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Abstract In the present study, the toxicity of
arsenic trioxide and lead acetate was assessed in
adult hepatic stem cells induced in the 2-acetyl-
aminofluorene/partial hepatectomy rat model. Isolat-
ed oval cells were incubated separately for 6 h with
40 μM each of arsenic trioxide and lead acetate. 3-
(4,5-Dimethylthiazole-2-yl)-2,5-diphenyltetrazolium
bromide assay denoted significant time-dependent
cell death in arsenic and lead treated oval cells. The
degree of stress imposed by these metals was
evidenced by induction of heat shock protein
(HSP) 70 and HSP 90. Arsenic and lead were
found to trigger apoptosis as revealed by DNA
ladder formation, Western blots of apoptotic factors,
and reverse transcriptase polymerase chain reaction
analyses of bax and bcl-2. Results clearly indicate
that both arsenic and lead induced apoptosis is

caspase-mediated and accompanied by extracellular
signal-regulated kinase (ERK) dephosphorylation.
Full-length BH3-interacting-domain death agonist
expression in presence of caspase 3 inhibitor
unravels a direct involvement of caspase in As
and Pb induced apoptosis. Expression patterns of
apoptosis inducing factor, B cell lymphoma-2 (Bcl-
2) antagonist of cell death, Bcl-2-associated X
protein, and Bcl2 also signify mitochondrial regu-
lation of apoptosis effected by lead and arsenic. It
is concluded that stimulation of caspase cascade
and simultaneous ERK dephosphorylation are the
most significant operative pathways directly associ-
ated with apoptotic signals triggered by arsenic and
lead in the oval cells.
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Abbreviations
AAF 2-acetylaminofluorene
AIF Apoptosis-inducing factor
AP-1 Activator protein-1
Apaf-1 Apoptotic protease activating factor-1
Bcl-2 B cell lymphoma-2
Bax Bcl-2-associated X protein
Bad Bcl-2 antagonist of cell death
Bid BH3-interacting-domain death agonist
CK-19 cytokeratin 19
DMA Dimethylarsinic acid
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DMEM Dulbecco’s minimum essential medium
ERK Extracellular signal-regulated kinase
GAPDH Glyceraldehyde phosphate dehydrogenase
HBSS Hanks balanced salt solution
HSP Heat shock protein
MMA Monomethylarsonic acid
MTT 3-(4,5-dimethylthiazole-2-yl)-2,

5-diphenyltetrazolium bromide
NFkB Nuclear factor kB
OV1 Oval cell marker 1
OV6 Oval cell marker 6
PH Partial hepatectomy
RT PCR Reverse transcriptase polymerase chain

reaction
SCF Stem cell factor
ZFL Zebra fish liver cell line

Introduction

Stem cells are defined by their ability of self-renewal
and differentiation potential and classified into two
major categories, pluripotent embryonic stem cells
and adult stem cells, which are also known as
mesenchymal stem cells or multipotent adult progen-
itor cells (Lanza 2006). Adult liver is known to
regenerate by hepatocytes reentering into cell cycle
after surgical resection or injury (Fausto 2001; Best
and Coleman 2007). Liver transplant model has
demonstrated that hepatocytes are functional stem
cells of liver having the potential of clonal expansion
(Alison et al. 2001). It has been proposed that adult
liver contains facultative hepatic stem cells or
progenitor cells located in the Canal of Hering,
which, if induced, proliferate as a subpopulation
called oval cell to restore the liver mass (Qin et al.
2004). Oval cells have aroused considerable interest
because of their therapeutic potential in liver, tissue
engineering, and gene therapy in liver-related diseases
(He et al. 2004). They are characterized by the
presence of specific markers in rat, such as cytoker-
atin (CK) 8, 14, 18, and 19 (Marceau 1990) and oval
cell marker (OV)-1 and OV-6 (Dunsford and Sell
1989). Liver being the main detoxifying organ is
prone to injury by exposure to xenobiotics. The level
of stress imposed by xenobiotics may be assessed by
the profile of heat shock protein (HSP) 70 and HSP
90 which are highly conserved proteins playing

