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Epirubicin HCl toxicity in human liver-derived hepatoma G2 cells.
A. OZKAN, K. FIªKIN. Pol. J. Pharmacol., 2004, 56, 435–444.

Epirubicin HCl is a new anthracycline analog and derivative of doxoru-
bicin. Doxorubicin is a potent anticancer agent, the use of which is limited
by its cumulative dose-dependent cardiotoxicity. Epirubicin HCl has more fa-
vorable therapeutic index than doxorubicin and possesses less hematologic
and cardiac toxicity at comparable doses. Hepatoma G2 cells are a valuable
model to study hepatocellular carcinoma and the liver, where drugs are me-
tabolized. The goal of our study was to evaluate the cytotoxic effect of epiru-
bicin HCl on viability of Hep G2 cells measured using the MTT cytotoxicity
test. Epirubicin HCl produced a concentration- and time-dependent cytotox-
icity to Hep G2 cells. The mechanism of cytotoxicity of epirubicin HCl (IC��

value of 1.6 �g/ml within 24 h) appeared to involve a production of free
radical species since activities of free radical scavenging enzymes (SOD,
catalase, Se-dependent GPx) were increased. Addition of SOD prevented cy-
totoxicity of epirubicin HCl, and also counteracted the apoptosis. DNA frag-
mentation was determined to evaluate apoptosis. Western blot analysis indi-
cated a decrease in GST-pi expression and increased activity of NADPH-
dependent cytochrome P450 reductase which is a major enzyme in the con-
version of epirubicin HCl to a free radical. It is proposed that production of
reactive oxygen species increased by the treatment with epirubicin HCl can
cause lipid peroxidation, which subsequently promotes apoptosis and re-
duces cell viability. Superoxide dismutase, catalase and glutathione peroxi-
dase must be considered as a part of the intracellular antioxidant defense
mechanism of Hep G2 cells against single electron reducing quinone-
containing anticancer antibiotics.
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Abbreviations: OD – optic density, IC�� – the
concentration of a drug that inhibits cell growth by
50%, MTT – 3-(4,5-dimethylthiazol-2-y1)-2,5-di-
phenyltetrazolium bromide, CYP – cytochrome,
FCS – fetal calf serum, DMEM – Dulbecco’s modi-
fied Eagle’s medium, LAK – lymphokine-activated
killer, TE – Tris-EDTA, PMSF – phenylmethylsulfo-
nyl fluoride, cat – catalase, GSH – glutathione re-
duced form, GSSG – glutathione oxidized form,
GSSG-Rx – glutathione reductase, Se-GSH-Px –
selenium-dependent glutathione peroxidase, Non-
Se-GSH-Px – selenium-independent glutathione
peroxidase, Mn-SOD – manganese-superoxide dis-
mutase, Cu,Zn-SOD – copper-zinc superoxide dis-
mutase, GST – glutathione S-transferase, GST-pi –
glutathione S-transferase pi, NADPH-CYP450 re-
ductase – NADPH-dependent cytochrome P450 re-
ductase, Hep G2 cells – Hepatoma G2 cells, PBS –
phosphate buffer saline, CHP – cumene hydrogen
peroxide, NaCl – sodium chloride, ECL – electro-
chemiluminescence, SDS – sodium dodecyl sulfate,
EDTA – (ethylenedinitrilo)tetraacetic acid, TBE –
tris-boric acid EDTA

INTRODUCTION

Anthracycline antibiotics are widely used as
chemotherapeutic drugs in the treatment of human
neoplasm [4, 38]. The anthracycline analog epiru-
bicin HCl is an intensely potent cytotoxic com-
pound. It causes less cardiac injury than doxorubi-
cin derivatives at doses which produced equal anti-
tumor activity [8]. Anthracyclines were considered
to be cytotoxic by intercalating with DNA and in-
hibiting DNA topoisomerase II activity [16].

