
HepaRG Cells: A Human Model to Study Mechanisms
of Acetaminophen Hepatotoxicity

Mitchell R. McGill,1* Hui-Min Yan,1* Anup Ramachandran,1 Gordon J. Murray,2

Douglas E. Rollins,2 and Hartmut Jaeschke1

Acetaminophen (APAP) overdose is the leading cause of acute liver failure in Western coun-
tries. In the last four decades much progress has been made in our understanding of APAP-
induced liver injury through rodent studies. However, some differences exist in the time
course of injury between rodents and humans. To study the mechanism of APAP hepatotox-
icity in humans, a human-relevant in vitro system is needed. Here we present evidence that
the cell line HepaRG is a useful human model for the study of APAP-induced liver injury.
Exposure of HepaRG cells to APAP at several concentrations resulted in glutathione
depletion, APAP-protein adduct formation, mitochondrial oxidant stress and peroxynitrite
formation, mitochondrial dysfunction (assessed by JC-1 fluorescence), and lactate dehydro-
genase (LDH) release. Importantly, the time course of LDH release resembled the increase
in plasma aminotransferase activity seen in humans following APAP overdose. Based on
propidium iodide uptake and cell morphology, the majority of the injury occurred within
clusters of hepatocyte-like cells. The progression of injury in these cells involved mitochon-
drial reactive oxygen and reactive nitrogen formation. APAP did not increase caspase
activity above untreated control values and a pancaspase inhibitor did not protect against
APAP-induced cell injury. Conclusion: These data suggest that key mechanistic features of
APAP-induced cell death are the same in human HepaRG cells, rodent in vivo models, and
primary cultured mouse hepatocytes. Thus, HepaRG cells are a useful model to study
mechanisms of APAP hepatotoxicity in humans. (HEPATOLOGY 2011;53:974-982)

A
cetaminophen (APAP) is a widely used over-
the-counter analgesic and antipyretic drug and
is a common component of opioid-containing

prescription formulations. Although safe at therapeutic
levels, overdose of APAP causes liver injury and is the
foremost cause of acute liver failure in the US and the
UK.1 At therapeutic doses, >90% of the drug is glu-
curonidated or sulfated in the liver and subsequently
excreted. The remainder is metabolized by cyto-
chromes P450 (CYP450) to the electrophilic interme-
diate N-acetyl-p-benzoquinoneimine (NAPQI), which
can be neutralized by conjugation with glutathione.2

However, after an overdose of APAP, formation of
NAPQI exceeds the detoxification capacity of glutathi-
one, resulting in covalent binding to cellular proteins.3

Although the overall protein binding caused by an
overdose of APAP or its isomer 30-hydroxyacetanilide
is similar and many adducted proteins have been iden-
tified, toxicity only occurred with APAP, which shows
greater binding to mitochondrial proteins.3-6 The sub-
sequent mitochondrial dysfunction leads to inhibition
of mitochondrial respiration,7 ATP depletion,8 and
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formation of reactive oxygen8 and peroxynitrite9 (ROS
and RNS) inside mitochondria. The oxidant stress is
involved in activation of the c-jun-N-terminal kinase
(JNK) pathway10 and eventually triggers the opening
of the mitochondrial membrane permeability transition
(MPT) pore,11 resulting in collapse of the mitochon-
drial membrane potential.11,12 Mitochondrial matrix
swelling and rupture of the outer membrane causes the
release of intermembrane proteins including cyto-
chrome c, endonuclease G, and apoptosis-inducing fac-
tor (AIF).13 Only endonuclease G and AIF translocate
to the nucleus and induce DNA fragmentation.14 The
severe impairment of aerobic energy metabolism, mas-
sive ATP depletion, and nuclear DNA damage result
in necrotic cell death.15 Despite the release of cyto-
chrome c from mitochondria, no significant activation
of caspases has been detected and apoptosis contributes
less than 5% to the overall injury in mice.15-17