important roles in stressed and unstressed cells
(Parsell and Lindquist 1993; Nollen and Morimoto
2002). Various toxicants lead to different anomalies,
such as cell death, teratogenesis, carcinogenesis, as
well as premature aging and the diseases of aging
(Trosko 2003), which is dependent on the homeostatic
regulation of cell proliferation, differentiation, apo-
ptosis, and senescence of hepatocytes. Therefore, the
profile of these proteins has been studied to assess the
level of stress imposed by the metals.

Arsenic, a metalloid universally distributed in nature,
is considered to be one of the most toxic xenobiotics.
There are several reports demonstrating toxic effects of
arsenic in liver. Exposure of humans, experimental
animals, and cultured cells to arsenic results in a variety
of diverse health effects, dysfunction of critical enzymes,
and cell damage. Paradoxically among xenobiotics,
arsenic can both cause and cure cancer (Kann et al.
2005; Look 1998; Liu and Huang 2005). A common
molecular mechanism related to length (chronic vs.
acute), level (high dose vs. low dose), and/or species of
arsenic (arsenite, arsenate, monomethylarsonic acid,
dimethylarsinic acid) exposure may exist in the
anticarcinogenic and carcinogenic actions of arsenic
(Ayala-Fierro et al. 1999). It has been reported that
exposure to more than 200 μM arsenite or arsenate
resulted in apoptosis by 44.5–61.5% of the JB6Cl41
cell types, respectively (Chen et al. 2000). Ten micro-
molars and 20 μM of arsenic trioxide were found to
induce apoptosis and 40 μM of arsenic increased the
rate of cell death (Milton et al. 2004).

Lead is one of the most ubiquitous elements and after
initial absorption is distributed in blood, liver, kidney,
and bone. Following prolonged exposure, lead burden is
foundmainly in the hematopoietic and nervous systems.
However, lead exposure has been shown to induce
apoptosis in hepatocytes (Columbano et al. 1985) and
like arsenic, there are reports indicating the role of lead
in inducing both anticytotoxic and antimutagenic
effects through persistent activation of extracellular
signal-regulated kinase (ERK)1/2 (Lin et al. 2003).

Various xenobiotics can cause apoptosis in differ-
ent cell types through primary activation of caspase-
dependent or caspase-independent pathways (Pulido
and Parrish 2003). Loss of mitochondrial transmem-
brane potential is the initial event leading to apoptosis
(Petit et al. 1996). Instability of the mitochondrial
membrane results in release of cytochrome c which
binds to apoptotic protease-activating factor 1, the
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adaptor protein of caspase 9 to form the apoptosome.
This event amplifies the caspase signaling by activat-
ing caspase 3. The mitogen-activated protein kinases
(MAPKs), extracellular signal-regulated kinase, JUN
N-terminal kinase (JNK), and p38 also take part in
this event leading to activation of activator protein-1
or the nuclear factor kappa B. Arsenic and lead
induced apoptosis has been reported by various
authors using hepatocytes but, to the best of our
knowledge, has not been studied in freshly isolated rat
hepatic stem cells or oval cells. On the other hand, the
unlimited proliferation ability, the plasticity to gener-
ate other cell types and its therapeutic potential
(Davila et al. 2004) encouraged us to assess the
effects of sublethal exposure to arsenic and lead in the
oval cells induced in the acetoaminofluoride/partial
hepatectomy (AAF/PH) rat model. In the present
investigation, an attempt was made to elucidate the
cellular responses to subcritical concentrations of
arsenic and lead in the oval cells.