The proposed mechanism for their cytotoxic ef-
fects involves the formation of intracellular free
radicals [2, 41] caused by the quinone group of an-
thracyclines. Quinones can undergo either one-
electron reduction to yield the semiquinone free
radical or two-electron reduction directly to the hy-
droquinone [22, 28]. The antitumor properties of
quinone drugs are thought to be mediated through
the one-electron reduction to semiquinone free
radicals [1, 3]. Most semiquinones are readily re-
oxidized in aerobic conditions and can enter redox
cycles with molecular oxygen, forming various re-
active oxygen species, such as superoxide anion,
hydrogen peroxide, hydroxyl radical and singlet
oxygen. They were shown to induce programmed
cell death upon their exogenous addition, and pro-

grammed cell death was induced by depletion of
cellular antioxidants which could be reversed by
exogenous antioxidants such as catalase, SOD, glu-
tathione etc. [6]. The activities of such enzymes as
glutathione reductase, glutathione peroxidase, cata-
lase and superoxide dismutase protect the cells
from the effects of reactive oxygen species gener-
ated during the one-electron reduction of quinones
[25, 28]. Antioxidants and detoxification mecha-
nisms which include glutathione, glutathione per-
oxidase and GST, can contribute to the drug resis-
tance of various tumors. On the other hand, many
tumors and tumor cell lines exhibit high levels of
GST-pi, which, at least in certain cases, appears to
correlate with survival and/or acquired resistance
to cytotoxic drugs [26]. One of the important en-
zyme in detoxification mechanism is NADPH-
cytochrome P-450 reductase, which is essential for
the reconstitution of xenobiotic metabolizing activ-
ity in the system. The reductase functions by cata-
lyzing electron transfer from NADPH to the heme-
protein [19].

The liver is the major organ involved in drug
biotransformation and the target of the toxic and
carcinogenic effects of many compounds. We de-
cided to evaluate the cytotoxicity and metabolic
pathways of epirubicin HCl in Hep G2 cells in
comparison with untreated Hep G2 cells. These re-
sults indicate that epirubicin HCl can generate ROS
and induces apoptosis in the cell similarly as many
anthracycline analogs.

MATERIALS and METHODS

Hep G2 cell line

The Hep G2 line was purchased from American
Type Culture Collection (Rockville, MD). Cells
were routinely cultured in DMEM (Dulbeco’s
Modified Eagle’s Medium) supplemented with
10% fetal calf serum, 1% antibiotic-antimycotic so-
lution in a humidified atmosphere containing 5%
CO� at 37°C. For subculturing, cells were har-
vested after trypsin/EDTA treatment at 37°C. Cells
were used when monolayer confluence had reached
75%. Hep G2 cells treated with epirubicin HCl and
epirubicin HCl + SOD were used as experimental
groups. Untreated Hep G2 cells were used as a con-
trol group. All experiments were repeated eight
times.
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Epirubicin HCl

Epirubicin HCl was donated by Farmitalia Carlo
Erba, (Milan, Italy). IC�� of epirubicin HCl (the con-
centration of a drug that inhibits cell growth by
50%) was calculated for Hep G2 cells during three
periods of incubation (24, 48 and 72 h). Hep G2
cells were treated with epirubicin HCl in the me-
dium.

MTT assay

Hep G2 cells (500 cells/well, monolayer) were
plated in a 96-well plate. The next day the cells
were treated with epirubicin HCl in the medium.
The data were expressed as average values obtained
from eight wells for each concentration (0.05 �g/ml,
0.1 �g/ml, 0.4 �g/ml, 0.8 �g/ml, 1.2 �g/ml,
1.6 �g/ml, 2.4 �g/ml, 3.0 �g/ml, 5.0 �g/ml,
8.0 �g/ml, 10.0 �g/ml and 12.0 �g/ml). At the end of
the incubation periods (24, 48 and 72 h), the cytotox-
icity of epirubicin HCl on Hep G2 cells was deter-
mined by the MTT assay 33. Tetrazolium salts such
as MTT are metabolized by mitochondrial dehy-
drogenases to form a blue formazan dye and are,
therefore, useful for the measurement of cytotoxic-
ity. Test reagents were added to the culture me-
dium. Briefly, 15% volume of dye solution was
added to each well after the appropriate incubation
time. After 1 h of incubation at 37°C, an equal vol-
ume of solubilization/stop solution (dimethylsul-
foxide) was added to each well for an additional 1 h
incubation. The absorbance of the reaction solution
at 570 nm was recorded. The absorbance at 630 nm
was used as a reference. The net A��� ��–A��� ��

