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Abstract Mitochondria are known to be involved in
cholestatic liver injury, but the damage and biogenesis of
mitochondria in response to the early stage of cholestasis is
unknown. A rat model of cholestasis was established by bile
duct ligation (BDL), with simultaneous creation of the sham
group receiving laparotomy without BDL. A significant
decrease of liver peroxisome proliferators-activated recep-
tor y coactivator-1o, mitochondrial transcriptional factor A
(Tfam) and glutathione peroxidase (GPx) mRNA and Tfam
protein from 6 to 72 h after BDL was found, which was
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associated with significant decrease of the glutathione, GPx
and catalase activity at 72 h. At 72 h after BDL, mito-
chondrial DNA copy number reached the lowest level,
while caspase 9 and 3 activity, but not caspase 8, Bax, Bcl,,
Fas L and Fas—Fas L complex, were upregulated signifi-
cantly in the liver homogenates of BDL rats. The apoptotic
liver cells appeared in large amounts in the rat liver by 72 h
after BDL. Our results indicate that transcriptional regula-
tion of the mitochondrial biogenesis is impaired within a
few hours after complete bile duct obstruction, resulting in
later mitochondrial dysfunction and consequent cholestatic
liver injury via the intrinsic apoptosis pathway.

Keywords Cholestasis - Mitochondria - PGC-1 -
Tfam - Apoptosis

Abbreviations

BDL Bile duct ligation

GPx Glutathione peroxidase

GSH Glutathione

GSSG Oxidized glutathione

mRNA Messenger RNA

mtDNA Mitochondrial DNA

PGC-1u Peroxisome proliferators-activated receptor y
coactivator-1o

QRT-PCR Real-time quantitative reverse transcriptase-
polymerase chain reaction

Tfam Mitochondrial transcription factor A

Introduction

Cholestasis constitutes one of the most common and severe
liver diseases [1, 2]. Early recognition and diagnosis of the
cholestatic liver disorders are critical especially for those
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resulting from complete obstruction of the extrahepatic bile
duct such as biliary atresia [1, 2]. In biliary atresia, liver
injury develops quickly and hepatic fibrosis is evident by
2 months of age. The outcome of surgical treatment of
biliary atresia is usually poor after 3 months of age, mostly
owing to irreversible hepatic fibrosis [3, 4]. The exact
pathogenesis of this disorder is unknown. In rats, hepatic
fibrosis usually develops by 2-3 weeks after bile duct
ligation (BDL) [5, 6]. It is obvious that liver injury
develops very early following complete biliary obstruction,
probably in minutes or in hours.

Previous studies have implicated free radicals and lipid
peroxides in the pathogenesis of longstanding cholestatic
liver injury [7, 8]. However, the response of hepatocyte
mitochondrial oxidative status and biogenesis to cholestatic
liver injury was detected in days or weeks in most of the
previous studies when cholestatic liver injury was well-
established [9-13]. Increased oxidative damage to mito-
chondrial DNA (mtDNA) has been reported in other liver
injuries such as chronic ethanol ingestion [14, 15] and it
may contribute to alterations in the abundance of mito-
chondria and the mtDNA copy number [9]. These data are
consistent with our report that reveals significant oxidative
stress and mitochondrial dysfunction in the early stages of
biliary atresia, which is associated with a decrease in
mtDNA copy number [16].

Mitochondrial biogenesis and mtDNA maintenance
depend on coordinated expression of genes in the nucleus
and mitochondria [15]. Mitochondrial transcriptional factor
A (Tfam) is one of the most important nuclear genes that
binds to the sequence promoters within the mitochondrial
D-loop region and stimulates transcription from mtDNA
[17]. The expression of Tfam is regulated by other tran-
scriptional factors, including peroxisome proliferator-acti-
vated receptor 7y coactivator-laa (PGC-1o) [18, 19].
Persistent mitochondrial oxidative stress caused by chole-
static liver injury may lead to a decline in mitochondrial
respiratory function with decreased mtDNA copy number
[9], as manifested in one of our previous studies [16].
Therefore, regulation of mtDNA transcription seems to be
an essential step in elucidation of cholestatic liver injury.
To cope with increased levels of oxidative stress, the
antioxidant capacity of hepatocytes is likely to respond
within the first few days of BDL before the decision
making of life-and-death of these stressed cells [20].
However, mitochondrial biogenesis in response to oxida-
tive liver injury in the early stage of BDL, with consequent
effects on the expression of antioxidative enzymes such as
glutathione peroxidase (GPx) and catalase, is virtually
unknown.