Materials and methods

Chemicals

The primary antibody, antiheat shock protein 70 and
90 (raised in mouse), ammonium persulfate, Coomas-
sie brilliant blue, phenylmethylsulfonyl fluoride
(PMSF), Nonidet, N-(-2-fluorenyl) acetamide, colla-
genase type-IV, deoxyribonuclease I, hyaluronidase,
insulin, dexamethasone, and Apoptosis polymerase
chain reaction (PCR) B cell lymphoma-2 (Bcl-2)-
associated X protein (Bax)/Bcl-2 Multiplex Primer
Sets were procured from Sigma Chemical Co. (St.
Louis, MO, USA). Other primary antibodies to full
length caspase 3, full length caspase 9, apoptosis-
inducing factor (AIF), Bax, BH3-interacting-domain
death agonist (Bid), Bcl-2 antagonist of cell death
(Bad), Bcl2 (raised in rabbit), ERK, JNK, and p38
(raised in mouse) CK-19 and stem cell factor (SCF;
raised in goat) were purchased from Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA). The
molecular weight marker kit for polyacrylamide gel
electrophoresis was purchased from Fermentas Life
Sciences (Hanover, MD, USA). Rabbit anti-mouse
IgG linked to alkaline phosphatase was procured from
Bangalore Genei Pvt. Ltd. (Bangalore, India).The SV
Total RNA Isolation System and caspase inhibitor

(Ac-DEVD-cho) was procured from Promega Corpo-
ration (Madison, WI, USA). First strand cDNA
Synthesis kit was procured from Fermentas Life
Sciences. Actinase-E was procured from Kaken
Pharmaceuticals Company (Tokyo, Japan). All other
chemicals used were, of analytical grade, purchased
from Sisco Research Laboratories (Mumbai, India)
and E. Merck (Mumbai, India).

Animals and their maintenance

Male white rats (Rattus norvegicus) of the Sprague
Dawley strain having a body weight of 125 to 150 g
were procured from a single animal supplier to
minimize differences in the population of rats sup-
plied. Rats were acclimatized for at least 7 days prior
to the investigation and housed in a temperature
controlled animal room (Inglis 1980), where they
were fed with rat chow and water ad libitum. All
experiments were approved by the Animal Care
Committee of Visva-Bharati University and per-
formed in accordance with the criterion outlined.

Induction and isolation of oval cell

Oval cells were induced in the AAF/PH rat model
(Shimano et al. 2003). Briefly, AAF was administered
daily to rats by gavage at 15 mg.kg–1 body weight for
4 days. On day 5, a standard two third PH was carried
out, and then the daily administration of AAF at the
same dosage continued for 5 days. All surgical
procedures were done under anesthesia by using
anesthetic ether. Oval cells were isolated by a two-
step collagenase digestion method (Shimano et al.
2003). The purity of the oval cells was determined by
the presence of oval cell specific marker (CK-19) and
also a stem cell marker (SCF) and found to be 95%
pure (data not shown).

Experimental design

We observed that both As and Pb at 40 μM
concentration resulted in 20% death of the isolated
oval cells, respectively, at 6 h of treatment. Therefore,
in the present investigation, this exposure concentra-
tion was selected to assess the apoptotic mechanism
manifested by arsenic and lead.

Oval cells (3×106 ml−1) were added in 2 ml of
Dulbecco’s minimum essential medium (GIBCO) in
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24-well culture plates and treated with 40 μM of
arsenic or lead at 37°C in a CO2 incubator set at 5%.
The incubations were terminated at 1, 2, 4, and 6 h,
the cells washed with Hanks balanced salt solution,
and a thin smear prepared on glass slides for routine
eosin–hematoxylin observation. Unexposed cells
served as the concurrent control.

Assessment of cytotoxicity

Xenobiotic induced cell death was determined at
selected time intervals postincubation by trypan blue
(0.4%) dye exclusion test (Brambilla and Martelli
1995) demonstrating 95–98% survival of the unex-
posed cells. Cytotoxicity of arsenic and lead expo-
sure for 6 h at the concentration of 40 μM was
determined by the standard MTT assay. Results were
calculated as percentage cell death against control
and expressed as mean±SE of three individual MTT
assays (Supino 1995). Statistical analysis was done
following two-way analysis of variance (Snedecor
and Cochran 1967).