was taken as the index of cell viability. The reading
taken from the wells with cells cultured with the
control medium was used as a 100% viability value.
The percent viability was calculated by the formula
(A��� ��–A��� ��)�	�
��/(A��� ��–A��� ��)������ × 100.
The IC�� value of epirubicin HCl in MTT assay was
calculated as 1.6 �g/ml for 24 h incubation. Prein-
cubation of Hep G2 cells with SOD (100 �g/ml) for
30 min, before epirubicin HCl (1.6 �g/ml for 24 h)
treatment resulted in 93% Hep G2 cell viability.

DNA separation on agarose gel

DNA fragmentation was determined to evaluate
apoptosis [9, 35]. Hep G2 cells were plated at
a density 5–10 ×10� cell/100 mm dishes. The next
day, cells were treated with epirubicin HCl at dif-
ferent concentrations (1/2 × IC��, epirubicin HCl

(IC��) + 100 �g/ml SOD, IC��, 1.5 × IC�� and 2 ×
IC��) for 24-h incubation. SOD (100 �g/ml) was
preincubated for 30 min before adding the epirubi-
cin HCl. After incubation with and without epirubi-
cin HCl (as a control), cells were scraped off cul-
ture plates with culture medium and were centri-
fuged at 400 × g for 10 min. The cell pellets were
resuspended in 1 ml of lysis buffer (10 mM Tris
HCl, pH 7.5, 10 mM NaCl, 10 mM EDTA, 100
�g/ml of proteinase K, and 0.5% SDS) and incu-
bated for 1 h at 50°C. After lysis, samples were ex-
tracted with 2 ml of phenol (neutralized with TE
buffer pH 7.5 containing 10 mM Tris HCl, 1 mM
EDTA), followed by extraction with 1 ml of chlo-
roform/isoamyl alcohol (24:1). The aqueous super-
natant was precipitated with 2.5 volumes of ice-
cold ethanol plus 10% v/v of 3 M sodium acetate,
pH 5.2, at –20°C, overnight. After centrifugation at
13,000 × g for 10 min, the pellets were air–dried,
resuspended in 50 �l of TE buffer, pH 7.5, supple-
mented with 0.1 �g/ml of RNase A, and electro-
phoretically separated on a 1.5% agarose gel in 0.5
× TBE buffer (89 mM Tris, 80 mM boric acid,
0.2 mM EDTA, pH 8) containing 1 �g/ml of ethid-
ium bromide at 100 V for 2 h. Pictures of the gels
were taken by UV transillumination.

TUNEL analysis

Apoptosis in individual cells was assessed by
terminal deoxynucleotidyltransferase-mediated dUTP
nick end labeling (TUNEL) techniques as described
by Gavrieli et al. [15] and Portera-Cailliau et al.
[44] with modifications. Briefly, 5 × 10� Hep G2
cells were plated onto each well of 6-well culture
plates. After incubation with epirubicin HCl at dif-
ferent concentrations (1/2 × IC��, IC�� + 100 �g/ml
SOD, IC��, 1.5 × IC��, 2 × IC��) or without epirubi-
cin HCl for 24 h, cells were washed twice with PBS
+ 1% bovine serum albumin at 4°C, adjusted to
a concentration of 0.2 × 10� per 0.2 ml of PBS
buffer, and fixed with 0.1 ml of freshly prepared
4% paraformaldehyde solution (in PBS, pH 7.4) for
30 min at room temperature. Cells were washed
twice with PBS + 1% bovine serum albumin and
resuspended in 0.1 ml of permeabilization solution
(0.1% Triton X-100 in 0.1% sodium citrate) for
2 min on ice, followed by washing twice with PBS
+ 1% bovine serum albumin. Cells were then resus-
pended in 50 �l of TUNEL reaction mixture (In situ
cell death detection kit, Boehringer, Manheim) or
label solution (without terminal transferase) as
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negative control, incubated for 60 min at 37°C in
a humidified atmosphere in the dark, followed by
washing twice in PBS + 1% bovine serum albumin.
Cells were analyzed by flow cytometry (EPICS
Profilo Analyzer).