Most of our present knowledge of APAP hepatotox-
icity has been learned from rodent studies in vivo and
in primary culture.2,13 However, notable differences
exist in the time course of injury between rodents and
humans. In particular, increased aminotransferase activ-
ity can be detected in rodent plasma within 2-6 hours
of administration of a toxic dose of APAP, with peak
activity achieved around 12 hours.18 In humans,
increased plasma enzyme activity is rarely observed
before 12-24 hours following ingestion and does not
peak until 48-72 hours.19 Although such differences
between humans and rodents may be mainly due to
species differences in metabolic rate and body size,
mechanistic dissimilarities cannot be completely ruled
out.
In order to bridge this gap between rodents and

humans, a human in vitro system is needed. Primary
human hepatocytes as the gold standard have major
drawbacks. The availability of these cells is limited,
and due to significant differences in donor background
they can vary considerably in drug response. Moreover,
primary human hepatocytes have a limited lifespan,
undergoing phenotypic changes and displaying highly
variable CYP450 expression as a function of time in
culture. In contrast, most hepatoma cell lines are very
stable, available in large quantities, and easy to work
with. Unfortunately, the majority do not express the
CYP450 enzymes necessary for metabolism of drugs
and are therefore not useful for studies of drug
toxicity.20,21

HepaRG cells were recently isolated and cultured
from a hepatoma in a female patient with cirrhosis
subsequent to hepatitis C virus infection (HCV).22

HepaRG cells are bipotent progenitors. Upon differen-

tiation, two morphologically distinct populations
become apparent: hepatocyte-like cells and biliary epi-
thelial-like cells.23,24 Several studies have demonstrated
high expression and activity of xenobiotic metabolizing
enzymes in this cell line, comparable to primary
human hepatocytes, suggesting their use in drug stud-
ies.25,26 However, detailed investigations into the
mechanisms of drug toxicities have not been per-
formed with this cell line. Therefore, the objective of
the current investigation was to assess the value of
HepaRG cells as a human system to study APAP hepa-
totoxicity and to determine if mechanisms of cell
death observed in primary mouse hepatocytes are ap-
plicable to human hepatocytes.

Materials and Methods
Cell Culture. HepaRG cells were obtained from

Biopredic International (Rennes, France). The cells
were seeded at 1 � 105 undifferentiated cells/cm2 in
hepatocyte wash medium (Invitrogen, Carlsbad, CA)
containing additives for growth (Biopredic). The cells
were cultured at 37�C with 21% O2 and 5% CO2 for
14 days before differentiation. Medium was renewed
every 3 days. Cell differentiation was induced as
described.22 The cells were maintained up to 4 weeks
after differentiation for use. HepG2 cells were grown
to 90% confluence in dimethyl sulfoxide (DMSO)-
free Williams’ E Medium containing penicillin/strepto-
mycin, insulin, and 10% fetal bovine serum (FBS).
For APAP treatment, HepaRG or HepG2 cells were
washed with phosphate-buffered saline (PBS) and
changed to DMSO-free medium containing the
desired concentration of APAP. For caspase inhibition,
some cells were pretreated for 1 hour with medium
containing 20 lM Z-VD-fmk (generous gift from Dr.
S.X. Cai, Epicept, San Diego, CA), then changed to
medium containing 20 lM Z-VD-fmk and 20 mM
APAP. As a positive control for caspase activation,
some cells were treated for 16.5 hours with 5 mM
galactosamine and 100 ng/mL recombinant human
tumor necrosis factor (rhTNFa) (Genzyme, Cam-
bridge, MA). HepaRG cells were used at passages 18,
19, and 20. Within this range, no variation in gluta-
thione (GSH) depletion or in the kinetics of injury
was observed after APAP exposure, suggesting no rele-
vant change in CYP expression or activity between
these passages.

Analysis of APAP Protein Adducts. After protease
digestion, APAP-cysteine (APAP-CYS) adducts were
measured in cells and in the culture medium by liquid
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chromatography dual mass spectrometry (LC-MS/MS)
as described in detail in the Supporting Material.

Biochemical Analyses. Cell death was assessed by
lactate dehydrogenase (LDH) release, as described in
detail.12 LDH release is a more sensitive parameter of
cell death because HepaRG cells contain only low
levels of alanine aminotransferase activity. The JC-1
Mitochondrial Membrane Potential Kit (Cell Technol-
ogy, Mountain View, CA) was used according to the
manufacturer’s instructions.12 Cellular glutathione was
measured using a modified Tietze assay, as described.27

For measurement of mitochondrial ROS generation,
HepaRG cells were seeded on glass bottom dishes and
ROS and peroxynitrite generation was measured using
Mitosox Red and dihydrorhodamine, respectively, as
described.28 Caspase activity based on Z-VAD-fmk
inhibitable Ac-DEVD-AMC fluorescence was meas-
ured as described.29

Propidium Iodide (PI) Staining. Cells were seeded
on glass bottom dishes and treated with APAP and 30
lM PI in DMSO-free, phenol red-free Williams’ E
Medium with penicillin/streptomycin and 10% FBS.
At various timepoints the live cells were imaged on a
Zeiss Axiovert inverted fluorescence microscope
through a Texas Red filter to assess PI uptake. All fluo-
rescence images were taken at the same exposure and
later superimposed on phase contrast images of the
same fields using ImageJ software.