Isolation and analysis of DNA

The genomic DNA of rat oval cell was isolated using the
solvent (phenol, chloroform, isoamyl alcohol) extrac-
tion method (Sambrook et al. 1989) and run on 1.2%
agarose gel using bromophenol blue as the tracking
dye and visualized in a Bio Rad Gel Doc System.

Reverse transcription and polymerase chain reaction
analysis

Total cellular RNA from rat oval cells was isolated
using the SV Total RNA Isolation System (Promega
Corporation) as per the manufacturer’s guideline. The
PCR primers used were 5′-CAT CTT CTT CCA GAT
GGT GA-3′ (3′ antisense); 5′-GTT TCA TCC AGG
ATC GAG CAG-3′ (5′sense) for bax; 5′-GAG ACA
GCC AGG AGA AAT CA-3′ (3′ antisense); 5′-CCT
GTG GAT GAC TGA GTA CC-3′ (5′sense) for bcl-2;
glyceraldehyde phosphate dehydrogenase primers
served as internal control in the assay. Control
reactions without template were also included with
amplification for each pair of primer and the reverse
transcriptase (RT)-PCR analysis was performed fol-
lowing the manufacturer’s guideline (Sigma Chemical
Co.) in an Eppendorf Master Cycler.

Preparation of sample for Western blots

Oval cells (3×106 cells ml−1) were sonicated in
50 mM Tris buffer (pH 7.6) containing 0.1 mM
PMSF and 1% Nonidet and centrifuged at 10,000 ×g
for 20 min. The cytosolic supernatant was carefully
collected, passed through 0.2 μm filters, the protein
content determined (Lowry et al. 1951), and stored at
−80°C until further use. Fifty micrograms protein
from control and exposed oval cells were subjected to
10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis analysis at a constant voltage
(Laemmli 1970) and transferred to polyvinylidene
fluoride membranes (Roy and Bhattacharya 2006).
The blots were incubated with the antibodies men-
tioned above and developed using alkaline phospha-
tase conjugated rabbit anti-mouse and goat anti-rabbit
secondary antibodies.

Caspase inhibition studies

In the present studies, caspase activity was inhibited
by the inhibitor Ac-DEVD-cho at 2 h of metal
treatment considering the maximum response elicited
by the oval cells at this time point. Oval cells were
cotreated with arsenic trioxide (40 μM) and the
caspase inhibitor (10 μM) in one set and with lead
acetate (40 μM) and caspase inhibitor (10 μM) in
another for 2 h and expression patterns of bax and
bcl-2 were investigated in caspase 3 inhibitor treated
samples to detect the involvement of various factors
in As and Pb induced apoptosis

Results

Detection of oval cells

Isolated oval (Fig. 1a) cells generated by AAF/PH
were confirmed to be oval cells by the double positive
response towards the well-known markers of CK 19
and SCF (Fig. 1b,c).

Cytotoxicity of As and Pb

The oval cells demonstrated 80% survival as com-
pared to the unexposed cells after 6 h of metal
treatment. Metal treatments recorded highest rate of
cell death between 1 and 2 h of arsenic and between 4
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and 6 h of lead treatment (Fig. 2a). Apoptotic changes
noted in the treated cells were significant (Fig. 2c,d)
as compared to the unexposed oval cells (Fig. 2b).

Apoptotic DNA fragmentation

Significant intranucleosomal pattern was denoted
by As treatment at 1 h. However, low molecular

weight DNA fragments were not observed in 6 h
arsenic exposed cell which could be due to rapid
degradation corroborating our microscopic observa-
tion of arsenic-exposed oval cells (figure not
shown). In Pb treated cells, however, DNA degra-
dation took place more gradually and an intra-
nucleosomal DNA fragmentation was apparent only
at 6 h (Fig. 3a,b).