Enzymatic assays

For enzymatic assay, Hep G2 cells were plated
at a density 5–10 × 10� cell/100 mm dishes. The
next day, cells were treated with epirubicin HCl in
culture medium. After incubation with epirubicin
HCl (IC��), epirubicin HCl (IC��) + 100 �g/ml SOD
(SOD was preincubated for 30 min before adding
the epirubicin HCl) and without epirubicin HCl (as
a control) for 24 h, cells were scraped off culture
plates with culture medium and were centrifuged
400 × g for 10 min. The cell pellets were washed
with PBS and then sonicated (3 × 15 s) in 50 mM
potassium phosphate, pH 7.2, containing 1 mM
PMSF (Sigma) and 1 �g/ml of leupeptin (Sigma)
and centrifuged at 150,000 × g for 1 h. The super-
natant was used for the enzymatic assays. Glu-
tathione reductase (GSSG-Rx) was assayed spectro-
photometrically by following NADPH oxidation at
340 nm [7]. The reaction mixture contained 100 mM
potassium phosphate, pH 7.4 and 0.1 mM EDTA.
One unit of enzyme activity results in the reduction
of one mole of GSSG/min. Glutathione transferase
was determined according to Habig and Jakoby
[18] using 1-chloro-2,4-dinitrophenol as a substrate.
One unit of enzyme activity results in the binding of
one �mole of GSH/min. Total superoxide dismu-
tase activity was measured spectrophotometrically
using the method of McCord and Fridovich [31].
Mn-SOD activity was distinguished from Cu,Zn-
SOD activity by its resistance to 1 mM potassium
cyanide. GSH-Px activity was measured according
to Paglia and Valentine [43]. Selenium-dependent
GSH-Px activity was assayed with 0.25 mM H�O�

as a substrate whereas total GSH-Px was measured
with 1.2 mM cumene hydroperoxide (CHP) 27.
Catalase activity was determined by the method
recommended by Luck [29]. Protein was deter-
mined by the Bradford method [5] with bovine se-
rum albumin as a standard.

Western Blotting

Cells treated and untreated with epirubicin HCl
(1/4 × IC��, 1/2 × IC��, IC�� + SOD (100 �g/ml),
IC��, 1.5 × IC��, 2 × IC�� and 4 × IC��) were de-
tached with trypsin, washed with PBS, lysed with

lysis buffer RIPA (Tris HCl, NaCl, NP40, Na-
deoxycholate, EDTA + protease inhibitor, sigma
P8340), centrifuged 150,000 × g for 1 h (Centri-
fuge 5415) and amount of protein was determined
according to Bradford 5. Suspended cells in the
sample buffer (Reducing Sample Buffer BL 46056
Perbio) were boiled for 5 min at 95°C, and 30 �g of
protein per line was applied. The gel was electro-
phoresed for 1.5 h (90 V), and the protein was
transferred for 1.5 h of 110 V and 231 mA onto
Hybond-C nitrocellulose. After blocking (Bloc-
ker��Casein 37532 Perbio), nitrocellulose mem-
brane was incubated overnight with the primary an-
tibody followed by treatment with the secondary
antibody conjugated to horseradish peroxidase for
1 h. The enzymes were detected using the ECL sys-
tem (ECL�� 1059243 batch 25 detection reagent I
and 1059250 batch 25 detection reagent II, Amer-
sham). Primary antibodies for GST-pi and NADPH-
CYP450 reductase were mouse IgG1 (G5920-050
pharmingen, 1:1000) and goat polyclonal antibod-
ies (sc-8091 1:100 Santa Cruz Biotechnology), sec-
ondary antibodies were goat anti-mouse IgG-HRP
(sc-2001, 1:100) and donkey anti-goat IgG (sc-
2033, 1:1000) 30.