Statistics. All results are expressed as mean 6
standard error (SE). Comparisons between multiple
groups were performed with one-way analysis of var-
iance (ANOVA) followed by a post-hoc Bonferroni
test. If the data were not normally distributed, we
used the Kruskal-Wallis Test (nonparametric ANOVA)
followed by Dunn’s Multiple Comparisons Test; P <
0.05 was considered significant.

Results

The first event in the pathogenesis of APAP hepato-
toxicity in rodents is metabolism of the drug to the re-
active intermediate NAPQI, which can bind to and
deplete glutathione. To verify metabolism of APAP in
this model, differentiated HepaRG cells were treated
with 20 mM APAP and the GSH content of the cells
was measured at various timepoints. Significant gluta-
thione depletion (16% decrease from baseline) could
be detected as early as 3 hours, with only 26% of con-
trol GSH levels remaining at 24 hours (Fig. 1A). Mea-
surement of APAP-protein adducts in these cells
showed a significant increase as early as 1 hour, peak
levels at 6 hours, and a gradual decline during the sub-

sequent 18 hours (Fig. 1B). Protein adducts in culture
medium were only detected at 12 hours (4.38 6 0.20
ng/ml) and 24 hours (24.38 6 1.05 ng/ml), which
correlated with the decline in cellular adduct levels at
these timepoints. These results indicate that protein
adducts were formed well before cellular GSH levels
were exhausted.
To explore the role of mitochondrial dysfunction

after APAP exposure in HepaRG cells, we examined
mitochondrial integrity using the JC-1 assay. In
healthy cells the dye preferentially localizes to mito-
chondria, where it forms aggregates which fluoresce
red. When the mitochondrial membrane potential
collapses (e.g., after the membrane permeability transi-
tion), the dye can diffuse into the cytosol in mono-
meric form which fluoresces green. Thus, the ratio of
red to green fluorescence reflects mitochondrial mem-
brane integrity. HepaRG cells showed a significant
decrease in red/green fluorescence by 12 hours in the
presence of 20 mM APAP, which persisted to at least
24 hours (Fig. 1C). As an indicator of cell death,
LDH activity was measured in cell lysate and in cul-
ture medium. LDH release into the culture medium
was not observed up to 15 hours with 20 mM APAP
(Fig. 1D). However, a significant increase was found at
24 hours (29%), and this continued to rise until at
least 48 hours, reaching 62% (Fig. 1D). Notably, all
four parameters discussed (GSH levels, protein
adducts, JC-1 fluorescence, and LDH release) exhib-
ited a clear concentration-response (Fig. 2).
To test for mitochondrial ROS in HepaRG cells,

cultures were treated with 20 mM APAP and Mitosox
Red fluorescence was evaluated. It has been suggested
that Mitosox Red detects mainly mitochondrial super-
oxide.30 Compared to control cells there was a clear
increase in Mitosox Red fluorescence 6 hours after
APAP (Fig. 3), which was the timepoint with the high-
est fluorescence (data not shown). Higher magnifica-
tion (inserts) shows the punctate fluorescence charac-
teristic of mitochondrial staining (Fig. 3). Merging the
Mitosox Red fluorescence with phase contrast images
demonstrates that the oxidant stress occurred only in
hepatocytes (Fig. 3).
In rodents, RNS such as peroxynitrite are critically

involved in the injury mechanism after APAP over-
dose.18,31 Dihydrorhodamine (DHR) fluorescence can
serve as a marker of peroxynitrite in biological sys-
tems.32 The compound is taken up into cells, where it
can react with intracellular RNS resulting in formation
of the fluorescent rhodamine. To investigate RNS for-
mation in HepaRG cells, DHR fluorescence was meas-
ured at several timepoints during exposure to APAP.
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Rhodamine fluorescence was much more intense than
untreated controls at 6 and 12 hours post-APAP (Fig.
4A-C). Similar to rodent hepatocytes,28 rhodamine flu-
orescence peaked in HepaRG cells (12 hours) after the
peak of Mitosox Red fluorescence (Fig. 4A-C).
HepaRG cells are bipotent progenitors that differen-