In this study, we investigated the deregulation of the
mitochondrial biogenesis within a few hours after chole-
stasis, which subsequently led to mitochondrial dysfunction

and full-blown cholestatic liver injury in a murine model of
extrahepatic bile duct obstruction.

Materials and methods
Animal model

Male Sprague-Dawley rats 250-350 g were purchased
from the National Animal Center, the Academia Sinica,
Taipei, Taiwan, after weaning. The animals were main-
tained on standard laboratory rat chow in a 12-h light—dark
cycle. The care and use of the laboratory animal strictly
followed the protocol, which was approved by the animal
ethics committee of the Chang Gung University,
Kaohsiung, Taiwan. After anesthesia by intraperitoneal
injection of 50 mg/kg ketamine and 50 mg/kg xylazine, the
rat received a median laparotomy and the extrahepatic bile
duct was identified. The bile duct was double ligated with
4-0 silk sutures to create obstructive jaundice and was
designated as BDL. The animals receiving laparotomy
without ligation of the bile duct were designated as sham
rats. The animals without any operative procedures were
designated as normal controls. The rats were then sacrificed
at 0.5, 1, 3, 6, 24, 72 h after BDL or sham operation. All
the rats received cardiac puncture to obtain blood at the
time of sacrifice to assay total bilirubin levels, alanine
transaminase (ALT) and aspartate transaminase (AST)
activities, determined by a standard autoanalyzer (Hitachi
model 7450, Tokyo, Japan). Liver was removed and some
of the liver tissues were snap-frozen for messenger RNA
(mRNA) and protein determinations, and the remaining
were formalin-fixed for histological examinations.

mRNA isolation and real-time QRT-PCR

LightCycler® 480 Real-Time PCR System (Roche Co.,
Germany) was used to quantify the tissue amount of
mRNA. For real-time quantitative reverse transcription-
polymerase chain reaction (QRT-PCR), the reagent mix-
ture was prepared according to the protocol provided by the
manufacturer (Protech Technology, Taipei, Taiwan). Two
micrograms of total RNA extracted from the liver tissue
was used to generate cDNA using an oligodeoxynucleotide
primer (oligo dT15) following the protocol for transcrip-
tion (Promega, Madison, WI). PCR was performed on
20 ul in a LightCycler® 480 SYBR Green I Master (Roche
Co., Germany) containing 10 nmol forward primers and
reverse primers, and approximately 10 ng cDNA was
produced. The primer sequences for the study gene and the
housekeeping ff-actin gene were provided in Table 1. Each
sample was tested in duplicate and the mean of the two
values was chosen as copy number of the sample. The
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validation experiments were done in triplicate and ampli-
fication efficiencies were validated as indcated in our pre-
vious reports [16, 21].

Western blotting analysis

The frozen tissue was homogenized in a buffer then cen-
trifuged at 14,000g. Protein (40 pg) from the supernatant of
each sample was separated by SDS-PAGE and transferred
to polyvinylidene difluoride membranes for electrophore-
sis. The membranes were blocked in TBST buffer for 1 h at
room temperature after which the blots were incubated
with a primary polyclonal rabbit anti-PGC-1a antibody
(sc-13067; Santa Cruz Biotech.), polyclonal goat anti-Tfam
antibody (sc-23588; Santa Cruz Biotech.), caspase 9 anti-
body (# 9507; Cell Signaling), caspase 3 antibody (# 9661;
Cell Signaling), caspase 8 antibody (# 9748; Cell Signal-
ing), Bax antibody (#2772; Cell Signaling), Bcl, antibody
(#2827, Cell Signaling) followed by a secondary alkaline
phosphatase-conjugated anti-IgG antibody (1:5000; Pro-
mega). The Western blots were visualized with the Blot AP
System (Promega). Alpha-tubulin or f-actin was used as
internal control.

Catalase assay

The liver tissue was homogenized and assays were con-
ducted on a Bradford assay (Biorad) automated chemistry
analyzer. Catalase activity assay kit (Cayman, Catalog No:
707002) and samples (20 pl) were placed on the instrument
and assayed according to the manufacturer’s protocol. The
catalase activity level was quantified spectrophotometrically
at 540 nm. The results were expressed as nmol/min/ml of
protein. Standards and blanks were assayed in duplicate
and treated as samples (i.e., not placed in the calibration

Table 1 Primers of the mRNA

positions). The average of two measurements was used in
subsequent statistical analysis of the data.