Statistical Analysis

Data are expressed as means and the standard
error of the mean. The groups were compared by
analysis of variance and Student’s t-test, p < 0.01
was considered to be significant [13, 48].

RESULTS

Cytotoxicity of epirubicin HCl to Hep G2 cells

Free radicals generated by epirubicin HCl were
considered to be the primary cause of the cytotox-
icity. Hep G2 cells (2.5 × 10� monolayer) in each
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Fig. 1. Dose- and time-dependent cytotoxicty of epirubicin HCl
in Hep G2 cells



96-well plate were used for epirubicin HCl cyto-
toxicity assays, as measured with the MTT assay.
The data were expressed as average values ob-
tained from eight wells. Under these conditions,
Hep G2 cells were treated with epirubicin HCl of
different concentrations (0.05 �g/ml, 0.1 �g/ml,
0.4 �g/ml, 0.8 �g/ml, 1.2 �g/ml, 1.6 �g/ml,
2.4 �g/ml, 3.0 �g/ml, 5.0 �g/ml, 8.0 �g/ml,

10.0 �g/ml and 12.0 �g/ml) and for various incuba-

tion times (24, 48, 72 h). The IC�� value of 24-, 48-

and 72 h incubation were calculated as 1.6, 0.8 and

0.4 �g/ml of epirubicin HCl, respectively. The vi-

ability of Hep G2 cells decreased when the cells

were exposed to epirubicin HCl at the increasing

concentrations of 0.05 �g/ml, 0.1 �g/ml, 0.4 �g/ml,

0.8 �g/ml, 1.2 �g/ml, 1.6 �g/ml, 2.4 �g/ml,

3.0 �g/ml and did not changed at the concentration

of 5 �g/ml or higher (Fig. 1).

DNA fragmentation

Apoptotic cells often produce a unique ladder
composed of nucleotide fragments at interval of
200 base pairs, which can be visualized by DNA
agarose gel electropheresis. The TUNEL in situ la-
belling suggested that epirubicin HCl toxicity in
Hep G2 cells was apoptotic in nature. To study this
further, DNA fragmentation within Hep G2 cells
was determined, after Hep G2 cells were treated
with different epirubicin HCl concentrations
(1/2xIC��, epirubicin HCl(IC��) + 100 �g/ml SOD,
IC��, 1.5xIC�� and 2xIC��) for 24 h incubation time.
Total DNA was purified for the agarose gel electro-
phoresis assay. During the 24-h period, epirubicin
HCl concentrations equivalent to IC��, 1.5 × IC��

and 2 × IC�� significantly induced DNA fragmenta-
tion when compared with the control group. Epiru-
bicin HCl can generate ROS, and induces apoptosis
in the Hep G2 cells, on the other hand, addition of
SOD may prevent apoptosis. Fragmentation of
chromosomal DNA revealed that epirubicin HCl
might induce apoptosis in Hep G2 cells (Fig. 2).

