-
tween sham and BDL groups for a respective genotype. Crosses (†)
represent a statistical difference (P � 0.05) between wild-type and
Nrf2-null mice undergoing BDL.

oxidative and toxic products (eg, bile acids, superoxide,
hydroxyl radical, lipid peroxides) and antioxidants dur-
ing cholestatic liver disease. Although the precise mech-
anism is not completely known, it is generally accepted

that oxidative stress is involved in the progression of he-
patic damage during human cholestasis (Parola et al 1996;
Aboutwerat et al 2003).

Hepatic gene expression is dramatically altered in re-
sponse to cholestatic liver disease. These compensatory
changes include a reduction in bile acid synthesis and
induction of basolateral transport proteins involved in ef-
flux of bile acids and oxidative stress by-products (Wag-
ner et al 2003). These responses appear to be a concerted
effort by the liver to lessen injury by limiting the intra-
cellular accumulation of potentially toxic substances. Be-
cause of the presence of substances that can activate an-
tioxidant responses after BDL, we hypothesized that the
transcription factor Nrf2 is activated during cholestasis as
a means for the liver to coordinately regulate oxidative
stress–responsive genes in order to limit the progression
of hepatic injury. This is the first report investigating the
involvement of Nrf2 signaling in cholestasis. The data
presented in this manuscript conclusively demonstrate
that extrahepatic cholestasis, modeled by BDL, induces
expression of numerous genes regulated by Nrf2 includ-
ing Nqo1, Ho-1, and Gst (isoforms a1, a4, m1, m2, m3).
Transcriptional up-regulation of Nqo1 in mouse liver af-
ter BDL corresponded with induction of both protein and
activity via an Nrf2-dependent mechanism.

An important question is the significance of the strong
induction of Nqo1 in response to BDL. Although Nqo1 is
a 2-electron reductase enzyme with a broad substrate
profile including quinones, nitro, and azo compounds,
Nqo1 likely plays a more general role in reducing the
extent of oxidative stress in liver after BDL. This is sup-
ported by recent data documenting the ability of Nqo1
to scavenge the reactive oxidative product, superoxide,
and recycle endogenous antioxidants (Ross 2004; Siegel
et al 2004).

Histopathological analysis of liver sections from BDL
wild-type and Nrf2-null mice demonstrated a similar ex-
tent of total hepatocellar necrosis. The anticipated out-
come of this study was that Nrf2-null mice would exhibit
more severe hepatic injury during cholestasis in light of
their heightened sensitivity to a number of other oxida-
tive-type pathological conditions (Chan et al 2001;
Ramos-Gomez et al 2001; Cho et al 2002). A likely expla-
nation for the lack of difference in total hepatocellular
necrosis between genotypes is provided by our results
showing that Nrf2-null mice had 2-fold lower accumula-
tion of liver bile acids after BDL compared to wild-type
mice (Fig 4G). Reduced accumulation of hepatic bile acids
could be related to lower basal production, decreased de
novo synthesis, and/or changes in enterohepatic recy-
cling and excretion in Nrf2-null mice after BDL. BDL is
known to reduce the expression of a number of bile acid
synthesis genes including Cyp7b1 and Cyp8b1 to com-
pensate for impaired excretion of bile acids into bile
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(Stedman et al 2005). Interestingly, we observed a more
profound reduction in hepatic levels of Cyp7b1 and
Cyp8b1 after BDL in Nrf2-null compared to wild-type
mice in preliminary studies (data not shown). A greater
decrease in the expression of these enzymes in livers of
Nrf2-null mice after BDL corresponds with lower bile
acid accumulation and lesser than anticipated liver injury.
Additional studies are needed to further document these
changes in Cyp7b1 and Cyp8b1 expression and to inves-
tigate the relationship between reduced bile acid accu-
mulation in Nrf2-null mice after BDL with cholestatic liv-
er injury.

Induction of Nqo1 mRNA is also seen during chemical-
induced hepatocellular injury in rodents treated with a
single dose of the pro-oxidants acetaminophen, carbon
tetrachloride, and bromobenzene (Heijne et al 2004; Alek-
sunes et al 2005). These observations suggest that up-reg-
ulation of Nqo1 represents a general adaptive response
to oxidative damage rather than a specific response acti-
vated only during obstructive cholestasis. Data have been
generated demonstrating that patients with primary bili-
ary cirrhosis or acetaminophen-induced liver injury have
increased Nqo1 protein expression and activity, suggest-
ing activation of antioxidant response elements in human
liver in response to oxidative damage (Aleksunes 2006).
Together with the data in this manuscript, the coordinat-
ed up-regulation of Nqo1 and additional Nrf2-responsive
genes in mouse and human liver is likely a compensatory
mechanism that attempts to hinder progression of hepatic
disease. Although these adaptive changes turned out to
be ineffective at fully preventing acute cholestatic liver
injury following BDL, these responses could be important
in more chronic forms of hepatic diseases with an oxi-
dative stress component.
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