tiate into two morphologically distinct cell popula-
tions.23,24 The hepatocyte-like cells have a characteris-
tic granular appearance and grow in small clusters or
‘‘hepatocyte islands’’ (Figs. 3, 4D). Surrounding these
islands are flatter, clearer biliary epithelial-like cells
(Figs. 3, 4D). To assess the contribution of each cell
type to our data showing APAP toxicity, APAP-treated
cells were exposed to PI, which stains nuclei of ne-
crotic cells red (Fig. 4E,F). At 24 hours the majority
of the PI staining was seen in the hepatocyte-like cells,
with very little among the biliary epithelial-like cells
(Fig. 4E,F). The distribution was similar at 48 hours
(data not shown). This suggests that APAP mainly
affects the hepatocytes. Together, these data indicate
that—similar to rodent hepatocytes—cell death in
human HepaRG cells is preceded by GSH depletion,
protein binding, formation of reactive oxygen and per-
oxynitrite, and mitochondrial dysfunction.
To compare HepaRG cells with other hepatoma cell

lines, APAP toxicity was evaluated in HepG2 cells.
HepG2 cells treated with 20 mM APAP for 24 hours
showed no evidence of GSH depletion, mitochondrial
dysfunction (JC-1 assay), or cell injury (LDH release)
in response to the toxic dose of APAP (Table 1). How-

ever, low levels of protein adducts were identified de-
spite the absence of toxicity (Table 1). Thus, the near
absence of drug-metabolizing enzymes drastically
reduced the metabolic activation of APAP and pre-
vented any toxicity in HepG2 cells.
Loss of mitochondrial membrane integrity can result

in the release of proapoptotic proteins, including the
caspase activator cytochrome c, into the cytosol. To
determine whether or not APAP toxicity in HepaRG
cells involves apoptosis, caspase-3 activity was meas-
ured in lysates of cells treated for 24 hours with APAP.
There was no significant increase in caspase activity
over control with 20 (Fig. 5A), 5, or 10 mM APAP
(data not shown). In addition, the potent pan-caspase
inhibitor Z-VD-fmk had no effect on APAP-induced
LDH release at 24 hours (Fig. 5B), suggesting that
APAP did not cause apoptosis in HepaRG cells. In
contrast, caspase activity was significantly increased
when cells were exposed to 100 ng/mL human TNF
alpha (rhTNFa) and 5 mM galactosamine for 16.5
hours as a positive control (Fig. 5A). The caspase in-
hibitor prevented the increase in caspase activity after
G/TNF. This indicates that HepaRG cells do have the
capacity to undergo apoptotic cell death in response to
an appropriate stimulus.

Discussion
HepaRG Cells as a Tool to Study Hepatotoxici-

ty. The objective of this study was to assess the value
of HepaRG cells as a model to investigate mechanisms

Fig. 1. Time course of APAP toxicity in
HepaRG cells. Confluent cells were treated
with 20 mM APAP and GSH, APAP-protein
adducts, JC-1 fluorescence, and LDH release
were measured as described in Materials and
Methods. (A) Glutathione content before and
1-24 hours after treatment with APAP. (B)
APAP-protein adducts before and 1-24 hours
after APAP treatment. (C) Ratio of red to
green fluorescence of the JC-1 dye before
and 6-24 hours after APAP treatment. (D)
Percentage of total LDH activity found in cul-
ture medium before and 15-48 hours after
APAP treatment. Data are expressed as mean
6 SE of 3-6 independent cell preparations.
*P < 0.05 (compared to time 0).
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of APAP toxicity in a human system and to determine
if certain key features of toxicity observed in rodents
apply to this cell line. Our data suggest that APAP
treatment leads to GSH depletion, protein adduct for-
mation, mitochondrial dysfunction, and oxidant stress
and eventually oncotic necrosis in HepaRG cells, simi-
lar to what has been observed in primary mouse hepa-
tocytes but not in typical human hepatoma cells. The
basis for this behavior is that HepaRG cells are capable
of differentiating into two subpopulations: one with
hepatocyte-like morphology and gene expression and
one with the appearance of biliary epithelial cells.22,24