Measurement of liver total glutathione (GSH)
and reduced GSH to oxidized glutathione (GSSG) ratio

Liver total GSH and GSH/GSSG ratios, the main intra-
cellular detoxifying molecules, were measured using a
commercial kit (Glutathione Assay Kit II Cat No. 354103,
Calbiochem) according to the manufacturer’s protocol. In
short, the assay utilizes a carefully optimized enzymatic
recycling method, using glutathione reductase, for the
quantification of GSH. The GSH is quantified spectro-
photometrically at 405 nm. Quantification of GSSG,
exclusive of GSH, is accomplished by first derivatizing
GSH with 2-vinylpyridine. Tissue sample (liver) was
homogenized on ice using a polytron homogenizer. The
solution used for homogenization consisted of 50 mM
MES which contains 0.4 M 2-(N-morpholino) ethanesul-
phonic acid, 0.1 M phosphate, and 2 mM EDTA, pH 6.0
(1 g tissue per 5 ml MES buffer). The total homogenate
was centrifuged at 4°C at 10,000g for 15 min to obtain the
supernatant for the assay of total GSH and GSSG. Dupli-
cate determinations in 100 pl of tissue homogenate sam-
ples collected from all animals were made and the average
of two measurements was used in subsequent statistical
analysis of the data. The GSH to GSSG ratios were cal-
culated and expressed as GSH/GSSG ratio.

Determination of mtDNA copy number

DNA samples were extracted from rat liver cells. The
mtDNA copy numbers were measured by a real-time PCR
and corrected by simultaneous measurement of the nuclear
DNA. The forward and reverse primers complementary to

Target gene Accession no.

Primer sequence

Product length (bp)

PGC-1a NM_031347 F: 5~ ATACTTTACGCAGGTCGAATG-3' 104
R: 5-ATCGTCTGAGTTTGAATCTAGG-3

Tfam NM_031326 F: 5'-ACCCAGATGCAAAAGTTTCAG-3' 94
R: 5-AAATCCGCTTCATACACCTTTT-3'

MnSOD Y00497 F: 5~ACTACTGAACAAATCAACAGACC-3' 170
R: 5-CTTTGTCCATCTTGAGCACTT-3

GPx NM_030826 F: 5-TGAGAAGTGCGAGGTGAA-3’ 189
R: 5-GGAACACCGTCTGGACCTA-3'

p-Actin NM_031144 F: 5-~AGTACCCCATTGAACACGGC-3’ 151
R: 5-TTTTCACGGTTGGCCTTAGG-3'

PGC-10 Peroxisome proliferators-activated receptor y coactivator-1o, Tfam mitochondrial transcription factor A, MnSOD Mn-superoxide dis-

mutase, GPx glutathione peroxidase
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nuclear f-actin gene were 5'-GAAATCGTGCGTGACA
TTAAAG-3' and 5-ATCGGAACCGCTCATTG-3' [22].
The forward and reverse primers for mtDNA, which are
complementary to the sequence of the mitochondrial ND1
gene, were 5-ATTCTAGCCACATCAAGTCTTT-3' and
5'-GGAGGACGGATAAGAGGATAAT-3'. The PCR was
performed in a LightCycler® 480 Real-Time PCR System
(Roche Co., Germany), using the LightCycler ® 480 SYBR
Green I Master (Roche Co., Germany). DNA (10 ng) was
mixed with 10 ul SYBR® Green PCR Master Mix con-
taining 10 n mol of forward and reverse primers, in a final
volume of 20 pl. The PCR reactions were: initial 50°C
2 min, 95°C 1 min, 40 cycles for denaturation at 95°C for
15 s, annealing at 60°C for 20 s and primer extension at
72°C for 15 s, final 25°C. The threshold cycle number (Ct)
values of the f-actin gene and the mitochondrial ND1 gene
were determined for each individual quantitative PCR run.
Ct values can be used as a measure of the input copy
number and Ct value differences used to quantify mtDNA
copy number relative to the f-actin gene with the following
equation: Relative copy number (R.) = 24t where ACt is
the Ctgaein — Ctmmpna [23]. Each measurement was car-
ried out at least three times and normalized in each
experiment against a serial dilution of a control DNA
sample. We compared mtDNA copy number in BDL rats to
the sham and the normal control. For comparison between
groups, logarithmic transformation of data was used since
the original values of the relative mtDNA copy number in
rat hepatocytes showed a non-normal distribution.