Induction of stress proteins and caspase dependent
pathway

In As treated oval cells, there was no change in the
expression of HSP 70 until 1 h of incubation,
thereafter, its expression heightened while HSP 90
level moderately increased until 4 h followed by a
decline at 6 h of treatment. Contrastingly, Pb treated
cells demonstrated a remarkable induction of HSP 70
at 1 h followed by a sharp decrease until the end of
the experiment. In Pb treatment, HSP 90 was
maximally induced within 1 h and, thereafter, it
declined reaching a value below that of the control
at 6 h (Fig. 4a,b).

In As treatment, the expression of procaspase 3
was found to be high throughout the incubation which
was more noteworthy at 1 h. On the other hand, there
was a lower level of expression of procaspase 3 in Pb
treated cells after 1 h of treatment (Fig. 4a,b). As seen
with procaspase 3, the level of procaspase 9 also
increased with time in As treated cells and the rate of
increase was remarkable at 2 h of incubation. In Pb
treatment, the response manifested was depletion of
procaspase 9 until 2 h of incubation reaching the
control level at 6 h.
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Fig. 1 a Oval cells (original magnification, ×100). b Western
blot of CK 19. c Western blot of SCF. Lane 1—oval cell;
lane 2—differentiated hepatocyte from different population
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The overall pERK expression level remained
low throughout the experimental durations in As
and Pb treatments. In the case of pp38, the
expression demonstrated an increase until 2 h
followed by a decline, even below that of the

control, at 4 and 6 h of As treatment. In contrast,
Pb treated oval cells demonstrated a biphasic
pattern where the expression level of pp38 was
higher than that of the control at 1, 2, and 6 h of
incubation (Fig. 4a,b).
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Expression of mitochondrial factors

In arsenic treatment, AIF level declined at 1 h
followed by an increasing trend which reached the
basal level at 6 h. Bid level showed a slight increase
until 2 h, regaining the control level at 4 and 6 h.
Other factors, such as Bad, had a similar trend of
expression demonstrating a decrease at 1 h followed
by an increase at 4 h and again a reduced expression
at 6 h (Fig. 5a,b).Contrastingly, in lead treated cells,
AIF level was found to be low throughout the
experimental duration. Expression level of Bad was
remarkably high until 2 h of incubation declining
below that of the control at 6 h while Bid expression
followed a typical biphasic pattern (Fig. 5a,b).

RT-PCR analysis of bax and bcl-2

To further clarify the scheme of events in both the
metal treatments, we have investigated the changes in
bax and bcl-2 transcription levels by RT-PCR. It was
demonstrated that the induced expression of bcl-2
occurred transiently at 1 h only which continued to
decrease till the end of the experiment (Fig. 6a,b).

Caspase inhibitor treated cells also demonstrated
an overexpressed bcl-2 level. Overexpression of bax
in the oval cell was significant at 1 h of lead treatment
which is noteworthy at 4 and 6 h of As treatment
(Fig. 6a,b). In the presence of the caspase inhibitor,
bax expression in both As and Pb treated oval cells
was found to be suppressed.

Inhibition of pro- and antiapoptotic factors

In presence of caspase inhibitor, procaspase 3
concentrations in Pb treated cells did not record
any significant change from the control although a
slight increase was noted in case of As treated cells.
Procaspase 9 was remarkably suppressed in As
treated cells in the presence of caspase inhibitor at
2 h as against the incubation without caspase
inhibitor. On the other hand, in Pb treated oval
cells, suppression of procaspase 9 was not evident
(Fig. 7a,b).

In As treated cells, caspase inhibitor did not
demonstrate any remarkable change in AIF expres-
sion but its induction was evident in Pb treated cells.
Again, in the presence of caspase inhibitor, increase in
Bid level was manifested in As treated cells but not in
the Pb treated ones. In respect of Bad, there was a
remarkable increase in As treated oval cells while in
Pb treated oval cells, Bad was significantly sup-
pressed (Fig. 7a,b). Interestingly, caspase inhibitor
reduced both Bax and Bcl-2 expression in arsenic and
lead treated cells but in Pb treatment, the presence of
caspase inhibitor caused the Bcl-2 level to fall even
below the untreated control (data not shown).