The hepatocyte-like cells express a nearly complete
complement of drug-metabolizing enzymes, including
most of the cytochrome P450 enzymes.25,26 HepaRG
cells also possess many other characteristics unique to
adult differentiated hepatocytes, including hepatocyte-
specific transporter expression,25,33 iron-loading
capacity,34 and inducibility of CYPs and other pro-
teins.33,35 Thus, these cells have the potential to be a
useful tool to study mechanisms of drug hepatotoxicity
in a human system. The distinct advantage of the
HepaRG cell line over primary human hepatocytes is
the unlimited availability of identical cells. Neverthe-
less, they are hepatoma-derived and there is the possi-
bility that certain intracellular signaling mechanisms
might be different. It is therefore important to study
mechanisms of cell death induced by known hepato-
toxicants in these cells.
Mechanisms of APAP-Induced Liver Injury. Aceta-

minophen hepatotoxicity in rodents depends on the

formation of the reactive metabolite NAPQI, which
can be detoxified by glutathione. However, after deple-
tion of GSH in the cell, NAPQI binds to cellular pro-
teins, which is considered the initiating event in the
toxicity.2,36 Our experiments with HepaRG cells iden-
tified depletion of cellular GSH and the formation of
protein adducts as the earliest detectable events. This is
consistent with mouse studies of APAP hepatotoxic-
ity.18,37 Evidence for increased GSH turnover and
detection of APAP-protein adducts in human plasma
after APAP exposure suggests that these events also
occur in humans.38,39 Although our data agree with
the general hypothesis of reactive metabolite forma-
tion, GSH depletion and protein adduct formation as
early response to APAP exposure, the sequence of
events is not as previously assumed. Our data clearly
show that protein adduct formation occurs parallel to
GSH consumption and does not require extensive
GSH depletion. In fact, protein adducts were detected
in HepaRG cells and in HepG2 cells before significant
effects on GSH levels and well before any evidence of
mitochondrial dysfunction and cell death. This sug-
gests that small amounts of protein binding per se does
not initiate toxicity and probably a certain level needs
to be reached to trigger the early mitochondrial effects.
More recently, mitochondrial dysfunction and the

MPT have emerged as central to the mechanism of
APAP-induced cell death in cultured rodent hepato-
cytes10-12 and in vivo.8,9,18 Consistent with this, APAP
triggered mitochondrial dysfunction in HepaRG cells
(indicated by JC-1 fluorescence) before cell death

Fig. 2. Dose-response for APAP toxicity in
HepaRG cells. Confluent cells were treated
with various concentrations of APAP and GSH,
APAP-protein adducts, JC-1 fluorescence, and
LDH release were measured before and 24
hours after APAP treatment (0-20 mM) as
described in Materials and Methods. (A) Cel-
lular glutathione content, (B) APAP-protein
adducts, (C) ratio of red to green fluores-
cence of the JC-1 assay, (D) percentage of
total LDH activity found in culture medium.
Data are expressed as mean 6 SE of 3-4 in-
dependent cell preparations. *P < 0.05
(compared to controls).
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(LDH release). In addition, mitochondrial oxidant
stress with peroxynitrite formation is a hallmark of the
mechanism of APAP-induced injury in rodents8,9,31

and is critically involved in the MPT pore opening
and cell death.40 Similar evidence for mitochondrial
oxidant stress (MitoSox Red) and peroxynitrite (DHR)

was detected in the HepaRG cells before massive mito-
chondrial dysfunction and cell death. Although the
specificity of fluorescence dyes is sometimes ques-
tioned, DHR can be directly oxidized by peroxynitrite
but not by reactive oxygen without a catalyst41 and
DHR fluorescence has been used as an indicator for

Fig. 3. Mitochondrial reactive oxygen species generation after APAP exposure in HepaRG cells. Confluent HepaRG cells were treated with 20
mM APAP as described in Materials and Methods. Six hours following APAP, cells were loaded with Mitosox Red and live cell imaging carried out.
The top panels show MitoSOX fluorescence in control and APAP treated cells (400�), with the boxed areas digitally magnified in the inserts to
demonstrate mitochondrial localization of the signal. The bottom panel is a merge of fluorescence and phase contrast images to demonstrate
that the majority of MitoSOX signal is from hepatocytes.
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peroxynitrite in cell culture.32 Consistent with
these findings, we showed the correlation between
nitrotyrosine protein adducts and DHR fluorescence as
indicators for peroxynitrite formation in mouse hepa-
tocytes.28 Thus, the mechanisms of APAP-induced cell
death in human HepaRG cells is similar to rodent
hepatocytes, involving reactive metabolite formation
with GSH depletion, protein adduct formation, mito-
chondrial oxidant stress and peroxynitrite formation,
and loss of the mitochondrial membrane potential
(MPT) before cell death (LDH release, PI uptake).
Interestingly, however, the time course of cell death
resembles more closely what is observed in humans.
The discussed events appear to occur almost exclu-
sively in the hepatocyte-like cells as markers of oxidant
stress and cell death (PI staining) were only observed
in hepatocytes but not in the biliary epithelial-like
cells. The fact that none of the events (except very
minor protein adduct formation) including cell death
are observed in HepG2 cells, which lack relevant P450
activity, indicates that HepaRG cells are a suitable
human model to study drug hepatotoxicity that is
dependent on metabolic activation.