Enzyme acti ities

We investigated the effects of epirubicin HCl at
1.6 �g/ml which is its IC�� value for 24-h incuba-
tion, on the changes in Cat, Cu,Zn-SOD, Mn-SOD,
Se-GPx, Non-Se-GSH-Px, GSSG-Rx and GST ac-
tivities in Hep G2 cells. Enzyme activities were
measured in the epirubicin HCl- and epirubicin
HCl + SOD-treated Hep G2 cells, and in untreated
Hep G2 cells used as a control for comparison. Sta-
tistical analysis using Student’s t-test revealed sig-
nificantly higher activity of catalase by 50%, Se-
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dependent glutathione peroxidase by 110%,
Cu,Zn-superoxide dismutase by 172% and Mn-
superoxide dismutase by 135% in epirubicin HCl-
treated Hep G2 cells than in untreated cells (p <
0.01). There were no significant differences in en-
zyme activities between epirubicin HCl + SOD-
treated and control cells. Epirubicin HCl may gen-
erate oxygen free radicals, since activity of free
oxygen radical scavenging enzymes increased.
These results were supported by addition of SOD
into the medium of Hep G2 cells. Preincubation
with SOD in Hep G2 medium prevented an in-
crease in free radical scavenging enzyme activity in
Hep G2 cell. Table 1 gives means and their stan-
dard error (SE) for Cat, Cu,Zn-SOD, Mn-SOD,
Se-GPx, Non-Se-GSH-Px, GSSG-Rx and GST ac-
tivities.

Western Blotting

Western blot analyses were carried out to study
the expression of NADPH-CYP 450 reductase and
GST-pi. Immunoblotting of proteins extracted from
Hep G2 cells, treated with different concentrations
(1/4 × IC��, 1/2 × IC��, IC�� + SOD (100 �g/ml),
IC50, 1.5 × IC50, 2× C50 and 4 × IC50) of epirubi-
cin HCl for 24 h and untreated control Hep G2
cells, with appropriate antibodies revealed bands of
the expected molecular weight in each case.
NADPH-CYP450 reductase band density increased
in Hep G2 cells treated with increasing epirubicin
HCl doses. Band density significantly rose with
treatment with epirubicin HCl at increasing con-
centrations of IC��, 1.5 × IC��, 2 × IC�� and 4 × IC��

in comparison with untreated Hep G2 cells (p <
0.01). SOD may protect the Hep G2 cells from free
radicals. NADPH-dependent cytochrome P450 re-
ductase is a major enzyme in the conversion of epi-
rubicin HCl to a free radical. This result supports
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Fig. 3. Effects of epirubicin HCI on a), GST-� (hGSTP1*A,
hGSTP1*B which is specified (middle band), and hGSTP1*C),
b), NADPH-CYP 450 reductase in Hep G2 cells. 1 – control, 2 –
1/4 × IC��, 3 – 1/2 × IC��, 4 – IC�� + SOD (100 �g/ml), 5 – IC��,
6 – 1.5 × IC��, 7 – 2 × IC�� 8 – 4 × IC�� epirubicin HCI
concentrations. Densitometric analysis is shown in figures
A and B, p* < 0.01

Table 1. Activities of Cat, GSSG-Rx, Se-GSH-Px, Non-Se-GPx, Mn-SOD, Cu,Zn-SOD and GST in Hep G2 cells treated with epiru-
bicin HCI at IC�� (1.6 �g/ml), epirubicin HCI (IC��)-treated Hep G2 cells preincubated with SOD (100 �g/ml) for 30 min before add-
ing the epirubicin HCI and untreated Hep G2 cells as a control after 24-h incubation. cat – catalase, GSSG-Rx – glutathione reduc-
tase, Se-GSH-Px – selenium-dependent glutathione peroxidase, Non-Se-GSH-Px – selenium-independent glutathione peroxidase,
Mn-SOD – manganase-superoxide dismutase, Cu,Zn-SOD – copper-zinc superoxide dismutase, GST – glutathione S-transferase.
SE – standard error, *p < 0.01. Each datum in the table is an average of eight repetitions of enzyme activities