TdT-mediated dUTP biotin nick end labeling (TUNEL)

Immediately after sacrifice, representative sections were
cut from the mid-right lobe of the liver in the rat. Sections
were obtained from six rats in each group. After formalin
fixation, these paraffin-embedded liver sections were
stained and evaluated by two pathologists (Huang and
Kuo). Double-strand DNA breaks were detected by TUNEL
according to the method of our previous study [16] with
some modifications. We used ApopTag® plus peroxidase in
situ apoptosis detection kit (CHEMICON International,
Inc. USA) for TUNEL. Deparaffinized sections were
washed with distilled water and treated with protein
digestion enzyme for 15 min at 37°C. After washing with
three changes of PBS, sections were treated with TdT
solution, incubated with 3% hydrogen peroxide for 5 min
to block endogenous peroxidase activity, and then treated
with peroxidase conjugated antibody for 10 min at room
temperature. After washing in PBS, nick end labeling was
visualized by immersing reacted sections in 3',3'-diam-
inobenzidine solution with 3% hydrogen peroxide and
counterstaining with methyl green.

Statistical analysis

Data were expressed as mean £ SD. Comparisons between
control and BDL rats were made at each time point. Results
were analyzed by the #-test when comparing the BDL
groups with sham. P < 0.05 was considered to be statisti-
cally significant.

Results

Impairments of liver function of the experimental
animals in BDL

BDL resulted in increases in serum total and direct bili-
rubin levels, as well as AST and ALT (Fig. 1a—d), which
progressed with time. The data are consistent with the
establishment of cholestatic liver injury.

Cholestasis decreases mRNA and protein expression
of mitochondrial biogenesis regulator Tfam

PGC-1a mRNA decreased significantly by 6 h after BDL
(Fig. 2a), but the protein levels were not significantly dif-
ferent between groups throughout the study period (data
not shown). Tfam mRNA levels decreased significantly by
6 h after BDL (Fig. 2b), and the protein levels also
decreased significantly at this time (Fig. 2c, d). Both were
persistently lower than the sham control throughout the
study period till 72 h.

Regulation of mitochondrial antioxidative enzymes

A transient but significant increase of Mn-superoxide dis-
mutase (MnSOD) mRNA was noted in the rats at 3 h after
receiving BDL, which reached a maximum at 6 h, fol-
lowing by a return to a level that was not significant from
the sham group, denoted by a decompensation at a later
time (Fig. 3a). The glutathione peroxidase (GPx) mRNA
levels were significantly down-regulated by 6 h following
BDL and persistently lower in the BDL rats than in the
sham group throughout the study period (Fig. 3b). Con-
sistent with the above changes, the GPx enzyme (Fig. 3c,
d) and catalase enzyme (Fig. 3e) activity in the liver
homogenates decreased significantly in the BDL rats
compared to that in the sham rats at 72 h. Liver total GSH
levels were lower at 72 h after BDL, in comparison to the
sham group (111.6 £ 30.3 uM vs. 163.8 &+ 17.7 uM,
P = 0.008; Fig. 4a). The GSH/GSSG ratio in the liver was
lower at 72 h after BDL, compared to that of the sham
group (7.5 £ 2.6 vs. 23.9 £ 13.4, P = 0.003; Fig. 4b).
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Fig. 2 a The hepatic expression of proliferator-activated receptor y
coactivator-la. (PGC-1a) mRNA in the rats receiving bile duct
ligation (BDL) or sham operation. Significant decrease of PGC-1a
mRNA is found in the BDL rats from 6 to 72 h after inception of the
experiment, in comparison to the sham rats. b The hepatic expression
of transcriptional factor A (Tfam) mRNA in the rats receiving BDL or
sham operation. Significant decrease of Tfam mRNA is found in the
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Mitochondrial DNA copy number decreased and the
activity of apoptosis significantly increased at 72 h after
bile duct ligation via the intrinsic pathway