Discussion

Heat shock proteins (Hsp 70 and Hsp 90) have been
widely accepted as stress responsive proteins. They
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represent a family of proteins comprised of constitu-
tive and inducible members (Lindquist and Craig
1998) which have been reported to confer protection
to cells from prior heat shock or other agents of stress
(Subjeck et al. 1982; Li and Werb 1982). The
antiapoptotic role of Hsp 70 has already been clarified
in hepatocytes (Ikeyama et al. 2001). Recently, it was
reported that 30 μM arsenite induced massive
apoptosis in Zebra fish line cells where Hsp 70 was
found to be a sensitive biomarker (Seok et al. 2007).
We observed that As induced Hsp 70 gradually while
Pb had a more immediate effect suggesting the ability
of the oval cells to survive in the stress imposed by
the candidate metals. On the other hand, Hsp 90
appears to be more constitutively expressed in the
oval cells.

It is known that apoptosis involves both caspase
activation and mitochondrial alteration leading to
release of caspase activators (Wang 2002; Adams
2003; Green and Kroemer 2004). In the present
study, the DNA ladder of nucleosomal pattern, the
widely accepted hallmark of caspase-3 mediated
apoptosis, clearly indicates that apoptosis has initi-
ated within an hour of arsenic exposure corroborat-
ing our recent in vivo study in arsenic exposed fish
(Datta et al. 2007). The same phenomenon is also
evident in the Pb treated oval cells although after a
protracted incubation.

The caspase profile revealed that the level of
procaspase 3, one of the most important executioner
caspases, overexpressed at 1 h of As exposure after
which the rate of activation and the rate of production
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remained static. On the other hand, procaspase 3 in Pb
treated cells was also overexpressed initially but its
breakdown occurred during the later phase of the
incubation which clearly indicates the enhancement of
the apoptotic pathway by Pb.

In both As and Pb treated cells, high rate of
procaspase 9 synthesis took place suggesting a role
of caspase 9 pathway in induction of apoptosis in
oval cells on exposure to these xenobiotics. Interest-
ingly, inhibition of procaspase 3 reduces synthesis of
procaspase 9 and enhances the procaspase 3 level
setting up a self amplification loop as proposed
earlier in Jurkat T cells, clone E6-1 (Sun et al. 1999).
Thus, it may be surmised that As and Pb induced
apoptosis in rat oval cell is mediated by caspase 9
supporting the contention that caspase 3 activation is
dependent on critical concentration of caspase 9
(Earnshaw et al. 1999).

Mitogen-activated protein kinases, the family of
serine threonine kinases, are important signaling
mediators of cellular stress response via regulation
of different genes related to apoptosis. In earlier
studies, it has been shown that p38 MAP kinase is a
well-known member in stress-activated signal trans-
duction (Waskiewicz and Cooper 1995; Robinson and
Cobb 1997) and ERK activation is strongly enhanced
by overexpression of p38 (Ludwig et al. 1998). There
are reports that ERK and p38 play a vital role in
arsenic induced apoptosis in a time dependent manner
(Bode and Dong 2002) and JNK 2 was found to be
critical for activation of the mitochondrial death
pathway, Bid cleavage, and mitochondrial transloca-
tion (Liedtke and Trautwein 2006). In the present
study, the increase in pp38 levels at the earlier stages
of metal exposure suggests its initial contribution to
withstand both As and Pb induced stress in the oval
cells. The decrease in pp38 and pERK levels with
increase in the duration of As exposure clearly
indicates the predominating effect of apoptosis over
survival. Thus, dephosphorylation of p38 and ERK
seems to be most significant for triggering apoptosis
in both As treated oval cells as reported earlier in
other cell types (Kapur et al. 2002; Lin et al. 2003;
Boudreau et al. 2007).