A limitation of HepaRG cells as with other cultured
cells is the absence of nonparenchymal cells. Although
the majority of experimental evidence argues against
direct cytotoxicity of Kupffer cells, infiltrating neutro-
phils, and macrophages in this model, cytokines
derived from nonparenchymal cells may modulate the
intracellular signaling mechanisms and this limitation
needs to be kept in mind when extrapolating these
data to the in vivo situation.42

Mode of APAP-Induced Cell Death. It is generally
accepted that the mode of cell death in APAP hepato-
toxicity in primary mouse hepatocytes and in vivo is

Fig. 4. Reactive oxygen and reactive nitrogen species and cell type-specific death after APAP. (A-C) HepaRG cells were treated with 20 mM
APAP. At various timepoints the cells were washed and loaded with 10 lM dihydrorhodamine (DHR) and 300 nM DAPI for imaging. Merged
images showing DAPI (blue) and DHR (green) fluorescence at 0, 6, and 12 hours. (D-F) HepaRG cells were cotreated with 20 mM APAP and 30
lM propidium iodide in phenol red-free medium and imaged at 24 hours. (D) Phase contrast, (E) PI fluorescence, and (F) merged images of
cells 24 hours after APAP treatment. Images A-C: 200� Images D-F: 100�.

Table 1. APAP Toxicity in HepG2 Cells

Treatment

GSH 1 GSSG

(nmol/mg protein)

JC-1

Red/Green

LDH Released

(% of total)

APAP-Prot.

Adducts

(ng/mg protein)

Controls 98.5 6 12.0 4.38 6 1.0 5.9 6 2.0 ND

20 mM APAP 90.8 6 11.0 4.43 6 0.1 10.3 6 3.0 3.9 6 0.8

HepG2 cells were grown to 90% confluence and treated with 20 mM APAP

for 24 hours. Total glutathione (GSHþGSSG) content, mitochondrial function

(JC-1 assay), LDH release, and APAP-protein adducts were measured as

described in Materials and Methods. Values represent mean 6 SE (n¼3

experiments). ND, not detectable.
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oncotic necrosis.11,15 Our findings in HepaRG cells
indicate that there is no significant caspase activation
and a potent pancaspase inhibitor did not prevent
APAP-induced cell injury. In addition, loss of cell via-
bility correlated with PI uptake and LDH release, both
of which are indicators of necrotic cell death. In con-
trast, exposure of HepaRG cells to galactosamine/
rhTNF-a, a well-established system of TNF-mediated
apoptosis, induced substantial caspase activation, which
was inhibited by the caspase inhibitor. This demon-
strated that HepaRG cells have the capability to
undergo apoptosis when appropriately stimulated.
However, APAP exposure was not able to induce cas-
pases and apoptotic cell death in these cells. The
absence of apoptosis in human HepaRG cells is con-
sistent with a case report on APAP overdose where no
markers of apoptosis were detectable in plasma.43

In summary, our data indicate that APAP overdose
causes necrotic cell death in HepaRG cells. The hepa-
tocyte-like cells but not the biliary epithelial cell-like
cells are primarily affected. The sequence of cellular
events include GSH depletion, APAP-protein adduct
formation, oxidant stress and peroxynitrite generation,
loss of the mitochondrial membrane potential, and
ultimately necrotic cell death. Thus, these mechanisms
of APAP-induced cell death are the same as were
reported for mouse hepatocytes and mouse liver in
vivo. In addition, APAP-induced cell death in HepaRG
cells follows a time course similar to that in humans
and all intracellular events are also consistent with the
limited mechanistic observations in humans. There-
fore, we conclude that HepaRG cells are a reliable and
useful model to study mechanisms of APAP hepatotox-
icity and possibly other drugs in a human system.
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