The amount of mtDNA copy number, as corrected by the
amount of nuclear DNA, varied during the course of the
experiment, however it decreased significantly at 72 h in
the BDL group, compared to that of the sham control
(Fig. 5). Histological evidence of liver cell apoptosis was
demonstrated by TUNEL staining of the liver tissue. Liver
cell apoptosis was not evident until 72 h after BDL, which
revealed significantly increased TUNEL-positive cells in
the rat livers of the BDL group, comparing to the sham
control as depicted in Fig. 6. The consequence of
decreased GPx and catalase activity is apoptotic, as well as
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Fig. 5 Comparison of mitochondrial DNA (mtDNA) copy number in
the rat hepatocyte between groups by relative copy number
(R, = 24Ct where ACt is the Ctg.aciin — Ctmina. The mtDNA copy
number varies during the course of the experiment, but decreases
significantly in the rats receiving bile duct ligation (BDL) than in the
sham group at 72 h. All results represent means + SD of six animals,
* P = 0.020 when comparing the BDL groups with sham
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Fig. 6 TdT-mediated dUTP-biotin nick end-labeling stain in the liver
tissue. a At 72 h after bile duct ligation (BDL), remarkable amount of
positively staining cells are found in the liver tissue. The staining is
mainly in the nucleus of the hepatocytes (arrow) but not in the bile
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necrotic cell death. Furthermore, we measured the caspase
9 and caspase 3, which are the active forms of the caspase
family. Interestingly, both caspase 9 (Fig. 7a, b) and cas-
pase 3 (Fig. 7c, d) were augmented significantly by 72 h
after BDL, in comparison to the sham control. There were
no differences in caspase 8, Bcl,, Bax, Fas L and Fas—Fas L
complex between the BDL animals and the sham control
(Fig. 7e).

Discussion

Mitochondria are the sites of oxidative phosphorylation
and an essential source of ATP production in most tissues
including liver [10]. Mitochondrial biogenesis is a complex
process, which involves more than 100 proteins encoded by
the nucleus coordinating with the 13 proteins encoded by
mtDNA [10]. PGC-1« is a master regulator of the process
[18, 19] and Tfam stimulates transcription from mtDNA
templates [10]. Induced stress responses may alter the
expression of specific nuclear genes to uphold the energy
metabolism to rescue the cell [9]. Once beyond the
threshold, oxidative damage to mtDNA and other compo-
nents of the mitochondria may occur in the affected cells,
which subsequently lead to apoptosis or necrosis [9]. In our
study, we observed significant down-regulation of PGC-1«
and Tfam mRNAs and Tfam protein within 6 h after
inception of cholestasis. Moreover, the derangement of the
transcriptional regulation of mitochondrial biogenesis in
the cholestatic rats persists throughout the course of the
study.

Cells lacking PGC-1a are hypersensitive to death from
oxidative stress caused by H,O, or paraquat [24]. Mice
deficient in PGC-1a will develop excessive neurodegen-
eration after induction of kainic acid-induced seizures or
MPTP that causes Parkinsonism [24]. We find a significant

ductular epithelial cells (arrowhead). b Contrary to that of the BDL
rats, none of the hepatocytes or the bile ductular epithelial cells
(arrowhead) are stained in the sham group. Original magnification:
400x
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reduction in PGC-1o. mRNA (but not in protein levels)
after BDL, implying a deficient PGC-1o function in the
BDL rats. In the report of Vercauteren et al., the rapid
induction of PGC-1-related coactivator mRNA does not
require de novo protein synthesis [25]. The decrease of
PGC-1a transcript in the BDL rats in association with a
decrease of Tfam transcript may predispose the cholestatic
liver to dampening oxidative stress.

Tfam is essential for human mtDNA transcription and is
also probably a key regulator of mtDNA copy number [26].
The significantly decreased Tfam mRNA and protein in the
cholestatic rat liver is coincident with significant decrease
of mtDNA copy number and significant increase in the
number of apoptotic liver cells. In the heart of the tissue-
specific Tfam knockouts, Wang et al. found severe respi-
ratory chain deficiency and massive apoptosis in day 9.5
mouse embryos [27]. The importance of Tfam in the
maintenance of mtDNA and mitochondrial respiratory
function has also been supported by the observation that
decreased Tfam expression and mtDNA copy number in
animals with heart failure can be ameliorated by Tfam
overexpression as well as the defected mitochondrial
complex enzyme activities [28]. A recent report of
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which is significantly higher at 72 h after BDL, compared to the sham
group. e caspase 8, Bcl,, Bax, Fas L and Fas—Fas L complex do not
change significantly from 1 to 72 h. All results represent means £+ SD
of 6 animals, * P < 0.05 when comparing the BDL groups with sham

mitochondrial transcription factor in drosophila develop-
ment further confirms the importance of these factors in
oxidative phosphorylation, mitochondrial ATP synthesis,
cell proliferation and apoptosis [29]. These reports support
our contention that the early decrease of Tfam mRNA and
protein levels in the cholestatic rat liver indicates impair-
ment of mitochondrial biogenesis and maintenance
immediately after bile duct obstruction.