Mitochondrial transmembrane potential plays a key
role in cell death where selective release of mediators
amplify apoptosis and profound loss of mitochondrial
function leads to necrosis (Petit et al. 1996) and
mitochondria incorporating Bax were found to release

AIF selectively. After being activated by apoptotic
stimuli, AIF is released from mitochondria and cause
DNA breakage (Li et al. 2001; Bidère et al. 2003). In
the present study, initial reduction in AIF level in the
cytosolic fraction confirms the role of this factor in
DNA breakage; although in the later stage of
incubation, arsenic induces AIF synthesis at a much
higher rate and does not significantly change the AIF
status as compared to that of lead. Moreover, findings
from caspase inhibition study demonstrate that con-
tribution of AIF is more vital in Pb induced apoptosis.

In earlier studies, it has been reported that
mitochondrial membrane permeability is regulated
through bcl 2 family of protooncogenes, antiapoptotic
(bcl-2), and proapoptotic (bad, bax) (Tsujimoto and
Shimizu 2001). Normally, Bax remains in the cytosol,
but on being activated by apoptotic stimuli, it trans-
locates and is inserted in mitochondria thereby
increasing its permeability. In the present study,
stimulation of Bax synthesis is evident during the
later phase of incubation with As, which event has
been amply elucidated by RT-PCR. In Pb treated oval
cells, also RT-PCR analysis clearly demonstrates
stimulation of Bax expression at the earlier phase of
incubation, while Bcl2 suppression is apparent
throughout the incubation. We have also judged the
patterns of RT-PCR of Bax and Bcl 2, in the presence
of caspase inhibitor. Bax suppression is noteworthy in
both Pb and As treated cells. Caspase inhibitor results
in significant overexpression of bcl 2 indicating the
direct contribution of caspase 3 over mitochondrial
regulation.

The BH3 domain-only protein Bid, a death agonist
member of the Bcl-2/Bcl-xl family (Wang et al. 1996),
is localized in the cytosolic fraction as an inactive
precursor (Li et al. 1998; Luo et al. 1998) and upon
proteolytic cleavage truncated Bid also translocates to
mitochondria to release cytochrome C (Gross et al.
1999; Yin et al. 1999). Our study reveals that As
induces Bid synthesis at the initial phase while in the
case of Pb treatment, the expression appears to be
biphasic. Again, in the presence of caspase inhibitor,
substantial increase in the cytosolic Bad concentration
occurs in As treated oval cells only. This clearly
indicates cytosolic sequestration of Bad in As treated
oval cell. Contrastingly, in case of Pb treatment, the
negtive regulatory role of caspase 3 inhibition on Bad
is evident. On the other hand, there is no siginificant
involvement of Bid in Pb induced apoptosis of oval
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cell but caspase 3 inhibition demonstrates a direct role
of of Bid activation only in As treated cells.

From our study, it is evident that in contrast to Hsp
90, Hsp 70 plays a major role in the recovery of metal-
induced stress in the adult hepatic stem cells. Earlier
studies of Mosser et al. (1997, 2000) have shown that
Hsp70 acts as a chaperone for protection against stress-
induced apoptosis by interfering with downstream
activity of procaspase 9 and 3. Roy and Bhattacharya
(2006) had also observed concomitant inhibition of
hepatocyte apoptosis coupled with enhanced Hsp70
expression following in vivo exposure of fish to As2O3.

It is further concluded that in the metal treated oval
cells, the caspase cascade is the most significant
operative pathway amplifying the mitochondrial apo-
ptotic signals and phosphorylation of the survival
factor, p38, essentially allows the cells to recover.
Besides activation of the caspase cascade, increasing
rate of dephosphorylation of the survival factor Erk is
also found to have an essential role in induction of
apoptosis in arsenic and lead treated oval cells.
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