Catalase
U/mg ± SE

GSSG-Rx
mU/mg ± SE

Se-GSH-Px
�U/mg ± SE

Non-Se.
GSH-Px

�U/mg ± SE

Mn-SOD
mU/mg ± SE

Cu,Zn-SOD
mU/mg ± SE

GST
mU/mg ± SE

Epirubicin

Control

Epi + SOD

99.05 ± 12*

65.81 ± 10

60.21 ± 9

115 ± 11

109 ± 17

95 ± 10

861 ± 17*

410 ± 15

400 ± 12

678 ± 16

602 ± 13

610 ± 12

2000 ± 14*

850 ± 10

880 ± 9

1500 ± 18*

550 ± 17

600 ± 9

43.01 ± 12

38.11 ± 7

39.33 ± 7



generation of free radical with the epirubicin HCl
treatment in Hep G2 cells. After 24 h of incubation,
band density of GST-pi in epirubicin HCl-treated
Hep G2 cells increased to a concentration of IC��

and decreased at the concentrations higher than
IC�� (Fig. 3). These concentrations may prevent
GST-pi expression. Together GST-pi and SOD may
protect the Hep G2 cells from epirubicin HCl cyto-
toxicity. The results of the densitometric analysis of
NADPH-CYP 450 reductase and GST-pi supported
our Western blot results. Densitometry was per-
formed by scanning blots into a Power Macintosh
8100/100 computer with a Microtek ScanMaker
IIsp scanner at a resolution of 150 lines per inch,
with Adobe Photoshop 5.0 and NIH image 1.6.1
software.

DISCUSSION

Epirubicin HCl is an anthracycline analog
which exerts cytotoxic effects by basically two dif-
ferent mechanisms. Anthracyclines may undergo
a one-electron reduction through a metabolic acti-
vation by NADPH-cytochrome P-450 reductase or
other flavin-containing enzyme 1. This reduction
leads to the formation of the free radical semiqui-
none which in turn can produce reactive oxygen
species such as superoxide anion, hydroxyl radical,
and hydrogen peroxide [47]. These species may re-
act with intracellular components (nucleic acids,
proteins, lipids) and disrupt them. At the membrane
level, lipid peroxides are formed which are consid-
ered to be responsible for lethal membrane damage
[17]. At present, there is strong evidence that this
oxidative membrane damage is also involved in the
cardiac toxicity of anthracycline [34, 46]. Epirubi-
cin HCl has a more favorable therapeutic index
than other anthracyclines and less hematological
and cardiac toxicity at comparable doses [14]. An-
other target for anthracycline is topoisomerase II
which acts by producing DNA single and double-
strand breaks. Anthracyclines act by stabilizing this
DNA-topoisomerase complex, thereby preventing
DNA segregation, DNA synthesis, and, most im-
portantly, the enzyme’s ability to relegate its
cleaved DNA intermediate, leading to an increased
number of topoisomerase II associated DNA strand
breaks [10, 21, 24, 37, 49]. In our study, during the
24-h period, IC��, 1.5 × IC�� and 2 × IC�� concen-
trations of epirubicin HCl induced significant DNA
fragmentation in Hep G2 cells (Fig. 2a and 2b).

SOD which is free oxygen scavenging enzyme

could prevent DNA fragmentation. The fragmenta-

tion of chromosomal DNA indicated that epirubicin

HCl might induce apoptosis in Hep G2 cells. Epiru-

bicin HCl may cause production of intracellular re-

active oxygen species which have been implicated

as apoptosis inducers [9, 40]. The cytotoxicity of

epirubicin HCl on Hep G2 cells increased when the

cells were exposed to 0.05 �g/ml, 0.1 �g/ml,

0.4 �g/ml, 0.8 �g/ml, 1.2 �g/ml, 1.6 �g/ml,

2.4 �g/ml, 3.0 �g/ml of epirubicin HCl in a dose-

and time-dependent manner (Fig. 1) except the

concentration of 5 �g/ml or higher. Preincubation

with SOD which is a free radical scavenger in-

creased the Hep G2 cell viability. We proposed that

production of free radicals induced by the treat-

ment of epirubicin HCl could cause lipid peroxida-

tion, which subsequently promoted apoptosis and

cytotoxicity.
Epirubicin HCl induced superoxide anion for-

mation in vivo and thereby accelerated hydroper-

oxidation of the fatty acids by lipoxygenase in the

cell membrane [23]. Many kinds of reactive oxy-

gen intermediates which are derived from superox-

ide anion, including hydroperoxide, may lead to

lipid oxidation and protein denaturation in the cell

and invoke oxidative damage to DNA [36].
The effect of different doses of epirubicin HCl

on cell viability was analyzed using the MTT test.