The consequent effects of mitochondrial transcriptional
deregulation are derangement of oxidative repair enzymes,
including MnSOD, GPx and catalase, which convert free
radicals into less toxic or nontoxic forms [9]. MnSOD
converts superoxide radicals to hydrogen peroxide and
molecular oxygen within the mitochondrial matrix and
GPx converts hydrogen peroxide into water within mito-
chondria and the cytosol [9]. Catalase also functions to
catalyze the decomposition of hydrogen peroxide to water
and oxygen [9]. In our study, the transient increase of
MnSOD mRNA expression at 3 h after BDL may indicate
a short-term compensatory mechanism to overcome the
upcoming load of oxidative stress. However, it is followed
by a return of MnSOD transcript to a level not different
from the sham control, denoting a decompensation in the
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later phase. On the contrary, a persistent decrease of GPx
mRNA transcript from 6 h and thereafter in the BDL rats
indicates failure of the cholestatic liver to generate enough
GPx for scavenging of H,O, and protecting the organelles
against damaging effects [30]. Our data is consistent with
that of Allen which indicates that the expression levels of
GPx decrease during some forms of oxidative damage [31].
In our study, catalase activity and GSH level also show
significant a decrease by 72 h when the condition of the
BDL rats is worsened. Since GPx and catalase are critical
enzymes involved in the process of H,O, detoxification,
decreased production of these enzymes may cause further
accumulation of H,O, which facilitates the well known
Fenton’ reaction and leads to the generation of the more
hazardous hydroxyl radical further precipitating more tis-
sue oxidative damage [32, 33]. These results indicate an
early defective mitochondrial GPx and catalase-dependent
defense system in the BDL rats.

Apoptosis is an energy-consuming process [34, 35],
which has been reported to be involved in reactive oxygen
species (ROS) generation and oxidative damage [36].
Excess ROS generation can lead to cell apoptosis [36]. In
studies with radioactively labeled precursors, the half-life
of liver mitochondria was estimated to be in the range of
3-10 days [37]. When the capacity of the antioxidant
system is compromised, the exposure of tissue cells to
higher oxidative stress will result in an increase of defec-
tive mitochondria, and thus, a cyclic increase in ROS
production and oxidative damage [9]. Once beyond a
threshold, mitochondria could drive the cell into an irre-
versible cell death process [9]. In our study, the mtDNA
copy number decreases significantly at 72 h after BDL.
This decompensation of mitochondrial biogenesis is asso-
ciated with a significant increase of levels of caspase 9 and
3 and of apoptotic hepatocytes at 72 h of BDL. Apoptotic
cell death can be initiated by either an intrinsic or extrinsic
pathway, both of which converge at the activation of cas-
pase-3 [38, 39]. Activation of this executioner enzyme is
irreversible, resulting in the cleavage of numerous struc-
tural and functional proteins and the internucleosomal
cleavage of genomic DNA [38]. Death receptors, espe-
cially Fas, are widely expressed via the extrinsic pathway
in response to evolutionary pressure to eliminate hepato-
tropic viruses [40]. To activate the intrinsic pathway,
mitochondrial proteins are released from the mitochondrial
intermembrane space and lead to the activation of pro-
apoptotic proteins such as caspase-9, and consequential
apoptosis [38, 39]. We found there to be a failure of acti-
vation of caspase-8, Bax, Bcl, Fas L and Fas-Fas L
complex in the early phase of BDL in the rats. This indi-
cates that apoptotic cell death is initiated by an intrinsic
pathway in the early stage of cholestatic liver injury.

@ Springer

In conclusion, our results indicate an early transcrip-
tional deregulation of the mitochondria after BDL, which
results in derangement of oxidative repair enzymes, and
finally apoptosis of the hepatocytes through the intrinsic
pathway in the cholestatic rats. Future intervention of the
cholestatic liver injury should be aimed at maintenance of
the transcriptional regulation of the mitochondrial bio-
genesis within hours after the inception of cholestasis.
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