IC��� i.e. the concentration of epirubicin HCl that

inhibits cell growth by 50%, was calculated as

1.6 �g/ml for Hep G2 cells. Hepatoma G2 cells

were treated with 1.6 �g/ml of epirubicin HCl

(IC��) for 24 h, then enzyme activities were meas-

ured in the epirubicin HCl- treated Hep G2 cells

and untreated Hep G2 cells used as a control for

comparison (Tab.1). Statistical analysis using Stu-

dent’s t-test revealed significantly higher activity of

catalase by 50%, Se-dependent glutathione peroxi-

dase by 110%, Cu,Zn-superoxide dismutase by

172% and Mn-superoxide dismutase by 135% in

epirubicin HCl-treated Hep G2 cells than in un-

treated cells (p < 0.01). We could not find signifi-

cant differences in enzyme activities between epi-

rubicin HCl + SOD-treated cells and control. An

addition of SOD before epirubicin HCl treatment

prevented the increasing activity of free radical

scavenging enzymes. Another study has shown that

a combination of superoxide- and hydrogen per-

oxide-scavenging antioxidant enzymes (AOEs) and

SOD offers better protection against exogenous
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oxidants [20, 26]. Treatment of Hep G2 cells with

epirubicin HCl and LAK together caused higher in-

crease in GPx and SOD activity as a result of pro-

ducing free radicals than when Hep G2 cells were

treated with LAK alone [39, 42]. Small-cell lung

carcinoma cell lines established after chemother-

apy have been reported to develop resistance to

doxorubicin with a simultaneous increase in glu-

tathione level and GST and catalase activities [11].
We can speculate that the chemopreventive ef-

fect for this drug could also be mediated by the in-

duced activity of GST-pi in the Hep G2 cells. In our

study, epirubicin HCl at IC�� induced expression of

GST-pi, but the concentration higher than IC��

caused decreased expression of GST-pi. SOD and

GST-pi had protective effect for Hep G2 cells

against epirubicin HCl. Chronic treatment with fi-

nasteride up-regulated the immunohistochemical

expression of GST-pi in benign prostate ducts and

acini [32].
Detoxifying pathways in human hepatocytes re-

main to be characterized. Nevertheless, cultures of

human hepatocytes are already used as a tool to

evaluate the potential of novel drugs to induce cy-

tochrome P450 and glutathione transferase activi-

ties [45]. A comparable cytotoxicity was observed

for the three investigated chloroacetanilide herbi-

cides in both rat and human cell lines. Cytochrome

P450-dependent enzyme activities were increased

to different degrees, and phase II GST activity was

increased in Fa32 (rat hepatoma) but not in Hep G2

(human hepatoma) cells. GSH showed protective

effects against the acetanilides in both cell lines

[12]. All these results are consistent with our stud-

ies. In our study, NADPH-dependent CYP reduc-

tase activity increased with epirubicin HCl concen-

trations in Hep G2 cells, although, GST activity

was not increased.
We can conclude that epirubicin HCl may gen-

erate reactive oxygen species similarly as other

drugs belonging to the anthracycline group. In-

creasing amount of free radicals can induce free

radical scavenging enzymes in Hep G2 cells. An

increase in the activity of catalase, Se-dependent

glutathione peroxidase, Cu,Zn-superoxide dismu-

tase and Mn-superoxide dismutase and the expres-

sion of NADPH-CYP 450 reductase in hepatoma

G2 cells treated with epirubicin HCl is believed to

be a major effect of epirubicin HCl. Addition of

SOD strengthens the defense mechanism of Hep

G2 cells against the free radicals which are pro-

duced in response to epirubicin HCl. Epirubicin
HCl was found to induce apoptotic cell death in the
treated Hep G2 cells. Taken into account its lower
hematologic and cardiac toxicity, it might be
worthwhile to consider this drug in the treatment of
cancers.
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